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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 
limited to, the following topics:  
- Ecology and Biosystematics 
- Microbiology 
- Genetics and Molecular Biology 
- Animal Development and Physiology 
- Plant Development and Physiology 
- Entomology 
- Biomedical science 
- Biochemistry 
- Agronomy 
- Forestry 
- Bioengineering 
- Bioethics 
- Management of Biological Resources.  

 
The journal also invites contributions from other 
associated disciplines. 
 
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: 
http://journals.itb.ac.id/index.php/3bio 
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obtaining written permission from publisher. The 
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specifically identified, does not imply that these 
names or not protected by the relevant laws and 
regulations. 
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believed to be true and accurate at the date of its 
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Abstract 

The promoter is a part of the gene that functions in carrying out the gene expression, and its work activity becomes a matter 
of concern to ensure that expression works effectively. MeEF1A6 (Manihot esculenta Elongation Factor 1 Alfa - 6) is a 
promoter derived from cassava plants (Manihot esculenta). In previous studies, the MeEF1A6 promoter was successfully 
isolated, introduced, and characterized into the pBI121 plasmid, replacing the CaMV35S promoter. This study aims to 
analyze the activity of MeEF1A6 promoters in-vivo and in-vitro by using transient and transgenic techniques in tobacco 
plants. The pBI121 plasmid containing the MeEF1A6 promoter was introduced into Agrobacterium tumefaciens strain AGL1 
and LBA4404. The promoter's work was then analyzed by the result of introducing it into the tobacco plant using the 
transient and stable transformation. The whole part of explants was used for transient study and tested in a minimum of two 
biological replicates. Sixty sheets of explant leaves that have been cut were used for stable transformation. The promoter 
work analysis was carried out with the GUS gene expression that integrated with the promoter with 
histochemical GUS assay. The transient produced a blue color in the roots, stems, and leaves on the whole repetition. The 
transverse incision in the stem shows the blue color on the epidermis and procambium tissue. Stable transformation using 
AGL1 as vector produced 43 shoots from 40 calli. A total of 43 shoots were selected with antibiotics and produced 27 
plantlets that were successfully grown. Some plantlets are then reacted with x-gluc as histochemical GUS assay substrat and 
produced a blue color in the explants, indicating that the MeEF1A6 promoter has been successfully introduced. The results 
indicate that the MeEF1A6 promoter could work on plant tissue in roots, stems, leaves, and tissues that connect meristems 
such as procambium in tobacco plants. This reinforces the suspicion that the MeEF1A6 promoter performs work 
constitutionally as a constitutive promoter.    

Keywords: Promoter, Transformation, MeEF1A6, N. tabacum 

1. Introduction 

Genetic engineering has made substantial progress in 
recent years. One of these advances was the discovery of 
several components that could support the introduction of 
genetic engineering, for instance, promoters. In genetic 
engineering, especially in gene introduction, the role of 
the promoter is very important for the success of protein 
expression. In process of protein expression, the 
transcription initiation is a very important initial step, 
since this process is the starting point for attaching RNA 
polymerase to the DNA sequence before the transcription 

process begins [1]. The DNA sequences where the 
initiation of transcription (attachment of RNA polymerase 
and transcription factors) begin are called promoter 
sequences. Without the promoter sequence, the 
transcription process will not be induced [2]. The 
promoter sequence consists of a specific base sequence 
and serves to support the initiation of transcription [3]. 
Studies of promoters have been carried out to see the 
expression patterns of a gene. The control of the promoter 
can be an important factor that can explain how a gene 
can be expressed or inhibited. 

Studies on promoter have been widely carried out, for 
instance, on the EF1A gene (Elongation factor 1 alpha). 
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EF1A presents as abundant proteins in cells, which fills 
up to 3 - 10% of the total soluble protein in cells [4]. 
EF1A protein is included in the Moonlight protein group, 
a protein that has more than one function [5]. This protein 
can interact with several types of proteins including actin 
protein [6], microtubules [7], and calmodulin [8]. This 
protein is also known to play a role in the process of 
apoptosis [9], regulation of viral infections [10], and DNA 
replication [11]. Variation in function and high amount of 
protein makes the EF1A gene family promoter expected 
to be one source of promoters that can be actively varied 
and have a high level of expression [12]. 

Several promoters of the EF1A gene family derived 
from cassava (Manihot esculenta) have been successfully 
isolated in previous research [13]. This study isolated 
promoter of MeEF1A3, MeEF1A5, and MeEF1A6 genes. 
MeEF1A promoters have different levels of expression in 
the studied plant model. MeEF1A3 can be expressed in 
cotyledons but cannot be expressed at the root of tobacco. 
MeEF1A5 can be expressed in bananas and tomatoes, but 
cannot be expressed in tobacco shoots. MeEF1A6 can be 
active in all parts of tobacco shoots, bananas, and 
tomatoes and has a high level of expression [13]. This 
makes the MeEF1A6 promoter a constitutive promoter 
candidate because it could be active continuously and had 
a very high level of activation. To find out the exact work 
of the MeEF1A6 promoter, further research is needed on 
the analysis of this promoter. This study focused on 
promoter transformation, which was carried out 
using Agrobacterium tumefaciens strain AGL1 and 
LBA4404. The results of the promoter expression were 
carried out by an integrated histochemical GUS assay on 
the pBI121 plasmid.   

 

2. Material and Methods 

2.1. Material 

Agrobacterium tumefaciens (AGL1 and LBA4404 Strains) 
were used as a vector. AGL1 was used from the genetic lab 
of Bandung Institut of Technology (ITB) and LBA4404 was 
used from Biorin lab Bogor Agricultural University (IPB). 
Tobacco plant CV SR1 (Nicotiana tabacum) 3-4 week age 
was used as a plant model for expression analysis. pBi121 
plasmid was used as a plasmid vector. Kanamycin antibiotic 
was used for plasmid selection, Ampicillin and streptomycin 
antibiotic was used for selection A tumefaciens strain AGL1 
and LBA4404.   

2.2.  Introduction of MeEF1A6 Promoter to 
Agrobacterium tumefaciens 

Gene introduction was carried out using the 
electroporation method using electrocompetent cells. 
Electrocompetent cells were made by following the method 

described by Debler [14]. Electrocompeten cells were made 
by incubating Agrobacterium tumefaciens until it reached 
exponential phase (2-3 days) and centrifuge gradually until 
the volume reaches a quarter of the previous volume (every 
step must conducted in ice-cold temperature). The final pellet 
was resuspended with 10% glycerol and stored at -80ºC. 
Introduction plasmid to Agrobacterium tumefaciens begins 
by mixing 1 μL of the promoted plasmid (plasmid 
concentration of not more than 20 μg/mL) with 40 μL of 
electrocompetent cells in the electroporation cuvette. 
Electroporation conditions were regulated on the Xcell 
Electroporation System Gene pulser with the choice 
of Agrobacterium tumefaciens electroporation method. The 
electroporation cuvette was placed on the Xcell Shock Pod 
and the electroporation process begins by pressing the pulse 
button. After the graph appears on the electroporator screen, 
the culture is quickly transferred to the refresher media (LB 
medium for LBA4404 and YEP medium for AGL1). The 
culture was then incubated on the incubator Shaker at 250 
rpm at 30ºC for 3 hours. After that, the culture is spread on 
solid media that have been mixed with antibiotic selection 
(ampicillin 100 ppm for AGL1 and Streptomycin 50ppm for 
LBA4404). 

2.3. Confirmation of Plasmids Carrying MeEF1A6 
and CaMV35S Promoter in Agrobacterium 
tumefaciens Cultures 

Plasmid confirmation was performed using the 
Polymerase Chain Reaction (PCR) method using specific 
primers to confirm that plasmid carrying MeF1A6 and 
CaMV35S promoter. The primers used are specific primers 
between the promoter base (forward) and the uidA gene 
coding base (GUS) (reverse). Specific primers were obtained 
from Apriyanto research [15]. The PCR condition follows 
used anealing temperature for MeEF1A6 promoters, which is 
55 ºC and CaMV35S 60 ºC. MeEF1A6 bp fragment is 1311 
bp, while CaMV35S is 675 bp. PCR results were obtained by 
running the electrophoresis method in agarose gel 1%. The 
DNA sequence tape was confirmed by visualization in UV 
light. 

2.4. Introduction of MeEF1A6 promoter linked to 
the GUS gene into the tabacco plant 

Introduction promoter was used by two methods, i.e., 
transient transformation and stable transformation. The 
introduction was carried out to investigate the work of the 
MeEF1A6 promoter in tobacco plants 
(N. tabaccum). A. Tumefaciens cultures that had been 
confirmed for the presence of pBI-MeEF1A6 and pBI-
CaMV35S plasmids were sampled and transferred into liquid 
media containing the antibiotic selection. The culture was 
incubated at room temperature for 2-3 days. After incubation, 
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20 μL of liquid culture was transferred back to the liquid 
medium with a volume of 20 mL that had been added to 
selected antibiotics. The liquid culture is re-incubated for 12-
15 hours. After that, the culture was then confirmed OD600 
until it reached 0.3-0.5. The culture was then centrifuged at 
5000 rpm at 4ºC for 15 minutes. The supernatant was 
removed and the pellet was transferred to the infiltration 
media (MS0 with acetosyringone) which has been added 
with 20 ppm acetosyringone and 0.005% silwet. 

The transient transformation plants prepared were 
separated per individual consisting of roots, stems, and 
leaves. The plants were then soaked in a co-cultivation 
solution with 20 ppm acetosiringone and siltettt 0.005% 
added. Then the infiltration stage was carried out using a 
vacuum and desiccator. The vacuum was done for 30 
minutes. The infiltration process was carried out aseptically 
in the Laminar airflow cabinet (LAFC). Vacuumed plants in 
an infiltration medium then tightly closed in a container and 
incubated at 26ºC for 2-3 days. After 2-3 days, the plants are 
ready for further testing. 

The stable transformation was carried out by following the 
method from Fajri (2015) [16]. The stable transformation 
begins with cutting 1x1 cm plant leaves. A total of 60 leaves 
that have been cut were immersed in the co-cultivation 
solutions containing A. tumefaciens and 20 ppm 
acetosyringone. The culture was then shaken with a 100 rpm 
speed shaker for 10 minutes. The culture was dried with 
sterile tissues for 10 minutes. After incubation, culture was 
then planted on solid infiltration media (Appendix A2). The 
abaxial position of the leaves is in the down position and 
submerged in solid co-cultivation media. The culture was 
then incubated in a dark room for 2-3 days. After incubation, 
the culture was washed with sterile deionized water 3 times 
and cefotaxime 200 ppm antibiotics 1 time. The culture was 
dried with sterile tissue and re-planted into callus growth 
media (Appendix A3). After two weeks, the culture was 
transferred to callus growth media that had been given 
antibiotic selection. Every 2 weeks the culture was 
transferred to a new callus growth media. The shoots that 
have emerged from the callus are transferred to the root 
induction medium (Appendix A4) containing selection 
antibiotics and left until the roots appear and become a new 
plantlet. 

2.5. Analysis of uidA gene expression by 
Histochemical GUS Assay 

Explants that had been incubated for 2 days and explants 
that had been successfully transformed were immersed in X-
Gluc solution (1 mM 5-bromo-4-choloro-3-indolyl-β-D-
glucuronide; Sigma), 100 mM sodium phosphate buffer pH 7 
, 0.5 mM K3 [Fe(CN)6], 0.5 mM K4 [Fe(CN)6], 10 mM 
Na2EDTA, 0.1% (v / v), Triton X-100, then incubated at 
37ºC for 18 hours in dark conditions. Then the explants were 

rinsed with 70% alcohol until the green color in the explants 
disappeared. Blue appearance was analyzed on the roots, 
stems, and leaves. The blue color indicated the promoter had 
been actived and stimulated expression of GUS gene that 
reacted with the substrate (X-Gluc) from colorless to blue. 
Samples that have been analyzed were then photographed 
using SLR (Canon EOS 1100 DC). 

3. Results and discussion 

3.1. Introduction and promoter sequence analysis 

Introduction of promoters into A. tumefaciens was carried 
out by electroporation methods and selected by selection of 
antibiotics. The results of electroporation were performed by 
PCR test and obtained a band according to positive control. 
According to Apriyanto [15]. the CaMV35S :: uidA 
promoter PCR resulted in a base length of 675 bp fragment, 
while the MeEF1A6 :: uidA promoter produced a base length 
of 1311 bp fragment. The electrophoresis of AGL1 and 
LBA4404 PCR resulted containing CaMV35S promoters 
was showed band of about 675 bp fragment. These results 
are consistent with the positive control of the pBI121-
CaMV35S plasmid. The electrophoresis of AGL1 and 
LBA4404 PCR resulted containing MeEF1A6 promoter was 
showed band about 1311 bp fragment. These results were 
also consistent with the positive control of the pBI121-
MeEF1A6 plasmid (Figure 1). Therefore, it can be concluded 
that the plasmids pBI121-CaMV35S and pBI121-MeEF1A6 
have been successfully introduced into A. tumefaciens strains 
AGL1 and LBA4404.  

3.2.  Qualitative Analysis of GUS activity with 
transien and stable transformation 

The results of the introduction promoter with A. 
tumefaciens to tobacco plant (N. tabacum) was analyzed with 
histochemical GUS assay. The result from the histochemical 
GUS assay was showed a blue spot in the root, stems, and 
leaves in plants. The blue spot on the root was found in the 
transient transformation results using A. 
tumefaciens LBA4404 strain. The blue spot on leaves and 
stems was seen in the results of the transformation of the 
transient with both strains of A. tumefaciens (LBA4404 and 
AGL1) (Figure 2). Positive results were indicated by the blue 
spot in the explants. This was due to the association between 
MeEF1A6 and CaMV35S promoters with the uidA gene that 
expresses the β-glucuronidase enzyme. The uidA gene is 
located under the control of the MeEF1A6 promoter on the 
pBi121-MeEF1A6 plasmid and the CaMV35S promoter on 
the pBi121-CaMV35S plasmid. The expression of 
the uidA gene as a marker gene was controlled by the active 
promoters of MeEF1A6 and CaMV35S. The β-glucuronidase 
enzyme can hydrolyze the X-Gluc substrate which was 
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previously a colorless compound to color (5.5'-dibromo-4,4'-
dichloro-indigo) blue with the help of K3Fe (CN)6 and K4Fe 

(CN)6 [17]. 

 

 
Figure 1. Confirmation PCR results of MeEF1A6 and CaMV35S promoter electroporation into Agrobacterium tumefaciens 
strain AGL1 and LBA4404. (+) shows positive control (plasmid containing promoter), (-) indicates negative control and 

number (1,2,3 etc) shows the number of samples tested 
 
The transformation results using A. tumefaciens strain 

LBA4404 showed blue color on the roots, stems, and tobacco 
leaves. This is consistent with Apriyanto research [15] which 
shows that the MeEF1A6 promoter can work in all parts of 
tobacco sprouts. This proves that the MeEF1A6 promoter 
can activate the expression in roots, stems, and leaves. To see 
in more detail the specific work of the MeEF1A6 promoter, a 
cut on the trunk of the transient transformation results was 
made with LBA4404. Specimens of transient tobacco 
incision with MeEF1A6 promoter were compared with 
transient tobacco incision with CaMV35S promoter as 
positive control and wild-type tobacco incision as negative 
control (Figure 3). 

The red circle shows a blue spot on the picture. The 
incision results show that the MeEF1A6 promoter can be 

expressed in the procambium tissue that lies between the 
xylem and phloem. This is different from the results of 
previous studies [18] which states that the color blue was 
found in the cortex, pith (not comprehensive), and xylem (a 
small part). In this study, blue also appeared in a small 
portion of the heartwood near procambium. The blue color in 
some of these tissues can prove that the MeEF1A6 promoter 
can work in tobacco plant tissue, although it is not 
comprehensive. The promoter MeEF1A6 and CaMV35S 
showed the same blue spot. This reinforces the notion that 
the MeEF1A6 promoter has the same constitutive nature as 
the CaMV35S promoter, which is a universal promoter in 
genetic engineering. 

AGL1 (pBI121-MeAEF1A6)AGL1 (pBI121-CaMV35S)

LBA4404 (pBI121-MeAEF1A6)LBA4404 (pBI121-CaMV35S)



3Bio Journal of Biological Science, Technology and Management 3(1):1-8 Andalusia et al  

5 
DOI: https://doi.org/10.5614/3bio.2021.3.1.1 

 
Figure 2. Transient transformation of tobacco plants (N.tabaccum) with A.tumefaciens strains AGL1 and LBA4404 which 
carry promoters MeEF1A6 and CaMV35S. (1-3) Showed transien transformation for LBA4404, (4-6) Showed transien 

transformation for AGL1. 

 
Figure 3. Cross-cutting incision of tobacco stem. (1) Wildtype tobacco, (2) LBA4404 transient transformation with 

pBI121-MeEF1A6,(3). LBA4404 transient transformation with pBI121-CaMV35S 

LBA4404
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Wild Type CaMV35S MeEF1A6
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Stable transformation using Agrobacterium strain AGL1 
was obtained in the shoots, which then a GUS histochemical 
test was performed. In the stable transformation process, 
cefotaxime antibiotics are used to kill A. tumefaciens and 
kanamycin antibiotics to select explants. Cefotaxime 100 
ppm antibiotics have been known to kill A. tumefaciens [16] 
and 50 ppm kanamycin antibiotics have been known to 
reduce plant growth [18]-[20]. The results of stable 
transformation with A. tumefaciens strain AGL1 can be seen 
in Table 1.  

The stable transformation results with Agrobacterium strain 
AGL1 (Table 1) resulted in 12 living explants for pBI121-
CaMV35S and 27 living explants pBI121-MeEF1A6. Live 
expansions have been inserted into the target promoter but it 
was uncertain whether they have been integrated into plant 

DNA or not. Explants that had died were confirmed by 
looking at the yellowing of the explants that had not grown. 
The explants then performed a GUS histochemical test to see 
whether the promoters of MeEF1A6 and CaMV35S could 
work on stable transformation plants (Figure 4). 

The blue color that appears indicates that the promoters 
CaMV35S and MeEF1A6 have successfully worked on 
tobacco plants that have been transformed. A study of 
Octacviana [18] showed that the blue color was very bright 
in almost all parts of the plant while in this study the blue 
color was only found in a few parts of the plant even though 
it included roots, stems, and leaves. To see more clearly 
whether the promoter is expressed in all types of plant tissue, 
a transverse incision is performed on the stem. The incision 
results can be seen in Figure 5. 

 
Table 1. The result of stable transformation of Agrobacterium strain AGL1 

 

 
Figure 4. The result of stable transformation of Agrobacterium strain AGL1. (1) Tobacco wildtype, (2) pBI121-

CaMV35S,(3) pBI121-MeEF1A6 

 
Figure 5. Transverse incision resulting from stable transformation with Agrobacterium strain AGL1; a. pBI121-CaMV35S; 

b. pBI121-MeEF1A6 

1 2 3

1 2

pith
pith

procambiumprocambium Xylem

Plants Σ Leafs Σ Leafs that had 
been grown by 

callus 

Σ Shoots Σ Explants 
Dead Live 

pBI121-CaMV35S 60 45 20 8 12 
pBI121-MeEF1A6 70 40 43 16 27 
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Figure 5 showing that the MeEF1A6 promoter can work in 
the procambium, xylem, and some pith tissue. This is 
consistent with the results of research before [18] who also 
stated that the MeEF1A6 promoter can work in the cortex, 
xylem, and pith network. In this study, the blue color did not 
spread evenly to the cortex. This also happened to the 
positive control (CaMV35S). This is possible because the 
results of the stable transformation are still not evenly 
distributed in all host cells or chimeras / chimeric. Chimera is 
a condition where individuals have different genomes in 
several cells, resulting in variations in expression/phenotypes 
in one individual [21]. So the MeEF1A6 promoter is only 
expressed in a few cells/tissues and cannot be maximally 
expressed in GMO tobacco plants. 

4. Conclusion 

Promoter MeEF1A6 can actively work on tobacco plants 
(N. tabacum), though not showing high activity. This study 
proved that the promoter MeEF1A6 could work in several 
tobacco plant tissues; procambium, epidermis, cortex, and 
pith. This adds to the suspicion that the MeEF1A6 promoter 
can work constitutively on tobacco plants of SR1 variety 
(Nicotiana tabacum cv SR1). 
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Abstract 

Cervical cancer cases caused by infection with Human Papillomavirus (HPV), especially HPV 16 (60.5% of cases) continue 
to increase every year with a high mortality rate. The current anti-cancer drugs were not only specifically targeting cancer 
cells, but healthy cells and can cause serious side effects. Therefore, it is necessary to find safer alternative therapies, e.g., 
using active compounds from natural products. The purpose of this study was to find the active compounds of Indonesian 
medicinal plants potentially as an inhibitor of oncoprotein E6 and E7 HPV 16, the main protein causing cervical cancer by in 
silico method. In this study, 711 active compounds from 187 medicinal plant species were selected based on molecular 
weight, solubility, gastrointestinal absorption index, and drug-likeness. Compounds that meet the criteria were tested for their 
affinity and interaction profile with E6 and E7 proteins through the molecular docking method. The results of this study 
showed 164 compounds that met the criteria. The molecular docking analysis showed nine of the most potent compounds as 
E6 inhibitors on the E6AP binding site and six compounds on the p53 binding site. Besides that, there were eleven most 
potent compounds as E7 inhibitors.  The results of this study indicate that there are natural compounds that can inhibit E6 and 
E7 proteins and have further potential to be used as anti-HPV drugs. However, further research is needed to test these 
compounds in vitro and in vivo. 

Keywords: cervical cancer, E6 HPV16, E7 HPV16, inhibitor, molecular docking 

1. Introduction 

Cervical cancer is the second most common type of 
cancer in Indonesia. Based on data from WHO, there were 
36,633 new cases in 2020, while the death rate from 
cervical cancer in the same year reached 21,003 deaths 
[1]. The main cause of cervical cancer is the High-Risk 
Human Papillomavirus (HPV) infection, identified in over 
99,7% of cervical cancers [2]. HPV 16 is the most 
prevalent type which is detected in 60.5% of cases [3]. 
Although effective prophylactic HPV vaccines are readily 
available commercially such as Merck's Gardasil 
(quadrivalent vaccine) and GlaxoSmithKline's Cervarix 
(bivalent vaccine), the high cost of vaccination is a major 
barrier. Besides, this vaccine is only effective if it is given 
to uninfected individuals [4]. Therefore, an effective and 
affordable therapeutic approach is urgently needed. 

The ideal anticancer drugs are those that are specific 
and cytotoxic only in cancer cells [5]. In cervical cancer, 
there are two main oncoproteins in HPV (i.e., E6 and E7), 
which are only expressed in infected cells that could be 
potential therapeutic targets. Both proteins cause cell 
immortalization and are continuously expressed during 
cancer development [6]. 

E6 is an 18 kD protein consist of approximately 150 
amino acids [7]. The main target of E6 is tumor 
suppressor protein p53. E6 HPV 16 causes ubiquitination 
and degradation of p53 in two ways. First by binding 
directly to p53 (E6AP independent) or second by forming 
the E6 / E6AP / p53 complex (E6AP dependent). The 
degradation of p53 causes the uncontrolled proliferation 
of cells that are resistant to apoptosis [8] 

E7 is the first oncoprotein discovered. This protein is 
relatively small, about 100 amino acids, divided into three 
conserved regions: CR1, CR2, and CR3 [8]. Half of the 
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N-terminal E7 terminals (amino acids 1-40) constituting 
the CR1 and CR2 regions are naturally unfolded 
(distinctly disordered) and are flexible with few 
conformational transitions [9]. Meanwhile, CR3 E7 HPV 
plays a role in the dimerization of E7 and becomes a 
medium for direct interaction with several proteins. In 
particular, CR3 interacts with the C-terminal portion of 
pRb. E7 full-length protein is 100 times more potential to 
bind pRb than E7 which only contains CR1 / CR2, this 
indicates an important role for CR3 in interactions with 
pRb [10]. E7 binds to pRb then causes ubiquitination of 
pRb so that E2F is released from pRb and becomes active. 
E2F is a transcription factor of genes that cells need to 
enter the synthesis phase in the cell cycle. The synthesis 
phase prompts the cell to activate DNA replication and 
initiates the process of self-division [8]. The combination 
action of E6 and E7 in cervical cells leads to cell 
transformation and cancer development. Hijacking E6 and 
E7 binding to cellular protein targets by an inhibitor could 
have an impact on their oncogenic activity [11]. 

Various types of therapies that target these two proteins 
have been developed, e.g., therapeutic vaccines targeting 
HPV 16/18 E6 / E7 for the treatment of advanced cervical 
cancer, genome editing using antisense oligonucleotides, 
ribozymes, DNAzymes, siRNA (small interfering RNA), 
shRNA (short-hairpin RNA), immunotherapy with 
synthetic E6 / E7 HPV16 / 18 DNA sequences, and 
tumor-infiltrating T cells (reviewed by Pal and Kundu 
[8]). Therapy with the E6 / E7 target gives promising 
results, but the high cost will be an obstacle to its 
application. Hence, discovering effective and more 
affordable alternatives becomes crucial.  

The use of natural products promises a comparatively 
safer alternative therapeutic approach to cervical cancer. 
This therapy also offers less complicated treatments using 
abundantly available and inexpensive medicine compared 
to genome editing technologies or immunotherapeutic 
methods [8]. Natural compounds, such as plant extracts in 
either pure form or standardized extracts, provide 
unlimited opportunities for new drug discovery due to the 
unrivaled availability of chemical diversity [12]. The 
chemical diversity of natural compounds can be an 
excellent source of novel scaffolds. These chemical 
scaffolds are optimized further to get the new drug 
candidates.  

Indonesia is a country with extraordinary high 
biodiversity. Indonesia's tropical rainforests, covering an 
area of approximately 143 million hectares, are home to 
about 80% of the world's medicinal plants [13]. Active 
compounds from Indonesian medicinal plants could be 
potential E6 and E7 inhibitors. A computational 
experiment or in silico method is conducted as a shortcut 
to seeking this great potential by creating computational 
models or simulations that can be used to make 
predictions, suggest hypotheses [14].  This method is 
more effective and efficient for screening new drugs for 

pre-eliminary research, the range of compounds being 
tested can be wider with a shorter time and lower cost. In 
this study, we explored Indonesian medicinal plants active 
compounds potency an oncoprotein E6 and E7 HPV 16 
inhibitors by molecular docking. 

2. Material and Methods 

2.1. Hardware 

DELL laptop with a specification of processor processor 
Intel® Core™ i5-7200U CPU @ 2,5 GHz RAM 8GB and 
64-bit Windows 10 operating system was used in this 
research. 

2.2. Software 

Bioinformatics programs used included Marvin Sketch 
(ChemAxon, Budapest, Hungary), Modeller 9.16 (University 
of California San Francisco, USA), BIOVIA Discovery 
Studio Visualizer 2020 (Dassault Systèmes, San Diego), 
Autodock Tools1.5.6 (The Scripps Research Institute, USA), 
Autodock Vina (TheScripps Research Institute USA) [15], 
LigPlot+ 2.2 (EMBL-EBI, UK) [16], and Chimera 1.14 to 
visualize the ligand position on the protein [17]. 

2.3. Protein preparation 

E6 HPV 16 3D structure (chain F) was separated from 
E6/E6AP/p53 complex crystal structure retrieved from 
Protein Data Bank (PDB), ID 4XR8, and a resolution of 2,25 
Å. Visualization and separation were processed by BIOVIA 
Discovery Studio Visualizer 2020. Polar hydrogen atoms 
were added to the structure and convert to *.pdbqt format by 
Autodock Tools 1.5.6. 

E7 protein used in this research was only the CR3 domain. 
E7 HPV 16 sequence was harvested from the Uniprot server. 
The template used for modeling the 3D structure was 
ID2B9D (PDB id), a crystal structure of E7-CR3 domain of 
HPV 1A dimer with 37% identity to E7-CR3 domain of HPV 
16. E7-CR3 domain of HPV 16 3D dimer structure was built 
by MODELLER 9.25. YASARA Energy Minimization 
server was used for protein model structural refinement and 
energy minimization [18]. The refined structure then 
confirmed for reliability by ProSA-Web [19] and plot to The 
Ramachandran plot (Zhiping weng’s laboratory, USA) [20]. 

2.4. Ligand preparation 

There were 711 active compounds of 187 Indonesian 
medicinal plant species that were collected and filtered by 
molecular weight, solubility, GI absorption, and drug-
likeness by Lipinski’s Rules of Five. The selection was 
carried out by submitting the 2D structure of the active 
compound to SwissADME webserver [21]. Compounds that 
have MW of more than 200 g/mol, moderate to high 
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solubility, high GI absorption, and fulfill drug-likeness 
criteria were selected and prepared for docking. The 3D 
conformations were drawn on Marvin Sketch by employing 
the dreiding force field as minimization energy.  

2.5. Binding Site Identification 

Identification of residues involved in E6-E6AP and E6-
p53 interaction was based on E6/E6AP/p53 crystal structure 
complex resolved by Martinez-Zapien et al. [22] which also 
determined hot spot residues by mutational study and 
binding assay. CR3 E7 HPV 1A interaction with pRb was 
identified by Liu et al. [10]. Residues involved in CR3 E7 
HPV 16-pRb interaction determined by amino acid sequence 

alignment between CR3 E7 HPV 16 and CR3 E7 HPV 1A. 
Pocket searching in the binding site areas of E6-E6AP, E6-
p53, and CR3 E7 HPV 16-pRb were performed by fpocket 
webserver [23]. Those pockets were then used for the 
docking study. 

2.6. Molecular Docking Simulation 

Molecular docking was executed by Autodock Vina, a fast 
and accurate docking tool [15]. Grid box parameters were set 
in specific searching area to encompass binding site for 
effective docking simulation (Table 1). The docking results 
were visualized by LigPlot+ 2.2  in 2D and Chimera 1.14 in 
3D molecular structures.  

 
Table 1. Grid Box Parameters 

No Receptor 

Protein 
Binding 
Patner 

(Binding Site) 

Grid Center Coordinate Grid Box Size (Å) 

x y z x y z 
1. E6 E6AP -

52,065 
-7,059 -12,871 20 20 20 

2. E6 p53 -
61,861 

1,947 -17,234 20 20 20 

3. CR3 E7 pRb 22,31 24,86 50,682 20 20 20 
 

3. Results and discussion 

The major roles of E6 and E7 oncoprotein in cervical 
carcinogenesis make these proteins a potential target for 
cervical cancer therapy [24]. Blocking both protein 
interactions with its cellular protein targets will be expected 
to have a significant impact to suppress cancer development 
and lead to senescence. This research aims to find Indonesian 
medicinal plants' active compounds that have good potency 
to inhibit the interaction of oncoprotein E6 to E6AP, E6 to 
p53, and oncoprotein E7 to pRb. In this research, the 
inhibition potency of the active compounds was evaluated by 
molecular docking to E6 and E7. 

3.1. Active compounds selection 

Active compounds were filtered by molecular weight, 
solubility, GI absorption, and drug-likeness (Lipinski’s rules 
of five). Low molecular weight compounds bound weakly to 
protein [25], so only compounds that have a molecular 
weight above 200 g/mol used in this study. Compound 
solubility in water is important for drug formulation to 
achieve the desired concentration of drug in systemic 
circulation for desired pharmacological response [26]. The 
GI absorption parameter was observed in this study because 
this parameter is related to the absorption rate of the 
compound in the intestine and its bioavailability. High GI 
absorption is very important for oral drug candidates. The 

oral route is the most common and preferred way of 
administration over other routes because of its many 
advantages. These advantages include safety, ease of 
administration, high patient compliance, painlessness, cost-
effectiveness, and flexibility in dosage form design [27]. The 
Lipinski’s rule of five helps to distinguish a drug-like 
compound from a non-drug based on five rules: molecular 
mass < 500 Da, lipophilicity (LogP < 5), hydrogen bond 
donors < 5, hydrogen bond acceptors < 10, molar refractivity 
should be within 40 to 130.28 [28]. Active compounds 
selection results in 164 compounds that meet the criteria. 

3.2. Binding Affinity and Molecular Interaction Profile 

E6 oncoprotein was docked in two binding sites: E6-E6AP 
interface and E6-p53 interface. Residues involved in E6-
E6AP interaction are R10, K11, V31, Y32, L50, C51, V53, 
R55, V62, L67, Y70, S74, R77, H78, L100, R102, Q107, 
R129, and R131. L50, R102, and R131 are considered hot 
spot residues because of their high contribution for E6AP 
binding, mutation of these residues leads to binding 
perturbation, prevents p53 degradation, and disrupts the 
oncogenic activity of E6 [29].  

Docking results of active compounds to E6 in E6AP 
interface are shown in Table 2. Table 2 shows active 
compounds with the best docking score to E6 at E6AP 
binding site and a standard anticancer drug (i.e., jaceosidin) 
as a positive control. Jaceosidin is a flavonoid from 
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Artemisia princeps which experimentally through the ELISA 
method has the potential as an inhibitor of oncoproteins E6 
and E7. In vitro testing on SiHa and CaSki cell lines 
containing the HPV 16 genome shows jaceosidin inhibits 
cancer formation [30]. Nine compounds, i.e., elephantin, 
roemerine, ginkgolide A, phaseollin, anonaine, chitranone, 
elephantopin, tetrahydroalstonine and vindolinine have 
significantly lower docking score (-8,3 to -8,7 kcal/mol) than 
positive control (-7,2 kcal/mol). The lower docking score or 
binding affinity indicate the more stable and favorable the 
interaction. The nine compounds have better affinity to E6 
than jaceosidin because they have more hydrophobic 
interactions. Figure 2.a shows that the elephantin interact 
with nine hydrophobic residues of E6 (Y32, L50, V53, V62, 

L67, Y70, S71, S74, R102) or 47,37% compared to total 19 
residues involved in E6-E6AP protein-protein interaction. 
While jaceosidin has only three hydrophobic interactions 
(L50, Q107, R131) or 31,58% (Figure 1.a). Elephantin 
atomic groups are mostly in the hydrophobic E6 protein 
residue (dark orange color), shown in Figure 2.b. 
Hydrophobic interaction can increase the affinity in the 
protein-ligand complex. The addition of the number of 
hydrophobic atoms at the active site of the target and drug 
interface affects the biological activity of the drug candidate. 
The increase in binding affinity to the target complex and the 
drug that results from the optimization of hydrophobic 
interactions shows better drug efficacy [31] 

 
Table 2. Docking Results of Indonesian Medicinal Plant Active Compounds against Oncoprotein E6 on the Binding Site of 
E6AP 

Active 
Compound Plant Spesies 

Docking 
Score/Binding 

Affinity 
(kcal/mol) 

Hydrogen 
Bonds 

Hydrophobic 
Interaction 

Total 
Interaction 

Jaceosidin 
(positive control) 

Artemisia princeps 
(Mugwort Korea) -7.2 L100, W132, 

R102, C51 L50, Q107, R131 31.58% 

Elephantin 
Elephantopus 

scaber 
(tapak liman) 

-8,7 C51, Q107, 
R131 

Y32, L50, V53, 
V62, L67,  Y70, 
S71, S74, R102 

47.37% 

Roemerine Nelumbo nucifera 
(teratai) -8,7 - 

V31, Y32, F45, 
L50, C51, V53, 
V62, Y70, S71, 

Q107, R102 

47.37% 

Ginkgolide A Ginkgo biloba 
(ginkgo biloba) -8,6 - 

Y32, L50, C51, 
L67, Y70, S71, 

S74, Q107, R131 
42.10% 

Phaseollin Erythrina fusca 
(cangkring) -8,6 - 

V31, Y32, F45, 
L50, C51, V53, 
A61, V62, L67, 

Q107, R102, R131 

52.63% 

Anonaine Annona squamosa 
(srikaya) -8,5 - 

V31, Y32, L50, 
C51, V53, V62, 
L67, S71, R102, 

Q107 

47.37% 

Chitranone Plumbago zeylanica 
(daun encok) -8,4 C51, R102 L50, V62, L67, 

L100, Q107, R 131 42.10% 

Elephantopin 
Elephantopus 

scaber 
(tapak liman) 

-8,4 C51, R131 
Y32, L50, V53, 

V62, L67, Y70, 
S71, S74, Q107 

52.63% 

Tetrahydroalstoni
ne 

Catharanthus 
roseus 

(tapak dara) 
-8,3 R102 

V31, Y32, F45, 
L50, C51, V53, 
A61, V62, L67, 
S71, S74, Q107, 

R131 

57.89% 

Vindolinine 
Catharanthus 

roseus 
(tapak dara) 

-8,3 Q107 
Y32, F45, L50, 

C51, V62, L67, 
Y70, S71 

31.57% 
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. 

 
(a)                                                                (b) 

Figure 1.  2D visualization (a) and 3D visualization (b) of jaceosidin-E6 interaction on E6AP binding site. 
 
 

 
(a)                                                         (b) 

 
Figure 2.  2D visualization (a) and 3D visualization (b) of elephantin-E6 interaction on E6AP binding site. 

 
Having three hydrogen bonds, elephantin has better 

specificity among the nine compounds. Hydrogen bonding is 
a fundamental interaction in protein-ligand complexes and is 
the main reason for the selectivity of ligand proteins, due to 
its specific nature, short spacing, and directionality [32-33]. 
Docking programs generally model hydrogen bond 
interactions better than hydrophobic interactions. This relates 
to the need for specificity in drug design [33]. 

The compound's interaction with hot spot protein residues 
also affects its potential as inhibitor. Hot spot residues are 

crucial residues for protein-protein interactions, so that 
intervention in these residues has an impact on their binding. 
L50, R102, and R131 are hot spot residues in E6-E6AP 
interaction. Elephantin, phaseolin, chitranone, and 
tetrahydroalstonine have interactions with all these residues 
via hydrogen bonding and/or hydrophobic interaction so that 
these compounds could have better potency as E6 inhibitors. 

Molecular docking was also executed on p53 binding site, 
to simulate inhibition of E6-p53 direct interaction by active 
compounds. Molecular interaction profile of best docking 



3Bio Journal of Biological Science, Technology and Management 3(1):9-17 Syavitri et al  

14 
DOI: https://doi.org/10.5614/3bio.2021.3.1.2 

score compounds shown in Table 3. D44, F47, and D49 were 
known to be E6 hot spot residues in E6-p53 interaction base 
on research conduct by Martinez-Zapien et al. [22]. E6 also 
interacts with p53 via I23, H24, and Y43. All these six 
residues lay on the center of E6-p53 interaction. Table 2 
exhibits six compounds that are chitranone, sesamin, 16-
acetylgitoxigenin, tetrahydroalstonine, methylophiogonone 
A, and phaseollin have a significantly better binding affinity 
(-6,9 kcal/mol to -7,3 kcal/mol) to E6 on p53 binding site 
than the positive control. Chitranone, sesamin, and 16-
Acetylgitoxigenin have lower docking scores despite their 
fewer interactions that control positive, probably because of 
the better fitness compound to E6 surface interaction or 
shorter inter-atomic surface distance between compounds 
and protein. Surface distance is one of the parameters 
calculated in Autodock Vina scoring function. Binding 

affinity and hydrophobic interaction of the six best 
compounds do not differ significantly, but 
tetrahydroalstonine, methylophiogonone A, and phaseolline 
show better specificity by having more hydrogen bonds. 

E7 key role in cancer initiation work in concert with E6. 
Blocking both protein interaction with cellular protein is 
important to completely suppress their oncogenic activities. 
The CR3 E7 residues that interact with pRb are R66, L67, 
I76, R77, E80, D81, M84. Based on the mutational study 
conducted by Liu et al. [10], a single mutation in the R66 
residue and a mutation in the E80 / D81 residue had a 
significant effect in inhibiting the interaction of E7 with pRb. 
Therefore R66, E80, D81 are defined as hot spot residues. 
Molecular docking performed to CR3 E7 HPV16 results 11 
best compounds shown in Table 4. 

 
Table 3. Docking Results of Indonesian Medicinal Plant Active Compounds against Oncoprotein E6 on the Binding Site of 
p53 

Active Compound Plant Spesies 

Docking 
Score/Binding 

Affinity 
(kcal/mol) 

Hydrogen 
Bonds 

Hydrophobic 
Interaction 

Total 
Interaction 

Jaceosidin (positive 
control) 

Artemisia 
princeps 

(Mugwort 
Korea) 

-6,1 D44, R48, 
C106, S111 

L108, E114, M137, 
S138 16,67% 

Chitranone 
Plumbago 
zeylanica 

(daun encok) 
-7,3 K108 Y43, F47, S111, 

E114, M137 33,33% 

Sesamin 
Piper 

retrofractum 
(cabe jawa) 

-7,1 R48 Y43, D44, F47, 
S138 50% 

16-Acetylgitoxigenin 
Nerium 

indicum 
(jure) 

-7,0 R48 R40, Y43, D44, F47, 
C106, K108 50% 

Tetrahydroalstonine 
Catharanthus 

roseus 
(tapak dara) 

-7,0 S138, R48, 
D44 

R40, Y43, F47, 
C106, K108 50% 

Methylophiogonone 
A 

Ophiopogon 
japonicus 

(ophiopogon) 
-6,9 R48, K108, 

S138 
D44, F47, C106, 

S111, E144, M137 33,33% 

Phaseollin Erythrina fusca 
(cangkring) -6,9 E114, M137, 

S138 
Y43, D44, F47, 
K108, C136 50% 
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Table 4. Docking Results of Indonesian Medicinal Plant Active Compounds against Oncoprotein E7 on the Binding Site of 
pRb 

Active Compound Plant Spesies 

Docking 
Score/Binding 

Affinity 
(kcal/mol) 

Hydrogen 
Bonds 

Hydrophobic 
Interaction 

Total 
Interaction 

Jaceosidin (positive 
control) 

Artemisia princeps 
(Mugwort Korea) -5,8 Q70, D81 R66, V74, T78, 

L82, L87, T86, G88 28,57% 

Columbin Tinospora crispa 
(brotowali) -6,9 R66 

N53, V55, Q70, 
T78, D81, L82, T86, 

G88 
28,57% 

Methylophiogonone 
A 

Ophiopogon japonicus 
(ophiopogon) -6,9 D81 

N53, V55, R66, 
T64, Q70, V74, 

R77, T78, L82, T86, 
G88 

42,86% 

Serpentine Rauvolfia serpetina 
(pule pandak) -6,8 - 

N53, V55, R66, 
V74, R77, T78, 

D81, L82, T86, L87, 
G88 

42,86% 

Uzarigenin Nerium indicum 
(jure) -6,8 N53 

R66, V74, T78, 
D81, L82, T86, L87, 

G88 
28,57% 

Apigenin Apium graveolens 
(seledri) -6,6 N53, D81 

V55, T64, L65, 
R66, T78, L82, T86, 

G88 
28,57% 

Coumestrol Taraxacum officinale 
(jombang) -6,6 N53 

V55, T64, R66, 
T78, L82, T86, L87, 

G88 
14,29% 

Kaempherol Garcinia latissima 
(dolo magota) -6,6 N53, T64, 

D81 
V55, L65, R66, 

T78, L82, T86, G88 28,57% 

Phaseollin Erythrina fusca 
(cangkring) -6,6 N53 V55, R66, T78, 

D81, L82, L87, G88 28,57% 

Pelargonidin 
Phaseolus vulgaris (buncis), 

 Impatiens balsamina (pacar 
air) 

-6,5 N53, T64, 
D81 

V55, L65, R66, 
T78, L82, T86, G88 28,57% 

Rhamnocitrin Alpinia galanga 
(lengkuas) -6,5 N53 

V55, T64, L65, 
R66, T78, D81, L82, 

T86, G88 
28,57% 

Sesamin Piper retrofractum 
(cabe jawa) -6,5 - 

R66, V74, R77, 
T78, D81, L82, T86, 

G88 
42,86% 

 
Table 4 shows the 11 compounds with the best docking 

scores (-6.5 to -6.9 kcal/mol). This score was significantly 
better than the positive control docking score. Kaempherol 
and pelargonidin have relatively better specificity compared 
to positive control and other compounds because of their 
hydrogen bonds. All compounds have interactions with hot 
spot residues either through hydrogen bonds or hydrophobic 
interactions, so that they have good potency as E7 inhibitors. 
The total interactions that occurred between the compounds 
ranged from 28.57% to 42.86%, except for coumestrol which 

was slightly smaller, namely 14.29%. Based on the results in 
Table 4, it is concluded that the compounds columbin, 
methylopiogonone A, serpentine, uzarigenin, apigenin, 
coumestrol, kaempherol, phaseollin, pelargonidin, 
rhamnocitrin, and sesamin are potential inhibitors of E7. 

Among the compounds that have the potential to act as 
inhibitors of E6-E6AP, E6-p53, and E7-pRb, phaseollin can 
be potential inhibitors of the three interactions. Meanwhile, 
compounds that have the potential to act as inhibitors of E6-
E6AP and E6-p53 are chitranone and tetrahydroalstonine. 
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Sesamin and methylophiogonone A have the potential to 
inhibit E6-p53 and E7-pRb interactions. Further research is 
needed to determine the potential of the best compounds 
obtained in this study in vitro and in vivo. 

4. Conclusion 

The diversity of Indonesian medicinal plants provides as 
abundant active compounds source for anti-cancer drug 
discovery. Cervical cancer caused by HPV 16 infections, 
develop as impact of continuous expression of E6 and E7 
oncoproteins in infected cells. In this study, we explored 
Indonesian medicinal plants active compounds potency an 
oncoprotein E6 and E7 HPV 16 inhibitors by molecular 
docking. By observing the docking score, hydrogen bonding, 
hydrophobic interactions, and interactions of compounds 
with E6/E7 hot spot protein residues, we suggest potential 
E6/E7 inhibitors. Elephantin, roemerine, ginkgolide A, 
phaseollin, anonaine, chitranone, elephantopin, 
tetrahydroalstonine and vindolinine were found to be 
potential as E6 inhibitors on E6AP binding site, while 
chitranone, sesamin, 16-acetylgitoxigenin, 
tetrahydroalstonine, methylophiogonone A, and phaseollin 
exhibit potency as E6 inhibitors on p53 binding site. 
Columbin, methylopiogonone A, serpentine, uzarigenin, 
apigenin, coumestrol, kaempherol, phaseollin, pelargonidin, 
rhamnocitrin, and sesamin showed potency as E7 inhibitors. 
Phaseollin was found to be potential as E6 and E7 inhibitors. 
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Abstract 

Pliek u is an Acehnese traditional condiment made from fermented coconut (Cocos nucifera) endosperm. The traditional pliek 
u fermentation process typically involves a diverse bacterial community. This research aimed to discover the physiological 
profile of the bacterial community diversity in pliek u fermentation. BIOLOGTM EcoPlates was used to obtain the 
physiological functions of the bacterial community during the pliek u fermentation process. The bacteria were then isolated 
from EcoPlate substrate to determine the predominant microorganism. Results from the analysis showed that the value of the 
Average Well Colour Development (AWCD) increased during the EcoPlates incubation period. The AWCD values in sample 
IV were higher than the AWCD values in samples I, II, and III. PCA analysis showed that the use of EcoPlate substrate by 
the bacterial community at the beginning of the fermentation was correlated with the substrate groups of carbohydrate and 
polymer, and with the substrate groups of carbohydrate and the amino acid at the end of the fermentation. The phylogenetic 
analysis showed that EC1 had a close relation with Pseudomonas azotoformans strain NBRC, while EC3 had a close relation 
with Psedomonas lundensis strain ATCC 49968. In conclusion, there were changes in the use of EcoPlate substrate and the 
activities of the bacterial community during the pliek u fermentation process. 

Keywords: Pliek u, BIOLOGTM EcoPlate, Fermentation, Bacterial Community 

1. Introduction 

Pliek u, a fermented food condiment from Aceh, 
Indonesia, is produced from the fermentation process of 
coconut (Cocos nucifera) endosperm. The process 
typically involves an uncontrolled (uninoculated) 
fermentation process of coconut endosperm in 3-4 days. 
Characteristically, pliek u has a specific taste and smell, 
granular texture, and dark brown (Figure. 1). Acehnese 
people use pliek u as food condiment in cooking to give 
specific flavor and taste. 

During the process of pliek u fermentation, it is 
believed that the coconut endosperm is undergoing several 
changes because of the activities of a diverse microbial 
community. Little has been reported, however, regarding 
the dynamic of these activities during the fermentation 
of pliek u. The profile of this microbial community 
diversity can be investigated with Community Level 
Physiological Profiling (CLPP) analysis. This method is 
based on the different uses of carbon substrate by the 
microbial community [1] 

BIOLOGTM EcoPlate is a relatively simple method to 
study and to characterize the diversity of the physiological 
profile of the microbial community. The EcoPlate 
comprises a blank with 31 carbon substrates that can 
describe the metabolic activity of the microbial 
community in the environment [2]. In this study, 
BIOLOGTM EcoPlates was used to analyze the 
physiological profile of the bacterial community and to 
examine the correlation between fermentation time and 
bacterial metabolic activity in pliek u during fermentation. 

2. Methodology 

2.1. Sample 

Samples of pliek u were collected from Siron of Aceh 
Besar Regency in the province of Aceh, Indonesia, where it 
was traditionally produced. According to the producer, pliek 
u was made from approximately one-year-old freshly grated 
coconut endosperm. The substrate was fermented for at least 
72 hours until the substrate produced oil. Then, the substrate 
was dried under the sun, and the oil was separated from the 
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pulp using a press machine. Sampling was done every 24 
hours during fermentation stages (sample I=0 h, sample 

II=24 h, sample III=48 h, and sample IV=72 h). The samples 
were stored at 4°C in a refrigerator until analysis.   

 
Figure 1. Documentation of the traditional pliek u fermentation process. (A) grated coconut; (B) during fermentation 

process; (C) drying process; (D) pliek u 
 
 

2.2. Total Plate Count 

Homogenate samples were inoculated on nutrient agar 
(NA) media with streak plate method and incubated at room 
temperature (± 28°C) for 24 h. Enumeration was performed 
to obtain the total plate count number expressed in colony-
forming unit per mL (CFU/mL) [3]. 

2.3.    Proximate Analysis and pH 

Proximate analysis was conducted according to SNI 01-
2891-1992 to determine protein, fat, ash, and lipid contents 
from samples. Total carbohydrate was calculated by its 
difference. Subsequently, pH was analyzed based on the 
Association of Official Analytical Chemists standard 
procedures [4]. 

2.4. Community Level Physiological Profile (CLPP) 

The samples were then prepared and inoculated into the 
BIOLOGTM EcoPlate based on the previous method [5] with 
some modifications. Three grams of sample was suspended 
into 27 mL nutrient broth and incubated for 12 hours at room 
temperature (± 28°C). Then, one ml suspension was 
suspended in 9 ml phosphate buffer saline (PBS) and diluting 
until 10-3. A 100 µL was pipetted from the 103 dilution and 
inoculated to each one of the 96 wells in BIOLOGTM 

EcoPlates. The EcoPlate was put back in the plastic wrapper 
and incubated at room temperature (± 28°C) in the dark. 
Absorbance measurements were conducted every 24 hours 
(0, 24, 48, 72, 96, and 120 h) with BIO-RAD iMarkTM 
microplate absorbance reader at a wavelength of 590 nm. 
Microbial activity in each microplate was expressed as 
average well color development (AWCD) was calculated 
according to Garland and Mills 1991 [6]. 

 
AWCD = ∑(𝐶!	 − 𝑅)/31  (1) 
 
Shannon’s diversity index (H’), which is related to the 

number of carbon substrates the bacterial community is able 
to degrade, was calculated as follow: 
H# =	−∑𝑝𝑖 × (ln𝑝𝑖)   (2) 
 
Definitions: 
 
Ci: The OD590 nm values in 31 carbon wells. 
R: The OD590 nm value in control well. 
pi: The OD590 nm value in i well divide mean OD590 nm 

value of 31 wells 

2.5. Bacterial Isolation and Characterization 

Samples were aseptically taken from the BIOLOGTM 
EcoPlate well that showed positive results after 120 h 

A 

D 

B C 
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incubation. The concentration of the bacterial in the samples 
was decreased with serial dilutions technique up to 10-5. 
Then, 100 µL of the samples was inoculated to nutrient agar 
media and incubated at room temperature ± 28º C for 24 h. 
The bacterial colonies were separated, purified, and 
characterized based on colony morphology [3]. These 
bacterial isolates were referred to as EC1-EC5 in this 
research. 

2.6. Bacterial Identification 

The selected bacteria based on substrate carbon utilization 
and domination were identified by molecular technique. A 
single isolate colony analysis used PCR (polymerase chain 
reaction) with 16s rRNA gene primers. Sequencing was 
performed by Macrogen (Korea). The results sequences were 
compared in GenBank with the use of the BLAST method to 
determine their approximate phylogenetic affiliation on the 
NCBI website (http://www.ncbi.nlm.nih.gov/) [7]. Then, 
phylogenetic analysis was performed with MEGA-X 
software and constructed using neighbour-joining algorithm 
with bootstrap 1000 replication [8]. 

2.7. Statistical Analyses 

HeatMaps were performed on standardized data from the 
AWCD values at 120 h (BIOLOGTM EcoPlate) with R studio 
using Pheatmaps packages [9][10]. The results were also 
submitted to the principal component analysis (PCA) to 
determine the correlations between the substrates utilization 
and bacterial community during pliek u fermentation using 
Past3 [11]. 

3. Results and discussion 

3.1. Bacterial Counts and Chemical-nutritional 
Characteristics  

The number of bacteria involved during fermentation was 
determined by culturing the bacteria on nutrient agar media. 
Samples were enumerated and expressed in colony forming 
unit per mL (CFU/mL). Total plate count of bacterial 
enumeration in the samples decreased along with the time of 
fermentation. Similar to the number of total bacteria, the 
substrate pH also decreased in line with the time of 
fermentation, from 4.43 to 3.96 (Table 1). This strongly 
suggested that the decrease in the number of total bacteria 
was probably due to the decrease in pH value [12], as 
bacterial growth tends to be more bound to a certain pH 
compared to fungi and yeast [13]. 

 
Table 1. Total plate count enumeration of bacteria and chemical-nutritional characteristics of pliek u during fermentation. 
Sample Total Plate 

Count 
(CFU/mL) 

pH Moisture 
(%) 

Ash (%) Protein (%) Fat (%) Carbohydrate 
(%) 

I 
II 
III 
IV 

1.8 x 108 

5.6 x 108 

9.6 x 108 

5.0 x 108 

4.43 
4.71 
4.08 
3.96 

56.31 
nd1 

nd1 

48.80 

1.20 
nd1 

nd1 

1.03 

28.94 
nd1 

nd1 

37.49 

3.46 
nd1 

nd1 

3.94 

10.09 
nd1 

nd1 

8.74 
1nd = not determined. 
I= fermented pliek u 0 h; II= fermented pliek u 24 h; III= fermented pliek u 48 h; IV= fermented pliek u 72 h 
 
Proximate analysis was conducted to evaluate the 

nutritional change during pliek u fermentation. The 
fermentation process caused biochemical changes in the 
substrate by the microorganisms’ activity [14]. The result of 
the proximate composition of pliek u during fermentation is 
shown in Table 1. The moisture content on the substrates was 
high at the beginning of fermentation; however, it decreased 
at the end of fermentation from 56.31% to 48.80%. The 
decrease in the moisture content suggested the effects of 
water evaporation during fermentations that occurred in an 
open condition. The ash and carbohydrate contents decreased 
from 1.20% to 1.03% and 10.09% to 8.74% respectively, 
while the protein and fat contents increased from 28.94% to 
37.49% and 3.46% to 3.94% respectively. Extensive 
hydrolysis of the protein and fat molecules to amino acids, 
simple fatty acids, and other simple molecules could have 
caused the increase in protein and fat values. The increase in 

protein and fat is an indication that pliek u can be a source of 
plant protein and fat [14]. 

3.2. Community-Level Physiological Profiles (CLPPs) 

There was 31 carbon substrates utilization by a bacterial 
community from pliek u samples during fermentation that 
were calculated based on the BIOLOGTM EcoPlates analysis. 
AWCD was calculated based on the trendline equation to 
make it easier to see patterns of changes in AWCD values. 
The results of the AWCD analysis showed that there was a 
lag phase from day 0 to day 1, and subsequently an increase 
in AWCD values with an increase in the incubation time of 
the EcoPlates. The AWCD values in sample IV were 1.0833 
and significantly higher than the AWCD values from 
samples II, I, and III at the value of 0.2984, 0.2505, and 
0.0866 respectively (Figure 2). 
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Figure 2. Trendline average well colour development of pliek u during fermentation (n = 3). I= fermented pliek u 0 h; II= 
fermented pliek u 24 h; III= fermented pliek u 48 h; IV= fermented pliek u 72 h. 

 
Inoculum density and the structure of the community can 

influence the rate of substrate utilization by the bacterial 
community described in the AWCD value in the samples 
[15]. The number of the bacterial community in the pliek u 
during the fermentation process showed a decrease in the 
total plate count number from the 24 h of fermentation to the 
end of fermentation (Table 1). In contrast, the AWCD value 
at 48 h fermentation showed the lowest AWCD value and at 
72 h fermentation showed the highest AWCD value (Figure 
2). Thus, there were differences in the structure of the 
bacterial community at each stage of fermentation. The 
differences in the diversity or structure of bacterial 
communities at the stage of pliek u fermentation may be 
owing to the condition of spontaneous fermentation process 
of pliek u. In the  spontaneous fermentation, bacteria could 
enter the substrate via various sources, such as air or the 
equipment used that contained various microorganisms 
[16][17].  

3.3. Functional Diversity 

Shannon index (H’) showed functional diversity that 
encompassed both substrate richness and substrate evenness. 
Functional diversity, operationally, is defined as the rate of 
substrates utilization by the microbial community [18]. The 
H’ value of the bacterial community was analyzed at day-0 
and day-5 of the EcoPlate incubation (Figure 3). In all 
samples, there was no significant change in the H’ value 

during the time indicated, which showed that the entire 
bacterial community on EcoPlate had been active and 
metabolized the substrate from day-0. Then, the H’ values 
from samples I, II, and IV generally had approximately the 
same index value in the range of 3.00. In contrast, the H’ 
value in sample III was slightly lower (below 3.00). This 
result showed that the bacterial community in sample III had 
a lower ability to utilize the substrate than the bacterial 
community in samples I, II, and IV. 

3.4. Analysis of Substrate Utilization and 
Multivariate Analysis 

The patterns of carbon substrates utilization of the 
bacterial communities in pliek u during fermentation varied 
based on fermentation times. The number of carbon 
substrates utilized was lower in samples I and III than in 
samples II and IV (Figure 4). Heatmap results indicated that 
at 0 and 48 hours of fermentation, carbon substrate utilization 
was carbohydrates (N-Acetyl-d-glucosamine, d-Cellobiose, 
β-Methyl-d-glucoside, d-Mannitol), carboxylic acid (Pyruvic 
acid methyl ester), and polymer (α-Cyclodextrin). Then, the 
bacterial community at 24 hours of fermentation was 
correlated to the use of three polymers (Glycogen, Tween 80, 
Tween 40), four carbohydrates (i-Erythritol, d-Mannitol, d-
Cellobiose, β-Methyl-d-glucoside), two carboxylic acid (2-
Hydroxy benzoic acid, γ-hydroxybutyric acid), and two 
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amino acids (l-Threonine, l-Phenylalanine). Finally, the 
bacterial community at 72 hours correlated to the use of four 
amino acid substrates (l-Serine, l-Arginine, l-Asparagine, 
Glycyl-l-glutamic acid), seven carboxylic acids (D-
Galactonic acid γ lactone , d-Galacturonic acid, d-

Glucosaminic acid, Itaconic acid, 4-Hydroxy benzoic acid, d-
Malic acid, γ-Amino butyric acid), five carbohydrates (α-d-
Lactose, β-Methyl-D-glucoside, D-Cellobiose, d-Mannitol, 
N-Acetyl-d-glucosamine), carbon phosphate (Glucose-1-
phosphate), amine (Putrescine), and polymer (Tween 40). 

 

 
Figure 3. The Shannon index (H’) of pliek u during fermentation (n = 3), evaluated on the day-0 and the day-5 day of  

BIOLOGTM EcoPlate incubation 

 
Figure 4. Cluster analyses and HeatMaps for the carbon utilization patterns of the 31 substrates located on the BiologTM 

EcoPlates data incubated for 120 h from samples pliek u during fermentation (n = 3). Samples I= fermented pliek u 0 h; II= 
fermented pliek u 24 h; III= fermented pliek u 48 h; IV= fermented pliek u 72 h. 
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Based on the Principal Component Analysis (PCA), pliek 
u samples during fermentation were distinguished into three 
groups based on their metabolic profiles: 
• Sample IV with very high biological activity 
• Sample II with average biological activity 
• Samples I and III with the lowest biological activity 

(Figure 5). 
The result from the PCA also showed that the bacterial 

community in samples I and III were correlated to the 
substrate group of carbohydrate, while in sample II the 
bacterial community was correlated to substrate group 
carbohydrate and polymer. The bacterial community in 
sample IV was corelated with substrate group amino acids, 
carbohydrate, and carboxylic acid. 

The data showed that the microbial community-level 
physiological profiles were different at each stage of 
fermentation (Figure 5). The use of polymer and 
carbohydrate substrates by the bacterial community at the 24 
h of pliek u fermentation was related to the availability of 
nutrients on the pliek u fermentation substrate. Nutrients 
were available in coconut endosperm at the beginning of 

fermentation in the form of complex compounds such as 
polysaccharides, proteins, and fats. At this stage, cellulolytic, 
proteolytic, and lipolytic microorganisms seemed to have 
hydrolysed the polysaccharide molecules, such as 
galactomannan and glucomannan; the protein molecules, 
such as globulin, albumin, glutelin-1, glutelin-2, and 
prolamin; the fatty acid molecules such as caproic acid (6: 0), 
acids, globulins, protein molecules, globulin, albumin, 
glutelin-1, glutelin-2, and prolamin and fatty acid molecules 
such as caproic acid (6: 0), acids caprylic (8: 0), capric acid 
(10: 0), lauric acid (12: 0), meristic acid (14: 0), palmitic acid 
(16: 0), stearic acid (18: 0), oleic acid ( 18: 1) and linoleic 
acid (18: 2) became simple molecules [19][20][21]. Then, 
there was a change in metabolism from polymer and 
carbohydrate substrates to amino acids, carboxylic acids, 
carbohydrates by the bacterial community at the 72 h of 
fermentation. Changes in the use of these substrates were 
probably due to the formation of flavour compounds or over 
fermentation that was correlated to the bacterial community 
structure in pliek u during fermentation. 

 

 
 

Figure 5. Principal component analysis of substrates utilization bacterial community during pliek fermentation from 
BiologTM EcoPlates incubated for 120 h (n = 3). I= fermented pliek u 0 h; II= fermented pliek u 24 h; III= fermented pliek u 

48 h; IV= fermented pliek u 72 h. 
 
 
The formation of compounds that plays a role in flavours 

during fermentation can occur through the metabolism of 
flavour precursor compounds or flavour compounds 
themselves by microorganisms [22]. In general, the 
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compounds that play a role in flavour formation can come 
from groups of amino acids, phenols, and ketones [23]. 
Amino acids have a vital role in the formation of flavour. 
Each amino acid contributes to a different taste; serine has a 
combination of sour and umami flavours, arginine tastes 
bitter but slightly sweet and glutamic acid gives umami or 
savoury flavours [24]. The amino acid arginine and glutamic 
acid are the most dominant compared to the other amino 
acids found in the coconut endosperm. The predominance of 
umami, bitter, and slightly sweet taste in pliek u was 
suspected from these amino acids. 

3.5. Predominant Bacterial in Pliek u Fermentation 

The bacteria involved in pliek u fermentation were 
determined by isolating the bacteria from the BIOLOGTM 
EcoPlate well, which showed positive results. There were 
five isolated bacterial isolates (Figure 6). The macroscopic 
characterization showed that EC1, EC3, and EC4 isolates had 
the same characteristics: round-shaped, convex-elevation, 
entire-margin, and white opaque colonies. The EC2 isolate 
was round-shaped, raised-elevation, entire-margin, cream-
colored, and large-sized. Then, the EC5 isolate was round-
shaped, convex-elevation, entire-margin, and yellowish. 

EC1 isolate was present from the 0 h to 72 h pliek u 
fermentation and was found to utilize tween 80, α-

Cyclodextrin, pyruvic acid methyl ester, itaconic acid, d-
glucosaminic acid, N-Acetyl-d-glucosamine, β- Methyl-d-
glucoside, and d-Cellobiose, which were from substrate 
groups polymer, carboxylic acid, and carbohydrate. EC2 
isolate was present at 0 h and 48 h of fermentation and 
capable to utilize β-Methyl-d-glucoside, d-Mannitol, α-d-
Lactose, and glycyl-l-glutamic acid, which were from 
substrate groups carbohydrate and amino acid. Then, there 
were only three isolates present at 72 h of pliek u 
fermentation, namely EC3, EC4, and EC5. EC3 isolate was 
the most dominant compared to the other isolates at 72 h 
fermentation and was found to utilize tween 40, tween 80, β-
Methyl-d-glucoside, d-Xylose, 4-Hydroxy benzoic acid, γ-
Amino butyric acid, d- glucosaminic acid, glucose-1-
phosphate, glycyl-l-glutamic acid, l-threonine, l-asparagine, 
l-serine, and l-phenylalanine, which were from substrate 
groups polymer, carbohydrate, carboxylic acid, phosphate 
carbon and amino acid. EC4 was capable to utilize d-
galactonic acid γ-lactone, d-galacturonic acid, and d, l-α-
glycerol phosphate, which were from substrate groups 
carboxylic acid. Finally, EC5 was found to utilize the amino 
acid substrate l-arginine. From this result, it was strongly 
suggested that EC1 and EC3 had an important role in pliek u 
fermentation process.   

 

 
Figure 6. Microorganism abundance during pliek u fermentation from samples in BIOLOGTM EcoPlate after 120 h 

incubation. 
 
The BLAST results of the EC1 sequence on the NCBI 

gene bank showed that the EC1 had 92.06% ident with 
Pseudomonas lactis strain DSM 29167 and 91.90% ident 
Pseudomonas azotoformans strain NBRC 12693. Then, the 
results of phylogenetic analysis showed that EC1 isolate had 

a close relation with the Pseudomonas azotoformans strain 
NBRC 12693 with a bootstrap value of 62 (Figure 7A). P. 
azotoformans has previously been reported in foods such as 
milk and meat [25]. P. azotoformans can hydrolyse 
compounds, such as citrate, malate, mannitol and mannose, 
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which are a group of organic acids, carboxylic acids and 
carbohydrates [26]. Furthermore, P. azotoformans is also 
classified as proteolytic and lipolytic bacteria because it can 
hydrolyse proteins and lipids [27]. 

The BLAST results of the EC3 sequence on the NCBI 
showed that the EC3 had 94.25% ident with Pseudomonas 
lundensis strain ATCC 49968 and 93.76% ident with 
Pseudomonas helmanticensis strain OHA11. Based on the 
phylogenetic analysis results, EC3 isolate had a close relation 
with Pseudomonas lundensis strain ATCC 49968 with a 
bootstrap value of 94 (Figure 7B). P. lundensis was 
psychotropics bacteria commonly found in foods such as 
meat and milk [28]. The main extracellular enzymes secreted 
by P. lundensis were the peptidase and lipase enzymes [29]. 
P. lundensis could produce acids from carbohydrate class 

compounds such as L-arabinose, D-galactose, D-glucose, D-
mannose, D-ribose, maltose, melibiose, and D-xylose. The 
ability of acid production varied depending on the P. 
lundensis strain [30]. 

The traditional food fermentation that involves 
Pseudomonas bacteria has been widely reported. This 
includes fermentation of castor seed oil from Africa, semayi 
(coconut dregs) from Indonesia, ngapi (ground fish) from 
Myanmar, Ogiri-Nsiko (crab) from Nigeria. The bacteria is 
also involved in the fermentation of fish sauce, which is a 
widespread process in Asia [19]. In the pliek u fermentation, 
the predominant isolates that were isolated from the pliek u 
fermentation process were both bacteria belonging to the 
genus Pseudomonas. This is the first time that Pseudomonas 
presence has been identified in pliek u fermentation. 

 
 

 

 

Figure 7.  Phylogenetic tree was constructed using neighbor-joining algorithm of nucleotides sequence of 16S rRNA gene (a) 

EC1 Isolate (b) EC3 Isolate 

A 

B 
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4. Conclusion 

The significance of this study showed that there was an 
alteration in using substrate EcoPlate and the activities of the 
bacterial community during the process of pliek u 
fermentation. At the beginning of the fermentation, the 
substrate used was the carbohydrates and polymers substrate 
group, while at the end of the fermentation it shifted to the 
amino acids and carbohydrates substrate group. The 
biological activity of the bacterial community was higher at 
the end of pliek u fermentation. Furthermore, the 
predominant bacteria isolate EC1 and EC3 can be a 
candidate inoculum in controlled pliek u fermentation. 
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Abstract 

Bandung CO2 emissions continue to increase in line with its population. The emissions source comes from the industrial, 
transportation, Liquefied Petroleum Gas (LPG), household, and livestock sectors, whereas CO2 absorption only comes from 
vegetation through photosynthesis. High CO2 emissions could decrease air quality and reduce environmental health. This 
study aims to estimate the amount of CO2 emissions and their absorption in Bandung by implementing CO2 Emission Rate 
Reduction Simulation (CERRS). The simulation comprises four scenarios, namely substitution of vehicle fuel and the 
application of smart driving techniques, optimization of waste processing in IWPS, processing 90% of livestock waste into 
biogas, and green space development of 30% of Bandung City area. Estimated CO2 emission and absorption rates were 
calculated for the next 10 years (2021-2030) using the Stella program version 9.0.2. The results showed that without 
implementing the CERRS, the amount of CO2 emissions in Bandung in 2030 was estimated to reach 10,983,666.82 tons 
while implementing the CERRS was 2,361,721.30 tons. Without implementing the CERRS, the estimated amount of CO2 
absorptions in 2030 was 214,235.11 tons, while implementing the CERRS was 2,785,703.11 tons. It is expected that the 
application of the CERRS could reduce the level of CO2 emissions in Bandung by 78.5% and increase CO2 absorptions by 
1,200.3%. 

Keywords: CO2 Emissions, CO2 Absorptions, CERRS 

1. Introduction 

The population of Bandung City in 2018 reached 2.5 
million people [1] with a population growth rate of 0.72%, 
making this city a metropolitan. Based on data from the 
Ministry of Home Affairs of the Republic of Indonesia in 
2015, Bandung is the 4th most populated city in 
Indonesia. The annual increase in urbanization activities 
caused population expansion in this capital city of West 
Java province. Indeed, West Java province has 
experienced urbanization since 2000 [2]. Bandung is 
known as the city of education, which is one reason for 
urbanization. It happens both from rural to the city and 
outside Java to the city. 

Population expansion in Bandung caused an increase in 
population activity and an increasing need for land area. 
Those activities from industrial, transportation, Liquefied 
Petroleum Gas (LPG), household, and livestock sectors 

could change the economy, industrial structure, and also 
the consumption pattern of the local community. 
Advances in technology, economic factors, and the human 
desire to improve their standard of living have caused this 
[3]. These activities produced byproduct wastes, which 
increases CO2 emissions [4]. The vegetation must 
immediately absorb these CO2 emissions. But in 
substance, the increasing need for land as housing area 
has led to a decrease in green open space. The area of 
green open space functions as a CO2 absorber is an 
imbalance with the CO2 emission rate, which causes the 
environmental quality of Bandung to decline. 

This study offers a program called the CO2 Emission 
Rate Reduction Simulation (CERRS). CERRS consists of 
four scenario steps, namely: (1) substitution of motorized 
vehicle fuel and application of smart driving techniques, 
(2) optimization of waste processing at Integrated Waste 
Processing Site (IWPS), (3) processing 90% of livestock 
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waste into biogas, and (4) construction of 30% green open 
spaces of Bandung area. This research predicts CO2 
emissions and emission absorptions in Bandung City 
without applying CERRS, to predict CO2 emission and 
emission absorptions in Bandung City by applying 
CERRS and CO2 emission from five CO2 emitting sectors 
in the Bandung city. 

2. Methodology 

2.1. Study Area and Sampling Time 

This research was conducted from October 2019 to 
December 2019. Research activities were carried out in 
Bandung City, West Java (Figure 1).  

2.2. Tools and Materials 

This research used ArcMap 10.4.1 software to quantify 
vegetation greenness, Stella 9.0.2 to simulate a dynamic 
model of CO2 emission and absorption in Bandung. The 
research material used is in the form of secondary data as 
presented in Table 1. 

 

 
Figure 1. Bandung city map (Source: google earth) 

 
Table 1 Research materials 

Type of Data Source 

Landsat ETM 8 imagery for Bandung City 2009 & 
2018 and Sentinel-2 in 2018 

earthexplorer.usgs.gov and eos.com 

Number of industrial sectors in Bandung City Badan Pusat Statistik, Neraca Energi Indonesia 
Number of vehicles in Bandung City Badan Pusat Statistik 

The amount of LPG consumption in Bandung City Badan Pusat Statistik 
Total population of Bandung City Badan Pusat Statistik 

Number of livestock in Bandung City Badan Pusat Statistik 
    

2.3. Model concept 

This study uses the concept of loss-gain emission from 
urban population activities. CO2 emissions resulting from the 
industrial, transportation, LPG, household, and livestock 
sectors. Then search for information between these 

components to get a prediction. The conceptualization model 
is depicted as a causal loop diagram as shown in Figure 2. 
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2.4. Specific Model  

We run the model simulation in Stella 9.0.2 which is 
divided into six submodels, then map them out as a model. 

2.4.1. CO2 Emission and Absorption Model 
The CO2 emission and absorption model describes the 

entire dynamic system of the resulting emission and CO2 
absorption capacity of Bandung city. “Bandung CO2 

emissions” is the accumulation of emissions from industry, 
transportation, LPG, household, and livestock. These 
emissions will affect the city's CO2 according to the amount 
and rate of each sector. Accumulated CO2 emissions in 
Bandung City will be reduced by “Bandung CO2 
absorptions” originating from vegetation and resulting in 
remaining unabsorbed CO2 emissions, marked with 
“Unabsorbed CO2 emissions”. The CO2 emission and 
absorption model could be seen in Figure 3.   

 
 

 
Figure 2. The concept of a model in the form of a causal loop diagram 

 
Figure 3. CO2 emission and absorption model 
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2.4.2. CO2 Absorption Submodel 
The CO2 absorption submodel describes the amount of 

CO2 absorption based on the greenness of the land through 
NDVI quantification, which is equivalent to the absorption 
capacity of land cover [6] (Table 3). NDVI is calculated 
through the NDVI algorithm, as seen from Eq. (1). The map 
is obtained from 2018 Bandung Sentinel-2A imagery 
downloaded from the eos.com website. The rate of change in 
the area of land greenness is calculated through the changes 
in the results of the NDVI images of the Landsat ETM 8 
Bandung City in 2009 and 2018. 

NDVI = $%&'&()
$%&*&()

    
      (1) 

Where: 
NIR = reflection in the near-infrared spectrum 

RED = reflection in the red range of the spectrum 
NDVI results are classified based on the level of 

greenness of the land according to Permenhut R.I. No: P.12 / 
Menhut-II / 2012 [5] (Table 2). 

The results of NDVI scores were reclassified into five 
classes [5], where NDVI values ranging from -1 to 1 were 
converted to 0-100. The rate of increase in green land is 
assumed to come from the rate of change in the area of 
greenish land from 2009 to 2018, amounting to 0,00303% 
per year, and is assumed to have the same rate every year. In 
the model, each area of green land is multiplied by the 
respective CO2 absorption capacity and accumulated into 
Bandung City's CO2 absorption. Data and information on the 
CO2 absorption submodel could be seen in Table 4 and the 
CO2 absorption submodel in the Stella could be seen in 
Figure 4. 

 
Table 3. CO2 Absorption Equivalence 

Greenness Level of Land Type of Land Cover (Equivalence) CO2 Absorption (t/ha/yr) 
No vegetation Built-up areas 6.12 

Very low greenness Rice fields 12 
Low greenness Grassland 12 

Medium greenness Shrubs 55 
High greenness Trees 569.07 

Sources: [5] and [6] 

Table 4. Data and information on CO2 absorption submodel in Bandung City 
Greenness Level of Land Type of Land Cover (Equivalence) Areas (ha) CO2 Absorption (t / ha / yr) 

No vegetation Built-up areas 3,621.27 6.12 
Very low greenness Rice fields 8,968.48 12 

Low greenness Grassland 1,939.53 12 
Medium greenness Shrubs 471.24 55 

High greenness Trees 61.88 569.07 
Sources: [5] and [6] 

 

2.4.3. Industry Submodel 
The industrial submodel is only based on the amount of 

natural gas and coal energy used by the industrial sector. The 
industrial sector that is used is the processing industry, 
specifically economic activities which include changes both 
chemically and physically from materials, elements, or 
components to new products. Processing industry raw 
materials could come from agricultural, forestry, fishery, 
mining or quarrying products, and other processing industry 
activities. In short, the processing industry is a major renewal 
or change of an item. The industries that are considered are 
medium and large-scale industries, amounting to 321 units in 
2018 [1]. The rate of consumption of natural gas and coal is 
calculated by reducing the number of processing industries in 
Bandung, which is 8.86% per year and is assumed to have 
the same rate every year. CO2 emissions are obtained through 

the conversion of data on the amount of energy consumption 
in the industrial then multiplied by the calorific value and 
CO2 emission factor. Data and information on CO2 emissions 
from the industrial sector in Bandung could be seen in Table 
5. The industrial submodel in Stella could be seen in Figure 
5. 

2.4.4. Transportation Submodel 
The transportation submodel presents four types of 

motorized vehicles as CO2 emitters, namely motorbikes, 
gasoline cars, diesel cars, and buses. CO2 emissions are 
obtained through the conversion of data on the amount of 
energy consumption in the transportation sector then 
multiplied by the calorific value and CO2 emission factor. 
Each type of vehicle has own CO2 emission factor, as seen in 
Table 6. The transportation submodel in Stella could be seen 
in Figure 6. 



3Bio Journal of Biological Science, Technology and Management 3(1):28-41 Christiani et al  

32 
DOI: https://doi.org/10.5614/3bio.2021.3.1.4 

 
Figure 4. CO2 absorption submodel 

Figure 5. Industry Submodel 
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Table 5. Data and information on industry CO2 emissions submodel in Bandung City 
No Energy types Energy consumptions (t) Calorific value (TJ / t) CO2 emission factors (t / TJ) 
1 Natural gas 7,675,329.32 38.5x10-3 63.1 
2 Coal 9,893,000 18.9x10-3 96.1 

Source: [7] 

Table 6. Data and information on transportation CO2 emissions submodel in Bandung City 
Vehicle types Number of 

units 
The rate of the 

number of vehicles 
(% per yr) 

Energy 
consumption (lt 

/ yr / unit) 

Calorific value 
(TJ / L) 

CO2 emission 
factors (t / TJ) 

Motorcycle 1,256,057 8.96 550.8 33x10-6 69,300 
Gasoline car 402,649 5.99 2320.7 33x10-6 69,300 
Diesel car 73,576 3.92 1813.2 36x10-6 74,100 

Bus 6,390 4.2 4263.6 36x10-6 74,100 
Sources: [7] and [8] 

 
Figure 6. Transportation Submodel 

 
 

2.4.5. Liquid Petroleum Gasses Consumption 
Submodel  

This submodel calculates Liquid Petroleum Gasses (LPG) 
which is assumed to be used by all households in Bandung 
City, with 955,550 heads of households (HH) in 2018 [11]. 
The city of Bandung experienced an increase in the rate of 
LPG consumption by 21.92% with an emission factor of 63.1 
tons / TJ and a heating value of 0.0461 TJ / ton [8]. CO2 
emissions are obtained through the conversion of data on the 
amount of energy from LPG consumption in the household 
then multiplied by the heating value and CO2 emission 
factor. LPG consumption submodel in Stella could be seen in 
Figure 7. 

2.4.6. Household Submodel 
The household submodel is the amount of CO2 emissions 

from respiration and waste generated by residents in 
Bandung City. The total population of Bandung in 2018 was 
2,503,708 people, assuming the amount of waste produced 
by each person is 0.1825 tonnes/year [10]. A higher 
population means a higher amount of waste. Bandung City is 
assumed to experience the same population growth rate every 
year of 0.72% with a respiration CO2 emission factor of 0.34 
tons/person/year and CO2 emission factor per tonne of waste 
is 2.56 tons [10]. CO2 emissions are obtained through the 
conversion of data by multiplying the amount of population 
and waste to each of the CO2 emission factors. The 
household submodel in Stella could be seen in Figure 8. 
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Figure 7. LPG Consumption Submodel 

 
Figure 8. Household Submodel 

 

2.4.7. Livestock Submodel 
The livestock submodel is quantified from the emission of 

enteric fermentation and manure management. The rate of 
increase and decrease in the number of livestock in Bandung 
is assumed to be the same every year. CO2 emissions are 

obtained through the conversion of data by multiplying the 
amount of each type of livestock to the CO2 emission factor. 
Data and information on the livestock sector could be seen in 
Table 7. The livestock submodel in Stella could be seen in 
Figure 9. 
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Table 7. Data and information on livestock CO2 emissions submodel in Bandung City 

Types of livestock Total The rate of the number of livestock (%) CO2 emission factors (t / head / yr) 
Goat 582 4.19 0.12 
Sheep 34,684 6.41 0.12 

Dairy cows 721 -5.3 2.12 
Beef cattle 1,640 19.48 1.1 

Buffalo 122 -0.88 1.31 
Horse 168 2.68 0.46 

Free-range chicken 498,307 22.18 0.00046 
Broiler chicken 369,345 18.87 0.00046 

Duck 60,647 10.38 0.00046 
Sources: [7] and [10] 

 
Figure 9. Livestock Submodel 

   

2.5. Assumptions and Research Limitations 

The assumptions and limitations used in this study are: 
1. The model uses a closed approach system, meaning 

that the calculated CO2 emission only comes from 
the Bandung City area, CO2 outside the Bandung 
City area is ignored, including the influence of the 
wind.  

2. CO2 is only absorbed by vegetation in Bandung 
city. 

The rate of increase or decrease in energy from the 
industrial, LPG, household, transportation, and livestock 
sector is constant every year. 

3. Results and discussion 

3.1. Model Simulation 

Models are applied to estimate CO2 emissions and 
absorptions from 2021 to 2030. 2030 is a year that is 
following the Nationally Determined Contribution (NDC) 
document related to the Paris Agreement. Indonesia has an 
ambitious commitment to reduce greenhouse gas (GHG) 
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emissions by 29% below the level of business as usual (BaU) 
by 2030 [12]. Estimation of CO2 emissions and absorptions 
divided into two categories, namely without CERRS 
intervention and with CERRS intervention. Simulation of 
CO2 emission and absorption in Bandung City without 
CERRS intervention results from Business as Usual, while 
the simulation of CO2 emission and absorption with CERRS 
intervention consists of four scenario stages, namely (1) 
substitution of motorized vehicle fuel and application of 
smart driving techniques, (2) optimization of waste 
processing at IWPS, (3) processing 90% of livestock waste 
into biogas and (4) building green open space covering 30% 
of the area of Bandung City. 

3.1.1. Estimation of Emissions, Absorptions and 
Unabsorbed CO2 Emissions without CERRS 
Simulation Package in Bandung City 

Based on the results of the estimation model, the amount 
of CO2 emission in Bandung City had a much greater value 
than its absorption. In 2021, CO2 emissions in Bandung were 
6,958,801.58 tons and would continue to increase to reach 
10,983,666.82 tons in 2030, while CO2 absorption in 
Bandung City in 2021 was only 214,201.83 tons and 
increased slightly to become 214,235.11 tons in 2030. Graph 
and result of CO2 emission, absorption, and unabsorbed 
emissions estimate in Bandung City in 2021 and 2030 
presented in Table 8 and Figure 10.  

 
Table 8. Estimation using Stella  

Year CO2 Emissions (t) CO2 Absorptions (t) Unabsorbed CO2 Emissions (t) 
2021 6,958,801.58 214,201.83 6,744,599.75 
2030 10,983,666.82 214,235.11 10,769,431.71 

 

 
Figure 10. Graph of emissions, absorptions, and unabsorbed CO2 emissions in Bandung City without CERRS simulation 

package 

  

3.1.2. Estimation of Emissions, Absorptions and 
Unabsorbed CO2 Emissions by Applying the 
Phase I Scenarios: Vehicle Fuel Substitution and 
Smart Driving Techniques 

In this scenario, the substitution of diesel fuel to B30 fuel 
and gasoline fuel to Gas Fuel (BBG) was carried out. B30 
fuel is a mixture of 70% diesel fuel and 30% Fatty Acid 
Methyl Esther (FAME) which is obtained from palm oil. The 

application of B30 could reduce the composition of diesel 
use by 30%. FAME is biodiesel that has a higher flash point 
than diesel so that it affects its low combustibility. Biodiesel 
is also a cleaner fuel than diesel because it does not contain 
sulfur and benzene compounds [13]. In the application of 
BBG as a substitute for gasoline, the resulting emissions are 
only 10%. This data was obtained based on the results of a 
trial conducted by the Committee for the Elimination of Lead 
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Gasoline on Euro-2, Euro-3, and Euro-4 vehicles, namely 
that emissions from BBG are 90% lower than fuel [14]. 

Smart driving is a driving technique that combines eco-
driving, safe driving, and defensive driving. The smart 
driving technique is simply an efficient, environmentally 
friendly, safe, comfortable, ethical, and dignified driving 
method. Some steps in implementing this method are using 
the highest gear position with low engine speed (2000-2500 
rpm), reducing the frequency of acceleration and braking, 
adjusting tire pressure to those recommended by the vehicle 

manufacturer, using the hand brake when stopping, and 
maintaining the vehicle periodically. The results of the 
training in smart driving techniques that have been carried 
out in Semarang, Tegal, and Bandung cities have shown a 
decrease in the level of fuel consumption, which varies from 
0 to 40% [15]. In this scenario, 40% applied a reduction in 
fuel consumption, so that the CO2 emission reduction in 
Bandung was 70% and unabsorbed CO2 emission in 
Bandung was 71%. The estimation results of this scenario is 
presented in Figure 11 and Table 9.

 
 

 
Figure 11. Graph of emission, absorption, and unabsorbed CO2 emissions in Bandung City by applying the phase I scenarios 

Table 9. Estimation using Stella 
Year CO2 Emissions (t) CO2 Absorptions (t) Unabsorbed CO2 Emissions (t) 
2021 2,901,338.81 214,201.83 2,687,136.98 
2030 3,332,409.68 214,235.11 3,118,174.57 

 
    

3.1.3. Estimation of Emissions, Absorptions and 
Unabsorbed CO2 Emissions by Applying the 
Phase II Scenario: Scenario I + Optimization of 
Waste Management at IWPS 

Integrated Waste Processing Site (IWPS) is a place where 
activities are followed through, sorting, reusing, recycling, 
reprocessing, processing, and possibly the end [16]. Research 
at IWPS Janti Village, Waru District, Sidoarjo Regency 

shows that IWPS in Janti Village has a waste reduction 
potential of 75%. This is done by processing organic waste 
into compost, reusing inorganic waste, and recycling 
inorganic waste into flakes [17]. The second stage scenario 
could reduce CO2 emissions in Bandung City by 78% and the 
unabsorbed CO2 emissions in Bandung City by 80%. The 
estimation from this scenario is presented in Figure 12 and 
Table 10. 
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Figure 12. Graph of emission, absorption, and unabsorbed CO2 emissions in Bandung City by applying the phase II scenarios 

Table 10. Estimation using Stella  
Year CO2 Emissions (t) CO2 Absorptions (t) Unabsorbed CO2 Emissions (t) 
2021 2,007,625.75 214,201.83 1,793,423.92 
2030 2,379,604.09 214,235.11 2,165,368.98 

 

3.1.4. Estimation of Emissions, Absorptions, and 
Unabsorbed CO2 Emissions by Applying the 
Phase III Scenario: Scenario I + II + Processing 
90% of Livestock Waste into Biogas 

Biogas comes from decomposing organic matter carried 
out by microorganisms under anaerobic conditions. The main 
organic material as a source of biogas production is livestock 
manure such as cattle, buffalo, pigs, horses, and poultry. 
Compost from two cows or six pigs could produce biogas in 
less than two m3. In addition, one m3 of biogas is also 
equivalent to 0.46 kg of LPG or 0.62 liters of kerosene [18]. 
Scenario stage III could reduce CO2 emissions in Bandung 
City by 78.5% and the unabsorbed CO2 emissions in 
Bandung City by 80%. The estimation results from this 
scenario is presented in Figure 13 and Table 11. 

3.1.5. Estimation of Emissions, Absorptions and 
Unabsorbed CO2 Emissions by Applying the 
Phase IV Scenario: Scenario I + II + III + 
Development of green open spaces covering an 
area of 30% of the Bandung City Area 

The results of estimating CO2 emissions in scenario I-IV 
showed that CO2 emissions in Bandung City were still not 

fully absorbed, so efforts still need to be made to achieve 
carbon neutrality. Carbon-neutral is a state when CO2 
emissions could be absorbed so that emissions are zero. 
Green Open Space (GOS) in Bandung City has only reached 
12% of the area of Bandung City [19], whereas based on 
Law Number 26 of 2007 concerning Spatial Planning Article 
29 paragraph 2 provides that reporting of green open space in 
the city area is at least 30% of the total area of the city. The 
proportion of 30% green open space from the area of 
Bandung City is 5.019,3 Ha. In this scenario, a 30% green 
open space was built with CO2 absorption increasing every 4 
years. The stage IV scenario was able to increase the 
absorption of CO2 emissions in Bandung City by 1,200.3% 
and reduced the remaining CO2 emissions in Bandung City 
by 103,9%. Through the application of stage IV, carbon-
neutral could be achieved by 2029. The estimation results of 
this scenario is presented in Figure 14 and Table 12. 

3.1.6. Estimation of CO2 Emissions in Bandung City 
After going through stages I-IV, an estimate of the amount 

of CO2 emissions in Bandung was obtained based on the five 
sectors that are provided in Table 13 (sorted from the least 
contributing sector to the largest). 
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Figure 13. Graph of emission, absorption, and unabsorbed CO2 emissions in Bandung City by applying the phase III 

scenarios 
Table 11. Estimation using Stella 

Year CO2 Emissions (t) CO2 Absorptions (t) Unabsorbed CO2 Emissions 
(t) 

2021 1,996,609.84 214,201.83 1,782,408.01 
2030 2,361,721.30 214,235.11 2,147,486.19 

 
Figure 14. Graph of emission, absorption, and unabsorbed CO2 emissions in Bandung City by applying the phase IV 

scenarios 

Carbon neutral 
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Table 12. Estimation using Stella 
Year CO2 Emissions (t) CO2 Absorptions (t) Unabsorbed CO2 Emissions (t) 
2021 1,996,609.84 1,667,174.97 329,434.87 
2030 2,361,721.30 2,785,703.11 -423,981.81 

Table 13. Estimated CO2 emissions in Bandung City based on five sectors 
Sekctor Estimation of CO2 Emissions (t) 

Livestocks 1,612.84 
LPG 3,730.73 

Industries 109,794.84 
Transportations 1,000,065.41 

Households 1,246,317.49 
 

 
The effects of estimating CO2 emissions showed that the 

application of the CERRS package could reduce CO2 
emissions in the household sector by 43.4%, the 
transportation sector by 88.44%, and the livestock sector by 
90%. Since the present study provides useful information 
about the benefit of increasing green open space in a city as 
well as applying some programs for reducing CO2 emissions, 
the study suggests it is necessary to make policies that could 
give the best result and convenient implementation for the 
community. The dynamic simulation model of CO2 
emissions and absorptions like this study did have to be 
established and improved as soon as possible. It could help 
the decision-maker have complete data for the program 
which gives the emission highest. 

 

4. Conclusion 

Based on the results, several points can be concluded, i.e.,  
1. The number of CO2 emissions in Bandung without 

CERRS intervention was estimated to be 
6,958,801.58 tons in 2021 and 10,983,666.82 tons 
in 2030, the number of CO2 absorption in Bandung 
without CERRS intervention was estimated to be 
214,201.83 tons in 2021 and 214,235.11 tons in 
2030. 

2. The number of CO2 emission in Bandung without 
CERRS intervention was estimated to be 
1,996,609.84 tons (down 71.3%) in 2021 and 
2,361,721.30 tons (down 78.5%) in 2030, the 
number of CO2 absorption in Bandung with CERRS 
intervention was estimated to be 1,667,174.97 tons 
(up 678%) in 2021 and 2,785,703.11 tons (up 
1,200.3%) in 2030. 

3. CO2 emissions in 2030 with CERRS intervention 
are thought to come from the household sector 
(1,246,517.49 tons), followed by the transportation 
sector (1,000,065.41 tons), the industrial sector 

(109,794.84 tons), LPG consumption (3,730.73 
tons), and the livestock sector (1,612.84 tons). 
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Abstract 

Whiteleg shrimp (Litopenaeus vannamei) is a fisheries commodity that has experienced a vast increase in production since 
the early 1970s. As one of the largest contributors to the global shrimp market, Indonesia always tried to increase its shrimp 
production. To fulfill the global market demand, whiteleg shrimp farmers have met with countless obstacles, e.g., sub-optimal 
growth problem. Optimal feed management is one of the determining factors that account for the growth and production 
efficiency of whiteleg shrimp. Feed management practices include feeding frequency, methods of feed monitoring, and 
controlling. This literature review aims to provide an insight into the optimal feeding frequency for the growth, survival, and 
feed efficiency of whiteleg shrimp production. The method used for this review was a narrative review approach following 
the PRISMA scheme for literature sorting, which includes identification, screening, eligibility test, and inclusion. There were 
eight primary literatures from journals with H indices of 18, 50, 55, 72, 80, and 164 (four articles from Q1 journals and three 
from Q2 journals) and one article without index. Data analysis revealed that the growth rate was significantly affected by the 
feeding frequency of on-demand feeding system (AQ1) (P < 0.05), although no significant difference was found in regards to 
the survival rate and the FCR (P > 0.05). The optimal feeding frequency for industrial-scale shrimp production was found in 
the on-demand feeding system (AQ1). 

Keywords: frequency, feed, growth, survival, FCR, Litopenaeus vannamei 

1. Introduction 

During five years of 2013 - 2017, The Central Statistics 
Department (Badan Pusat Statistik) has noted an average 
annual growth of 6.43% on whiteleg shrimp (L. 
vannamei) export. According to the Ministry of 
Oceanography and Fisheries’ data, the export volume 
from 2017 alone amounted to 147 thousand tons and 
increased in the following year up to 180 thousand tons 
[1]. In 2018, Indonesia is the 6th largest exporter of 
whiteleg shrimp on a global scale. The global market 
volume of shrimps amounts to 4.66 million tons in 2018, 
with the whiteleg shrimp being the main commodity. 
According to Research and Markets [2], the growth of 
global shrimp market is currently at a CAGR (compound 
annual growth rate) of 3.7% and the volume is predicted 
to reach 5.83 million tons in 2024. This indicates a vast 
development in the fisheries industry, especially in 
regards to whiteleg shrimp commodity. In response to that 
opportunity, the Ministry of Oceanography and Fisheries 

initiated a program called ‘Percepatan Pengembangan 
Tambak Udang Nasional,’ aimed to accelerate the 
production of whiteleg shrimp to better equip Indonesia to 
compete in the global market, with a target of 1.29 million 
tons of product by 2024 [1]. 

Feed is one of the biggest contributory components in 
the success or failure of shrimp farming, with its share as 
the main source of balanced nutrition for shrimp. In a 
study by Tacon & Metian [3], in 2012 shrimp feed was in 
the third position (6.18 million tons) of the largest 
commodity feed production globally, after the first order 
of carp feed (11.03 million tons) and both tilapia feed 
(6.67 million tons). In each report on the operation of 
commodity cultivation, it can be ascertained that feed is 
the largest contribution to operational costs, at least 50-
60% of the total costs incurred per cycle [4]. In addition to 
being named the biggest factor in economic efficiency, 
improper feed management is the main cause of water 
quality degradation in aquaculture, which will indirectly 
require more maintenance or mitigation costs. Boyd et al. 
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[5] estimated that only about 10-30% of nutrients in feed 
are absorbed by the digestive system of commodity 
animals, while the rest is trapped in water in the form of 
untouched feed, feces, or excretion products. 

Using feed with balanced nutrition and implementing 
feed management is the key to efficient cultivation 
economically and environmentally friendly [6]. In 
general, it has been agreed that the use of high-quality 
feed is highly recommended because the operational costs 
will be more efficient. After all, the absorption of 
nutrients will be more optimal and the accumulation of 
nutrients in the water will be much reduced. Shipton & 
Hasan [7] found that feed with a formulation that is not 
under the nutritional needs of commodity animals will 
lead to inefficient cultivation and increase production 
costs. The use of high-quality feed with appropriate 
formulations is a prerequisite for profitable cultivation, 
but ultimately the success of cultivation will depend on 
the application of proper feed management [8, 9]. 

Effective feed management strategy requires the 
consideration of the shrimp’s physiology on the feeding 
behaviour and digestion [8]. According to Cardona et al. 
[10], feeding frequency affects enzymatic activity in 
shrimp’s digestion, which will accelerate the digestion 
process and ultimately the shrimp’s growth. The study 
conducted by Peixoto et al. [11] have proven that feeding 
frequency affects digestive activity and whiteleg shrimp’s 
growth in the nursery phase. Feeding frequency has been 
reported to cause an increase in shrimp’s performance, 
although it is yet to be clear whether only one or more 
factors are involved, e.g., feed waste reduction or the 
reduced degradation of water quality [12]. 

Despite studies regarding feeding frequency being 
conducted since the late ‘90s, for example, the study done 
by Velasco et al in 1999 [13], no indisputable conclusion 
has been drawn. Hence, it could be assumed that 
researchers are still considering the possibility of feeding 
frequency effect on shrimp’s growth. This literature 
review was conducted to evaluate the effect of feeding 
frequency management on the growth performance of 
whiteleg shrimp. The expected output would be the 
possible recommendation of feeding frequency 
management that would optimize the growth of whiteleg 
shrimp in the most efficient way and the most lucrative 
option for the aquaculture industry. 

This study aimed to, i.e., (1) determine the feeding 
frequency for the most optimal growth of whiteleg 
shrimp, (2) determine the feeding frequency for the most 
optimal survival of whiteleg shrimp, (3) determine the 
feeding frequency for the most optimal FCR (feed 
conversion ratio) of whiteleg shrimp, and (4) determine 
the feeding frequency for the most optimal economic 
return. 

2. Research Method 

This study is categorized under literature review with the 
format of semi-systematic review. On a brief note, this 
literature review was conducted by comparing and analyzing 
qualitative and quantitative data from the primary literature 
that has been previously and meticulously shortlisted [14]. 
Data analysis was conducted with quantitative and 
descriptive methods. 

2.1. Searching and Shortlisting Primary Literature 

In the literature review, primary literature is the main 
component, both as the source of data and as the object of 
discussion. Therefore, finding and sorting the right primary 
literature is crucial to produce good literature reviews. 
Primary literature was searched via Google Scholar and the 
Elsevier repository with the keywords “vannamei,” “feeding” 
and “frequency”, whilst applying Boolean operator “AND” 
in between every keyword. The search results returned from 
the repositories were then sorted according to the relevance 
to the topic at hand, having high credibility, having the 
required data and parameters, and published in 2005 and 
onwards.  

The process of identification, screening, eligibility, and 
inclusion in sorting the candidate primary literature was a 
method provided by the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses). Although the 
PRISMA was primarily intended for systematic reviews or 
meta-analyses, it has been extensively used in other literature 
review formats, especially semi-systematic reviews [15]. 
Overall, the searching and sorting process of primary 
literature is provided in the flow diagram in figure 1. Eight 
primary literature were obtained through the entire sorting 
process, originating from various journals with credibility 
index (H Index) of 18, 50, 55, 72, 80, and 164 (four articles 
from Q1 journals and three articles from Q2 journals), and 
one article without a Scopus index but was included due to 
the relevant data and information it contained (Table 1).  

2.2. Data Analysis 

Data analysis of growth, survival, and FCR of whiteleg 
shrimp was conducted using MetaInsight application. 
Significance tests between each feeding frequency treatment 
were conducted with the Bayesian random effect model 
method, with credibility of 95% [16]. The eight primary 
literature have several variations in the experimental 
variables. Variations in methods include the research period, 
the culture system used, the protein content in shrimp feed, 
the stocking density of shrimp in the experimental unit, and 
the main variable analyzed in this literature study, namely the 
feeding frequency. The different methods used by each 
primary literature are important to highlight because they 
have the potential to bias the analysis results obtained (table 
2). Since water quality parameter throughout all primary 
literature were reported to be within the ideal range for 
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shrimp [17] (except for one case explained later in this 
article), mostly the analysis will neglect the influence of 

water quality. 

 
Figure 1 Flow diagram of literature review using PRISMA  

 
 
 
 
 
 

Online search: Scopus
(Elsevier), Google Scholar

(n = 7360)

Duplicate removal
(n = 7323)

Title and abstract screening
(n = 18)

Full-text check
(n = 11)

Suitable papers
(n = 8)

Excluded 7305 articles
(Inclusion criteria: full-
access, publishing

year > 2005, spesies L.
vannamei, feeding
frequency variable)

Ekslusi 7 artikel
(Inclusion criteria:
grow-out phase,
growth, FCR and
survival data)
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Table 1. List of primary literature 
No Year Publication Article Title Pages Authors Journal 
1 2020 International 

Journal, Scopus 
indexed 

Optimizing feed 
automation: improving 
timer-feeders and on 
demand systems in semi-
intensive pond culture of 
shrimp Litopenaeus 
vannamei 

Vol. 519, 
Page 734-

759 

Reis, J., Novriadi, R.,
 Swanepoel, A., Jing
ping, G., Rhodes, M.,
 Davis, D. A. 

Aquaculture ISSN: 
00448486 

H Index: 164                
Q1 

2 2020 International 
Journal, Scopus 
indexed 

Effects of feeding 
frequency on growth, feed 
utilization, digestive 
enzyme activity and body 
composition of 
Litopenaeus vannamei in 
biofloc-based zero-
exchange intensive 
systems 

Volume 
522, 

Article 
number 
735079 

Wujie Xu, Yu Xu, 
Haochang Su, 
Xiaojuan Hu, Yunna 
Xu, Zhuojia 
Li,Guoliang Wen, 
Yucheng Cao 

Aquaculture ISSN: 
00448486 H Index: 

164               Q1 

3 2019 International 
Journal, Scopus 
indexed 

The Effect of Dosage 
Combination and Feeding 
Frequency on Growth and 
Survival Rate of vannamei 
Shrimp Juveniles in Ponds 

Volume 
370, Page 
012-033 

 

Zainuddin Z., Aslam
yah S., Nur K., 
Hadijah 

 

IOP Conf. 
Series: Earth and 
Environmental 
Science ISSN: 

17551315 
H Index: 18 

 
4 2019 International 

Journal, Scopus 
indexed 

Multiple feedings enhance 
the growth performance 
and feed efficiency of 
juvenile Litopenaeus 
vannamei when fed a low-
fish meal amino acid-
supplemented diet 

Volume 
27, Issue 
2, Pages 
337-347 

Nunes, A.J.P., Sabry-
Neto, H., da 
Silva, F.H.P., de 
Oliveira-Neto, A.R., 
Masagounder, K. 

Aquaculture Internati
onal ISSN: 09676120 

H Index: 50 Q2 

5 2019 International 
Journal, Scopus 
indexed 

Feed management and the 
use of automatic feeders in 
the pond production of 
Pacific white shrimp 
Litopenaeus vannamei 

Volume 
50, Issue 1, 
Pages 54-

64 

Ullman, C., 
Rhodes, M., 
Hanson, T., Cline, 
D., Davis, D.A 

Journal of the World 
Aquaculture Society 

ISSN: 17497345 
H Index: 55 Q2 

6 2019 International 
Journal, Scopus 
indexed 

Effect of feeding 
frequency on growth and 
digestive enzyme activity 
in Litopenaeus vannamei 
during the grow-out phase 
in biofloc system 

Volume 
25, Issue 3, 
Pages 577-

584 

Nery, R. 
C., Costa, C.B., Rodr
igues, F., Soares, R., 
Bezerra, R.S., 
Peixoto, S. 

Aquaculture Nutrition 
ISSN: 13535773 

H Index: 72 Q1 

7 2016 International 
Journal 

Effects of feeding 
frequency on growth, feed 
conversion ratio, survival 
rate and water quality of 
white leg shrimp 
(Litopenaeus vannamei, 
Boone, 1931) 

Volume 
4, Issue 3, 
Pages 293-

297 

Mazdak 
Aalimahmoudi, 
Alireza Reyshahri, 
Siamak Salehipour 
Bavarsad, 
Milad Maniat 

International Journal 
of 

Fisheries and Aquatic 
Studies ISSN: 

23475129 

 
8 2006 International 

Journal, Scopus 
indexed 

Effects of feeding 
frequency on feed 
leaching loss and grow-out 
patterns of the white 
shrimp Litopenaeus 
vannamei fed under a 
diurnal feeding regime in 
pond enclosures 

Volume 25
2, Issue 2-
4, Pages 
494-502 

Carvalho, E. A., 
Nunes, A.J.P. 

Aquaculture ISSN: 
00448486 H Index: 

164           Q1 
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Table 2 Primary literature on variable variations 

 
 
 

3. Results and discussion 

3.1. Whiteleg Shrimp Growth Performance based 
on Feeding Frequency 

The growth performance of whiteleg shrimp can be 
assessed through several parameters, including the ones 
found from the primary literature; growth rate (g/week), 
survival (%) and feed conversion ratio or FCR. From the 
eight primary literature, ten values of average growth rates 

based on feeding frequency were obtained as shown in 
Figure 2. The feeding frequencies that are applied from the 
experiments from the primary literature includes one (1x), 
two (2x), three (3x), four (4x), five (5x), six (6x), ten (10x), 
twelve (12x) and thirty-six (36x) times per day, and a feeding 
treatment using on-demand, acoustic automatic feeder 
(AQ1), where the feed is automatically discharged into the 
shrimps only if there is feeding stimulus from the shrimps. 

The lowest growth rate was found in the 1x treatment, 
with a growth rate of 0.62 ± 0.47 g/week. The growth rate of 
the shrimps increased to 0.87 ± 0.35 g/week at 2x feeding 
frequency and then reached 0.97 ± 0.47 g/week at 3x feeding 

Literature Days of
culture

Culture
system

Feed
protein (%)

Stocking
density
(shrimps
m-2)

Feeding
method

Feeding
time range

Feeding
frequency
(day-1)

Reis et al.
(2020)

91 Zero water
exchange
(outdoor)

40 26 On-demand
automatic
feeding dan
timed

automatic
feeding

7.00 - 19.00 36 dan on-
demand
(AQ1)

Xu et al.
(2020)

56 Biofloc-
based,

zero water
exchange
(rumah
kaca)

40,1 300 Timed
automatic
feeding

6.00 - 24.00 3, 6 dan 12

Nery et al.
(2019)

63 Biofloc-
based RAS

35 150 Hand-
feeding

8.00-16.00 1, 2, 3 dan
4

Zainuddin
et al.
(2019)

56 Flow
through

24,97 40 Hand-
feeding

6.00 - 18.00 3, 4 dan 5

Ullman et
al. (2019)

91 Biofloc-
based,

zero water
exchange
(outdoor)

40 38 On-demand
automatic
feeding,
timed

automatic
feeding dan
hand-
feeding

8.00 - 19.00 2, 6 dan on-
demand
(AQ1)

Nunes et
al. (2019)

91 Flow
through
(outdoor)

32 100 Timed
automatic
feeding dan
hand-
feeding

7.30 - 17.30 2, 4, 10

Aalimahm
oudi et al.
(2016)

56 Flow
through
(indoor)

42 57 Hand-
feeding

7.00 - 23.00 2, 4 dan 6

Carvalho
&Nunes
(2006)

84 Flow
through
(outdoor)

40 80 Hand-
feeding

7.00 - 17.00 2, 3, 4, 5
dan 6
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frequency before plummeting down to 0.7 ± 0.19 g/week and 
0.63 ± 0.29 g/week at 4x and 5x feeding frequencies, 
respectively. The growth rate then saw an increase up to 1.36 
± 0.48 g/week at 6x feeding frequency but dropped 
drastically to 0.88 ± 0.06 g/week at 10x feeding frequency. 
From this point, increase in feeding frequency was followed 
by an increase in the growth rate as well; at 12x and 36x 
feeding frequencies, the growth rate was at 1.85 ± 0.08 
g/week and 1.97 ± 0.19 g/week, respectively. The final 
treatment, the on-demand acoustic automatic feeder (AQ1), 
produced the highest growth rate of 2.46 ± 0.15 g/week.  

In using the Bayesian random-effect model, one treatment 
is treated as a "control" which will be used as the main 

comparison against other treatments. In this analysis, 
treatment of 4x feeding frequency was used as a control 
because it is a common feeding frequency used in 
aquaculture industry practice [17]. Based on Figure 3, the 
results of statistical inference show that of all the feeding 
frequency treatments, only the AQ1 treatment has a 
significant effect (P <0.05), indicated by the range of the 
credible interval (CrI) line which inside the range of 0.415 - 
1.07 (marked in green) and does not intersect the x = 0 line 
or line-of-no-effect. The 1x to 36x treatments have a credible 
interval (CrI) line span that crosses the line-of-no-effect. This 
indicates that there is no significant influence. 

 

 
Figure 2 Growth rate based on feeding frequency 

 

 
Figure 3 Forest plot of growth rate based on feeding frequency 
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Based on Figure 4, the lowest shrimp survival rate is 
found in on-demand feeding (AQ1), which is 72.61 ± 
14.74%. The survival rate from treatments 1x to 5x show no 
significant difference, with values of 78.3 ± 1.3%, 76.15 ± 
10.61%; 76.69 ± 14.41%, 79.72 ± 12.38% and 80.84 ± 
6.96%, respectively. Then, at the 6x feeding frequency, the 
survival rate decreased to 74.9 ± 17.67%. At 10x feeding, the 
highest survival rate was 94.24 ± 6.1%, then it decreased 
slightly to 90.15 ± 1.77% at a feeding frequency of 12x. The 
subsequent addition of the feeding frequency at 36x and AQ1 

on-demand system resulted in a drastic reduction in survival 
rates of 77.6 ± 13.04% and 72.61 ± 14.74, respectively.  

Based on the Forest plot in Figure 5, there was no 
significant difference in the frequency of feeding on the 
survival rate of white shrimp (P> 0.05). This is indicated by 
the range of the credible line intervals in each treatment that 
intersects the line-of-no-effect. However, the statistical 
inference is not too conclusive. The overall credible interval 
for survival data is relatively wide, with the widest interval 
found in the 36x treatment (-44.0, 30.4), which reduces the 
reliability of the inference.  

 

 
Figure 4 Survival based on feeding frequency 

 

 
Figure 5 Forest plot of survival based on feeding frequency 

 
   
The feed conversion ratio (FCR) between treatments of 

feeding frequency can be seen in Figure 6. Treatment 1x 
gives an FCR of 1.71, followed by a decrease in the 
efficiency of feed use in treatment 2x, with an FCR of 2.08, 
and then a further decrease to 1.95 on treatment 3x before 

spiking to the highest FCR of 2.30 at treatment 4x. 
Furthermore, along with the increase in feeding frequency, 
the FCR decreased, from 1.98 in treatment 5x to 1.83, 1.74, 
1.19 then reaches the lowest point or the most efficient use of 
feed in treatment 36x with an FCR of 0.99. In treatment 
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AQ1, the use of feed was still classified as very efficient, 
with an FCR of 1.11. 

Although the inter-treatment FCR data showed quite a 
contrast, especially the FCR of treatments 12x, 36x, and 
AQ1 compared to other treatments, the statistical inference 
did not show a significant difference (P> 0.05). It can be seen 
from the Forest plot in Figure 7 that none of the treatments’ 
credible intervals intersect nor cross the line-of-zero-effect. 
Similar to the Forest plot results for survival data, the overall 
credible interval range in the FCR Forest plot data is still too 
wide to provide reliable inference. The reason being is that 
the FCR at 36x treatment (0.99) is very far compared to 4x 

treatment or control treatment (2.3), but there was no 
significant difference from statistical analysis. 

However, the credible interval at 36x treatment is still too 
wide (-1.48, 1.56) to conclude. In short, for the time being, 
the initial hypothesis regarding the effect of feeding 
frequency on FCR was rejected because the statistical 
analysis did not show any significant difference. If the 
analysis was to be carried out with a larger sample and with 
low heterogeneity, it would be possible to see a significant 
difference, especially in the 36x, AQ1, and 12x treatments, 
where the FCR difference was visible compared to the 4x 
treatment. 

 

 
Figure 6 FCR based on feeding frequency 

 

 
Figure 7 Forest plot of FCR based on feeding frequency 

 
 

3.2. Feeding Frequency’s Relation to Whiteleg 
Shrimps’ Endogenous Factors 

Most organisms exhibit biological rhythms, which are 
adaptive strategies, for them to adapt certain physiological 
processes to occur at the most favorable moments [18]. The 

dark/light cycle is one of the environmental factors that most 
influence the formation of biological rhythms of organisms. 
Biological components generate these rhythms called 
pacemakers, which consistently express the pattern of origin 
even though the organism has been isolated from 
environmental influences [19]. 
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The experiment conducted by Santos et al. [20] was based 
on the premise that white shrimp also have an endogenous 
circadian rhythm that is influenced by the light/dark cycle. 
After being observed, the endogenous rhythm of shrimp is 
that they tend to be more active in the dark phase or at night 
after 19:00, or in other words, they are nocturnal animals. 
The percentage of locomotion and feeding activities 
conducted in a day was 67.7 ± 2.5% and 81.9 ± 2.3% of 
those activities were performed at night.  

As evidence that feeding activity on white shrimp is more 
effective at night, Santos et al. [20] measured the amount of 
feed consumed during daytime and nighttime. It can be seen 
from the graph that the total daily feed intake at night was 
1.1 ± 0.2 g/day in the dark phase compared to 0.2 ± 0.1 g/day 
in the light phase. Based on these findings, it was concluded 
that in the endogenous rhythm of white shrimp, most of the 
feeding activity occurs at night. 

Another finding regarding the feeding rhythm of white 
shrimp was reported by Hernandez-Cortes et al. [21], where 
white shrimp were fed once every 2 hours for 5 days to see 

the pattern of feed consumption in a day. For 5 days a 
consistent pattern was found, the peak of feed consumption 
by white shrimp occurred from 20.00 to 24.00. Within this 
range, the amount of feed consumed reached 30.4% of the 
daily intake. 

If we review the eight primary literature, it can be seen 
that the feeding schedule which includes the dark phase (6:00 
to 24:00) results in a higher growth rate when compared to 
the feeding schedule which only covers the light phase (6:00 
to 18:00). Based on the illustration of the feeding schedule 
applied by the eight primary literature (Figure 8), shrimp fed 
until the dark phase produced a minimum growth of 0.65 
g/week which was obtained from treatment 2x by 
Aalimahmoudi et al. [22] and a maximum of 2.49 g/week 
from the AQ1 treatment by Reis et al. [23]. On the other 
hand, shrimp fed only during the light phase showed a low 
growth rate with a minimum value of 0.44 g/week from 
treatment 3x by Zainuddin et al. [24] and a maximum value 
of 0.91 g/week from treatment 3x by Carvalho & Nunes [25]. 

 

 
Figure 8 Growth rate comparison of with and without dark phase feeding 

   
 
This phenomenon correlates with the findings of 

Hernandez-Cortes et al. [18] and Santos et al. [20] who 
showed that most of the feeding activities of white shrimp 
occur at night. Feeding only in the light phase is not 
following the endogenous rhythm of feeding white shrimp, 
hence the literature that applied that feeding schedule lacks 
optimal shrimp growth. The feeding schedule does not, 
however, appear to produce a strong effect on the survival 
rate and FCR data. According to these findings, it can be 
concluded that to optimize the growth rate of white shrimp, 
the feeding schedule must include the peak period of white 
shrimp feeding activity, which is around 20:00 to 24:00. 

The experiment of Xu et al. [26] reported that feeding 
frequency affects the activity of digestive enzymes, 
specifically proteases, carbohydrases, and lipases. As the 
feeding frequency increased from 3 times, 6 times to 12 
times a day, there was a significant increase in proteases in 
the stomach. The increase in enzymatic activity will certainly 
increase the effectiveness of digestion and absorption of 
nutrients, which are the basic ingredients for growth, showed 
by the increase in the growth rate of the feeding treatment 3 
times to 12 times per day [26]. 

It is also worth mentioning that FCR is also influenced by 
increased enzymatic activity, as observed by Xu et al. [26], 
where the FCR decreased from 1.39; 1.30 to 1.19 at feeding 
frequencies of 3, 6, and 12 times/day, respectively. The main 

6:0 0 18:00 24:0 0 Jam

Feeding  6:0 0  – 18:0 0  

Min: 0 ,44 g/mingg u (Za inuddin e t al., 20 19)

Ma ks: 0 ,91 g /minggu (Ca rva lho & Nunes, 20 09)

Feeding 6:00  – 2 4:0 0  

Min: 0 ,65 g/mingg u (Aa lima hmoudi et al., 2016)

Ma ks: 2,49, g /minggu (Re is e t al., 2020)
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FCR data (Figure 6) also displays a trend of FCR decline 
from 4x to 36x treatment. Thus, it can be concluded that the 
optimization of growth rate and FCR can be done by 
increasing enzymatic activity to increase nutrient absorption 
by increasing the feeding frequency to 36x or by applying an 
on-demand system (AQ1). 

3.3. Relation between Whiteleg Shrimps’ 
Exogenous Factors and Feeding Frequency 

At a glance, DO parameters from all analyzed literature 
fall into the DO range that is adequate for shrimp needs, 
ranging from 4 mg/L to 6.9 mg/L. However, treatment AQ1 
from one of the primary literature [27] reported an acute drop 
in DO (<3 mg/L) occurring about 25 times per examination 
in the early morning. Lack of data and explanations for how 
long DO values last throughout the night before being 
checked in the morning makes it difficult to draw definitive 
conclusions regarding the effect of the low DO. The authors 
mentioned that one repetition of the AQ1 treatment had to be 
discontinued at week 11 because they DO levels reached 
lethal levels and the mortality rate was too high. According 
to Cheng et al. [28], hypoxia or sub-optimal DO levels in 
water (1 - 5 mg/L) will inhibit shrimp growth because 
feeding behavior and feed-to-meat conversion efficiency are 
not as intense as under normal DO conditions. Hypoxia is 
reported to reduce the total haemocyte count (THC) which 
elevates shrimps’ sensitivity and susceptibility to various 
types of pathogens [28]. 

Apart from DO, a contrasting temperature parameter 
discrepancy is found in one of the primary literature. The 
experiment by Nery et al. [29] took the second-lowest 
position with a growth rate of 0.57 g/week. When compared 
with other experiments, this discrepancy could be caused by 
several factors such as the location of the culture pond which 
was located indoors, and the culture water temperature which 
averaged 24.8 ± 0.7 °C throughout the experiment, while the 
water temperature of other experiments ranged from 27.69 
°C [25] up to 30.2 ± 1 °C [30]. These findings are important 
to highlight because, according to Wyban et al. [31], the 
growth performance of L. vannamei is very sensitive to small 
changes in temperature. In addition, the optimal temperature 
(the temperature that produces the best growth) of L. 
vannamei is size-specific, where the optimal temperature for 
small size (<5 g) is around 30 °C, and for larger shrimp it is 
between 27 °C, whereas 23 °C was rated as sub-optimal for 
all shrimp sizes [31]. If Nery et al. [29] optimized the 
temperature parameter in the experiment, an increase in 
shrimp growth performance can be predicted. 

Experiments by Zainuddin et al. [24] occupied the lowest 
position, with a growth rate of only 0.44 g / week. This 
phenomenon may be related to the low levels of crude 
protein (CP) in the feed used in the experiment. All primary 
literature except Zainuddin et al. [24] applied pellet feeds 

with CP levels ranging from 32% to 40%. In fact, according 
to Lee & Lee [32], the optimal CP levels for whiteleg shrimp 
growth in juvenile, sub-adult, and adult phases were 34.5%, 
35.6%, and 32.2%, respectively. 

Feed leaching is the phenomenon where the nutritional 
content of the feed dissolves and dissipates into the water 
due to being submerged for too long. According to Carvalho 
& Nunes [25], the loss of CP content from feed leaching 
peaks between two and three hours after the feed is 
submerged, reaching a maximum of 6.91%. Despite this, 
findings by Smith et al. [33] showed that the loss of CP of 
15% after submerging the feed for 4 hours had no significant 
impact on growth. Moreover, the effect of feed leaching was 
expected to be more pronounced under more culture-
intensive conditions, where there are no flocs or natural food 
sources present [25]. 

In retrospect, the trend in FCR shown in Figure 6 is 
decreasing trend as the frequency of feeding increases, 
especially after treatment 4x. The decrease in FCR or the 
increase in feed efficiency is thought to be influenced by the 
increase in the consumption of relatively fresh feed due to 
reduced feed leaching during this short feeding period [34]. 
The reason is, in the treatment of low feeding frequency such 
as 1x to 4x, the percentage daily feed portion given at each 
feeding time is more than that of the high feeding frequency 
treatments. For example, in the 1x treatment because the 
feeding is only once, the feeding covers 100% of the total 
daily portion, then for the 2x treatment because the feeding is 
done twice, each provision amounts to 50% of the total daily 
portion, and so on. The implication is that at lower feeding 
frequencies, the shrimp will leave a lot of uneaten feed, 
which will eventually be lost through leaching because it 
only has a limited capacity to digest food in the first hour 
[35]. This has been shown to increase FCR and also slow 
down the growth rate. Meanwhile, by dividing the portion 
into smaller feeds that are more frequent according to the 
GPT of white shrimp, the FCR and growth rate will be 
optimized. 

The culture system certainly has a positive impact on the 
growth performance of white shrimp, in this case in terms of 
food supply. For example, in the 6x feeding frequency 
treatment, the culture system in the experiment of Xu et al. 
[26] is a biofloc, so even though the interval between feeding 
is quite long, shrimp have an alternative source of food in the 
form of flocs to compensate the nutritional needs. In the 
treatment of the same feeding frequency, Aalimahmoudi et 
al. [22] implemented feeding at 3-hour intervals. This is 
because the culture system applied is not biofloc but flow-
through and water quality control is carried out by changing 
the water by as much as 20% per day. The implication is that 
the impact of feed leaching is more visible because there is 
no alternative feed source [25]. As a result, the absorption of 
feed nutrients in shrimp in the experiment of Aalimahmoudi 
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et al. [22] was not optimal and the growth rate was affected 
(0.88 g/week), compared to Xu et al. [26] which resulted in a 
growth rate of 1.67 g/week (Figure 9). Experiments by 
Ullman et al. [27] also use a biofloc system based on zero 

water discharge, and the growth rate can reach 1.89 g/week. 
This is different from Carvalho & Nunes [25] in which a 
conventional flow-through system was applied.

  

 
Figure 9 Growth rate of treatment 6x 

 
  
 
Tacon et al. [9] reported that ponds undergo rapid 

development of microbial food chains, starting from the 
growth of autotrophic microbial communities characterized 
by the appearance of a greenish color in the water. It then 
turns into heterotrophic communities that appear in the water 
in the form of suspended particles or "floc". The composition 
of the floc is reported to include bacteria, algae, diatoms, 
flagellates, ciliates, amoebae, rotifers, nematodes, and 
gastrotrich. Some findings by Moss et al. [36] stated that the 
organisms in the floc were not only an alternative source of 
nutrition but also had a positive impact on enzyme activity 
and the microbiome of the digestive tract of shrimp. In 
addition, the stomach is the first digestive organ to pass by 
food after the mouth, so the production and secretion of 
enzymes by biofloc microorganisms may contribute to the 
increased activity of protease and amylase enzymes in the 
stomach [29, 37]. Thus, it can be concluded that the biofloc 
culture system can optimize the overall growth performance 
of shrimp. 

3.4. Optimizing Feeding Frequency 

Overall AQ1 treatment is the best feeding system because 
it not only adjusts the best feeding frequency for shrimp but 
also the amount of feed. Bador et al. [38] found that in 
considering both endogenous factors (circadian rhythm, 
molting, etc.) As well as exogenous factors (temperature, 
salinity, etc.), fluctuations in the amount of feed consumption 
were observed. Therefore, applying fixed feeding frequency 
and feed portions throughout the entire cycle of production 

potentially jeopardizes the growth rate, survival, and FCR of 
shrimps. The on-demand system guarantees the best feed 
efficiency without having to perform difficult calculations by 
relying on acoustic sensors, especially in the involvement of 
endogenous and exogenous factors that are difficult to 
control. If a simulation of whiteleg shrimp production is 
carried out for one cycle (90 days) at a stocking density of 
100 individuals/m2 by considering the parameters of growth 
rate, survival rate, and FCR of all feeding frequency 
treatment, the projected gross profit (only feed cost 
deduction) can be seen in Table 3. 

Based on these projection results, the most profitable 
production is yielded by treatment AQ1, with a gross profit 
of Rp. 133,563,737 per unit area of 0.1 ha. Although the 
additional costs of the AQ1 feeder and sensor equipment 
have not been accounted for (around Rp. 6 million per unit), 
0.1 ha of pond area only requires 1 unit, so the resulting 
profit remains superior. The valuation of shrimp produced by 
AQ1 treatment is very high because the shrimp prices in the 
market are not equal for all sizes, but each size has its price 
(the latest shrimp size prices can be seen on the app.jala.tech 
page). For example, shrimp harvested at 10 g would be 
priced at Rp. 51,000 per kilogram, whereas at 11 g it would 
be priced at Rp. 52,000 and at 12.5 g it would be priced at 
Rp. 55,000. For the size of the shrimp harvest produced by 
the AQ1 treatment (31.57 g), the market is valued at Rp. 
85,000 per kilogram. Therefore, although AQ1 treatment 
shows the lowest survival parameter (72.61%), on a larger 
scale it produces the largest profit.
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Table 3 Projection of gross profit based on feeding frequency treatments 

 
 
   

4. Conclusion 

Based on the discussion that has been carried out, several 
conclusions can be drawn from this literature review: (1) the 
most optimal feeding frequency (P <0.05) for the growth rate 
of whiteleg shrimp (L. vannamei) is feeding with the on-
demand system (AQ1), (2) the feeding frequency did not 
have a statistically significant effect on the survival of 
whiteleg shrimp (L. vannamei) (P> 0.05), (3) the feeding 
frequency did not have a statistically significant effect on 
shrimp FCR (L. vannamei) (P> 0.05), and (4) the most 
optimal feeding frequency for white shrimp production on an 
industrial scale is the on-demand system (AQ1). 
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