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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. 
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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. 



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                 | 121  

 

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 
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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.  
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DWI SARYR AYY NTI, MUHAMMAD DA’AA I, KIBEDI B. CABRAL, ERINDYAYY H R. WIKANTYAYY SNING
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ARDITATT T. RAHMASARI, PRAMUDYAYY KURNIA

  

GUNAWAA AWW N SETIYAYY DI, SUPRAPTO, ENDANG N. WIDIYAYY NINGSIH, AMANDA A. SALSABILA, IZZATAA UL
QUDSIYAYY H

  

SUPRAPTO SUPRAPTO, TEUKU NANDA SAIFULLAH SULAIMAN, ABDUL ROHMAN, AKHMAD KHARIS
NUGROHO

  

METATT SAFITRI, NANIK SULISTYAYY NI, IIS WAWW HYUNINGSIH, DIANA SYLVLL IA, ARINI APRILLIANI

  

JOKO P. WIBOWO, FRANK J. DEKKER, WIM J. QUAX
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IKA BUANA JANUARTI, FAFF DZIL LATAA IFAFF H, RICKY FIRMANSYAYY H, AULYLL AYY D. PERTIWI, NIKEN AGUSTYAYY , HESTI
WIDYAYY WAA AWW TAA I

  

LINA PERMATAA ATT SARI, HANDA MULIASARI, FAFF NIA RAHMAN

  

NINA D. OKTATT VAA IYAYY NTI, RYR AYY NTO BUDIONO, ENDANG W. FITRIANI, CHRISTINA AVAA AVV NTI

  

IKA A. MENTATT RI, INDAH HAIRUNISA, PAPP ULA M. KUSTIAWAA AWW N, MOHD F. A. BAKAR, FAFF ZLEEN I. A. BAKAR,
EVAVV MARDIANA

  

TRI YULIANTI, HIDAYAA AYY H KARUNIAWAA AWW TAA I, NURUL MUTMAINAH, LISTIANA MASYITATT DEWI, AISYAYY H SHABRINA
ADANI, TITIK SUSILOWAWW TAA I

  

10/16/24, 7:38 PM Vol 16, Special Issue5 (Oct), 2024 | International Journal of Applied Pharmaceutics

https://journals.innovareacademics.in/index.php/ijap/issue/view/898 3/6



10.22159/ijap.2024v16s5.52470

10.22159/ijap.2024v16s5.52469

10.22159/ijap.2024v16s5.52468

10.22159/ijap.2024v16s5.52466

10.22159/ijap.2024v16s5.52465

10.22159/ijap.2024v16s5.52464

MUHAMMAD LABIB QOTRUN NIAM1, SELLA APRILIA, ARIFAFF H SRI WAWW HYUNI, TISTATT AYAA U FORTUNA,
FAFF ZLEEN IZZANI ABU BAKAR, ARINI FAFF DHILAHI

  

ARIFAFF H S. WAWW HYUNI, FIRDA AYAA U F. RAHMAWAA AWW TAA I, DISKI W. WIJIANTO, RETNO A. UMNIYYAYY H

  

FAFF HRUN NUR ROSYID, HARYRR OTO, BETI KRISTINAWAA AWW TAA I, AHMAD FAFF DHLUR RAHMAN

  

KARINA C. RANI, ROISAH NAWAA AWW TAA ILA, ZULVLL IARA PD NATAA ATT SYAYY , VERONIKA G. ANGELA, WINDA M WAWW NTI,
NIKMATAA UL IE JAYAA AYY NI

  

ANITATT SUKMAWAA AWW TAA I, SETYO NURWAWW INI, JIHAN NAUFAFF AZIMAH, ANISA JEVI ROMANDANI SAPUTRI

  

TRI B. JULIANTI, MOHD. F. A. BAKAR, ERINDYAYY H R. WIKANTYAYY SNING
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Metrics based on Scopus® data as of March 2025

1 year ago

Dear Editor,

Is IJAP Q2 or Q3 in Pharmacology, Toxicology, and Pharmaceutics? in the list appear as Q3, but in

the Scopus and the journal website it's categorized as Q2 since the last year (2023).

reply

SJR

The SJR is a size-independent prestige indicator that ranks
journals by their 'average prestige per article'. It is based on
the idea that 'all citations are not created equal'. SJR is a
measure of scienti c in uence of journals that accounts
for both the number of citations received by a journal and
the importance or prestige of the journals where such
citations come from It measures the scienti c in uence of
the average article in a journal, it expresses how central to
the global scienti c discussion an average article of the

Total Documents

Evolution of the number of published documents. All types
of documents are considered, including citable and non
citable documents.

2011 14
2012 7
2013 9
2014 12

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The chart
shows the evolution of the average number of times
documents published in a journal in the past two, three and
four years have been cited in the current year. The two
years line is equivalent to journal impact factor ™
(Thomson Reuters) metric.

Cites / Doc. (4 years) 2011 0.000
Cites / Doc. (4 years) 2012 1.071
Cites / Doc. (4 years) 2013 0.810
Cites / Doc. (4 years) 2014 1.033
Cites / Doc. (4 years) 2015 0.619
Cites / Doc. (4 years) 2016 1.583
Cites / Doc. (4 years) 2017 1.603
Cites / Doc. (4 years) 2018 1.095
Cites / Doc. (4 years) 2019 0.958
Cites / Doc. (4 years) 2020 0.881

Total Cites Self-Cites

Evolution of the total number of citations and journal's self-
citations received by a journal's published documents
during the three previous years.
Journal Self-citation is de ned as the number of citation
from a journal citing article to articles published by the
same journal.

f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document and
external citation per document (i.e. journal self-citations
removed) received by a journal's published documents
during the three previous years. External citations are
calculated by subtracting the number of self-citations from
the total number of citations received by the journal’s
documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several countries.
The chart shows the ratio of a journal's documents signed
by researchers from more than one country; that is
including more than one country address.

2011 7.14
2012 0 00

Citable documents Non-citable documents

Not every article in a journal is considered primary research
and therefore "citable", this chart shows the ratio of a
journal's articles including substantial research (research
articles, conference papers and reviews) in three year
windows vs. those documents other than research articles,
reviews and conference papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years windows,
that have been cited at least once vs. those not cited
during the following year.

Uncited documents 2011 0
Uncited documents 2012 7
Uncited documents 2013 12
U it d d t 2014 14

% Female Authors

Evolution of the percentage of female authors.

2011 22.22
2012 42.11
2013 44.00
2014 47.06
2015 35.29
2016 41 43

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public
policy documents according to Overton database.

Overton 2011 0
Overton 2012 0
Overton 2013 0
Overton 2014 0
Overton 2015 0

Documents related to SDGs (UN)

Evolution of the number of documents related to
Sustainable Development Goals de ned by United Nations.
Available from 2018 onwards.

SDG 2018 32
SDG 2019 70
SDG 2020 50
SDG 2021 77

Estimated APC

It estimates the article processing charges (APCs) a
journal might charge, based on its visibility, prestige, and
impact as measured by the SJR. It does not re ect the
actual APC, but rather a calculated approximation based on
journal quality.

2011
2012 2718

Estimated nancial value

It represents the potential nancial worth of a journal. It is
obtained by multiplying the journal's Estimated APC by the
total number of citable documents published over the past

ve years. This value re ects the hypothetical revenue a
journal could generate based on its estimated publication
costs and scholarly output.
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1 year ago

Dear Okta,

Thank you for contacting us.

As you probably already know, our data come from Scopus, they annually send us an

update of the data. This update is sent to us around April / May every year.

The calculation of the indicators is performed with the copy of the Scopus database
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1 year ago

If the scienti c journal has a Q2, how much does it compare to the IF?

reply

2 years ago

Dear SCImago Team,

Is this journal still indexed as Q3 since the coverage is only until 2022 and it's already 2023.

Thankyou

reply

3 years ago

Publisher this journal is difference with list from scimago. What is right?

reply

3 years ago

Hi

provided to us annually. Regarding your inquiry about the Quartile distribution process at

SCImago, the journals are ranked and distributed in 4 equal groups based on their SJR

value, unlike Scopus, who ranks the publications by percentiles based on the journal’s

CiteScore.

The Quartile methodology, like others that are used to group results such as percentiles,

can be applied to any indicator. Currently, Scopus offers information on the journals

ranking and the percentile they occupy according to the CiteScore indicator (https://

service.elsevier.com/app/answers/detail/a_id/14880/supporthub/scopus/), which is

perceived as an impact indicator, but that is different from the SJR, as the latter is also a

normalized impact indicator (https://www.scimagojr.com/ les/SJR2.pdf).

Both Scopus and SCImago Journal and Country Rank offer information on the SJR

indicator for every journal, although the position of each of the publications and the

quartile in which it is located according to the SJR can be consulted at https://

www.scimagojr.com.

According to the above, the difference in the information consulted on the Scopus

journal’s pro le and in Scimagojr.com lies in the fact that they represent the position of

the journal based on two different indicators, which are not directly comparable because

they measure two different dimensions: Impact (CiteScore) and Normalized Impact (SJR).

Additionally, it is important to keep in mind that, although the quartiles in SJR tend to be

distributed in 4 groups of equal size and that the journals appear sorted by the highest

SJR to the lowest SJR, it is not always possible due to ties in SJR values and, therefore,

journals with the same SJR must be distributed within the same quartile, which may lead

to differences in the number of journals within that quartile.

Best Regards,

SCImago Team

A

1 year ago

Dear Azad, thank you very much for your comment. SCImago Journal and Country Rank

uses Scopus data, our impact indicator is the SJR (Check it above). We suggest you

consult the Journal Citation Report for other indicators (like Impact Factor) with a Web of

Science data source. Best Regards, SCImago Team

SCImago Team

M

2 years ago

Dear Michelle,

Thank you for contacting us. Our data come from Scopus, they annually send us an

update of the data. This update is sent to us around April / May every year. The SJR for

2022 was released on 1st May 2023. Therefore, the indicators for 2023 will be available in

May/June 2024.

Best Regards, SCImago Team

SCImago Team

L

3 years ago

Dear Lana,

Thank you for contacting us. Could you please expand a little bit on your comment?

Best Regards, SCImago Team

SCImago Team

N



reply

4 years ago

Dear editorial team of the International Journal of Applied Pharmaceutics, I would like to ask how

long it will take us as authors to get con rmation of the rejection or acceptance of our manuscript.

tx regards.

reply

4 years ago

Dear Schimago, Is International Journal of Applied Pharmaceutics still in schimago journal rank?

usually there is homepage of the journal in the site of the journal in Schimago, but why there is no

homepage or how to publish in this journal site in schimago?

reply

4 years ago

Dear

How much APC ?

reply

11 months ago

Dear Schimago, after publication in the International Journal of Applied Pharmaceutics, how

long it would take to re ect in the scopus page.

3 years ago

Dear Neelam, welcome and thanks for your participation! Best Regards, SCImago Team

SCImago Team

N

4 years ago

Dear Nur,

Thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus.

We suggest you visit the journal's homepage or contact the journal’s editorial staff , so

they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

S

4 years ago

Dear Sri,

Thank you for contacting us.

We inform you that all the information referring to the website of this Journal is not

available in our website (you'll see "Information not localized") due to the fact that we

could not verify that information with absolute reliability.

Best Regards,

SCImago TEAM

Dear Sir/Madam,

Thank you for contacting us.

We inform you that all the information referring to the website of this Journal is not

available in our website (you'll see "Information not localized") due to the fact that we

could not verify that information with absolute reliability.

Best Regards,

SCImago TEAM

SCImago Team

B

T

10 months ago

Dear Saraswathi,

Thank you very much for your comment. We suggest you contact the Scopus

support team: https://service.elsevier.com/app/answers/detail/a_id/14883/kw/

scimago/supporthub/scopus/

Best Regards, SCImago Team

SCImago Team



5 years ago

Dear sir

I would like to ask. Whether this journal accepts computational chemistry research and how much

it costs for publication in this journal.

Thank you

Faridah

reply

5 years ago

Is this predatory journal? Or every journals in scimagojr database are guaranteed none predatory

journal

reply

6 years ago

Thanks Elena.

reply

7 years ago

Hello there,

Is there any correlation exist between Scimago journal value with that of SCI impact factor

provided by Claryvate Analytics.

Best

Dr. Paital

reply

4 years ago

Dear Burhanuddin,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

F

5 years ago

Dear Faridah,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

J

5 years ago

Dear Julaeha, SJR is a portal with scientometric indicators of journals indexed in Scopus.

All the data have been provided By Scopus /Elsevier and SCImago doesn´t have the

authority over this data. For more information about predatory journals you can check the

link below:

https://beallslist.weebly.com/.

Best regards, SCImago Team

SCImago Team

7 years ago

Dear Biswaranjan, Ttey are two indicators that are calculated differently and with different

databases and number of different indexed journals. There is a bibliography on the degree

of correlation, which is high, but taking into account the three existing differences. Best

Regards,

SCImago Team

SCImago Team



7 years ago

Dear sir

Greetings

Have a nice day. Did your journal indexed in Scopus database and if it publish in medical eld.

Waiting for your reply.

Best regards

reply
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D

7 years ago

Dear Dr Amer, all the journals included in the SJR are indexed in Scopus. Elsevier / Scopus

is our data provider. We suggest you look at the journal report to see which thematic

elds are indexed. Best Regards, SCImago Team

SCImago Team
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