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ABSTRACT: Moringa leaf extract contains flavonoids, which are useful as a source of antioxidants. Its development
into pharmaceutical dosage forms, however, has several problems, including thick consistency, low solubility in water,
and heat-sensitive stability. Formation into surface solid dispersion (SSD) is one approach to increase the solubility of
flavonoid compounds and improve the physical-mechanical characteristics of moringa leaf extract. This research aimed
to develop SSD of moringa extract with microcrystalline cellulose as the carrier as well as to perform its physical and
chemical characterization. The method used to prepare the SSD was freeze drying with two extract-to-microcrystalline
cellulose ratios, namely 1:2 and 1:4. Results showed that the 1:2 ratio produced 6.09% moisture content and adequate
powder flowability, while the 1:4 SSD system had 5.06 % moisture content and poor flowability. In addition, crystallinity
analysis and thermal characteristics indicated a reduction in the regularity of the crystal lattice, marked by a decrease
in the specific peak intensity on the X-ray diffractogram, as well as a shift in the melting point and a decrease in the
enthalpy of the SSD system in both ratios on the DSC thermogram. The total flavonoid contents of the SSD were 7.1 +
0.0527 mg QE/ g for the 1:2 ratio and 4.0 £ 0.0797 mg QE/ g for the 1:4 ratio. Also, the solubility of flavonoid compounds
of the 1:2 SSD system was 67.33 pg/ml, showing enhanced solubility compared to moringa leaf extract (64.11 ug/ml),
physical mixture (54.60-58.81 pug/ml), and the 1:4 SSD system (48.09 pg/ml) (p<0.05). Based on these results, it can be
concluded that SSD of moringa leaf extract-microcrystalline cellulose (1:2) has the potential to be further developed into
pharmaceutical dosage forms.
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1. INTRODUCTION

Moringa oleifera is a medicinal plant that rapidly grows in tropical areas such as Indonesia. M. oleifera,
belonging to the family Moringaceae, has proved to be positive for human health. It is rich in nutrients, and the
phytochemicals copiously present in the leaves, pods, and seeds are used as medicinal ingredients [1]. The
leaves are a source of vitamin C, calcium, beta-carotene, and protein. In addition, they are natural antioxidants,
a characteristic linked to the flavonoid, ascorbic acid, carotenoid, and phenolic contents [2], that also protect
against oxidative stress, inflammation, hepatic fibrosis, and liver damage. Antibacterial properties, including
against multiple drug-resistant gram-positive and gram-negative bacteria pathogens, have also been reported
[3]. Moringa leaves are also a potential source of vitamin E, which is antioxidative and has an inhibitory effect
on cell proliferation [4].

Moringa leaves have been widely known as a prominent source of polyphenol compounds such as
flavonoids and phenolic acids [5]. The main flavonoid contents are myricetin, quercetin, and kaempferol [6].
Moringa leaves harvested in Ghana, Senegal, and Zambia have a total flavonoid content of 0.18% to 1.64%
(g/ dry weight). Phenolic acids are parts of phenolic compounds that produce antioxidant, anti-inflammatory,
antimutagenic, and anticancer effects [5]. Gallic acid, chlorogenic acid, and caffeic acid are the most abundant
phenolic compounds in the leaves. Moringa leaf extracts are preferably developed as active ingredients in
dosage forms because of the concentrated active compounds and their applicability in small concentrations.
The hydroalcoholic extract has potent antioxidant activity, as demonstrated by the ICs value of 232.6 £ 7.61
pg/ml from the DPPH (1,1-difenil-2-pikrilhidrazil) method [7]. Besides, it contains rutin (1.58 = 0.06 w/w),
quercetin (0.26 + 0.01%), ellagic acid (0.20 + 0.01%), chlorogenic acid (0.23 + 0.01%), and ferulic acid (0.16 +
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0.01%). In a different study, the ethanol extract produced the highest antioxidant activity (1Cso = 103.98 pg/ml)
compared to the extracts separated using n-hexane (448.17 ng/ml) and ethyl acetate (169.90 ug/ml) [7]. Hence,
ethanol extracts of M. oleifera leaves are promising ingredients for pharmaceutical dosage forms and
nutraceutical products.

According to Indonesian Herbal Pharmacopeia, the moringa leaf extract is a thick extract with brownish-
green color, distinctive odor, and bitter taste. The thick consistency, however, causes physico-mechanical
problems when formulated into pharmaceutical dosage forms, especially the solid ones. Chemically, this thick
extract has a total flavonoid content of not less than 6.30%, identified as quercetin [8]. Quercetin, the marker
compound of moringa leaves, is categorized as class II (water-insoluble) in the Biopharmaceutical
Classification System (BCS). In physicochemical and pharmacodynamic studies, Kulkarni et al. confirmed the
solubility of quercetin in water at 60 mg/L, indicating insolubility [9]. The other flavonoids identified in the
moringa leaf extract are myricetin and kaempferol, with low water solubility at 54.9 mg/L and 440 mg/L [10].
The characteristically low-solubility flavonoids of M. oleifera leaves in water limit the development of the
extract into a dosage form. Solubility is an essential property that determines the dissolution, absorption, and
bioavailability of a flavonoid in systemic circulation [11]. Therefore, techniques such as solid dispersion,
inclusion complex, salt formation, and nanocrystals are needed to address the low solubility and dissolution
problem.

Surface solid dispersion (S5D) is a mechanical engineering used to disperse an extract on the surface and
in the pore of an insoluble-hydrophilic carrier [12]. This technique increases the surface area of the moringa
leaf extract that is in contact with an aqueous medium while making it less prone to clumping. In this case, a
higher contact surface area leads to a higher dissolution rate. SSD uses carriers that are hydrophilic, insoluble
in water, and porous. It quickly disperses upon contact with water, generating rapid drug release into an
aqueous medium [12]. Several hydrophilic materials with a high surface area are microcrystalline cellulose,
colloidal silicon dioxide, croscarmellose sodium, and crospovidone. In this present study, microcrystalline
cellulose was used as the carrier to produce the SSD of the M. oleifera leaf extract. Microcrystalline cellulose is
a porous, hygroscopic, and water-insoluble powder that expands substantially when in contact with water
and is characterized as having a high surface area of approximately 1.21-1.30 m2/g [13,14]. The hydrophilic
group in the structure of this molecule strongly contributes to its hydrophilic character [15]. Hydrophilicity,
high porosity, and wide surface allow for rapid drug release from SSD [16].

Applying microcrystalline cellulose in SSD successfully improves cefuroxime dissolution rate and
antibacterial activity [17]. Reduced particle size, increased contact surface area, and enhanced drug wettability
have been predicted as the mechanisms responsible for better drug solubility and release from SSD [18].
Microcrystalline cellulose is also a potential adsorbent to convert active pharmaceutical ingredients that are
sticky or strongly adhesive into free-flowing powders [19]. Its porous structure promotes the adsorption and
release of a liquid extract upon contact with an aqueous medium — required characteristics as a suitable carrier
for plant extracts in an SSD form [20]. Microcrystalline cellulose has proved to be an excellent carrier for the
Prunus padus liquid extract due to its ability to protect from moisture-related interventions, prevent clumping,
and improve flow properties [17]. Drug-to-carrier ratios also play a pivotal role in developing SSD to improve
the dissolution rate [16]. In this study, the SSD of the moringa leaf extract was designed using microcrystalline
cellulose as the carrier at 1:2 and 1:4 ratios.

The freeze-drying method was applied in this study to prepare the SSD. Freeze drying, widely known as
lyophilization, exerts a positive influence on the development of pharmaceutical products. This process
provides better stability during storage for thermolabile components such as protein drugs, plant-based
constituents, and plant extracts [21]. A previous study revealed that the freeze-drying of thyme extracts into
powders with higher bulk density and better flowability than the other drying methods. Moreover, these
powders showed a lower reduction in total phenolic and flavonoid contents, indicative of stable antioxidant
activity during storage [22]. Freeze-drying applies sublimation, thus creating powders with a porous structure
and enhancing the wettability and solubility of the entrapped extract. The higher solubility and dissolution
rate can be attributed to the rapid transformation into an amorphous phase during freeze-drying [23]. The SSD
prepared in this study was further evaluated to determine the powder characteristics, physicochemical
characteristics, total flavonoid contents, and solubility.
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2. RESULTS AND DISCUSSION

2.1. Physical characteristics of surface solid dispersion (SSD) and physical mixture (PM)

The physical characterization revealed that the SSD powders formulated from the Moringa oleifera leaf
extract and the carrier microcrystalline cellulose had a fine grain size, light yellow color, and no specific odor
and taste. Meanwhile, the PM powders were in the form of greenish-yellow aggregates that were
agglomerated and had the distinguished odor of the M. oleifera leaf extract. The observed physical
characteristics of both powders are shown in Figure 1. From the observation results, it can be assumed that
microcrystalline cellulose is an excellent carrier to formulate pharmaceutical preparations from active
ingredients, i.e., flavonoids, with low water solubility. Further, the porous structure of microcrystalline
cellulose allows the adsorption of a thick liquid extract like that of M. oleifera leaves, due to which the carrier
covers the unfavorable physical properties of the extract [24].

Figure 1. Powder appearances of the physical mixtures (PMs) of the moringa leaf extract and microcrystalline
cellulose at (a) 1:2 ratio and (b) 1:4 ratio, and the surface solid dispersions (SSDs) of the moringa leaf extract
and microcrystalline cellulose at (c) 1:2 ratio and (d) 1:4 ratio.

Both PM and SSD powders were made at different extract-to-carrier ratios, creating four different
products: PM with a 1:2 ratio of the mixture (or PM 1:2), PM with a 1:4 ratio (PM 1:4), SSD 1:2, and SSD 1:4.
The true, bulk, tapped densities, Hausner ratio, and compressibility index values are summarized in Table 1.
SSD powders had a higher bulk density than PM powders, indicating that the same weight of powder occupies
a smaller bulk volume in SSD. The same characteristics were also observed from the tapped densities. Further,
The Hausner ratio and compressibility index were calculated to analyze the powder’s flow and compressibility
[25]. The Hausner ratio of all the prepared powders varied between 1.2995 and 1.3912, and the compressibility
index was in the range of 23.03-27.91%. Based on both figures, it can be concluded that PM 1:2 and SSD 1:4
had poor flow characteristics. On the contrary, PM 1:4 and SSD 1:2 were free-flowing powders. Consequently,
SSD 1:2 is considered the most reliable and promising system for the further development of solid dosage
forms from M. oleifera leaf extracts. Powder flowability is contingent on the physical characteristics of the
powder, such as particle size, shape, and density [26]. Moreover, SSD 1:2 showed only a slight difference
between its bulk and tapped densities compared to the other tested systems, indicating enhanced flow
properties. The homogeneous particle size observed in SSD 1:2 is also responsible for better flowability.

Moisture content is a measure of the ability of the powder to adsorb water vapor from the atmosphere,
which may vary across the manufacturing and handling processes [27]. In addition to determining the
powder’s microbial activity [28], the moisture content is also an influencing factor of powder flowability; a
decrease in powder flowability is most likely observed with an increased moisture level. Results showed that
the moisture contents of the PM powders were 18.73% for the 1:2 ratio and 11.43% for the 1:4 ratio, or
significantly higher than the SSD powders: 6.09% for the 1:2 ratio and 5.06% for the 1:4 ratio. A previous study
revealed that the appropriate moisture content of M. oleifera leaf powder is approximately 5% [29]. Therefore,
the SSD tested in the current study is the most suitable system for the development of moringa leaf extract
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powders, especially because it is also less prone to instability during storage compared to the PM system.
Moreover, based on the observed physical characteristics, SSD powders have better flowability and stability
than PM powders.

Table 1. Physical characteristics of the physical mixture (PM) and surface solid dispersion (SSD) powders of
the Moringa oleifera leaf extract formulated at different ratios of mixture to the carrier (microcrystalline

cellulose).
Physical PM1:2 PM 1:4 SSD 1:2 SSD 1:4
Characteristic
True density 1.45+0.28 1.89+0.19 1.48+0.10 1.67+0.06
(g/m))
Bulk density 0.26+0.02 0.25+0.01 0.34+0.01 0.31+0.00
(g/ml)
Tapped density 0.36x0.08 0.33+0.01 0.45+0.01 0.43+0.03
(5/ml)
Hausner ratio 1.39+0.01 1.31+0.01 1.30£0.03 1.36£0.08
Compressibility 27.8845.11 23.71+0.34 23.03+1.71 26.55+4.13
index (%)
Moisture content 18.73£1.72 11.434£0.22 6.09+£0.11 5.06£0.05
(%)

2.2. Solid-state characteristics of SSD and PM
2.2.1. Differential scanning calorimetry

Differential scanning calorimetry (DSC) analysis was conducted to identify any alterations in the thermal
characteristics of M. oleifera leaf extract and microcrystalline cellulose after being formulated into SSD. The
thermogram of PM powders was also analyzed for comparison. Also, DSC was used to determine
physicochemical interactions between the extract and microcrystalline cellulose [30]. DSC thermograms of the
extract, microcrystalline cellulose, PM powders, and SSD powders are shown in Figure 2. The M. oleifera leaf
extract had an endothermic peak at 112.36°C, corresponding to the melting point of the extract, with a reaction
enthalpy of -5733.61 ]/ g. Meanwhile, microcrystalline cellulose exhibited a semicrystalline character, with an
endothermic peak at 79.92°C. The DSC thermograms of PM and SSD each had a lower endothermic peak than
the extract: 74.74°C for PM 1:2, 100.86°C for PM 1:4, 76.17°C for SSD 1:2, and 53.13°C for SSD 1:4. These results
indicated that the melting point of the extract shifts substantially when formulated into SSD. In addition, the
DSC thermograms also show that the enthalpies of the SSD powders were -151.87 J/g for the 1:2 ratio and -
34.59 J/g for the 1:4 ratio. The substantially lower melting point and enthalpy suggest that the extract
experiences a decrease in the regularity of its crystal lattice and, hence, a change from a crystalline to an
amorphous state when developed into SSD [12].
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Figure 2. DSC thermograms of (a) Moringa oleifera leaf extract, (b) microcrystalline cellulose, (c) physical
mixture (PM) 1:2, (d) PM 1:4, (e) surface solid dispersion (SSD) 1:2, and (f) SSD 1:4.
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2.2.2. Powder X-ray diffraction (P-XRD)

A powder X-ray diffraction (P-XRD) study was conducted to analyze the crystallinity of the extract and
the carrier at the initial and final stages, i.e., in SSD and PM powders [30]. The P-XRD patterns of the M. oleifera
leaf extract, microcrystalline cellulose, PM, and SSD are presented in Figure 3. The diffractograms indicated
an amorphous extract and a semi-crystalline carrier; the latter was determined from specific peaks at 14.52°,
22.46°, and 34.53° at the 20 angle. An amorphous product creates a broad background pattern [23]. The major
characteristics of the carrier’s crystalline peaks were observed in the P-XRD patterns of the SSD dan PM
powders. Still, a reduction in the peak intensity was more significant in the SSD pattern. These results
indicated that the carrier’s crystallinity is reduced in the SSD system, possibly due to the partial conversion of
the extract and the carrier into an amorphous state [31]. Moreover, with only the specific peaks of
microcrystalline cellulose appearing in the SSD diffractograms, the moringa leaf extract’s character is no longer
present in SSD systems, suggesting that the extract is completely dispersed in the selected carrier [23].
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Figure 3. P-XRD diffractograms of (a) Moringa oleifera leaf extract, (b) microcrystalline cellulose, (c) physical
mixture (PM) 1:2, (d) PM 1:4, (e) surface solid dispersion (SSD) 1:2, and (f) SSD 1:4

2.2.3. Scanning electron microscopy

Scanning electron microscopy (SEM) analysis was performed to evaluate the sample’s morphology,
surface roughness, fracture, cleavage, and crystal habit [32]. The micrographs of the PM and SSD formulated
from the M. oleifera leaf extract and microcrystalline cellulose are shown in Figure 4. The PM micrograph shows
that the extract was embedded at the surface of microcrystalline particles, which were columnar, fractured,
and consolidated. Thus, it can be predicted that the particles form aggregates and agglomerate structures in
PM. On the contrary, the SSD micrograph shows that the extract was dispersed on the surface of the carrier
with columnar, porous particles that had hollow structures and smooth surfaces. Therefore, it can be
concluded that the freeze-drying method produces SSD powders with a porous structure, as evident from the
absence of agglomerates in the SSD micrograph. These results demonstrated that transforming the moringa
leaf extract into an SSD system homogenously disperses it into the carrier [33]. Besides, the porosity, as
observed in the SSD micrograph, promotes water penetration into the powder and, as such, potentially
enhances the extract dissolution from SSD [34].
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Figure 4. SEM micrographs of (a) physical mixture (PM) 1:2, (b) PM 1:4, (c) surface solid dispersion (SSD) 1:2,
and (d) SSD 1:4 at 500x magnification.

2.2.4. Fourier-transform infrared (FT-IR) spectroscopy

FT-IR spectroscopy was employed to examine a possible interaction between the M. oleifera leaf extract
and microcrystalline cellulose as a carrier [30]. The FT-IR spectra of the extract, microcrystalline cellulose, PM,
and SSD are presented in Figure 5. The extract’s spectrum shows characteristic bands at the wavenumbers
3329 cm? (O-H stretch), 1580 cm! (C=0 stretch), 2924 cm! (C-H stretch), and 1221 cm- (C-O stretch). These
bands are associated with polyphenol structures [23]. The microcrystalline cellulose’s spectrum presents
specific absorptions at wavenumbers 3324 cm?, 2892 cm?, 1616 cm?, and 1314 cm?, each corresponding to the
O-H stretch, C-H stretch, C-O stretch, and C-H stretch. In addition, the specific adsorptions of some functional
groups shifted in the PM and SSD spectra: the O-H stretch changed from 3329 cm?! in the extract to 3332 cm-!
in SSD 1:2 and 3334 cm-! in SSD 1:4, the C=0 stretch shifted from 1580 cm-! in the extract to 1605 cm-! in SSD
1:2 and 1618 cm! in SSD 1:4, and the C-H stretch from the wavenumber 2924 cm-! in the extract to 2894 cm-1in
both SSD systems. The extract-carrier interaction probably causes a slight shift in the specific adsorption of the
functional group. It is assumed that O atoms in the C=0O group of the moringa leaf extract interact with H
atoms in the O-H group of microcrystalline cellulose through hydrogen bonding [23] .
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Figure 5. FT-IR spectra of (a) Moringa oleifera leaf extract, (b) microcrystalline cellulose, (c) physical mixture (PM)
1:2, (d) PM 1:4, (e) surface solid dispersion (SSD) 1:2, and (f) SSD 1:4.

2.3. Total flavonoid contents

The total flavonoid contents of the PM and SSD powders were assessed using visible spectrophotometry
[35]. Quercetin was used as the marker compound (i.e., standard solution) in this study. The regression
equation of the standard solution curve was y = 0.0861x - 0.0665, with the determination coefficient (r2) of
0.9991 and the regression function coefficient (Vxo) of 1.45%. These figures indicated a linear correlation
between the standard solution’s concentration (ppm) and absorbance. The regression equation was used to
calculate the total flavonoid content, expressed in mg of quercetin equivalent per g of the sample (mg QE/g
sample) [36]. As shown in Table 2, the total flavonoid contents were 7.00 + 0.19 mg QE/g for PM 1:2, 4.00
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0.08 mg QE/g for PM 1:4, 7.10 £ 0.05 mg QE/g for SSD 1:2, and 4.00 + 0.08 mg QE/g for SSD 1:4. Further
analysis revealed that the total flavonoid contents of the 1:4 systems are significantly lower (p<0.05) than their
1:2 counterparts. One possible reason is that, in the system with more carrier composition, the carrier structure

entraps the extract more strongly. This interaction influences the bioavailability of flavonoids in the sample
[37].

Table 2. Total flavonoid content of the physical mixture (PM) and surface solid dispersion (SSD) powders of
the Moringa oleifera leaf extract formulated at 1:2 and 1:4 ratios to the carrier (microcrystalline cellulose).
Total flavonoid content (mg QE/g powder)

PM 1:2 PM 14 SSD 1:2 SSD 1:4
7.00£0.19 4.00 +0.08 710+ 0.05 4.00 +0.08

24. Solubility

The aqueous solubility of quercetin (a standard marker of the M. oleifera leaf extract) in the SSD powder
was determined and compared to that of the pure extract and PM powder. As shown in Figure 6, the solubility
of quercetin from the pure extract was 64.11 + 1.95 ug/ml, while lower solubility values were identified in the
PM powders: 54.60 + 1.73 pug/ml (1:2 ratio) and 58.81 £ 0.37 ug/ml (1:4 ratio). In SSD 1:2, the quercetin had a
higher solubility of 67.33 + 1.00 pg/ml, which is about 1.05 times higher than the pure extract and 1.14 times
higher than the PM powder. The improved solubility can be explained by better wettability, increased porosity
and water penetration, reduced particle size, and partial conversion from a crystalline into an amorphous
structure [38]. Moreover, the higher solubility of the SSD 1:2 system is potentially correlated with the reduced
crystallinity, as evidenced by the DSC and P-XRD results.
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Figure 6. Aqueous solubility of quercetin from the Moringa oleifera leaf extract, physical mixture (PM) powder, and
surface solid dispersion (SSD) powder (mean * SD, n=3)

3. CONCLUSION

Formulating the Moringa oleifera leaf extract with microcrystalline cellulose as the carrier into surface solid
dispersion (SSD) proves effective in improving the extract’s physical-mechanical characteristics. SSD powders
have better flowability, compressibility, and moisture content than the extract and PM powders. Moreover,
when developed into SSD with a 1:2 extract: carrier ratio, the solubility of quercetin (a marker compound of
the moringa leaf extract) increases. The mechanisms involved in this solubility improvement result from better
wettability, higher water penetration into the porous structure, particle size reduction, and partial conversion
of a crystalline into an amorphous state.

4. MATERIALS AND METHODS
4.1. Materials

Herbal materials used in this study were Moringa oleifera leaf powders obtained from KWT (Kelompok
Wanita Tani) Sri Rejeki, Bogo-Bojonegoro (East Java, Indonesia). Microcrystalline cellulose was of
pharmaceutical grade from the brand VIVAPUR® 102 (JRS Pharma, Germany). Liquid paraffin (Bumi Agung
Group, Indonesia) was used to determine true density. Other materials were the USP reference standard of
quercetin as standard (Sigma Aldrich, USA), absolute ethanol (Merck, USA), and analytical-grade reagents,
including sodium hydroxide (Merck, Germany), aluminum chloride (Merck, Germany), ethyl acetate (Merck
USA), and methanol (Merck, Germany). Membrane filters with a 0.45 um pore size (Merck Millipore, USA)
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were used in the solubility study. Distilled water was used for all the total flavonoid assessments and solubility
studies.

4.2. Preparation of Moringa oleifera leaf extract

The Moringa oleifera leaf extract was prepared by maceration [7]. Five hundred grams of the moringa leaf
powder were weighed, put in a jar, and then added with 5 L of 70% ethanol (1:10). This jar was closed, and the
mixture was macerated for 24 h and then filtered. Next, the filtrate was set aside, while the residue was added
with 2.5 L of 70% ethanol (1:5) and then re-macerated for 24 h to produce another filtrate. Finally, the first and
second filtrates were evaporated using a rotary evaporator until a thick extract was obtained.

4.3. Preparation of surface solid dispersion (SSD) and physical mixture (PM)

The surface solid dispersion (SSD) of the Moringa oleifera leaf extract was prepared by freeze-drying with
two extract-to-microcrystalline cellulose ratios, 1:2 and 1:4. First, 5 g of the extract was weighed, and 10 g of
microcrystalline cellulose was used for the 1:2 ratio and 20 g for the 1:4 ratio. Then, the extract and
microcrystalline cellulose were dispersed in 96% ethanol in a beaker glass and stirred using a magnetic stirrer
at 500 rpm for 30 minutes until a homogenous mixture was obtained. For the freezing process, this mixture
was placed in an ultra-low temperature freezer at -70°C. Afterward, the frozen mixture was dried using a
freeze-dryer at -50°C for 24 h. The final product was triturated and passed through a 30-mesh sieve. Then, the
resulting SSD was stored in a desiccator (airtight container) protected from light until further use.

A physical mixture of the moringa leaf extract and microcrystalline cellulose was prepared by trituration.
The extract and microcrystalline cellulose were mixed in a mortar without applying pressure until a
homogenous mixture was obtained. The mixed powder was then passed through a 30-mesh sieve and stored
in a desiccator before further evaluation.

44 Physical characterization of SSD and PM
4.4.1 Powder density

The solid products, i.e., SSD and PM powders, were tested to characterize the true, bulk, and tapped
densities. For the true density, 1 g of the powder was dispersed in liquid paraffin using a pycnometer. The
powder and liquid paraffin weights were calculated to determine the amount of liquid inside the powder
structure and then used to calculate the true density [39]. The bulk density was obtained by dividing the
weight of the powder occupying the cylinder glass (20 g) by its volume. Then, the tapped density was
determined by tapping the powder that occupied the cylinder glass until a significant reduction in volume
was observed. It was calculated by dividing the weight of the powder by the tapped volume [40].

4.4.2 Hausner ratio and compressibility index

The Hausner ratio is an indirect index used to predict the powder’s flow, and the compressibility index
measures the relative interaction between powder particulates, which represents the tendency to consolidate
[41,42]. In this study, the Hausner ratio was calculated by dividing the tapped density by the bulk density of
the SSD and PM powders. The compressibility index was calculated using the equation below:

Tapped density — bulk density

Compressibility index = Tapped density x 100%

4.4.3 Moisture content

The moisture content was evaluated to estimate the amount of water in the SSD and PM powders, which
indicates their physical, chemical, and microbiological stabilities as well as flowability [43]. First, 5 g of the
powder (SSD or PM) was put into a moisture analyzer and then heated at 105°C for 15 minutes until a constant
dry weight was obtained. The difference between initial and dry weights was calculated to obtain the powder’s
moisture content.

4.5. Solid-state characterization of SSD and PM

SSDs made with the 1:2 and 1:4 extract-to-microcrystalline cellulose ratios were evaluated to determine
the interaction between the extract and the carrier. Solid-state characterization aimed to analyze any
alterations to the characteristics of the Moringa oleifera leaf extract after being formulated into SSD. Physical
mixtures with the same ratios were also characterized for comparison.
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4.5.1 Differential scanning calorimetry (DSC)

The DSC curves of the extract, microcrystalline cellulose, SSD, and PM were recorded using a differential
scanning calorimeter (DSC-2) from Mettler Toledo (Switzerland). A 4 mg sample was weighed and sealed in
the aluminum pan. Then, scanning was performed in a temperature range of 30-200°C at a constant heating
rate of 10°C/minute; the temperature was measured using a thermocouple [23].

4.5.2 Powder X-ray diffraction (XRD) studies

The powder XRD patterns of the extract, microcrystalline cellulose, SSD, and PM were obtained using an
X-ray diffractometer (PANalytical X'Pert Pro, UK). The sample was scanned at 20 from 5° to 50° at a speed of
2°/minute. The operating voltage and current were 40 Kv and 30 mA, respectively.

4.5.3 Scanning electron microscopy

Morphological studies of the extract, microcrystalline cellulose, SSD, and PM were conducted using a
JEOL JSM 5310 LV Scanning electron microscope (Japan) with an accelerating voltage of 4 kV. The sample was
sprinkled on the adhesive tape attached to a thin gold-coated aluminum plate under an argon atmosphere to
make it conductive [44]. The sample surface was observed at various magnifications ranging from 500x to
2500x.

4.5.4 Fourier-transform infrared spectroscopy

The sample’s Fourier-transform infrared (FT-IR) spectrum was recorded with an FT-IR
spectrophotometer (Jasco FTIR-4200, USA) using the attenuated total reflectance technique. The extract,
microcrystalline cellulose, SSD, or PM sample was scanned at different frequencies from 4000 to 400 cm-1. The
interaction between the extract and the carrier was observed from the absorption bands of a specific functional
group and band shifts in the SSD spectrum.

4.6 Total flavonoid content analysis

Total flavonoid content analysis was conducted to estimate the amount of the functional ingredient,
namely flavonoids, in the extract, PM, and SSD. The flavonoid content was analyzed using the UV-Vis
spectrophotometry method (Shimadzu UV-Vis spectrophotometer, Japan). Colorimetry was also used to
obtain the absorption of flavonoids in the sample. First, the sample was dissolved in absolute ethanol,
transferred into a 10.0 ml volumetric flask, and added with ethanol up to the 10.0 ml mark. The solution was
sonicated for 15 minutes and centrifuged at 1500 rpm for 30 minutes. Afterward, the supernatant was
collected. A sample (1.0 ml) of this supernatant was transferred into a 10.0 ml volumetric flask, reacted with
0.1 ml of 10% AlICLzand 0.1 ml of NaOH, and then added with ethanol until a 10.0 ml mixture was obtained.
Next, this sample was shaken vigorously and left for 10 minutes for an optimal reaction. When it turned
yellow, the absorbance value was quantitatively determined using visible spectrophotometry at the maximum
wavelength (435 nm). It was then inputted into the regression curve equation to obtain the total flavonoid
content, expressed in mg of quercetin equivalents per gram of sample (mg QE/g). The mg QE/ g is equivalent
to the amount (mg) of the total flavonoid content of the sample [45].

4.7  Solubility study

The solubility study was performed to analyze the amount of quercetin (a standard marker of the moringa
leaf extract) dissolved in an aqueous medium at saturated conditions. In the test, the samples were 300 mg of
SSD or PM powder made with a 1:2 extract-to-carrier ratio and 500 mg of the 1:4 system. Each sample was
placed in a 50 ml Erlenmeyer flask and added with 50 ml of distilled water. Then, it was put into an incubator
shaker at 30°C and agitated at 120 rpm. During the process, 6 mL of the filtrate was taken using an injection
syringe at 1 h, 2 h, 3 h, and 4 h. For each removed filtrate, the same volume of distilled water (equivalent to
the aliquot withdrawn) was immediately added. The collected filtrate was passed through a 0.45 pm
membrane filter. Then, 1.0 mL of the resulting filtrate was put into a 10.0 mL volumetric flask, added with 0.1
mL of 10% AIClz, 0.1 mL of NaOH, and absolute ethanol up to the mark, and then shaken until homogeneous.
Next, the sample was left for 10 minutes, and the absorbance was measured using a UV-Vis spectrophotometer
(Shimadzu, Japan) at the maximum wavelength (435 nm). The amount of quercetin dissolved in an aqueous
medium was then calculated for each sampling time. These data were then used to create a curve depicting
the correlation between time and the amount of the dissolved quercetin. Finally, the solubility value of
quercetin was determined in saturated conditions from the curve.
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ABSTRACT

Moringa leaf extract contains flavonoids which are useful as a source of antioxidants. The development
of Moringa leaf extract into pharmaceutical dosage forms has several problems, including thick
consistency, low solubility in water, and stability alteration during heating. Formation of surface solid
dispersion (SSD) of moringa extract is one approach to increase the solubility of flavonoid compounds
and improve the physical-mechanical characteristics of moringa leaf extract. This research aims to
develop SSD of moringa extract with microcrystalline cellulose as the carrier, as well as to carry out
physical and chemical characterization. The method used in the preparation of SSD of Moringa leaf
extract-microcrystalline cellulose is freeze drying. There are two ratios developed in this study, namely
1:2 and 1:4. The results of the analysis showed that the SSD moisture content of Moringa leaf extract-
microcrystalline cellulose 1:2 was 6.09%, while the ratio 1:4 was 5.06%. The SSD 1:2 exhibited
sufficient powder flowability, while the 1:4 ratio showed poor flowability. The results of the analysis
of crystallinity and thermal characteristics indicated a decrease in the regularity of the crystal lattice
marked by a decrease in the specific peak intensity on the X-ray diffractogram, as well as a shift in the
melting point and a decrease in the enthalpy of the SSD system 1:2 and 1:4 on the DSC thermogram.
The total flavonoid content of SSD 1:2 was 7,1 = 0,0527 mg QE/g, while the total flavonoid content of
SSD 1:4 was 4,0 + 0,0797 mg QF/g. The solubility of flavonoid compounds from the SSD 1:2 system
was 67.33 ug/ml, showing an enhancement of solubility compared to Moringa leaf extract (64.11
ug/ml), physical mixture (54.60-58.81 ug/ml), and SSD 1:4 (48.09 ug/ml) (p<0.05). Based on these
results, it can be concluded that SSD of Moringa leaf extract-microcrystalline cellulose (1:2) has the
potential to be further developed into pharmaceutical dosage forms.
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ABSTRAK

Ekstrak daun kelor memiliki kandungan flavonoid yang bermanfaat sebagai sumber antioksidan.
Pengembangan ekstrak daun kelor menjadi sediaan farmasi memiliki beberapa permasalahan antara
lain konsistensinya kental, kelarutan rendah dalam air, serta tidak stabil dalam pemanasan.
Pembentukan surface solid dispersion (SSD) ekstrak kelor merupakan salah satu pendekatan untuk
meningkatkan kelarutan senyawa flavonoid dan memperbaiki karakteristik fisik-mekanik ekstrak daun
kelor. Penelitian ini bertujuan untuk mengembangkan SSD ekstrak kelor dengan pembawa
mikrokristalin selulosa, sekaligus melakukan karakterisasi fisik dan kimia. Metode yang digunakan
dalam pembentukan SSD ekstrak daun kelor-mikrokristalin selulosa adalah freeze drying. Terdapat
dua rasio yang dikembangkan dalam penelitian ini yaitu 1:2 dan 1:4. Hasil analisis menunjukkan
bahwa kandungan lembab SSD ekstrak daun kelor-mikrokristalin selulosa 1:2 adalah 6,09%,
sedangkan rasio 1:4 adalah 5,06%. Kemampuan alir serbuk SSD 1:2 termasuk dalam kategori cukup
dapat mengalir, sementara rasio 1:4 menunjukkan kemampuan alir yang buruk. Hasil analisis
kristalinitas dan karakteristik termal mengindikasikan terjadinya penerunan keteraturan kisi kristal
ditandai dengan penurunan intensitas puncak spesifik pada difraktogram sinar-X, serta pergeseran
titik lebur dan penurunan entalpi system SSD 1:2 maupun 1:4 pada termogram DSC. Kadar total
[flavonoid SSD 1:2 adalah 7,1 + 0,0527 mg QE/g, sedangkan kadar total flavonoid SSD 1:4 adalah 4,0
+0,0797 mg QE/g. Kelarutan senyawa flavonoid dari sistem SSD 1:2 adalah 67,33 ug/ml mengalami
peningkatan dibandingkan ekstrak daun kelor (64,11 ug/ml), campuran fisik (54,60-58,81 ug/ml), dan
SSD 1:4 (48,09 ug/ml) (p<0,05). Berdasarkan hasil tersebut, dapat disimpulkan bahwa SSD ekstrak
daun kelor-mikrokristalin selulosa (1:2) berpotensi untuk dikembangkan lebih lanjut menjadi sediaan
farmasi.

Kata Kunci: Moringa oleifera, Surface Solid Dispersion; Extract; Freeze Drying
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