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 ABSTRACT 

Quality-by-Design (QbD) is a concept which aims to provide a systematic approach to 
product development based on sound science and quality risk management. In this study 
QbD approach was applied to obtain optimized formulations of directly compressible tablets 
of Psidium guajava, Mangifera indica, and Moringa oleifera ethanolic leaf extracts. To do 
this, risk assessment as part of QbD was conducted to identify the critical quality attributes 
(CQAs) from the quality target products’ profile (QTPPs). A 3-level factorial design was 
used which generated nine formulation trials, and statistical treatment and interpretation of 
the formulation data utilizing Design Expert® 10 were the basis of the selection of the 
optimized formulation. 
All excipients used were found compatible in the formulations based on compatibility and 
stability studies. Most of the formulations met the acceptance criteria for different quality 
control parameters. There was also no significant change in the alpha-glucosidase inhibition 
activity between the positive control, crude extracts, and the formulated herbal tablets (p > 
0.05). Optimum formulations of the ethanolic leaf extracts were obtained. The data gathered 
may be used to design new formulation for scale-up production. 
 
Key words: QbD, factorial design, directly compressible tablets, alpha-glucosidase 
inhibition, IC50 

* Corresponding author 
Department of Industrial Pharmacy, College 
of Pharmacy, University of the Philippines 
Manila, Taft Ave., Manila, Philippines 
E-mail: bsbalotro@up.edu.ph 

 
 

1. Introduction 

Quality-by-Design (QbD) is a concept introduced by the 
International Conference on Harmonization (ICH) to provide 
a systematic approach to product development based on 
sound science and quality risk management. QbD approach 
has been used in the formulation development of directly 
compressible tablets from synthetic drugs and from natural 
products (Borde et al., 2016; Maltais et al., 2015; Patel et al., 
2016). Direct compression presents many advantages over 
other tablet manufacturing methods such as wet granulation 
and dry granulation methods because it is less costly and less 
time consuming. It also overcomes the problem encountered 
in the compression of some drugs into tablets that are prone 
to degradation when subjected to heating. In the case of 
medicinal plant extract, most are not easily compressible and 
need to be lyophilized or spray dried prior to tablet 
manufacture. By using QbD approach in the preparation of 
herbal tablets by direct compression, it is possible to obtain 
optimum formulation of the herbal tablets which will pass the 

required tests for quality.  
In this research, QbD was applied in the preparation of 

tablets from the leaf extracts of Psidium guajava, Mangifera 
indica, and Moringa oleifera by direct compression method. 
The extracts from these plants have been attributed to 
possess many medicinal benefits, particularly, its potential 
antidiabetic activity through alpha-glucosidase enzyme 
inhibitory activity. Thus, it would be an advantage to make 
these herbal drugs readily available in tablet form as a 
potential treatment modality for diabetes mellitus. In the 
Philippines, diabetes mellitus is one of the major leading 
causes of death from non-communicable diseases, with about 
3.2 million prevalent cases or 5.9% of the population, ages 20 
to 70 years old, reported in 2014 (International Diabetes 
Federation, 2014).  

The objective of this study was to formulate directly 
compressible tablets from Psidium guajava, Mangifera 
indica, and Moringa oleifera ethanolic leaf extracts using the 
QbD approach. To do this, risk assessment as part of QbD 
was conducted to identify the critical quality attributes 



Ethel Andrea C. Ladignon et al. 

20 

(CQAs) from the quality target products’ profile (QTPPs). A 
3-level factorial design was applied which generated nine 
formulation trials and statistical treatment and interpretation 
of the formulation data using Design Expert® 10 became the 
basis of the selection of the optimized formulation. 

The specific objectives of the study were: (1) to 
characterize the herbal extracts by physicochemical testing; 
(2) to optimize the herbal tablet formulation; and (3) to 
perform quality control (QC) tests on the herbal tablets 
including alpha glucosidase inhibitory activity of the 
optimized tablets. 

2. Materials and Methods 

The milled (pass through mesh no. 20) plant samples were 
acquired from GH Nutripharma, Inc. (FDA-registered) in the 
last week of January 2018. Organoleptic inspection, by 
examining and describing based on appearance (particle size), 
color, and smell, was performed on the plant samples. 

Ethanol (95%) and TLC plates were purchased from RTC 
Laboratory Services and Supply House (Quezon City, PH). 
Laboratory materials for bioassay and sodium hydroxide 
pellets were purchased from Yana Chemodities, Inc. (Quezon 
City, PH). Potassium phosphate monobasic and sodium 
carbonate anhydrous were bought from Harnwell Chemicals 
Corporation (Makati, PH). Acarbose, 4-nitrophenyl -D-
glucopyranoside, and -glucosidase, which were all Sigma 
brand, were purchased from Belman Laboratories (Quezon 
City, PH). 

2.1. Characterization of the Physicochemical Properties of 
the Extracts 

The plant samples were tested for physicochemical 
properties such as water content, water- and alcohol-soluble 
extractives, ash content determination, and phytochemical 
screening following the procedures stated in the United States 
Pharmacopeia (2012). 

2.2. Preparation of Crude Ethanolic Extracts and Active 
Ingredients 

Five hundred grams (500 g) of each of the dried, powdered 
leaves of respective plant sample were macerated in two liters 
(2 L) of 95% ethanol for about 72 hours, with occasional 
shaking. The alcoholic mixture was filtered then stored at 
4–10°C while the marc was macerated again with 2 L of 
95% ethanol for 72 hours. It was also filtered then mixed 
thoroughly with the previous batch of alcoholic mixture. The 
combined alcoholic mixture was concentrated by evaporating 
the solvent using a water bath. Afterwards, the extract was 
weighed, and its ratio against the weight of the dried, 
powdered leaves sample prior to maceration was computed 
to obtain approximate yield. 

The active ingredient was prepared by dissolving the dried, 
gummy extract (concentrate) in ethanol measuring the same 
proportion used in extraction. Then, it was mixed with equal 

parts fumed silica, the latter acting as the drying adjuvant. 
The mixture was dried inside an oven with the temperature 
not exceeding 40C. The resulting dried powder was 
pulverized using a porcelain mortar and pestle, and passed 
through sieve no. 60. 

2.3. Selection of Materials 
Excipients were selected based on their available infor-

mation and established data such as functional categories 
and incompatibilities (Rowe et al., 2009). Commonly used 
excipients for tableting and direct compression were also 
selected. Dicalcium phosphate (DCP) was used as a diluent, 
cellulose derivatives (microcrystalline cellulose [MCC], 
hydroxyethylcellulose, methylcellulose, and hydroxypropyl-
methyl cellulose) and copovidone were used as binders, 
crospovidone as a disintegrant, hydrophilic fumed silica as a 
drying adjuvant, and magnesium stearate and sodium lauryl 
sulfate as lubricants.  

Magnesium stearate is normally used as lubricant. 
However, from literatures (Rowe et al., 2009; Zhang et al., 
2013), it is incompatible with products containing alkaloidal 
salts. M. oleifera is known to contain alkaloids (although the 
phytochemical results showed that alkaloid was absent from 
this specific variety of the plant), thus magnesium stearate 
was ruled out in the compatibility studies and formulation of 
the said plant material. Sodium lauryl sulfate (SLS) was 
instead used as it has similar lubricative properties as 
magnesium stearate and is also a known lubricant for direct 
compression (Perrault et al., 2011). 

2.4. Stability and Compatibility Test of Excipients with the 
Plant Extracts 

Stability and compatibility studies of the plant extracts and 
the selected excipients to be used in the formulation of the 
herbal tablets were performed. Instead of conducting 
compatibility and stability studies on each excipient-plant 
extract mixture, the studies were conducted on the mixtures 
of excipients-plant extract (e.g. diluent, binder, disintegrant, 
and lubricant mixture, plus plant extract) to minimize number 
of tests. Temperature and humidity parameters were only 
included in the tests. This modification was based on prior 
knowledge of the physicochemical compatibilities of the 
excipients. Each sample mixture was stored in 5-mL clear 
glass vials capped with butyl rubber septum stopper. Each set 
were kept inside a refrigerator, room, and oven at 60C to 
simulate < 8C, room, and hot temperature, respectively. 
Another set were exposed to various humidity conditions, 
namely: 30%RH, 75%RH, and 90%RH, at room temperature 
(25C). In order to achieve such conditions, saturated 
aqueous solutions of calcium chloride (CaCl2), sodium 
chloride (NaCl), and sodium carbonate (Na2CO3) were 
prepared, respectively, in plastic canisters. When a saturated 
solution of a particular salt is contained in an enclosed space, 
it produces a constant relative humidity and water vapor 
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pressure (Lide, 2005). A beaker holding the sample vials was 
left floating on top of each solution. Incompatibilities were 
checked by conducting thin-layer chromatography (TLC). 

After four (4) weeks of exposure to different parameters, 
the samples containing P. guajava and M. oleifera extract 
were dissolved in 20 mL ethanol, while samples containing 
M. indica were dissolved in 20 mL 50% aqueous ethanol 
resulting to a 25 mg/mL concentration (for each sample 
mixture). These samples were filtered using standard filter 
paper prior to TLC. Two (2) L of each test solution was 
applied to silica gel 60 F254-coated, aluminum sheets using 
the CAMAG Automatic TLC Sampler 4. The plates were 
developed using the appropriate solvent system for each plant 
(Table 1). 

After development, the plates were removed from the 
glass chamber and were air-dried. CAMAG TLC Visualizer 
was used to visualize each plate. The retention factor (Rf) 
value of each spot was evaluated using the same program. 

The formulated tablets, afterwards, had also undergone 
the same TLC analysis but with a lower concentration of 5 
mg/mL against an equivalent strength of the crude extract. 

2.5. Risk assessment  
Risk assessment was conducted to identify the Critical 

Quality Attributes (CQAs) from the list of Quality Target 

Product Profile (QTPPs). The QTPP is the standard 
specifications for the product e.g. for the herbal tablets based 
on references (Table 2).  

Researchers agreed on the Critical Material Attributes 
(CMAs) and Critical Process Parameters (CPPs) of the 
formulation. The CMAs and the CPPs were the material 
characteristics and process specifications that had impact on 
the CQAs or the characteristics or attributes of the product 
that had effect on its safety and efficacy. The four CQAs, 
namely: alpha-glucosidase activity, TLC Profile, hardness, 
and disintegration time, were selected as factors and two 
directly compressible binders were assessed (MCC and 
copovidone) as variables. In the risk assessment process, 
quantitative risk priority numbers were mapped into three 
categories (High, Medium, and Low) (Table 3).  

2.6. Design of Experiments (DOE) 
In order to find the optimum formulation for the direct 

compression of herbal tablets based on the QbD approach, an 
experimental design software namely Design Expert® 10 
(Design-Expert® software, v10, Stat-Ease, Minneapolis, MN, 
USA, www.statease.com) was used. To optimize the 
formulation of the herbal tablets, Response Surface 
Methodology with 3-Level Factorial Design were conducted 
for each plant sample. The two factors, represented by the 

Table 1. Solvent systems used in developing the TLC plates. 

Plant Extract Mobile Phase* 

Psidium guajava ethyl acetate : hexane : glacial acetic acid (5 : 15 : 0.4) 

Mangifera indica ethyl acetate : glacial acetic acid (20 : 0.4) 

Moringa oleifera ethyl acetate : hexane : glacial acetic acid (15 : 5 : 0.4) 

*Mobile phase was adapted from HPTLC profile of P. guajava and M. oleifera established by Pascual 
Laboratories, Inc. As for M. oleifera, it was slightly modified to improve separation of compounds. 

Table 2. Quality target product profile (QTPP). 

Test Parameters Test Method Specification* 

TLC Profile TLC Crude Extract 

Alpha-glucosidase inhibitory activity Colorimetric spectroscopy IC50 value 

Tablet moisture Moisture analyzer ≤ 6.0% 

Tablet hardness Hardness tester 4.0 to 8.0 kg 

Tablet friability Friabilator ≤ 0.8% 

Tablet disintegration Disintegration testing system ≤ 45 min. 

Tablet appearance Organoleptic evaluation through visual inspection round, light green to green biconvex 

*based on the requirements a compressed (uncoated) oral tablet should satisfy 

Table 3. Risk assessment of formulation components and operation variables. 

CQAs 
Formulation Variables (CMA) Operation Variables (CPP) 

Characteristic of Extract Particle Size of DC Binder Blending/Lubrication Compression 

Alpha-glucosidase activity High Low Low Low 

TLC Profile High Low Low Low 

Hardness High High Medium High 

Friability High High Medium High 

Disintegration Time High High Medium High 
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selected CQAs (hardness and disintegration time) out of the 
four evaluated, were attributed to the use of two directly 
compressible binders (MCC and copovidone). The three 
levels (Low, Medium & High) refer to used quantities of 
the two ingredients (Table 4). A total of nine (9) experiments 
or formulations, for each plant sample, were generated under 
the experimental matrix. 

2.7. Formulation Study (QbD Approach) 
The tablets were prepared by direct compression method. 

The ingredients included were the powdered plant extract as 
the active ingredient, crospovidone as disintegrant, DCP as 
diluent, and magnesium stearate as lubricant for P. guajava 
and M. indica formulations, while SLS as lubricant for M. 
oleifera formulations. All these ingredients, except for DCP, 
had the same amount across plant formulations. The quantity 
of the directly compressible binders, MCC and copovidone, 
were varied (low, medium, high) based on the design of 
experiment (Table 5). DCP were also varied since it was 
added to meet the specified tablet weight. Prior to 

Table 4. Design of experiment summary. 

Factor Name Unit 
Actual Value* Coded Value 

Low Medium High L M H 

 Psidium guajava  

Binder 1 MCC mg 100 200 300 –1 0 +1 

Binder 2 Copovidone mg 10 17.5 25 –1 0 +1 

 Mangifera indica  

Binder 1 MCC mg 20 40 60 –1 0 +1 

Binder 2 Copovidone mg 3 6 9 –1 0 +1 

 Moringa oleifera  

Binder 1 MCC mg 50 200 350 –1 0 +1 

Binder 2 Copovidone mg 10 20 30 –1 0 +1 

*actual values were based from available data (%w/w acceptable amount) and experiments conducted as the research progresses 

Table 5. Formulation of factorial batches. 

Ingredients 
Factorial batches (quantity per unit dose in mg) 

1 2 3 4 5 6 7 8 9 
Psidium guajava 

Extract 100 100 100 100 100 100 100 100 100 
Binder 1  
(MCC) 

H 
300 

L 
100 

H 
300 

M 
200 

M 
200 

M 
200 

L 
100 

H 
300 

L 
100 

Binder 2 
(Copovidone) 

L 
10 

H 
25 

H 
25 

L 
10 

H 
25 

M 
17.5 

M 
17.5 

M 
17.5 

L 
10 

Crospovidone 25 25 25 25 25 25 25 25 25 
Mg stearate 5 5 5 5 5 5 5 5 5 
DCP 60 245 45 160 145 152 252 52 260 
Total weight 500 500 500 500 500 500 500 500 500 

Mangifera indica 

Extract 100 100 100 100 100 100 100 100 100 
Binder 1 
(MCC) 

H 
60 

L 
20 

H 
60 

M 
40 

M 
40 

M 
40 

L 
20 

H 
60 

L 
20 

Binder 2 
(Copovidone) 

L 
3 

H 
9 

H 
9 

L 
3 

H 
9 

M 
6 

M 
6 

M 
6 

L 
3 

Crospovidone 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
Mg stearate 5 5 5 5 5 5 5 5 5 
DCP 27.5 61.5 21.5 47.5 41.5 44.5 64.5 24.5 67.5 
Total weight 200 200 200 200 200 200 200 200 200 

Moringa oleifera 

Extract 100 100 100 100 100 100 100 100 100 
Binder 1 
(MCC) 

H 
350 

L 
50 

H 
350 

M 
200 

M 
200 

M 
200 

L 
50 

H 
350 

L 
50 

Binder 2 
(Copovidone) 

L 
10 

H 
30 

H 
30 

L 
10 

H 
30 

M 
20 

M 
20 

M 
20 

L 
10 

Crospovidone 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 11.25 
SLS 5 5 5 5 5 5 5 5 5 
DCP 23.75 303.75 3.75 173.75 153.75 163.75 313.75 13.75 323.75 
Total weight 500 500 500 500 500 500 500 500 500 
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compression, all the ingredients were sieved and manually 
mixed via tumbling. The powder blends were subjected to in-
process quality control tests, then compressed using Stokes 
single-punch tablet press. 

The herbal tablets prepared were tested for tablet 
appearance, weight, thickness, moisture, hardness, friability, 
disintegration time, TLC profile, and alpha-glucosidase 
inhibitory activity based on specifications. Data were 
expressed as mean, and relative standard deviations were also 
calculated. One-way analysis of variance (ANOVA) was 
used for evaluation and p-values < 0.05 were considered 
significant.  

2.8. Evaluation of the Alpha-glucosidase Inhibitory 
Activity 

The bioassay method employed was a modification 
previously used in the screening of Indian plants (Bachhawat 
et al., 2011). In a 96-well plate, reaction mixture containing 
50 L of phosphate buffer (50 mM, pH 6.8), 20 L of alpha-
glucosidase (0.2 U/mL), 50 L of different concentrations 
(30, 70, and 150 g/mL) of the crude extracts and of the 
powdered tablet solutions, and 20 L of p-nitrophenyl-α-D-
glucopyranoside (PNPG) (2.5 mM) as a substrate were 
incubated at 37C. After 15 minutes, 60 L of sodium 
carbonate (50 mM) was added to stop the reaction. The 
absorbance was read at 425 nm using CLARIOstar® 
monochromator multimode microplate reader. Acarbose was 
used as a positive control; and the reaction mixture without 
the test solution served as the negative control (Figure 1). 
Each experiment was performed in triplicates, along with 
appropriate blanks. A total of three (3) plates were prepared 
for each plant material. 

The result was expressed as percentage inhibition, which 
was calculated as (1) for each formulation, and (2) for the 
crude extract, where A is absorbance. 

 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 

 
𝐴   𝐴    𝐴

𝐴  𝐴
  100 

 Equation (1) 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 

 
𝐴  /    𝐴    𝐴  

𝐴    𝐴
  100 

 Equation (2) 

The IC50 was used to determine the alpha-glucosidase 
inhibition activity. It was calculated through simple linear 
regression of the percent inhibition and the concentration of 
the extracts and the formulated tablets.  

3. Results and Discussion 

3.1. Characterization of the Physicochemical Properties of 
the Extracts 

The plant samples were not subjected to further drying 
since moisture content values from both infrared (IR) drying 
method and USP method passed WHO requirement (not 
more than 10%). The total ash content approximates the 
amount of inorganic matter present which may include silica, 
carbonates, etc. This is also an indicator of the geographical 
source and environment where the samples were exposed 
(Table 6).  

Data on total extractives of P. guajava and M. oleifera 
showed that there were more water-soluble compounds than 
alcohol-soluble compounds (Table 6). However, ethanol was 
still used as the extracting solvent in obtaining the crude 
extract since using water easily leads to spoilage. Also, 
evaporation time will significantly be longer for water extract. 
Moreover, when bioassay was conducted, it was found that 
the crude extract collected have potent activity justifying the 
use of ethanol as solvent. 

 

Figure 1. Plate design for the evaluation of alpha-glucosidase inhibition activity. 
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Based from the phytochemical screening tests performed 
(Table 7), presence of carbohydrates and flavonoids were 
confirmed for all plant samples, while cyanophore glycosides 
and alkaloids were absent. P. guajava and M. oleifera both 
have anthraquinone and saponin glycosides. On the other 
hand, M. indica and M. oleifera tested positive on tannins and 
phenolic, and cardiac glycosides.  

Anthraquinone and phenolic glycosides are believed to 
be the compounds responsible for antidiabetic properties 
(Kouam et al., 2006; Yang et al., 2014). Flavonoids and 
tannins were also reported to have antidiabetic effects. 
However, the main effect is through their antioxidant action 
(Kadima et al., 2016). 

3.2. Preparation of Crude Ethanolic Extract 
Approximate yields of P. guajava, M. indica, and M. 

oleifera extracts were 14.8%, 12.1%, and 9.92%, respectively. 
It was evident that a low yield was obtained for every 
extraction round (500 g / 4 L) of each plant material. Various 
factors can influence the quality and the amount of extract 
that can be obtained from plant materials such as solvent 
type and strength, temperature, presence of light, pH, etc. 
However, there is really no universal method or an ideal 
method of extraction from plant materials. It all depends on 
the study objectives and the plant sample itself (Azwanida, 
2015). In this case, the procedure employed was deemed 
appropriate since the purpose of maceration, a general 

 

Table 6. Pharmacopeial Tests Results. 

Sample 

Loss on Drying Total Extractives Total Ash Content 

Moisture Analyzer 
(%)* 

USP Method 
(%)* 

Water-soluble 
(mg/g)* 

Alcohol-soluble 
(mg/g)* 

Total Ash 
(%)* 

Acid-insoluble 
(%)* 

Psidium guajava 5.31 ± 0.11 4.97 ± 0.08 268.50 ± 11.25 178.45 ± 6.62 6.31 ± 0.18 0.57 ± 0.09 

Mangifera indica 3.67 ± 0.07 4.62 ± 0.10 158.15 ± 15.72 167.05 ± 6.36 9.53 ± 0.62 5.36 ± 0.21 

Moringa oleifera 5.54 ± 0.35 6.34 ± 0.06 279.49 ± 22.84 214.85 ± 3.95 8.03 ± 0.14 0.93 ± 0.81 
 
*All values are mean  SD (n=3) 

Table 7. Phytochemical screening results of the crude ethanolic extracts from the three plant samples. 

Test 

Plant Sample 

Psidium guajava Mangifera indica Moringa oleifera 

Visible Result Indication Visible Result Indication Visible Result Indication 

Carbohydrates 

Molisch purple ring at the junction (+) purple ring at the junction (+) purple ring at the junction (+) 

Seliwanoff dark red coloration (+) greenish brown solution (–) dark red coloration (+) 

Fehling’s brick red precipitate (+) brick red precipitate (+) dark red precipitate (+) 

Tollen’s Phloroglucinol brownish red color (+) dark red solution (+) brownish red color (+) 

Anthraquinone Glycosides 

Modified Borntrager faint pink in ammoniacal 
layer 

(+) yellowish ammoniacal 
layer 

(–) light pink in ammoniacal 
layer 

(+) 

Tannins and Phenolic Glycosides 

FeCl3 no precipitate (–) dark green solution (+) green color (+) 

Cardiac Glycosides 

Liebermann-Burchard no different layers; green 
color 

(–) brown ring at the junction; 
green upper layer 

(+) brown ring at the junction; 
green color 

(+) 

Salkowski yellow-green color (–) bluish-green upper layer (+) yellow DCM layer; green 
fluorescence in acid layer 

(–) 

Keller-Killiani dark red solution (–) reddish brown ring at the 
junction 

(–) purple ring at the junction (+) 

Saponin Glycosides 

Froth honeycomb froth, 1 cm (+) no froth (–) honeycomb froth, 1 cm (+) 

Flavonoids 

Shinoda color change from yellow-
green to orange 

(+) orange solution (+) red orange (+) 

Cyanophore Glycosides 

Guignard no color change (–) no color change (–) no color change (–) 

Alkaloids 

Mayer’s no precipitate (–) cream precipitate (+) white precipitate (–) 

Valser’s cream precipitate (+) no precipitate (–) white precipitate (–) 

Wagner’s reddish brown precipitate (+) no precipitate (–) red precipitate (+) 

Dragendorff’s reddish brown precipitate (+) no precipitate (–) white precipitate (–) 
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Figure 2. Stability and drug – excipient compatibility studies TLC plates viewed under UV 366 nm. Conditions on which the samples were
subjected are indicated below the plates. Samples (three spots each) appear in each plate as follows: extract only, extract + fumed silica, extract + fumed
silica + crospovidone + *lubricant + dicalcium phosphate (DCP) + microcrystalline cellulose, extract + fumed Silica + crospovidone + *lubricant + 
DCP + copovidone, extract + fumed silica + crospovidone + *lubricant + DCP + hydroxyethylcellulose, extract + fumed silica + crospovidone +
*lubricant + dicalcium phosphate + methylcellulose, extract + fumed silica + crospovidone + *lubricant + DCP + hydroxypropylmethyl cellulose, and
extract + fumed silica + crospovidone + *lubricant + DCP + microcrystalline cellulose + copovidone. 
*Lubricant: Mg stearate was used for both P. guajava and M. indica; SLS was used for M. oleifera 
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technique for plant extraction, is to obtain the chemically 
active portion and eliminate the inert material (Handa et al., 
2008). Moreover, a simple method was advisable as the study 
was only on a small-scale, laboratory setting. 

3.3. Stability and Compatibility Test of Excipients with the 
Plant Extracts 

Incompatibilities refer to any physical or chemical 
interaction between the crude extract and the excipients 
under certain environmental conditions. Consequently, these 
interactions may lead to instability of the formulation. 
Excipients are pharmacologically inert; thus, they must not 
affect the crude extract. Any interaction between them would 
result to a change in the components of the crude extract. TLC 
was conducted to investigate if there were incompatibilities 
by comparing the spots and Rf values produced by the 
mixtures of excipients-plant extract with that of the crude 
extract only (control). 

The crude extract of each plant material developed distinct 

spots (Figure 2). Upon visual inspection, all of the spots were 
the same for most conditions and combinations of extract and 
excipients. Most incompatibilities were seen using M. indica 
as the active ingredient, particularly in combination with 
methylcellulose as the binder. Nevertheless, its combination 
with MCC and copovidone as binders were compatible, 
which were the excipients used in the subsequent 
formulations. They were also chosen because they are the 
most commonly used binders, specifically for direct 
compression.  

The Rf values of the spots of the crude extract were used 
as standards in analyzing the profile of the formulated tablets. 
The profile of the crude extract corresponded to the profile 
of individual formulations (Figure 3). This was a good 
confirmation that the crude extract did not undergo chemical 
changes or instability throughout manufacturing. Thus, it can 
be assumed that the formulation is suitable for the extract. 
The Rf values were almost the same, if not for very small, 
negligible differences. These may be due to technical error, 

 

Figure 3. TLC plates of crude extracts and tablets prepared viewed under UV 366 nm. Samples (three spots each) appear as follows: crude extract,
excipients only, and formulations 1 to 6. Formulations 7 to 9 were developed on the right-side plates. 

Psidium guajava formulations 

      
Mangifera indica formulations 

      
Moringa oleifera formulations 
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particularly when placing the Rf spots (i.e. mouse 
pointer/arrow) during evaluation. Larger discrepancies in 
values, although still very small, were consistently seen from 
Formulations 7 to 9 for all plant extracts. Possible reason for 
this was Formulations 7, 8, and 9 were developed in a 
separate plate (not the same with the crude extract). Hence, 
there may be minor difference in placing the plate in the 
chamber or duration of removing the plate in the chamber, 
resulting to a slightly longer or shorter distances travelled by 
the spots. 

3.4. Evaluation of the Active Ingredients 
The powdered P. guajava and M. indica extracts appeared 

as a green to light green powder while retaining their 
respective characteristic odor. Both had passable flow 
properties. On the other hand, the powdered M. oleifera 
extract appeared as a yellowish green powder with a 
chocolate-like odor. The flow property was fair. Flow 

properties that are passable to fair are within specifications 
and can be considered suitable for direct compression. Aid 
(i.e. lubricants) can be added to further improve the flow 
during manufacturing. 

3.5. Evaluation of Formulated Tablets 
Even though the powdered extracts exhibited passable to 

fair flow properties, some powder blends did not meet the 
specified criteria (Table 8). Problems on powder flow are 
usually solved by addition of glidant, but it was not 
considered in the study because fumed silica, which can also 
function as a glidant, was already used. Further addition of 
glidant can negatively affect the formulation such as 
hindering the flow more by acting as excess fines. Therefore, 
formulation was continued. P. guajava and M. oleifera 
preparations were compressed into a tablet at an average 
weight of 500 mg. The herbal tablets prepared appeared as 
round, biconvex, and had a very light green to almost off-

Table 8. Summary of in-process quality control (IPQC) tests. 

 
Test  

Bulk Density 
(g/mL) 

Tapped Density 
(g/mL) 

Compressibility 
Index 

Hausner Ratio Interpretation 

Acceptance criteria – – 0–25 1.00–1.34 excellent to passable 

Psidium guajava Formulations 

1 0.41 0.53 24.25 1.32 passable 

2 0.47 0.71 34.08 1.52 very cohesive 

3 * * 27.37 1.38 poor/cohesive 

4 0.48 0.63 24.69 1.33 passable 

5 0.44 0.62 28.74 1.40 poor/cohesive 

6 0.45 0.63 27.55 1.38 poor/cohesive 

7 0.49 0.73 33.02 1.49 very cohesive 

8 0.41 0.54 24.53 1.33 passable 

9 0.53 0.73 26.76 1.37 poor/cohesive 

Mangifera indica Formulations 

1 0.42 0.55 22.84 1.30 passable 

2 0.41 0.58 29.76 1.42 poor/cohesive 

3 0.41 0.53 23.78 1.31 passable 

4 0.42 0.58 27.71 1.38 poor/cohesive 

5 0.42 0.55 24.07 1.32 passable 

6 0.41 0.55 25.15 1.34 passable 

7 0.42 0.59 29.27 1.41 poor/cohesive 

8 0.42 0.53 20.99 1.27 passable 

9 0.42 0.61 31.74 1.47 very cohesive 

Moringa oleifera Formulations 

1 0.39 0.54 28.16 1.39 poor/cohesive 

2 0.49 0.75 35.21 1.54 very cohesive 

3 0.39 0.53 27.06 1.37 poor/cohesive 

4 0.43 0.65 34.32 1.52 very cohesive 

5 0.48 0.63 24.48 1.32 passable 

6 0.44 0.62 29.01 1.41 poor/cohesive 

7 0.49 0.76 34.93 1.54 very cohesive 

8 0.37 0.54 31.03 1.45 cohesive 

9 0.45 0.77 41.03 1.70 very, very cohesive 

*insufficient data (sample weight not measured) 
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white color. Since difficulties were observed during 
formulation of the first two plants, compressing M. indica to 
a smaller weight of 200 mg was implemented to see if the 
problems would be addressed. Thus, M. indica was smaller 
and had flat surfaces on both sides, round, and green in color. 
The odor of their respective extracts was still perceptible on 
the tablets.  

Evaluating the formulations individually, most of them 
passed the specified criteria for every parameter (Table 9). 
However, the relative standard deviations for hardness were 
beyond specification. The reason for this may be attributed to 
the flow of the powder blend, specifically inside the feed shoe. 

Since it was not flowing smoothly and got trapped inside the 
feed shoe, the die cavity was not completely filled during 
compression. This, in turn, compromised the tablet weight 
resulting to variations, which greatly affected the hardness. 
Although directly compressible excipients were used in the 
study, use of induced die feeders can be advantageous in the 
formulation. From the name itself, induced die feeder is a 
special feeding device that aids the powder to flow down the 
die cavity. It is commonly used for lightweight and compact 
formulations (Choudhary, 2018).  

The statistical treatment and interpretation of data was 
done using Design Expert® 10 software. Pareto charts were 

Table 9. Summary of finished product quality control (FPQC) tests. 

 Quality Control Tests 

Tablet Weight Tablet Thickness Tablet Hardness Moisture 
Content 

(%) 

Friability 
(%) 

Disintegration 
Time 
(min) 

Mean 
(mg) 

RSD 
(%) 

Mean 
(mm) 

RSD 
(%) 

Mean 
(kg) 

RSD 
(%) 

Psidium guajava Formulations 

Acceptance 
Criteriaa 

475–525 NMT 6%b – NMT 6%b 4–8 NMT 6%b NMT 6%b 
NMT 0.8% 

change 
NMT 45 mins 

1 488.73 2.31 4.25 1.54 6.95 14.84 1.32 0.28 0.16 

2 505.43 2.58 3.71 1.35 3.69 16.59 0.46 0.99 2.12 

3 437.76 4.61 4.58 1.03 2.71 31.26 1.05 1.02 0.51 

4 487.96 3.34 3.76 2.55 6.78 16.06 0.78 0.62 0.17 

5 479.70 5.55 3.81 2.10 6.85 34.20 0.83 0.62 0.75 

6 435.52 6.01 3.66 1.84 4.61 34.26 0.93 0.66 0.66 

7 468.39 4.93 3.33 2.69 4.98 18.44 0.60 1.44 1.46 

8 494.77 2.98 4.33 0.87 6.99 17.39 1.64 0.34 0.50 

9 444.90 4.50 3.16 3.55 4.35 24.90 0.89 3.29 1.27 

Mangifera indica Formulations 

Acceptance 
Criteriaa 

185.93–
216.08 

NMT 6% – NMT 6% 4–8 NMT 6% NMT 6% 
NMT 0.8% 

change 
NMT 45 mins 

1 198.25 2.81 3.79 0.83 7.40 4.27 0.46 0.70 12.07 

2 198.93 2.53 3.81 1.31 4.93 13.55 0.59 0.87 25.38 

3 195.29 2.99 4.00 0.40 6.38 10.98 0.54 0.63 18.09 

4 200.54 1.90 4.00 0.00 4.95 12.09 0.59 0.74 4.08 

5 200.11 1.42 4.04 0.84 4.85 7.37 0.63 0.59 17.48 

6 199.88 2.52 3.68 3.81 6.78 19.71 0.58 0.57 7.35 

7 194.57 1.29 3.92 1.71 2.70 11.38 0.81 0.80 4.00 

8 201.62 2.99 4.82 2.14 2.43 26.19 0.94 * 1.20 

9 200.56 2.55 4.60 0.89 1.28 31.28 0.77 * 0.95 

Moringa oleifera Formulations 

Acceptance 
Criteriaa 

475–525 NMT 6% – NMT 6% 4–8 NMT 6% NMT 6% 
NMT 0.8% 

change 
NMT 45 mins 

1 496.73 1.19 4.66 0.61 5.05 6.92 2.43 0.45 1.67 

2 503.27 0.71 3.56 0.80 5.65 7.86 0.92 0.76 1.55 

3 506.97 0.72 4.73 0.75 6.45 4.00 2.03 0.49 3.99 

4 497.98 1.16 3.97 1.58 5.05 8.98 1.65 0.81 0.53 

5 481.27 2.42 4.11 0.77 3.60 16.10 1.69 1.25 0.47 

6 491.15 2.36 3.90 1.05 6.38 10.66 1.65 0.70 0.52 

7 495.68 1.82 3.48 1.22 4.73 12.08 1.09 1.11 0.83 

8 489.68 1.49 4.54 2.13 5.85 12.45 2.21 0.67 2.64 

9 494.65 2.62 3.39 2.28 5.85 24.44 1.02 1.70 0.95 

aAcceptance criteria was based on specifications. 
bRelative standard deviation of not more than 6% was based on the principle of six sigma usually applied in manufacturing process. 
*tablets were too soft for friability testing 
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developed to visualize the effect of the factors (i.e. binders) 
and their interaction on the responses (i.e. hardness and 
disintegration time) as shown in Figure 4. The length of each 
bar indicated the magnitude of effect (y-axis) of the factors 
(x-axis) to the responses. Factors that did not exceed the red 
line suggest that these variables had marginal contribution to 
the predictability of the response.  

From the Pareto charts, it was inferred that the factors 
showed non-significant effect on hardness for all the herbal 
formulations. This could be interpreted that neither of the 
binders used, despite their varying amounts across formula-
tions, had notable impact on tablet hardness. A significant 
effect was seen on the disintegration time of P. guajava. In 
particular, adjusting the amount of MCC (A-Binder 1) in the 
formulations caused a substantial change in disintegration 

time of tablets prepared. Whereas, less effects were observed 
on both M. indica and M. oleifera. It is highly probable that 
the levels of the factors explored in the study were not in the 
optimal range. This means that the values that will maximize 
the response might be lower or higher than the ones 
investigated.  

Based on the requirement of product quality, tablet 
hardness must be within 4 to 8 kg (preferably on a higher 
value to give consideration to friability) and disintegration 
time must not exceed 45 minutes. Taking both specifications 
into account, response surface analysis for each plant was 
done using Design Expert® 10. In 2D contour plots (Figure 5-
a), the nine formulations (illustrated as design point) were 
mapped out to see the interaction effect of the factors (x: 
binder 1; y: binder 2) on the responses. As the section in the 

 

Figure 4. Pareto chart – ANOVA of the formulations of each plant showing effect and interaction of factors on hardness (a), disintegration 
time (b). 

 

 

Figure 5. 2D contour plot (a) and 3D surface plot (b) of the formulations of each plant showing the effect on disintegration time and hardness. 
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plot approached a warmer color (i.e. from blue to red), 
specifications were expected to be met within that amount 
range. Moreover, a desirability value which was also 
generated (along with the plots) of 1.0 or near to 1 means it 
was the closest formulation that achieved the set 
qualifications. For P. guajava and M. indica, it was their 
corresponding Formulation 1 as their desirability values 
were 0.907 and 0.649, respectively. On the other hand, 
Formulation 3, having a desirability value of 0.487, was the 
best for M. oleifera. These were further elucidated in 3D 
surface plots (Figure 5-b) as highest peak levels which 
represent the best possible formulation.  

Applying the same criteria as above, design space (overlay 
plot) was established using the same statistical software. The 
area shaded in yellow shown below indicates the region of 
successful operating limits (Figure 6). This region represents 
the combination of factors which gives the desired tablet 
quality. It can be translated as when doing herbal formulation, 
any combination of the two binders within these amount 
ranges will result to tablets with hardness of 4 to 8 kg and 
disintegration time of less than 45 minutes. 

3.6. Evaluation of the Alpha-glucosidase Inhibitory 
Activity  

The best formulation of each plant was evaluated for 
alpha-glucosidase inhibition activity (Table 10). M. indica 
and P. guajava ethanolic extracts had the same alpha-
glucosidase inhibitory activity (Figure 7), given their IC50 did 
not have significant difference (p > 0.05). Both also had 
higher inhibitory activities as compared with the ethanolic 
extract, M. oleifera. The IC50s of the ethanolic extracts and 
the formulated tablets of the three plant samples were not 
significantly different (p > 0.05), hence formulation did not 
affect the inhibitory activity of the extracts. The coefficient 
of determination, r2, were also computed as a “test of the 
goodness of fit”. The values of r2 computed were approxi-
mately equal to 1.0 (Table 10). The values indicate that the 
concentration ranges used based on the procedure (30, 70, 
150 μg/mL) were appropriate to predict the IC50. 

The inhibitory activity may be attributed to the presence 
of carbohydrates and flavonoids for all plant samples, 

anthraquinone and saponin glycosides in both P. guajava 
and M. oleifera, tannins, phenolic compounds, and cardiac 
glycosides in M. indica and M. oleifera.  

 

Figure 6. Design space (overlay plot) for P. guajava (a), M. indica (b), and M. oleifera (c) formulation. 
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Table 10. Alpha-glucosidase inhibitory activity of the ethanolic
extracts of P. guajava, M. indica, and M. oleifera and their corre-
sponding formulated directly compressible tablets with coefficient
of determination (r2) values. 

Sample IC50 (µg/mL) r2 

P. guajava 47.01 ± 1.62 0.9894 

P. guajava tablet 46.22 ± 3.01 0.9954 

M. indica 44.41 ± 1.56 0.9906 

M. indica tablet 44.22 ± 1.88 0.9910 

M. oleifera 66.15 ± 2.36 0.9610 

M. oleifera tablet 63.93 ± 2.86 0.9563 

*All values are mean  SD (n=5) 

 

 

Figure 7. Percent inhibition of α-glucosidase by P. guajava (Pg), M.
indica (Mi), M. oleifera (Mo) ethanolic extracts, and selected tablet
formulations of the 3 ethanolic extracts (PgT, MiT, and MoT,
respectively). 
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4. Conclusion 

The ethanolic extracts of the three plant materials studied 
were characterized and found to contain various active 
metabolites, particularly anthraquinone and phenolic 
glycosides and flavonoids. From these extracts, directly 
compressible tablets were formulated using the quality-by-
design approach. Through thin-layer chromatography, it was 
deduced that most of the selected excipients were compatible 
with the plant extracts. The formulated tablets were 
subjected to quality control tests wherein most of them 
passed the set specifications. The TLC profile of the tablets 
also corresponded to the profile of the extracts. Among their 
respective 9 batches, Formulation 1 was determined to be 
the best formulation for both P. guajava and M. indica 
preparations, while Formulation 3 was the best one for M. 
oleifera based on response surface analysis. A design space 
was also established for each plant material. 

The ethanolic extracts, together with their corresponding 
best formulated directly compressible tablets, were tested for 
alpha-glucosidase inhibitory activity. The formulation of the 
ethanolic extract as directly compressible tablets did not 
affect the inhibitory activity of the extracts of all plant 
samples. 

It is recommended to perform long-term stability studies 
to further assess the stability of the crude extract and drug-
excipient compatibility. Additional formulation, wherein 
different levels of factors will be employed, is highly 
suggested to cover the range that will give the maximum 
response. Further studies can be done to validate the method 
and the established design space. Applying quality-by-design 
to specific parts of the drug development (e.g. extraction) is 
also advised. 
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