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granule formulations remains limitedly explored.

Objective: This study aimed to evaluate the effect of varying Primojel®
concentrations as a superdisintegrant on the physical characteristics and
antiradical activity of granules containing combined mango leaf and noni fruit
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extracts.

Methods: Granules were prepared using five Primojel® concentrations, namely 2%,
4%, 6%, 8%, and 10% for F1 to F5, respectively. Physical evaluations included
organoleptic properties, pH, particle size distribution, moisture content, flow rate,
angle of repose, compressibility index, and dispersion time. DPPH radical-
scavenging activity was evaluated and expressed as ICso values. Statistical analysis
was performed only on parameters with replicated data.

Results: Increasing Primojel® concentration shortened granule dispersion time,
with F5 showing the fastest dispersion. Based on descriptive comparison, F5 also
showed the lowest ICso value of 61.33 pg/mL. Several physical parameters,
including pH, particle size distribution, and flowability, did not fully meet the
required specifications. Varying Primojel® concentrations significantly affected
dispersion time and pH, while moisture content and compressibility showed
significant but non-linear changes among formulations.

Conclusion: Higher Primojel® concentrations shortened dispersion time, while all
formulations exhibited measurable DPPH radical-scavenging activity. These
findings contribute to the development of herbal granule formulations. However,
further formulation optimization, particularly regarding binder type and
concentration, is required to obtain granules with acceptable physical quality for
pharmaceutical development.
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INTRODUCTION

As a developing country, Indonesia faces significant challenges in addressing health issues, particularly the
increasing prevalence of degenerative diseases. According to the 2018 National Basic Health Research Report
(Riskesdas),! the prevalence of non-communicable diseases has shown a substantial upward trend, including
hypertension (34.1%), followed by stroke, diabetes mellitus, chronic kidney disease (3.8%—10.9%), and cancer (1.8%).
Oxidative stress occurs because of excessive production of reactive oxygen species (ROS), leading to oxidative damage,
signaling dysfunction, and cellular apoptosis. This imbalance plays a crucial role in the pathophysiology of chronic
inflammatory diseases, including cardiovascular diseases, diabetes, cancer, and neurodegenerative disorders.>® Free
radicals, particularly ROS, contribute to oxidative stress that damages cellular components such as DNA, proteins, and
lipids.*
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Physical Properties and DPPH Radical-Scavenging...

Cellular damage caused by free radicals can be prevented by antioxidants, which function by scavenging and
neutralizing these reactive species. Antioxidants exert their activity by donating hydrogen atoms to reduce the reactivity
of free radicals.® Natural antioxidants can be found in various plants, including mango leaves (Mangifera indica L.) and
noni fruits (Morinda citrifolia L.), which are rich in bioactive compounds such as flavonoids, polyphenols, alkaloids, and
saponins.®” Furthermore, in vitro studies have demonstrated very strong antioxidant activity of mango leaf extract, with
ICso values ranging from 25.91 to 37.16 ppm using the DPPH method.? Consistent with these findings, an in vivo study
demonstrated the effectiveness of mango leaf extract at a dose of 200 mg/20 g body weight of mice, equivalent to 1,552
mg/70 kg human body weight in humans, in reducing malondialdehyde (MDA) levels.® Similarly, noni fruit exhibited an
ICso value of 22.95 ppm in in vitro assays and demonstrated in vivo effectiveness at a dose equivalent to 1,165 mg/70
kg human body weight.?%!! Mango leaf extract is rich in flavonoids and phenolic compounds with well-documented
antioxidant properties, while noni fruit extract contains iridoids, flavonoids, and other phytochemicals that also
demonstrate substantial antioxidant activity. Therefore, combining these extracts may provide complementary
antioxidant constituents that enhance the overall antioxidant potential of the formulation.

The combination of plant extracts with different phytochemicals may provide complementary antioxidant
effects through multiple radical-scavenging and oxidative stress-related mechanisms.*>1* However, development of a
proper pharmaceutical dosage form is needed to obtain acceptable physical characteristics and to allow administration
of combined herbal extracts. Among various solid dosage forms, granules are widely used in herbal formulations
because they can accommodate relatively high extract loads while providing better flowability, reduced segregation,
and improved handling compared with powders.>¢ Granulation converts fine powders into larger agglomerates with
improved flowability, reduced segregation tendency, and better handling characteristics, which may contribute to
improved content uniformity and manufacturing performance.'” For granules intended for direct administration or
dispersion before administration, their ability to rapidly interact with the dispersion medium is also an important
formulation consideration.'®'° The dispersion behavior of granules is influenced by the type and concentration of
excipients used during formulation. Primojel® (sodium starch glycolate), a superdisintegrant with high swelling capacity
and rapid water uptake, which can promote the breakup and dispersion of granules upon contact with water.2-%?
Consequently, variation in Primojel® concentration may influence both the physical characteristics of the granules and
the availability of extract constituents during dispersion. However, increasing the Primojel® concentration may not
necessarily produce a proportional improvement in granule performance. Therefore, the concentration that provides
the most favorable balance among physical quality, dispersion behavior, and measurable DPPH radical-scavenging
activity remains to be established within the evaluated range.

In the present study, the total extract loading was fixed at 13% w/w, consisting of 7.5% w/w mango leaf extract
(MLE) and 5.5% w/w noni fruit extract (NFE). This extract composition was maintained as a fixed preliminary formulation
parameter and was not subjected to formal ratio optimization or synergism testing. In contrast, the concentration of
Primojel varied at 2%, 4%, 6%, 8%, and 10% w/w to investigate its effect on the resulting granule characteristics and
DPPH radical-scavenging activity. This concentration range was selected to examine whether increasing Primojel® levels
could produce differences in granule quality and dispersion-related performance while maintaining the DPPH radical-
scavenging activity of the combined extracts.

Limited information is available on the physical characteristics and DPPH radical-scavenging activity of granules
containing combined mango leaf and noni fruit extracts formulated with different Primojel® concentrations. Therefore,
this exploratory study characterized the physical properties and DPPH radical-scavenging activity of five formulations
containing different Primojel® concentrations and compared the antioxidant activity of the individual extracts before
their incorporation into the granules.

METHODS

Research Design

This study employed a laboratory-based experimental design with a formulation development approach. The
study aimed to develop granules containing a combination of mango leaf extract (MLE) and noni fruit extract (NFE) using
different concentrations of Primojel® and to identify the formulation with the most favorable physical characteristics.
The antiradical activity of the resulting granules was subsequently evaluated.

Five granule formulations containing varying concentrations of Primojel® as a disintegrant, namely 2%, 4%, 6%,
8%, and 10% (F1-F5), were prepared. Each formulation was prepared as a single batch. All formulations were evaluated
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for organoleptic properties, pH, fines content, moisture content, compressibility index, dispersion time, flow rate, and
angle of repose. These physical-characteristic measurements were performed in triplicate using samples from the same
batch of each formulation. Furthermore, the antiradical activity of all formulations was determined using the DPPH
method.

Instruments

The equipment used in this study included a digital balance (AciS BC-6000®), an analytical balance (Ohaus
Pioneer PA224C), and standard laboratory glassware.

The instruments employed were a double-beam UV-Visible spectrophotometer (Shimadzu UV-1800®, Japan),
an oven (MEMMERT GmbH + Co. KG, Germany), an ultrasonic bath (Elmasonic®, Elma Schmidbauer GmbH, Germany),
a rotary evaporator (BUCHI R-300, Switzerland), a granulator (Erweka AR403, Germany), standard test sieves (CV. Total
Equipment Pharmacy, Indonesia), a stopwatch, a moisture analyzer (OHAUS MB90, Ohaus Corporation, USA), a flow
tester (CV. Mitra Medika Utama Solo, Indonesia), and a tap-density tester (LYCB220S, Linix). Sieves with mesh numbers
16 and 20 were used during granule production, whereas sieves with mesh numbers 30, 40, 50, 60, 80, and 100 were
used to determine the particle-size distribution of the five granule formulations.

Materials

The plant materials used in this study were mango leaves (Mangifera indica L. var. Arum Manis) and noni fruits
(Morinda citrifolia L.). The mango leaves were collected from Denpasar, Bali, Indonesia, in January 2024, whereas the
noni fruits were collected from Tabanan Regency, Bali, Indonesia, during the same month. Both plant materials were
obtained from locally grown, non-cultivated plants. Mature mango leaves were selected based on their uniformly dark-
green color, firm and rigid texture, smooth surface, and clearly visible veins protruding from the abaxial surface. Mature
noni fruits were identified by their yellowish white to translucent-white peel, soft texture, and characteristic strong
fermented aroma. Only plant materials without visible signs of disease, insect damage, or physical deterioration were
collected. The materials were harvested manually, placed separately in ventilated plastic containers, protected from
direct sunlight, and transported to the Faculty of Pharmacy, Universitas Mahasaraswati Denpasar, for processing. Their
botanical identities were confirmed by the Unit Laboratorium MIPA, IAIN Syekh Nurjati Cirebon, Indonesia, under
identification document numbers 24/In.08/LB.1.1/PP.009/2/2024 for M. indica L. var. Arum Manis and
75/In.08/LB.1.1/PP.009/6/2024 for M. citrifolia L.

The formulation excipients, including aspartame (Gsweet Aspartame), microcrystalline cellulose (Avicel® PH
101, MCC NF/Ph. Eur./JPN), sodium starch glycolate (Primojel®, Gujarat Overseas Inc., India), and maltodextrin
(Qinhuangdao Lihua Starch Co., Ltd., China), were of pharmaceutical grade. Food-grade orange essence (Cap Kapal
Layar) was used as the flavoring agent. The solvents used were analytical-grade 96% ethanol and methanol, and
pharmaceutical-grade 70% ethanol (PT Bratachem, Indonesia). The analytical reagents included sodium hydroxide
(NaOH; Merck), concentrated hydrochloric acid (HCI; Sekawan Bali Sejahtera, Indonesia), magnesium (Merck), ferric
chloride (FeCls; Merck), Folin—Ciocalteu reagent (Nitra Kimia), Dragendorff’s reagent (CV Faeyza Improchem Lakarya),
chloroform (Merck), gallic acid (Sigma), quercetin (Sigma), aluminum chloride, sodium acetate trihydrate (PT Smart Lab
Indonesia), Liebermann-Burchard reagent (Sigma), ascorbic acid (Sigma), and 2,2-diphenyl-1-picrylhydrazyl (DPPH; PT
Smart Lab Indonesia). All materials were used as received.

Research Procedure
Preparation of the Simplicia

Fresh mango leaves (Mangifera indica L.) and noni fruits (Morinda citrifolia L.) were washed under running
water to remove impurities. The noni fruits were cut into small pieces prior to drying.” Both plant materials were dried
in an oven at 55°C for 48 h, ground into powder, and passed through a 30-mesh sieve. The resulting simplicia powders
were stored in a dry place protected from direct sunlight until extraction.®

Preparation of Extracts

Mango leaf and noni fruit extracts were prepared using ultrasound-assisted maceration with 96% ethanol in
an Elmasonic® ultrasonic bath (Elma Schmidbauer GmbH, Germany). Mango leaf powder (600 g) was extracted at a
simplicia-to-solvent ratio of 1:10 (w/v) using 6 L of ethanol, whereas noni fruit powder (500 g) was extracted at a ratio
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of 1:3 (w/v) using 1.5 L of ethanol. Each material was divided into three equal portions and extracted simultaneously in
separate 2-L Beakers.

Ultrasonic extraction was performed at a frequency of 20 kHz. Each extraction cycle consisted of 5 min of
sonication followed by manual stirring for 1-3 min, and the procedure was repeated for three cycles. The extracts were
filtered through a Biichner funnel, and the residues were re-extracted twice under the same conditions. The combined
filtrates were concentrated under reduced pressure using a rotary evaporator at 50°C to obtain viscous mango leaf
extract (MLE) and noni fruit extract (NFE).?® The extraction yield was calculated using formula (1).

weight of extract obtained

Yield (%) =

weight of simplicia extracted

Determination of Total Phenolic Content

Total phenolic content was determined using the Folin-Ciocalteu method. A 400 pg/mL gallic acid stock solution
was prepared by dissolving 10 mg of gallic acid in methanol and adjusting the volume to 25 mL. Working standards of
5, 15, 30, 50, 70, and 100 pg/mL were prepared by transferring 0.312, 0.938, 1.875, 3.125, 4.375, and 6.250 mL of the
stock solution, respectively, into separate 25-mL volumetric flasks and diluting to volume with 96% ethanol.

The Folin-Ciocalteu reagent was diluted with distilled water at a ratio of 1:20, and a 1% sodium hydroxide
solution was prepared in distilled water. For construction of the calibration curve, 1 mL of each gallic acid working
standard was mixed with 5 mL of diluted Folin-Ciocalteu reagent and incubated at room temperature for 8 min.
Subsequently, 4 mL of 1% sodium hydroxide solution was added, and the mixture was shaken and incubated at room
temperature for 1 h. Absorbance was measured using a UV-Visible spectrophotometer at approximately 730 nm. The
gallic acid calibration curve was generated by plotting absorbance against concentration.

For preparation of the mango leaf extract test solution, 0.2 g of the ethanolic extract was mixed with 25 mL of
methanol, magnetically stirred for 30 min, filtered into a 25-mL volumetric flask, and adjusted to volume with methanol.
A 1-mL aliquot of this solution was further diluted to 25 mL with methanol. The noni fruit extract test solution was
prepared similarly using 0.2 g of extract, followed by further dilution of a 5-mL aliquot to 25 mL with methanol.

A 1-mL aliquot of each individual test solution was treated under the same conditions used for the gallic acid
standards. Absorbance was measured at approximately 730 nm, and total phenolic content was calculated from the
gallic acid calibration equation and expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g
extract).

Determination of Total Flavonoid Content

Total flavonoid content was determined using the aluminum chloride colorimetric method. A 400 pg/mL
quercetin stock solution was prepared by dissolving 10 mg of quercetin in 96% ethanol and adjusting the volume to 25
mL. Working standards of 5, 15, 30, 50, 70, and 100 pg/mL were prepared by transferring 0.312, 0.938, 1.875, 3.125,
4.375, and 6.250 mL of the stock solution, respectively, into separate 25-mL volumetric flasks and diluting to volume
with 96% ethanol.

A 10% w/v aluminum chloride solution was prepared by dissolving 1 g of aluminum chloride in 10 mL of distilled
water. A 1 M sodium acetate solution was prepared by dissolving 8.2 g of sodium acetate trihydrate in distilled water
and adjusting the volume to 100 mL. To construct the calibration curve, 0.5 mL of each quercetin working standard was
mixed with 1.5 mL of 96% ethanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M sodium acetate, and 2.8 mL of
distilled water. The mixture was shaken and incubated at room temperature for 30 min. Absorbance was measured
using a UV-visible spectrophotometer at approximately 415 nm, and the calibration curve was generated by plotting
absorbance against quercetin concentration.

For preparation of the mango leaf extract test solution, 0.2 g of the ethanolic extract was mixed with 25 mL of
96% ethanol, magnetically stirred for 30 min, filtered into a 25-mL volumetric flask, and adjusted to volume with 96%
ethanol. A 5-mL aliquot of this solution was further diluted to 25 mL with 96% ethanol. The noni fruit extract test solution
was prepared by mixing 0.5 g of the ethanolic extract with 25 mL of 96% ethanol, stirring for 30 min, filtering, and
adjusting the filtrate to 25 mL with the same solvent.

A 0.5-mL aliquot of each individual or combined extract test solution was treated under the same conditions
used for the quercetin standards. Absorbance was measured at approximately 415 nm, and total flavonoid content was
calculated from the quercetin calibration equation and expressed as milligrams of quercetin equivalents per gram of
extract (mg QE/g extract).
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Preparation of MLE-NFE Combination Granules

The granules contained 7.5% w/w mango leaf extract (MLE) and 5.5% w/w noni fruit extract (NFE),
corresponding to a total extract loading of 13% w/w and an MLE:NFE ratio of 15:11 w/w. The extract loading and ratio
were maintained constant across F1-F5, whereas the Primojel® concentration was varied from 2% to 10%.

Granules were prepared using the wet granulation method, using the ingredients as mentioned in Table 1. Wet
granulation was selected because the concentrated extracts were cohesive and sticky, making direct conversion into
free-flowing granules difficult. The granulating liquid promoted wetting and agglomeration of the extracts with the
excipients, followed by drying and sizing to produce more manageable particles. Wet granulation is widely used to
improve the flowability, particle-size characteristics, and handling of pharmaceutical powders and has been successfully
applied to granules containing ethanolic botanical extracts.?

Table 1. Formulations of Granules Containing Mango Leaf Extract and Noni Fruit Extract
Concentrations (%w/w)

Ingredients 1 2 F3 Fa F5 Function
Mango Leaf Extract (MLE) 7.5 7.5 7.5 7.5 7.5 Active ingredient
Noni Fruit Extract (NFE) 5.5 5.5 5.5 5.5 5.5 Active ingredient
Aspartame 1.5 1.5 1.5 1.5 1.5 Sweetener
Maltodextrin 5 5 5 5 5 Binder
Primojel® 2 4 6 8 10 Super disintegrant
Orange essences 0.1 0.1 0.1 0.1 0.1 Flavoring agent
Avicel 101 78.4 76.4 74.4 72.4 70.4 Diluent
Ethanol 70% qg.s. qg.s. qg.s. qg.s. q.s. Granulating fluid

Notes: g.s. = quantum satis (quantity sufficient). Ethanol 70% was used as the granulating fluid in an amount sufficient to achieve
granulation, and evaporated during drying; it is not included in the final dry formulation percentage.

The extracts were triturated in a mortar and mixed with 10 mL of ethanol until homogeneous. Avicel® PH 101
was added and mixed thoroughly. Subsequently, maltodextrin, Primojel®, orange essence, and aspartame were
incorporated and blended uniformly. After incorporation of the excipients, additional 70% ethanol was added gradually
as needed to achieve the wet-massing endpoint, which was assessed using an empirical hand-squeeze test, also known
as the banana-breaking test. A small portion of the wet mass was compressed manually to form a cohesive lump and
then broken by applying moderate thumb pressure. The wet mass was considered suitable when it retained its shape
after compression but broke cleanly without crumbling into dry powder or exhibiting excessive stickiness or plastic
deformation. A friable mass that disintegrated immediately indicated insufficient wetting, whereas a sticky or
excessively cohesive mass that was difficult to break indicated overwetting.?> The wet mass was passed through a 16-
mesh sieve to produce wet granules. The granules were spread evenly on aluminum foil-lined trays and dried in an oven
at 50°C for approximately 90 min. After drying, the granules were passed through a 20-mesh sieve to obtain uniform
granules. The dried granules were weighed and subjected to physical quality evaluation.?2¢

Evaluation of Physical Properties

The physical properties of the granules were evaluated using pharmacopeial procedures where applicable and
literature-based formulation-development criteria for attributes without established compendial limits. The granules
were visually and organoleptically evaluated for color, odor, taste, and physical appearance.?’ For pH determination, 10
g of granules were dispersed in 200 mL of distilled water, and the pH was measured using a calibrated pH meter. A pH
range of 6-7 was used as a literature-based formulation target for the aqueous granule dispersion.?® Particle size
distribution was determined by analytical sieving according to the general principles of USP General Chapter (786),
Particle Size Distribution Estimation by Analytical Sieving.2® A 100-g sample of granules was placed on a nest of sieves
arranged in descending (mesh 30, 40, 50, 60, 80, and 100) aperture size and mechanically shaken for 5 min. The material
retained on each sieve was weighed and expressed as a percentage of the total sample mass. Particles passing through
the (mesh 100 sieve) were classified as fines. A fines content below 10% was used as a predefined formulation-
development target.?° Moisture content was determined using a moisture analyzer. Approximately 3 g of granules were
analyzed at 105°C. A moisture content of 1%-5% was used as a literature-based formulation target.3® The untapped
bulk volume was determined by transferring a 30-g granule sample into a 100-mL graduated cylinder. The cylinder was
subsequently subjected to 500 taps using a tapped-density tester, after which the tapped volume was recorded.?® The
compressibility index was calculated using Equation (2):
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Compressibility index (%) = VO;—V’C X 10090 weveeeviieeeniieeeiienn (2)
0

where V; is the untapped bulk volume and V is the tapped volume. The compressibility index was interpreted
as an indicator of granule flowability using the classification described in USP General Chapter (1174}, Powder Flow.3!

Dispersion time was determined by adding 10 g of granules in 200 mL of water and stirring at 50 rpm. The time
required for the granules to disperse completely, with no visually detectable agglomerates, was recorded using a
stopwatch. A dispersion time of <5 min was used as a predefined, literature-supported formulation-development
target.3? Flowability was additionally evaluated using flow rate and angle-of-repose tests. A 100-g sample of granules
was placed in a funnel with the outlet initially closed. After the outlet was opened, the time required for the complete
discharge of the sample was recorded, and the flow rate was calculated as the sample mass divided by the discharge
time.? The angle of repose was determined from the height and radius of the resulting granule pile using Equation (3):

a=tan? (2) ...................................................................... (3)

where a is the angle of repose (°), h is the height of the granule pile, and r is the radius of the granule pile.

Determination of Antiradical Activity

The DPPH radical-scavenging activities of the ethanolic mango leaf extract, ethanolic noni fruit extract, and
granule formulations were determined using a UV-visible spectrophotometric method. All solutions were prepared
using 96% ethanol and protected from direct light during analysis.

For analysis of the individual extracts, separate stock solutions were prepared by dissolving 25 mg of each
ethanolic extract in 96% ethanol and adjusting the volume to 25 mL to obtain a concentration of 1,000 pg/mL. Working
solutions at concentrations of 5, 10, 15, 20, and 25 ug/mL were prepared by transferring 0.125, 0.250, 0.375, 0.500, and
0.625 mL of the respective stock solutions into separate 25-mL volumetric flasks and diluting to volume with 96%
ethanol.

For analysis of the granule formulations, a stock dispersion equivalent to 1,923 pg/mL of granules was prepared
by dispersing 192.3 mg of each granule formulation in 96% ethanol and adjusting the volume to 100 mL. The dispersion
was filtered through medium-speed qualitative filter paper (Whatman No. 1) to remove insoluble excipients, including
microcrystalline cellulose and sodium starch glycolate, and the clear filtrate was used for analysis. Working solutions
equivalent to granule concentrations of 25, 50, 75, 100, 125, and 150 pug/mL were prepared by diluting the filtrate with
96% ethanol.

For the individual-extract assays, a 100-ug/mL DPPH stock solution was prepared by dissolving 10 mg of DPPH
in 96% ethanol and adjusting the volume to 100 mL. A 50-ug/mL DPPH working solution was prepared by transferring 5
mL of the stock solution into a 10-mL volumetric flask and diluting to volume with 96% ethanol. For the granule assays,
a 500-pg/mL DPPH stock solution was prepared by dissolving 25 mg of DPPH in 96% ethanol and adjusting the volume
to 50 mL. A 40-pug/mL working solution was subsequently prepared by transferring 2 mL of the stock solution into a 25-
mL volumetric flask and diluting to volume with 96% ethanol.

The maximum absorption wavelength was determined by scanning the DPPH working solution over 400—-800
nm using 96% ethanol as the instrument blank. The reaction stabilization period was determined by mixing 4 mL of a
selected sample solution with 4 mL of the corresponding DPPH working solution and measuring the absorbance at the
maximum wavelength at 1-min intervals for 120 min. The period during which the absorbance remained relatively stable
was used as the incubation time for subsequent measurements.

For the antiradical assay, 4 mL of each extract or granule sample solution was mixed with 4 mL of the
corresponding DPPH working solution, homogenized, and incubated in the dark at room temperature for the
predetermined stabilization period. Absorbance was subsequently measured at the maximum absorption wavelength.
A control containing 4 mL of the corresponding DPPH working solution and 4 mL of 96% ethanol was prepared and
treated under identical conditions.

The percentage of DPPH radical inhibition was calculated using Equation (4):

control absorbance— sample absorbance

Inhibition percentage (%) = X 100% ..ooovnrrerineererienenen (4)

control absorbance
A concentration-response curve was constructed by plotting sample concentration (X) against percentage DPPH

inhibition (y). The ICso value, defined as the sample concentration required to inhibit 50% of the DPPH radicals, was
calculated from the linear regression equation y = bx+a as 1Cso = (50-a)/b. 33
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Data Analysis

Data obtained from physical quality testing and antiradical activity assays were presented descriptively as
tables and figures. Statistical analysis was performed using Microsoft Excel 2019 and IBM SPSS Statistics version 26.0 at
a 95% confidence level (a = 0.05).

Data normality was assessed using the Shapiro-Wilk test, followed by Levene’s test for homogeneity of
variance. Data that met the assumptions of normality and homogeneity were analyzed using one-way analysis of
variance (ANOVA), followed by Tukey’s post hoc test when significant differences were observed (p < 0.05). Data that
were not normally distributed were analyzed using the Kruskal-Wallis test. When significant differences were detected,
pairwise comparisons were performed using the Mann-Whitney U test.

Antiradical activity was expressed as the ICso value, defined as the concentration required to inhibit 50% of
DPPH free radicals. ICso values were calculated from the linear regression equation obtained by plotting sample
concentration against percentage inhibition.

RESULT AND DISCUSSION

Plant Identification and Extraction

The identification of mango and noni plants was conducted at the MIPA Laboratory, IAIN Syekh Nurjati Cirebon.
The results of the identification showed that the sample was the arum manis variety of mango (Mangifera indica L. var.
arum manis), which belongs to the kingdom Plantae, class Magnoliopsida, order Sapindales, family Anacardiaceae, and
genus Mangifera. The noni fruit used in the study also yielded similar results, confirming that the plant is indeed the
species Morinda citrifolia, classified under the kingdom Plantae, class Magnoliopsida, order Rubiales, family Rubiaceae,
and genus Morinda. Plant identification was performed to verify the authenticity of the plant’s identity, thereby
ensuring that the extracts used in the study originated from the correct species.3#3

Extraction was performed using the ultrasonic-assisted maceration method to increase yield, reduce extraction
time, and minimize solvent use, an ultrasonic-assisted maceration method was employed.3%3” The extraction process
yielded 152.5 g of concentrated mango leaf extract (MLE) corresponding to a yield of 25.42%, and 122.8 g of
concentrated noni fruit extract (NFE) corresponding to a yield of 24.56%. The NFE yield met the requirements of the
Herbal Pharmacopoeia, 2nd Edition,3® which states that the yield of noni fruit ethanolic extract should be not less than
10.1%. The MLE yield was higher than that reported by Usman et al.,3 who obtained a mango leaf ethanolic extract
yield of more than 12 g per 100 g of starting material, equivalent to approximately 12%. These findings indicate that the
extraction procedure used in the present study provided comparatively high extract yields.

The ethanolic mango leaf extract showed a total phenolic content of 31.59 + 2.84 mg GAE/g extract and a total
flavonoid content of 7.16 £ 0.16 mg QE/g extract. In comparison, the ethanolic noni fruit extract had a total phenolic
content of 3.72 + 0.31 mg GAE/g extract and a total flavonoid content of 0.29 + 0.07 mg QE/g extract. Thus, the total
phenolic and flavonoid contents of the mango leaf extract were approximately 8.5-fold and 25.0-fold higher,
respectively, than those of the noni fruit extract.

Both extracts exhibited DPPH radical-scavenging activity. The mango leaf extract had an ICso value of 6.42
pg/mL and an antioxidant activity index of 3.895, whereas the noni fruit extract had an 1Cso value of 7.57 ug/mL and an
antioxidant activity index of 3.304. The lower ICso and higher AAI of the mango leaf extract indicated slightly greater
DPPH radical-scavenging activity than that of the noni fruit extract under the assay conditions.

Formulation and Evaluation of Granule Physical Properties

MLE and NFE combination granules were prepared using the wet granulation method. This method was chosen
because it offers technical ease in handling moist or sticky extracts and ensures better flow properties, compressibility,
and uniformity.1%4! The total extract loading and MLE:NFE ratio were maintained as fixed formulation factors
throughout the study. The selected composition was not established through systematic optimization of different
extract loads or MLE:NFE ratios. Therefore, the present findings do not demonstrate that 13% w/w is the optimum total
extract loading or that the 15:11 w/w ratio provides the greatest phytochemical content or antiradical activity. Rather,
the results describe the effects of varying Primojel® concentrations within granules containing this specific fixed extract
composition. Further studies using mixture-design or response-surface methodology are required to optimize the
relative proportions of MLE and NFE. The MLE and NFE combination granules were prepared in five formulations with
varying concentrations of Primojel®: F1 (2%), F2 (4%), F3 (6%), F4 (8%), and F5 (10%). Primojel® (sodium starch glycolate)
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was selected as the disintegrant due to its ability to absorb water more than 20 times its weight, resulting in strong
swelling that accelerates granule dispersion. Furthermore, Primojel® remains effective after the wet granulation process
and can be used both intragranularly and extragranularly, thereby increasing the dispersion rate and dissolution

rate 22,42-45

Figure 1. Visual Appearance of Granules Combining Mango Leaf Extract (MLE) and Noni Fruit Extract (NFE)
with Primojel® Concentration Variation

The results of the organoleptic test on the MLE and NFE combination granule formulation (Figure 1) showed a
brownish-cream color influenced by the colors of the two extracts, a small granular form, and a faint lemon aroma. The
particle size of the granules in all five formulations was relatively small. This condition is likely related to the use of
maltodextrin as the sole binder at a 5% concentration, which is thought to be suboptimal for forming bonds between
powder particles. Other factors that may have contributed include the limited amount of granulation liquid and the use
of a fine sieve (20 mesh). The lemon aroma masks the aromas of both extracts; however, the aroma intensity in all
formulations is relatively weak, likely due to the low concentration of the essence (0.1%). The small granule size has the
potential to affect flow properties and dissolution time. Small granules tend to have poorer flow properties due to
increased interparticle friction but can accelerate dissolution because of their larger surface area.'’4®

The formulation of combination granules containing MLE and NFE using varying concentrations of Primojel®
(2% to 10%) showed a clear impact on the physical properties of the product (Table 2). The non-parametric Kruskal-
Wallis test confirmed that changing the Primojel® levels led to significant differences in pH value (p = 0.009), moisture
content (p = 0.014), and compressibility index (p = 0.010) across the five formulas. Since there were statistically
significant differences across all groups (p < 0.05), the analysis was continued with a paired comparison using the Mann-
Whitney U test to identify significant differences between formulations.

Table 2. Results of Physical Quality and DPPH Radical-Scavenging Activity Tests (ICso) of MLE-NFE Combination Granules
with Variations in Primojel®

MLE-NFE Granules with Primojel® Varying Concentration

Characteristics Acceptance criterion
F1 F2 F3 F4 F5
pH value 4.43+0.021° 4.62+0.015b 4.72+0.006¢ 4.770.017 4.85£0.015¢ 6-7%8
Fines p(f;'/';e”tage 77.7 87.9 77.68 74.1 73.8 <10%2
0
M°'St‘2§):°“te“t 4.86£0.058° 4.80£0.056° 4.56+0.145 3.96:0.416¢ 4.6740.067° 1-5%%
(]
C°mz;is(5;t;"'ty 22.276+0.694°  21.020:0.633®  26.335:0.183°  17.157:0.849¢  19.907+0.802° 11-15%: Good?73
0
D'S(Z‘Zf;;’g)ﬂme 50+1.00° 46+1.00° 43.33+153°  40.67+2.08%  37.6742.52¢ <5 minutes®?
ICso value (pg/ml)* 65.48 74.31 77.01 72.96 61.33 50-100 pg/mL: strong®’
Notes:

F1, F2, F3, F4, F5: Granule formulations combining MLE and NFE with Primojel® levels of 2%, 4%, 6%, 8%, and 10%, respectively. Values are presented
as Mean + SD (n = 3) for pH value, moisture content, compressibility index, and dispersion time. Values within the same row sharing different
superscript letters (a, b, ¢, d, e) indicate statistically significant differences (p < 0.05) based on the Tukey HSD test for dispersion time, and the Mann-
Whitney U test for pH, moisture content, and compressibility index. An asterisk (*) indicates that the formulation met the corresponding acceptance
criterion or formulation-development target.

Measuring the pH of granule formulations is important because acidity levels can affect drug stability, solubility,
and gastrointestinal tolerability. Extreme pH conditions can accelerate degradation through hydrolysis and oxidation
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while increasing the risk of gastric discomfort.*®*° In this study, an increase in Primojel® concentration resulted in a
slight upward shift in granule pH, rising from 4.43 + 0.021 in F1 (2% Primojel®) to 4.85 + 0.015 in F5 (10% Primojel®)
(Figure 2). The results of the normality test showed that the pH data were not normally distributed. Nonparametric
analysis using the Kruskal-Wallis test revealed significant variation among the formulations (p = 0.009). A subsequent
Mann-Whitney post-hoc test confirmed that the pH values of all formulations differed significantly from one another
(p < 0.050).

The acidic pH likely reflects the combined contribution of organic acids, phenolic constituents, and other
ionizable compounds present in the botanical extracts.>®>3 The slight increase in pH observed from F1 to F5 is likely
related to the increase in the mass fraction of the superdisintegrant. Sodium glycolate starch generally exhibits a pH
close to neutral (5.5-7.5) in aqueous dispersions.* The slight increase in pH with increasing Primojel® concentration
may reflect dilution of the acidic extract fraction by an excipient with a comparatively higher dispersion pH. However,
this mechanism was not directly investigated. A pH range of 6.0-7.0 was used as a literature-based development target
for the aqueous granule dispersion.?® All formulations were below this target. However, product-specific stability,
palatability, and tolerability studies would be required to determine the practical significance of the observed acidic pH.

pH value of MLE-NFE Granules

5.00

R2=0.9311

4.80 I ”“I
o 1 4.85
3 4.60 4.77
o
>
T 4.40
= 4.43

4.20

4.00

2% 4% 6% 8% 10%

Primojel Concentration (%)

Figure 2. Linear regression analysis shows the effect of Primojel® concentration on the mean pH of granule
formulations (R? =0.9311).

Particle size distribution was evaluated using a conventional sieve analysis with six graduated sieves (mesh 30,
40, 50, 60, 80, and 100) to determine the proportion of fine particles (fines) and assess granule size uniformity.>*> All
formulations were dominated by fine particles, with fines percentages ranging from 73.8% to 87.9% (Table 2),
considerably exceeding the recommended limit of <10% for pharmaceutical granules.?® With this particle-size profile,
the resulting dosage form technically resembled a coarse powder rather than well-formed granules. This finding
indicates inadequate particle agglomeration during wet granulation and suggests that sufficient liquid bridges did not
form between the particles to support granule nucleation and growth. The limited granule formation may have resulted
from the combined effects of the binder concentration, the amount and distribution of granulating fluid, and the manual
mixing process, which may have produced insufficient or nonuniform interparticle bonding.>**® The predominance of
fines may also adversely affect flowability and compressibility, consistent with the subsequent physical-quality results.

Moisture content testing was conducted to evaluate the moisture level of the granules, a critical parameter
affecting the physical stability and quality of pharmaceutical preparations. The moisture content of the five formulations
ranged from 3.96% to 4.86% (Table 2), indicating that all formulations were within the recommended limit for
pharmaceutical granules (£5%).57>® However, the values approached the upper limit, suggesting that the drying process
may require further optimization. The relatively high moisture content may be attributed to insufficient drying
conditions, in which the heat transferred to the granules was inadequate to completely remove residual water. Similar
findings have been reported by Hadi et al.,>® who demonstrated that higher drying temperatures and longer drying
times facilitate more effective moisture removal. Excess moisture can promote liquid-bridge formation and interparticle
aggregation, thereby reduce flowability and increasing the risk of agglomeration during storage. Consequently, elevated

moisture levels may adversely affect downstream manufacturing processes and dosage uniformity.5%-%2
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Statistical analysis indicated differences in moisture content among the formulations. Post hoc Mann-Whitney
analysis showed that F1 (2% Primojel®) differed significantly from F3-F5 (p < 0.05), whereas no significant differences
were observed among F3-F5, containing 6-10% Primojel®. F4 had the lowest mean moisture content at 3.96 + 0.42%;
however, its standard deviation was notably higher than those of other formulations, indicating greater variability
among the replicate measurements. This variability may reflect nonuniform moisture distribution within the F4 batch,
sampling heterogeneity, or variation during drying and sample handling. Therefore, the lower mean value observed for
F4 should be interpreted cautiously. Moisture content increased to 4.67 £ 0.07% in F5, demonstrating that the response
did not follow a consistent concentration-dependent pattern with increasing Primojel® concentration. Although the
hydrophilic properties of Primojel® may influence moisture retention,® the present findings do not establish Primojel®
concentration as the sole determinant of moisture content. Drying conditions, granule size distribution, sampling
location, and within-batch moisture uniformity may also have contributed to the observed variation. Further process
optimization and evaluation using independently prepared batches are required to establish a reproducible moisture-
content specification.

The compressibility index was evaluated to assess granule flowability and packing characteristics. Materials
with compressibility index values below 10% are generally considered to have excellent flow properties, whereas values
above 38% indicate very poor flowability.'”253! |n the present study, the compressibility index ranged from 17.16% to
26.34% (Table 2), indicating fair to poor flowability. These results are consistent with the high fines content observed
across all formulations, which can reduce mechanical interlocking between particles and compromise granule packing,
density, and flow characteristics.®

Statistical analysis revealed significant differences among formulations (Kruskal-Wallis, p = 0.010). Post hoc
Mann-Whitney analysis showed significant differences between most formulation pairs, except F2 and F5 (p = 0.121).
The lowest compressibility index was observed in F4 (17.16 + 0.85%), which coincided with a lower fines content than
F1-F3. This result may reflect more favorable packing associated with its particle-size profile; however, the effect of
Primojel® concentration was not monotonic. Previous studies have similarly found that intermediate sodium starch
glycolate concentrations can provide better compressibility than higher concentrations. Therefore, the F4 result likely
arose from the combined effects of particle-size distribution, fines content, moisture, and excipient interactions rather
than Primojel® concentration alone.®®*®> Nevertheless, all formulations remained within the poor-to-moderate
flowability range, indicating that factors such as limited binder concentration and insufficient granule growth continued
to influence granule quality.

The dispersion test showed that all formulations met the requirement for instant granules, with dispersion
times of less than 5 min.3? A very fast dispersion time is necessary to ensure ease of use, especially for products that are
dissolved before consumption, and to guarantee optimal availability of the active ingredient.®® The mean dispersion
time ranged from 38 to 50 seconds (Table 2 and Figure 3), with F5 (10% Primojel®) exhibiting the shortest dispersion
time. These results indicate that increasing the concentration of Primojel® tended to accelerate granule dispersion. As
a superdisintegrant, sodium starch glycolate facilitates water penetration into the granule matrix through swelling and
wicking mechanisms, thereby promoting rapid dispersion.?>%

Dispersion Time of MLE-NFE Granules
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Figure 3. Linear regression analysis shows the effect of Primojel® concentration on the mean dispersion time of
granule formulations (R? =0.9871).

Jurnal limiah Medicamento ¢ Vol.12 No.2 ¢ 2026 257
https://medicamento.unmas.ac.id



https://medicamento.unmas.ac.id/

| Suena, et al.

Statistical analysis confirmed that the data were normally distributed and homogeneous (p > 0.05), allowing
further evaluation using one-way ANOVA. The ANOVA results revealed significant differences among formulations (p <
0.001), indicating that Primojel® concentration significantly affected granule dispersion time. Tukey's post-hoc test
showed that F1 differed significantly from F2, F3, F4, and F5, while F2 differed significantly from F4 and F5 (p < 0.05).
However, no significant difference was observed between F4 and F5, despite the lower mean dispersion time recorded
for F5.

These findings suggest that increasing Primojel® concentration up to 8% substantially improved granule
dispersion performance. Although the 10% formulation produced the shortest dispersion time, the improvement was
not significantly different from that of the 8% formulation. This observation indicates that the disintegrating effect of
Primojel® approached a plateau level at higher concentrations. Nevertheless, all formulations exhibited rapid dispersion
and complied with the quality requirements for instant granules. At very high concentrations, Primojel® has the
potential to cause gelling, which can inhibit dispersion,®® so concentration optimization is still necessary to maintain
effectiveness. Therefore, when selecting the concentration of Primojel®, it is important to consider the balance between
dispersion effectiveness and formulation efficiency.

Flow rate testing was performed to evaluate the ability of the granules to flow freely, an important parameter
for ensuring dose uniformity, ease of packaging, and manufacturing efficiency.3%°¢ Granules with good flow properties
generally exhibit a flow time of <10 seconds for a 100-gram sample or a flow rate of 210 g/second.?® In the present
study, none of the formulations were able to flow through the funnel, indicating poor flowability. This result is consistent
with the high proportion of fines (73.8—-87.9%), relatively high moisture content, and compressibility index values in the
poor-to-moderate range. High fines content can reduce powder flow, impair compressibility, and compromise dose
uniformity by increasing interparticle cohesion.®” Furthermore, the low concentration of maltodextrin as the sole binder
and the limited amount of granulation liquid likely restricted granule growth, resulting in small, low-density particles
with poor flow characteristics.>®

The compressibility-index results further supported the suboptimal flow behavior of the formulations. F4
showed the lowest compressibility index, at 17.16 + 0.85%, coinciding with a lower fines content than F1-F3. This value
indicates fair flow according to the compressibility-index classification. The lower index may reflect more favorable
particle packing associated with the reduced proportion of fines; however, the effect of Primojel® concentration was
not monotonic. A previous wet-granulation study reported that granules containing 4% Primojel® had a lower
compressibility index than those containing 8% Primojel® (7.12% versus 16.51%), suggesting that increasing the
disintegrant concentration does not necessarily improve packing or flowability. Similarly, a recent study of paracetamol
granules containing 2%—6% sodium starch glycolate found the best compressibility index at the intermediate
concentration of 4%, rather than at the highest concentration tested. Therefore, the comparatively low compressibility
index of F4 may have resulted from the combined effects of particle-size distribution, fines content, moisture, and
excipient interactions rather than from the Primojel® concentration alone.?%%8

The angle of repose is commonly used as an additional indicator of flowability. However, this test could not be
performed because none of the formulations flowed through the funnel, preventing the formation of the conical heap
required for measurement. Taken together, these results indicate that the MLE-NFE combination granules met the
dispersion-time and moisture content requirement but failed to satisfy the quality criteria for particle size distribution
and flow-related properties, including compressibility, flow rate, and angle of repose. Further optimization of
formulation and granulation parameters is therefore necessary to improve granule quality.

Antiradical Activity Assay of MLE and NFE Combination Granules

The DPPH assay was used to evaluate the radical-scavenging activity of the individual extracts and MLE—NFE
granules. This method is widely used because it is simple, rapid, economical, and provides a quantitative estimate of
antiradical activity through the ICso value, with a lower ICso indicating greater activity.5®72 The maximum absorption
wavelength was 517 nm, at which the DPPH control had an absorbance of 0.495. Absorbance monitoring over 120 min
showed a relatively stable reaction period between 15 and 60 min, which was used to establish the incubation period
for the assay.”®

The baseline phytochemical and antiradical characteristics of the individual extracts are presented in Table 3.
MLE contained substantially higher total phenolic and flavonoid contents than NFE and exhibited a slightly lower ICso
value and higher antioxidant activity index. These findings suggest that the greater abundance of phenolic and flavonoid
constituents in MLE may have contributed to its higher DPPH radical-scavenging activity. Nevertheless, the DPPH
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response cannot be attributed exclusively to these compound classes because other electron- or hydrogen-donating
constituents may also contribute. Although NFE had lower TPC and TFC values, its ICso of 7.57 pug/mL and AAl of 3.304
demonstrated that it also possessed measurable antiradical activity.

Table 3. Total phenolic content, total flavonoid content, and DPPH radical-scavenging activity of the individual extracts
(MLE and NFE)

Extract TPC (mg GAE/g extract) TFC (mg QE/g extract) DPPH ICso (ug/mL) AAI
MLE 31.59+2.84 7.16 £0.16 6.42 3.895
NFE 3.72+£0.31 0.29 £ 0.07 7.57 3.304

Notes: MLE, ethanolic mango leaf extract; NFE, ethanolic noni fruit extract; TPC, total phenolic content; TFC, total flavonoid content; GAE, gallic acid
equivalents; QE, quercetin equivalents; I1Cso, concentration required to inhibit 50% of DPPH radicals; AAl, antioxidant activity index. Values for TPC
and TFC are presented as the mean + standard deviation of three replicate measurements from the same extract sample.
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Figure 4. DPPH radical scavenging activity of MLE-NFE granules (F1-F5). Linear regression curves plot granule
concentration (ug/mL) against the percentage of inhibition (Y) to determine ICso values.

The two extracts were incorporated into the granule formulations at an MLE:NFE ratio of 7.5:5.5 w/w. The ICso
values were calculated from the linear regression equations relating sample concentration to percentage DPPH
inhibition, with y = 50 as the calculation point (Figure 4). The resulting 1Cso values ranged from 61.33 to 77.01 pg/mL
(Table 2), demonstrating measurable DPPH radical-scavenging activity in all formulations.
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The observed activity may be associated with the secondary metabolites present in MLE and NFE. MLE contains
phenolic compounds, flavonoids, tannins, alkaloids, saponins, and steroids, whereas NFE contains phenolic compounds,
flavonoids, tannins, alkaloids, saponins, steroids, and anthraquinones.®’476 Several of these constituents possess
antioxidant properties through mechanisms such as electron or hydrogen donation, free-radical stabilization, metal
chelation, and inhibition of oxidative reactions.”®®? These constituents may therefore have contributed collectively to
the DPPH radical-scavenging activity of the granule formulations. However, the relative contribution of each
phytochemical class was not determined in the present study.

The ICso values did not change linearly with increasing Primojel® concentration. Antiradical activity decreased
from F1 to F3, as indicated by the progressive increase in ICso, but subsequently increased in F4 and F5. F5 exhibited the
lowest ICso value and therefore the greatest measured antiradical activity among the granule formulations, whereas F3
exhibited the highest ICso value. Similar nonlinear effects of superdisintegrant concentration on the release of active
constituents have been reported in herbal formulations.®® Differences in wetting, dispersion, and the release or
extraction of antioxidant constituents into the analytical medium may have contributed to this pattern. Nevertheless,
the present findings do not demonstrate that Primojel® directly changed the intrinsic antiradical activity of the extracts.

The 1Cso values of the granules were numerically higher than those of the individual extracts. A reduction in
measured antioxidant activity following incorporation of a botanical extract into a granule formulation has also been
reported for Oxalis dehradunensis effervescent granules, indicating that formulation and processing can influence the
activity measured in the finished dosage form.®* However, the higher ICso values observed in the present study should
not be interpreted solely as evidence of phytochemical degradation during granulation. DPPH results are influenced by
the reaction solvent, incubation time, DPPH concentration, sample concentration range, reaction environment, and
calculation method; therefore, direct quantitative comparisons require equivalent assay conditions and concentration
bases.®

In the present study, the individual-extract concentrations were expressed according to pure-extract mass,
whereas the granule concentrations were based on the mass of the complete formulation, including maltodextrin,
microcrystalline cellulose, sodium starch glycolate, aspartame, and orange essence. Consequently, the extract content
represented only a fraction of the total mass used to prepare the granule test solutions. Dilution by the excipients,
together with matrix-dependent differences in the extraction or release of antioxidant constituents into the analytical
medium, may therefore have contributed to the higher apparent ICso values of the granules. Conversely, processing-
related changes in antioxidant constituents cannot be excluded because TPC, TFC, and marker-compound contents were
not measured in the finished granules.

The individual-extract results provide baseline evidence that MLE and NFE contained phenolic and flavonoid
constituents and possessed DPPH radical-scavenging activity before formulation. The finished granules also exhibited
measurable activity, showing that radical-scavenging constituents remained detectable after formulation. However,
because an unformulated MLE-NFE blend at the same 7.5:5.5 w/w ratio was not evaluated as a matched pregranulation
control, the retention of phenolic content, flavonoid content, and antiradical activity after granulation could not be
quantified. Furthermore, the use of different sample-mass bases and DPPH conditions limited direct comparison
between the individual extracts and the finished granules, consistent with published recommendations emphasizing
standardized DPPH reaction conditions for valid quantitative comparisons. Consequently, the results establish
measurable DPPH radical-scavenging activity in the finished granules but do not prove either complete preservation or
degradation of the original antioxidant constituents.2>%°

Limitation

This study was limited by the preparation of only one batch for each formulation. The triplicate physicochemical
measurements were technical replicates obtained from the same batch and therefore did not account for batch-to-
batch variability. In addition, the DPPH radical-scavenging activity of each granule formulation was measured only once,
preventing estimation of analytical variability and valid inferential comparisons among formulations. Consequently, the
findings should be interpreted as preliminary and descriptive and cannot establish a causal effect of Primojel®
concentration on the physicochemical properties or antioxidant activity of the granules. Inter-batch reproducibility and
pilot-scale production were also not evaluated. Furthermore, the extract load and MLE:NFE ratio was fixed as
preliminary formulation parameters without systematic optimization; therefore, this study does not establish the 13%
extract load or 7.5:5.5 MLE:NFE ratio as optimal. Dissolution testing and antioxidant constituent release profiling were
not performed, preventing direct evaluation of the relationship between granule disintegration or dispersion and
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antioxidant activity. Finally, antioxidant activity was evaluated solely using the DPPH assay. Future studies should include
independently prepared batches, replicated antioxidant assays, complementary in vitro antioxidant methods,
dissolution and release studies, systematic formulation optimization, scale-up evaluation, and in vivo validation.

CONCLUSION

Granules containing 7.5% w/w mango leaf extract and 5.5% w/w noni fruit extract exhibited measurable DPPH
radical-scavenging activity and met the selected formulation-development targets for moisture content and dispersion
time. Increasing the Primojel® concentration was associated with shorter dispersion times, demonstrating its functional
contribution to granule dispersion. The formulations containing 8% and 10% Primojel® showed the shortest dispersion
times, with no significant difference between them, while F5 had the lowest ICso value based on descriptive comparison.
These findings suggest that higher Primojel® concentrations within the evaluated range provided more favorable
dispersion performance without eliminating the measurable antiradical activity of the incorporated extracts. The study
therefore provides preliminary evidence for selecting an appropriate Primojel® concentration in combined mango leaf
and noni fruit extract formulations. Further optimization of the binder system, granulating-fluid quantity, and processing
conditions are required to reduce fines and improve flowability and granule formation.
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