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Abstract: Old palm oil trunk waste produces sap water which is currently being 
developed only for the production of brown sugar. Palm oil trunk waste sap has great 
potential as another material. This study conducted the synthesis of bacterial cellulose 
from palm sap and conducted a characterization test of bacterial cellulose from the palm 
sap. This study is classified as qualitative research with laboratory research methods. The 
results of the study showed the success of palm sap as a bacterial cellulose material, with 
an optimal formation time on the 10th day with a thickness of 2.5 cm and an absorption 
capacity of 137.5 g/g. The FTIR test results showed specific functional groups of 
cellulose, namely OH at the peak of 3290 cm-1, aromatic C-C bonds at the peak of 1561 
cm-1, CO bending bonds at the peak of 1399 cm-1 and H stretching vibrations with CO 
bonds at the peak of 1072 cm-1 and a closed chain was seen at the fingerprint peak. The 
SEM test showed a branched pellicle morphology that was bound long and strong. 
Mechanical tests showed an elongation at breaking load of 25.841%. XRD tests showed 
specific characteristics of pure cellulose at diffraction peaks of 14.20 and 15.40. 
  
Keywords: Bacterial cellulose; Characteristics; Innovation; Material; Palm sap 

  

Introduction  
 
The government issued Minister of Finance 

Regulation (PMK) Number 62 of 2024 to increase the 
competitiveness of Indonesian palm oil products in the 
global market. The replanting process will be carried out 
on oil palm plants whose productivity has declined 
(Harsono et al., 2021; Romiyadi et al., 2024). This old oil 
palm trunk waste is usually only stockpiled to be used 
as fertilizer or even wasted (Veronika et al., 2019; 
Selamat et al., 2019). Technological developments have 
begun to utilize palm trunk waste as furniture material 
(Agustira et al., 2019). Since 2018, approximately 
489,214.56 hectares of oil palm plantations have 
undergone the replanting process annually. This 
produces approximately 48.9 million m3 of oil palm 
trunks per year (Wulandari et al., 2019; Efendi et al., 
2017). 

In addition to being used as fertilizer and wood 
material, palm oil waste also has other great potential 

that is still little utilized, namely the sap produced by the 
palm oil trunk (Rinaldi et al., 2022). Palm oil trunk waste 
produces sap water which is currently being developed 
only for the production of brown sugar. The sap water 
from palm oil trunk waste has great potential as another 
material. The sap produced from palm oil trunks is 
usually used to make brown sugar, even though the sap 
produced is quite a lot. One palm trunk that is over 15 
years old produces 3-15 L of sap per day for 2-3 months. 
This result depends on the quality of the palm trunk 
(Widyaningsih et al., 2023). The palm sap produced by 
the apical meristem (tip of the trunk) contains water 
(88.4%), protein (0.41%), fat (0.71%), ash content (0.38%), 
and sugar (10%) and organic acids. The sugar content of 
palm sap consists of sucrose (27%), glucose (71%), and 
fructose (2%) (Indraningtyas et al., 2023). Palm sap has a 
pH of 6.0-6.5, has a fragrant, sweet and colorless odor 
(Dutta et al., 2019). With its characteristics, this palm sap 
can be processed into a material for making fermented 
products and a growing medium for Acetobacter 

https://doi.org/10.29303/jppipa.v12i5.12725
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xylinum by polymerizing glucose into cellulose which 
forms a thick pellicle on the surface (nata) (Irham et al., 
2023; Muddasar et al., 2022). 

The use of hydrogel in agriculture is a potential 
technology currently in achieving superior agricultural 
yields. Plant cellulose is commonly used as a hydrogel 
constituent (Saragih et al., 2025). Bacterial cellulose has a 
higher level of purity than plant cellulose because 
bacterial cellulose has an Iα structure compared to plant 
cellulose which has an Iβ structure. Bacterial cellulose is 
purer because it does not contain lignin, pectin, and 
hemicellulose as found in plant cellulose (Irham et al., 
2021). In addition to having pure cellulose, bacterial 
cellulose from palm sap also has biocompatible, 
biodegradable, porous properties (Santosa et al., 2022; 
Irham et al., 2020), nano-sized, namely 100-40,000 nm, 
hydrophilicity, toxicity (Irham et al., 2023), has high 
tensile strength and is easy to store (Jelita et al., 2024; 
Gun’ko et al., 2017). With its characteristics, this palm 
sap-based bacterial cellulose can be used as a superior 
material in the manufacture of slow-release potassium 
fertilizer (SRKF) hydrogel (Priya et al., 2024; Nuraini et 
al., 2020). 

 

Method  
 
The stages of this research can be described in the 

following diagram. 
 

 
Figure 1. Flow of the research conducted 

 

Collection of Palm Sap   
After the palm tree has been felled for 3-7 days, the 

growing point of the stem (tuber) is cleaned. The shoots 
are crushed and holes are made for the sap to escape. A 
collection bucket that has been treated with 
metabisulphite solution is placed under the buds of the 
oil palm trunk. Closed to prevent dirt from entering 
during the sap collection process. The sap obtained is 
collected for research material. 
 
Synthesis of Bacterial Cellulose  

The container used for bacterial cellulose synthesis 
was sterilized. The palm sap was filtered. 1 liter of palm 
sap was heated. Add 10 g of ammonium sulfate. Add 20 
g of glucose and stir until homogeneous. Add acetic acid 
to reach a pH of 4. Pour into a sterilized container. Cool 
to 30 ± 2 °C. Add 200 mL of Acetobacter xylinum starter. 
Store for 7-13 days. The formed bacterial 
pellicle/cellulose was rinsed with running water. The 
bacterial cellulose was soaked in a 1% NaOH solution 
for 24 hours. Bacterial cellulose can be used for the next 
stage (Choi et al. 2022; Sulaeva et al., 2020). 
 
Characterization of Bacterial Cellulose 

After the cellulose has been successfully 
synthesized, the next step is to characterize the bacterial 
cellulose, including absorption capacity testing, 
morphology testing (SEM), functional group analysis 
(FTIR), crystallinity testing (XRD), and mechanical 
testing (tensile testing) (Irham et al., 2025). 
  

Result and Discussion 
 
Collection of Palm Sap  

Palm sap was obtained from the oil palm plantation 
of PT. Havea Indonesia in Dolok Masihul District, 
Serdang Bedagai Regency, North Sumatra, which is 
undergoing replanting. The sap collection process was 
carried out using a tapping method. 

After the oil palm trees were felled for 3-7 days, the 
growing points of the trunks were cleaned to allow the 
sap to collect in the trunks (Rinaldi et al., 2022). The 
trunks were tapped and perforated to allow the sap to 
escape (Widyaningsih et al., 2023). A collection bucket 
filled with metabisulfite solution was placed under the 
trunks of the oil palms. This metabisulfite solution was 
intended to slow the sap fermentation process. It was 
covered to prevent contamination during the sap 
collection process. The obtained sap was collected for 
research. The stages of this research are shown in Figure 
2. 

Palm sap produced by the apical meristem (tip of 
the stem) contains water (88.4%), protein (0.41%), fat 
(0.71%), ash content (0.38%), and sugar (10%) and 
organic acids. The sugar content of palm sap consists of 
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sucrose (27%), glucose (71%), and fructose (2%) [9]. Palm 
sap has a pH of 6.0-6.5, has a fragrant, sweet and 
colorless odor [10]. With its characteristics, this palm sap 
can be processed into a material for making fermented 
products and a growing medium for Acetobacter 
xylinum by polymerizing glucose into cellulose which 
forms a thick pellicle on the surface (nata) (Irham et al., 
2023). 

 

  
(a) (b) 

Figure 2. Collection of palm sap (a) freshly harvested from oil 
palm plants, (b) sap ready for use 

 
Synthesis of Bacterial Cellulose 

Synthesizing bacterial cellulose from palm sap, all 
containers used were first sterilized. This is because 
cellulose can grow in sterile containers, and conversely, 
bacterial cellulose cannot grow in non-sterile containers 
(Zhu et al., 2021; Li et al., 2021). Researchers carried out 
the sterilization process in two ways: for glass 
containers, the sterilization process was carried out in an 
autoclave (figure 3.a), while plastic tray containers were 
sterilized by heating them over a flame (figure 3.b) 
 

  
(a) (b) 

Figure 3. Container Sterilization Process (a) glass jar 
container, (b) plastic tray container 

 
The sap collected from the palm trunk is 

immediately used for bacterial cellulose synthesis within 
12 hours, before the palm sap ferments. The resulting 
palm sap is filtered through a cloth filter to remove any 
coarse impurities that may have accumulated in the 
collected sap. 

Heat 1 liter of palm sap, add 10 g of ammonium 
sulfate, 20 g of glucose, and acetic acid to a pH of 4, then 

stir until homogeneous. Pour into a sterilized container, 
cool to 30±2°C, add 200 mL of Acetobacter xylinum 
starter, and store for 7-13 days. 
  

 
Figure 4. Palm bacterial cellulose synthesis process 

 
The resulting bacterial pellicle/cellulose is rinsed 

with running water, then soaked in a 1% NaOH solution 
for 24 hours. The bacterial cellulose can then be used in 
the next step. 
 

 
Figure 5. Rinsing of palm bacterial cellulose 

 
In the process of bacterial Cellulose synthesis, 

Uridine diphosphate glucose (UDP-Glc) acts as a 
precursor to convert glucose into glucose-6-phosphate 
(Glc-6-P), and then converts glucose-6-phosphate into 
glucose-1-phosphate (Glc-1-P) catalyzed by the enzyme 
cellulose synthase (Vermette et al., 2023; Gorgieva et al., 
2022). Next, each β-1-4 glucose molecule rotates 180 
degrees to the adjacent molecule, producing 
intermolecular hydrogen bonds, and polymerizes into a 
single linear β-1,4-glucan chain inside the bacterial body 
(Kiflay et al., 2023; Ulfa et al., 2023). The glucan chain is 
extruded out of the bacterial cytoplasmic membrane 
through a series of macropores along the cell axis on the 
surface of the bacterial body. The glucan chain gathers 
together outside the cell envelope, first gathering into 
nanofibers with a width within a certain measuring 
range, then small nanofibers into long nanofibers (Wu et 
al., 2024). 

The surface of the film was found to consist of many 
intertwined strings that produce a network-like 
structure formed from overlapping fine fibrils forming 
layers of randomly oriented cellulose ribbons. Ultrafine 
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ribbons of microbial cellulose, ranging in length from 1 
to 9 μm, form a dense reticulated structure, stabilized by 
extensive hydrogen bonding. The degree of 
polymerization of bacterial cellulose ranges from 2000 to 
6000 and can even reach 20000 while the degree of 
polymerization of plant cellulose ranges from 13000 to 
14000 (Ginting et al., 2023; Aswini et al., 2020). Nata that 
was formed and had been washed with NaOH and 
running water, was referred to as bacterial cellulose 
(sample BC) (Galdino et al., 2020; Guzel et al., 2019). 

 
Characterization of Bacterial Cellulose 
Absorption Capacity Test 

The absorption capacity test was conducted by 
weighing the dried bacterial cellulose and recording its 
mass. The cellulose was then soaked in distilled water 
for 24 hours. The bacterial cellulose was then weighed 
again and its mass recorded. 

 
Table 1. Results of Bacterial Cellulose Absorption 
Capacity Test 
Sample Wt (g) Wo  (g) Absorbs (g/g) 

(
Wt−Wo

Wo
)  

A 18 0.13 137.5 
B 17.88 0.14 126.7 
C 17.5 0.13    133.62 
Mean        133.606 

 
The water absorption capacity of bacterial cellulose 

is related to its crystallinity and amorphous index. The 
higher the crystallinity index, the fewer water molecules 
can physically interact with it. Conversely, the lower the 
amorphous index, the fewer water molecules can 
physically interact with it (Campano et al., 2025). To 
verify the crystallinity and amorphous index, the next 
step is to conduct X-ray diffraction (XRD) tests on the 
samples. 
 
Morphology Test 
 

 
Figure 6. Morphology test of palm bacterial cellulose 

 

Bacterial cellulose pellicles form a network of long, 
branched fibers that are tightly bound to each other, 
proving that the bacterial cellulose in this sample 
contains pure cellulose (Campano et al., 2025). Bacterial 
cellulose (BC) has pores with a pore diameter that is very 
useful for controlling chemicals, especially the process of 
absorbing bioactive substances in the desorption process 
(Irham et al., 2021). 

 

Functional Group Analysis (FTIR) 
FTIR spectra analysis of Bacterial Cellulose (BC 

sample), can be seen functional groups that are 
characteristic of the presence of bacterial cellulose, 
namely the peak at 3290.13 cm-1 indicates the hydrogen 
bond OH. The peak at 1561.05 cm-1 indicates the 
presence of aromatic C-C bonds, the peak at 1398.68 cm-
1 indicates the bond C-O bending, and the peak at 
1072.28 cm-1 indicates the stretching vibration of H with 
the bond C-O (Irham et al., 2020). In the FTIR test of this 
bacterial cellulose, an absorption peak is seen in the 
fingerprint region which indicates that this compound is 
cellulose that has a closed chain. 
 

 
Figure 7. Functional group analysis of palm bacterial cellulose 

 
Crystallinity test 
 

 
Figure 8. Crystallinity test 

 
The XRD pattern of bacterial cellulose showed a 

characteristic peak at 2θ around 22°, which corresponds 
to the (200) crystal plane of the cellulose type I structure. 
This peak indicates the presence of a crystalline phase in 
the sample. However, peak broadening and a relatively 

Position [°2Theta] (Copper (Cu))

10 20 30 40 50 60 70 80

Counts

0

100

200

300

400

 Bc



Jurnal Penelitian Pendidikan IPA (JPPIPA) Volume 12, Issue 5, 811-818  
 

815 

high background intensity were still observed, 
suggesting the existence of amorphous regions within 
the bacterial cellulose structure. The coexistence of 
crystalline and amorphous phases is commonly found in 
biosynthesized bacterial cellulose and is influenced by 
the purification process as well as subsequent material 
treatments (Irham et al., 2025).  

The cellulose structure indicated by the diffraction 
peaks in the range of 220 and 230 is characteristic of 
native cellulose (cellulose 1) (Saragih et al., 2025). 
Therefore, it can be concluded that the cellulose 
produced in this study is native cellulose, or cellulose 1. 

 
Table 2. Interpretation of X-Ray Diffraction (XRD) Data for Cellulose Materials 
2θ (°) Crystal Field Interpretation Information 

~14–16 (1̅10)/(110) Cellulose structure I Typical peak of cellulose I 
~22–23 -200 Main crystalline phase BC dominant peak 
~34 -4 Ordering Crystal Low intensity 
Broad hump Amorf Irregular area Shows amorphous structure 

Mechanical Test 
The mechanical test results on the bacterial 

cellulose samples are shown in Figure 9 and Table 3, 
which are load-elongation graphs. The graphs show a 

25.9% decrease in elongation at break for the Bacterial 
Cellulose sample (sample PBC). The high tensile 
strength of bacterial cellulose is a result of 
intramolecular and intermolecular hydrogen bonding. 

 
Table 3. Mechanical Test of Palm Bacterial Cellulose 

 Load kgf Max point  Elongation at Break Young’s Mpa 

Max avarage Break ponit avarage Stress MPa %  

PBC 6.8 2.75 11.3 25.9 43 

 
Figure 9. Mechanical test of palm bacterial cellulose 

 

Conclusion  

 
Palm sap was successfully used as a substrate 

material in synthesizing bacterial cellulose. Bacterial 
cellulose obtained from palm sap has good 
characteristics, namely having a thickness of 1-2.5 cm, 
with an average absorption capacity of 133.6 g / g. The 
results of the FTIR test proved that this bacterial 
cellulose has specific cellulose functional groups, 
namely OH, aromatic C-C bonds, CO bending bonds, H 
stretching vibrations with CO bonds and closed chains 
are visible at the fingerprint peak. The SEM test showed 
a branched pellicle morphology with long and strong 

bonds. The mechanical test showed an elongation of the 
breaking load at 25.9%. The XRD test showed Semi-
crystalline structure, medium–high crystallinity, 
dominated by cellulose I, still contains a natural 
amorphous phase resulting from biosynthesis. 
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