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1. Introduction
In recent years, the capability to create tailored
formulations for drug and micronutrient delivery
has advanced significantly, especially due to the
spread of 3D printing [2].
3D printing enables the production of a wide
range of products and the customization of the
dosage of active ingredients within them. One
example is in the production of gummy candies,
which can be adapted to meet the specific health
needs of patients with swallowing difficulties, the
elderly, and children [5].
The rising concern for proper nutrition has high-
lighted the need to develop a sugar-free, artificial
additives-free base matrix that can be readily
produced in hospital settings [6]. Additionally,
to ensure that this formulation is accessible to
all patients, it must be free of animal-derived
ingredients and gluten.
The objective of this study is to develop a 3D-
printable gummy candy matrix that imitates the
texture of commercially available gummies, serv-
ing as a versatile platform for delivering drugs or
micronutrients in various pharmaceutical forms,
including pellets, granules, powders, and solu-

tions. The sensory analysis of the product is
outside the scope of this thesis; therefore, excip-
ients contributing to organoleptic and aesthetic
properties were excluded from the ingredients
selection, with a focus instead on the binding
agents.
Rheological characterization was done to ver-
ify fluid extrudability, adhesion between layers
and shape stability after printing. In addition,
the chewability of the cast products was evalu-
ated by a double compression test (Texture Pro-
file Analysis) conducted on cast samples. Fi-
nally, the stability of the hydrogels is determined
through the measurement of the weight loss of
samples over time.

2. Materials and Methods
The binding agents were selected using the
Weighting Point Technique (WPT). The results,
shown in Table 1, led to the selection of Gel-
lan Gum (GG), which received the highest score
based on the weights assigned to each selection
criteria, as indicated in Table 2. GG is widely
used in the literature for 3D printing in drug
delivery, with several studies highlighting its ef-
fectiveness and versatility (Relevance). Addi-
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tionally, it is easy to be prepared (Preparation
complexity), provides an adequate consistency
to the gel even without other binders, and it
is characterized by an accessible cost and good
availability (Price and Availability).

Binding agent Final Score
Gellan Gum 2.0
κ-Carrageenan 1.9
Xanthan Gum 1.6
HPMC 1.5
Fenugreek Gum 1.5
Pectin 1.4
Peach Gum 1.0
Locust bean Gum 1.6

Table 1: Final scores for each binder based on
the application of the Weighting Point Tech-
nique (WPT)

Criteria Weight
Preparation Complexity 0.5
Relevance 0.3
Price 0.1
Availability 0.1

Table 2: Weights assigned to each criterion in
the Weighting Point Technique

Special Ingredients® Low Acyl Gellan Gum was
dissolved in deionized water at a temperature of
80-90°C with a constant stirring of 300 rpm for
about 30 minutes. The different concentrations
of GG prepared, expressed as %w/vsolvent, are
as follows: 1.5% (G1.5%), 2% (G2%), and 2.5%
(G2.5%)
The rheological characterization was per-
formed with Modular Compact Rheometer MCR
502 (Anton Paar, GmbH, Austria) rotational
rheometer in a plate-plate geometry configura-
tion with a diameter of 50mm and a gap of 1mm.
To prevent water evaporation from the inks dur-
ing testing, a Peltier system and a wet paper
towel placed around the plate were used, with
the rheometer’s air control knob fully closed.
Given the temperature-dependent gelation of
Gellan gum solutions, a temperature sweep test
was performed from 80°C to 15°C at a cooling
rate of 3°C/min to identify the gelation temper-
ature (Tgel) of each ink.
Shear viscosities were measured by steady-state
rotational rheometry, applying a logarithmic
change in shear rate from 0.1 s−1 to 100 s−1

at a fixed temperature of 80°C and at the gela-
tion temperature. These tests aim to assess the
flowability of inks through the nozzle of the 3D
printer.
Shear oscillatory tests were performed on the
samples with an angular frequency ranging from
100 rad/s to 1 rad/s, with a fixed shear strain
of 0.5%. To assess the self-supporting ability of
the fluid once printed this test was performed at
the printing bed temperature of 15°C.
Texture analysis was performed through a Dy-
namic mechanical Analyzer (TA instruments:
Ares RSA III) to assess the product texture and
its compression response when subjected to a
load-unload cycle up to 50% compression strain
at a constant velocity of 1mm/s. The tests were
carried out three times on any specimen at 25°C
with a flat cylindrical probe of 20 mm diame-
ter and the resting time between the first and
the second cycle is 5s. The parameters investi-
gated are hardness, gumminess, chewiness and
springiness.
The stability of the samples was assessed by
pouring the inks into a mold, and weighing them
immediately after gelation. They were then
weighted again after 7 and 10 days of storage
at ambient temperature to measure the water
loss over time.

3. Experimental results
3.1. Formulations gelation tempera-

ture
In analyzing the thermo-sensitive behavior of
Gellan Gum-based systems, it was observed that
the gelling temperature varies with the concen-
tration of Gellan Gum (GG). Since it has been
shown in several papers that the printing tem-
perature should match the gelling temperature
for optimal printing, this parameter is crucial in
selecting the appropriate printing settings [4].
From Figure 1 it can be observed that at high
temperatures the system behaves as a viscous
fluid, while at lower temperatures the storage
modulus (G’) exceeds the loss modulus (G”), sig-
naling the transition to the solid phase. The sol-
gel transition temperature (Tgel) increases with
the concentration of GG, with values of approx-
imately 40±3°C for the G1.5%, 43 ±2°C for the
G2% and 60 ±1°C for the G2.5%.
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Figure 1: Temperature sweep test for Gellan
Gum samples. The moduli G’ and G” are shown
as functions of temperature for different concen-
trations.

3.2. Inks flow behavior
Viscosity curves of GG formulations at their
printing temperature show a shear-thinning be-
havior and are well fitted by a power-law model
(Figure 2). This is a desired fluid behavior in 3D
printing because the ink flow through the nozzle
is made easier due to decreasing viscosity under
increasing applied shear rate [1].
At a constant temperature of 80°C, as the
concentration of Gellan increases, the viscosity
curve shifts upward while retaining the shear-
thinning behavior required for 3D printing. The
rise in viscosity as concentration increases is
nonlinear.
At specific printing temperatures, important dif-
ferences emerge as shown in Figure 2: for exam-
ple, although 2.5% Gellan ink has a higher con-
centration than 2% Gellan ink, the latter shows
a higher viscosity due to the lower printing tem-
perature (43°C versus 60°C). Therefore, the gela-
tion temperature (or indirectly the sol-gel tran-
sition) has a greater influence on viscosity than
the increase in concentration.
Finally, the minimum pressure required for ex-
trusion is proportional to the viscosity at the
printing temperature, with the 2% Gellan Gum
formulation (G2%) requiring the highest pres-
sure. In general, the viscosity and shear stress
values measured for all formulations indicate
their suitability for 3D printing, with perfor-
mance similar to other documented inks. Addi-

tionally, our calculations indicate that the vol-
ume of fluid moved by gravity is negligible com-
pared to the total reservoir volume, resulting in
an extremely low flow rate; thus, no dripping
is assumed to occur inside the syringe during a
reasonable process time.
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Figure 2: Viscosity η curves for different concen-
trations at their specific printing temperatures
with power law (pl) fitting on log-log scale.

3.3. Hydrogels dynamic mechanical
response

The results show that GG concentration directly
affects the elastic stability of the samples, with
G’ values higher than G” at 15°C. As shown
in Figure 3, the slopes of the two curves (G’
and G”) for each formulation display a very low
value, indicating minimal change across the ob-
served frequency range. This behavior, typical
of hydrogels, is desirable, as it suggests that
the hydrogel maintains stable solid-like proper-
ties independent of angular frequency, which is
crucial for the stability of the polymer network
and its self-supporting ability. In the frequency
range that simulates chewing, tan(δ) = G′′

G′ < 1
for all formulations, indicating rubber-like elas-
tic behavior, which returns most of the energy
stored during deformation without significant
energy loss.
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Figure 3: Frequency Sweep tests for Gellan Gum
samples at 15°C.

3.4. Texture Profile Analysis
In this study, the texture of Gellan-based
gummy candies was compared to the commercial
Dietorelle®Mix Morbide, Sperlari S.r.l. candy,
focusing on the evaluation of hardness, cohesive-
ness, gumminess, and springiness (Table 3).
Hardness: Gellan samples were more brittle,
fracturing at lower deformation compared to
commercial, which could withstand 50% defor-
mation without breaking.
Cohesiveness: Gellan samples present much
lower values of cohesiveness (approximately nine
times weaker), indicating weaker internal bonds.
Gumminess: the commercial candy had higher
gumminess requiring more chewing before swal-
lowing.
Springiness: the commercial candy had high
springiness (91%), nearly recovering its shape
after compression, while Gellan samples showed
low springiness (approximately between 6-8%),
proving to be unable to recover their original
shape after deformation due to the fracture of
the sample during the first compression.

Hardness
[N] Cohesiveness

Gumminess
[N] Springiness

Commercial
Candy 34.04± 2.54 0.92± 0.01 30.8± 1.87 0.91± 0.01

G1.5% 64.21± 5.66 0.10± 0.02 5.09± 1.5 0.08± 0.02

G2% 141.7± 2.7 0.09± 0.03 8.29± 2.73 0.06± 0.02

G2.5% 135.47± 3.5 0.09± 0.01 9.22± 0.66 0.07± 0.004

Table 3: Comparison of hardness, cohesiveness,
gumminess, and springiness for different GG
samples and commercial candy sample

These results are consistent with previous stud-
ies, showing that increased GG concentrations
enhance hardness and cohesiveness up to a
threshold, after which the properties stabilize
[3].

3.5. Water Seepage Rate
Water loss was calculated with the following
equation:

WSR% =
W1 −W2

W1
· 100 (1)

Where WSR is the Water Seepage Rate, repre-
senting the water loss over time, W1 is the sam-
ple’s initial mass, and W2 the mass after storage.
After 7 days, G2% and G2.5% formulations
showed increased opacity and slight shape dete-
rioration compared to G1.5%, but with no mold
formation observed. G2.5% showed greater wa-
ter loss at day 7 than G1.5% and G2% (Fig-
ure 4). However, after 10 days, G2.5% reached
17.33% of water loss, thus a smaller increase
with respect to G1.5% and G2%, which doubled
the loss compared to 7 days. This suggests that
G2.5% probably tends to stabilize more rapidly
than the other formulations.
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Figure 4: Average samples water loss after 7 and
10 Days.

4. Conclusions
This study aimed to develop a 3D printable ink
to produce gummy candies to be employed as
a platform for drug delivery. Gellan gum was
selected as the primary gelling agent due to its
favorable properties, ease of use and high mar-
ket availability. The Gellan gum formulations
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developed in this study demonstrated promis-
ing characteristics, but significant improvements
are needed for commercial viability in both food
and pharmaceutical sectors. Rheological analy-
sis showed that all inks could be printed, with
the G2.5% formulation exhibiting the best self-
supporting ability after printing. Its printing
temperature was found to be 60°C, with an es-
timated minimum extrusion pressure of 922 Pa.
However, the Texture Profile Analysis revealed
that all formulations, including G2.5%, are too
brittle compared to market candies, additionally
G2.5% exhibited the highest WSR%, highlight-
ing the need for further refinement to increase
sample stability.
Future researches will focus on improving the
mechanical properties, stability, and texture of
Gellan gum formulations by adding sweeteners
and gelling agents like Xanthan gum and κ-
Carrageenan, as well as using cations like sodium
or calcium ions to strengthen the gel. Rheo-
logical analysis will guide optimization, along
with pH and water activity measurements to en-
sure stability and quality over time. Once opti-
mized, 3D printing parameters will be adjusted
to achieve commercial candy-like characteristics.
These advancements will not only improve the
formulation’s properties but also open the way
for the introduction and analysis of active ingre-
dients or micronutrients, opening new applica-
tions in both food and pharmaceuticals.
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