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A B S T R A C T

Herbal medicines are currently being adopted as alternatives to orthodox medicines for the management of drug-
resistant and emerging multidrug-resistant microbial strains of various diseases, including typhoid fever. A herbal
decoction, MA 001, manufactured by the Centre for Plant Medicine Research (CPMR), has been used for the
treatment of typhoid fever for at least two decades in Ghana with desirable outcomes. MA 001 is formulated from
Citrus aurantifolia, Spondias mombin, Latana camara, Bidens pilosa, Trema occidentalis, Psidium guajava, Morinda
lucida, Vernonia amygdalina, Persea americana, Paulina pinnatta, Momordia charantia and Cnestis ferruguinea me-
dicinal plants. The low palatability and compliance to treatment due to the bulky nature of the decoction poses
challenges in its optimum use. This study sought to design and formulate the therapeutic components of the
aqueous herbal decoction of MA 001 into an optimal solid dosage form of effervescent granules to improve the
delivery of MA 001 as well as increase patient compliance and convenience of product handling. The methods
involved pre-formulation studies on the suitability of effervescent vehicles, formulation and evaluation of effer-
vescent granules for drug excipient interactions using high performance liquid chromatography analysis. The
findings indicate that the effervescent granules were suitable for use in the delivery of the therapeutic constituents
for the treatment of typhoid fever as done with the decoction due to minimal herbal extract-excipient interaction.
1. Introduction

Typhoid fever is a major public health concern. It is usually associated
with poor sanitation, overcrowding and contamination of food and
water. It is a major cause of morbidity and mortality. A global report in
2017, indicated that there were 14.7 million cases of typhoid and para-
typhoid fevers with a fatality of about 135,000 [1]. There is a growing
concern over the rapid emergence of antimicrobial resistance to the
causative agents Salmonella enterica serovar typhi and Salmonella enterica
serovar paratyphi A [2]. Key amongst several challenges in the fight aimed
at reducing the incidence of Typhoid fever is the lack of access to proper
water, sanitation, and vaccines, predominantly in developing countries.
In addition, the increasing rate of antimicrobial resistance to the
adoh).

3 September 2021; Accepted 6 O
evier Ltd. This is an open access a
available antibiotics such as chloramphenicol and ciprofloxacin is also a
major challenge [1, 2].

Natural compounds of plant origin have been documented to have
effective therapeutic effects, and are useful alternatives to conventional
drug treatment in human health. Plants are a renewable source for the
synthesis of phytoconstituents that are useful for the treatment of dis-
eases [3]. Recent developments have led to the investigation of plant
medicine as antimicrobial and antibiofilm drugs that present suitable
alternatives for antimicrobial chemotherapyagainst whichmicrobes have
a low capacity to develop resistance. This has been attributed to their
potential multiple mechanisms of action that render them less susceptible
to antimicrobial resistance. This indicates that plant-based medicines
may be able to provide the much-needed treatment against constantly
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developing resistant pathogens for which orthodox antimicrobial agents
are becoming increasingly ineffective [3, 4].

Previously, chloramphenicol was the treatment of choice for typhoid
fever. With reports of plasmid-mediated multi-drug resistance to chlor-
amphenicol, amoxicillin and cotrimoxazole, ciprofloxacin, a fluo-
roquinolone was used for treatment. Subsequently, the spread of resistant
bacterial strains to ciprofloxacin has become a limitation to its use. Hence
a combination of a cephalosporin and azithromycin are used against
bacterial strains of Salmonella typhi with reduced susceptibility to fluo-
roquinolones [5, 6].

The development of microbial resistance to orthodox medicines has
increased the exploitation of herbal medicines as alternatives [7]. An
aqueous herbal decoction, coded MA 001, produced by the Centre for
Plant Medicine, (CPMR), Mampong-Akuapem [8] has been used to treat
typhoid fever in Ghana for at least two decades. The product is prepared
from medicinal plants, namely Citrus aurantifolia, Spondias mombin,
Latana camara, Bidens pilosa, Trema occidentalis, Psidium guajava, Morinda
lucida, Vernonia amygdalina, Persea americana, Paulina pinnatta, Momordia
charantia and Cnestis ferruguinea [9]

The administration of the right quantity of drugs is critical in the
treatment of infectious diseases such as typhoid fever. However, MA 001,
being a liquid preparation, poses challenges in terms of compliance in
addition to accuracy of dosing. The dosage regimen for MA 001 is 30 mL
three times daily for three weeks. A patient requires the purchase of six
(6) bottles (330mL per bottle) of MA 001 to complete treatment. This
may have implications for patient convenience and compliance. Bayor
and colleagues [10] have reported that 95% of households preferred
using spoons to take oral liquid remedies. However, many spoons do not
meet the required volumes for drug administration. For example, the
tablespoon is reported to have a deviation of �1.2–1.5mL, making it less
accurate and unable to meet the 15 mL volume requirement per table-
spoon. Therefore, although MA 001 may be effective in treating typhoid
[8], the need to formulate MA 001 into various solid dosage formulations
may enhance patient convenience, compliance and accuracy in dosing.

Solid oral dosage forms include tablets, capsules, granules and pow-
ders for solution or suspension. Kumadoh and colleagues formulated [9]
capsules of the product MA 001 by using various adsorbents. These solid
dosage forms are comparatively more stable due to the decreased rate of
degradation and microbial contamination as a result of the absence of an
aqueous environment. Some geriatric patients have difficulty in swal-
lowing solid forms such as tablets and capsules. Solid dosage forms of such
preparations may be formulated as granules in sachets to be reconstituted
into solution for their use when required [11]. Under proper storage
conditions, it is expected that the granular dosage form will have an
improved shelf life and longer lasting effect of the active ingredients. Also,
this dosage form will provide additional alternatives for patients who
would ratherpreferherbal formulations over orthodoxmedicine [12]. The
granular form of the drug was selected since it would have no aqueous
content and would thus be less prone to microbial attack and hence
decrease the degradation time of the product. In addition, geriatric pa-
tients with difficulty in swallowing will have a better alternative to the
bulkier liquid product.

Effervescent salts are granules, or coarse to very coarse powders,
containing the medicinal agent in a dry mixture usually composed of
sodium bicarbonate, citric acid, and tartaric acid [13]. When added to
water, the acids and the base react to liberate carbon dioxide, resulting in
effervescence. The resulting carbonated solution normally masks the
undesirable taste of the medicinal agent. Effervescent granules can be
prepared via the wet granulation method, the dry granulation method, or
the direct mixing method [14]. Since the decoction product is not
palatable enough, the addition of an effervescent vehicle to the granule
formulation may help to improve the taste and palatability of the solution
formed due to its property of rapidly dissolving granules in solution [15].

The aim of this project was to develop effervescent granules of MA
001 herbal extract into fixed dose sachets and conduct an evaluation for
any potential interactions between excipients used and active principles
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of the effervescent granules formed using High Performance Liquid
Chromatography (HPLC).

2. Materials and methods

2.1. Materials

MA 001 Extract (obtained from CPMR), Light Magnesium Carbonate,
Anhydrous Maize Starch, Anhydrous Citric Acid, Anhydrous Sodium
Bicarbonate, glucose and Sucrose. All reagents used were of analytical
grade, HPLC grade (water, acetonitrile, and 0.1 percent phosphoric acid).

2.1.1. Equipment
Gallen Kamp Hot Air Oven (Agilent), HPLC 1200 system (Agilent,

Palo Alto, CA, USA), RP18 column (4.6 � 250 mm, 5.0 μm), Retsch
laboratory Sieves (850 μm& 425 μm), Vortex Machine, Centrifuge, HPLC
vials, Volumetric flask, Pipette, Wash bottle, Measuring Cylinder, White
Flat tile, Desiccator, Magnetic Stirrer, Unscrambler® X software (CAMO
Scientific, Norway) and Origin 8 (OriginLab cooperation USA).

2.2. Methods

2.2.1. Plant material collection and authentication
All the plant materials used in the formulation of MA 001 were ob-

tained from the CPMR plant materials store after authentication by the
Plant Development Department. They were further dried and pulverized
at the plant material processing unit of the CPMR.

2.2.2. Preparation of MA 001 extract
TheMA001Extract, the active ingredient for the formulation, consisting

of a combination of plant materials obtained from plants, namely: Spondias
mombin (leaves), Persea americana (leaves), Psidium guajava (leaves), Trema
orientalis (leaves), Cnestis ferruguinea (leaves), Momordica charantia (aerial
part), Vernonia amygdalina(leaves), Latana carnara (leaves), Paullinia pinnata
(leaves), Citrus aurantifolia (leaves), Morinda lucida (leaves) and Bidens Pilosa
(aerial part) was produced according to a classified formula at the produc-
tionunit of theCPMRandmade available as a darkhygroscopic extract after
freeze drying. No excipients were added.

2.2.3. Determination of the total solid residue of MA 001 decoction and the
equivalent hygroscopic weight of MA 001 extract

Ten (10 mL) of the sample (decoction before freeze drying without
excipients) was measured and poured into a weighed clean crucible. The
preparation was dried over a water bath and subsequently in an oven at
105 �C for about 2 h to a constant weight. The dried sample after cooling
in a desiccator was weighed and the weight of the extract determined.
The weight of the dried sample only was determined as % w/v [16]. The
same procedure was repeated for 0.5 g of the freeze-dried extract to
determine the equivalent weight to be used in product formulation.

2.2.4. Pre-formulation studies
Preliminary studies were done, for optimal formulation properties,

with the use of two adsorbents, light magnesium carbonate and anhy-
drous maize starch mixed with the MA 001 extract was mixed in the
proportions, 2:1, 1:1, 1:2, 1:3 of adsorbent, after which granulation was
done using both wet and dry granulation methods. The mass formed after
granulation was dried in a hot air oven at 40 �C for 24 h. The ease of
scraping of the dried mass was taken into consideration, as it was critical
for this type of formulation [9]. The dried mass of the mixture of extract
and adsorbent was then sieved with 850 μm and 425 μm sieves [9]. In the
determination of the appropriate acid or base saccharates, 1.42 g of citric
acid and 0.85 g of sugar (acid saccharate); 1.7 g of sodium bicarbonate
and 0.56 g of sugar (base saccharate) were weighed respectively and
ground inmortars with the help of pestles, and placed in porcelain dishes.

One hundred milligrams (100 mg) of the Acid-Sugar mix and 100 mg
of the Base-Sugar mix were weighed respectively and placed together



Table 2. Reference values for Hausner ratio and compressibility index.

Hausner ratio Flow character Compressibility index (%)

1–1.11 Excellent 1–10

1.12–1.18 Good 11–15

1.19–1.25 Fair 16–20

1.26–1.34 Passable 21–25

1.35–1.45 Poor 26–31

1.26–1.59 Very poor 32–37

>1.60 Very, very poor >38

[16].

Table 3. HPLC sample label key.

SA Sample A Extract þ Starch þ Effervescent Vehicle

SB Sample B Extract þ Starch þ Effervescent Vehicle

SC Sample C Extract þ Starch þ Effervescent Vehicle

SD Sample D Extract þ Starch (Granules)

SE Sample E Extract þ Starch (Granules)

SF Sample F Extract þ Starch (Granules)

SG Sample G Extract Only

SH Sample H Extract Only

SI Sample I Extract Only

SS Sample SS Starch

SCA Sample SCA Saccharate of Citric Acid

SSB Sample SSB Saccharate of Sodium Bicarbonate
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into one beaker. 200 mL of distilled water was then added to the mixture
in the beaker at 25 �C. The effervescence reaction was observed and
recorded. After the preliminary selection of the suitable saccharate, the
suitable extract-adsorbent mix was also chosen. The 1:2 Extract-Starch
mix, with a particle size 850μm, exhibited desirable properties for mix-
ing with optimal properties for granulation. In addition, the saccharate
produced had the required properties for the formulation. This combi-
nation of extract, starch and effervescence vehicle ingredients were used
for the final formulation of the product [16]. The formula used in the
preparation of the effervescent granules has been indicated in Table 1:
Master formula for preparation of effervescent granules (240 mg MA 001
extract per dose/sachet).

2.2.5. Formulation of effervescent granules
The required quantity of maize starch was weighed and added

geometrically to the hygroscopic extract in a mortar and triturated till a
homogeneous mixture was formed. Drying of the mixture was done in a
hot air oven at 40 �C for 24 h. The mass formed was sieved with a sieve
size of 850 μm and the other excipients, including the effervescent
vehicle ingredients, were then added to complete the granule formula-
tion process. The required tests on granules were then performed. The
formulated granules were sealed in sachets and labelled appropriately.

2.2.6. Evaluation of granules

2.2.6.1. Determination of flow properties of granules. The bulk and tapped
densities, Hausner ratio (HR) and Carr's compressibility index (CI) of the
formulated granules were determined using the method described by
[17] and the British Pharmacopoeia, 2016. The reference values have
been indicated in Table 2: Reference Values for Hausner ratio and
Compressibility index.

2.2.6.2. Effervescence test. The granules were tested for effervescence in
accordance with the BP 2016 specification. One dose (1.5 g) of the
effervescent granules was placed in a beaker containing 200 mL of
distilled water at 25 �C. The mixture was observed for the evolution of
bubbles of gas. The time it took for the evolution of bubbles, if any, to
cease, was recorded. The determination was done in triplicate and the
effervescence time recorded.

2.2.7. Determination of herbal extract-excipient interactions using HPLC
fingerprinting of extract, excipients and granules

HPLC analyses were carried out on the samples as outlined in Table 3;
Key for HPLC Sample Labels.

The method employed by Wagner and colleagues [18] and Butnariu
and colleagues [19] was slightly modified. Ten milligrams (10 mg) of
each sample were weighed and dissolved in 1 mL of distilled water. The
mixture was vortexed and then centrifuged for 10 min and filtered. Five
hundred microliters (500 μL) of the supernatant was pipetted into a clean
empty HPLC vial and labelled appropriately. The vial was then inserted
into the injection chamber. Isocratic elution was employed in the chro-
matographic process.

Optimized conditions developed for the HPLC analyses were as
shown below:
Table 1. Master formula for preparation of effervescent granules (240 mg MA
001 extract per dose/sachet).

Ingredient Quantity (mg)

MA 001 Extract 240

Citric Acid 265

Sodium Bicarbonate 265

Saccharate 250

Maize Starch 480

3

Mobile Phase – 30 % Acetonitrile: 70 % water with 0.1% Phosphoric
Acid.

Flow rate – 1 mL/min.
Injection volume – 50.0 μl.
Temperature (Column Oven) – 40 �C.
Run time – 30 min.
Wavelength (UV detection) – 300 nm.

2.2.8. HPLC analyses
Chemometric analysis of the HPLC data was conducted with the

use of Unscrambler® X software (CAMO Scientific, Norway) and
Origin 8 (OriginLab cooperation USA). Principal Component Anal-
ysis and Cluster Analysis were carried out on the HPLC data. The
obtained results have been presented in the results section as
Figure 1: HPLC fingerprint of samples of extract and extract-
excipient combinations.
2.2.9. Correlated optimized wapping (COW)
It was essential to remove variation in HPLC data resulting from

instrumental noise and concentration, correlated optimized wapping
and area normalizations. Data pretreatment was used to align peaks
where the signals exhibited shifts in their position along the x (or
retention time) axis and concentration variation respectively. Corre-
lated Optimized Wapping was conducted using 13 segments and 6
slacks with Sample I as the reference sample to align the principal
peaks in the various chromatograms. Figure 2: HPLC chromatogram
of samples after peak alignment by COW indicates the results of this
analysis.
2.3. Principal component analysis (PCA)

The principal component analysis was performed with 22 data points
against 12 samples, making a data matrix consisting of 22 columns and
12 rows. The analysis was focused on the part of the chromatogram



Figure 1. HPLC fingerprint of samples of extract and extract-excipient combinations.

O. Adi-Dako et al. Heliyon 7 (2021) e08147
where prominent peaks (from 2.050 to 4.529 min) in the chromatogram
were observed. PCA was performed on pre-treated Correlated Optimized
Wapping data using three PCs and cross-validation, with Hoteling T2

outlier determination at a 95% confidence interval. Results have been
indicated in Figure 3: PCA of pure extract, formulations and excipient of
HPLC chromatogram data.
4

2.4. Cluster analysis (CA)

Hierarchical complete linkage cluster analysis with squared
Euclidean distance was also conducted on pre-treated Correlated Opti-
mized Wapping data. The results of this analysis have been presented in
Figure 4: Cluster Analysis of HPLC data.



Figure 2. HPLC chromatogram of samples after peak alignment by COW.

Figure 3. PCA of pure extract, formulations and excipient of HPLC chromatogram data.
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2.5. Statistical analysis

Microsoft excel (version 2016, Microsoft, USA), was employed in the
determination of the mean and standard deviation of values obtained for
replicate methods.

3. Results

3.1. Determination of the total solid residue and equivalent hygroscopic
weight of MA 001 decoction

The mean total solid residue per dose of 30 mL was determined to be
240 mg � 10 mg.
5

The mean total solid residue per 240 mg dose, equivalent to the hy-
groscopic extract was determined to be 293.83 mg–294 mg.

3.2. Preformulation studies

It was generally easy to mix extract and maize starch in the various
proportions in both the dry andwet granulationmethods. However, it was
generally difficult to mix extract and light magnesium carbonate in the
various proportions in the dry granulation but easy in the wet granulation
method. The properties of the granules formed after drying in the various
proportions are presented in Table 4; Preformulation properties of Extract-
Starch mixtures using dry and wet granulation. The flow properties of the
formulated granules have been shown in Table 5: Results of the determi-
nation of the Flow Properties, effervescence time of formulated granules.



Figure 4. Cluster Analysis of HPLC data.

Table 4. Preformulation properties of extract-starch mixtures using dry and wet granulation.

Granulation method Extract: Adsorbent mix ratio Nature of granules after drying Ease of scraping after drying Inference for granulation

Maize starch Dry 2:1 Sticky and gummy Easy Undesirable

1:1 Sticky and gummy Easy Undesirable

1:2 Dry Easy Desirable

1:3 Dry Easy Desirable

Wet 2:1 Sticky and gummy Easy Undesirable

1:1 Sticky and gummy Difficult Undesirable

1:2 Dry Easy Desirable

1:3 Dry Easy Desirable

Light Magnesium Carbonate Dry 2:1 Sticky and gummy Easy Undesirable

1:1 Dry Easy Desirable

1:2 Dry Easy Desirable

1:3 Dry Easy Desirable

Wet 2:1 Sticky and gummy Easy Undesirable

1:1 Sticky and gummy Difficult Undesirable

1:2 Dry Easy Desirable

1:3 Dry Easy Desirable
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4. Discussion

The formulation of effervescent granules of MA 001 into fixed dose
sachets was undertaken to address issues such as inaccurate dosing
resulting from differences in volumes of household spoons used in drug
Table 5. Results of the determination of the flow properties and effervescence
time of formulated granules.

Granules Vo

(mL)
Vf

(mL)
Hausner
Ratio

Carr's
Index

Inference of
flow
property

Effervescence
time (seconds)
n ¼ 3

Fine (425
μm)

3.0 2.0 1.50 33.33
%

Very poor 252 � 20

Coarse
(850 μm)

1.6 1.4 1.12 12.50
%

Good 229 � 18

Vo represents initial volume, Vf: final volume, Carr's index ¼ (100 x [(Vo - Vf)/
Vo]), Hausner ratio ¼ (Vo/Vf).

6

administration [10, 20, 21], patient convenience and compliance. Patient
convenience and compliance are critical for effective treatment outcomes
in the management of microbial infections [22, 23, 24].

The results show that the formulation of effervescent granules of MA
001 achieved the desired purpose. Additionally, the stability of the solid
dosage form was enhanced as the potential degradation of active thera-
peutic principles in aqueous media, microbial contamination, and the
associated disruption of its shelf life were prevented [25, 26]. Efferves-
cent granules of MA 001, which form a solution on contact with water,
will provide an improvement in taste, solubility, and bioavailability of
the herbal extract [27, 28].

Several herbal products, despite having exceptional therapeutic
potential, have limited or reduced therapeutic action due to their
poor aqueous solubility [29, 30]. MA 001's formulation is intended
to improve the efficiency of therapeutically active constituent de-
livery [31, 32]. Dissolution is enhanced with the subsequent solution
formed [15].
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For the purpose of producing dry effervescent granules devoid of an
aqueous component, the dry granulation process was selected as the
method of choice for all subsequent granulation processes required for
testing and formulation of the final product. Drying as a technique plays a
useful role in enhancing the stability and extending the shelf life of
pharmaceutical products and it is known that dry powder extracts
facilitate the ease of formulation of liquid-based products into solid
dosage forms [33, 34]. The 1:2 Extract-Starch Mix demonstrated great
ease of mixing and scraping before and after drying in a hot air oven. It
was the most cost effective and feasible mix, producing desirable results,
including the demonstration of good flow properties of the coarse
granules. These reasons account for its selection over the Extract-LMC
Mix [15]. The determination of flow properties of the granules is
important in ensuring reproducibility of filling and dose consistency and
weight uniformity in relation to the physical properties of effervescent
granules of MA 001. The Angle of repose and Hausner's ratio are indic-
ative of the inter particle friction in a powder and determine the extent of
thecohesiveness and free-flowing properties of the powder. The values
obtained indicate that the granules to be used are of good flow properties
and optimum filling will be achieved during manufacturing into fixed
dose sachets [13, 15].

Table sugar (sucrose) was selected as the saccharate of choice due to
the observed production of favorable tests of effervescence that produced
no film or foam on the walls of the vessel during and after effervescence.
From the effervescence test, numerous bubbles of gas evolved under
observation. The evolution of gas around the individual granules ceased
within 5 min, indicating the suitability of the product.

PCA was performed to visualize and reduce the dimensions of the
data sets. The decrease in peak intensity in samples A-F may be due to
low concentration of extract in these samples because the equivalent
weight of extract used in the HPLC analysis was not employed in the
various samples prepared, making the HPLC data concentration
dependent. This effect was minimized to some extent by performing
data pre-treatment such as area normalization to align shifted peaks
using correlated optimized wapping. PCA is a multivariate statistical
technique used to reduce the dimensionality in the data set. It calcu-
lates and uses the covariance matrix to determine the variables
responsible for maximum variation within a data [35]. Here, PCA was
performed on a pretreated chromatogram of the various herbal for-
mulations for the evaluation of batch consistency and
excipient-extract compatibility.

Principal component (PC) 1 accounted for 93% of the variation in
the data set, whereas PC 2 accounted for 5% of the variation, making a
total of 98% of the variation in the data sets. Clustering of the for-
mulations (samples A-D, F) and clustering of the pure extract (sample
G-I) may be attributed to the occurrence of low concentrations of
extract and high concentrations of excipients in these samples which
seem to mask the peaks of the extract. Although the pure extracts did
not form a close cluster with the various formulations, the relative
distance between these two clusters was very small. The clustering of
all formulations suggests a high degree of batch consistency. Hoteling
T2 outlier determination [36] was used to further determine if these
samples are similar and possibly contain the same principal compo-
nents. The occurrence of all samples within the outlier ellipsoid
(Figure 3) implies the presence of no outliers, indicating that the
samples contained similar components [37].

To substantiate the batch consistency and extract-excipient compat-
ibility, a hierarchical complete linkage cluster analysis was performed on
the pretreated chromatogram. Clusters analysis uses the data points from
the various chromatograms to determine the similarities between various
samples by calculating the ecludian distance between them, representing
how close the samples resemble each other [38]. Similar to the PCA
analysis, two main clusters; clustering of formulation and clustering of
pure extracts, were observed. The squared ecludian distance observed
between the two main clusters is very minimal (<1), hence it confirms
the presence of the same principal component within the samples [38].
7

All evaluation tests confirmed that there was little or no herbal
extract-excipient interaction indicative that the granules formed were
stable [39, 40, 41]. The formulation technology employed is beneficial
for industrial applications, in the potential ease of scaling up, ease of
formulation, enhanced stability of therapeutic principles and reproduc-
ibility coupled with the use of unsophisticated equipment, A simple,
convenient, cost effective, and environmentally friendly method is a
beneficial approach. The use of natural antimicrobials for treatment
provides a holistic approach to typhoid fever management [42, 43].

Strict controls over the use of antibiotics in livestock, coupled with
strict sanitary standards in the food supply chain, have not been able to
adequately address concerns about increasing drug resistant Salmonella
strains [3, 4, 44, 45, 46]. The formulation design of effervescent granules
of MA 001, with improved palatability and stability, is a good alternative
for the effective treatment of emerging multidrug-resistant strains of
Salmonella [3, 4]. This can significantly help to reduce the spread of
typhoid fever, and the potential public health threat of the spread of
zoonotic Salmonellosis. The strategies adopted for the formulation
development of effervescent granules of MA 001 also provide useful in-
formation for scientists and practitioners with the mindset of integrating
herbal remedies into the regular health care delivery systems [47].

5. Conclusion

The effervescent granules of MA 001 for the treatment of typhoid
fever were successfully formulated using the 1:2 extract: starch ratio with
sucrose as the saccharate of choice. All evaluation tests, including the
flow properties and herbal extract-excipient interactions, indicated that
the final product was stable and devoid of herbal extract-excipient in-
teractions, which could likely cause product instability. The formulated
granules may have improved taste and stability and enhance compliance
with treatment, which is essential in the treatment of typhoid fever
infections.
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