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Abstract: 

The currently available yellow fever vaccines are thermally unstable and involve huge costs during preservation and 

administration. Microencapsulation with thermally stable coating materials is considered as a means of protecting yellow fever 

vaccines from thermal degradation. Silica nanoparticles have thermal stabilizing abilities but do not possess film forming 

properties. It is proposed that polymer-silica blends might be a good coating material for microencapsulation. This study is 

aimed at investigating the compatibility and efficiency of blends of selected polymers with silicon obtained from rice husk ash 

(RHA) in microencapsulating yellow fever virus vaccine. The encapsulated yellow fever vaccine was characterised by FTIR and 

SEM-EDX spectroscopy, and the vaccine encapsulation efficiency was determined. FTIR spectra of the individual components 

and final encapsulated vaccine showed good chemical compatibility of all the ingredients. SEM studies of the products revealed 

uneven and rough surfaces with shrinkages. The vaccine encapsulation efficiency was 66.7%. Altogether, these results suggest 

that polymer-RHA silica blend can be used in microencapsulating yellow fever virus vaccine. 

 

Keywords: Chitosan, polymers, rice husks ash, silica nanoparticles, sodium alginate, microencapsulation, yellow fever vaccine. 

 

I.           INTRODUCTION 

Yellow fever virus infection is an acute, life-threatening 

haemorrhagic disease that is a significant health problem in 

sub-Saharan Africa and tropical South America (Bassey et al., 

2022; Luria-Pe´rez et al., 2022). However, it is preventable 

through vaccination. The currently available yellow fever 

vaccine is thermally unstable and incurs a huge cost during 

storage for parenteral administration (Bassey et al., 2022). 

This thermal instability of yellow fever vaccine is a challenge 

that needs to be tackled, because yellow fever virus is still 

endemic in many countries. Although the cold chain 

technology is a means of ensuring the potency of this 

thermolabile vaccine product, research has shown the 

inefficiency of the cold chain system in various quarters 

(Bankole et al., 2010; Oli et al., 2017) thereby necessitating 

the need to make yellow fever vaccine thermally stable. The 

huge cost incurred during storage, in addition to the problems 

of needle safety and low compliance because of the fear of 

injection, is also a cause for concern, thus necessitating the 

development of an oral thermostable yellow fever vaccine. 

Microencapsulation with thermal stable coating materials is 

one means of protecting the thermolabile yellow fever vaccine 

from heat. Microencapsulation is also a good alternative when 

creating an orally administered vaccine as encapsulation will 

protect the yellow fever vaccine antigen from the degradative 

enzymes present in the gastrointestinal tract. Silica 

nanoparticles (SiO2 NPs) from rice husks ash have thermal 

and chemical stabilizing properties, strong biocompatibility, 

permeability, high mechanical strength, low toxicity and 

simple synthetic approach (Alhadhrami et al., 2022; Ribeiro et 

al., 2014; Hung et al., 2018; Witoon et al., 2008) thus can be 

employed in the microencapsulation of yellow fever vaccine. 

Research has also shown that silica (SiO2) confers abiotic and 

biotic stress tolerance in monocot plants (Rains et al., 2006; 

Epstein, 2001). Silica, however, does not have film forming 

properties; thus, it cannot be used alone as a wall material 

except in combination with a film forming polymer (Ribeiro et 

al., 2014; Zhang et al., 2013; Shang et al., 2002). The silica 

content of the polymer-silica blend must be optimized in order 

to simultaneously increase the tensile strength and impact 

resistance, without decreasing its flexural properties. A 

polymer-silica blend with a silica content of ca. 10 wt% is 

usually found to give the best film properties (Ribeiro et al., 

2014; Zhang et al., 2013; Shang et al., 2002). The 

incorporation of SiO2 NPs in polymer films is also known to 

enhance the film mechanical properties and to reduce its 

thermal degradation at high temperature, also improving its 

insulation properties, and increasing the barrier properties to 

solvents and volatile products (Ribeiro et al., 2014; Ray and 

Okamoto, 2003). A blend of organic/inorganic materials 

combine the rigidity and high thermal stability of the inorganic 

material (SiO2 NPs) with the flexibility, ductility and 

processability of the organic polymers (Ribeiro et al., 2014). 

Microencapsulation with polymers alone often results in a 

product not suitable for oral administration as polymeric 
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nanoparticles are structurally unstable and susceptible to 

hydrolysis in the harsh stomach environment (Kumari et al., 

2010). Often times the encapsulated material in the polymer 

matrix would trickle out within few hours due to the 

degradation or diffusion of the polymer matrix (Kumari et al., 

2010). Polymer-silica blend might be a good coating material 

for the microencapsulation of yellow fever vaccine. The aim 

of the study therefore was to evaluate the compatibility and 

efficiency of polymer-silica blend in the microencapsulation 

of yellow fever vaccine. 

 

II. MATERIALS AND METHODS 

SYNTHESIS OF SIO2 NPS FROM RICE HUSKS ASH (RHA)  

Raw rice husks were gotten from a rice mill factory in Adani 

(Uzo-uwani LGA of Enugu State, Nigeria). SiO2 NPs from 

RHA were produced following the method of Sankar et al. 

(2016). Briefly, raw rice husk (RH) was washed with tap 

water to remove contaminants, and dried at 60oC in forced air 

oven (ShelLab USA, Model No. SM05). The washed and 

dried RH was burnt in a furnace (SearchTech Instruments 

China, Model No. SXL) to produce RHA. In order to separate 

the metal ions in RHA, 1000 ml of HCl 1N was added to 100 

g of RHA, and the mixture was agitated at room temperature 

for 2 h and left overnight. The acid-treated RHA was filtered, 

rinsed with distilled water and dried at 60°C in forced air 

oven. The acid-treated RHA was then placed in a porcelain 

cup and subjected to a calcination process in the furnace at 

700 °C for 2 h.  

 POLYMERS  

The polymers used were chitosan (Sigma-Aldrich, USA) and 

sodium alginate (Sigma-Aldrich, USA). 

VACCINE     

Stamaril® (Sanofi Pasteur, UK), a commercial brand of 

yellow fever vaccine, was used. The product is a live 

attenuated yellow fever virus vaccine made from a 17D-204 

strain of the yellow fever virus, produced in pathogen-free 

chick embryos. 

 
MICROENCAPSULATION OF YELLOW FEVER VIRUS 

VACCINE IN POLYMER-SILICA BLEND  

The silica nanoparticles, sodium alginate, calcium chloride 

and chitosan powders were sterilized via dry heat sterilization 

at 100oC for 1h. Yellow fever vaccine (YFV-17D-204, 

Stamaril®) was microencapsulated within alginate solution 

utilising an ionotropic gelation technique described by Yeung 

et al. (2016). Briefly, 1 g of sodium alginate was dissolved in 

99 ml of distilled water to create a 1% w/v sodium alginate 

solution. The sterile alginate solution (95 ml) was then 

combined with 5 ml of reconstituted yellow fever virus 

vaccine (YFV), and then agitated to evenly spread out the 

virus. The final product was then formed by injecting with a 

21 G X 1½ inch (0.8 X 38 mm) needle aliquots of 

virus/alginate solution into 400 ml of 0.1 M calcium chloride 

solution. After 1 h of agitated gelation with a magnetic stirrer 

(M21, Superior Marienfeld, Germany) at the rate of 400 rpm, 

the resultant microcapsules were collected by gravity filtration 

utilizing a muslin cloth and funnel, washed with sterile 

deionized water, and then re-filtered.  

The microcapsules prepared were double coated with the RHA 

SiO2 NPs dispersed in chitosan. Aqueous chitosan solution 

(0.4 % w/v) was made following the procedure provided by 

Zhou et al. (1998) with some modification. In brief, 0.4 g of 

chitosan was dissolved in 1 % glacial acetic acid (100 ml) and 

0.4g of the RHASiO2 NPs was dispersed in it. The pH was 

adjusted to 5.0 – 5.1 with 1M NaOH. Subsequently, the 

freshly prepared alginate microcapsules were dipped into the 

chitosan/SiO2 NPs solution to provide secondary coating as 

cationic chitosan molecules are attracted electrostatically to 

the surfaces of anionic alginate microcapsules. After one hour 

of stirring with a magnetic stirrer (M21, Superior Marienfeld, 

Germany), the mixture was filtered through a funnel with 

muslin cloth, and sterile distilled water was used to rinse the 

microcapsules. Chitosan-coated alginate microcapsules were 

afterwards kept until further studies. 

 

FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY  

The FTIR spectrum of the SiO2 NPs, polymers, calcium 

chloride and yellow fever vaccine were recorded with the 

Fourier-transform infrared spectrometer-Cary 660 FTIR (MIR 

system)(Agilent Technologies, USA). Samples were combined 

with 250 mg of potassium bromide (KBr) to obtain pellets. 

Spectral scanning was carried out in the range of 600–4000 

cm–1 while the Fourier-transform infrared spectroscopy of the 

formulated nanocapsules was carried out with Schmadzu 

8400s spectrophotometer (Schmadzu, Japan). The sample 

wasalso combined with 250 mg of potassium bromide and 

spectral scanning carried out in 600–4000 cm–1 range. 

 

SCANNING ELECTRON MICROSCOPY-ENERGY DISPERSIVE 

X-RAY SPECTROSCOPY (SEM-EDX)  

The microstructure and chemical composition of the yellow 

fever virus microcapsules vaccine prepared were examined 

with a scanning electron microscope attached with energy 

dispersive X-Ray Spectroscopy (PhenomProX with EDX, 

Phenom World Thermo Fisher Scientific, Netherlands) in the 

magnification range of 500 to 4,000. The samples were placed 

on aluminium stubs and using an ion coater was coated with 

gold up to 20 nm thickness. Then the photomicrographs were 

taken at an accelerating voltage of 10kV. During the energy 

dispersive X-Ray Spectroscopy measurement, two spots were 

focused and the corresponding peaks recorded. 

 

VACCINE ENTRAPMENT EFFICIENCY (VEE)  

In order to determine the vaccine entrapment efficiency, 

accurately weighed amounts (10 mg) of the microcapsule 

vaccine were grinded and mixed with 1 ml of distilled water. 

The mixture was centrifuged for five minutes at 3000 

revolution per minute. The supernatant discarded and the 
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sediment used to determine the viral load via 

hemagglutination assay (Grimes, 2002). A micropipette was 

used to remove 50 µl of the formulation sediments and 

dispensed into a well of the microtitre plate. Fifty µl of the 

commercial vaccine was placed in another well. Then 50 µl of 

properly washed 1 % dispersion of red blood cells was added 

to each well. This was mixed and a double fold serial dilution 

was carried out up to the last well on the row. A separate well 

containing only the 1 % red blood cells served as the negative 

control. This was left to stand for 30 minutes at room 

temperature, after which the results were recorded and the 

vaccine entrapment efficiency (VEE %) was calculated as 

follows: 

 

        
      

  
                                 (1) 

were    t1 = number of wells in a roll 

           t2= number of wells in a row without haemaglutination 

 

III. RESULTS 

The synthesized rice husks ash SiO2 NPs was white in colour 

as shown in Figure 1. The FT-IR spectra of the RHA SiO2 

NPs, polymers (sodium alginate and chitosan), calcium 

chloride, yellow fever virus vaccine and the newly formulated 

Polymer - Rice Silica –Yellow fever virus vaccine (PRSYFV) 

are presented in Figures 2-7. The texture of the PRSYFV 

microcapsule vaccine as recorded with the scanning electron 

microscope at an acceleration voltage of 10kV is shown in 

Figure 8. The microcapsules surface composition and crystal 

depositions as identified via EDX measurements are shown in 

Figure 9. The vaccine encapsulation efficiency recorded was 

66.7% 

 

 

 

 

 

 

 

 

 

Figure 1: Digital photograph of SiO2 NPs from Rice Husks 

Ash (RHA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FT-IR spectrum of RHA SiO2 NPs. 

 

 

 

 

 

 

 

 

 

Figure 3: FT-IR spectrum of sodium alginate 

 

 

 

 

 

 

 

 

 

Figure 4: FT-IR spectrum of chitosan. 

 

 

 

 

 

 

 

 

Figure 5: FT-IR spectrum of calcium chloride.  
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Figure 6: FT-IR spectrum of yellow fever vaccine 

 

 

 

 

 

 

 

 

 

 

Figure 7: FT-IR spectrum of the PRSYFV vaccine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Photomicrograph of the PRSYFV vaccine surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9: Energy-dispersive X-ray spectra of PRSYFV vaccine 
surface.  

Note: Spot 1 shows the crystal deposition and spot 2, the 
surface composition with subsequent analysis (A and B). 
Notice the silicon atoms in the crystal and the surface is mostly 
composed of oxygen and calcium. 

 

IV. DISCUSSION 

The FTIR technique has been extensively used to kindle 

vibrational levels of known chemical groups in a molecule so 

as to identify them. FTIR spectral analysis of the individual 

ingredients and final PRSYFV vaccine obtained was essential 

to confirm the chemical compatibility of all the constituents on 

microcapsule formation, evidenced by changes in 
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characteristics spectral peaks. FT-IR spectrum of the RHA 

SiO2 NPs showed four (4) characteristic peaks at 3365.8, 

1636.3, 1051.1 and 793.9 cm-1 wavelength as shown in Figure 

2. The peak at 3365.8 cm-1 wavelength is assigned to the O-H 

stretching vibrations of carboxylic acid (FTIR correlation 

table) while the peak at 1636.3cm-1 wavelength is equivalent 

to aromatic C=C stretching vibration and/or asymmetric C=O 

stretching vibration (Kora et al., 2012; Litvin and Minaev, 

2013; Lazar et al., 2012). The intense peak at 1051.1 cm-1 

wavelength may be given to C–O stretching (Litvin and 

Minaev 2013; Gajbhiye et al., 2009; Lazar et al., 2012) and the 

peak at 793.9 cm-1 wavelength could be assigned to the C-Cl 

bond seen in chloroalkane (Lazar et al., 2012). FT-IR 

spectrum for sodium alginate shows various characteristic 

peaks as shown in Figure 3. Distinctive FT-IR bands of 

sodium alginate are consistent with published data (Sankalia et 

al., 2007). Key absorption bands for the hydroxyl, carboxylic 

and ether functional groups are shown. Stretching vibrations 

of O–H bonds of alginate occurred at 3242.8cm-1 wavelength. 

Stretching vibrations of aliphatic C–H appeared in 2926cm-1 

wavelength. Observed bands in 1405.2 and 1591.6 cm-1 

wavelength were ascribed to symmetric and asymmetric 

stretching vibrations of carboxylate salt ion, respectively. The 

peaks at 1297.1 and 946.7 cm-1 wavelength were assigned to 

the C–O stretching vibration of pyranosyl ring and the C–O 

stretching with contributions from C–C–H and C–O–H 

deformation (Daemi et al., 2012). Figure 4 depicts the FT-IR 

spectrum of chitosan, which displayed a number of distinctive 

peaks. In this spectrum, the wide absorption band at 

3291.2cm-1 wavelength is attributed to the O-H stretching 

vibrations of water and hydroxyl overlapped with N-H 

stretching vibrations of free amino groups, 2877.5cm-1 for 

aliphatic C-H stretching vibrations of CH3 and CH2 in the 

chitosan (Guo et al., 2005). The peak at 1323.2cm-1 is 

ascribed to the C-O stretching vibration of key alcoholic 

groups and 1073.5cm-1 for the stretching vibration of 

hydroxyl group of C3-OH (Monvisade and Siriphannon 2009; 

Zhang et al., 2011).The sharp peak at 1640.0cm-1 is attributed 

to the in-plane N-H bending vibration of NH2 which is a 

distinguishing peak of chitosan polysaccharide and also a 

marker for the presence of deacetylation (Zhang et al. 2011; 

Mohanasrinivasan et al., 2014). And the peak at 1028.7cm–1 

may perhaps correspond to the stretching of C6 -OH hydroxyl 

groups. The peak at 894.6cm–1 is tied to the distinctive 

skeletal vibration of β-anomers (Zhang et al. 2011). Similar 

peaks were found by Paulino et al., 2009 and Reinas et al., 

2014 when they analyzed the infrared spectrum of chitosan. 

The calcium chloride FT-IR spectrum had 11 distinguishing 

peaks as illustrated in Figure 5. These characteristic peaks 

were seen at 3783.2, 3652.8, 3481.3, 3369.5, 2344.5, 2109.7, 

1982.9, 1800.3, 1621.4, 1300.8 and 842.4cm-1 wavelength. 

The stretching vibrations at 3783.2, 3652.8, 3481.3 and 

3369.5cm-1 wavelength relate to asymmetric –OH stretch, 

while the peaks at 2344.5, 2109.7 and 1982.9cm-1 wavelength 

peaks correspond to symmetric O–H stretch; 1800.3cm-1 

wavelength peak is attributed to the aromatic C=C stretching 

vibration and/or asymmetric C=O stretching vibration (Kora et 

al. 2012; Litvin and Minaev, 2013; Lazar et al., 2012). The 

1621.4cm-1 wavelength peak is assigned to H–O–H bending 

vibration bands owing to the water in CaCl2 (Araujo et al., 

2021). The appearance of several peaks instead of the usual 

single peak for asymmetric O–H stretching and H–O–H 

bending is suggestive of various hydrogen bonding conditions 

brought on by interactions with chloride ions and water 

molecules (Karunadasa, 2019). The band at 1300.8 cm-1 

wavelength could be associated with C-O stretching vibration 

of principal alcoholic groups. The band at 842.4 cm-1 

wavelength could be attributed to Ca–O stretching 

characteristic of calcium chloride (Cho et al., 2014). The FT-

IR spectra of calcium chloride, chitosan and sodium alginate 

obtained are in agreement with what is published in literature, 

revealing similar peaks (Guo et al., 2005; Monvisade and 

Siriphannon 2009; Zhang et al. 2011; Mohanasrinivasan et al., 

2014; Kora et al. 2012; Litvin and Minaev, 2013; Cho et al. 

2014; Daemi et al., 2012, Sankalia et al. 2007). These shows 

the powders were pure and uncontaminated. The FT-IR 

spectrum of the yellow fever vaccine showed 15 peaks as 

depicted in Figure 6. These peaks were seen at 3753.4, 3570.8, 

3280.1, 2922.2, 2855.1, 2348.2, 2102.2, 2050.0, 1986.7, 

1744.4, 1599.0, 1416.4, 1080.9, 1036.2 and 708.2cm-1 

wavelength.  The stretching vibrations at 3753.4, 3570.8 and 

3280.1 cm-1 wavelength are attributed to the vibration of 

hydroxyl (–OH) functional group. The peaks at 2922.2 and 

2855.1cm-1 wavelength correspond to C-H stretching 

vibration.  While the peaks at 2348.2, 2102.2, 2050.0 and 

1986.7cm-1 wavelength correspond to symmetric O–H stretch 

(Araujo et al., 2021). Peaks at 1744.4 and 1599.0 cm-1 

wavelength relates to aromatic C=C stretching vibration 

and/or asymmetric C=O stretching vibration and/or C=N 

stretching vibration (Kora et al. 2012; Litvin and Minaev, 

2013; Lazar et al., 2012). The peaks at 1416.4, 1080.9 and 

1036.2cm-1 wavelength could be attributed to C-O and/or C-C 

stretching vibration while the peak at 708.2cm-1 wavelength 

could be assigned to C-Cl vibration. The yellow fever vaccine 

has so many peaks as expected as it is made up of different 

ingredient (YF-17D virus, excipents, etc).  FT-IR spectrum of 

the PRSYFV vaccine revealed 10 peaks as shown in Figure 7. 

These peaks were seen occurring at 3796.04, 3402.54, 

2931.90, 2299.22, 1643.41, 1404.22, 1141.90, 655.82, 617.24 

and 486.06. The peaks at 3796.04 and 3402.54 cm-1 

wavelengths are ascribed to the hydroxyl (-OH) stretching 

vibrations. Peaks at 2931.90 and 2299.22cm-1 wavelength 

corresponds to the C-H stretching vibration of aliphatic group. 

The peak at 1643.41cm-1 wavelength relates to aromatic C=C 

stretching vibration and/or asymmetric C=O stretching 

vibration (Kora et al. 2012; Litvin and Minaev, 2013; Lazar et 

al., 2012). The peaks after 1500cm-1 wavelength which 

constitute the fingerprint regions are often difficult to 

interpret. The peaks at 1404.22 and 1141.90cm-1 wavelength 

could be attributed to C-O and/or C-C stretching vibration 

while the peak at 655.82 and 617.24cm-1 wavelength could be 

ascribed to C-Cl vibration. The peak at 486 cm-1 wavelength 

may be assigned to C-l vibration (Lazar et al., 2012). The 

FTIR spectra of the PRSYFV vaccine which contains sodium 

alginate, YFV, calcium chloride, chitosan and RHA SiO2 NPs 

mixture shows peaks representative of these ingredients with a 

little interference or changes in the bond peak activity. The –

OH stretching vibration band present in the individual 

ingredients was seen occurring at 3402 cm–1. The 2926.0 

peak for C-H stretching vibration in sodium alginate was 
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shifted to 2931.90 in the PRSYFV vaccine. The N-H bending 

vibration at 1640cm-1 indicative of chitosan was still retained 

but moved to 1643cm-1 after complexation with alginate 

showing the amino group of chitosan and carbonyl group of 

sodium alginate had an ionic interaction. Formation of 

capsules made of sodium alginate and chitosan is as a result of 

strong interactions through hydrogen bonds between the 

functional groups of the two polymers in which chitosan's 

amino and amide groups participate, as a result, the absorption 

bands of the amino and amide groups changed in the FT-IR 

spectra. The 1148.0 C-O peak in chitosan was moved to 

1141.90 in the mixture and it is more intense in the mixture. 

The 1416.4 and 1420.1 cm-1 wavelength C-O stretching 

vibration in YFV and chitosan respectively was equally 

moved to 1404.22 in the mixture and the intensity was 

reduced. This implies that the interactions that formed the 

microgel might have involved carboxylate and possibly even 

hydroxyl groups. The slight changes of characteristics spectral 

bands are indicative of the chemical reaction of the 

formulation ingredients. 

Scanning electron microscopy (SEM) has been used in 

assessing prospective wall/coating materials for any specific 

microencapsulation procedure. By integrating the unique 

information offered by SEM with other chemical 

investigations, microcapsules of high quality could be chosen 

successfully since their physical properties and functionality 

are closely tied to their microstructure (Santiworakun et al., 

2022). The scanning electron microscopy uses a highly active 

and focused electron beam to scan the sample and often 

produces an immensely magnified image of the sample's 

morphology, while details on its chemical makeup are 

provided by the energy dispersive X-ray spectrometer (EDX) 

detector. EDX spectra directly reveals the presence of the 

atomic elements in the sample; hence, EDX analysis was 

performed in order to confirm the formation of the PRSYFV 

vaccine with the ingredients used. SEM studies of the 

PRSYFV vaccine at different magnifications (500X, 1000X, 

2000X and 4000X) revealed the PRSYFV vaccine had uneven 

and rough surfaces with shrinkages. This finding is in line 

with the research of Islam et al., 2011. The wrinkled surface is 

a feature of the alginate polymer used (Pasparakis and 

Bouropoulos, 2006) and is likely due to the evaporation of 

water originally trapped within the hydrogel matrix (Yeung et 

al., 2016). Interestingly, the uneven microcapsule surfaces had 

different tiny crystal depositions at various locations across 

the surface, either as big or small clumps. Examination of the 

crystal deposits on the microcapsule surfaces (Figure 9) 

showed the presence of silicon atoms, confirming that the tiny 

crystals seen on the microcapsules’s surface were that of silica 

nanoparticles (as no other component of the formulation 

contains silicon). The SEM-EDX analyses showed the RHA 

silica nanoparticles coated the microcapsule surface, and was 

not washed off during the washing step showing a good 

network/interaction with the polymer. The spectra of chemical 

analysis revealed the predominant atoms were C, O, Ca, Si, 

Na and Cl as expected for a typical microcapsule made by 

ionic-gelation technique (Awasthi and Kulkarni, 2012). The 

microcapsule surface composition showed the surface is 

mainly composed of calcium and oxygen, which is as 

expected for microcapsules created via the ionic gelation 

process, as the surface composition is primarily calcium 

alginate (Awasthi and Kulkarni, 2012). The silicon atom was 

exclusive to the crystal deposition, which demonstrated 

preferential binding to the microcapsule surface; Na and Cl 

represents sodium chloride, which is the by-product of ionic 

gelation of Ca with O, and was expected, given that the 

microcapsule surface is mainly made of calcium alginate 

(Awasthi and Kulkarni, 2012; Mooranian et al., 2014). The 

encapsulation of the yellow fever virus vaccine into the 

polymer-silica blend was efficient as seen from the vaccine 

encapsulation efficiency of 66.7%, it shows the vaccine was 

entrapped within the polymer-silica blend. Efficiency of 

encapsulation is an important parameter used to indicate the 

capability of a carrier matrix to encapsulate the vaccine 

antigen. 

 

 

V. CONCLUSION 

Overall, FTIR spectra of the ingredients and final PRSYFV 

vaccine and the SEM-EDX of the PRSYFV vaccine suggest 

good chemical compatibility of all the ingredients in the 

PRSYFV formulation. It also shows the microencapsulation of 

yellow fever vaccine within polymer-silica blend does not 

appreciably alter the chemical make-up or structural integrity 

of the molecules that make up the yellow fever vaccine, since 

there was no substantial chemical interaction between the 

vaccine antigen and any of the formulation ingredients. The 

polymer-silica matrix demonstrated good encapsulating ability 

with an above average vaccine encapsulation efficiency. Since 

there were no appreciable changes in the chemical composition 

of the components on microencapsulation, it seems reasonable 

to draw the conclusion that no chemical reactions or 

decomposition took place before and after microencapsulation, 

other than what was necessary to create the PRSYFV vaccine. 
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