


 i 

3BIO: Journal of Biological Science, Technology 
and Management 

Volume 2  • No 1 •   2020 
 
 

Editor-in-Chief 
Dr. Rudi Dungani, Institut Teknologi Bandung, Indonesia 
 
Managing Editor 
Dr. Nuri Nurlaila Setiawan, Indonesia 
 
 
 
Editorial Board 
Prof. Dr. Tati Suryati Syamsudin, School of Life Sciences and Technology, Institut Teknologi Bandung, 
Indonesia 
Prof.Dr. MD. Nazrul Islam, School of Life Sciences, Khulna University, Bangladesh 
Prof.Dr. Mohammad Jawaid, Department of Biocomposite Technology, Institute of Tropical Forestry and 
Forest Products, Universiti Putra Malaysia, Malaysia 
Prof.Dr. Djoko T. Iskandar, School of Life Sciences and Technology, ITB, Indonesia 
Dr. Azzania Fibriani, School of Life Sciences and Technology, Institut Teknologi Bandung, Indonesia 
Dr. Ramadhani Eka Putra, School of Life Sciences & Technology Institut Teknologi Bandung, Indonesia 
Dr. Maelita Ramdani Moeis, School of Life Sciences and Technology, Institut Teknologi Bandung, Indonesia 
Dr. Ihak Sumardi, School of Life Sciences and Technology, Institut Teknologi Bandung, Indonesia 
Dr. Ahmad Faizal, School of Life Sciences & Technology Institut Teknologi Bandung, Indonesia  
Dr. Fenny Martha Dwivany, School of Life Sciences & Technology Institut Teknologi Bandung, Indonesia 
Dr. Angga Dwiartama, School of Life Sciences and Technology, Institut Teknologi Bandung, Indonesia 
Dr. Takashi Tanaka, Shizuoka University, Faculty of Agriculture, Japan 
Dr. Amalia Yunita Halim, Minerals and Energy Resources Laboratory. School of Petroleum Engineering. 
UNSW Sydney, Australia 
Dr. Bonface Manono, South Eastern Kenya University, Kenya 
Dr. Maria Mercedes Caron, Multidisciplinary Institute of Plant Biology. National Scientific and Technical 
Research Council. National University of Cordoba, Argentina 
Mrs. Alfiah Noor, Oncology Research Center. Vrije Universiteit Brussels. Belgium, Belgium 
Ms. Samantha Vivia, Washington State University, Pullman, United States of America 
 
 
 
 
 
 
This journal and individual articles are published at http://journals.itb.ac.id/index.php/3bio 
a series imprint of the ITB Journal – an open access publisher. 
 
 
 
 
ISSN 2655-8777 (Online) 
 
 
3Bio: Journal of Biological Science, Technology and Management is a peer-refereed journal which is published twice a year. 
It is an interdisciplinary journal with its core in basic and applied life sciences and aims to address sustainability issues.  
 



 ii 

AIMS AND SCOPE 
 
Journal of Biological Science, Technology and 
Management (3BIO) is the official journal of the 
School of Life Sciences and Technology, Institut 
Teknologi Bandung, Indonesia. 3BIO is an open 
access journal and published by ITB Journal. It is an 
interdisciplinary peer-reviewed journal in a wide 
aspect related to the field of life sciences and other 
related fields of study. The journal aims to promote 
scientific discourse and disseminate research on 
various branches and applications of bio-science, 
biotechnology and bio-based management.  
 
This journal invites original empirical research, 
literature reviews, theoretical or methodological 
contributions, or short communications on, but not 
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- Animal Development and Physiology 
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- Biomedical science 
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- Agronomy 
- Forestry 
- Bioengineering 
- Bioethics 
- Management of Biological Resources.  

 
The journal also invites contributions from other 
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ITB Journal (formerly Proceedings ITB), the official 
ITB scientific journal, has been published since 
1961. It serves a vehicle for ITB’s Faculty members 
and contributors from outside of ITB to publish 
research findings in science, technology and fine 
arts. 
 
For more information about how to submit an 
article, please refer to our website: 
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Abstract 

We investigated the effect of paraquat dichloride herbicide application on diversity and abundance of soil arthropods in a 
corn field. In addition to control (0 mL/L), four concentrations of paraquat dichloride were applied i.e. 3.33 mL / L, 4 mL / L, 
4.66 mL / L and  5.33 mL / L. Sampling was carried out four times, namely at T0 (before tillage), T1 (after tillage), T2 (after 
spraying herbicides), and T3 (before harvesting) using a pitfall trap method. Soil arthropod samples were identified to the 
family level. The total number of individuals was then analyzed to obtain species richness, species dominance index, species 
diversity index and similarity index of Sorensen. The result showed that paraquat dichloride did not give any significant 
effect (p>0.05) on the number of individuals, species richness, species dominance index, diversity index and Sorensen 
similarity index of soil arthropods. The composition of soil arthropods in the control and in the treatment with the highest 
concentration shows a high level of similarity. 

Keywords: soil arthropods, paraquat dichloride, diversity, abundance 

 

1. Introduction 

Herbicide is one type of pesticide that is used to 
eliminate or inhibit the growth of unwanted plants that are 
commonly known as weed. Herbicide changes the 
influence of chemicals in weed tissues, which can destroy 
the said tissues or damage the physiological system 
needed for life or growth. When processes of respiration, 
photosynthesis, cell division, and elongation of cells are 
disturbed, weeds will deplete energy reserves [1]. 

Paraquat dichloride is a bipyridylium herbicide group, 
which is also known by the name 1,1'-dimethyl-4,4'-
bipyridinium dichloride or N, N'-dimethyl-4,4'-bipyridinium 
dichloride [2]. Paraquat dichloride has an empirical formula 
of C12H14N2Cl2, and is commonly used as an herbicide to 
control weed growth in agricultural and plantation areas in 
various regions in Indonesia. Paraquat dichloride is very 
soluble in water and is a contact herbicide that works in the 
leaves, particularly in the chloroplasts. Paraquat absorbed by 
plants will inhibit photosynthesis, more specifically the 

photosystem I, which causes the formation of reactive 
oxygen species (ROS) such as superoxide radicals (O2-) or 
peroxide acid (H2O2), which will then attack cell membranes 
[2]. Oxidative lipid degradation (lipid peroxidation) is one of 
the parameters of damage caused by an increase in the 
number of ROS. This lipid degradation occurs as a result of 
the reaction process between unsaturated fatty acids in cell 
membranes and ROS to form lipid hydroperoxide (lipid 
hydroperoxides) [2]. The accumulation of lipid 
hydroperoxide in the membrane can disrupt the function of 
cell membranes, resulting in a loss of cell permeability and 
the occurrence of leakage [3].  

A large amount of herbicide use in agriculture has been 
known to potentially cause agricultural land and water 
pollution [4, 5] and pose a threat to the health of animals [6, 
7] and humans [8]. In non-target insects, Cousins et al. [9] 
reported the decreasing size of oenocytes of honeybee larvae 
after being exposed to very small concentrations of paraquat. 
Studies related to insect physiology also show that paraquat 
can decrease the number of the emergence of adult insects 
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and compromise the ovipositioning ability of a parasitoid 
wasp, Diaeretiella rapae [10]. More than 95% of herbicide 
use is exposed to water, plants and non-target organisms 
such as soil arthropods [11]. Soil arthropods are particularly 
important in the process of breaking down organic matter, 
mineralizing plant nutrients, increasing soil aggregation, 
changing soil physical properties, stimulating succession, 
controlling pests and as indicators of pollution [12].  

The impact of herbicide application on biodiversity and 
abundance of soil arthropods is pertinent, since it will 
compromise the sustainability of the ecosystem. A recent 
study related to that of ours was carried out in oil palm 
plantation [13], whereas in this study, the effect of the 
application of paraquat dichloride on the diversity and 
abundance of soil arthropods was carried out in a corn field. 

2. Methodology 

This research was conducted at the ITB Research Garden, 
Haurgombong Village, Sumedang as well as the Entomology 
Laboratory of SITH ITB from July to December 2018. Since 
the recommended concentration of paraquat dichloride was 
4mL/L and a certain degree of error in applying this usually 
occurred among farmers, we experimented on a variety of 
paraquat dichloride concentrations, i.e. 0 mL/L (control), 
3.33 mL/L, 4 mL/L, 4.66 mL/L, and 5.33 m/L. Each of the 
concentrations was applied on the sample plots within 35 
days after planting. The size of the sampling plot was 5 m x 
4.5 m and each treatment was applied in five plots. Sampling 
was carried out four times, namely at T0 (initial conditions 
prior to tillage), T1 (after tillage), T2 (after pesticide 
spraying), and T3 (before harvest). 

A sampling of soil arthropods was made using a modified 
pitfall trap method [14], by installing a plastic cup containing 
detergent solution in the soil with the top opened and placing 
the cup in such a way that its top edge aligned with the 
surface of the soil. Each plot consists of three pitfall traps. 
Traps were set for 24 hours. Trapped arthropods were 
transferred into a plastic bag containing 70% of alcohol 
solution. 

The identification of arthropods was carried out to the 
family level, using a stereo microscope and McGavin’s 
arthropod identification book [15]. The data obtained were 
then analyzed by determining the Shanon-Wiener diversity 
index (H'), Simpson dominance index (D), and Sorensen (S) 
similarity index using the following formula: 

 

Shannon Index (H’) =  - Σ pi (ln pi),  pi = 
!"
#

 (1) 
 
Simpson Index  (D) = Σ                           (2)                                                                                                               
 

Simpson Diversity Index = 1−D (Simpson’s reciprocal 

index = 
$
%
	)                                                           (3) 

 

Sorenson Index: C = 
&'

()*+)
           (4) 

Index: 
pi = proportion of individual species i 
ni = number of individual species i 
N = total number of individuals 
a = number of individuals at location A 
b = number of individuals at location B 
j = number of individuals at locations A and B 

3. Results and discussion 

3.1. Population dynamics of soil arthropods  

Formicidae was the predominant group in the area for all 
sampling times, with the number of individuals reaching an 
order of hundreds (Table 1). Different result was reported in 
oil palm plantation with Formicidae being the dominant 
group only at week-0 and 4, whereas the Acarine was mostly 
found at week-2 and 8 [13]. Other families of soil arthropods 
showed a low number of individuals, most probably due to 
dry conditions. The event of rainfall at T3 significantly 
increased the number of individuals of almost all families, 
especially Gryllidae, Araneidae, Pyrrhocoridae and 
Tenebrionidae.  The application of paraquat dichloride did 
not give any significant effect on the number of individuals 
of the arthropods, as shown in Table 1. 

3.1.1. Number of individuals 
Total number of individuals of soil arthropods fluctuated 

from T0 to T3, without any specific trend. The highest 
number of individuals was found at T2 sampling, which is 
after an herbicide application using 4.66 mL/L of paraquat 
dichloride. This shows that paraquat dichloride did not have 
a significant effect on the individual number of soil 
arthropods (see Figure 1). 

3.1.2. Species richness 
A comparison of the richness of soil arthropod species at 

T0, T1, T2, and T3 is listed in Figure 2. The richest species of 
soil arthropods are found at the time of T3 (before harvest). 
Species richness shows the diversity of soil arthropods, 
which may be related to the health of the soil ecosystem. 
Species richness is among the factors that influence species 
diversity. After tillage (T1), species richness of soil 
arthropods decreased in all treatment groups (Figure 2). This 
might occur since the soil was dried out without any standing 
crops left at the time of tillage, resulting in a disturbed 
habitat and decreasing soil arthropod richness [13,16]. 

 

ni (ni-1) 
 

N (N-1) 
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Table 1 Soil Arthropod Families Population Dynamics at T0, T1, T2 and T3 

 Arthropod families Number of individuals 
T0 T1 T2 T3 

1. Acrididae 9 6 7 16 
2. Alydidae  2 0 0 0 
3. Araneidae  16 3 2 36 
4. Blatellidae  2 0 0 0 
5. Carabidae  2 0 0 4 
6. Cicadidae  10 1 2 7 
7. Chrysomelidae  1 0 0 5 
8. Clubionidae  0 0 4 14 
9. Forficuldae  0 0 0 4 
10. Formicidae  279 260 412 178 
11. Gryllidae  10 3 7 92 
12. Hesperiidae  0 3 2 0 
13. Ichneumonidae  0 0 3 0 
14. Libellulidae  0 0 0 2 
15. Muscidae  1 1 0 3 
16. Mycetophilidae  0 1 4 3 
17. Pentatomidae  1 0 0 9 
18. Pyrgomorphidae  0 0 3 0 
19. Pyrrhocoridae  0 1 1 36 
20. Rhinotermitidae  0 0 0 1 
21. Scarabaeidae  0 0 0 1 
22. Syrphidae  0 3 3 3 
23. Tenebrionidae  15 3 6 24 
24. Vespidae  2 1 1 1 

 

 
 

 

 
Figure 1 Comparison of the Number of Individual of Soil Arthropods at T0, T1, T2 and T3 
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After spraying herbicide (T2), the richness of soil arthropod 
species in the treatment group did not show any specific 
trend, which indicated that paraquat dichloride did not have a 
significant effect on the species richness of soil arthropods. 
Species richness of soil arthropods increased towards harvest 
(T3) to a point higher than T0. During the T3 data collection, 
the rain had begun to fall. Air and soil temperatures 
decreased and were lower than the temperatures at T0, T1, 
and T2. Soil moisture in the treatment plot also increased on 
T3. Corn plants began to flourish, along with the surrounding 
weeds. This condition supports the survival of soil 
arthropods in the corn field, hence an increase in the species 
richness of soil arthropods. However, based on our One-Way 
ANOVA analysis, the herbicide paraquat dichloride did not 
have a significant effect on the richness of soil arthropod 
species (p = 0.958). Accordingly, Tukey’s post-hoc test also 
showed that the species richness of soil arthropods between 
treatments did not differ significantly. 

 

3.1.3. Species dominance index 
A comparison of the dominance index of soil arthropod 

species at T0, T1, T2, and T3 is shown in Figure 3. The 
Simpson dominance index measures the presence of 
dominant species in an ecosystem. Higher index value 
indicates that the abundance of each species in the ecosystem 
is not evenly distributed. The low evenness of these species 
results in a low species diversity in the area. The dominance 
index of arthropods reached the highest value in treatment D 
(4.66 mL / L) at T2 (an index value of 0.794), which showed 
a high degree of dominance (Figure 3). With T1 and T2, the 
dominance index values for the treatments do not correspond 
to any certain trend. However, at T3 (before harvest) the 
dominance index value in all treatment groups decreased. It 
can therefore be concluded that at the time of T3, the 
diversity of soil arthropods increased. However, based on the 
One-Way ANOVA analysis, paraquat dichloride did not have 
a significant effect on the  dominance index of soil arthropod 
species (p = 0.631).   

 

 

Figure 2 Comparison of abundance of soil arthropod species at T0, T1, T2, and T3 

 

Figure 3 Comparison of the dominance index of soil arthropod species on T0, T1, T2, and T3 
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According to the Tukey post hoc test, the dominance index of 
soil arthropod species between treatments did not differ 
significantly. 

3.1.4. Species diversity index 
Comparison of the diversity index of soil arthropod 

species at T0, T1, T2, and T3 is shown in Figure 4. Species 
diversity index shows the diversity of species in a certain 
habitat. Diversity is influenced by both species richness and 
evenness, the latter can be measured through the dominance 
index of species. One one hand, at T1 and T2, the diversity 
index value in the treatment does not have a certain trend. 
Spraying herbicide may not have a significant effect on the 
species diversity index at the time of T2. On the other hand, 
at T3 (before harvest), the diversity index value in all 
treatment groups experienced an increase (Figure 4). 

Based on the One-Way ANOVA analysis conducted, the 
use of paraquat dichloride did not result on any significant 

effect on the diversity index of soil arthropod species (p = 
0.818). Similarly, Tukey’s post-hoc test also shows no 
significant difference between the diversity index values of 
soil arthropod species.  

3.2. Sorensen similarity index 

The Sorensen similarity index value between control (A) 
and the highest concentration treatment groups (E) is shown 
in Figure 5. The Sorensen (IS) similarity index between the 
control group and the highest concentration of paraquat 
dichloride herbicide treatment at T0, T1, T2, and T3 (with a 
value exceeding 50%) showed that the composition of soil 
arthropods in the two treatment plots were highly similar 
(Figure 5). Based on the results of identification (Table 1), 
Formicidae is the most common family of arthropods at T0, 
T1, T2, and T3, compared to other families. 

 

 
 
  

 

Figure 4  Comparison of diversity index of soil arthropod species at T0, T1, T2 and T3 

  

Figure 5 Sorensen similarity index value between control and treatment groups with the highest paraquat dichloride 
concentration at T0, T1, T2 and T3 
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4. Conclusion 

From the results of the study, it can be concluded that the 
herbicide paraquat dichloride has no significant effect (p> 
0.05) on individual numbers, species richness, species 
dominance, and diversity indices of soil arthropod species, 
whereas the Sorensen similarity index shows that the 
composition of soil arthropods in the control group and the 
treatment group with the highest concentration shows a high 
similarity, as indicated by an index value of more than 50%. 
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Abstract 

Chromium is one of the heavy metals used in industrial fields, i.e., metallurgical industry, chemical industry, heat-retardant, 
and leather tanning industry. Untreated wastewater from these industries can pollute rivers and threaten the aquatic 
ecosystem. Some aquatic plants such as water hyacinth (Eichhornia crassipes) and water lettuce (Pistia stratiotes) have been 
known as metal hyperaccumulators and can be used as phytoremediator for polluted water. This aim of the study is to 
determine the physiological and morphological responses of water hyacinth and water lettuce plants treated by different 
concentrations  of trivalent chromium and to study which plant is effective for trivalent chromium removal. The experiment 
was conducted for 2 week at screen house. After two weeks, the plants were harvested and the weight was measured. The 
samples were separated into shoot and root and were analyzed for Cr content, chlorophyll, proline and CAT enzyme activity. 
The results of this study indicated that the levels of water hyacinth chromium in roots and leaves are lower (863.988 mg/Kg, 
899.126 mg/Kg, 685.877 mg/Kg for treatment 40 ppm, 80 ppm, and 120 ppm respectively) than the levels of chromium in 
water lettuce (1584.264 mg/Kg, 1660 mg/Kg, 1413 mg/Kg for treatment 40 ppm, 80 ppm, and 120 ppm respectively). 
Physiological parameter, i.e., chlorophyll and proline levels in water hyacinth and water lettuce from all concentration 
treatment did not differ significantly (P> 0.05). The activity of the catalase enzyme in water hyacinth and water lettuce 
decreased with increasing chromium levels. The highest catalase enzyme activity was observed in control treatment of water 
lettuce (1.61 unit/mg) and 40 ppm treatment of water hyacinth (1.006 unit/mg). The highest biomass dry weight of both 
plants was found in plants with control treatment (15.38 gr and 8.48 gr for water hyacinth and water lettuce respectively). 
Therefore, we concluded that water lettuce is better for trivalent chromium removal than water hyacinth. 

Keywords: bioaccumulator plants, heavy metal, water hyacinth, water lettuce 

 

1. Introduction 

 
Chromium (Cr) is one of the environmental pollutants 

originated from various industrial wastes. For instance, 
chromium (VI) and chromium (III) are used in the plating, 
textile, leather tanning, and wood preservation industries 
[1]. In general, chromium has two main forms in the soil 

environment [2-3], i.e., the dominant form chromium (III) 
that is under a reduced conditions, immovable, and less 
toxic to plants, and the oxidized form chromium (VI) that 
is very easy to move and carcinogenic to humans [ 3]. 
Changes in the concentration of Cr (VI) on soil can affect 
its absorption by plants, caused inhibited growth, 
disruption of photosynthesis and respiration, absorption of 
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minerals, enzyme activity, and ended with damage to 
membrane lipids and plant DNA [4]. 

Water hyacinth including the Pontederiaceae family is 
found in the tropics and subtropics. Water hyacinths are 
classified as aquatic weeds that can adapt to changes in 
the environment and multiply rapidly. The ideal growing 
place for water hyacinth plants is shallow and turbid 
waters, with temperatures ranging from 28-30 °C and pH 
conditions ranging from 4-12. In deep and clear waters in 
the highlands, these plants are difficult to grow. Water 
hyacinth can suck water and vaporize it into air water 
through the transpiration process [5].  

Pistia stratiotes are sometimes used as decorative 
plants in a pond and play an important role for 
phytoremediation of heavy metals, chemical products 
and radioactive material in water  [6]. Different 
accumulations of Cr in parts of the plant have been reported. 
The root is the main organ in plants that is directly related to 
the absorption of nutrients from the environment, including 
heavy metal like Cr, Pb, Ni, etc. In beans, at least 0.1% of the 
total Cr that accumulates was found in the seeds, whereas the 
concentration in the roots reached 98% of the total 
absorption of Cr [7]. The amount of Cr accumulations (160-
350 mg Cr / kg of dry weight at the root and reaching 1.6-2.0 
mg Cr / kg dry weight on shoots) was observed for 
cauliflower, green vegetables, and chili. A high capacity to 
accumulate Cr was shown by water hyacinth (Eichhornia 
crassipes) with up to 6 mg/ day dry weight in the roots of 
this plant that grows at 10 ppm Cr [VI]. 

A study reported the toxicity of Cr on plant growth and 
development (i.e., change in germination process followed 
by changes in root, stem and leaf growth) can affect the 
total production of plant dry weight [8]. The inhibition of 
chlorophyll biosynthesis has also been reported in land 
plants [8-9]. For example, barley seedlings grown at 100 
mM Cr showed a 40% lower growth rate [8]. Chromium 
also damaged the plants' physiological processes, i.e., 
photosynthesis, absorption of water, and nutrients 
absorption. Metabolic changes also occur with the 
production of enzymes and metabolites or by producing 
Reactive Oxygen Species (ROS) [10]. 

Heavy metals can have an ecological impact on water 
bodies leading to increased nutrient load especially if they 
are essential metals. These metals in the effluent may 
increase the fertility of water leading to eutrophication 
which in open water can progressively lead to oxygen 
deficiency, algae blooms, and death of aquatic life [11]. 

Chlorophyll and proline are some examples of plant 
metabolism antioxidant products [12] which play a role in 
the major metal detoxification mechanisms in plants [13]. 
Environmental changes such as pollution from industrial 
waste will alternate the physiological responses of the 
plant. The implication of this study is to study the changes 

in physiological plants as a trivalent chromium 
bioaccumulator agent. 
 

2. Materials and methods 

2.1. Plant material and experimental design 

Water hyacinth and water lettuce with almost the same 
size for each plant (based on weight) was collected from a 
pond in ITB campus and with an analytical grade of Cr3+ 
(CrCl3). The experimental design consists of four treatments, 
i.e., control, Cr3+ 40 ppm, 80 ppm, and 120 ppm.  

There were three replicates for each treatment. Twelve 
plants of each were placed in 10 L of medium. The 
experiment was conducted for 2 weeks at the screen house. 
After two weeks, the plants were harvested and weight was 
measured. The samples were separated into shoot and root 
and were analyzed for Cr content, chlorophyll, proline and 
CAT enzyme activity. 

2.2. Cr content in the media, roots, and leaves 

Cr content in the leaves and roots was measured by 
concentrating the sample with nitric acid (HNO3) [14]. The 
accumulation of Cr in Eichhornia crassipes and Pistia 
stratiotes was determined by calculating the concentration of 
chromium in its water, roots, and leaves. A comparison 
between the root/leaves concentration and concentration in 
water is known as Bio-Concentration Factor (BCF). BCF in 
leaves and roots was calculated to determine how much 
metal concentration in leaves and roots was assumed to be 
from the environment [15]. The formula used to calculate 
BCF was as follows: 

    (1) 

 
A comparison between the metal concentrations in leaves 

and roots known as Translocation Factors (TF) was also 
calculated. TF values were calculated to determine the 
displacement of metal accumulation from root to shoot [16]. 
TF values were calculated using the formula: 

   (2) 

 
The differences between BCF and TF values were then 

used to calculate Phytoremediation (FTD)  [16]. FTD was 
calculated using the formula: 

FTD  = BCF – TF   (3) 

2.3. Chlorophyll content 

Measurement of chlorophyll levels was carried out based 
on [17]. Fresh leaf samples were weighed 0.1 grams and then 

(mg/Kg) mediain Cr 

(mg/Kg) leavesor  rootsin Cr 
  BCF=

(mg/Kg) rootsin Cr 

(mg/Kg) leavesin Cr 
   TF =
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crushed using 80% acetone. The chlorophyll solution was 
then filtered into chlorophyll filtrate and then taken for 
absorbance measurements using a spectrophotometer at a 
wavelength of 645 nm and 663 nm. Chlorophyll levels were 
calculated using the formula: 

Total chlorophyll (mg/g) = !,#$	&''()$#,$	&'*+
,###	-.

 x V (4) 

V = sample volume 
A = absorbance value 
FW = sample fresh weight (g) 
 

2.4. Proline levels 

Proline level measurement was carried out by measuring 
the absorbance using a spectrophotometer at a wavelength of 
520 nm [18]. Proline levels were calculated based on the 
proline standard curve based on fresh weight using the 
formula: 

 

 (5) 

115.5 = proline molecule weight 
 

2.5. Catalase enzyme activity (CAT) 

CAT enzyme activity was measured based on the 
method carried out by [19]. CAT enzyme activity was 
measured using a spectrophotometer by measuring changes 
in sample absorbance at a wavelength of 240 nm as a 
consequence of H2O2 degradation. Readings of absorbance 
numbers were done every 30 seconds for three minutes. The 
activity of catalase enzyme was calculated using the formula: 

Volume activity (unit/mL) = /&		0	12
#,#*('	0	13

  (6) 

 (7)

 
ΔA = Absorbance at third minute - Absorbance at initial 

minute 
Vq = Volume reaction in kuvet (ml) 
Vq = Volume sample (ml)  

2.6. Statistical analysis 

Data were statistically analyzed using a statistic software 
IBM SPSS Statistics version 25. One-way ANOVA was used 
for proline, catalase enzyme, and chlorophyll content 
analysis. The results were presented in graphs. Data from 
different treatments and control were compared by Duncan’s 
multiple range test (DMRT) at p < 0.05. 

3. Results  

3.1. Cr Level on Roots, Leaves and Medium 

According to the result (Figure 1 and Figure 2), the Cr 
content in the roots of water lettuce and water hyacinth has 
increased from control to the concentration of 80 ppm, but at 
the concentration of 120 ppm, it has decreased. 

Figure 3 showed the ability of water hyacinth and water 
lettuce as a phytoremediation agent. The highest FTD value 
obtained from water lettuce root at Cr level 40 ppm, 80 ppm, 
and 120 ppm. 
 

 

3.2. Chlorophyll Level 

Figure 4 showed that at concentrations of 0 to 80 ppm, 
the chlorophyll content in water hyacinth is above the 
chlorophyll content of water lettuce, while at the 
concentration of 120 ppm, the chlorophyll content of water 
lettuce is slightly higher. The statistical test showed no 
significant difference between the chlorophyll content of the 
two plants for each different Cr concentration (P>0.05). 

3.3. Catalase Enzyme Activity 

Both water lettuce and water hyacinth plants showed 
decrease in CAT enzyme activity along with the increase in 
Cr metal in water media (Figure 6).

sample g

5

115.5

 toluenemLProlin x  g
 FW  Prolin/g mol x
µ

µ =

htfresh weig

activity volume
  (unit/mg)activity  enzyme CAT =

 

Figure 1 Analysis of Cr in water lettuce 
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Figure 2 Analysis of Cr in water hyacinth 
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Figure 3 Graph of FTD value in water hyacinth and water lettuce 

0
200
400
600
800

1000
1200
1400
1600

Control 40 ppm 80 ppm 120 ppm

FT
D

 V
al

ue
 (m

g/
K

g)

Cr3+ Treatment

WL Root WL Leaf WH Root WL Leaf

 

Figure 4. Graph of chlorophyll level in water hyacinth and water lettuce 
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3.4. Plant Biomass 

In water hyacinth plants, the sample with 0 ppm treatment 
(control), has the biggest difference value between initial and 
final fresh weight (Table 1) compared to the water hyacinth 
treated by Cr. In water hyacinth, Cr can inhibit vegetative 
growth. There was no initial dry weight measurement to keep 
the plants alive for three weeks (time of treatment). 

4. Discussion 

The results of the analysis of Cr3+ in water showed that 
the water hyacinth plant samples have a higher Cr content 
compared with water lettuce plant. The low Cr3+ content in 

water lettuce water samples showed that the absorption of 
Cr3+ by water lettuce is more effective than water hyacinth. 
Cr3+ treatment of water lettuce showed growth differences 
that produce a lot of small vegetative plants (tillers). Another 
research showed that P. stratiotes was able to efficiently 
reduce Cr6+ in 16 days, thus this plant has a good 
performance in reducing Cr6+ [20]. 

As shown in Figure 1 and 2, Cr3+ content on the roots of 
water lettuce is higher than water hyacinth. For both water 
hyacinth and water lettuce, Cr3+ content from the control 
treatment up to 80 ppm was increased but started to decrease 
at 120 ppm concentration. This shows the maximum ability 
of Cr absorption was likely to reach a concentration of 80

ppm for water lettuce plants, but still, there is no evidence for 
this mechanism especially for Cr3+ absorption. 

 
 

    

Figure 5 Comparison of water hyacinth in control treatment and 80 ppm treatment 

 

Figure 6. Graph of CAT enzyme activity in water hyacinth and water lettuce 
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Table 1. Plant biomass on different treatments 

Weight (gram)                       Water Hyacinth  Water Lettuce 
Control 40 ppm 80 ppm 120 ppm    Control 40 ppm 80 ppm 120 ppm   

Initial Weight  170 225 207 188   174 143 113 106 
Final Weight  410 421 427  302  231 274 182 255 
Dry weight 15.38 13.14 12.14 4.62  8.48 8.77 5.20 7.43 
 
 

A previous study on P. stratiotes treated with Cr6+ 
showed that the plant could effectively remove Cr6+ from the 
solution with minor damage up to an initial Cr6+ 
concentration of 3 mg/L, for which the adsorption isotherm 
studies were conducted. The maximum uptake capacity of 
the plant was recorded was 0.05 mg/g of Cr (VI) at the 
equilibrium level after a contact period of 7 days for an 
initial concentration of 8 mg /L, although severe 
physiological damage occurred [21]. 

The results of Cr analysis on the leaves of water lettuce 
are higher than those of water hyacinth. In the analysis of 
water hyacinth leaves, the higher Cr concentration coincides 
with the higher the Cr leaf content. However, on water 
lettuce, the control treatment up to 80 ppm experienced an 
increase of Cr concentration and at a concentration of 120 
ppm, it decreased. In Figure 1 and 2, the concentration of Cr 
in water lettuce is higher than water hyacinth, although, at 
the concentration of 0 ppm the Cr content is slightly higher 
in water hyacinth, it is related to the mobility of heavy metals 
in plants. Each species has its own mechanism for stress, 
including heavy metal stress. Plasma membranes act as a 
barrier for heavy metal ions to be able to enter cells, so this 
plasma membrane plays an important position in plants that 
are resistant to heavy metals [22]. In water lettuce, although 
the absorption and mobility of Cr is high in the body, it 
affected the growth and increased mortality rate. Water 
hyacinth, however, can last longer in Cr contaminated water 
because the levels of Cr absorbed and the mobility of Cr are 
low in the body. 

Based on this, water lettuce can be used for 
phytoremediation purposes in Cr polluted environments. 
Phytoremediation is one solution that is inexpensive, 
sustainable, and saves energy in contaminated areas. 
Phytoremediation is the application of plants for in-situ or 
ex-situ treatment/removal of contaminated soils, sediments 
and water [23]. One example of phytoremediation is 
phytostabilization [24]. Phytostabilization is an attempt to 
reduce the pollutant content in which plants are used as an 
agent to reduce heavy metal movement in the soil. Based on 
the results of the Cr test, the higher increasing of Cr level in 
the water,  the higher the level Cr in plant tissue. The Cr 
plant tissue increased along with the increase of Cr 
concentration in water. This is because the concentration of 
Cr solution is more concentrated than in the root tissue, so Cr 
enters the root [25].  

According to research in [25], the roots accumulate 10-
100 times more than the shoots and other tissues. Several 
studies show that in general, the absorption capacity of heavy 
metals in plants followed a sequence: roots, stems, and 
leaves [26]. Cr toxic effects can be seen from plant 
morphology. The leaves became yellow, some almost come 
off the trunk, and some fall out. Other toxic effects also 
occur in the roots where some of the root fibers are separated 
from the roots. Cr in high concentrations also inhibits 
enzyme activity, damages root cells, and causes 
ultrastructural modifications to chloroplast and cell 
membranes [27]. This is consistent with the observations 
shown in Figure 5. 

The Cr absorption is higher in water lettuce than water 
hyacinth. The difference in absorption is influenced by the 
characteristics of water plants. Water hyacinth can bind 
organic materials from mud particles which make this plant 
suitable to purify water. This plant also serves an ecological 
function as the water stabilizer due to its ability to neutralize 
pollutants in the waters [28]. Through its thick roots, Cr 
metal is absorbed and then used in metabolic processes or 
stored in roots, stems, tubers or leaves; and can absorb 
excess nutrients in the water. Water lettuce is very resistant 
to the low nutrient levels in the water but its response as well 
to high nutrient levels by forming a lot of vegetative tillers 
[28]. This is what causes the water lettuce to be more 
resistant compared to water hyacinth. Water hyacinth could 
absorb Cr as well as water lettuce but could not form a lot of 
tillers. Cr affect water uptake of plants by disrupting growth 
and development including changes in the germination 
process followed by changes in root, stem and leaf growth. 

Several studies reported the plants’ response to stresses 
that affect chlorophyll levels, such as drought stress. 
According to [29], chlorophyll concentration can be used as 
an indicator of the lack of water in plants. Figure 4 shows 
that at concentrations of 0 to 80 ppm the chlorophyll content 
in water hyacinth was above the chlorophyll content of water 
lettuce; while at 120 ppm Cr concentration, the chlorophyll 
content of water lettuce was slightly higher. From the 
statistical test, it was found that there were no significant 
differences between the chlorophyll levels of the two plants 
for each different Cr concentration (P> 0.05). Heavy metals 
affect photosynthesis by influencing pigment formation, 
electron transport activity, and calvin cycle enzymes. Cr 
plays a role in inhibiting thylakoid formation in chloroplasts 
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[30]. Besides, the main target of heavy metals is in the 
electron transport process. Although there was no significant 
difference in water hyacinth which was treated with the 
addition of Cr, chlorosis can be seen morphologically, i.e., a 
condition in which plant tissue fails to form chloroplasts 
resulting in pale green or yellowish leaf color. In this study 
the differences seen from the color of water hyacinth leaves 
as shown in Figure 5. Figure 5 showed the chlorosis in 
leaves of water hyacinth and for water lettuce the chlorosis 
was not seen. 

This research showed that there was a decrease in proline 
levels in water hyacinth plants along with the increase in the 
concentration of Cr; however, there were no statistically 
significant differences. A research by [31] on the effect of Cr 
on photosynthetic pigments, stress defense systems, nitrate 
reduction and proline levels on Ocinum tenuiflorum plants 
showed that the higher the concentration of Cr, the higher the 
level of proline, which was thought to be a form of defense 
against heavy metal stress. In this study, there was a decrease 
in proline levels with the increase in Cr, which can occur due 
to the administration of Cr3+ with low toxicity [3], therefore, 
water hyacinth plants do not respond to Cr3+ as a metal 
compound that causes stress. 

In contrast to the response of water hyacinth, the proline 
levels in water lettuce showed that a low proline leveil in 
control and 40 ppm. However, the proline levels were quite 
high at 80 ppm concentration decreased at a concentration of 
120 ppm. Several studies on plants responses to the changes 
in water content (drought, salinity, freezing) showed the 
formation of proline was one way to defend the plant [32]. 
Concerning heavy metal stress, Cr in high concentrations 
interferes with the process of absorption of water and 
nutrients by roots, so plants are not able to absorb water 
optimally and a process occurs that causes the plant to dry 
out and in response produces proline compounds. 

The activity of catalase (CAT) enzyme in water hyacinth 
did not differed significantly (p> 0.05) in each treatment. For 
water lettuce, there was a significant difference (p <0.05) on 
the addition of CrCl3 between a concentration of 80 ppm and 
120 ppm with the control. Based on Figure 5, both water 
lettuce and water hyacinth experienced a decrease in CAT 
along with the increase in Cr (III) metal in water media. This 
is different from the results obtained by [33] who observed 
an increasing CAT with variations in Cr metal concentration 
from 0 to 5 mM. Another study by [34] showed a decreasing 
catalase enzyme activity in water hyacinth exposed to Cd 
between 50 and 75 ppm. CAT measurement is one of the 
groups of antioxidant enzymes that are commonly analyzed 
in plants exposed to heavy metals. These enzymes are 
peroxidase (POD) and superoxide dismutase (SOD). These 
tenzymes have the highest activity on plant roots, because 
roots are the initial entry of heavy metals into plant tissue 
systems [35]. The reason CAT decreased along with the 

increase of Cr3+ was due to the possibility of not forming 
H2O2. Increase in H2O2 production were reported to occur 
during a biotic and/or abiotic stress regime, such as pathogen 
attack, wounding, UV irradiation, exposure to intense light, 
drought, salinity, and/or chilling [36]. 

The activity of catalase hyacinth and water lettuce 
enzymes were shown in Figure 6. Plants can avoid the entry 
of heavy metal ions into their bodies based on 
immobilization in the cell wall and then release cell ligands 
that act as chelating agents for metals. As a result, plants are 
able to make heavy metals that will enter as a non-toxic 
substance in intracellular processes [24].  

Table 1 showed a change in the amount of biomass in 
each treatment both for water hyacinth and water lettuce. In 
water hyacinth, samples from the control treatment have the 
biggest weight difference between initial fresh weight and 
final fresh weight (240 gr); and for Cr3+ treatment 120 ppm, 
the weight difference was 114 gr, which shows that in water 
hyacinth, Cr3+ may inhibit vegetative growth. 

In water lettuce, different results were obtained, the 
highest difference between initial fresh weight and final fresh 
weight was obtained from water lettuce with the 120 ppm 
Cr3+ concentration. Water lettuce is capable of producing 
vegetative tillers, and the number of vegetative tillers was 
increased in the treatment of 120 ppm Cr. Although the main 
plants are not able to live long in high Cr concentrations, but 
vegetative tillers can absorb Cr by suppressing their body 
size, resulting in much smaller tillers. 

5. Conclusions 

Both plants accumulated Cr metal in roots with the largest 
concentration of 1660 mg / Kg in P. stratiotes and 894.126 
mg /Kg in E. crassipes, respectively, with both at 80 ppm 
treatment. It was found that there was no significant 
difference (p> 0.05) on chlorophyll and proline levels in each 
treatment for each species of aquatic plant. The activity of 
catalase enzyme decreased with increasing concentration of 
Cr3+ in water media, with a significant difference (P <0.05) 
for P. stratiotes which was exposed to 80 to 120 ppm 
compared to the control and from this research water lettuce 
has better performance for trivalent chromium removal in 
water. 
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Abstract 

Teak (Tectona grandis Linn F.) is classified as luxury wood and belongs to the durable wood, resistant to termite and fungal 
attacks. The purposes of this study were to analyze and compare the chemical content and bioactive compound of teak (T. 
grandis Linn F.) from Sumedang, West Java based on age of use. This study used teak woods of 2 and 60 years of use. The 
chemical components were analyzed by determination of lignin, extractives, and ash content. Phytochemical compounds were 
analyzed by changes in color of crude acetone extracts. The results showed that the teak wood used for 2 years contained i.e., 
28.41% lignin; 4.26% cold water soluble extractives; 5.12% hot water soluble extract; 19.4% NaOH (1%) soluble extractives; 
6.21% alcohol:benzene (1:2) soluble extract; and 0.85% while ash content. Meanwhile, teak wood used for 60 years 
contained, i.e., 29.82% lignin; 1.56% cold water extract; 2.56% hot water extract; 12.30% NaOH (1%) soluble extract; 4.62% 
alcohol:benzene (1:2) extract; and 1.36% ash content. The qualitative phytochemical test demonstrated both of teak wood 
used for 2 and 60 years contained flavonoids, tannins, triterpenoids, cumarins, and carbohydrates. 
 

Keywords: teak wood, age of use, lignin, extractives, phytochemical, bioactive compounds 

  

1. Introduction 

Teak is one of the most popular wood species used 
since many decades ago for its characteristics, i.e., unique, 
elegant, stable, and easy to process. Teak is classified as 
fancy wood and durable class II which were resistant to 
termites and fungi [1]. Until now, teak is still considered a 
luxury commodity that received a great public demand, 
even though the selling price is expensive [2,3]. 

The efficiency of overall timber utilization in the hope 
of meeting the increasing demand for wood in Indonesia 
has been encouraged by several factors, i.e., the limited 
availability of the high-quality teak wood on the market 
for the last 5-10 years, the tendency of declining natural 
forest resources and plantations, and the increasing 
demand for wood. The efficient use of wood depends on 
how much knowledge of the wood is available. Every 
wood has different properties, as well as for similar woods 
with unequal usage times. Even wood from one tree has a 
somewhat different nature. In this case, it is better if the 
nature of wood is adjusted in its use as building materials, 
household furniture, wood processing, and wood energy. 
The intended characteristics are anatomical, physical, 

mechanical and chemical properties [4, 5]. bioaccumulator 
agent. 

Many properties of wood have directly and indirectly 
related to wood properties and the architecture of its 
compilation at the macroscopic and microscopic levels. 
Chemical properties have a considerable influence on the 
general nature of wood [6]. In other words, the chemical 
composition of wood has an important meaning because it 
determines the use of a certain type of wood. These chemical 
components are the main constituent components of wood 
cell walls which consist of cellulose, hemicellulose, lignin, 
and its accompanying components or components of wood 
cell micromolecules, (i.e., extractive substances). Also, the 
chemical compounds of plants are the result of the plant 
metabolism themselves [5]. Several researches have shown 
that these chemical compounds often have physiological and 
pharmacological effects that are beneficial to humans [3]. 
These chemical compounds are better known as secondary 
metabolites which are the result of irregularities in the 
primary metabolites of plants. These compounds are groups 
of alkaloids, steroids, terpenoids, phenols, flavonoids, 
saponins, etc.  



3Bio Journal of Biological Science, Technology and Management 2(1): 15-19                                         Rosamah et al  

 16  
https://doi.org/10.5614/3bio.2020.2.1.3 

Research on the wood chemical components and chemical 
compounds of after a certain period of use is still not widely 
known, especially for teak wood after a 2-year and 60 years 
of usage period. Therefore, it is important to know how 
much the wood samples differ according to their usage 
period.  

The purpose of this study is to analyze and compare the 
chemical and phytochemicals components of teak 
(T.grandis Linn. F.) which grew in West Java based on usage 
period differences as one of the basic properties of wood. 
The results of this study are expected to be useful for 
stakeholders who need information about the levels of 
chemical and phytochemicals components of teak (T. 
grandis Linn. F.) based on differences in usage period.  

2. Experimental design 

2.1. Sample preparation 

The teak wood used in this study was taken from a house 
building in Sumedang, West Java, where the wood was 
obtained from a local (family-owned) community teak 
plantation.  The raw material preparation procedure was as 
follows: the wood material obtained is cleaned, cut into chips 
with a thickness of ± 2 cm, dried and put into a plastic bag 
clip, made into particles in the form of powder using a 
hammer mill and sieved using a 40-60 mesh size and then 
put into a plastic bag clip. 

2.2. Wood chemical component analysis 

The method used refers to the TAPPI standard, such as 
Moisture Factor measurement (TAPPI T-264 om-88) [7], 
extractive free analysis of the sample  (TAPPI T-204 om-84) 
[8], lignin Classon testing (TAPPI T- 222 om-88) [9], the 
solubility of extractive substances in cold water (TAPPI T-
207 om-88) [10], the solubility of extractive substances in 
hot water (TAPPI T-207 om-88) [10], solubility of extractive 
substances in 1% NaOH (TAPPI T-212 om-93) [11], 
solubility of extractive substances in Alcohol-benzene (1: 2) 
(TAPPI T-204 om-88) [8] and testing of ash content (TAPPI 
T-211 om-85) [12]. 

2.3. Phytochemical analysis 

Before the test is carried out, the sample is previously 
extracted and concentrated. Phytochemical tests were done 
on bioactive compounds, i.e., alkaloids, flavonoids, 
flavonoids, saponins, tannins, triterpenoids and steroids, 
carotenoids, coumarin, and carbohydrates.  

2.4. Chemical compound analysis 

The gas chromatography-mass spectrum (GC-MS) 
determination of the chemical compound of the teak wood 
extractives was performed using a Shimadzu GC MS-

QP2010 Ultra. An elastic quartz capillary column Rtx-5ms 
coated with a neutral phase was used. The injection port 
temperature was 300oC, and the carrier gas helium. The 
program of Mass Spectrometer (MS) was scanned over the 
1.5 AMU to 1090 AMU (m/z), with an ionizing voltage of 70 
eV and an ionization current of 150 µA of electron ionization 
[1]. 

3. Results and discussion 

3.1. Teak chemical component determination 

The chemical component determination test was conducted 
to compare the percentage of chemical component content in 
teak wood. The wood chemical components tested include 
lignin, the solubility of extractive substances in cold water, 
solubility of extractive substances in hot water, solubility of 
extractive substances in 1% NaOH, the solubility of 
extractive substances in al-ben (1: 2), and ash content. The 
value of the average content of wood chemical components 
is shown in Figure 1. 

The results of the analysis of the chemical components 
indicate that teak wood used for 2 years (T2) has a lower 
lignin content (28.41%) compared to teak wood used for 60 
years (T60; 29.82%). Extractive substance content of T2 was 
higher than T60 (Figure 1), i.e., 4.26% soluble in cold water, 
5.12% soluble in hot water, 19.40% soluble in 1% NaOH, 
and 6.21% soluble in alcohol:benzene (1:2). The original 
compounds of T60 were volatilized [15]. While the ash 
content was higher in T60 (1.36%). One possible explanation 
is that a high lignin content of wood with a high proportion 
of guiasyl monomers will be more condensed, therefore it 
will increase the density and hardness of wood [13].  
The solubility of extractive substances in teak wood showed 
the lowest value in the solubility of cold water and the largest 
in NaOH 1%. Coldwater only dissolves substances that exist 
on the outside such as dyes, tannins, and less carbohydrates. 
The components of extractive substances that are soluble in 
cold water, i.e., glucose, fructose, carbohydrates, sugars, 
pectins, dyestuffs, and certain acids [14].  The extraction 
using cold water will produce components i.e., inorganic 
salts, gums, ingredients that resemble pectin, galactans, 
tannins, and pigments. Extractive substances that dissolve in 
hot water includes fats, dyestuffs, tannins, resin, and 
phlobatanin. The Alben-soluble extractive substances include 
tannins, phlobatanin, essential oils, dyes, resins, fats, fatty 
acids, waxes, gums, and some water-soluble substances. The 
content of extractive substances which are soluble in 1% 
NaOH are fatty acids consisting of fatty acids, waxes, resins, 
resin acids, sterols, unsaturated fatty acids, oleic acid, and 
linoleic acid. NaOH also dissolves most of the hemicellulose, 
especially its branch chains from pentose, hexose and 
organic acids.  
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Extractive substances generally consist of a group of 
volatile compounds. The longer wood being used and 
exposed to air, the more extractive compounds will be 
evaporated into the air. Therefore, the extractives content 
decrease in the wood [15]. 

The ash content of T60 is higher compared to T2. The 
determination of ash content is a way of estimating the 
mineral content of food material. The ash contains salts or 
oxides of K, P, Na, Mg, Ca, Fe, Mn and Cu; also very small 
molecules such as Al, Ba, Sr, Pb, Li, Ag, Ti, As and others.  
Moreover, there are still some inorganic substances in the 
wood called parts of ash, i.e., ash-forming minerals that are 
left behind after lignin and cellulose are burned. This mineral 
content varies between 0.2-1% content based on the weight 
of wood. 

3.2. Phytochemical analysis 

3.2.1.  Extraction 
Extraction was carried out using a maceration method 

with acetone solvent to extract the active compound in wood 
samples. The sample powder was soaked for 2 × 24 hours 
then concentrated to obtain a crude extract. The weight and 
yield of extracts from two types of samples is shown in 
Table 1. 

The data presented in Table 1 showed that the highest 
yield of 1.95% was found in T2 and the smallest yield of 
1.85% was found in T60. 

3.2.2.  Phytochemicals 
The phytochemical test was done to identify the plant 

active compounds content. In this study, the test was carried 
out by taking a small sample of the maceration extract and 
adding the reagent according to the identified compound. 
Qualitative phytochemical tests on T2 and T60 showed the 

positive results of flavonoids, tannins, triterpenoids, 
coumarin, and carbohydrates compound. While alkaloids, 
saponins, steroids, and carotenoids showed negative results. 
Test results can be seen in Table 2. 

Some studies indicated the extractives function was 
responsible for wood durability, antioxidants, and protect the 
wood against photodegradation. The plant chemical 
compounds that refer to secondary metabolites play a role as 
a protector against pests or other disturbances and also have 
bioactivity. In economic terms, secondary metabolites can be 
used as antimicrobials, stimulants, toxicity, attractants, plant 
breeding, allelopathic effects, and physiological stress 
responses [16]. 

3.3. Analysis of chemical compound with GC-MS 

Analysis of Teak wood extractives was done to identify 
the chemical compound that occurred in acetone soluble 
extractives [17]. The analysis was conducted using gas 
chromatography-mass spectrometry (GC-MS) due to some 
volatility extractives chemical compounds that can be 
elucidated by the mobile phase of GC-MS gas [18]. The 
results of GC-MS analysis is shown in Table 3. 

The GC-MS chromatogram did not reveal the volatile 
compounds in T2. This means that a considerable part of the 
extractive substances in wood may be present in a 
macromolecular (insoluble) form or firmly bound to the 
skeleton component lignin or polysaccharides that it is not 
extractable by means of a neutral solvent. Another 
possibility, the greater part of the wood is made of 
polysaccharides. The major component is cellulose, which 
constitutes approximately one half of the wood substance.  

 On the other hand, GC-MS chromatogram reveals some 
the volatile compound in T60 as presented in Table 4.  

 
 

 

Figure 1 Chemical components of Teak wood of 2 and 60 years of use 
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Table 1 Results of Teak wood maceration using acetone solvents 
No Time of usage Initial weight (g) MF Extracts weight (g) Yield (%) 

1 2 years 50 0,9247 1.0572 1.9551 
2 60 years 50 0,9213 1.0023 1.8468 

 
 

Table 2 Phytochemical testing of Teak Wood (Tectona grandis Linn. F.) originated from Sumedang West Java with 2 
and 60 years of usage  

No Phytochemical 
Presence of compound 

Teak wood after 
 2 years usage 

Teak wood after  
  60 years usage 

1. Alkaloid - - 
2. Flavonoid +       + 
3. Saponin -        - 
4. Tannin ++       + 
5. Triterpenoid ++       + 
6. Steroid -        - 
7. Carotenoid - - 
8. Coumarin  ++ + 
9. Carbohydrate + ++ 

      Remark : (+) Identified compounds (++); strong, (+); weak. (-) Not identified compounds 
 
 

Table 3 Analysis of extractives chemical compounds from teak wood after 2 years usage 
Peak R. Time Area Area% Height A/H Name 

2nd 1.375 14606 0.11 14554 1.00 Methanethiol (CAS) Merchaptomethane 

 
 

Table 4 Analysis of extractives chemical compounds from teak wood after 60 years usage 
Peak R. Time Area Area% Height A/H Name 

16th 22.209 2455133 9.78 887697 2.77 9,10-Anthracenedione, 2-methyl-(CAS) 
2-Methylanthraquinone 

 
 
The extractive components comprise an extraordinary 

diversity of compounds. The proportions exhibit wide 
variation and some of these components are found in 
significant quantities in only a few species or genera. Thus, 
wood is more definitely characterized by the nature and 
amounts of the extractives than by the proportions of the cell 
wall component. 

 T60 sample reveals some extractive components such as 
2-methylanthraquinone (2-MeA) or tectochinon or else 
tectoquinone, and 1,3-Indandione, 2 phenyl. A representative 
GC-MS chromatogram of the 2-methylanthraquinone mass 
spectrum is shown in Fig. 2. The chromatographic peak of 2-
MeA was detected at R.time 22.209, area 9.78%, height 
887697. 

For many years, 2-MeA has been well-known and 
mentioned often as a chemical compound found in teak 
extracts [5].  The extractive components comprise an 
extraordinary diversity of compounds. The proportions 
exhibit wide variation and some of these components are 
found in significant quantities in only a few species or 
genera.  Thus, wood is more definitely characterized by the 
nature and amounts of the extractives than by the proportions 
of the cell wall component. The extraneous substance may be 
present in wood, residing largely in the cell cavities. These 
include the extractives which can be removed from wood 
with neutral solvents, and other extraneous materials such as 
tannins, acids, fats, oils, sugar, proteins and pectic substances 
and others [5]. 
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Figure 2 Extractives compound from teak wood after 60 years of use 

 
 

4. Conclusions 

The results of the analysis showed that the longer the 
wood is being used, the lignin content and ash content 
increase, while the extractive substance solubility decreases. 
The phytochemical analysis showed the longer the use of 
wood, the tannin, triterpenoid, and coumarin content 
decreased. The 2-Metylanthraquinone is a chemical 
component detected in teakwood of 60 years old of use. 
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Abstract 

Napier grass is a promising lignocellulosic biomass for bioethanol production because of its high cellulose content and high 
annual productivity. Converting a lignocellulosic biomass into a bioethanol usually takes two steps which resulted in a long 
processing time and sometimes includes the utilization of hazardous chemicals. Simultaneous saccharification and 
fermentation in a solid-state culture using single bioconversion agent, Neurospora sitophila Shear, can reduce the overall 
processing time and also increase the yield of the products. The research is aimed to determine the optimum aerobic and 
micro-aerobic conditions that yields the highest enzyme activity and bioethanol concentration from the mixture of Napier 
grass and soybean curd residue. The saccharification and fermentation process was conducted in the laboratory using an 
incubator at 33oC. The cellulase enzyme activity was calculated as FPAse. The highest activity achieved was 0.538 filter 
paper unit with the optimum mass ratio of Napier grass to soybean curd residue was 1:1 on the second day of cultivation 
period. The fermentation process was conducted aerobically for two days and then followed by six days of micro-aerobic 
fermentation, resulting in the highest bioethanol yield of 2.12% (w/w) at the end of the culture period. The optimum mass 
ratio was found to be 9:1. This study shows that Napier grass and simultaneous saccharification and fermentation method has 
a great potential for cellulase and bioethanol production, but further improvement on the micro-aerobic system is needed to 
maximize the bioethanol yield.  
 

Keywords: Bioethanol, Neurospora sitophila, FPAse, Simultaneous Saccharification and Fermentation, Solid State Culture  

1. Introduction 

Indonesia’s energy requirement increases every year 
while the domestic production keeps declining. In 2016, 
Indonesia’s fossil fuel consumption was 48.5 million 
kiloliters and increased to 55.4 million kiloliters in 2017. 
This value  was much higher compared to fossil fuel 
production in the same year which was only 26.2 million 
kiloliters [1,2]. The government took an alternative 
approach by importing fossil fuel to solve this problem. 
However the depletion of fossil fuel resources, climate 
change, and sustainability issues are some of the reasons 
why we need to focus more on renewable energy. 

Bioethanol is one of the renewable energy sources that 
can help us overcome this problem. The utilization of 

bioethanol as additives for fossil fuel can cut down the 
need for importing fossil fuel from another country up to 
25%. The utilization of corn-based ethanol produced from 
dry mills can reduce the greenhouse gasses emission from 
34% up to 108% [3]. Bioethanol utilization can also 
increase the gasoline octane number from 88 to 91-95 
without the addition of hazardous chemicals such as 
Tetraethyl Lead (TEL) or Methy-Tert-Butyl Ether 
(MTBE) [4].  

The first generation of bioethanol is produced from 
corn or sugarcane. It has demonstrated several 
sustainability issues [5]. The second generation bioethanol 
is also known as lignocellulosic bioethanol. 
Lignocellulose, as the major component of the plant cell 



3Bio Journal of Biological Science, Technology and Management 2(1): 20-30                            Taufikurahman et al 

 21  
https://doi.org/10.5614/3bio.2020.2.1.4 

wall, is a carbon source that is abundantly available thus 
ensures the availability of bioethanol raw material supply. 
Lignocellulosic biomass comprises cellulose, 
hemicellulose, and lignin [6]. Cellulose and hemicellulose 
are polymers from simple sugars, such as hexose and 
pentose, which is used as the substrate for hydrolytic 
enzyme production and bioethanol fermentation process 
while lignin is the component that can inhibit the process 
[7]. Napier grass (Pennisetum purpureum S.) is one of the 
perennial grasses that has a great potential to be the raw 
material for bioethanol production. Napier grass has a 
high cellulose content (around 30-37%) and low lignin 
content (8-21%) [8]. Its annual productivity is also high 
and can reaach up to 78 tons dry weight [9]. It has an 
efficient photosynthetic activity and water consumption, 
which makes this grass does not need any intensive care 
or special treatments [10]. These are the reasons Napier 
grass is a perfect candidate to be cultivated as an energy 
crop. 

Bioconversion process of cellulose and hemicellulose 
to produce bioethanol comprises of two major steps, 
which are the hydrolysis of cellulose and hemicellulose 
into simple sugars and the fermentation process of the 
simple sugars into bioethanol.Various ways have been 
tried to increase the efficiency of bioethanol production. 
One of the methods is integrating the saccharification and 
fermentation process into one single process, called 
simultaneous saccharification and fermentation (SSF). 
This process can increase the efficiency of bioethanol 
production by reducing the product inhibition effect and 
reducing the number of reactors needed so it will reduce 
the investment cost for large scale production [11]. 
Neurospora sitophila is a mesophilic mold that can 
secrete cellulase and hemicellulase with an immense 
enzyme activity and simultaneously converting sugars 
produced by the saccharification process into bioethanol 
on micro-aerobic condition [12]. 

Mold naturally lives in a humid environment with the 
surrounding moisture content less than 100% [13]. Large 
scale ethanol fermentation system usually uses the 
submerged fermentation system despite the natural habitat 
of the mold. The solid-state fermentation process has no 
flowing water in the system, thus offers a living condition 
that is more favorable for Neurospora sitophila. The 
solid-state fermentation to produce enzymes and 
bioethanol using mold as the bioconversion agent 
hopefully will increase product yield. The addition of 
soybean curd residue was intended to increase the 
nitrogen and sugar content of the fermentation substrate. 
Soybean residue has 17-18 kinds of amino acids that can 
support the growth of the Neurospora sitophila [14]. 
Besides nitrogen, carbohydrates, and amino acids, 
soybean curd residue also has a huge amount of 
micronutrients that are important for the growth of the 

mold. The addition of soybean curd residue has been 
proven to increase the activity of cellulase enzyme 
produced by Neurospora siophila with paddy stalk as the 
substrate [15]. W expect that the combination of Napier 
grass and soybean curd residue and the utilization of 
simultaneous saccharification and fermentation in a solid-
state culture can increase the enzyme activity as well as 
the bioethanol production by Neurospora sitophila. 

2. Materials and Methods 

2.1. Microorganism 

Microorganism used in this experiment was Neurospora 
sitophila which was obtained from the Microbiology 
Laboratory Culture Collection, School of Life Sciences and 
Technology, Bandung Institute of Technology. Neurospora 
sitophila was cultured on a potato dextrose agar slant and 
subcultured every two weeks. Culture stock was stored on 
the refrigerator at 4oC. 

2.2. Viability Curve Analysis of Neurospora sitophila 

Fungal spore viability analysis was conducted using the 
Total Plate Count method [16]. Spores attached on agar slant 
were diluted into particular concentrations (10-1, 10-2, and 10-

3 more dilute than the original stock solution) and were 
counted using a hemocytometer under a light microscope. 
All of the diluted spores were cultivated on the PDA on Petri 
dishes and incubated on room temperature for several days. 
The colony-forming unit was calculated using equation (1). 
 

!"#
$%

=	 ('	)	*+
!")-(.	)	*+/#)-(!)*+/$)

0
   (1)   

notes: 

A = Colony number on 10-1 dilution solution 
B = Colony number on 10-2 dilution solution 
C = Colony number on 10-3 dilution solution 

2.3. Napier Grass and Soybean Curd Residue 

The vegetative part of Napier grass was collected from 
CV Bintang Tani Bogor, West Java and then cultivated 
inside the screen house located on Bandung Institute of 
Technology, Jatinangor, West Java. Cultivation was done for 
3 months and the Napier grass was harvested and later dried 
to be processed further. Additional substrate, the soybean 
curd residue, was collected from Mr. Cikeruh tofu production 
plant in Jatinangor, Sumedang, West Java.  

2.4. Napier Grass and Soybean Curd Residue 
Preparation 

Three-month old Napier grass was cleaned with flowing 
tap water and dried with shade drying method on room 
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temperature for three days. The moisture content of the dried 
grass was below 10% (w/w). The dried grass was chopped 
with blender and passed up through mesh with 0.500 mm and 
0.125 mm sieve opening so the particle size of the substrate 
would be between 0.500 mm and 0.125 mm.  

The Soybean curd residue (SCR) was cleaned and dried 
using an oven on 50oC. The SCR was dried until the moisture 
content reached 10%. The SCR was then chopped with a 
blender and sieved through the sieves with 0.500 mm and 
0.125 mm opening. The SCR powder was stored inside an 
airtight container to be processed further. 

2.5. Lignocellulosic Compound Analysis 

Lignocellulosic compound on the mixed substrate was 
analyzed using Chesson-Datta fractioning method [17]. The 
lignocellulosic content on the substrate can be determined 
using equations (2) to (6). 

 
𝐻𝑜𝑡	𝑤𝑎𝑡𝑒𝑟	𝑠𝑜𝑙𝑢𝑏𝑙𝑒 = '/.

'
	𝑥	100% 

𝐻𝑒𝑚𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 = 	./!
'
	𝑥	100%             

𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 = !/1
'
	𝑥	100%                                                                       

𝐿𝑖𝑔𝑛𝑖𝑛 = 1/2
'
𝑥	100%                                                                             

𝐴𝑠ℎ = 2
'
	𝑥	100%               

 
Notes: 
A = initial mass sample (g) 
B = Residual mass after water extraction (g) 
C= Residual mass after H2SO4 extraction (g) 
D= Residual mass after H2SO4 72% extraction (g) 
E= Residual mass after ashing (g)  

2.6. Total Kjeldahl Nitrogen Analysis 

Total nitrogen from the substrates that will be used for the 
experiment was analyzed using total Kjeldahl method [18]. 
Nitrogen percentage was calculated using the equation (7). 

 
%	𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛			 = 	 ($%	3456	783963:6/$%	;%39<))	=	>:?$	3456	)	*,A++B

6:C	DE5FG8	?>	73$H%E
 (7)

   

2.7. Aerobic Cultivation of Neurospora sitophila and 
Bioethanol Production 

The solid-state fermentation process was done in two steps 
as described by Rao et al. in 1983 and Dogaris et al. in 2009 
[12,19]. This process was carried out in 250 ml Erlenmeyer 
flasks with 25% of working volume consisting of the 
substrate and 75% was the headspace. On the first step, about 
three grams of mixed substrate were pasteurized using a 
water bath on 80oC for one hour and were replicated three 
times. After the sterilization, the moisture content of the 
substrate was adjusted using glucose (5 g/L), yeast extract 
(6.4 g/L), and Neurospora minimal medium with the 
concentration of every component as follow: 

 

KH2PO4 1g/L; NH4NO3 1g/L; MgSO4.7H2O 0.5 g/L; CaCl2 

0.1 g/L; NaCl 0.1 g/L; ZnCl2 2 mg/L; FeCl3 0.3 mg/L; CuCl2 
0.1 mg/L; NaMoO4.2H2O 0.02 mg/L; MnCl2 0.02 mg/L; and 
H3BO3 0.01 mg/L 

The fermentation medium was added until the moisture 
content of the substrate reached 70-80%. One ml of heavy 
spore suspension of Neurospora sitophila (approximately 107 
spores/ml) was inoculated into the substrate. The sample was 
incubated on 33oC for 6 days. The substrate combination is 
listed in Table 1. 

Table. 1 The mass ratio of Napier grass to Soybean Curd 
Residue used in this research 

Napier grass (g) SCR (g) Ratio 

3 0 3:0 

1.5 1.5 1:1 

2.7 0.3 9:1 
 

The cellulose enzyme activity was analyzed every day for 
six days. After the highest enzyme activity of the aerobic 
process was determined, the process was conducted all over 
again from the beginning and after two days, the system 
would be switched from aerobic condition to a micro-aerobic 
condition. 

2.8. Enzyme Extraction 

Fermentation substrate was harvested, weighed, and 
extracted using the method stated by Dogaris et al. [12].  
Substrate was weighed using an analytical mass balance, and 
after the addition of the 50mM buffer solution, samples were 
incubated using an orbital incubator shaker (the incubator 
operated at 250 RPM and 28oC for 60 minutes) and followed 
by the separation of the enzyme from the substrate using a 
filter cloth and a micro-centrifuge at 4oC and 12000g. After 
that, samples were stored in the refrigerator at 4oC before 
use. 

2.9. Enzyme Activity Analysis (FPA Method) 

Cellulase enzyme activity was analyzed using the Filter 
Paper Assay (FPA) Method [20]. Samples were diluted and 
calculated using the equation (8). Dilution from the sample 
had to be made if the reducing sugar detected was above 2 
mg glucose equivalent/ml. Dilution was made until the 
concentration of the reducing sugar detected was around 2 
mg glucose equivalent/ml. The enzyme concentration that is 
needed to release 2 mg of glucose was added to the equation 
(8). 

FPU = #,(4
[6789:6]766<6<	=>	?6@6A36	$	:B	>C	B@DE>36

	𝑢𝑛𝑖𝑡/𝑚𝑙     (8) 

Absorbance was calculated using pure glucose as the 
standard. Standard curve was made using 10, 3.35, 2.5,1.65, 
and 1 mg glucose/0.5 ml. Filter paper used was the 

(2) 

(3) 

(6) 

(5) 
(4) 
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Whatman® ashless filter paper no. 1, while the reagents used 
were Rochelle salt (10%) and DNS reagent. 

2.10. Reducing Sugar Analysis 

Reducing sugar analysis was conducted using 
Dinitrosalicyclic Acid (DNS) method [21]. The reducing 
sugar was calculated as glucose equivalent with pure glucose 
as the reference standard. The concentration of glucose 
standard solutions used was as follow: 10, 3.35, 2.5, 1.65, 
and 1 mg glucose/0.5 ml.  

2.11. Bioethanol Concentration Analysis 

Ethanol was extracted from the fermentation substrate 
using distillation method as stated by Devrajan [22]. 
Substrate that had been fermented was mixed with hot water 
(50oC) in a 1:1 mass ratio. The mixture of sample and water 
was incubated for 30 minutes in a static condition. Sample 
then was distilled, along with the distillate, was collected to 
be analyzed further. 

The ethanol concentration was measured using the 
spectrophotometer method as describe by Crowell and Ough 
[23]. Around 30-35 ml distillate was mixed with 10 ml of 
dichromate reagent (34 g of potassium dichromate mixed 
with 325 concentrated sulphuric acid) and incubated at 60oC 
for 20 minutes. After 20 minutes, the sample was cooled 
down to room temperature, and the absorbance was 
measured using UV-VIS spectrophotometer on 600 nm 
wavelength. Alcohol detected was a 10 times dilution of the 
original sample. 

𝑌𝑠𝑒 = 	 FCGFH
ICGIH

𝑥	100%																																																																(9)	

 
Ef= Ethanol final weight (g) 
Ei= Ethanol initial weight (g) 
Sf= Substrate final weight (g) 
Si = Substrate initial weight (g) 
 

3. Results and discussion 

3.1. Lignocellulose Composition of Napier Grass 

Napier grass used in this research was a three-month old 
crop. Energy content form the three-month old Napier grass 
was the highest compared to the older or younger age Napier 
grass [24]. The comparison of lignocellulosic compounds 
compared to other studies can be seen in Table 2. 

3.2. The Effect of Aerobic Cultivation Period on 
Cellulase Enzyme Activity 

Cellulase enzyme activity was measured using the Filter 
Paper Assay (FPA) method. ANOVA analysis did not show 
any significant difference in enzyme activity from different 
substrate combinations, but the difference in cellulose 
reduction was up to 27% from the control. The cellulase 
activity profile for different substrate combinations is 
presented in Figure 1. 

The control substrate gave the lowest cellulose reduction 
compared to substrate AT1 and AT2. Control substrate had a 
45% cellulose reduction while AT1 and AT2 substrate 
reached 55.47% and 71.72% respectively. High cellulose 
reduction for substrate AT2 showed that the cellulose 
enzyme secreted by Neurospora sitophila on AT2 substrate 
was better at hydrolyzing cellulose compared to the other 
substrate combinations. Better mold growth perhaps is one of 
the reasons why the enzyme activity on AT2 substrate was 
better than the other two substrate combinations. Protein 
analysis from the three substrate combinations showed that 
the AT2 substrate has the highest protein enhancement 
compared to the other substrates. The measurement of total 
crude protein is one of the indirect method for measuring 
fungal growth on a solid substrate [30,31]. Protein 
enrichment profile can be seen in Figure 2 and the fungal 
growth on the second days of aerobic cultivation can be seen 
in Figure 3 (a)-(c). 

High fungal growth on the AT2 substrate could be caused 
by the high initial nitrogen and extractives content of the 
substrates. From the lignocellulosic analysis, AT2 has the 
highest extractives content, approximately 25% weight, 
while the AT1 and control substrate has 23% and 16% 
respectively. The extractives content is usually comprised of 
pectin and other soluble oligosaccharides [17].  Soluble 
oligosaccharide can be used as an additional nutrition for the 
mold on the early stage of its growth. These soluble simple 
sugars can enhance the growth of the fungi. The composition 
of the lignocellulosic biomass of each substrate can be seen 
in Figure 4. 

Soybean Curd Residue (SCR) contains micronutrients, for 
example potassium, sodium, calcium, magnesium, iron, 
copper, manganese, and zinc, which are needed by the 
Neurospora. Calcium is known to be beneficial for 
Neurospora hyphal growth. Schmid and Harold’s (1988) 
experiment proved the importance of calcium ion for 
Neurospora hyphal growth. The growth of Neurospora and 
its hyphae is higher as the concentration of calcium ion 
increases [32]. External calcium ion was needed to balance 
the calcium ion inside the cell whereas the internal calcium 
ion is very important for hyphal growth [33]. 

 

 
 
 

Table 2 Lignocellulosic fraction comparison 
 

Research Hot water Hemicellulose cellulose Lignin (%) ash (%) others (%) 
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soluble 
content (%) 

(%) (%) 

This research 16.1 ± 5.8 33.78± 1.6 40.35 ± 6.7 8.64 ± 2.4 1.1 ± 0.2 - 
Yasuda et al., 2013 

[25] 
- 26.50 37.50 14.90 12.70 15.10 

Montipo et al., 
2018 [26] 

16.43 20.62 33.60 18.42 12.25 0.99 

Sladen et al., 
1991[8] 

- 20-31 30-37 8-21 - - 

Kataria et al., 2016 
[27] 

- 28.44 38.98 19.26 2.17 11.15 

 

 
Figure 1 Enzyme activity profile for each substrate combination 

 
Figure 2 The increase of total protein content for each substrate combination 
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Figure 3 The growth of Neurospora sitophila on each substrate combination on the 2nd day of aerobic cultivation period  

(a) Control, (b) AT1, (c) AT2 

 

Figure 4 Lignocellulose fraction of fermentation substrate at the initial stage of cultivation 

 
Neurospora sitophila has been known to be able to 

produce cellulase enzymes when cultivated in the submerged 
system as well as in the solid-state system [12,34,35]. 
According to Oguntimein et al. in 1991, cultivation of 
Neurospora sitophila in a submerged fermentation system 
can produce cellulase enzymes with the highest activity 
reached 0.18 FPU after 48 hours with a corn cob as the 
substrate [34]. Cellulase enzyme activity achieved on this 
research was higher compared to the study conducted by 
Oguntimein and his team. This comparison showed that 
solid-state fermentation system can produce a higher enzyme 
activity compared to the submerged system. This hypothesis 
was also proved by the study conducted by Kantini and 
Sudiana in 2018 [15].  Their research showed that cellulase 
enzyme produced by Neurospora sitophila on a solid state 

culture was given a better result compared to the Neurospora 
that was cultivated on a free -flowing medium. 

One of the most possible reasons that the enzyme activity 
produced by Neurospora was better when it was cultivated 
on a solid substrate is because of the natural living conditions 
of the mold. Mold that was cultivated by submersion will 
have different physiological activities compared to the fungi 
that was cultivated on a solid substrate [14]. The use of solid-
state fermentation system was intended to mimic the natural 
habitat of fungi, hence it can enhance its physiological 
activities relative to the submerged fermentation system [36]. 
Li and his team conducted a study in 2013 about the 
characteristic of the protein secreted by Neurospora on both 
solid-state and submerged fermentation system. On a 
submerged fermentation system, the protein analysis and 
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characterization showed a large portion of proteins related to 
the fight and stress response of the fungi, while the protein 
profile for solid-state fermentation system was dominated by 
protein for growth [35].  

Cellulase enzyme activity obtained from this study was 
higher compared to the study conducted by Li and his team. 
Neurospora cultivated on wheat stalks with a steam 
explosion as the pre-treatment gave cellulase enzyme activity 
of 0.45 U/gram substrate. Meanwhile, in this study, the 
highest FPAse achieved was 1.8 U/gram substrate from AT2 
substrate combination (without a pretreatment before the 
fermentation process). The higher cellulase activity means 
that Napier grass is a better substrate compared to wheat 
stalks for cellulase production. 

3.3. The Effect of Fermentation Period and Napier 
Grass-SCR Ratio on the Ethanol Yield  

The highest ethanol yield from this study came from the 
AT2 sample (Napier grass : SCR mass ratio of 9:1). The 
ethanol yield from the AT2 sample was 2.12 g Ethanol/100 g 
substrate consumed. Ethanol yield from AT2 substrate and 
control substrate were 0.71 g ethanol/100 g substrate 
consumed and 1.09 g ethanol/g substrate consumed 
respectively. The comparison can be seen in Table 3. 
 

Table. 3 Ethanol yield from each substrate combination 

Substrate 
Combination 

Ethanol Yield 
(g EtOH/100 g 

substrate) 

Optimum 
Fermentati
on Period 

(days) 
Control (K) 1.09 2 

 Napier Grass : SCR 
= 9:1 (AT1) 

2.12 6 

Napier Grass : SCR 
=1:1 (AT2) 

0.71 3 

 
From the data, it can be seen that the ethanol yield from 

the AT1 substrates was higher compared to the other 
substrates. It is assumed that there is a lower cellulose 
fraction of the AT2 substrate compared to the AT1 substrate. 
However, the cellulose fraction itself was probably not the 
only factor affecting the ethanol production. The ethanol 
yield from the control substrate was also lower than the AT1 
substrate, despite its higher cellulose content. The better 
growth profile of Neurospora sitophila on the AT1 substrate 
was probably the main reason why the ethanol production 
from the AT1 substrate was higher than the control substrate.  

From this study, it was found that the maximum ethanol 
concentration was achieved on the sixth day of the micro-
aerobic cultivation period which was 1.874 g/L from the 
AT1 substrate. The AT2 substrate produces 0.811 g/L 
ethanol that was achieved on the fifth day of fermentation 
period. Meanwhile the control substrate achieved the highest 
ethanol concentration of 0.641 g/L on the 7th day of the 

fermentation period. From ANOVA test, it could be 
concluded that the difference of the ethanol concentration 
was significantly different for each substrate variation. The 
ethanol concentration profile was showed in Figure 5. 

 Despite the high cellulase activity secreted by 
Neurospora in this study, ethanol production was very low 
compared to other studies. Theoretical ethanol yield from 
this SSF process was calculated using the formula as shown 
in Table 4 and the calculation for the three types of substrate 
combinations compared to the experiment based value is 
shown in Table 5. This formula and its conversion 
efficiencies were adapted from Badger [7]. 

The experimental based yield was approximately 10 times 
lower compared to the expected theoretical yield. The low 
ethanol yield was probably due to the excessive oxygen that 
was still present in the micro-aerobic process. In this study, 
the oxygen absorber used was an iron powder combined with 
NaCl salt that was sold commercially. The oxygen absorber 
can absorb around 30 ml of O2. Using an assumption that the 
volume of the reactor used was 250 ml and the concentration 
of O2 inside the reactor was the same as the concentration of 
O2 in the normal air in the atmosphere, the volume of the 
oxygen in the headspace of 250 ml reactor was 50.4 ml. This 
calculation showed that there was still too much oxygen 
inside the reactor. The presence of oxygen inside the reactor 
made the fermentation process became ineffective. In a 
condition where the amount of oxygen is high, the dominant 
reaction will be the respiration pathway where the pyruvic 
acid will go into the tricarboxylic acid cycle and go through 
the electron transport chain reaction, thus resulting in ATP 
formation and carbon dioxide [33]. Purging the oxygen with 
nitrogen gas could result in a higher yield of ethanol [34]. 

During the fermentation process, it could be seen that the 
glucose concentration has never had any significant upsurge. 
This is due to the low glucose content on the first day of the 
micro-aerobic condition. When the cellulase enzyme 
hydrolyzed the cellulose, it produced reducing sugar which is 
simultaneously consumed by the fungi to generate biomass, 
ethanol, and other products. When the reducing sugar on the 
substrate is very low while the ethanol concentration is high, 
there will be a probability of alcohol dehydrogenase enzyme 
repression to occur and other enzymes that play role in 
glyoxylate cycle will be produced, thus resulting in ethanol 
consumption as a carbon source for the fungi via 
gluconeogenesis [35].  Glucose profile for each substrate 
combination is shown in Figure 6 and the change in the 
lignocellulose compound during the fermentation process is 
shown in Figure 7. 

From Figure 7 (a)-(c), it can be seen that there were 
reductions both in cellulose fraction and hemicellulose 
fraction.  This proved that Neurospora sitophila can produce 
both cellulase and hemicellulase enzymes. This conclusion 
was supported by the study conducted by Li and his team on 



3Bio Journal of Biological Science, Technology and Management 2(1): 20-30                            Taufikurahman et al 

 27  
https://doi.org/10.5614/3bio.2020.2.1.4 

2013 about the characterization of protein secreted by 
Neurospora, in which they also found out that Neurospora 
can secrete proteins that have similar amino acid sequences 
as the protein that encodes hemicellulose enzyme such as 
endo-1,4-ß-xylanase GH10-2 and ß-xylosidase GH3-8 [14]. 

Neurospora also has xylitol dehydrogenase enzyme that is a 
catalyst for the fungal cells to produce xylose derivate such 
as xylitol [37]. 

.  

 
 

Table 4 Theoretical Ethanol Yield Formula 

Parameters 
Source of Carbohydrate 

Hemicellulose Cellulose 

Dried Napier grass (gram) (DM) 3 3 

Mass fraction (a) % hemicellulose x DM % cellulose x DM 

Enzymatic conversion efficiency (b) 0.9  

Ethanol Stoichiometric yield (c) 0.51  

Fermentation efficiency (d) 0.50  

Ethanol yield (gram)  (a x b x c x d)/100 (P1) (a x b x c x d)/100 (P2) 

Total ethanol yield ( gram/100 gram substrate) P1+P2 

 
 

Table 5 Theoretical and Experiment Based Ethanol Yield for All Substrate Combinations 

Substrate Variation 
Ethanol Yield (g ethanol/ 100 g substrate) 

Theoretical Experiment Based 

Control (K) 19.48 1.09 

AT1 16.55 2.12 

AT2 18.56 0.71 

 
Figure 5 Ethanol Concentration Profile for Each Substrate Combination  
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Figure 6 Glucose Reduction Profile for Each Substrate Combination 

 

 
 

Figure 7  Hemicellulose reduction on the initial and final period of fermentation period  
(a) Control Substrate (b) AT1 (c) AT2 

 
 
 

(a) 

(c) 

(a) 
(a) (b) 



3Bio Journal of Biological Science, Technology and Management 2(1): 20-30                            Taufikurahman et al 

 29  
https://doi.org/10.5614/3bio.2020.2.1.4 

The extractives and lignin content from the substrate that 
had been fermented increased for every substrate 
combination. The ash content also increased for the control 
substrate. Napier grass has various compounds that were 
water soluble aside from free reducing sugar. Two of them 
were catechin and tannins. Catechin content inside Napier 
grass can be as high as 6 mg/g dry basis [38]. These 
compounds were stored inside a vacuole [39]. If the cellulose 
and hemicellulose content of the plant cell wall was reduced, 
these water soluble compounds could easily be washed out 
from the vacuole thus resulting in a higher fraction of hot 
water soluble content.  

The increase of lignin fraction that oddly happened does 
not mean that the lignin compound of the substrate was 
increasing. The increase of lignin fraction on the substrate 
was suspected due to the decrease of other components 
fraction, whereby the lignin fraction will be higher because 
the fungi cannot consume it or it can be assumed that the 
lignin mass did not change. 

4. Conclusions 

In conclusion, Napier grass and simultaneous 
saccharification and fermentation method has a potential for 
cellulase and bioethanol production. The optimum aerobic 
cultivation period that gives the maximum cellulase enzyme 
activity was two days on the AT2 substrate. The optimum 
micro-aerobic cultivation period that gives the maximum 
ethanol yield was 6 days on the AT1 substrate combination. 
However, the bioethanol yields were still very low compared 
to the theoretical yields and other studies, thus further 
improvement on the micro-aerobic system is needed to 
increase the bioethanol yield.  
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Abstract 

Napier grass is one of lignocellulosic plants that has the potential to be converted as bioethanol due to high productivity and 
relatively fast harvesting time. However, the problems of processing lignocellulosic plants into bioethanol are the high lignin 
content and the different lignin structure of each plant. Lignin can inhibit biological agents in accessing cellulose and 
hemicellulose. Therefore, it is necessary to select and optimize the pretreatment process with the aim of degrading lignin and 
maintaining the value of the cellulose. This study was conducted to compare the effectiveness of two different pretreatments 
(biological and alkaline) in degrading lignin. For the alkali pretreatment, lime (Ca(OH)2) was added to the Napier grass 
substrate using concentrations of 0.05, 0.1, and 0.5 grams/gram, which was then incubated at 23-25 oC each within 6, 24, and 
96 hours period. For biological pretreatment, Aspergillus niger spore was used as an agent, which was incubated onto the 
Napier grass substrate using concentrations of 106, 107, and 108 cells/mL, an optimal temperature of 35oC and within 1, 3, 5, 
7, and 9 days period. As a comparison, Phanerochaete chrysosporium was also incubated using a concentration of 106 a 
temperature of 35 oC within 28 days period. The extracted Napier grass was then analyzed for lignocellulose content, which 
included hot water soluble, Hemicellulose, cellulose, lignin, and ash, using Chesson-Datta method and reducing sugar test. 
Comparison of biological pretreatment between Aspergillus niger and Phanerochaete chrysosporium showed that Aspergillus 
niger was better at degrading lignin, with a lignin-to-cellulose ratio of 24.3%, smaller than Phanerochaete chrysosporium at 
30.645%. This ratio was furthermore compared with the ratio resulting from Alkali pretreatment, which showed that the 
former was proven to be more optimum. 

Keywords: Lignin degradation, Aspergillus niger, Phanerochaete chrysosporium, alkali (Ca(OH)2), Napier grass 

 

1. Introduction 

The need for fuel (gasoline) in developing countries such 
as Indonesia is increasing in parallel with the technological 
developments, while petroleum energy reserves are 
decreasing on a daily basis. To resolve the need for fuel oil, 
the government has drafted an energy policy planned in 
Presidential Instruction No. 1 of 2006 and Presidential 
Regulation No. 5 of 2006, which stipulate the importance of 
alternative energy, especially biofuels. Biofuels in this 
context are  defined as fuels in the form of solids, liquids and 
gases that are produced from organic materials [1]. 

One of the new renewable fuels/energy is obtained by 
converting biomass into bioethanol. Biomass is a term used 
to classify organic materials from plants or animals that are 
rich in energy reserves, hence the converted product is called 
bioenergy. Bioethanol is an alternative fuel that has several 
advantages compared to fuel oil. Bioethanol emits 19 to 25% 
lower CO gas when compared to fuel oil [2]. Bioethanol can 
also be produced from materials that contain lots of cellulose. 
Cellulose is found in agricultural and plantation waste. This 
resource has not been used optimally.  

Bioethanol produced today is made from starch (corn) or 
sugar (sugar cane) which is basically a food commodity in 
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Indonesia. Producing bioethanol from human food can cause 
the next problem which is the food crisis. Therefore, the 
production of second generation bioethanol using non-food 
biomass should be a major concern to be a future of an 
alternative energy. 

One non-food ingredient that has the potential to supply 
bioethanol from cellulose is Napier grass (Pennisetum 
purpureum Schumach.). Napier grass can thrive in tropical 
environments such as the one in Indonesia. With a relatively 
shorter growing period (40-90 days), Napier grass shows the 
potential in meeting the availability of raw materials for 
producing up to 78 tons/ha/year of bioethanol, more than 
other similar grasses [3]. Aside from being an animal feed 
and companion plant, Napier grass has not been widely used. 

Bioethanol production from cellulose materials requires 
several stages prior to fermentation. This is because 
according to Isroi (2008), cellulose materials consist of 
lignin-covered and hemicellulose-bound twisted fibers that 
are difficult to process [4]. One important step to break down 
lignin protection is by pretreatment. Lignocellulosic biomass 
cannot be hydrolyzed by enzymes without pretreatment, 
mainly because the lignin in plant cell walls forms four types 
of barriers to withstand enzyme activity [5]. 

This pretreatment aims to break down the lignin barrier, 
change the structure of lignocellulose, and make cellulose 
and / or hemicellulose more easily hydrolyzed [6]. Ideal 
pretreatment will reduce the lignin content and crystallinity 
of cellulose and increase the surface area for enzyme activity 
[7]. 

Pretreatment can be done with physical, chemical, 
biological, or even a combination of these methods. 
However, amongst the other type of pretreatments, 
Biological pretreatment is claimed to be the most efficient 
and eco-friendly. Biological pretreatment is a promising 
alternative because biological agents commonly have 
lignolytic enzymes capable of breaking down complex lignin 
structures. Biological pretreatment is also a sustainable 
method, has a high energy efficiency (because it does not 
require large energy), and also cost efficient. Biological 
pretreatment has the advantage of a physiochemical approach 
to processes that can occur under normal conditions and do 
not produce by-products that cannot be tolerated by the 
environment (hence, eco-friendly) [8]. Despite these major 
advantages, the use of biological pretreatment on a large 
scale of production is limited by several barriers, namely the 
reaction rate is generally very slow and requires a long time 
[8]. Therefore, research is needed to optimize the 
concentration and time of biological pretreatment of 
chemical pretreatment to get the best pretreatment method in 
increasing the accessibility of enzymes to cellulose. 

2. Materials and Research  

2.1. Materials Used 

The materials used include PDA (Potato Dextrose Agar) 
medium, PDB (Potato Dextrose Broth) medium, distilled 
water, filter paper, fatty cotton, 18M concentrated sulfuric 
acid, acetic acid, spiritus, falcon tube, 96% alcohol, 
Tween80, NaCl, fungi medium, DNS reagent, distilled water, 
NaOH solution, HCl solution, and Solid Ca(OH)2 [9][14]. 

2.2. Pure culture of Aspergillus niger and 
Phanerochaete chrysosporium 

Pure culture of Aspergillus niger and Phanerochaete 
chrysosporium fungi were obtained from the Microbiology 
Laboratory, School of Life Science and Technology, 
Bandung Institute of Technology - Ganesha Campus in a test 
tube containing tilted agar (PDA). The pure culture was then 
stored in a refrigerator at around 4 oC to maintain viability. 

2.3. Napier grass substrate 

Napier grass (Pennisetum purpureum Scumach.) obtained 
was 2.5 - 3 months old after planting. After harvesting, it was 
immediately put into plastic and dried using shade drying 
machine at the Laboratory of Natural Product Isolation and 
Analysis, School of Life Science and Technology. 

2.4. Napier grass sample preparation 

Napier grass (Pennisetum purpureum Scumach.) that has 
been aged for 3 months was sun-dried for one day to reduce 
its water content from 89% to around 20-30% [23]. Napier 
grass was then oven roasted for 16 hours at 105 oC, then cut 
into pieces and mashed with a blender (the size is between 10 
and 35 mesh, about 2 mm) [9]. The material was then 
weighed every 15 minutes until it reached a constant mass. 

2.5. Lignocellulose component analysis by the 
Chesson-Datta method 

Lignocellulose fractionation from Napier grass was 
carried out using the Chesson-Datta method [10]. A total of 1 
gram of dry sample (1 gram is the value (a) on the Chesson-
Datta fraction calculation) was refluxed in 150 ml of distilled 
water at 100 oC for two hours. The reflux solution was 
filtered with a Buchner funnel and the residue was dried in 
an oven at 150 oC to a constant weight (weighed every 30 
minutes). Dried residues which mass has stabled were 
weighed and a value of (b) was obtained. 

The dry residue was then refluxed again using 150 ml of 
0.5 M H2SO4 at 100 oC for 2 hours. This reflux solution was 
rinsed with hot distilled water to neutralize the pH, and then 
filtered with Buchner, while the residue was dried in the 
oven to 105oC until the residual mass was constant (weighed 
every 30 minutes). The constant residual mass is the value 
(c). 
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The residue was then immersed in 10 ml of 72% v/v 
H2SO4 at room temperature for four hours and diluted to 
become 0.5 M H2SO4 solution, and then refluxed again for 2 
hours at 100 oC. The sample solution was rinsed with hot 
water and filtered with Buchner, and then dried in the oven 
for 2 hours or until the mass of residue was constant at 105 
oC. The constant residual mass is the value (d). The residue 
was then purified at 575 oC. After obtaining the values a, b, 
c, d, and e, we then calculated the presence of hemicellulose, 
cellulose and lignin using the formulae as follows: 
 

Hot	𝑊𝑎𝑡𝑒𝑟	𝑆𝑜𝑙𝑢𝑏𝑙𝑒	𝐶𝑜𝑛𝑡𝑒𝑛𝑡	(%𝑤𝑡) =	 𝑎−𝑏
𝑎
𝑥	100%.....(2.1)	

𝐻𝑒𝑚𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒(%𝑤𝑡) = 	 ;/4
3
𝑥	100%...................................(2.2)	

𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒	(%𝑤𝑡) = 	 4/6
3
𝑥	100% ………………………(2.3) 

𝐿𝑖𝑔𝑛𝑖𝑛	(%𝑤𝑡) = 	6/E
3
𝑥	100% …………………………………..(2.4)	

𝐴𝑠ℎ	(%𝑤𝑡) = 	 E
3
𝑥	100% …………………………………………..(2.5)	

 
With : 

a : Initial sample dry weight (grams) 
b : Residual dry weight after refluxed in distilled water 

(grams) 
c : Residual dry weight after refluxed in 0.5 M sulfuric 

acid (grams) 
d : Residual dry weight after treatment in 72% sulfuric 

acid, dilution to a concentration of 0.5 M, and then 
refluxed in 0.5 M sulfuric acid (grams) 

e : Ash weight after it treated in the furnace (gram) 
 

2.6. Developing Phanerochaete chrysosporium 
Viability Curves 

This Viability Curve was made using the spread plate 
method [11]. Petri dishes containing PDAs were prepared 
under 27 sterile conditions. First, we made pure cultures 
from P. chrysosporium as many as 6 test tubes and cultured 
at the same conditions and times. The spore suspension was 
then harvested on a daily basis starting from day 2 of the 
PDA with the addition of 5 mL of harvest solution (0.85% 
NaCl w/v + Tween80 0.1% v/v) into the test tube. The spores 
were then harvested by gently rubbing the Ooze stick onto 
the PDA. The suspension was then homogenized using a 
vortex and 0.1-0.3 mL of it was taken to count the spores 
using a hemocytometer. The calculated suspensions were 
then diluted to a concentration of 103, 102, and 101 spores / 
mL (dilution with 0.9 mL suspension and 0.1 mL of harvest 
solution). After being diluted, 0.1 mL of each suspension 
was then taken to be put into a petri dish and spread evenly 
throughout the PDA. The same thing was done for days 3, 4, 
5, and 6 with 2 repetitions for each day and concentration. 

2.7. Biological Pretreatment 

The first biological pretreatment used two species of 
fungi, namely soft-rot fungi (Aspergillus niger) and white-rot 
fungi (Phanerochaete chrysosporium), to degrade the lignin 
content in Napier grass. To carry out this pretreatment, it is 
first necessary to prepare a sample of Napier grass which is 
aged approximately 2-3 months and the propagated fungal 
spore as pretreatment materials.  

Soft-rot fungi (Aspergillus niger) and white-rot fungi 
(Phanerochaete chrysosporium) cultures which have been 
inoculated on PDA medium in test tubes were then harvested 
with harvesting solution. The harvesting solution was made 
by mixing 0.85 grams of NaCl dissolved in 100 mL of 
distilled water (physiological solution of 0.85% NaCl). Then 
0.1 mL of Tween80 (surfactant) was added and stirred until 
the solution became homogeneous. The homogenous 
solution was then put into the Erlenmeyer and covered with 
aluminum foil. The harvest solution was sterilized in an 
autoclave at 121 oC (1.5 atm) for 15 minutes. Aspergillus 
niger would be harvested at its maximum growth time, 
which is four days when grown on the tilted PDA medium 
[12]. Likewise, Phanerochaete chrysosporium would be 
harvested in 5 days according to its maximum growth time. 

Harvested fungal spores (5 mL of solution) were then 
counted by the number of fungal spore cells using a 
hemocytometer. Fungal spore concentrations were calculated 
and adjusted according to variations in fungal concentrations 
in Table 1. 

Pretreatment time was determined on the basis of Ayed et 
al's (2013) study, which states that the greatest acquisition of 
LiP (Lignin Peroxydase) enzymes is in the pretreatment for 
72 hours or 3 days, and according to Valencia and Meitiniarti 
(2017), in which the ability of Aspergillus niger 
biodelignification will continue to increase until the 7th day, 
which shows that research is needed for the 9th day as well 
[13] [15]. Furthermore, Napier grass which had been cut into 
pieces with a size of about 2 mm was sterilized by 
pasteurizing the 70 oC (Low Heat Temperature) method for 3 
times on manual heating, each for 15 minutes. Then, as much 
as 4 grams of Napier grass was put into a Rox bottle and 
additional nutrient solution was added until the Napier grass 
had an MC of 80% or with a nutritional ratio of 3.5 gram : 1 
mL [16]. The Rox bottle containing Napier grass was 
inoculated with a ratio of 2 mL inoculum to 10 grams of 
Napier grass [17]. Additional nutrients given to Napier grass 
are listed in Table 2. 

The Rox bottle was then put into the oven at 35 oC and left 
for the treatment time [13]. During the treatment, the 
substrate was dried before it was analyzed for lignocellulose 
content using the Chesson data method. The pretreated grass 
was then rinsed with 1:50 of water between the acetate buffer 
(0.2 M, pH 4.5) and the grass then stirred at 130 rpm for 30 
minutes to dissolve the reducing sugar found in the grass by 
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soft-rot fungi (Aspergillus niger) [18]. Each pretreatment was 
done 2 times to get the best results with the smallest margin 
of error 

2.8. Chemical Pretreatment 

The second pretreatment given was using alkali 
(Ca(OH)2). To carry out the chemical pretreatment, it is first 

necessary to prepare a sample of Napier grass aged 
approximately 2-3 months and also pretreatment materials 
that have been dissolved in accordance with certain 
variations in concentration. The variations used in this 
experiment are shown in Table 3.

 

Table 1 Time variation for pretreatment in Napier grass [13][14] 

Type 
Treatments 

Total Cell (cell/ g 
substrat) Time (day) 

JA1 
JA2 
JA3 
JA4 
JA5 

106 

107 

108 

1 
3 
5 
7 
9 

JP1 106 28 
Information : JA = Aspergillus niger  JP = Phanerochaete chrysosporium  

 
Table 2 Additional nutrients in pretreatment with fungi on Napier grass [17] 

 

 

 

 
 

 

Table 3 Variation of Alkali (Ca(OH)2) pretreatment in Napier grass [19] 

Variation 
Component 

Ca(OH)2 g/g on 
the substrat 

Time 

B1 
B2 
B3 

0.02 
0.1 
0.5 

6,24, and 
96 hour 

Information : B = Alkali. 

 
 
After the Napier grass powder pertains a constant mass, 

the powder was then given a treatment using Ca(OH)2 with a 
variation ratio of the concentration of chemical solvents and 
Napier grass powder according to Table 3. According to Xu 
et. al, (2008), the ratio between pretreatment solution and 
Napier grass substrate is 1: 10. This means that for every 1 
gram of Napier grass substrate, a 10 mL pretreatment 
solution is needed [19]. A mixture of grass and water will 
form slurry or mud-like form. The substrate used in this 
study was 4 grams, so the required pretreatment solution was 

40 mL. Repetition for each treatment was 3 times in order to 
obtain optimal results. 

After the pretreatment was carried out in accordance with 
the time listed in Table 3, the solution and substrate of 
Napier grass were separated using a filter paper. The filtrate 
was then collected and continued with the reducing sugar 
test. The pretreated Napier grass substrate was then washed 
using 400 mL of distilled water to remove excess lime, 
reducing sugars, and by-products that could inhibit the 
hydrolysis process using enzymes [19]. After that the Napier 
grass was dried using an oven. After the Napier grass 

Nutrient Weight (gram/L) 
Yeast Extract 5 
(NH4)2SO4 1 
KH2PO4 0.5 
K2HPO4 0.5 
MgSO4 0.2 
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reached a constant weight, lignin, hemicellulose, and 
cellulose levels were analyzed using the Chesson-Datta 
method. 

2.9. Sugar Reduction Analysis 

Reducing sugar was analyzed using the DNS 
(dinitrosalycilic acid) method. Reducing sugar was measured 
on a spectrophotometer at a wavelength of 575 nm [20]. 
Reduction sugar analysis was carried out before and after the 
pretreatment to calculate the reduction of sugar contained in 
the treatment mixture. 

The method for analyzing reducing sugars is as follows. 
First, 3 mL of the sample solution was put into a test tube 
and mixed with 3 mL of reagent DNS. Then the solution was 
closed and heated at a temperature of 90 oC for 
approximately 5-15 minutes. The heated solution was added 
with 1 mL of Rochelle salt with a concentration of 40%. The 
solution was immediately cooled to room temperature and 
absorbance measured using a spectrophotometer at a 
wavelength of 575 nm. 

3. Results and Discussion 

3.1. The kinetics of the growth of the Phanerochaete 
chrysosporium 

In this study, the kinetics of fungal growth was analyzed 
using Phanerochaete chrysosporium as a biological agent in 
biological pretreatment. There are many methods that can be 
used in experiments on the growth kinetics of an organism, 
such as the gravimetric, the counting chamber, the 
spectrophotometric method, and so on. The method used in 
this study is the Total Plate Count (TPC) method. TPC 
method is the most widely used method in this kind of 
analysis, because the colony can be seen directly with the eye 
without using a microscope. Another advantage of the spread 
plate method is that the grown fungi / bacteria can be spread 
evenly on the surface of the agar and this facilitates the 
calculation of the number of mold spores [21]. 

Based on data processed using the spread plate method, a 
fungi growth curve can be made by creating a viability curve 
between percent viability (%) of time and growth curve using 
a hemocytometer between cell counts / mL x 104 against 
time. Through these two curves, the time at which maximum 
growth occurs can be calculated. The two curves can be seen 
in Figure 1 and Figure 2. 

In Figure 1, it can be seen that the viability curve 
increases on days 2 and 3, while decreasing on day 4. This 
can be caused by the condition whereby the Phanerochaete 
chrysosporium culture on day 4 has a different treatment 
from the condition of the fungi culture on day 2, 3, 5, and 6. 
Differences in these conditions include initial culture 
conditions, PDA medium, and temperature of TPC testing 

which can cause a decreased growth. On the 5th day, the 
percentage of viability was obtained at the maximum value 
of 93.3%. This is supported by the growth curve in Figure 2, 
which produces the best growth on day 5. 

 
 

 
Figure 1 Viability (%) P. chrysosporium 

 
Figure 2 Growth Curve of P. chrysosporium 

 
Furthermore, on the growth curve, it can be seen that on 

days 2 and 3, the growth of the Phanerochaete 
chrysosporium is still in the lag phase. This is in accordance 
with the study done by Yao and Nokes (2014) which states 
that in days 2-3, Phanerochaete chrysosporium is still in its 
lag phase of growth [22]. In the lag phase, the Phanerochaete 
chrysosporium is still adapting to its environment. It was 
further explained that the fungi enter an exponential phase on 
days 4-5. Here, a phase of slowing growth occurs.  

In the deceleration phase, the fungi begin to run out of 
nutrients which causes the growth of biomass begins to 
decrease. In this study, the maximum growth was obtained 
on the 5th day, but it was different from the literature 
wherein the fungi continue to experience growth until the 
11th day. This could be due to several factors such as the 
source of nutrition, temperature, and the strain of fungi used 
[23]. In our study, the medium used is slanted agar 
containing PDA medium. On the 5th to the 6th day, the fungi 
enter the death phase, where there is recorded decrease in 
cell count. 
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From the two curves, the same results showed that the 
maximum growth of Phanerochaete chrysosporium was on 
the 5th day after inoculation. Fungal spore growth on PDAs 
was carried out at 37 oC because it is the optimal temperature 
for the growth phase of Phanerochaete chrysosporium 
mycelium [24]. 

3.2. Effect of Variations in Alkali pretreatment on 
Lignocellulose Levels 

The pretreatment process aims to break the lignin bond 
(delignification), in removing the lignin and some of the 
hemicellulose contents, damaging the crystalline structure of 
cellulose and increasing the porosity of the material [25]. The 
principle of lime (Ca(OH)2) pretreatment is to degrade 
amorphous substances (such as lignin and hemicellulose) 
which makes the crystallinity increases. Lime (Ca(OH)2) 
increases lignin degradation which makes enzymes work 
effectively by eliminating non-productive parts of the 
adoption and also increasing access to cellulose and 
hemicellulose [26]. Napier grass consists (wt%) of three 
main ingredients, namely hemicellulose at 37.5%  cellulose, 
26.5% hemicellulose and 14.9% lignin depending on the type 
and component of nutrients obtained [27]. 

From this study, measurements of lignocellulose 
component levels were carried out in the control and also in 
three variations of the concentration of lime pretreatment. All 
pretreatments in this study were carried out at the laboratory 
room temperature at Jatinangor, which ranged from 23 to 25 
oC and humidity ranging between 61 and 63%. The 
lignocellulose fraction in Napier grass can be seen in Table 
4. 

Table 4 Lignocellulose fraction of Napier grass 
(Pennisetum purpureum Scumach.) 

Component Content (%) 
HWS 27.96 

Hemicellulose 20.01 
Cellulose 33.10 

Lignin 17.82 
Ash 1.12 

 
The measurement of lignocellulose component levels was 

carried out using the Chesson-Datta method. The following 
is a display of lignocellulosic data resulting from 
pretreatment with a variation of lime concentration in Figure 
3. 

According to Mosier et al. (2005), pretreatment with lime 
(Ca(OH)2) can impact the chemical composition of 
lignocellulose and change the chemical / physical structure of 
lignocellulose [6]. Lime pretreatment is proven to have a 
huge impact in increasing the area of cellulose that can be 
accessed by enzymes. In addition, lime pretreatment can also 

degrade lignin and destroy the hard lignin structure. 
However, lime pretreatment only affects slightly on the 
degradation of hemicellulose [6]. 

Delignification carried out by the lime pretreatment 
process in Napier grass samples in this experiment reduced 
some components of HWS, lignocellulose, cellulose, and 
lignin, as shown in Figure 3. The best delignification 
conditions can be achieved if the results show low lignin 
values and high cellulose values, or a low ratio of lignin to 
cellulose. The factors which also affect the value of lignin 
and cellulose are lignin degradation and the recovery of 
solids and cellulose. This needs to be taken into account [28]. 

The top priority of the lignocellulose component is lignin. 
Alkali pretreatment can cause swelling of biomass, which 
can make enzymes or other biocatalyst agents to access 
biomass more easily [29]. Alkali pretreatment allows 
breaking of the lignin bonds and changing the crystalline 
structure of cellulose.  

In Figure 3, it can be clearly seen that the control sample 
has a high lignin level of 17.82 wt% and cellulose content of 
38%. All lime pretreatments with concentrations of 0.5, 0.1 
and 0.02 on average reduce the levels of lignin and HWS. 
This is due to the nature of lime that can degrade lignin by 
destroying its structure within a relatively high pH with 
concentrations of 0.5 g/g, 0.1 g/g, and 0.02 g/g are 12.3 wt%, 
12.8 wt%, and 13.2 wt%, respectively [30]. This is also true 
to the hemicellulose content obtained in this study, where the 
result only differs slightly from the control. This is in 
accordance with Mosier, et al. (2005) who asserts that the 
impact of lime pretreatment on hemicellulose only slightly 
degrades hemicellulose [6]. 

In Figure 3, it is also seen that the smallest lignin content 
is found in lime pretreatment with a concentration of 0.5 g / g 
substrate in 96-hour time with 7.4% lignin level. However, 
the level of cellulose obtained was only 25% and relatively 
small when compared with controls. The largest cellulose 
content was found in lime pretreatment and proves to 
produce the largest lignin reduction of 58.47%. 

It will be difficult to determine pretreatment with 
maximum concentration and time when viewed from each 
aspect of lignocellulose. This is because the results are 
tightly close and hard to compare. As an alternative, the 
difference can be seen by reviewing the aspect of lignin to 
cellulose ratio, considering that the aim is to obtain as lowest 
lignin value and highest cellulose value as possible. Figure 4 
shows the ratio between lignin and cellulose in each 
treatment. 

Figure 4 shows that the concentration of lime 
pretreatment with the highest cellulose content and lowest 
lignin content was 0.1 gram / gram of Napier grass in 24 
hours, with a ratio of 24.56%. These results differ only 
slightly with the concentration of 0.02 gram / gram of Napier 
grass in 96 hours, as well as with a concentration of 0.5 gram 
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/ gram of Napier grass in 6 hours, with ratios of 24.67% and 
26.79%, respectively. This is also supported by the results of 
the reducing sugar contained in the pretreatment hydrolyzate 
in Figure 5. 

The results shown in Figure 5 also demonstrate that the 
concentration of lime pretreatment with the highest reducing 

sugar content is 0.1 gram / gram of Napier grass within 24 
hours of treatment. These results were obtained in 
accordance with the results of lignin degradation with lime 
on switchgrass, with the best concentration of 0.10 g/gram of 
biomass for 24 hours at 50 oC [19]. 

 

 
Figure 3 Lignocellulose fraction in lime (Ca(OH)2) pretreatment 

 
Figure 4 Lignin to Cellulose Ratio on the lime pretreatment result’ 

 
Figure 5 Reducing Sugar Level (mg/L) on hydrolyzate from the lime pretreatment 
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3.3. Effect of variations in concentration and time of 
biological pretreatment with Aspergillus niger on 
levels of lignocellulose 

Biological pretreatment is a preliminary treatment of 
lignocellulosic biomass to break the hard and crystal-shaped 
lignin bonds. The process uses biological agents (fungi) that 
possess enzymes as weapons to break down lignin [31]. 
Biological pretreatment is an efficient, environmentally 
friendly, and inexpensive pretreatment [32]. Microorganisms 
such as brown- and white-rot fungi are commonly used to 
degrade lignin and hemicellulose in waste biomass such as 
agricultural waste [33]. On the other hand, soft-rot fungi, 
which are fungi of the ascomycetes class, has a very strong 
property of degrading carbohydrates in wood, and some of 
these fungi can show a significant ability in breaking down 
the structure of lignin [34]. However, lignin degradation by 
soft-rot fungi is still little studied. 

In general, the enzymes produced by these fungi are one 
of the three main enzymes that degrade lignin, namely LiP, 
MnP, and Laccase [35]. Figure 6 to 13 illustrates 
lignocellulosic component data ranging from HWS, 
hemicellulose, cellulose, lignin and ash resulting from 
pretreatment with Aspergillus niger with varying fungal 
concentrations and pretreatment times. 

 

 
Figure 6 HWS Fraction at each fungi concentration 

 
Data on the treatment of Aspergillus niger in HWS 

fraction was analysed using the Duncan's Multiple Range 
Test (p <0.05), and showed a significant increase between 
day 1 and day 9. This could be due to Aspergillus niger 
proven to be able to produce cellulose- and hemicellulose-
breaking enzymes, one of which is xylanase [36] [37]. The 
enzyme can break down cellulose and hemicellulose into 
simple sugars that can be dissolved in the HWS fraction, thus 
causing the value of the HWS fraction to increase. HWS 
consists of several simple components that dissolve easily in 
water, such as some simple carbohydrates, proteins, and 
inorganic compounds [4]. 

 

 
Figure 7 Hemicellulose fraction at each fungi concentration 

 
When viewed from the hemicellulose fraction, the results 

show that there was a significant decrease between day 1 and 
day 9. This can be explained due to the ability of the 
Aspergillus niger to break down hemicellulose into simple 
sugars (pentose (xylose and arabinose), hexose (manose, 
glucose, and galactose), and sugar acids [38], which will be 
used as a source of C in its growth [39]. 

 

 
Figure 8 Cellulose fraction at each fungi concentration 

 
The same holds true with the cellulose fraction, where a 

significant decrease was recorded on day 1 and day 9. This is 
also due to the Aspergillus niger having the ability to convert 
the cellulose fraction into simple sugars (D-glucose) using 
cellulase enzymes such as xylanase [36]. This is what causes 
cellulose fraction content to decrease from day 1 to day 9. In 
the pretreatment process, the cellulose fraction is expected 
not to experience a reduction because if cellulose is reduced 
in the pretreatment process, the saccharification process in 
the fermentation will not run optimally [25]. 

Data on lignin fraction that have been analysed using 
Duncan's Multiple Range Test (p <0.05) showed that a 
significant decrease from day 1 to day 9 occurred. Lignin 
fraction itself is the main parameter in the (chemical and 
biological) pretreatment process. Some journal articles state 
that lignin levels have a considerable influence on the 
acquisition of ethanol from pretreated biomass [40]. 
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Although lignin is the main parameter, many other factors 
such as lignin composition, chemical structure of lignin, as 
well as complex bonds between lignin and carbohydrates in 
biomass can have an important impact on biomass 
digestibility. Although lignin is the hardest component in 
biomass, it can be concluded that reducing lignin levels can 
improve the ability to access substrate in bioethanol 
production [41]. 

It should be noted that the main purpose of pretreatment is 
to obtain a low ratio of lignin to cellulose. Figure 10 
illustrates the ratio between lignin and cellulose in each 
fungal treatment. 

 

 
Figure 9 Lignin fraction at each fungi concentration 

 

 
Figure 10 Lignin : Cellulose ratio in pretreatment with 

Aspergillus niger 
 
By analyzing the data using Duncan's Multiple Range Test 

(p <0.05) on the ratio of lignin to cellulose, it was shown that 
the smallest value was found on the 9th day at a 
concentration of 107. In this test, the smaller the value of the 
ratio of lignin to cellulose, the smaller the lignin level is 
compared to the cellulose fraction, and the more effective a 
pretreatment is. This means that the best pretreatment using 
Aspergillus niger in this study was 9 days pretreatment using 
107 concentrations. This is supported by observations of 
Aspergillus niger growth at 107 concentrations that are more 
evenly distributed throughout the surface of Napier grass. At 
concentrations of 106 and 108, fungi growth was concentrated 

only at a few points of Napier grass. Figure 11 documents 
the results of the pretreatment with the Aspergillus niger on 
day 9. 

 

 
(a)       (b) 

 
(c) 

Figure 11 Pretreatment with Aspergillus niger spore at 
concentrations (a)106, (b)107, (c)108 cells/mL and day 9 

 

 
Figure 12 Ash fraction at each fungi concentration 

 
The results of data analysis using Duncan's Multiple 

Range Test (p <0.05) in the ash fraction showed a significant 
increase on day 1 and day 9. The ash fraction showed the 
presence of inorganic compounds in Napier grass cells. 
Inorganic compounds such as minerals (calcium, 
magnesium, phosphorus, chlorine, sodium, and sulfur) are 
present in several parts of the cell wall [42]. If the cell wall 
component is broken down / extracted, the inorganic 
compounds such as minerals will come out. Therefore, in this 
study the ash fraction content tends to increase due to the 
Aspergillus niger which damages cell walls and makes 
mineral levels increase from day 1 to day 9. 

Reducing sugar is a sugar (carbohydrate) class that has the 
ability to reduce electron-accepting compounds [43]. 
Examples of sugars that include reducing sugars are glucose, 
mannose, fructose, lactose, maltose, and others. Generally, 
the reducing sugars produced are closely related to enzyme 
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activity, where the higher the enzyme activity, the higher the 
reducing sugars produced [44]. With the results of data 
analysis using the Duncan's Multiple Range Test (p <0.05) 
on the reducing sugar fraction, we can see that there is an 
increase in reducing sugar levels from day 1 and day 9. This 
is because the Aspergillus niger can produce enzymes to 
break down the cellulose and hemicellulose components, one 
of which is xylanase into simple sugars [36] [37]. 

 
 

 
Figure 13 Reducing Sugar Levels at each fungi 

concentration 

3.4. Biological Pretreatment Comparison between 
Phanerochaete chrysosporium and Aspergillus 
niger 

This study uses two species of fungi from different 
classes, namely white rot fungi and soft rot fungi. The 
Phanerochaete chrysosporium has become a model of 
organism from which we can learn the extent to which fungi 
are able to degrade lignin [45]. In this sense, Phanerochaete 
chrysosporium is used in this study as a comparison to the 
main biological agent used, which is Aspergillus niger. This 
study seeks to prove that Aspergillus niger has the potential 
to be used as a biodelignification agent. 

In this study, the treatment of Phanerochaete 
chrysosporium was carried out under the same conditions as 
that of Aspergillus niger and used at optimal concentration, 
temperature, and moisture content [14]. Table 5 shows a 
comparison of lignocellulosic components along with 
reducing sugars between Aspergillus niger and 
Phanerochaete chrysosporium under the same conditions at 
35 oC, with concentrations of 106 cells / mL and the same 
medium.

 
Table 5 Comparison of lignocellulosic component and reducing sugar between Aspergillus niger and Phanerochaete 

chrysosporium 

Component Aspergillus niger Phanerochaete chrysosporium 
Time of pretreatment 

(day) 9 28 [14] 

HWS (%) 28.904 ± 0.997 28.081 ±0.899 
Hemicellulose (%) 20.022 ± 1.867 12.150 ± 0.631 

Cellulose(%) 24.880 ± 2.991 10.380 ± 0.976 
Lignin (%) 6.044 ± 0.905 3.181 ± 0.222 

Ash (%) 2.275 ± 0.778 0.407 ± 0.331 
Reducing sugar (mg/L) 365.43 ± 5.534 325.45 ± 7.566 

 
 
 
When viewed from hemicellulose and cellulose content, 

pretreatment using Aspergillus niger is superior to 
Phanerochaete chrysosporium because the former relies on a 
wide spectrum of sugar sources. Likewise, the reducing sugar 
produced by the Aspergillus niger is superior to that of 
Phanerochaete chrysosporium. This is because the optimal 
pretreatment time of the Phanerochaete chrysosporium is 
longer than the Aspergillus niger, which causes greater 
cellulose consumption compared to the latter. The rate of 
sugar consumption possessed by both fungi is relatively the 
same [46]. 

As for the lignin parameter, when the level of lignin is 
compared with the amount of cellulose, Aspergillus niger is 

superior to Phanerochaete chrysosporium, with the 
percentage of lignin to cellulose to be 24.3% and 30.645%, 
respectively. This value indicates that Aspergillus niger is 
able to process more cellulose as raw material for producing 
ethanol in the saccharification and fermentation process. 

3.5. Comparison between Biological and Alkali 
Pretreatment 

In this study, two types of pretreatment are compared on 
the basis of optimal time and concentration. The parameters 
used to compare the effectiveness of pretreatment are 
lignocellulosic components which consist of HWS, 
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Hemicellulose, Cellulose, Lignin, Ash, and Reducing Sugar 
fractions. Comparison between Biological pretreatment using 
the Aspergillus niger and Alkali pretreatment using lime 
(Ca(OH)2) is shown in Table 6. 

When viewed from the components of hemicellulose, 
cellulose, and reducing sugars, Alkali pretreatment is 
superior to Biological pretreatment. This is because Alkali 
pretreatment can strongly affect lignin degradation but only 
slightly degrades hemicellulose, cellulose, and other sugars 
[6]. As explained by Liong et al. (2012), biological 
pretreatment is definitely lower than alkali pretreatment 
when it comes to glucose acquisition [14]. In short, the 
reason is that fungi need a longer time to consume lignin. 

However, because the main parameter of this study was 
the ratio of lignin to cellulose, the biological pretreatment 
using Aspergillus niger was superior compared to the Alkali 
pretreatment, with a ratio of 22.7% and 24.5%, respectively. 
This can be caused by three things. First, the enzyme 
produced by Aspergillus niger will achieve maximum 
activity on day 7, therefore on days 7 to 9, Aspergillus niger 
is in maximum condition to produce cellulase, hemicellulase, 
or delignification enzymes [47]. The second reason is 
Alkali's ability to degrade lignin. In the reaction between 
alkali and lignocellulose, the main goal is degradation of 
lignin, but bases can also degrade cellulose and 
hemicellulose. This can reduce the ability of alkalis to 
degrade lignin [48]. Furthermore, because the lignin fraction 
has a reactive group, the condensation reaction between 
lignin components can inhibit the ability of alkali in 
delignification. Lastly, in the alkali pretreatment of lignin, 
conjugated acids can form. When acid is formed, it can cause 
the consumption of alkaline components and lower the pH 
value [48]. 

pH testing was also carried out on lime (Ca(OH)2) 
pretreatment to determine the formation of conjugated acid. 
The pH at the optimal alkali pretreatment conditions with 
lime (Ca(OH)2) in a concentration of 0.1 gram / gram 
substrate for 24 hours was 7.397 ± 1.060. Meanwhile, in the 
initial pretreatment conditions, the pH given was around 
12.8. It can therefore be concluded that the formation of 
conjugated acid causes pH to decrease by 5.403. The lime 
(Ca(OH)2) pretreatment does not run optimally under these 
conditions. 

4. Conclusions 

From our study, we can see that the most optimal 
biological pretreatment time using Aspergillus niger  is 9 
days with the most optimal fungal spore concentration to 
degrade lignin is 107 cells/mL. Comparison between 
pretreatment with Aspergillus niger and Phanerochaete 
chrysosporium towards better delignification ability in 
optimal conditions shows that the former could give better 
results, using hemicellulose, cellulose and reducing sugar 

concentration parameters. In alkali pretreatment using lime 
(Ca(OH)2), the results show that the most optimal time and 
concentration of pretreatment in degraded lignin is 0.1 gram / 
gram substrate with a pretreatment time of 24 hours (1 day). 
Comparison between Alkali pretreatment using (Ca(OH)2) 
and Biological pretreatment using Aspergillus niger show 
that the latter was better, seen using the main parameter of 
ratio between lignin and cellulose content. 
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