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ABSTRACT 
In nanoparticle technology, particles or globules on the nanometer scale have 
unique physical properties compared to particles at larger sizes, especially in 
improving the quality of delivery of drug compounds. The use of cork fish (Channa 
striata) in this research is because cork fish is a freshwater fish easily found in 
Indonesia and has economic value. In this case, cork fish protein hydrolysate found 
in meat proved to be an α-glucosidase inhibiting agent. The study aims to find the 
formulation and describe Chitosan-PEG nanoparticles' characterization based on 
Cork fish (Channa striata) Protein Hydrolysate.  Chitosan was synthesized by the 
ionic gelation method, in which Chitosan was added with 1% acetic acid—then 
stirred for approximately 3 hours. Then added STPP and the chitosan 
nanoparticles above are entered with PEG 4000, and PEG 6000 compared to PEG 
and chitosan nanoparticles is 1:3. The encapsulation of hydrolysate with chitosan 
nanoparticles was carried out using the inclusion complexation method by 
combining fish hydrolysate and chitosan nanoparticles of 1:2 (v/v). The chemical 
bond between PEG and Chitosan was evaluated by Fourier-transform infrared 
(FTIR) spectroscopy within the wavenumber range of 450-4000 cm-1. The sample 
was attached to 10 mm-diameter SEM stubs using two-sided adhesive tape. Gold-
palladium was used to coat the specimens via the plasma deposition method, and 
SEM was operated at 20 kV accelerating voltage. Images were analyzed and 
recorded at 3,000-10,000 x magnification. The structure and particle size of the 
microencapsulated phycocyanin were obtained after freeze-drying. The use of 
nano chitosan in membrane technology emphasizes the novelty of the present 
work. Thus, this research results in a novel combination of membranes prepared 
using nano chitosan as the significant component, polyethylene glycol as the pore 
former in various ratios. The formation of the composite membranes was 
characterized using FT-IR. The studies determined the thermal stability, and SEM 
and TEM analysis showed its morphology. It could be concluded that the 
membranes prepared using PEG in different ratios have been blended well, which 
was confirmed by FT-IR spectroscopy. The study revealed that all the membrane 
ratios showed good thermal stability. In particular, the membranes e) exhibited 
high thermal stability. Also, protein hydrolysate of all the prepared membrane 
ratios indicated good miscibility and good compatibility between the polymers. 
From SEM analysis, it was observed that the two specific membranes were porous 
and showed uniformity and also found to be uneven and rough. From SEM 
analysis, it was observed that Nanoparticle chitosan-PEG showed that the 
irregularly shaped round nanoparticle vesicles. Thus, the membranes were very 
well supported by analytical studies such as FT-IR, SEM, and TEM. 
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INTRODUCTION 
The prevalence of DM sufferers is 2.1 (1). The mechanism 
of DM drugs in reducing blood glucose levels is by 
inhibiting glucose absorption or α-glucosidase inhibitors. 
However, this drug has side effects if consumed for an 
extended period (2). Besides, the administration of oral 
antidiabetic drugs can cause side effects. On the other hand, 
taking too many drugs is bad for the body, especially the 
organs of excretion such as the liver and kidneys, because 
they contain many chemicals (3).Therefore the need for 
drugs with new technology to expand the surface area so 
that the maximum absorption of the drug. 
In nanoparticle technology, particles or globules on the 
nanometer scale have unique physical properties 
compared to particles at larger sizes, especially in 
improving the quality of delivery of drug compounds (4). 
Nanocapsule antidiabetic drugs with nanotechnology have 

the advantage of having a tiny size of 10-9 so that the 
resulting surface area is more extensive. This size causes 
the drug to have a larger distribution to increase 
bioavailability, which shows the ability of medicine to be 
adopted and to the target. So it will be more effective in 
reducing glucose levels in the blood. 
The ability of nanoparticles to increase the bioavailability 
of drugs with low solubility in systemic circulation has 
been demonstrated to apply to delivery applications, 
including oral (5–7). Increasing the number of drugs in the 
blood in systemic delivery will increase the risk of side 
effects and adverse effects, to the chance of achieving toxic 
levels (8). Increased levels of drugs in the blood are 
essential for prescriptions to be able to cause 
pharmacological effects. Therefore, nanoparticles provide 
a suitable solution because they can give pharmacological 
effects at smaller (efficient) doses (6,9). 
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The flexibility of nanoparticles combined with other 
technologies makes it easier to do formulations by 
combining with biopolymers. The biopolymer used is 
chitosan-PEG. The use of chitosan-PEG biopolymers is 
because the amount of Chitosan in Indonesia is abundant 
with an economical selling price. In addition, chitosan-PEG 
has a high absorption efficiency, can open inter-cell latches 
(tight junctions) on the intestinal membrane temporarily 
(10) through the mechanism of Claudin-4 protein 
translocation (Cldn4), Zonnula occludens-1 (ZO-1), and 
Occludin from the cell membrane to the cytosol (11,12), so 
it is very potential for oral application. 
Chitosan-PEG nanoparticle technology used fish protein 
hydrolysate found in cork fish meat (Channa striata). The 
use of cork fish in this medicine is because cork fish is a 
freshwater fish easily found in Indonesia and has economic 
value. In this case, cork fish protein hydrolysate found in 
meat proved to be an α-glucosidase inhibiting agent. The α-
glucosidase inhibiting agent is an oral antidiabetic therapy 
agent that can help maintain blood glucose levels in the 
normal range, especially after eating (13). In research 
testing, amino acid composition and protein potential of 
cork fish related to inhibition of α-glucosidase activity in 
cork fish meat, cork fish hydrolysate used as an antidiabetic 
drug have the most excellent inhibitory power of the α-
glucosidase enzyme at 74%. This amount is far greater than 
the value of inhibiting the activity of α-glucosidase from 
fermented isolates and cork fish fermentation isolates. 
Therefore, "Utilization of Technology Nanoparticles-PEG 
Based cork fish Hydrolysate Solution for Diabetes Mellitus 
Treatment Solution Type 2" studies to produce antidiabetic 
drugs from nanoparticle technology based on hydrolyzed 
cork fish protein (Channa striata), where nanocapsules 
encapsulate the compound from chitosan-PEG as a 
treatment for patients with Type 2 Diabetes Mellitus in the 
future. 
Experimental  
Materials and procedure  
Chitosan, acetic acid (CH3COOH), sodium 
tripolyphosphate (STPP), aquades, PEG 4000,  and PEG 
6000.  
Research tools used are glass that is commonly used in the 
laboratory, stirrer, centrifuge, freeze-drying, analytical 
balance, FTIR (Shimadzu-Fourier Transform Infrared), 
SEM (Scanning electron microscopy), and TEM 
(Transmission electron microscopy). 

Active components extraction of cork fish hydrolysate  
The active component of pineapple with ethanol 85% to 
make the bromelain enzyme. And then, 10% bromelin 
enzyme mixed with 50-gram cork fish flour into 100 mL 
aquades. And then, the mixed solution was incubated in 
the oven at 55oC for 6 hours.  
Chitosan-PEG nanoparticles 
Chitosan was synthesized by the ionic gelation method, in 
which Chitosan was added with 1% acetic acid-then 
stirred for approximately 3 hours. Then added STPP and 
the chitosan nanoparticles above are entered with PEG 
4000, and PEG 6000 compared to PEG and chitosan 
nanoparticles is 1:3.  
Encapsulation of cork fish hydrolysate in Chitosan-PEG 
nanoparticles 
The encapsulation of hydrolysate with chitosan 
nanoparticles was carried out using the inclusion 
complexation method by combining fish hydrolysate and 
chitosan nanoparticles of 1:2 (v/v). 
Fourier-transform infrared spectroscopic analysis 
The chemical bond between PEG and Chitosan was 
evaluated by Fourier-transform infrared (FTIR) 
spectroscopy within the wavenumber range of 450-4000 
cm-1.  
Scanning electron microscopic analysis  
The sample was attached to 10 mm-diameter SEM stubs 
using two-sided adhesive tape. Gold-palladium was used 
to coat the specimens via the plasma deposition method, 
and SEM was operated at 20 kV accelerating voltage. 
Images were analyzed and recorded at 3,000-10,000 x 
magnification.  
Transform electron microscopic analysis 
The structure and particle size of the microencapsulated 
phycocyanin were obtained after freeze-drying.  
  
RESULTS AND DISCUSSION 
FTIR spectra analysis of Chitosan  
IR spectroscopy is an excellent method used extensively 
for the qualitative analysis in which the chemical nature of 
a substance such as chemical bonds, molecular 
orientations, molecular energy levels, and molecular 
interactions (14)  can be assessed by identifying specific 
absorption peaks for particular groups (15). Hence each 
blend has been analyzed using FT-IR, and the possible 
interactions between the functional groups in a polymer 
blend were studied. 

 

 
Fig 1. FTIR Spectra of nanochitosan, nanochitosan PEG 4000 3%, and nanochitosan 6000 3% 
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Fig 2. FTIR Spectra of nanochitosan, nanochitosan PEG 4000 1%, and nanochitosan 6000 1% 

 
FTIR spectra of chitosan residues showed a broad 
absorption band at 3399 cm-1 indicating the OH stretching 
vibration band. The differences occur after the 
deacetylation step, in which there are changes in the 
absorption spectrum at 1651.2 cm-1 from stretching of 
C=O. The ranges (Figure 1) showed a shift of C=O 
absorption from 1412.48 cm-1 to 1567.8 cm-1 and 
decreased N-H absorption band in the CONH group at 
1560 cm-1 in Chitosan. It also showed a new appearance 
of a weak absorption at 1555 cm-1. 
The FTIR characterization results showed a broad 
absorption of 3500 cm-1, centered at 3400 cm-1, indicates 
the absence of OH OH bonds free of intra and 
intermolecular hydrogen –OH bonds caused by the CH2OH 
hydroxyl group relationship. Still, in nano chitosan-PEG, 
there are OH OH bonds. A new bond was found in the nano 
chitosan bond, namely the C-O-C group, whereas in the 

PEG 4000 1% sample, the same group was located at 1230-
1270 cm-1. 
FTIR results also show the role of acid in Chitosan. The 
FTIR profile showing absorbance similar to each other 
shows the part of acids in chitosan nanoparticles' reaction 
preparation. Intra-and intramolecular non-binding acids 
as in the 2005 Bodnar study with di- and tri-carboxylic 
acids. The FTIR graph does not show the formation of new 
polymers as in the 2008 Moura study. The absence of new 
polymers means that Chitosan does not polymerize with 
acids. It can be concluded that acids only act as proton 
donors, which dissolve Chitosan. 
SEM analysis  
A scanning electron microscopy is a handy tool to 
characterize the membrane's surface morphology (16) 
and investigate the structure of polymeric integrally 
skinned membrane (17). 

 

   

 a) b) c) 
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Figure 3. Surface morphology of a) nano chitosan, b) nano chitosan-PEG 4000 1%, c) nano chitosan-PEG 4000 based on 

protein hydrolysate of Channa striata, d) nano chitosan-PEG 6000 1%, e) nano chitosan-PEG 6000 based on protein 
hydrolysate of Channa striata 

 
Figure 3a) shows the surface morphology of nano 
chitosan. The cross-sectional morphology of the blend 
membranes was observed using SEM and shown in 
Figures a)-e). The membranes' surface helps to identify the 
membrane's significance in the mechanism of selectivity 
and permeability. The surface of all the prepared 
membranes clearly showed the asymmetric nature and 
roughness, and porous structure. The shape and structure 
were related to the additive concentration and 
composition in the casting solution (18). Thus, the sample 
b) and d) were more porous with more PEG content 
showing small multiple uniform voids than other samples. 
The result was similar to other studies mentioned (19) the 
increasing PEG concentration causes the formation of 
greater macrovoids and more porous structures due to the 
intensification of thermodynamic instability of the casting 
solution by PEG. 

Moreover, the number of pores and pore sizes depends on 
the pore-forming agent PEG, which leaches out of the 
gelation bath's surface during the phase separation 
process (20). However, the pore size of membranes was 
reduced with high PEG content in the blend solution due 
to the reduced leachability of PEG during gelation because 
of strong interactions of PEG with protein hydrolysate 
(21). Hence the membranes can facilitate the filtration 
process efficiently. 
TEM analysis  
TEM (Transmission Electron Microscopy) is a microscope 
technique where electrons are transmitted through ultra-
thin specimens, interacting with passed samples. TEM 
analysis can see magnifications with high resolution above 
500000 times to crystals or columns of atoms or 
molecules.  

 

 
Figure 4. surface morphology of nano chitosan 

d) e) 
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Figure 5. surface morphology of a) nano chitosan-PEG 4000 1%, b) nano chitosan-PEG 4000 based on protein hydrolysate of 
Channa striata, c) nano chitosan-PEG 6000 1%, d) nano chitosan-PEG 6000 based on protein hydrolysate of Channa striata 

 
Polymers are chain molecules with recurrent monomer 
combined molecules. The repetition of these monomers 
makes polymers have robust and unique chemical 
properties. Biopolymers are described as polymer 
molecules that have biocompatibility in biological systems. 
Biopolymers have been widely used as biomaterials in 
biomedical products, primarily as a drug delivery system 
material. The use of biopolymers as ingredients in this 
drug formulation in general for several reasons, which are 
inert to active ingredients but compatible to be combined 
and have unique characteristics, for example in the use of 
various sugar polymer derivatives (22), can form tissues 
so that they can develop as a carrier system in the form of 
particle matrices (23,24), beads (25,26), or patches (27) 
for example HPMC, PLGA, pectin, alginate, and Chitosan, as 
well as having a sizeable functional group that allows 
binding of drug molecules in sufficient quantities to the 
system as a whole or can be said to have high absorption 
efficiency. This analysis shows that the nano chitosan 
particles produced have an almost uniform size and are 
relatively small. The particle size of nanoparticles 
obtained from Chitosan is in the range of 0.6-0.9 nm, with 
an average length of 0.8 nm, as shown in Figure 4. 
The results of observations with the Transmission 
Electron Microscope (TEM) nanoparticle-PEG showed that 
the irregularly shaped round nanoparticle vesicles. The 

micrograph of the TEM results can be seen in Figure 4. The 
vesicles' polar portion is shown in black, while the 
transparent or colorless amount indicates a non-polar 
compound. The manufacturing method influences the 
shape of vesicles; in some previous studies, the shape of 
particles produced was spherical and uniform. However, 
in this study, the form of the resulting vesicles was 
irregularly rounded. This result needs to be developed in 
further research to find other manufacturing methods to 
produce better vesicle shapes.  
As a future study, we need to perform Thermogravimetry 
and Differential scanning calorimetry (TG-DSC) studies for 
further characterization of these nanoparticles and also 
need more research to apply these formula of Chitosan-
PEG Nanoparticles based on Cork fish (Channa striata) 
Protein Hydrolysate to expand the surface area so that the 
maximum absorption of the Type 2 diabetes drugs. 
 
CONCLUSION 
A well-known and versatile material, nano chitosan was 
prepared from Chitosan by the most popular ionotropic 
gelation method using sodium tripolyphosphate as a 
crosslinker. Nanotechnology, which encompasses science, 
engineering, and applications of submicron materials, has 
been implemented in the present study to improve the 
properties of Chitosan via enhancing its surface area. The 

a) b) 

c) d) 
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use of nano chitosan in membrane technology emphasizes 
the novelty of the current work. Thus a novel combination 
of membranes was prepared using nano chitosan as the 
significant component, polyethylene glycol as the pore 
former in various ratios. The formation of the composite 
membranes was characterized using FT-IR. The studies 
determined the thermal stability, and SEM and TEM 
analysis showed its morphology. It could be concluded 
that the membranes prepared using PEG in different ratios 
have been blended well, which was confirmed by FT-IR 
spectroscopy. The study revealed that all the membrane 
ratios showed good thermal stability. In particular, the 
membranes e) exhibited high thermal stability. Also, 
protein hydrolysate of all the prepared membrane ratios 
indicated good miscibility and good compatibility between 
the polymers. From SEM analysis, it was observed that the 
membranes, especially c) and e), were porous and showed 
uniformity and also found to be uneven and rough. From 
SEM analysis, it was observed that Nanopartikel chitosan-
PEG showed that the irregularly shaped round 
nanoparticle vesicles. Thus the membranes c) and e) were 
very well supported by the analytical studies such as FT-
IR, SEM, and TEM. There will be a need for further research 
to apply these formulas and characterization to type 2 
diabetes patients. 
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