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Hydrophobic membranes often have fouling problems; thus, surface modification is
required to increase membrane hydrophilicity. This can be achieved by the addition of
materials containing hydrophilic groups, such as dragon blood resin (DBR). This study
aims to identify the properties of DBR that are critical for the modification of
hydrophobic membranes. The DBR used is a grade A resin from the species
Daemonorops draco Blume. DBR was characterized by analyzing its functionalities,
morphology, elemental composition, surface charge and antimicrobial activity. The
results show the presence of hydroxyl groups, including O-H, C-O and C=0 functions,
along with the elemental composition of oxygen, nitrogen and silica, as well as a negative
charge (-44.42 mV). These are expected to contribute positively to the improved
hydrophilicity of the membrane. However, DBR does not exhibit antibacterial activity
against E. coli, therefore the addition of DBR is limited to enhance antifouling properties
of membranes. The results are useful as a primary knowledge for the modification of
hydrophobic membranes based on biomaterial.

1. INTRODUCTION

Dragon blood resin (DBR) is a traditional medicine derived

Daemonorops spp., also known locally as Jernang, is a plant
species found in various regions, including Aceh, Jambi, and
Kalimantan in Indonesia. The resin has shown

from various plant species. DBR comes from various endemic
plant taxa in different regions around the world, namely
Dracaena (Agavaceae), which originates from Central Asia
and North Africa; Daemonorops (Palmae) from Southeast
Asia, Malaysia, and Indonesia; Croton (Euphorbiaceae) in the
Amazon basin region of South America; and Pterocarpus
(Leguminosae) in India [1-4]. It has been used in traditional
medicine systems worldwide for over 1000 years, including
Arabic medicine, African medicine, and traditional Chinese
medicine [5]. The resin is known for its medicinal properties,
such as wound healing, pain relief, and anti-inflammatory
effects [6].
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Figure 1. Chemical component of DBR
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pharmacological activities, including antimicrobial, antiviral,
anti-inflammatory, and antitumor  properties [7-9].
Additionally, the resin extract has been found to contain
secondary metabolites such as flavonoids and phenolic
compounds [4, 7, 10]. The shape of the tree, fruit, resin, and
the chemical structure of the DBR component can be seen in
Figure 1 [11].

Phenolic compounds are naturally occurring substances
found in plants that have antioxidant and pro-oxidative
properties [12]. Phenolic compounds are classified into
various groups based on their structural elements and the
number of aromatic rings [13, 14]. These groups include
simple phenols, phenolic acids, flavonoids, xanthones,
stilbenes, lignans, and more. They are characterized by the
presence of a hydroxyl (-OH) group attached to an aromatic
ring [15]. Flavonoids are a class of naturally occurring
compounds that are widely distributed in plants. They are
characterized by a flavone structure, which consists of two
aromatic rings linked by a three-carbon chain containing an
oxygen atom [16]. Phenolic acids are a class of compounds
that contain a phenolic ring with one or more carboxylic acid
groups (-COOH) attached to it [17]. Meanwhile, Dracorhodin
is ared pigment, it is a type of anthocyanin, which is a subclass
of flavonoids [18].


https://orcid.org/0009-0007-9127-1285
https://orcid.org/0000-0001-5865-4769
https://orcid.org/0000-0001-5077-2867
https://orcid.org/0000-0001-7292-6046
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/ijdne.190106&domain=pdf

These groups have the potential to increase membrane
hydrophilicity through reactions with hydrophobic polymers
[19]. In chemical modification, the polymer membrane is
altered through the formation of new chemical bonds.
Membrane modification is primarily related to the introduction
of functional groups into the membrane, such as carboxylates
(-COOH), amines (-N), hydroxyls (-OH), thiols (-SH),
epoxides, and aldehydes [20, 21]. This modification can be
achieved by adding additives to the membrane matrix. The
hydrophilicity of the polymer membrane will increase, leading
to a decrease in surface roughness and an increase in charge
properties [22, 23]. When DBR is combined with a membrane
dope solution as an additive, some of its components can
remain in the polymer matrix and induce hydroxyl and polar
compounds to increase hydrophilicity. As a result, it can
increase permeability and anti-fouling properties. Hydrophilic
surfaces readily induce the formation of a hydration layer at
the membrane-water interface. The hydration layer repels
foulants, which are usually hydrophobic on the membrane
surface [24, 25].

As described above, DBR may have potential as a
membrane additive. Therefore, in order to validate this
hypothesis, this study analyzed the important characteristics of
DBR, including functional groups, morphology, elemental
composition, particle charge, and antibacterial activity. Each
characteristic is always related to the potential of DBR as a
membrane modifier agent. The results can be used as a basic
knowledge for increasing membrane hydrophilicity by bio
additive.

2. METODOLOGY
2.1 Material

The material used in this research was dragon blood resin
from the Daemonorops draco Blume species, obtained from
farmers in the Kab. Bireuen, Aceh Province, Indonesia (Figure
2). Based on literature, DBR from Aceh has the highest
dracorhodin content [9]. The DBR used is DBR Grade A,
which is obtained by dry extraction. The resin was extracted
by farmers and was available in powder form. We purchased
it and did not purify this material. Prior to characterization, we
reduced the particle size with a mortar and pestle, then sieved
with 100 mesh. N-methyl-2-pyrrolidone (NMP) and
ciprofloxacin as a control solution were also used to
antibacterial analysis.

Kab. Bireuen

Figure 2. Location where the sample was taken
(https://maps.app.goo.gl/9h7DXTuiSkImwfga9)

2.2 Experimental

DBR characterization includes analysis of functional groups,
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morphology, elemental composition, particle charge, and anti-
bacterial activity. Analysis of DBR functional groups using the
Fourier Transform Infrared (FTIR, PerkinELmer Inc)
instrument. The IR spectrum is measured in the wave number
range 650 - 4000 cm™'.

Analysis of the DBR particle charge using the Zeta Potential
instrument (Malvern Zetasizer Nano ZSP). A total of 0.05
grams of DBR was dissolved in 25 mL of distilled water to
make a colloidal solution. Then a small amount of the solution
is entered into the zeta cell. Zeta potential readings were
carried out 9 times and the average value was taken. Zeta
measurements were carried out at neutral pH.

SEM-EDS device (Phenom ProX, Thermo scientific, Japan)
was used to visualize the surface morphology of each
membrane and analyze elementals. The DBR antibacterial
activity test used two methods, which are total plate count
(TPC) and disc diffusion Kirby Bauer method. The TPC
method is carried out by observing the number of E. coli
bacteria that grow on agar media that has DBR solution spread
over its surface. Meanwhile, the Kirby Bauer disc diffusion
method is carried out by observing the inhibition zone that
forms between discs that have been soaked in DBR solution.

3. RESULT AND DISCUSSION
3.1 FTIR

Figure 3 shows FTIR spectra obtained for the identification
of DBR chemical bonds. The C-H stretching of the alkene
bond can be identified at peaks 697, 755, 825, and 2944 cm!.
Subsequently, peaks in the range of 1050-1310 cm™ are
associated with the C-O stretching in the carboxyl group,
specifically esters. Peaks at wave numbers 1452 and 1498 cm’
! correspond to the double bond C=C (aromatic ring), while
those at 1603 and 1740 cm™! indicate C=0 groups. Meanwhile,
the peak at 3292 cm! signifies the O-H group of carboxylic
acid.
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Figure 3. FTIR spectra of dragon blood resin

The detected chemical bonds in the spectrum suggest the
presence of three main elements in the DBR molecular
structure: C, H, and O. These findings are consistent with
previous reports, where DBR contains several components
such as dracorhodin, biflavonoids, polysaccharides, flavans,
dicoflavans, abietic acid, and dammaradienol [26]. All of these
components have the chemical formula CxHyOx. Similar



results have also been reported by studies [27, 28], using DBR
obtained from different species. Following these outcomes,
DBR as a new bio-additive in membrane matrices can provide
carboxyl and phenol groups, both of which are hydrophilic,
thereby potentially enhancing the wetting properties of DBR-
containing membranes.

3.2 SEM-EDX

In this study, red resin (DBR) from the genus Daemonorops
was utilized (Figure 4a). Although internationally known as
'Dragon Blood Resin', this substance does not originate from
actual dragon's blood but is instead extracted from the fruit of
rattan through a simple extraction process. SEM analysis
results revealed non-uniform particle sizes and shapes
(amorphous) (Figure 4b). The observed microscopic structure
resembled that of coral, featuring small cavities (Figure 4c).
Elemental analysis results (Figure 5) demonstrated several
DBR components, including carbon (C = 53.8%), oxygen (O
= 34.1%), nitrogen (N = 8.2%)), silica (Si = 1.7%), potassium
(K =1.4%), and calcium (Ca = 0.8%). Thus, it can be deduced
that the highest composition of DBR originates from carbon
and oxygen components, corroborating the FTIR spectrum
readings. DBR is composed of hydrophobic segments due to
its carbon content, causing it to be sparingly soluble in water.
Nevertheless, DBR also possesses hydrophilic segments due
to the presence of oxygen, nitrogen, and silica, which are
expected to positively contribute to enhanced hydrophilicity of
the membrane.
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Figure 5. EDS spectrum of DBR
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3.3 Zeta potential

Zeta potential is an analysis employed for determining the
surface charge of particles in colloidal solutions. Particles with
a positive zeta potential will interact with negatively charged
surfaces, and vice versa. Zeta potential values typically range
from +100 to -100 mV. The magnitude of the zeta potential

51

provides insights into particle stability, with higher values
indicating an increased potential for electrostatic repulsion.
Particles with zeta potential values ranging from > +25 mV to
<-25 mV usually exhibit high levels of stability [29, 30]. The
zeta potential analysis results for DBR are presented in Table
1, indicating an average value of -44.42 mV. The negative
value suggests that DBR possesses antifouling properties, as
organic pollutants in water commonly carry a negative charge.

Table 1. Zeta potential result of DBR

Run T ZP Mob Cond

Time (°C) (mV) (pmem/Vs) (mS/cm)
1 25,0 -42,6 -3,343 0,0139
2 25,0 -41,8 -3,273 0,0249
3 25,0 -38,3 -3,003 0,0140
4 25,0 -47,3 -3,711 0,0174
5 25,0 -49,1 -3,852 0,0142
6 25,0 -43,5 -3,409 0,0241
7 25,0 -47,0 -3,684 0,0153
8 25,0 -42,5 -3,328 0,0173
9 25,0 47,7 -3,741 0,0152

Average ZP -44.42 mV

3.4 Antibacterial analysis

3.4.1 Total Plate Count (TPC)

The TPC method involved mixing a solution of DBR with
a solution of E. coli, and the mixture was then cultured on agar
media. For this test, a 99.5% NMP solution was used as a
negative control, and a ciprofloxacin solution (at a certain
concentration) was used as a positive control. Treatment using
a positive control aims to compare the pattern of inhibition and
the ability of the antibacterial activity of the sample to inhibit
the test bacteria. The choice of using NMP as a negative
control was since DBR is low solubility in aqueous media and
requires an organic solvent for dissolution. The DBR sample
was prepared by dissolving 1 gram of DBR powder in 50 mL
of NMP. Different ratios between DBR and E. coli were
applied to observe the concentration-dependent effect of DBR
on inhibiting E. coli growth. The tested DBR solutions
included ratios of 1:1 and 9:1 (sample: E. coli), as well as
ciprofloxacin solutions. The incubation temperature was set at
37°C for 24 hours. The results of the antibacterial activity test
using the TPC method are quantitatively summarized in Table
2 and qualitatively in Figure 6.

Ratio 1:1
Negative control

Ratio 9:1

Positive control

Figure 6. Illustrates the growth visualization of E. coli
bacteria in each sample



Based on the results presented in Table 2 and Figure 6, it is
evident that the 99.5% NMP solution exhibits a remarkably
strong antibacterial activity, even rivaling ciprofloxacin,
which serves as the positive control. Related studies on the use
of NMP as an antimicrobial gel have shown that NMP
possesses a good antibacterial activity in inhibiting the growth
of S. aureus, E. coli, and C. albicans. The antibacterial
property of NMP improves with increasing concentration,
except when it is below 20%. This is attributed to NMP's
ability to dissolve lipids in cell membranes and induce
membrane damage in microorganisms [31, 32]. An interesting
finding arises from the antibacterial activity test of DBR, as
indicated in Table 2, where no E. coli bacteria grew under both
ratios. However, qualitatively, Figure 6 shows bacterial
growth on the agar medium. To confirm the type of bacteria
that grew, microscopic observations were conducted using
light microscopy (Figure 7).

Table 2. The data of the total bacterial plate count test results
in the DBR samples

E. coli (CFU/mL)

No. Sample Ratio 1:1,V=0.5 Ratio 9:1, V=10.5
Run 1 Run 2 Run 1 Run 2
1 Control - 2 1 -
Control + 2 1 0 0
3 DBR 0 0 0 0

Figure 7. Morphology of bacteria that grew in the DBR
sample

Based on the analysis of morphological features, it has been
determined that the type of bacteria that grew belongs to the
Bacillus group. Bacillus is a genus of rod-shaped bacteria that
are Gram-positive and commonly found in soil and water.
Several types of Bacillus bacteria are undesirable, such as B.
cereus, which can cause food spoilage in canned products and
lead to rapid food poisoning. However, there are also
beneficial Bacillus species like B. subtilis, which is used in
antibiotic production. It is suspected that the presence of
Bacillus on the agar medium, where the DBR and E. coli
solutions were spread, is due to common laboratory culture
contaminants (which also affected Louis Pasteur's
experiments). These bacteria can form spores that remain
inactive under adverse environmental conditions. These
endospores can survive for extended periods, being resistant
to heat, chemicals, and sunlight, thus having a high likelihood
of prolonged survival [33-35]. Based on these findings, it is
still uncertain whether the appearance of Bacillus is a result of
specific compounds present in the DBR.

3.4.2 Disk diffusion

In addition to the TPC testing, the disc diffusion method
was also employed to support the argumentation. The method
used was the Kirby Bauer disc diffusion method using E. coli
ATCC 25922 with a McFarland standard turbidity of 0.5. The
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analysis was conducted on two samples with different storage
time. For DBR 1, NMP was used as the solvent, while for DBR
2, an aqua-bides was employed. The incubation temperature
was set at 37°C for 24 hours. The quantitative testing results
are summarized in Table 3 for DBR 1 and Table 4 for DBR 2.
The visualization of inhibition zones for both samples can be
seen in Figure 8.

Table 3. Inhibition zones in DBR first sample

Concentration Inhibition Zones (mm)

No. Sample o Run  Run  Run
(o) 1 2 3
Control -
1 (NMP) - 6.48 6.55 6.69
2 Control + 0.1 2470 2441 2430
1 0 0 0
3 DBR 5 0 0 0
10 0 0 0
Table 4. Inhibition zones in DBR second sample
. Inhibition Zones (mm)
Concentration
No. Sample (%) Run Run Run
1 2 3
Control -
1 (Aqua- - 0 0 0
bides)
2 Control + 0.1 28.60 2851 28.65
10 0 0 0
3 DBR 25 0 0 0
50 0 0 0

Figure 8. Inhibition zones of DBR

In the antibacterial activity testing, the formation of clear
inhibition zones around the discs immersed in the samples was
observed. The results confirmed that NMP possesses
antibacterial properties, while the DBR additive does not. No
inhibition zones were formed in both DBR samples. Initially,
during the testing with DBR 1, the assumption was that the
lack of antibacterial activity might be due to the extended
storage time, which could indicate expired material. However,
this argument was refuted by the second testing using fresh
DBR samples. In the second testing, an aqueous solution was



used as the solvent to avoid the antibacterial influence of NMP.
Nonetheless, the results obtained showed no difference;
inhibition zones did not form even when the DBR
concentration was increased to 50% (w/w).

DBR consists of various chemical compounds, one of which
is phenol and dracorhodin. This compound is responsible for
enhancing the antibacterial properties of DBR. The most
reasonable possibility for the lack of antibacterial activity in
DBR is that the two active compounds are inhibited due to the
non-purification. Although "Grade A" DBR is used to obtain
antibacterial activity, DBR still requires post-treatment to
remove impurities in it. Khairan et al. [36] reported that DBR
could inhibit bacterial growth after maceration in n-hexane
solvent for 5 days. Therefore, these results indicate that DBR
powder does not have confirmed antibacterial activity.
Consequently, DBR has no potential as a membrane modifier
to enhance anti-biofouling properties. However, the possibility
of such potency still exists if DBR is subjected to post-
treatment such as maceration to remove impurities.

4. CONCLUSION

In this research, DBR has been successfully characterized
and reviewed for its potential as a membrane additive. The
results show that this additive contains carboxyl and phenol
groups, both of which are hydrophilic, and has an amorphous
morphology. Supported by zeta potential analysis which has a
negative value, namely -44.52 mV, where DBR has the
potential to provide electrostatic repulsion with foulants which
generally have a negative charge. These two characteristics
show the prospect of DBR as a membrane additive with the
aim of increasing hydrophilicity as well as anti-fouling
properties. The results of the study suggest that DBR is a
promising membrane additive for antifouling purposes.
However, this potential is limited to the control of organic
foulants, such as humic acid, and inorganic foulants, such as
heavy metals. Due to the lack of antibacterial activity in DBR
resin powder, its addition proves insufficient to significantly
inhibit bacterial growth in microorganism-containing foulants.
Consequently, DBR requires post-treatment for effective
antibiofouling applications. Further research is required to
better understand the effect of DBR addition on hydrophobic
membrane modification.
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