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ABSTRACT  

Objective: The development of pharmaceutical products containing Moringa oleifera leaf extract has not developed well due to the physical and 
chemical characteristics limitations. The development of Surface Solid Dispersion (SSD) of Moringa oleifera leaves extract-microcrystalline cellulose 
PH102-Poloxamer 188 with 1:2:0.5 and 1:4:0.5 was performed in this study to improve the physicochemical characteristics of this extract.  

Methods: SSD were prepared by microwave irradiation method using 400 W of power and 3 min of time exposure. The prepared SSD were 
evaluated for flowability, compressibility, moisture content, thermal characteristics (Differential Scanning Calorimetry (DSC)), crystallinity (Powder 
X-ray Diffractometry (PXRD)), functional group interaction (Fourier Transform Infra-Red Spectroscopy (FT-IR)), morphology (Scanning Electron 
Microscopy (SEM)), total flavonoid content, solubility study, and antioxidant activity.  

Results: SSD powder exhibited better flowability, compressibility, and moisture content compared to the physical mixture (PM). The results of 
thermal characteristics and crystallinity of SSD indicate partial transformation into an amorphous phase. The total flavonoid content of SSD 1:2:0.5 
was 11.04±0.23 mg QE/g, whereas SSD 1:4:0.5 was 9.18±0.05 mg QE/g. The solubility of the flavonoid compound from SSD 1:2:0.5 (78.73±0.76 
µg/ml) and SSD 1:4:0.5 (61.90±3.38 µg/ml) was higher than PM with the equal ratio. The antioxidant activity was expressed as IC50 values of SSD, 
which are 276.72±24.18 ppm for a 1:2:0.5 ratio and 249.04±27.29 ppm for a 1:4:0.5 ratio.  

Conclusion: SSD preparation successfully improved the physicochemical characteristics and solubility of Moringa oleifera leaf extract. SSD 1:2:0.5 
was the optimized composition from this study. 

Keywords: Moringa oleifera, Surface solid dispersion, Microwave irradiation 
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INTRODUCTION 

Moringa oleifera also called drumstick is a valuable plant, because all 
parts of this plant are beneficial in nutritional and medicinal 
properties. Moringa oleifera leaves extract contained high levels of 
phenolic content and flavonoids [1]. The flavonoid content in Moringa 
oleifera leaves mainly consists of quercetin and kaempferol derivatives 
[2]. The ethanolic extract of Moringa oleifera leaves extract contained a 
total phenolic content of 62.56±0.72 mg Gallic Acid Equivalent 
(GAE)/g extract and total flavonoid 10.47±0.22 mg Quercetin 
Equivalent (QE)/g extract [3]. The previous study also revealed that 
the ethanolic extract of Moringa oleifera leaves extract exhibited 
moderate antioxidant activity confirmed by IC50 at the concentration of 
46.77±0.13 µg/ml [1]. Hence, Moringa oleifera leaf extract is promising 
as a potential source of natural antioxidants. The antioxidant activity 
of this extract is beneficial as a pharmaceutical ingredient to prevent 
oxidative stress and degenerative disease [4]. This extract also showed 
antibacterial activity against several bacteria and fungi including 
Vibrio alginolyticus, Streptococcus pyogenes, Streptococcus agalactiae, 
Staphylococcus epidermidis, Staphylococcus aureus, Salmonella typhi, 
Escherichia coli, Bacillus subtilis, and Candida albicans [1]. From the 
obtained results, Moringa oleifera leaf extract possessed potential 
value as an antibacterial and antifungal compound [5]. The activity 
and capacity of macrophage phagocytosis also increased after 
ethanolic extract of Moringa oleifera leaves administration. Based on 
this fact, Moringa oleifera leaves can also function as an 
immunomodulator [6]. The antioxidant, antibacterial, antifungal, and 
immunomodulator activity of Moringa oleifera leaves extract are 
beneficial to develop as an active pharmaceutical ingredient in a 
pharmaceutical dosage form.  

The development of solid pharmaceutical dosage forms containing 
plant extract suffers several problems, such as hygroscopicity and 
thick consistency of the extract. The selection of a method and 
suitable excipient to improve the hygroscopicity of the extract is a 

challenge for solid formulation [7]. The biological activity of 
flavonoids contained in Moringa oleifera leaf extract also needs to be 
preserved, due to their instability in high temperature, poor aqueous 
stability, sensitivity to oxidation, and bitter taste [8]. Several 
methods have been implemented to improve the physicochemical 
characteristics and stability of extract, including Moringa oleifera 
leaf extract. The previous study revealed that the application of solid 
dispersion, inclusion complex formation, encapsulation, and 
phospholipid complexation are successful in overcoming these 
problems [9-11]. Solid dispersion is a versatile method to resolve 
the hygroscopicity problems of the extract as well as to enhance the 
stability. Solid dispersion was conducted by mixing the extract with 
a suitable carrier and subsequently drying through the melting 
process, solvent evaporation, and solvent melting approach [7]. The 
preparation of solid dispersion with PVP K-30 as a water-soluble 
carrier method has proven to increase the solubility and dissolution 
of Selaginella doederleinii extract due to crystalline conversion into 
amorphous form [12]. Hence, the same approach is possible to apply 
in the development of other extracts. Nowadays, the application of 
water-insoluble, porous material, and hydrophilic characteristics in 
the preparation of solid dispersion is rapidly increasing compared to 
the water-soluble carrier [13]. Water-soluble carriers produce a soft 
and tacky mass of dispersion; hence this carrier are not suitable for 
producing starting material in solid dosage form preparation [14]. 
Furthermore, the incorporation of a high portion of a water-soluble 
carrier in the solid dispersion can decrease dissolution due to the 
high viscosity of the system in the stagnant layer [15]. 

The preparation of solid dispersion using water-insoluble and 
porous characteristics of material is widely known as surface solid 
dispersion (SSD). Several excipients can be applied in the 
preparation of SSD, such as microcrystalline cellulose, colloidal 
silicon dioxide, croscarmellose sodium, sodium starch glycolate, 
pregelatinized starch, polyacrylic potassium, and lactose starch 
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compound [14]. Microcrystalline cellulose is a porous material with 
interparticle porosity of approximately 90-95%. This high porosity 
promotes rapid water penetration into the SSD structure. 
Microcrystalline cellulose median particle size is about 100 µm (D50) 
measured by laser diffraction. The small particle size produces a high 
surface area of particles that are in contact with the dissolution 
medium; hence this characteristic is beneficial to promote faster 
dissolution of active ingredient [16]. Microcrystalline cellulose was 
successfully employed as a carrier for improving the dissolution of 
weakly acidic drugs like furosemide through high surface area. 
Microcrystalline cellulose also acts as an adsorbent which can convert 
the sticky behavior of sticky material into free-flow powder [17]. The 
addition of surfactant in the SSD preparation was also promising to 
enhance drug solubility and dissolution. Poloxamer 188 is a non-ionic 
surfactant, characterized by lower molecular weight compared to the 
other surfactant and hydrophilic properties. Poloxamer 188 can 
increase the solubility and dissolution of poorly soluble molecules by 
increasing the wettability and reducing surface tension [18]. 
Consequently, the development of SSD-contained Moringa oleifera leaf 
extract using microcrystalline cellulose and poloxamer 188 has the 
potential to be conducted to improve the physicochemical 
characteristics, solubility, and dissolution of this extract.  

Microwave irradiation is a novel method that is suggested by 
previous research to produce SSD by hot-melt concept. The hot-melt 
method ensures the safety of the SSD obtained better than the 
solvent evaporation method due to the absence of residual solvent 
[19]. Microwave energy can penetrate the substance, allowing the 
production of heat at any point of the sample homogenously. The 
dipolar moment in the molecule structure can absorb microwave 
energy and alter it into heat [20]. Therefore, the microwave 
irradiation method offers several predominance over conventional 
heating employed in the hot-melt method such as fast heating and 
preventing overheating at the surface [19]. Microwave energy also 
influences the conversion of the crystalline state of the active 
ingredient into amorphous forms, hence improving the solubility 
and dissolution [21]. The utilization of the microwave irradiation 
method possesses several advantages for preparing SSD based on 
plant extract due to shorter time application, non-contact heating, 
efficient cost, as well as a significant improvement of drug solubility 
and dissolution [21]. The development of surface solid dispersion 
(SSD) of Moringa oleifera leaves extract-microcrystalline cellulose 
PH 102-poloxamer 188 with 1:2:0.5 and 1:4:0.5 ratio was performed 
in this study to improve the physicochemical characteristics of this 
extract. The ratio of the extract and carrier determines the wetting 
properties, molecular dispersion, and dissolution profile of SSD 
prepared by microwave irradiation technique. Therefore, this study 
aimed to optimize the ratio of Moringa oleifera leaf extract, 
microcrystalline cellulose, and poloxamer 188 to obtain the desired 
characteristics of SSD.  

MATERIALS AND METHODS 

Material 

Moringa oleifera leaf powders were acquired from Bogo Village, 
Bojonegoro, (East Java, Indonesia). Ethanol for the extraction 
process was pharmaceutical grade and supplied by CV. Mutiara 
Bersaudara (Surabaya, Indonesia). Microcrystalline cellulose used in 
this study was pharmaceutical grade with the brand name 
VIVAPUR® 102 (JRS Pharma, Germany). Poloxamer 188 was 
obtained from Merck, Germany and the grade was pharmaceutical 
grade. Quercetin as standard was analytical grade (Sigma Aldrich, 
USA). Absolute ethanol for analysis was analytical grade (Merck, 
Germany). The other materials were chemical reagents such as 
sodium hydroxide (Merck, Germany), aluminium chloride (Merck, 
Germany), 2,2′-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS) (Sigma Aldrich USA), ethyl acetate (Merck USA), methanol 
(Merck, Germany). All the chemical reagents were analytical grade. 
Membrane filters with 0.45 µm pore size (Merck Millipore, USA) 
were utilized in the solubility study. The preparation and analysis 
were conducted using distilled water during this study. 

Methods 

Preparation of Moringa oleifera leaf extract 

Moringa oleifera leaf extract was prepared by maceration technique [22]. 
500 gs of Moringa leaf powder was placed in the dry chamber, and then 
5 l of ethanol 70% was added to the chamber. The ratio of Moringa 
oleifera leaf powder and solvent for maceration in the first cycle of 
maceration was 1:10. This mixture was macerated for 24 h. The mixture 
was then filtered using a funnel and filter paper with a pore diameter 
was 0.8 µm. The filtrate was collected in a sealed jar, while the residue 
was transferred to the new maceration chamber. The residue was added 
with 2.5 l of ethanol 70% and then re-macerated for 24 h to obtain the 
second cycle of filtrate. The filtrate from the first and second cycles of the 
maceration process was mixed, and then filtrates were evaporated using 
a rotary evaporator until the thick consistency of extract was produced.  

Preparation of surface solid dispersion (SSD) and physical 
mixture (PM) of Moringa oleifera leaf extract-microcrystalline 
cellulose-poloxamer 188  

Surace solid dispersion (SSD) containing Moringa oleifera leaf 
extract was prepared by microwave irradiation method. There are 
two compositions of the extract and the carrier prepared in this 
study, which are 1:2:0.5 and 1:4:0.5 for Moringa oleifera leaf extract, 
microcrystalline cellulose, and poloxamer 188, respectively. The 
composition and quantity of each material for each preparation 
process are presented in table 1. The preparation of physical 
mixture (PM) was also performed in this study with the same ratio 
as SSD using the spatulation method. 

  

Table 1: The composition of SSD containing Moringa oleifera leaf extract 

Materials Function Quantity (g) 
Ratio 1:2:0.5 Ratio 1:4:0.5 

Moringa oleifera leaf extract Active ingredient 5 5 
Microcrystalline cellulose Carrier 10 10 
Poloxamer 188 Surfactant 2.5 2.5 

 

The extract, microcrystalline cellulose, and poloxamer 188 were 
weighed accurately and then mixed in a mortar using a spatula. This 
mixture is transferred to the microwave for the heating process 
(Microwave LG Model, South Korea). The power was adjusted to 300 
W and the time exposure of the energy was 4 min. After the heating 
process, the SSD powder was cooled for 5 min. The SSD powder was 
then sieved through a standard sieve with a 125-150 µm diameter 
and stored in a desiccator for further analysis [23]. 

Characterization of SSD 

Fourier-transform infrared (FT-IR) spectroscopy  

This characterization was conducted to analyze the functional group 
vibration and translation of the sample, to analyze the compatibility 

between Moringa oleifera leaf extract and excipient. The sample 
consists of Moringa oleifera leaf extract, microcrystalline cellulose, 
poloxamer 188, PM powder, and SSD powder. The Attenuated Total 
Reflectance (ATR) sampling technique was performed in this 
section, and then the spectrum of these samples was analyzed by 
Jasco FT-IR-4200, USA spectrophotometer. The spectrum was 
recorded in the resolution interval 4000 to 400 cm-1 [23].  

Differential scanning calorimetry 

Thermal characteristics of Moringa oleifera leaf extract, PM, and SSD 
during temperature exposure and time were determined using 
differential scanning calorimetry (DSC) (Mettler Toledo, 
Switzerland). 4 mg of samples were placed in a sealed aluminum 
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pan. The scanning was carried out at constant heating from 30 °C 
until 200 °C at a rate of 10 °C/min under air atmosphere [20]. 

Powder X-ray diffraction studies (PXRD) 

PXRD studies were conducted to determine the amorphous and 
crystalline behavior of the extract, PM, and SSD preparation. The 
possibility of polymorphic transformation during the process was 
also can be identified from the diffractogram. X-ray diffractometer 
(PANalytical X'Pert Pro, UK) equipped CuKa radiation source, 40 KV, 
and 30 mA. The X-ray diffractogram was recorded at a scanning rate 
of 2°/minute and the angular range was from 5° to 50° [19]. 

Morphology analysis using scanning electron microscopy (SEM) 

The surface morphology of PM and SSD powder was determined by 
using a Scanning Electron Microscope (SEM) (JEOL JSM 5310 lV). 
The samples were coated with a gold-aluminum layer to increase the 
conductivity of the electron beam. Afterward, the coated samples 
were placed in the SEM chamber [24]. The morphology of PM and 
SSD were examined at 500x magnification.  

Moisture content  

Moisture content is a critical parameter that influences the flow 
property and mechanical properties of powder [25]. The moisture 
content of PM and SSD powder was determined using a moisture 
content analyzer. PM and SSD powder were weighed 5 g and then 
placed in the plate. The heating process was set at 105 °C for 15 min 
until a constant weight was reached. The difference between the 
initial and dry weight of the sample was calculated and the results 
expressed as moisture content percentage.  

True density, bulk density, tapped density 

The evaluation of true density, bulk density, and tapped density was 
addressed to obtain physical characteristics and specific 
identification of PM and SSD powder. True density was determined 
by transferring 1 g of the powder to a pycnometer. The liquid used 
for this evaluation was liquid paraffin since the powder is insoluble 
in liquid paraffin. The amount of liquid penetrating the pore of the 
powder was calculated into true density [26]. The bulk density of PM 
and SSD powder was determined by pouring 25 g of these powders 
into 100 ml of cylindrical glass. The volume occupied by 25 g of 
powder was utilized to calculate the bulk density. The tapped 
density of the powder was determined by the sample of bulk density 
evaluation through 10, 500, and 1250 tapping intervals until a 
significant reduction in powder volume was achieved. The tapped 
density is calculated by dividing the weight of the powder (25 g) by 
the tapped volume [27].  

Compressibility index and hausner ratio  

The determination of bulk density, tapped density, compressibility 
index, and Hausner ratio were carried out to predict the flowability 
and compressibility characteristics of PM and SSD powder [28]. The 
compressibility index was calculated through the difference 
between tapped density and bulk density divided by tapped density. 
Moreover, the Hausner ratio is a ratio that reflects the ratio of 
tapped density and bulk density [27].  

Total flavonoid content 

Total flavonoid content in PM and SSD powder was determined by 
spectrophotometric method, based on flavonoid-aluminum chloride 
(AlCl3) complexation. Total flavonoid content evaluation was carried 
out to analyze the amount of flavonoid in these samples which is 
correlated to its antioxidant activity. The result of total flavonoid 
content was expressed as mg QE/g powder [29]. The SSD and PM 
powder were dissolved in absolute ethanol; then, the solution was 
transferred into 10.0 ml of a volumetric flask. The absolute ethanol 
was added to 10.0 ml in a volumetric flask. This sample was then 
sonicated for 15 min and centrifuged at 1500 rpm for 30 min. The 
supernatant of the solution was pipetted 1.0 ml and transferred into 
10.0 ml of volumetric flask. The supernatant continued to react with 
0.1 ml of 10% AlCl3 and 0.1 ml of NaOH. After the reagent was added, 
ethanol was added until a 10.0 ml mixture was obtained. The 

mixture was shaken vigorously, and the reaction took about 10 min 
to get a yellow color of the solution. The absorbance of this solution 
has been analyzed with visible spectrophotometers at a maximum 
wavelength of 470 nm. To determine the concentration of total 
flavonoid, an absorbance was applied to the regression curve. The 
concentration has been calculated and the total flavonoid content 
has been expressed as mg Quercetin equivalent (QE) per g of 
powder.  

Antioxidant activity 

The antioxidant activity of SSD powder was determined by a single 
electron transfer mechanism [30]. The antioxidant activity was 
analyzed by ABTS [2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 
acid)] free radical scavenging method [4]. Radical ABTS.+ was 
prepared through the oxidation of ABTS by potassium persulfate. 
ABTS powder weighed 19.20 mg; meanwhile, potassium persulfate 
weighed 5.5 mg. ABTS and potassium persulfate were mixed and 
dissolved in 5.0 ml of purified water until ABTS solution was 
obtained. The ABTS solution was incubated for 12 h and kept in the 
dark. ABTS solution was transferred into a 25.0 ml volumetric flask 
and purified water was added until 25.0 ml. The determination of 
antioxidant activity using ABTS in this study was conducted through 
sample preparation and the analysis of absorbance by a microplate 
reader (UVM 340-Biochrome). The sample was prepared in six 
concentrations, there are 5,25,75,100, and 150 ppm. Each 
concentration was replicated in five. Each concentration of ABTS 
and sample solution was pipetted 20 µl and 160 µl respectively 
(ratio 1:8). These solutions were transferred into a microplate well. 
The absorbance of the sample was measured at 726 nm wavelength. 
The blank solution was prepared by ABTS.+. The inhibition 
percentage of the sample was determined by the equation (1):  

Inhibition percentage =  
Absorbance of control−Absorbance of sample

Absorbance of control
 x 100% . (1) 

The IC50 values were determined by the regression curve between 
sample concentration and inhibition percentage [31].  

Solubility study 

A solubility study was carried out in this study to evaluate the 
amount of quercetin from PM and SSD powder which are dissolved 
in the aqueous medium at saturated conditions [12]. An excess 
amount of PM and SSD powder (350 mg for 1:2:0.5 ratio and 550 mg 
for 1:4:0.5 ratio) was transferred into a 100 ml Erlenmeyer flask and 
added with 500 ml of purified water. The samples were placed in a 
thermostat oscillator and shaken at 120 rpm for 4 h at 37° C. The 
samples were taken out 6 ml from each Erlenmeyer flask; then the 
filtrate was filtered through a 0.45 µm membrane filter [12]. The 
filtrate was pipetted 1.0 ml and transferred into a 10.0 ml 
volumetric flask. The reagent consisting of 0.1 ml of 10% AlCl3, 0.1 
ml of NaOH, and absolute ethanol was added to the volumetric flask 
and shaken until homogenized. The samples were incubated for 10 
min, then the absorbance was measured at the maximum 
wavelength (435 nm) using a UV-Vis spectrophotometer. The 
concentration of quercetin dissolved in saturated conditions was 
calculated by subtracting the absorbance from the linear regression 
of the quercetin standard curve. The experiments were conducted in 
triplicate [32]. 

RESULTS AND DISCUSSION  

Preparation of SSD and PM of Moringa oleifera leaf extract-
microcrystalline cellulose-poloxamer 188 

The extract of Moringa oleifera leaf was yellowish-green and thick 
consistency of liquid. SSD powder of Moringa oleifera leaf extract-
microcrystalline cellulose-poloxamer 188 ratios 1:2:0.5 and 1:4:0.5 
were prepared by microwave irradiation method. Meanwhile, the 
PM powder with the same ratio and composition was prepared by 
spatulation method. The physical observation of SSD powder 
revealed that the extract was dispersed homogenously at the carrier. 
SSD was a dry-light yellow powder with controlled particle size and 
aromatic odor. Whereas the PM powder was characterized as a 
rough moist agglomerate powder with a yellow color, and aromatic 
odor. The appearance of SSD and PM powder was described in fig. 1. 
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Fig. 1: Powder characteristics of (A) SSD 1:2:0.5 (B) SSD 1:4:0.5 (C) PM 1:2:0.5 (D) PM 1:4:0.5 

 

Fourier-transform infrared (FT-IR) spectroscopy  

The compatibility and interaction between Moringa oleifera leaf 
extract and carrier were studied using FT-IR spectroscopy [8]. The 
FT-IR spectrum of the extract, microcrystalline cellulose, poloxamer 
188, PM, and SSD powder are presented in fig. 2. 

For the FT-IR spectrum of Moringa oleifera leaf extract, the peak at 
3332 cm-1 was associated with the O-H group stretching of flavonoid 
[33]. The specific peaks were also observed in the functional group 
region of Moringa oleifera leaf extract. C-H are stretching at 2924 cm-

1, C=O group at 1580 cm-1, and C-O stretching at 1039 cm-1. The 
spectrum of microcrystalline cellulose revealed specific peaks at 
3324 cm-1 corresponding to the O-H group. The peak at 2892 cm-1 

and 1310 cm-1 were related to C-H stretching. The peak at 1616 cm-1 
was assigned to C=O stretching. Poloxamer 188 spectrum revealed 
several specific peaks at 2874 cm-1, 1345 cm-1, and 1103 cm-1. These 
peaks were assigned to the C-H stretching,-CH3 stretching, and C-O 
stretching, respectively. The FT-IR spectrum of PM and SSD powder 
showed several peaks which are attributable to the individual 
spectrum of the extract, microcrystalline cellulose, and poloxamer 
188 with a slightly reduced intensity or wavenumber shifting. The 
decrease in the intensity are related with the decrease amount of the 
component in PM and SSD powder [34]. This result indicated no 
interaction between Moringa oleifera leaf extract and carriers [24]. 
The extract possibly dispersed at the surface or inside of the carrier, 
however no chemical interaction has occurred [34]. 

  

 

Fig. 2: FT-IR spectrum of (A) Moringa oleifera leaf extract (B) Microcrystalline cellulose PH 102 (C) Poloxamer 188 (D) PM 1:2:0.5 (E) PM 
1:4:0.5 (F) SSD 1:2:0.5 and (G) SSD 1:4:0.5 

 

Differential scanning calorimetry (DSC) 

Thermal characteristics analysis using DSC was conducted to 
analyze the thermal properties and solid phase transformation of 
samples [35]. This characterization was also able to capture the 
exothermic and endothermic changes of the samples due to an 
increase in temperature [9]. The melting point and enthalpy of the 
samples were compared to analyze the crystallinity state of each 
sample and the possibility of interaction between components. DSC 
thermogram of Moringa oleifera leaf extract, microcrystalline 

cellulose, poloxamer 188, PM, and SSD powder is presented in fig. 3. 
Moringa oleifera leaf extract exhibited an endothermic peak at 
112.36 °C and the enthalpy was-5733.61 J/g. Moreover, both 
microcrystalline cellulose and poloxamer 188 also showed an 
endothermic peak. The melting points of microcrystalline cellulose 
and poloxamer 188 were 79.72 °C and 54.35 °C, respectively. The 
thermogram of PM and SSD powder did not present the endothermic 
peak of the extract. The endothermic peak of microcrystalline 
cellulose and poloxamer 188 were slightly shift into lower melting 
points at PM and SSD thermogram. The reduction of enthalpy values 
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was also observed in the PM and SSD thermograms compared to the 
pure extract and excipient thermograms. The higher reduction of 
enthalpy and the lower melting point shift was exhibited by SSD 

1:2:0.5. This phenomenon could be attributed to the dispersion of 
Moringa oleifera leaf extract into the carrier and partially 
transformation from crystalline into amorphous state [24]. 

  

 

Fig. 3: DSC thermogram of (A) Moringa oleifera leaf extract (B) Microcrystalline cellulose PH 102 (C) Poloxamer 188 (D) PM 1:2:0.5 (E) PM 
1:4:0.5 (F) SSD 1:2:0.5 and (G) SSD 1:4:0.5 

 

Powder X-ray diffraction (PXRD) study 

The PXRD diffractogram was recorded to observe the crystalline and 
amorphous characteristics of PM and SSD powder [21]. The PXRD 
diffractogram of Moringa oleifera leaf extract explained that this 
extract was amorphous, hence, microcrystalline cellulose and 
poloxamer 188 were characterized as semicrystalline substances 
[36]. The PXRD diffractogram of Moringa oleifera leaf extract, 
microcrystalline cellulose, poloxamer 188, PM, and SSD powder was 
presented in fig. 4. Microcrystalline cellulose presented sharp peaks 
at 2θ 16.71°, 22.46°, and 34.53°. Meanwhile, poloxamer 188 
exhibited specific peaks at 15.15°, 19.10°, and 23.51°. The PXRD 
pattern of PM and SSD showed that the peaks observed in this 
spectrum were a combination of the specific peaks of 

microcrystalline cellulose and poloxamer 188. The sharp peak 
indicates the presence of crystalline nature in the sample [37]. 
However, the peak height was reduced in the PM and SSD powder 
due to the dilution effect of the carriers [38]. Reduction in the peak 
height was observed higher in SSD 1:2:0.5 compared to the other 
ratio and PM powder. These findings indicated a decrease in 
crystallinity in the SSD preparation [39]. The reduction of 
crystallinity occurred due to the interaction of Moringa oleifera leaf 
extract, microcrystalline cellulose, and poloxamer 188 during 
exposure to microwave energy [40]. The microwave irradiation 
method also influenced the alteration of crystal lattice regularity. 
Microwave irradiation method is able to break down molecules in 
low temperature; hence it can maintain the stability of Moringa 
oleifera leaf extract against exposure to high temperatures [37]. 

  

 

Fig. 4: PXRD diffractogram of (A) Moringa oleifera leaf extract (B) Microcrystalline cellulose PH 102 (C) Poloxamer 188 (D) PM 1:2:0.5 (E) 
PM 1:4:0.5 (F) SSD 1:2:0.5 and (G) SSD 1:4:0.5 
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Morphology analysis using scanning electron microscopy (SEM) 

The micrograph of the extract, microcrystalline cellulose, poloxamer 
188, PM, and SSD are tabulated in fig. 5. The SEM micrograph of 
microcrystalline cellulose was exhibited as columnar, wide, and thin 
particles. Meanwhile, poloxamer 188 was characterized as a spherulite 
particle. The PM and SSD powder micrographs revealed that the 
extract was attached to the surface of microcrystalline cellulose. The 
PM powder was observed as an aggregate and agglomerate structure. 
The SSD powder is constructed as a columnar particle similar to 

microcrystalline cellulose particle; nevertheless, the particles are 
scattered and there is a gap between columnar particles. The presence 
of microcrystalline cellulose as a carrier influenced the particle size of 
the resultant SSD particles [41]. The SEM micrograph of SSD powder 
constructs a rough surface, contrary to the amorphous solid 
dispersion, which exhibits a smooth and porous surface. It indicates 
the extract is dispersed in the microcrystalline cellulose as a carrier. 
Poloxamer 188 might be also attached to the surface of the extract and 
microcrystalline cellulose, producing the surface modification into 
hydrophilic characteristic [42]. 

  

 

Fig. 5: SEM micrographs of: (A) Microcrystalline cellulose PH 102 (B) Poloxamer 188 (C) PM 1:2:0.5 (D) PM 1:4:0.5 (E) SSD 1:2:0.5 and (F) 
SSD 1:4:0.5 

 

Moisture content 

Moisture content was a crucial parameter examined from the 
SSD powder based on plant extract due to its influence on the 
stability and activity parameter of Moringa oleifera leaves 
extract. The moisture content of SSD powder was extremely 
lower compared to the PM powder. The moisture content of SSD 
powder was 7.50±0.24% and 6.11±0.14% respectively for ratios 
1:2:0.5 and 1:4:0.5. Meanwhile, the moisture content of PM 
powder was 17.77±0.97% for ratio 1:2:0.5 and 11.48±0.83% for 
ratio 1:4:0.5. This result confirmed that the preparation of SSD 
powder was successful for preparing sticky materials into dry 
powder. Microcrystalline cellulose as a carrier was also 

promising to reduce the hygroscopicity of the dried products 
[43].  

True density, bulk density, tapped density, compressibility 
index, and Hausner ratio 

The determination of powder density, compressibility index, and 
Hausner ratio was performed to predict the compression behavior 
and flowability of PM and SSD powder. The compressibility index 
was able to measure powder bridge strength and stability, hence the 
Hausner ratio was a tool to measure interparticle friction [44]. The 
results of powder density measurement, compressibility index, and 
Hausner ratio are presented in table 2. 

 

Table 2: Powder density, compressibility index, and Hausner ratio of SSD and PM powder 

Physical characteristic SSD 1:2:0.5 SSD 1:4:0.5 PM 1:2:0.5 PM 1:4:0.5 

True density (g/ml) 1.4089±0.089 1.4417±0.096 2.0162±0.053 1.3374±0.084 
Bulk density (g/ml) 0.3577±0.065 0.3266±0.038 0.3381±0.038 0.3433±0.088 
Tapped density (g/ml) 0.4303±0.034 0.4440±0.077 0.4453±0.097 0.4082±0.000 
Hausner ratio 1.24±0.03 1.25±0.02 1.28±0.02 1.30±0.03 
Compressibility index (%) 19.65±1.64 19.99±0.86 21.06±1.23 22.69±0.71 

Data are expressed as mean±SD, n=3 

 

All the powders, not only SSD but also PM presented as passable 
powder regarding these data, as described in United States 
Pharmacopeia. The microcrystalline cellulose successfully entraps 
the extract into its structure, reduces the sticky consistency of the 
extract, and promotes better flowability as a dry product. High 
interparticle porosity, approximately 90-95% and wide surface were 
responsible for adsorbing the Moringa oleifera leaves extract [16]. 
Microcrystalline cellulose was effectively used in the previous study 

to reduce the moisture content and enhance the flowability of 
powdered ginger due to the capacity of adsorption and fibrous 
morphology of this particle [16]. 

Total flavonoid content 

The total flavonoid content of PM and SSD powder was evaluated 
using the visible spectrophotometry method. The principle of total 



K. C. Rani et al. 
Int J App Pharm, Vol 16, Special Issue 5, 2024, 118-126 

5th International Current Breakthrough in Pharmacy (ICB-Pharma) 2024, Indonesia                 | 124  

flavonoid content determination was colorimetric assay [45]. 
Quercetin was utilized as a marker compound in this study. The total 
flavonoid content of SSD powder was 11.04±0.23 mg QE/g for SSD 
1:2:0.5 and 9.18±0.05 mg QE/g for SSD 1:4:0.5. Meanwhile, the total 
flavonoid content of PM powder was 6.78±0.44 mg QE/g and 
4.86±0.36 mg QE/g for 1:2:0.5 and 1:4:0.5 ratio respectively. The 
results of total flavonoid content are presented in fig. 6. The total 

flavonoid content of SSD powder was significantly different 
compared to the PM powder (p<0.05). The total flavonoid content of 
SSD powder was higher than PM powder. This condition was 
influenced by the dispersion and encapsulation process of extract, 
which are better in the SSD preparation [11]. The homogenous 
physical characteristics of SSD powder compared to the PM powder 
promoted these findings. 

  

 

Fig. 6: Total flavonoid content of SSD and PM of Moringa oleifera leaves extract microcrystalline cellulose PH 102-poloxamer 188 (Data 
are expressed as mean±SD, n=3; error bars indicate SD values) 

 

Solubility study 

The solubility of quercetin in the aqueous medium from PM and SSD 
powder was determined by the spectrophotometry method. The 
solubility of quercetin from PM and SSD powder was presented in fig. 7. 
The solubility of quercetin was 78.73±0.76 µg/ml for SSD 1:2:0.5 and 

61.90±3.38 µg/ml for SSD 1:4:0.5. The PM powder exhibited solubility of 
quercetin in 68.20±0.40 µg/ml for PM 1:2:0.5 and 62.41±0.08 µg/ml for 
PM 1:4:0.5. SSD 1:2:0.5 presented highest solubility among all 
preparations (p<0.05). The higher solubility of SSD 1:2:0.5 compared to 
the PM powder was attributed to a reduction of crystal lattice regularity 
by microwave energy and improved wettability due to poloxamer 188. 

  

 

Fig. 7: Saturation solubility of PM and SSD powder containing Moringa oleifera leaf extract in water (Data are expressed as mean±SD, n=3; 
error bars indicate SD values) 

 

Antioxidant activity 

The improved solubility of flavonoids observed in the solubility 
study promoted the observation of the antioxidant activity of SSD 
powder. 2,2′-azino-bis (3-ethyl-benzothiazoline-6-sulphonic acid 
(ABTS) is a chemical compound frequently used by the food industry 
and agricultural researchers to measure the antioxidant capacities of 
foods and pharmaceutical products [46]. The antioxidant activity of 
SSD powder in this study was determined by ABTS scavenging 
assays. The IC50 values were calculated to express the antioxidant 
activity of SSD powder. The IC50 of SSD powder 1:2:0.5 and 1:4:0.5 

are tabulated in table 3. The antioxidant activity of SSD powder was 
lower compared to the pure extract and vitamin C, which is 
125.56±10 ppm for pure extract and 9.02±0.56 for vitamin C. 
Vitamin C as positive control exhibited very strong antioxidant 
activity (IC50<50 ppm) due to the radical scavenging mechanism of 
this substance. Nevertheless, the Moringa oleifera leaf extract and 
SSD powder exhibited weak antioxidant activity. This is due to the 
flavonoid content, which are contributed as an antioxidant 
substance in extract was not equally strong as vitamin C to stabilized 
the free radical but still potential to be developed as an antioxidant 
sources. The antioxidant activity of SSD powder was lower compare 
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to the pure Moringa oleifera leaf extract. These results implied that 
the microwave irradiation process led to an increase in the solubility 
of flavonoid compound in the aqueous medium; however the 
reduction of antioxidant activity may occur [11]. The optimization of 
power energy and time exposure should be conducted in further 
study to prevent the reduction of antioxidant activity.  

 

Table 3: The results of antioxidant activity evaluation of PM and 
SSD powder expressed as IC50 value 

Samples IC50 (ppm) 
Vitamin C 9.02±0.56 
Moringa oleifera leaf extract 125.56±10 
SSD 1:2:0.5 276.72±24.18 
SSD 1:4:0.5 249.04±27.29 

Data are expressed as mean±SD, n=3 

 

CONCLUSION 

The development of surface solid dispersion (SSD) of Moringa 
oleifera leaves extract-Microcrystalline cellulose PH102-Poloxamer 
188 with 1:2:0.5 and 1:4:0.5 successfully improved the 
physicochemical characteristics of the extract. The microwave 
irradiation method was able to incorporate the extract uniformly 
into the carrier structure and reduce crystal lattice regularity in the 
prepared SSD. This mechanism caused improvement in quercetin 
solubility from SSD powder in the aqueous medium. However, the 
optimization of power energy and time exposure of the microwave 
irradiation method should be optimized in further study to preserve 
the antioxidant activity of Moringa oleifera leaf extract.  

ACKNOWLEDGEMENT 

The author expresses gratitude to the Directorate of Research and 
Community Service University of Surabaya (LPPM) for providing a 
research grant. The authors show their appreciation to the women’s 
empowerment organization “Sri Rejeki”, Desa Bogo for providing 
Moringa oleifera leaf powder.  

AUTHORS CONTRIBUTIONS 

Concept and design of the ideas, literature search and concept of the 
intellectual content was performed by Karina C Rani, Roisah 
Nawatila, and Nikmatul IE Jayani. Formulation and characterization 
of SSD, data analysis, and statistical analysis was performed by 
Karina C Rani, Roisah Nawatila, Zulviata PD Natasya, and Veronika G 
Angela. In vitro antioxidant activity was determined by Winda M 
Wanti and Nikmatul IE Jayani. Manuscript preparation, manuscript 
editing, and review was conducted by Karina C Rani, Roisah 
Nawatila, and Nikmatul IE Jayani.  

CONFLICT OF INTERESTS 

Declared none 

REFERENCES  

1. El Sohaimy SA, Hamad GM, Mohamed SE, Amar MH Al-Hindi RR. 
Biochemical and functional properties of Moringa oleifera leaves 
and their potential as a functional food. Glob Adv Res J. 
2015;4(4):188-99. 

2. Coppin JP, XU Y, Chen H, Pan MH, HO CT, Juliani R. 
Determination of flavonoids by LC/MS and anti-inflammatory 
activity in Moringa oleifera. J Funct Foods. 2013;5(4):1892-9. 
doi: 10.1016/j.jff.2013.09.010. 

3. Martono Y, Yanuarsih FF, Aminu NR, Muninggar J. Fractionation 
and determination of phenolic and flavonoid compound from 
Moringa oleifera leaves. J Phys: Conf Ser. 2019;1307(1):12014. 
doi: 10.1088/1742-6596/1307/1/012014. 

4. Swathi S. Phytochemical screening and TLC studies of Moringa 
oleifera extract: their antibacterial and antioxidant activities. Int 
J Curr Pharm Rev Res. 2016;8(1):46-9. 

5. Suhartono S, Ismail YS, Muhayya SR, Husnah M. Ethanolic 
extracts of Moringa oleifera leaves inhibit biofilm formation of 

vibrio alginolyticus in vitro. IOP Conf Ser: Earth Environ Sci. 
2019;348(1):12018. doi: 10.1088/1755-1315/348/1/012018. 

6. Husni E, Badriyya E, Putri L, Aldi Y. The effect of ethanol extract 
of moringa leaf (Moringa oleifera lam) against the activity and 
capacity of phagocytosis of macrofag cells and the percentage of 
leukosit cells of white mice. Pharmacogn J.  2021;13(3):706-12. 
doi: 10.5530/pj.2021.13.90. 

7. Jin S, Lee CH, Lim DY, Lee J, Park SJ, Song IS. Improved 
hygroscopicity and bioavailability of solid dispersion of red ginseng 
extract with silicon dioxide. Pharmaceutics. 2021;13(7):1022. doi: 
10.3390/pharmaceutics13071022, PMID 34371714. 

8. Reddy CK, Jung ES, Son SY, Lee CH. Inclusion complexation of 
catechins rich green tea extract by β-cyclodextrin: preparation 
physicochemical thermal and antioxidant properties. LWT Food 
Sci Technol. 2020 May;131:109723. doi: 
10.1016/j.lwt.2020.109723. 

9. Sayyad FJ, Sakhare SS. Studies on ocimum basilicum mucilage-
based solid dispersions of indomethacin for enhancement of 
dissolution rate. JRP. 2019;23(5):832-8. doi: 
10.35333/jrp.2019.31. 

10. Weerapol Y, Tubtimsri S, Jansakul C, Sriamornsak P. Improved 
dissolution of Kaempferia parviflora extract for oral 
administration by preparing solid dispersion via solvent 
evaporation. Asian J Pharm Sci. 2017;12(2):124-33. doi: 
10.1016/j.ajps.2016.09.005, PMID 32104321. 

11. Jovanovic AA, Levic SM, Pavlovic VB, Markovic SB, Pjanovic RV, 
Dordevic VB. Freeze vs spray drying for dry wild thyme 
(Thymus serpyllum L.) extract formulations: the impact of 
gelatin as a coating material. Molecules. 2021;26(13):3933. doi: 
10.3390/molecules26133933, PMID 34203164. 

12. Chen B, Wang X, Zhang Y, Huang K, Liu H, XU D. Improved 
solubility dissolution rate and oral bioavailability of main 
biflavonoids from selaginella doederleinii extract by amorphous 
solid dispersion. Drug Deliv. 2020;27(1):309-22. doi: 
10.1080/10717544.2020.1716876, PMID 32037895. 

13. Patel B, Parikh RH, Swarnkar D. Enhancement of dissolution of 
telmisartan through use of solid dispersion technique surface 
solid dispersion. J Pharm Bioallied Sci. 2012;4Suppl 1:S64-8. doi: 
10.4103/0975-7406.94142, PMID 23066211. 

14. Abd-El Bary A, Louis D, Sayed S. Polmesartan medoxomil surface 
solid dispersion based orodispersible tablets: formulation and in 
vitro characterization. J Drug Deliv Sci Technol. 2014;24(6):665-
72. doi: 10.1016/S1773-2247(14)50134-7. 

15. Chaturvedi M, Kumar M, Pathak K, Bhatt S, Saini V. Surface solid 
dispersion and solid dispersion of meloxicam: comparison and 
product development. Adv Pharm Bull. 2017;7(4):569-77. doi: 
10.15171/apb.2017.068, PMID 29399546. 

16. Thoorens G, Krier F, Leclercq B, Carlin B, Evrard B. 
Microcrystalline cellulose a direct compression binder in a 
quality by design environment a review. Int J Pharm. 
2014;473(1-2):64-72. doi: 10.1016/j.ijpharm.2014.06.055, 
PMID 24993785. 

17. Patel RC, Keraliya RA, Patel MM, Patel NM. Formulation of 
furosemide solid dispersion with microcrystalline cellulose for 
achieve rapid dissolution. J Adv Pharm Technol Res. 2010;1(2):180-
9. doi: 10.4103/2231-4040.72256, PMID 22247844. 

18. Al-Hanbali OA, Hamed R, Arafat M, Bakkour Y, Al-Matubsi H, 
Mansour R. Formulation and evaluation of diclofenac controlled 
release matrix tablets made of HPMC and poloxamer 188 
polymer: an assessment on mechanism of drug release. Pak J 
Pharm Sci. 2018 Jan;311 Suppl:345-51. PMID 29386164. 

19. Isaac J, Kaity S, Ganguly S, Ghosh A. Microwave induced solid 
dispersion technology to improve the bioavailability of glipizide. 
J Pharm Pharmacol. 2013;65(2):219-29. doi: 10.1111/j.2042-
7158.2012.01595.x, PMID 23278689. 

20. Moneghini M, Bellich B, Baxa P, Princivalle F. Microwave 
generated solid dispersions containing ibuprofen. Int J Pharm. 
2008;361(1-2):125-30. doi: 10.1016/j.ijpharm.2008.05.026, 
PMID 18573321. 

21. Alshehri S, Shakeel F, Ibrahim M, Elzayat E, Altamimi M, Shazly 
G. Influence of the microwave technology on solid dispersions of 
mefenamic acid and flufenamic acid. Plos One. 
2017;12(7):e0182011. doi: 10.1371/journal.pone.0182011, 
PMID 28759638. 

https://doi.org/10.1016/j.jff.2013.09.010
https://doi.org/10.1088/1742-6596/1307/1/012014
https://doi.org/10.1088/1755-1315/348/1/012018
https://doi.org/10.5530/pj.2021.13.90
https://doi.org/10.3390/pharmaceutics13071022
https://www.ncbi.nlm.nih.gov/pubmed/34371714
https://doi.org/10.1016/j.lwt.2020.109723
https://doi.org/10.35333/jrp.2019.31
https://doi.org/10.1016/j.ajps.2016.09.005
https://www.ncbi.nlm.nih.gov/pubmed/32104321
https://doi.org/10.3390/molecules26133933
https://www.ncbi.nlm.nih.gov/pubmed/34203164
https://doi.org/10.1080/10717544.2020.1716876
https://www.ncbi.nlm.nih.gov/pubmed/32037895
https://doi.org/10.4103/0975-7406.94142
https://www.ncbi.nlm.nih.gov/pubmed/23066211
https://doi.org/10.1016/S1773-2247(14)50134-7
https://doi.org/10.15171/apb.2017.068
https://www.ncbi.nlm.nih.gov/pubmed/29399546
https://doi.org/10.1016/j.ijpharm.2014.06.055
https://www.ncbi.nlm.nih.gov/pubmed/24993785
https://doi.org/10.4103/2231-4040.72256
https://www.ncbi.nlm.nih.gov/pubmed/22247844
https://www.ncbi.nlm.nih.gov/pubmed/29386164
https://doi.org/10.1111/j.2042-7158.2012.01595.x
https://doi.org/10.1111/j.2042-7158.2012.01595.x
https://www.ncbi.nlm.nih.gov/pubmed/23278689
https://doi.org/10.1016/j.ijpharm.2008.05.026
https://www.ncbi.nlm.nih.gov/pubmed/18573321
https://doi.org/10.1371/journal.pone.0182011
https://www.ncbi.nlm.nih.gov/pubmed/28759638


K. C. Rani et al. 
Int J App Pharm, Vol 16, Special Issue 5, 2024, 118-126 

5th International Current Breakthrough in Pharmacy (ICB-Pharma) 2024, Indonesia                 | 126  

22. Mahdi H, Yousif E, Khan N, Mahmud R, Murugaiyah V, Asmawi 
M. Optimizing extraction conditions of moringa oleifera lam leaf 
for percent yield total phenolics content total flavonoids content 
and total radical scavenging activity. Int J Adv Res. 
2016;4(11):682-95. doi: 10.21474/IJAR01/2133. 

23. Tafu NN, Jideani VA. Characterization of novel solid dispersions of 
moringa oleifera leaf powder using thermo analytical techniques. 
Processes. 2021;9(12):2230. doi: 10.3390/pr9122230. 

24. Meka AK, Pola S, Tupally KR, Abbaraju PL. Development 
evaluation and characterization of surface solid dispersion for 
solubility and dissolution enhancement of irbesartan. Int J Drug 
Dev Res. 2012;4(1):263-73. 

25. Sanzida N. Determination of optimum drying temperature 
profile by iterative learning control (ILC) method to obtain a 
desired moisture content in tablets. Chem Eng Res Bull. 
2018;20(1):1. doi: 10.3329/cerb.v20i1.36923. 

26. Sun CC. Mechanism of moisture-induced variations in true 
density and compaction properties of microcrystalline cellulose. 
Int J Pharm. 2008;346(1-2):93-101. doi: 
10.1016/j.ijpharm.2007.06.017, PMID 17669609. 

27. Kementerian Kesehatan RI. Indonesian pharmacopeia sixth 
edition. Kemenkes RI; 2020. p. 2023-5. 

28. Saw HY, Davies CE, Paterson AH, Jones JR. Correlation between 
powder flow properties measured by shear testing and hausner 
ratio. Procedia Eng. 2015 Dec;102:218-25. doi: 
10.1016/j.proeng.2015.01.132. 

29. Fachriyah E, Kusrini D, Haryanto IB, Wulandari SM, Lestari WI, 
Sumariyah S. Phytochemical test determination of total phenol 
total flavonoids and antioxidant activity of ethanol extract of 
moringa leaves (Moringa oleifera Lam). J Kim Sains Apl. 
2020;23(8):290-4. doi: 10.14710/jksa.23.8.290-294. 

30. Chaves N, Santiago A, Alias JC. Quantification of the antioxidant 
activity of plant extracts: analysis of sensitivity and 
hierarchization based on the method used. Antioxidants (Basel). 
2020;9(1):76. doi: 10.3390/antiox9010076, PMID 31952329. 

31. Setiawan F, Oeke Yunita AK. Antioxidant activity test of ethanol 
extract of secang wood (Caesalpinia sappan) using the DPPH ABTS 
and FRAP methods. Media Pharm Indones. 2020;2(2):25-8. 

32. Rani KC, Nawatila R, Winantari A, Pradana AT, Ikhrom N, Jayani 
E. Preparation and evaluation of surface solid dispersion of 
Moringa oleifera leaf extract using freeze drying method. J Res 
Pharm. 2023;27(6):2330-41. 

33. Wulandari L, Retnaningtyas Y, Nuri LH, Lukman H. Analysis of 
flavonoid in medicinal plant extract using infrared spectroscopy 
and chemometrics. J Anal Methods Chem. 2016;2016:4696803. 
doi: 10.1155/2016/4696803, PMID 27529051. 

34. Nabarawi ME, Elsetouhy DA, Abdelmonem R, El-Hosseini A. 
Enhancement of loratadine dissolution by surface solid 
dispersion: the potential use of co-processed excipients as on 
surface carriers. Int J Appl Pharm. 2022;14(6):202-14. 

35. Wicaksono Y, Tsaniyah SF, Wisudyaningsih B, Barikah KZ, Sari 
LO. Preparation of atorvastatin calcium dipicolinic acid 
multicomponent solids by liquid assisted grinding method to 

increase solubility. Molekul. 2022;17(3):365-72. doi: 
10.20884/1.jm.2022.17.3.5946. 

36. Terinte N, Ibbett R, Schuster KC. Overview on native cellulose 
and microcrystalline cellulose I structure studied by X-ray 
diffraction (WAXD): comparison between measurement 
techniques. Lenzinger Ber. 2017;89:118-31. 

37. Agustina R, Setyaningsih D. Solid dispersion as a potential 
approach to improve dissolution and bioavailability of curcumin 
from turmeric (Curcuma longa l.). Int J App Pharm. 
2023;15(5):37-47. doi: 10.22159/ijap.2023v15i5.48295. 

38. Barzegar Jalali M, Ghanbarzadeh S, Adibkia K, Valizadeh H, Bibak 
S, Mohammadi G. Development and characterization of solid 
dispersion of piroxicam for improvement of dissolution rate 
using hydrophilic carriers. BioImpacts. 2014;4(3):141-8. doi: 
10.15171/bi.2014.007, PMID 25337467. 

39. Sumirtapura YC, Pamudji JS, Windriyati YN. Dissolution 
enhancement and physicochemical characterization of fenofibric 
acid in surface solid dispersion with croscarmellose sodium. JRP. 
2019;23(2):315-25. doi: 10.12991/jrp.2019.139. 

40. Zawar L, Bari S. Microwave induced solid dispersion as a novel 
technique for enhancing dissolution rate of repaglinide. Adv 
Pharmacol Pharm. 2013;1(2):95-101. doi: 
10.13189/app.2013.010208. 

41. Sapkal SB, Adhao VS, Thenge RR, Darakhe RA, Shinde SA, 
Shrikhande VN. Formulation and characterization of solid 
dispersions of etoricoxib using natural polymers. Turk J Pharm Sci. 
2020;17(1):7-19. doi: 10.4274/tjps.galenos.2018.04880, PMID 
32454755. 

42. Saha SK, Joshi A, Singh R, Dubey K. Enhanced solubility and 
dissolution by surface modified solid dispersion of alectinib 
hydrochloride. Int J App Pharm. 2023;15(4):257-65. doi: 
10.22159/ijap.2023v15i4.47851. 

43. Soares E, Silva LS, DE Santos, DA Silva LS, Brumano L, Stringheta 
PC, Aparecida DE Oliveira Pinto M, Moreira Dias LO. Preparation 
of dry extract of mikania glomerata sprengel (Guaco) and 
determination of its coumarin levels by spectrophotometry and 
HPLC-UV. Molecules. 2012;17(9):10344-54. doi: 
10.3390/molecules170910344, PMID 22932215. 

44. Shah RB, Tawakkul MA, Khan MA. Comparative evaluation of 
flow for pharmaceutical powders and granules. AAPS Pharm Sci 
Tech. 2008;9(1):250-8. doi: 10.1208/s12249-008-9046-8, PMID 
18446489. 

45. Fattahi S, Zabihi E, Abedian Z, Pourbagher R, Motevalizadeh 
Ardekani A, Mostafazadeh A. Total phenolic and flavonoid 
contents of aqueous extract of stinging nettle and in vitro 
antiproliferative effect on hela and BT-474 cell lines. Int J Mol 
Cell Med. 2014;3(2):102-7. PMID 25035860. 

46. Ogundele OM, Awolu OO, Badejo AA, Nwachukwu ID, Fagbemi 
TN. Development of functional beverages from blends of 
hibiscus sabdariffa extract and selected fruit juices for optimal 
antioxidant properties. Food Sci Nutr. 2016;4(5):679-85. doi: 
10.1002/fsn3.331, PMID 27625770. 

 

https://doi.org/10.21474/IJAR01/2133
https://doi.org/10.3390/pr9122230
https://doi.org/10.3329/cerb.v20i1.36923
https://doi.org/10.1016/j.ijpharm.2007.06.017
https://www.ncbi.nlm.nih.gov/pubmed/17669609
https://doi.org/10.1016/j.proeng.2015.01.132
https://doi.org/10.14710/jksa.23.8.290-294
https://doi.org/10.3390/antiox9010076
https://www.ncbi.nlm.nih.gov/pubmed/31952329
https://doi.org/10.1155/2016/4696803
https://www.ncbi.nlm.nih.gov/pubmed/27529051
https://doi.org/10.20884/1.jm.2022.17.3.5946
https://doi.org/10.22159/ijap.2023v15i5.48295
https://doi.org/10.15171/bi.2014.007
https://www.ncbi.nlm.nih.gov/pubmed/25337467
https://doi.org/10.12991/jrp.2019.139
https://doi.org/10.13189/app.2013.010208
https://doi.org/10.4274/tjps.galenos.2018.04880
https://www.ncbi.nlm.nih.gov/pubmed/32454755
https://doi.org/10.22159/ijap.2023v15i4.47851
https://doi.org/10.3390/molecules170910344
https://www.ncbi.nlm.nih.gov/pubmed/22932215
https://doi.org/10.1208/s12249-008-9046-8
https://www.ncbi.nlm.nih.gov/pubmed/18446489
https://www.ncbi.nlm.nih.gov/pubmed/25035860
https://doi.org/10.1002/fsn3.331
https://www.ncbi.nlm.nih.gov/pubmed/27625770


HOME Editorial Board

Editorial Board

Editor-in-Chief

Dr. Gaurav Kant Saraogi
Sri Aurobindo Institute of Pharmacy, Indore-Ujjain State Highway, Indore, Madhya Pradesh, India
Email: editor@ijaponline.org, gauravsaraogi13@gmail.com

Associate Editors

Dr. Genta Ida
Department of Drug Sciences, University of Pavia, Italy
Email:ida.genta@unipv.it

Assistant Editors

Dr. Awesh Kumar Yadav
National Institute of Pharmaceutical Education and Research Raebareli, Uttar Pradesh, India
Email: aweshyadav@gmail.com

Dr. Arvind Gulbake
National Institute of Pharmaceutical Education and Research: Changsari, Assam, India
Email: arvind.gulbake@gmail.com 

Editorial Members

Dr.  Kailash C. Petkar
Scientist ‘C’, Government of India, DSIR, Min. of Science and Technology, New Delhi, India

Email: petkar.kailash@gmail.com

Dr. Alankar Shrivastava
Amity Institute of Pharmacy, Amity University, Raipur, Chhattisgarh, India

Email: alankarshrivastava@gmail.com

Dr. Tarang Nema

International Flavours and Fragnances, Singapore

Dr. Carlotta Marianecci
Dipartimento di Chimica e Tecnologie del Farmaco, Sapienza Universita di Roma, Rome, Italy

Email: carlotta.marianecci@uniroma1.it

Dr. Manoj Nahar
Sun Pharmaceutical Industries Limited, Vadodara, Gujarat, India

Email: mnjnahar@yahoo.co.in

Dr. Tarek Abdelnapy Ahmed
Department of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, KAU, Jeddah, KSA

Email: dr_tarek_nour@yahoo.com

/

10/16/24, 8:06 PM Editorial Board | International Journal of Applied Pharmaceutics

https://journals.innovareacademics.in/index.php/ijap/editorial-board 1/4

https://journals.innovareacademics.in/index.php/ijap/index
https://journals.innovareacademics.in/index.php/ijap/index
https://orcid.org/0000-0003-1403-751X
https://orcid.org/0000-0001-5710-0588%20
https://orcid.org/0000-0002-6983-0622%20
https://orcid.org/0000-0001-7425-8125%20
https://www.scopus.com/authid/detail.uri?authorId=17135519600
https://orcid.org/0000-0003-3284-0445
https://sg.linkedin.com/in/tarang-nema-0766365
https://orcid.org/0000-0002-2505-1766
https://www.scopus.com/authid/detail.uri?authorId=57195615463
https://orcid.org/0000-0002-9247-4400


Dr. Elizabeth Igne Ferreira
Faculty of Pharmaceutical Sciences, University of Sao Paulo, Brazil

Email: elizabeth.igne@gmail.com

Dr. Surya Prakasarao Kovvasu
Western University of Health Sciences, Pomona, California, USA

Email: skovvasu@westernu.edu

Dr. N. Kanagathara
Saveetha School of Engineering, Saveetha University, Chennai, India

Email: kanagathara23275@gmail.com

Dr.  Mohammed Elmowafy Gomaa Aburaia
Department of Pharmaceutics, College of Pharmacy, Jouf University, Saudi Arabia

Email: melmowafy@ju.edu.sa

Dr. Liang Chen
Wenzhou Medical University, Wenzhou, P. R. China

Email: cheng_zhuan0101@wuxibiologics.com

Dr. Franca Castiglione
Department “G. Natta”, Politecnico di Milano, Italy

Email: franca.castiglione@polimi.it

Dr. Iman Emam Omar Gomaa
Faculty of Pharmacy, University for Modern Sciences and Arts (MSA)” Cairo - Egypt

Email: igomaa@msa.eun.eg

Dr. Basant Amarji
UIPS, Punjab University, Chandigarh, Punjab, India

Email: basantamarji@gmail.com

Dr. Rabab Kamel
Pharmaceutical Technology Department, National Research Centre, Egypt

Email: drrababk@hotmail.com

Dr. Satish Shilpi
Ravishankar College of Pharmacy, Bhopal, MP, India

Email: shilpisatish@gmail.com

Dr.  Umeyor Chukwuebuka Emmanuel
Faculty of Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria

Email: ec.umeyor@unizik.edu.ng

Dr. Yosra S.R. Elnaggar
Faculty of Pharmacy and Drug Manufacturing, Pharos University, Alexandria, Egypt

Email: yosra_pharm@yahoo.com

Dr. Sumeet Kapoor
IIT New Delhi, India

Email: s.kapooriitd@gmail.com

10/16/24, 8:06 PM Editorial Board | International Journal of Applied Pharmaceutics

https://journals.innovareacademics.in/index.php/ijap/editorial-board 2/4

https://orcid.org/0000-0002-3833-3439%20
https://orcid.org/0000-0001-5903-5193%20
https://orcid.org/0000-0002-3368-3771
https://orcid.org/0000-0002-2393-8195%20
https://orcid.org/0000-0002-4483-8732%20
https://orcid.org/0000-0003-2413-8808%20
https://orcid.org/0000-0003-0295-2518%20
https://www.scopus.com/authid/detail.uri?authorId=37012060600
https://orcid.org/0000-0003-1017-527X%20
https://orcid.org/0000-0002-0477-9985%20
https://orcid.org/0000-0001-8674-0867%20
https://orcid.org/0000-0002-6939-7777%20
https://orcid.org/0000-0003-4956-9831%20


Dr. Arif Nur Muhammad Ansori

Faculty of Science and Technology, Universitas Airlangga, Surabaya, Indonesia

Email: ansori.anm@gmail.com

Dr. Dinesh Nyavanandi

Research Scientist, Formulation Development Cerevel Therapeutics, MA 02141, USA

Email: ndinesh624@gmail.com

Online ISSN: 0975–7058

CONTINUED IN 2024 [Q2]

How we claim? Click Scopus indexing IJAP 2024 to learn and understand

1.4 2023
CiteScore

 
 52nd percentile

Powered by  

Plagiarism Check

10/16/24, 8:06 PM Editorial Board | International Journal of Applied Pharmaceutics

https://journals.innovareacademics.in/index.php/ijap/editorial-board 3/4

https://orcid.org/0000-0002-1279-3904
https://orcid.org/0000-0002-3271-5006
https://www.scopus.com/sourceid/19900192174
https://innovareacademics.in/blog/scopus-indexed-journal-in-new-year/


It's Embase, Not Expanded Embase, Learn in 1 Min

 

MOST READ

FORMULATION AND EVALUATION OF TRANSDERMAL PATCHES OF PANTOPRAZOLE SODIUM
 972

OCULAR DRUG DELIVERY SYSTEM: CHALLENGES AND APPROACHES
 949

OVERVIEW ON FLOATING DRUG DELIVERY SYSTEM
 799

FORMULATION AND EVALUATION OF EFFERVESCENT GRANULES OF IBUPROFEN
 572

DERMATOLOGIC GELS SPREADABILITY MEASURING METHODS COMPARATIVE STUDY
 430

Our Journals || Open Access Policy || Publication & Peer Review Policy || Publication Ethics
The publication is licensed under a Creative Commons License (CC BY). View Legal Code

Copyright © 2024 All Rights Reserved, Innovare Academic Sciences | Powered By CyberDairy

10/16/24, 8:06 PM Editorial Board | International Journal of Applied Pharmaceutics

https://journals.innovareacademics.in/index.php/ijap/editorial-board 4/4

https://blog.innovareacademics.in/what-is-expanded-embase-is-it-nothing/
https://journals.innovareacademics.in/index.php/ijap/article/view/42175
https://journals.innovareacademics.in/index.php/ijap/article/view/38762
https://journals.innovareacademics.in/index.php/ijap/article/view/28774
https://journals.innovareacademics.in/index.php/ijap/article/view/34912
https://journals.innovareacademics.in/index.php/ijap/article/view/41267
http://innovareacademics.in/journals.php
https://innovareacademics.in/open-access-policy.php
https://innovareacademics.in/publication-ethics.php
https://innovareacademics.in/publication-ethics.php
https://innovareacademics.in/journals/index.php/ijap/management/settings/%3Ca%20rel=%22license%22%20href=%22http:/creativecommons.org/licenses/by-nc/4.0/%22%3E%3Cimg%20alt=%22Creative%20Commons%20License%22%20style=%22border-width:0%22%20src=%22https:/i.creativecommons.org/l/by-nc/4.0/88x31.png%22%20/%3E%3C/a%3E%3Cbr%20/%3EThis%20work%20is%20licensed%20under%20a%20%3Ca%20rel=%22license%22%20href=%22http:/creativecommons.org/licenses/by-nc/4.0/%22%3ECreative%20Commons%20Attribution-NonCommercial%204.0%20International%20License%3C/a%3E.
http://creativecommons.org/licenses/by/4.0/legalcode
http://innovareacademics.in/
http://cyberdairy.com/open-journal-system/

