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Abstract. Formulation of nanoencapsulation using variations in the mass of 

Pelawan stem extract at (A) 0.15; (B) 0.25; and (C) 0.35 g combined with 

the addition of 0.5% PCL (Polycaprolactone) and Tween 80. Based on the 

analysis, the resulting nanocapsule sizes were 559.2, 447.2, and 297.0 nm, 

respectively, indicating that the nanoencapsulation of Pelawan stem 

extract has achieved nanoscale dimensions. The polydispersity index (PI) 

values for Pelawan stem extract formulas A, B, and C were 0.645, 0.687, 

and 0.476, respectively. Formula C has a PI value of less than 0.5, indicating 

that nanocapsules in formula C are more uniform. Formula C was the best 

formulation, with the smallest size and lowest PI. The Pelawan stem 

extract, rich in phenolic compounds, packaged in nanocapsule form 

through a simple nanoencapsulation process, holds potential as a future 

nutraceutical product.  
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Introduction 

 One of the flagship plants from Bangka 
Belitung is the Pelawan tree (Tristaniopsis 
merguensis Griff.). Based on our previous re-
search, the leaves and stems of the Pelawan tree 
contain high levels of polyphenols. The leaves are 
rich in secondary metabolites such as alkaloids, 
phenol hydroquinones/tannins, and flavonoids 
[1]. The total phenolic content of the Pelawan 
tree was found to be 215.22 mg GAE/g dry ex-
tract, with strong antioxidant activity, as evi-
denced by an IC50 value of 22.1454 μg/mL [2]. 
The stem, on the other hand, contains a total 
phenolic content of 176.37 mg GAE/g dry extract, 
and the methanol fraction of T. merguensis stem 
has a total flavonoid content of 9.85 mg QE/g dry 
extract [3]. The high phenolic content and strong 
antioxidant activity make this flagship plant of 
Bangka Belitung highly promising as a nutraceuti-
cal or herbal medicine. 

 Nutraceuticals (foods or food compo-
nents that provide medical or health benefits, 
including disease prevention and treatment) 
have become increasingly important in facing 
challenges such as the COVID-19 pandemic. Poly-
phenolic compounds act as antioxidants, helping 
to neutralize free radicals generated by environ-
mental factors, viruses, or carcinogenic foods. 
Recent studies suggest that polyphenolic com-
pounds from natural products could serve as fu-
ture treatments for diabetes by regulating glu-
cose metabolism through various pathways, such 
as restoring beta-cell integrity, enhancing insulin 
release, and increasing cellular glucose uptake, 
thus improving insulin resistance [4]. 

 However, phenolic and polyphenolic 
compounds found in Pelawan, such as gallic acid 
(1), 3,4,5-trimethoxyphenyl-(6'-O-galloyl)-O-β-D-
glucopyranoside (2), p-OH benzoic acid, gallic 
acid, and 3,4-di-OH benzoic acid, are known to 
be unstable [5]. This instability is caused by fac-
tors such as oxygen, pH changes, temperature, 
light, and inefficient packaging  [6-7] which can 
reduce the effectiveness and efficiency of phe-
nolic or polyphenolic compounds for use in 
nutraceuticals. 

 To enhance the stability of active com-
pounds and protect them from environmental 
degradation, nanoencapsulation technology has 
emerged as an effective alternative in recent 
years [7]. Encapsulation is a process where a core 

substance is coated with a protective material to 
form a capsule. Nanoencapsulation offers dual ben-
efits: it protects bioactive compounds from degra-
dation and improves the solubility and bioactivity of 
active compounds due to their nano size [8]. Encap-
sulation technology also enables controlled release 
of active ingredients and protection of sensitive 
components from degradation [9]. 

 The encapsulating material used in the pro-
cess must be non-toxic and should not react with 
the core material [10]. Both natural and synthetic 
polymers can be used as encapsulating agents, in-
cluding acacia, albumin, alginate, polymethyl meth-
acrylate, ethyl cellulose, maltodextrin, and polyvinyl 
alcohol [11]. One of the challenges is to develop an 
encapsulating material suitable for the specific char-
acteristics of plant extract compounds. In this study, 
the natural polymer PCL (polycaprolactone) was 
chosen as the encapsulating material [12]. Thus, this 
research focuses on developing nanoencapsulation 
of phenolic compounds from the stem extract of 
Pelawan (Tristaniopsis merguensis Griff.), paving the 
way for its future potential as a nutraceutical prod-
uct. 

 

Experimental 

 Sample Preparation. Tristaniopsis merguen-
sis Griff stems were collected from Kimak Village, 
Bangka. The samples were sun-dried and ground 
into a dry powder, ready for extraction. 

 Extraction. One kilogram of the dried stem 
powder was macerated using a solvent polarity gra-
dient in stages. Initially, the non-polar solvent n-
hexane (10 L) was used for 3x24 hours. The filtrate 
was collected and evaporated using a rotary evapo-
rator, while the remaining powder was extracted 
with the semi-polar solvent ethyl acetate (10 L) for 
3x24 hours. Finally, extraction continued with the 
polar solvent methanol for 3x24 hours. The filtrates 
from each solvent were concentrated using a vacu-
um rotary evaporator until dry extracts were ob-
tained. 

 Nanoparticle Encapsulation Preparation. 
For the PCL solution, 1.5 g of PCL was dissolved in 
15 mL of chloroform and stirred until fully dissolved. 
Then, a 0.5% tween 80 solution was prepared by 
diluting 10 mL of 10% tween with 80 mL of distilled 
water in a 100 mL volumetric flask, topping up with 
distilled water to the mark. The extract in three vari-
ations (0.15 g, 0.25 g, and 0.35 g) was mixed with 15 
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mL of PCL solution and 50 mL of 0.5% tween 80. 
The mixture was homogenized for 1 hour at 4500 
rpm. Then, the solution was sprayed into 250 mL 
of distilled water under stirring at 900 rpm for 1 
hour. The final step involved filtering the solution 
using a Buchner funnel and filter paper, followed 
by drying at room temperature overnight [13]. 

 Nanoparticle Encapsulation Characteri-
zation. The particle size of the encapsulated na-
noparticles was measured using a Particle Size 
Analyzer (PSA). The best formulation was further 
analyzed for particle size measurement (Abadi, 
2021), and functional group characterization was 
performed using FT-IR. 

 

Result and Discussion 

 In this study, the nanoencapsulation of 
Pelawan stem extract was performed using the 
nanoprecipitation method, which has proven to 
be the most effective for encapsulation. The ini-
tial phase of the nanoencapsulation process, 
shown in Figure 1, involved emulsification of PCL, 
Pelawan stem extract, and 0.5% tween 80. The 
use of PCL, a synthetic polymer coating, helps to 
control the release of active compounds. In addi-
tion, the coating serves as a structural compo-
nent to protect the extract during encapsulation. 
PCL is hydrophobic but dissolves easily in volatile 
solvents like chloroform [13]. 

 

 

 

 

 

Figure 1. Nanocapsules of Pelawan Stem Extract 

 The differences in the mass variation of 
Pelawan stem extract in formulas A, B, and C affect-
ed the particle size and encapsulation efficiency. 
Tween 80 was used as an emulsifier to stabilize the 
emulsion formed during the encapsulation process 
[14]. Research by Kemala et al.  [15] showed that 
0.5% tween 80 produced the highest encapsulation 
efficiency in PCL, with a value of 43.5%. 

 The formed emulsion solution was then dis-
persed to create droplets of the encapsulant. This 
dispersion was done through a spraying method to 
ensure that the capsules do not agglomerate and to 
prevent phase separation. The spraying process al-
lows the organic solvent, chloroform, to quickly 
diffuse into the water and evaporate. The emulsion 
was sprayed into the stirred distilled water. Once 
stirring was stopped, the formed encapsulants 
settled at the bottom of the container. Droplets re-
maining in the solution for extended periods can 
lead to lower encapsulation efficiency. Afterward, 
the mixture was dried [13]. The nanoencapsulation 
process is illustrated in Figure 2.  

 Based on Figure 2b., the nanoencapsulation 
system shows that the nanocapsules consist of an 
outer head group, formed by the ether group of 
PCL, and a tail group, composed of an ester group 
surrounded by Tween 80. The head is hydrophilic, 
while the tail of the PCL is hydrophobic, interacting 
with Tween 80 to form a stable capsule. This cap-
sule protects the hydrophobic core material, which 
is the Pelawan stem extract. The core material does 
not react with the coating, ensuring that the active 
properties of the core remain unchanged after 
nanoencapsulation [16]. 

PSA analysis was performed using a Particle 
Size Analyzer (PSA) instrument to determine the 
particle size of the nanoencapsulated Pelawan stem 
extract. Particle size is crucial in the encapsulation 
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Figure 2. Illustration (a) Nanocapsulation Process (b) Nanocapsulation System (He et al., 2018) 
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system. The PSA analysis results of the nanoen-
capsulation of Pelawan stem extract are present-
ed in Table 1. 

The characterization results of the nano-
encapsulation of Tristaniopsis merguensis stem 
extract, as presented in Table 1, show significant 
differences in particle size and polydispersity in-
dex (PI) among Formulas A, B, and C. Generally, 
the particle sizes obtained from these formulas 
fall within the nanoparticle range specified in the 
literature, i.e., between 10-1000 nm [17], indi-
cating that the nanoencapsulation process was 
successful. Formula A yields an average particle 
diameter of 559.5 nm, whereas Formula B pro-
duces a smaller average diameter of 447.2 nm. 
Formula C, using the highest mass of stem ex-
tract (0.35 g), results in the smallest nanocapsule 
diameter, averaging 297.0 nm. Smaller nanocap-
sule sizes are generally preferred as they in-
crease the surface area available for interaction 
with biological environments, potentially enhanc-
ing the bioavailability of active compounds. 

The polydispersity index (PI) is an im-
portant parameter indicating the uniformity of 
particle size distribution in the encapsulation sys-
tem. A PI close to 0 signifies a uniform particle 
distribution, while a PI close to 1 indicates a 
more heterogeneous distribution. Formula A has 
a PI of 0.645, while Formula B shows a PI of 
0.687, indicating that both formulas result in less 
uniform particle distributions. In contrast, For-
mula C has the lowest PI at 0.476, indicating a 
more uniform particle distribution. A PI < 0.5 re-
flects a high-quality encapsulation with more 
consistent particle sizes [16]. 

Based on these results, Formula C, with a 

stem extract mass of 0.35 g, is considered the opti-
mal formula due to its smallest particle size and the 
most uniform particle distribution. Smaller particle 
sizes and lower PI values indicate that Formula C is 
more effective for nanoencapsulation. Additionally, 
nanocapsules with smaller sizes and more uniform 
distributions are typically more stable and effective 
in protecting and releasing active compounds in a 
controlled manner. Based on the FT-IR characteriza-
tion, the formulated nanocapsules exhibit several 
functional groups that are coated by the PCL poly-
mer and emulsifier. The FT-IR results are presented 
in Figure 3 and Table 2. 

Based on Figure 3 and Table 2, the wave-
numbers and functional groups in all three formula-
tions are quite similar. Notably, a peak at 3456 cm-1 
is observed in formulation C, indicating the presence 
of hydroxyl (OH) groups. This is attributed to the 
higher concentration of the Tristaniopsis merguensis 
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Formula 
Diameter (nm) Polydispersity Index (PI) Nanocapsule Size Criteria 

(nm) [17] 
repetition x̄ repetition x̄ 

A 

517,3 

559,5 

0,584 

0,645 

10- 1.000 

596,2 0,697 

565 0,653 

B 

472,9 

447,2 

0,753 

0,687 452,3 0,687 

416,4 0,622 

C 

299,5 

297,0 

0,5 

0,476 292,4 0,479 

299,1 0,449 

Table 1. Results of PSA Analysis of Tristaniopsis Merguensis Stem Extract Nanocapsules 

Figure 3. FT-IR Spectrum of Tristaniopsis 
merguensis Stem Extract Nanocapsules  
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stem extract in formulation C. Overall, all three 
formulations exhibit functional groups associated 
with aliphatic CH, CH2, and CH3 groups, as shown 
in Table 2. These functional groups predominant-
ly originate from the polycaprolactone (PCL) and 
Tween 80. Additionally, the presence of an ali-
phatic ketone (C=O) group is noted at 1722 cm-1, 
which is characteristic of the polymer matrix. The 
ether (C-O) group is present at 1150 cm-1, which 
is a key component of Tween 80 and also present 
in the extract. Lastly, the peak at 1609 cm-1 indi-
cates the presence of alkenic (C=C) groups, which 
could be derived from both the extract and 
Tween 80. 

 

Conclusion 

 Nanocapsules containing Tristaniopsis 
merguensis stem extract have been successfully 
developed with formulations A, B, and C using 
extract masses of 0.15 g, 0.25 g, and 0.35 g, re-
spectively. The resulting sizes were 559.5 nm, 
447.2 nm, and 297.0 nm. 
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