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ABSTRACT 
The preparation of cross-linked cassava starch microspheres (CCSM) using catalyst sodium chloride and cross-linker 
sodium trimetaphosphate as drug delivery matrices has been studied. The CCSM's functional groups, freeze-thaw 
stability, swelling power, solubility, and gelatinization capabilities have been evaluated. The morphological structure, 
drug loading, and particle size of the AA encapsulation were also investigated. The water solubility and swelling 
degree increased after the modification via cross-linking, and then the morphology exhibited bell-shaped granules and 
a smooth, rounded surface. The drug delivery was analyzed using three dissolution mediums: 0.1 M of HCl, buffered 
saline phosphate (PBS pH of 7.4), and NaCl solution (9%). The PBS solvent resulted in a much better performance in 
drug delivery. The loading capacity, encapsulation efficiency, and release rate after 150 min of the AA were 
31.490.20%, 89.840.23%, and 81.580.10%, respectively. 
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INTRODUCTION 
Starch is a polysaccharide with numerous applications in the food, pharmaceutical, and environmental 
industries, including food coating, bioremediation, packaging, edible film, and drug delivery.1-4 Recently, 
the research topic focused on the drug delivered in the human body has been increasing growth as well as 
the demand and efforts to produce safer drugs. Drug-carrying matrix materials currently being developed 
are biopolymers, such as starch.5 Research about drug delivery matrix from water-soluble starch has been 
reported by Fang et al. using methylene blue as a drug model, which shows the amount of drug quantity 
attained its highest in sodium chloride (0.9%) dissolving media at ambient temperature and drug release 
amount rose prominently in the first 24 hours of release.6 Previously, we successfully modified the process 
of sago starch using the catalyst sodium chloride and the cross-linker STMP. It has also been reported how 
the cross-linker and catalyst affect the product's FTIR, swelling index, and solubilization index 
characterization.7 However, the application of a drug delivery matrix has yet to be thoroughly investigated. 
Due to this, this research presents the findings of a thorough investigation into cross-linked cassava starch 
microspheres (CCSM) as the drug delivery matrix. The research objective is to evaluate the CSSM chemical 
and physical characteristics and their application as drug delivery systems using ascorbic acid (AA) as a 
drug model.                                     
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EXPERIMENTAL 
Material and Methods 
Cassava starch was obtained from a local market (Bogor, Indonesia). Analytical grade chemicals were used 
in this research and had obtained from Merck KGaA (Darmstadt, Germany), except for the sodium trimeta 
phosphate (STMP), which was obtained from Honeywell (North Carolina, United States). A technical grade 
of the white oil was obtained from a local chemical manufacturer, Bratachem (Bogor, Indonesia). 
 

General Procedure 
The CCSM was modified following Fang et al.6 with modification. Firstly, the water phase was made by 
suspension of 20 g of cross-linked cassava starch into 100 ml distilled water in a 300 ml beaker glass. Then, 
it was mixed continuously at 300 rpm for 30 min. Next, the oil phase was created by heating the surfactants 
with HLB 5.5 (Span 80: Tween 80 = 33.64:6.35, w/w) on a hotplate (Thermo Scientific Cimarec, USA) at 
60°C, with constant stirring at 700 rpm. As much as 200 ml of white oil was combined progressively until 
the mixture became homogeneous. Following that, 10 ml of ethanol was poured gradually and then agitated 
for 2 h. Subsequently, the water phase solution was put into the oil phase solution dropwise so that the 
water phase was utterly dispersed in the oil phase. Finally, the emulsion was homogenized with a magnetic 
stirrer at 50 °C and 1200 rpm for 3 h. 
 

Detection Method 
Solubility in water was examined via the gravimetric technique.8 The water solubility and swelling degree 
were calculated according to Equation 1 and Equation 2, respectively: 

𝑊𝑎𝑡𝑒𝑟 𝑠𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 (%) =
𝑚ଶ − 𝑚ସ

𝑚ସ
  (1) 

𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔 (%) =
𝑚ଷ − 𝑚ଶ

𝑚ଶ
 (2) 

Freeze-thaw stability analysis following procedures in this work.9 The particle size of starch was determined 
by Particle Size Analyzer (Horiba, Nano Partica SZ-100, Japan). The functional group was analyzed by 
Fourier transform infrared (FTIR) ATR spectrometer (Bruker, Tensor II, USA). Gelatinization analysis of 
microspheres starch samples was determined following Thirathumthavorn and Trisuth.10 A scanning 
electron microscope (SEM JEOL, JSM-IT30, Japan) was used to examine the morphology of the starches. 
The method described in the works was used to determine drug loading and drug release analysis 
samples.6,11 

RESULTS AND DISCUSSION 
The Water Solubility, Swelling Degree, Freeze-Thaw Stability, and Particle Size  
The modified cassava starch captured through this cross-linking technique transpired into starch phosphate. 
Table-1 shows the influence of the cross-linking preparation on the Physico-chemical characteristics of 
starches. Cross-linked starch had a superior water solubility and swelling degree than the native starch. 
Because of the covalent connections created for both the starch and the STMP, the existence of phosphate 
in the starch gives the cross-linked starch a significantly greater affinity for water molecules. The STMP 
molecules are polar covalent connections that have different electronegativity. Negatively charged cross-
linked starch has a higher solubility due to the increased affinity of starch molecules toward the water 
molecules. Therefore, the molecules have no association or union due to the electrostatic effect that results 
from the charge itself.12,13 The CCSM had more excellent freeze-thaw stability compared with the native 
starch due to the addition of the phosphate group, which could blend with water and create hydrogen 
bonding with the amylase’s hydroxyl groups, prohibiting them from reforming and re-assembly.14 The 
previous results found that retrogradation of non-waxy cross-linked from corn starch inhibited.15 Cross-
linking is one method of reducing starch syneresis so that the starch does not lead to retrogradation. By 
obstructing the starch chain with a recently added functional group, the cross-linkers prevent it from 
reassembling. Starch must have a high degree of freeze-thaw stability to be an effective matrix for drug 
delivery.9 The water loss rates in native and cross-linked starches were 59.91% and 17.29%, respectively, 
after only one freeze-thaw cycle. The stability of the emulsion is significantly impacted by its production 
using HLB calculations. The result of HLB values for the Span 80 is only 4.3, indicating poor adherence to 
the water phase but strong coherence to the oil phase. The HLB value of Tween 80 was 15, which marked 
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an opposite trend. When the HLB values of the mixed emulsifiers reached 5.5, its adhesion in both phases 
attained an equilibrium. It decreased the interface stress tension between the aqueous phase and the oil 
phase so that the microspheres were revealed to be small particles, only 20.83769 ± 0.02 µM. Other than 
the HLB value, proper stirring speeds and emulsification temperature also influenced the preparation of the 
starch microparticles.16 

Table-1: Physico-Chemical Characteristics of Starches 

No Sample Solubility (%) 
Swelling 
power (%) 

Freeze-thaw 
stability (%) 

Particle size (µm) 

1 Native starch 15.65±0.28 7.99±0.08 40.09±0.01 149.15 ± 0.03 
2 Cross-linked starch  26.37±0.01 19.10±0.06 82.71±0.02 20.83 ± 0.02 

 

Functional Groups of CCSM 
The binding sites attributed to the effectiveness of ionic attachment of phosphate groups on the surface of 
the cassava starch can be further investigated using FTIR. Several new peaks at 1260 cm−1 from P=O 
bonding and 998 cm−1 from P-O-C stretching were inspected in the spectrum of the treatment starch and 
could not be recognized in the untreated starch spectrum. It is noticed that the phosphate groups have been 
successfully attached to the cassava starch structure. Heo et al.17 and Liu et al.9 reported similar outcomes 
as well, who researched the modification of potato and maize starch using cross-linking techniques with 
sodium Tri metaphosphate and sodium tripolyphosphate as cross-linking agents, as well as with the 
catalysts of sodium sulfate and sodium hydroxide. The assignments of the other peaks in microspheres 
starch samples spectra are seen in Fig.-1. A wave number in the 3300- 3400 cm-1 region was associated 
with the hydroxyl bonds presence. The peak at 2925 cm-1 showed C-H bands stretching of the glucose, and 
the peaks at 1336–1413 cm-1 were defined for the C-H bending vibrations. The peak at band 1636 cm-1 was 
typical of starch spectra, as were its derivatives, defined as an H2O bending vibration That was a result of 
the intramolecular hydrogen bond's existence. The highest peak at 1167 cm-1 corresponds to C-O stretching, 
while band 756 cm-1 belongs to the C-C stretch. The C-OH and CH2 deformation characteristics in starch 
molecules were assigned to the peak of 991 and 925 cm-1, respectively.18-20 

 
Fig.-1: The Spectra of Untreated Starch (A) and Treated Starch (B) 

 

Gelatinization of CCSM  
The parameters of gelatinization of samples produced with STMP are seen in Table-2. The transition 
temperatures during the gelatinization of cross-linked starch were higher than those of untreated starch. 
However, its enthalpy was vice versa. This suggested that the development of covalent connections in cross-
linked starch tightens the molecular structure of starch molecules, hence enhancing their structural integrity. 
Therefore, the cross-linked starch was gelatinized at higher temperatures, requiring higher energy for its 
gelatinization than native starch. This was in line with Liu et al., who observed the physicochemical, 
functional, and structural aspects of cross-linking, oxidizing, and cross-linking-oxidizing of maize starch.9 

The enthalpy value of modified maize starch with STMP increased across the three transition temperatures, 
but the enthalpy value decreased slightly. Carmona-Garcia et al. investigated banana starch's 
physicochemical and functional properties using several cross-linked reagent types.21 They discovered that 
modification of starch-containing STMP/STPP and EPI (epoxy chloropropane) increased enthalpy value 
but dropped in temperature across the three transition temperatures. Chatakanonda et al. discovered that 
when the cross-linking degree with STMP/STPP grew, so did the gelatinization temperatures.14 However, 
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it was found that cross-linking did not affect the gelatinization enthalpy, indicating the melting process 
from the cross-linked starch in the crystalline regions. 
 

Table-2: The Thermal Characteristics of Starch Microspheres  
Sample     To (°C)     Tp (°C) Tc (°C) ΔH (J/g) 

Native starch 48.18±0.1 57.77±0.2 72.99±0.0 98.62±0.2 

Cross-linked starch  70.09±0.1 77.24±0.1 82.74±0.1 57.76±0.2 

To: the onset temperatures; Tp: the peak temperatures; Tc: the conclusion gelatinization temperatures ΔH is the 
gelatinization enthalpy. 
 

Surface Morphology of Native, Cross-Linked Starches, and Microsphere Formation 
The surface morphology analysis of the starches using SEM illustrated the alteration of CCSM granules. 
The CCSM granules showed a slightly rough surface, good consistency with tight surfaces, and good 
dispersibility. However, certain particles congregated because of a significant van der Waals force and 
electrostatic attraction, while the native starch granules were polygonal with defined edges. Microscopic 
observations of samples are shown in Fig.-2, furthermore, Fig.-3 shows the microsphere cassava starch at 
a magnification of x100 and x2000. The surface morphology of the starch microsphere was detected at 
x100 and ×2000 magnification. According to Fig.-3, microsphere starch has a sharp edge, large starch 
particles, an apparent crack, a slightly blurry structure, and aberrations on the surface.22 

Fig.-2: Morphology Structure from Cross-Linked Starch (a) and Native Starch (b) 
 

 
 

Fig.-3: Morphology Structure of Microsphere Cassava Starch at a Magnification of x100 and x2000 
 

Drug Loading Analysis 
The result of wavelengths of HCl, PBS, and NaCl were 280, 278, and 280 nm, respectively. The AA 
standard curves absorbance concentrations (0.002- 0.01 mg/ml) across these three solutions were, y = 
0.0274x - 0.0508 (R2 = 0.09988), y = 0.0365x - 0.0134 (R2 = 0.9987), y = 0.0306x - 0.0212 (R2 = 0.9957), 
respectively. The different dissolution mediums affected by the drug loading are shown in Table-3. 
Evidently, the AA's drug loading ratios and encapsulation efficiencies differed significantly depending on 
the dissolving media. Under the acidic solution, the microspheres were only loaded to 9.120±0.20 %, lower 
than that in the alkaline solution, and under neutral conditions. It is possible that the starch microspheres 
were more susceptible to decomposition in acidic and neutral conditions, hence decreasing their drug-
carrying ability. The AA encapsulation efficiency displayed a similar trend. The encapsulation efficiency 
of the AA in the alkali solution (89.84±0.23%) was significantly higher than those in the acidic solution 
(67.94±0.24%) and the neutral solution (69.89±0.32 %). This likely occurred because the starch 
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microspheres tended to degrade under acidic conditions, and consequently, the drug loading capacity 
decreased. The lower release of AA in the neutral solution is probably caused by salt ions present in the 
release media. Salt ions reduce the system's osmotic pressure, which makes microspheres less likely to 
swell. The results of our study were supported by that research previously by Bajpai, and Bhanu 23 
investigated the heparin excretion from cross-linked starch microspheres. They found that the release of 
heparin gradually rose in the PBS medium compared to the other dissolution mediums. 
 

Table-3: Influence of Solvent Type on AA Loading and Efficiency of Encapsulation 
Dissolution medium AA loading ratio (%) Encapsulation efficiency (%) 

PBS 

HCl 
NaCl 

 

31.49±0.20 

9.12±0.20 

14.53±0.16 
 

89.84±0.23 

67.94±0.24 

69.89±0.32 
 

 

Figure-4 showed the effect of drug loading temperature, indicating that temperature fluctuations influenced 
the drug loading of AA substantially for all mediums (0.1M HCl, 9% NaCl, and Phosphate Buffered Saline 
(pH 7.4) showed that microspheres loaded with more AA at a temperature of 25oC than at higher 
temperatures. The explanation was that AA's sorption was primarily due to opposing charges with a high 
affinity. As a result of a large amount of heat created during this process, which high temperatures will 
hamper, the drug loading ratio at 50oC decreased from 36% to that at 25oC. The affinity between 
microspheres and AA was decreased further at low temperatures, the drug loading ratio at 6oC was only 
10% of that at 25oC, and encapsulation efficiency decreased from 89.84% to 19,83% for PBS medium. 
 

Fig.-4: Effect of Loading Temperature on AA Loading at PBS, HCl, and NaCl Mediums 

Figure-5 illustrates how the duration of loading affects the ratio of drug loading and efficiency of 
encapsulation in HCl, NaCl, and PBS media. It demonstrates that as the loading duration increased, the 
drug loading ratio was boosted and AA encapsulation efficiency considerably increased. The time variation 
(1.0h-1.5h) and the drug loading ratio climbed progressively from 1.71±0.10% to 12.29±0.14%, with AA 
encapsulation efficiency increasing from 11.66±0.15 to 68.54±0.15% for PBS medium. The maximum AA 
loading ratio of 8.85±0.10% was achieved for the HCl medium with an encapsulation efficiency of 
60.64±0.22% at 1.5 h. Also, in the present investigation, the maximum AA loading encapsulation efficiency 
for the cassava cross-linked starch at the same optimal condition was obtained as 65.22±0.28% in the NaCl 
medium. However, at 2 and 2.5 h, there was a decrease in drug loading and efficiency of encapsulation. 
This occurs in all dissolution mediums. The research showed that drug loading and encapsulation efficiency 
are optimal at 1.5 h and decrease again after 1.5 h. The AA encapsulation process probably influences this 
by starch microspheres. The interaction between the drug and starch microparticles is optimal at 1.5 h. The 
functional group in the starch phosphate will present more van der Waals bonds and hydrogen bonding so 
that the drug will be easily encapsulated into starch microparticles, causing the value of drug loading and 
efficiency encapsulation will increase. According to previous researchers, the factors that affect drug 
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loading and encapsulation efficiency are the interaction between the drug and starch microparticles, starch 
microparticle concentration, and surfactant concentration.16 

 

 
 

Fig.-5: Effect of Loading Time on AA Loading at PBS, HCl, and NaCl Mediums 
 

Drug Release Study  
In order to evaluate the state of the medium during the release kinetics of the AA, release experiments used 
several physiological fluids. The release profile of the CCSM is presented in Fig.-6. The cross-linked starch 
microspheres in drug release exhibited a gradual plateauing during the release. It was clear that the 
medication release amount rose dramatically throughout 150 min. Following the starch microspheres' 
immersion in the release media, a steady release was initially noticed in the first 60 minutes. The fast 
dispersal of the AA, which was positioned close to the surface of the starch microsphere, was related to a 
high release rate of 18.73±0.10%in in the alkaline medium. The cross-linked starch microspheres formed 
the mechanism in swelling properties and continued release after 120 minutes. During this time, the rate of 
the release tailed off and 60.890.14% of AA composed in the starch microspheres was disclosed. As the 
swelling progressed, several AA molecules were distributed and released into the media via channels and 
pores of the microspheres of starch. Nevertheless, a gel diffusion layer formed as the microspheres grew in 
the physiological fluid, blocking AA release and causing a persistent slowdown in AA release.23 As the gel 
diffusion layer thickened, the microsphere pores and channels for water transport shrunk significantly, 
causing less AA to be pushed out of the microspheres. The starch particles degraded with time but at a slow 
rate. Bajpai and Bhanu23 discovered that the drug's percent loading significantly impacted the medication's 
release profile. The drug's release rate will increase as the drug loading ratio rises. The cumulative drug 
release in the alkaline solution (81.58±0.10%) was the highest at 79.02±0.08% and 74.02±0.10%, 
respectively, achieved in the acidic and neutral solutions.24 

 
Fig.-6: Drug Release Profile of AA From Cross-Linked Starch Microspheres in Dissolution Medium 

 

CONCLUSION 
The CCSM was successfully prepared from the cassava starch using sodium trimethaphosphateas, a cross-
linking agent, through an emulsification cross-linking reaction. This is evident from the observed FTIR 
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absorption. In addition, it was discovered that the dissolution media had a substantial impact on the loading 
ratio of the AA from the perspective of the starch microspheres' ability to hold drugs. In this study, the PBS 
medium had a maximum loading ratio of 31.49±0.20%, with an encapsulation efficiency of 89.84±0.53%.  
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