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ABSTRACT

Jatuphalathika (JP) is composed of the fruits of four herbal
plants, Terminalia chebula Retz., Terminalia bellirica Roxb.,
Terminalia arjuna Wight and Arn., and Phyllanthus emblica L. JP
formula is traditionally used for fever, as a carminative, for
detoxification, and as an anti-hyperlipidaemic. However, consumption
of JP is restricted due to its unpleasant flavours, which include sour,
bitter, and astringent notes. The purpose of the current study was to
formulate chewable gels with JP extract and evaluate their stability.
Different types and concentrations of gelling agents and flavouring
agents were used in the formulation. The finished products without
or with a package (foil-wrapped or vacuum-sealed) were stored at
room temperature (30 £ 2°C), in a refrigerator (2-8 °C) for 1 month,
and under thermal cycling between 2-8 °C for 48 h and 45 °C for 48
h for 4 cycles. Stability testing of the chewable gels was carried out.
Among six formulations, JP chewable gel containing gelatin,
stevioside syrup, sorbitol solution, and paraben concentrate without
(F5) or with menthol (F6) gave the best results. Both formulations
maintained the same texture when stored in vacuum-sealed
packaging: F5 at room temperature or in the refrigerator, and F6 at
room temperature. Under these storage conditions, they were
physically, chemically, and microbiologically stable with acceptable
taste and scent. It may be concluded that chewable gels F5 and F6
are easy-to-use formulations which could improve patient or
customer compliance when using JP.
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INTRODUCTION

Presently, natural-based ingredients from herbs in food supplements,
cosmetics, and pharmaceutics have increased in popularity due to their
biological activity, low toxicity, and environmental friendliness (Polshettiwar
et al., 2022). However, the consumption of herbs is still limited since the
available formulations are not acceptable for certain consumers, especially
young children, the elderly, and patients with dysphagia (Liu et al., 2014).
Some herbal products in tea form are inconvenient to use while herbal capsules
and tablets may cause trouble when swallowing. Crushing tablets or mixing
them with water or food before being taken may increase the risk of dose error,
leading to health problems, medical treatment costs, or even death. Moreover,
crushing tablets may make the unpleasant taste of herbs such as bitter, sour,
or astringent notes more prominent (Prakash et al., 2014).

Although there are optional formulations which are more convenient for
swallowing, such as elixirs, suspensions, and oro-dispersible tablets, elixirs
require complicated solubilization techniques, while the solubilization of the
active ingredient may make its apparent unpleasant taste even more
noticeable. The texture and viscosity of suspensions may not be very satisfying
to the patient. Likewise, the dissolving of oro-dispersible tablets may result in
oral discomfort from a powdery sensation or dry mouth (Dille et al., 2018).
As a result, a chewable gel formulation is chosen as a substitute formulation to
address these issues.

The chewable gel or ‘gummy’ is an oral formulation comprising gelling
agents, sweeteners, and flavouring agents. Preservatives and stabilizers may
be added as necessary. A good chewable gel formulation should be firm,
flexible, easily chewable, and swallowable. Moreover, it must be effective in
masking the undesirable taste of the drugs or active ingredients (Davydova,
2018). This formulation is gaining attention due to lacking a complicated
solubilization process, stability challenges and dosing errors. Moreover, its
pleasant taste and ease of administration with no need to drink water could
improve patient compliance (Rodriguez-Pombo et al., 2022). Moreover, many
people prefer gummy products to pills due to their fruity flavors and candy-like
taste. This is one of the reasons why they appeal to children who may otherwise
be picky eaters and obese people who prefer the consumption of snacks,
sweets, and soft drinks. Evidence currently suggests that chewing may
decrease self-reported hunger and food intake, possibly through alterations in
gut hormone responses related to satiety (Miquel-Kergoat et al., 2015).

Several chewable gel preparations have been investigated. Oral soft
chewable jelly containing flurbiprofen was prepared. FP2 consisting of 4.5%
pectin and 40% w/v sucrose was the optimum formula that presented a high
percentage of dissolution efficiency (78.95%) and better consistency during
handling. This formulation could be considered a promising dosage form for the
improvement of patient compliance and drug solubility (Sabri et al., 2022).
Moreover, the taste masking of ibuprofen soft-chew tablets was achieved
by controlling pH at 4.5 and keeping the processing temperature below
the crystalline-to-amorphous transition temperature. The formulation
demonstrated good stability for up to 24 months and exhibited comparable
dissolution to oral tablets. The findings indicate that several active
pharmaceutical compounds are capable of producing chewable gels that are
simple to swallow, well-tasted, and have a long shelf life (Morten et al., 2017).

Jatuphalathika (JP) is composed of the fruits of four herbal plants,
Terminalia chebula Retz., Terminalia bellirica Roxb., Terminalia arjuna Wight
and Arn., and Phyllanthus emblica L. It has been used in conventional
medicines for fever, eye diseases, and health promotion. JP extract has been
shown to reduce hyperlipidaemia, total cholesterol, and triglyceride levels in
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hypercholesterolaemic rats in previous studies (Rinthong et al., 2016).
The capability of each herbal component in the JP formula to reduce blood
cholesterol levels has also been confirmed (Thakur et al., 1988; Gupta et al.,
2001; Patil et al., 2011; Pathompak et al., 2015). These results demonstrated
the JP formula’s effectiveness in treating hyperlipidaemia and possible use to
control weight. Unfortunately, the taste of the JP extract is sour, astringent,
and bitter. Therefore, the development of JP in chewable gel forms which can
be adjusted the taste profile according to customer preferences and hide the
sensory properties of undesirable substances could overcome this limitation.
As a result, producing a JP chewable gel is incredibly challenging in order
to produce a finished product that is stable, palatable, and easy to consume.
The present investigation aimed to develop chewable gel tablets with JP extract
and to study the physical, chemical and biological stability of the finished
products in various packaging under the determined storage conditions.

MATERIALS AND METHODS

Materials

Dried fruit of T. chebula Retz., T. bellirica Roxb., T. arjuna Wight and
Arn., and P. emblica L. was purchased from a local herbal store in Phitsanulok,
Thailand. Microscopic authentication of all dried fruits and their powders was
performed by the Department of Medical Sciences Ministry of Public Health,
Nonthaburi, Thailand. Gelatin, gellan gum, pectin, and sorbitol solution were
purchased from Chemipan, Thailand. The stevioside solution was obtained from
Green Foods Asia Co., Ltd. Gallic acid was purchased from Sigma-Aldrich
(St. Louis, MO, USA).

Preparation of JP extract

Dried fruit of T. chebula Retz., T. bellirica Roxb., T. arjuna Wight and
Arn., and P. emblica L. was ground into powder using a blender. Equal portions
of the four herbal powders of 80 g each were mixed and extracted by decoction
(60-70°C) in 1,500 ml of distilled water for 2 h with occasional stirring. After
that, the herbal mixture was filtered through filter paper, then the filtrate was
concentrated using a rotatory evaporator and hot air oven (60-70°C) to
complete drying for 48 h. The percentage yield of the JP extract (%w/w of dried
herb) was calculated. The extract was kept in a refrigerator (2-8°C) for further
analysis and testing.

Determination of gallic acid content by HPLC analysis

The gallic acid (GA) content of the JP extract was assessed using the HPLC
method (Kardani et al., 2013). The HPLC system (Shimadzu, Kyoto, Japan)
included an LC-20AT pump, an SPD-20A UV detector equipped with an SPD-
20A system controller, and an SIL-10ADVP sample injector with a 20 ul sample
loop. A C18 column (250 mm x 4.6 mm i.d., 5 um, 250°A) (ACE®, Scotland)
was used for the chromatographic separations. The mobile phase was a 90:10
v/v mixture of water and acetonitrile containing 1.0 %yv/v orthophosphoric acid,
pH 3.00. The separations were carried out isocratically at a flow rate of 1
ml/min. The column was maintained at room temperature (27 £ 2 °C). A UV
detector at a wavelength of 210 nm was employed to identify the peaks. GA
standard solutions at concentrations ranging from 1 to 100 pg/ml in the mobile
phase were prepared. JP extract was diluted in the mobile phase to produce a
1 mg/ml test solution. Before being injected into the HPLC system, the standard
solution or test samples were filtered via a 0.45 mm membrane filter (Millipore,
MA, USA). The components were identified by comparing the retention times
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of the observed peaks to those of the original reference GA standard. The
calibration curve of pure standards was used to determine the amount of GA.

For the determination of GA in JP chewable gels, one tablet of JP chewable
gel was heated (at 60 °C) in a water bath until it had completely melted, and
then distilled water was added to a final volume of 10 ml. The mixture was
diluted to 1 mg/ml in distilled water. The test solution was filtered through a
0.45 pm membrane filter and analysed for GA content using the same HPLC
technique as for analysis of GA in the extract.

Determination of gelling agents in a chewable gel base

The specifications of a chewable gel require good physical appearance, a
non-sticky texture with good gel-forming ability, no syneresis, the capability to
mask the bitter and sour taste of JP extract, and stability under determined
storage conditions. To determine an appropriate gelling agent in the
formulation, the chewable gel base was formulated using different types and
concentrations of gelling agents in distilled water, mixed with 10% w/w sorbitol
solution and 1 %w/w paraben concentrate (20 %w/w methylparaben and 1
%w/w propylparaben in propylene glycol). Gelatin (10, 12, and 15 %w/w),
gellan gum (1.5, 1.75, and 2 %w/w), or pectin (1.2, 1.4, and 1.6 %w/w) were
used as gelling agents (Prakash et al., 2014). The chewable gel base which
produced the best texture, measured by visual observation and organoleptic
methods, without syneresis was selected and further applied in JP chewable
gel.

Formulation of JP chewable gels

JP chewable gels consisted of a gelatin base with the addition of 4.32
%w/w JP extract, flavouring agents (menthol, citric acid) and sweetening
agents (1 %w/w steviol glycoside in maltitol syrup). Menthol was dissolved in
a small amount of 95 %yv/v ethanol while citric acid was dissolved in distilled
water before mixing. JP chewable gels were prepared by dispersing gelling
agents in distilled water, stirring to mix well, and storing for 10 min for swelling.
The dispersion was heated in a water bath to 60 °C and mixed homogeneously
with sorbitol solution, stevioside solution, citric acid, and paraben concentrate,
respectively. When the temperature cooled down to 50 °C, menthol was added
and stirred to mix well. The formulation was poured into a silicone mould and
allowed to cool down to room temperature (Cizauskaite et al., 2019). Finally,
the settling cubic JP chewable gels were obtained and further tested for their
stability.

Evaluation of JP chewable gels

Texture analysis

The texture of the freshly prepared JP chewable gel tablets was analysed
compared with the formulations stored at room temperature (27 £ 2 °C) orin
a refrigerator (2-8 °C) for 1 month. The hardness, springiness, cohesiveness,
gumminess, and chewiness of the chewable gels were measured using a
texture analyser (TA-XT plus, Stable Micro Systems, USA). The parameters of
the test were: cylinder probes 20 mm, strain 50%, test speed 1.00 mm/s, hold
time 3 s, and trigger force 2.0 g (Suwan et al., 2017).

Organoleptic evaluation

The organoleptic properties of the chewable gel were preliminarily
evaluated. The physical appearance of chewable gels including colour, shape,
and clarity was evaluated by visual observation. The texture was evaluated by
rubbing and compressing the chewable gels between two fingers.

Syneresis test
Syneresis is the spontaneous contracting or shrinking of a gel,
accompanied by the expulsion of liquid. The chewable gel base was kept at
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room temperature (25 + 2 °C) for 24 h, then the size was measured using a
Vernier calliper. Any formulation which had a significant difference between the
initial and final size indicated syneresis and was rejected.

pH measurement

A chewable gel sample (0.5 g) was heated (at 60 °C) in a water bath until
it had completely melted. Distilled water was added to make a final volume of
50 ml. pH measurement of the solution at room temperature (27 £ 2 °C) was
performed using a pH meter.

Stability testing

JP chewable gels were packed in three different forms: foil-wrapped
tablets, tablets in a vacuum-sealed package, and unwrapped tablets in a tightly
closed glass bottle. They were stored under determined storage conditions as
follows: room temperature (27 £ 2 °C) for 1 month, refrigerator (2-8 °C) for
1 month, 40 °C for 1 month and thermal cycling of 2-8 °C for 48 h then 45 °C
for 48 h for 4 cycles (Prakash et al., 2014). At the end of the storage times, JP
chewable gels under various storage packaging and conditions were evaluated
compared with the freshly prepared product.

Microbial contamination testing

Microbial contamination of JP chewable gels was evaluated by visual
observation and the pour plate technique. For the pour plate technique, sterile
nutrient agar was prepared using an autoclave (121 °C, 15 min), then the agar
was allowed to cool to 45 °C. The chewable gel was rinsed with 1 ml of sterile
distilled water and poured into a Petri dish, follow by sterile nutrient agar. The
plate was gently rotated in a circular motion to achieve uniform distribution
and incubated at 37 °C for 48 h. The microbial growth of JP chewable gel was
observed compared to the control.

Statistical analyses

Statistical analyses were conducted by one-way ANOVA. Post hoc
comparisons of the means were performed according to Turkey’s HSD test;
P < 0.05 was regarded as statistically significant (n = 3).

RESULTS

Preparation of herbal test samples

The mixture of dried powder from the fruits of 7. chebula Retz., T. bellirica
Roxb., T. arjuna Wight and Arn., and P. emblica L. was extracted by decoction
in distilled water. The percentage yield of the JP extract was 26.8 %w/w of
dried powder. The physical appearance was a deep brown viscous extract with
a unique herbal scent (Figure 1).

Tt
(a) (b) (c) (d) (e)

Figure 1. The physical appearance of (a) JP extract, chewable gel base
of (b) F5, (c) F6, and JP chewable gel (d) F5 and (e) F6.
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Determination of GA by HPLC analysis

The HPLC analysis indicated that GA is one of the major polyphenolic
compounds of JP extracts. The retention time of GA was approximately 5.0 min
(Figure 2). From the results of the GA calibration curve a regression equation
was obtained: y = 140645x — 20285, with r? = 0.9999. The GA content in the
extracts was calculated based on comparing retention times of the peaks

according to the GA standard. The percentage yield of GA in dried herbs was
0.62 %w/w.
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Figure 2. HPLC chromatogram of (a) gallic acid (100 pg/ml), (b) JP
extract (1 mg/ml), the freshly prepared formulations of (c) F5
chewable gel base, (d) F5, (e) F6 chewable gel base, (f) F6 compared
with (g) F5 chewable gel base, (h) F5, (i) F6 chewable gel base, (j) F6
kept at room temperature for 1 month in vacuum-sealed packaging.
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Determination of gelling agents in a chewable gel base

Appropriate types and concentrations of gelling agents in JP chewable gel
bases were studied. Gelatin, gellan gum, and pectin at various concentrations
were used in the formulation to form gels. The physical appearance of chewable
gel bases formulated from all three gelling agents was a clear gel. Gelatin at
all concentrations (8, 10, and 12 %w/w) produced a base with good gel-
forming ability, while bases containing gellan gum and pectin were unable to
maintain their original shape over time. By organoleptic evaluation, it was
found that using gelatin at higher concentrations resulted in higher firmness
and lower softness (Table 1). Similarly, the hardness, gumminess, springiness,
and chewiness of chewable gelatin bases tended to increase, while the
cohesiveness was unchanged when assayed by the texture analyser at higher
concentrations of gelatin (Table 2). For syneresis testing, a chewable gelatin
base using 8, 10, and 12 %w/w gelatin was formulated and stored at room
temperature (27 £ 2 °C) or refrigerator temperature (2-8 °C) for 24 h. At the
end of the storage time, the size of chewable gels was measured. Only the
chewable gelatin base containing 8 %w/w gelatin when kept at room
temperature exhibited syneresis and was rejected from the study. For the
formulation of JP chewable gel, 12 %w/w gelatin which provided more
structural gel forming was used in the study.

Table 1. Organoleptic evaluation of chewable gel base.

Gelling agent (%w/w) Clarity Springiness  Softness Firmness
8.00 +++ + +++ +
Gelatin 10.00 +++ +++ Lny ++
12.00 +++ ++ B 4+
1.50 +++ n.d. n.d. n.d.
Gellan gum  1.75 domte n.d. n.d. n.d.
2.00 it n.d. n.d. n.d.
1.20 it n.d. n.d. n.d.
Pectin 1.40 +++ n.d. n.d. n.d.
1.60 it n.d. n.d. n.d.

Note: n.d. = not determined, (+) = low, (++) = moderate, (+++) = high.

Table 2. Texture evaluation of chewable gelatin base by texture analyser.

Gelatin .. ) . .

(Yow/w) Hardness (g) Springiness Cohesiveness Gumminess (g) Chewiness (g)
8 514.57 £ 31.17 0.88 £ 0.09 0.91 + 0.03 469.60 + 17.48 411.93 £ 57.18
10 1077.90 £ 34.30 0.96 = 0.01 0.91 + 0.02 984.32 + 56.23 948.77 + 64.24
12 1436.02 £ 51.14 0.93 £ 0.04 0.91 + 0.03 1305.01 £ 82.99 1212.40 +£ 102.57

Formulation of JP chewable gel

Formulations F1-F4 were prepared as presented in Table 3. Their physical
appearances were square-shaped, size 1.4x1.4x0.8 cm and brown in colour,
with good firmness and clarity. However, mixing of JP extract and other
ingredients into a chewable gel base resulted in the formulation being too soft,
and the firmness was noticeably reduced over time, especially when citric acid
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was included. Therefore, two other formulations were developed by increasing
the gelatin content to 15 %w/w, without the addition of citric acid, without (F5)
or with menthol (F6), respectively (Table 3). The results showed that the
freshly prepared F5 and F6 had no syneresis. Both formulations were further
evaluated for stability testing. Their organoleptic evaluation is shown in
Table 4. The physical appearance of the chewable gel base and JP chewable
gel formulations F5 and F6 were presented in Figure 1.

Table 3. Ingredients of JP chewable gel formulations.

Ingredient (g) F1 F2 F3 F4 F5 F6
JP extract 2.16 2.16 2.16 2.16 2.16 2.16
Gelatin 6.0 6.0 6.0 6.0 7.5 7.5
Stevioside solution 21.0 21.0 21.0 21.0 21.0 21.0
Sorbitol solution 5.0 5.0 5.0 5.0 5.0 5.0
Citric acid monohydrate = = 0.375 0.375 = =

Menthol = 0.15 = 0.15 - 0.15
95 %w/w ethanol = 0.15 = 0.15 - 0.15
Paraben concentrate 0.5 0.5 0.5 0.5 0.5 0.5
Distilled waterto 50.0 50.0 50.0 50.0 50.0 50.0

Table 4. Organoleptic evaluation of freshly prepared JP chewable gel formulations.

Formula Appearance Springiness Softness Firmness
F1 Clear brown cube ++ ++ +++
F2 Clear brown cube e ++ +++
F3 Clear brown cube + +++ +

F4 Clear brown cube + +++ +

F5 Clear brown cube ++ ++ +++
F6 Clear brown cube A ++ ddbat

Note: (+) = low, (++) = moderate, (+++) = high.

Stability testing of JP chewable gels

The freshly prepared F5 and F6 chewable gels were wrapped in foil,
vacuum-sealed, or kept as unwrapped tablets in a tightly closed glass bottle.
Both formulations were stored at room temperature (27 £ 2 °C), at 2-8 °C for
1 month, or under thermal cycling. Their stability was assessed compared with
the freshly prepared formulation. Both formulations when kept at 40 °C for 1
month and under thermal cycling exhibited slight deformation and were not
further evaluated. Testing of their chewable gel base without JP extract
produced similar results but retained a slightly more shape.

After storage at room temperature (27 £ 2 °C) and 2-8 °C for 1 month,
formulations F5 and F6 were evaluated for physical, chemical, and biological
stability. The physical appearance of both formulations and their chewable gel
base was unchanged; the square-shaped gel with a brown colour for JP
chewable gels, and the clear gel for chewable gels base showed good firmness
with no syneresis. However, packaging in foil caused some creases on the gel
surface, while gels kept in a vacuum sachet were slightly flattened.

Their texture which was evaluated by organoleptic testing was
unchanged, except for the foil-wrapped formulation which had a rigid texture
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which was stickier and harder. This was similar to the results from chewable
gel base in bare tablets. By texture analysis, the hardness, gumminess, and
chewiness of chewable gels F5 and F6 in foil-wrapped packages or bare tablets
kept at room temperature (27 £ 2 °C) and 2-8 °C altered significantly over
time. Both formulations maintained the same texture when stored in a vacuum-
sealed package, F5 at room temperature or in the refrigerator, and F6 at room
temperature. Texture evaluation of JP chewable gels (F5 and F6) after storage
is presented in Figure 3.
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Figure 3. Texture evaluation of JP chewable gels (F5 and F6) kept under
determined storage conditions (RT: room temperature 27 2 °C, CT: cool
temperature 2-8 °C) for 1 month; (a) hardness, (b) springiness, (c)
cohesiveness, (d) gumminess, and (e) chewiness.
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The pH value of formulations F5 and F6 after storage was approximately
6.0-6.2, while the pH value of their chewable gel base was 6.5-6.8. This is
close to the pH value of freshly prepared products. Determination of GA content
by HPLC technique revealed that both formulations F5 and F6 were chemically
stable due to there being no significant difference compared to the freshly
prepared product (Figure 2). By visual observation, there was no microbial
growth in F5 and F6 chewable gels and their chewable gel base which were
kept under the determined storage conditions. This is in accordance with the
results obtained using the pour plate technique. Table 5 presents a stability
assessment of JP chewable gels (F5 and F6) that were stored under specific
storage conditions for a month.

Table 5. Stability evaluation of JP chewable gels (F5 and F6) stored for 1 month.

Gallic acid Microbial

Formula Storage condition Appearance pH content th

(mg/tablet) 9%
Clear
Freshly prepared brown cube 6.1 2.25 £ 0.02 No
Foil-wrapped 27 £ 2 °C 6.2 2.11 £ 0.02 No
Fs5 2-8 °C 6.1 1.93 £ 0.01 No
Vacuum-sealed 27 £ 2°C Clear 6.0 2.24 £ 0.01 No
2-8 °C brown cube 6.2 2.26 £ 0.04 No
No  package 27 £ 2 °C 6.0 2.15 £ 0.05 No
2-8 °C 6.2 2.14 £ 0.01 No
Clear 6.0
Freshly prepared brown cube 2.18 £ 0.04 No
. 27 £ 2 °C 6.2 2.13 +£ 0.03 No
- o) v 2-8 °C 6.1  2.14 £ 0.04 No
Vacuum-sealed 27 £ 2 °C Clear 6.0 2.21 + 0.01 No
2-8 °C brown cube 6.2 2.16 £ 0.01 No
[ sk 27 £ 2 °C 6.1 2.17 £ 0.01 No
2-8 °C 6.0 2.15 + 0.00 No
DISCUSSION

In the current investigation, JP extract was produced by decoction and
gallic acid contained in the extract was detected by HPLC analysis. In general,
each JP capsule was filled with approximately 450 mg of JP powder. Based on
this information, JP chewable gel containing 0.12 g of JP extract per tablet was
prepared to obtain the equivalent dose.

Appropriate types and concentrations of gelling agents in JP chewable gel
bases were studied. Among three gelling agents, gelatin at high concentration
produced a base with good gel-forming ability. By texture analysis, the
hardness, gumminess, springiness, and chewiness of chewable gelatin bases
tended to increase with the dose-response relationship, while the cohesiveness
was unchanged. In addition, JP chewable gel high concentration of gelatin
provided more structural gel forming with no syneresis. The results are in
accordance with those of a previous study, which reported that the texture
profile of gelatin-based chewable tablets improves with an increasing gelatin
concentration (Banjongsinsiri et al., 2020). Nevertheless, our results are
different from those of the studies by Cizauskaite et al. (2019) and Prakash
et al. (2014) which reported that gellan gum and pectin at the same
concentrations produce a good gel formation. These may be due to the
differences in ingredients, pH, and sources of gelling agents.

Gelatin is a protein-based gelling agent extracted from animals. Since
gelatin easily forms a stable gel texture, it is widely applied in chewable gel
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production (Dille et al., 2018). For further study, 12 %w/w gelatin was used in
the formulation incorporating JP extract.

Since JP extract provides a sour, astringency and slightly bitter taste.
Therefore, sweetening agents and flavoring agents were used in the
formulation. Sugar-free food substituted with artificial sweeteners is now very
popular due to its low-calorie value. The U.S. Food and Drug Administration
has approved several artificial sweeteners such as saccharin, acesulfame-K,
sucralose, aspartame, etc. as per acceptable daily intake value (ADI)
(Chattopadhyay et al., 2014). In the previous investigation, xylitol which is
widely used in the food industry has been applied as an artificial sweetener in
the development of gummy jelly incorporated with Lysiphyllum strychnifolium
leaf extract (Thilavech et al., 2023). In the current study, stevioside and
maltitol, which have been considered to be healthy sugar substitutes, were
used as non-caloric sweetening agents, in addition to sorbitol solution. Citric
acid or menthol was used as flavouring agents.

In the formulation of JP chewable gels, F1-F4 containing 12%w/w gelatin
and various additives were prepared. F1 with a sour and astringency taste from
the extract was blended with a sweetening agent. Menthol was added in F2,
expecting for cooling and refreshing effect when chewing, and masking effect
on astringency due to a slight numbness effect on the taste buds. F3 was added
with citric acid, expecting a sourer taste which blended well with the sweetness
and masked the herbal scent. For F4, both menthol and citric acid were added
to the formulation. The obtained chewable gel was predicted to have a sweet
and prominent sour taste with a cooling and refreshing sensation. However,
the obtained JP chewable gels being too soft and the reduction of firmness over
time was observed, especially when citric acid was included. This may be due
to the effect of citric acid and some phenolic acid in JP extract. The previous
investigation has reported that the addition of lactic acid (LA), citric acid (CA)
or malic acid (MA) in gelatin dispersions greatly affected the gel strength and
phase transition temperatures. Higher concentrations of LA, CA, or MA
exhibited the weakening effects of these acids on junction zones of the gelatin
network in aqueous media. In addition, different acid types affected various
rheological properties of gelatin dispersions (Zhou et al., 2022).

To develop JP chewable gel with good firmness, citric acid was withdrawn,
and the gelatin content was increased to 15%w/w. JP chewable gels without
(F5) or with menthol (F6) were prepared. Both formulations which provided
satisfying texture, with no syneresis were further evaluated for stability testing.

The freshly prepared F5 and F6 chewable gels were wrapped in foil,
vacuum-sealed, or kept as unwrapped tablets in a tightly closed glass bottle.
Both formulations were stored at room temperature (27 £ 2 °C), 2-8 °C,
40 °C for 1 month, or under thermal cycling. It had been found that keeping
both F5 and F6 and their gel base at 40 °C and under thermal cycling exhibited
slight deformation. Gelatin is generally formable at a set temperature of about
15 °C and melts at a temperature of approximately 25-40 °C. However, our
result was different from the previous studies which reported that the chewable
gelatin base was physically stable at 40 £ 2 °C for 90 days (Prakash et al.,
2014). This may be due to various factors affecting the melting temperature,
such as the gelatin concentration, pH, gel strength, and other ingredients
(Osorio et al., 2007).

After storage of F5 and F6 chewable gels at room temperature and
2-8 °C for 1 month, their texture was evaluated by organoleptic testing and
texture analyser. Texture characteristics of chewable gels performed with a
texture analyser including hardness, springiness, cohesiveness, gumminess,
and chewiness were analysed. Hardness is the force required to compress a
chewable gel to attain a given deformation. Springiness is the rate and extent
to which a deformed material recovers to its original shape after the force is
removed. Cohesiveness is the strength of the internal bonds in the chewable
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gel which retains its form before it breaks. Gumminess is the energy required
to break a chewable gel into fragments until it is ready to swallow. It is defined
as hardness x cohesiveness. Chewiness is the time or work needed for
masticating a chewable gel until it is ready for swallowing. It is defined as
gumminess X springiness (Mousavi et al., 2019).

The results indicated that chewable gels F5 and F6 in foil-wrapped
packages or bare tablets were not physically stable at room temperature
(27 £ 2 °C) and 2-8 °C. More rigidity of both formulations in foil-wrapped
packages may be due to some water loss from its structure resulting from the
foil wrapping not being completely sealed. Moreover, foil-wrapped packaging
formed some creases on the gel surface resulting unattractive product.
However, an appropriate packaging to maintain their texture was a vacuum-
sealed package; F5 was physically stable when stored at room temperature or
in the refrigerator while F6 should be kept at room temperature. It has been
noted that chewable gels kept in a vacuum sachet were slightly flattened,
however, they could rather return to their original shape and size. Under the
same determined storage conditions and packaging, chewable gel F5 and F6
were chemically stable for both pH and gallic acid content. A good
manufacturing practice approach is applied for the development of these
formulations; therefore, they are capable of resisting microbial contamination
within a determined time.

However, organoleptic examinations such as smelling and tasting for F5
and F6 chewable gels under ethical approvals and real-time (long-term)
stability studies are needed for further investigation.

CONCLUSION

JP chewable gels containing JP extract were successfully developed in the
current investigation using gelatin, stevioside syrup, sorbitol solution, menthol,
and paraben concentrate. Variations in the packaging (foil-wrapped, vacuum-
sealed, unwrapped) did not impact the physical appearance, pH value,
microbiological growth, or GA content of either JP chewable gel. For acceptable
physical, chemical, and biological stability, it is recommended that JP chewable
gels F5 and F6 are packed in vacuum-sealed packaging and stored at room
temperature. Both formulations are easy to use and could increase patient or
customer compliance when using JP as a remedy for various conditions such
as hyperlipidaemia and weight management.
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	MATERIALS AND METHODS
	Materials
	Dried fruit of T. chebula Retz., T. bellirica Roxb., T. arjuna Wight and Arn., and P. emblica L. was purchased from a local herbal store in Phitsanulok, Thailand. Microscopic authentication of all dried fruits and their powders was performed by the De...
	Preparation of JP extract
	Dried fruit of T. chebula Retz., T. bellirica Roxb., T. arjuna Wight and Arn., and P. emblica L. was ground into powder using a blender. Equal portions of the four herbal powders of 80 g each were mixed and extracted by decoction (60–70 C) in 1,500 ml...
	Determination of gallic acid content by HPLC analysis
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	Determination of gelling agents in a chewable gel base
	The specifications of a chewable gel require good physical appearance, a non-sticky texture with good gel-forming ability, no syneresis, the capability to mask the bitter and sour taste of JP extract, and stability under determined storage conditions....
	Formulation of JP chewable gels
	JP chewable gels consisted of a gelatin base with the addition of 4.32 %w/w JP extract, flavouring agents (menthol, citric acid) and sweetening agents (1 %w/w steviol glycoside in maltitol syrup). Menthol was dissolved in a small amount of 95 %v/v eth...
	Evaluation of JP chewable gels
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	The texture of the freshly prepared JP chewable gel tablets was analysed compared with the formulations stored at room temperature (27 ± 2  C) or in a refrigerator (2–8  C) for 1 month. The hardness, springiness, cohesiveness, gumminess, and chewiness...
	Organoleptic evaluation
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