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ABSTRACT

Yogurt is a functional food rich in probiotics and bioactive compounds but 
limited by short shelf life and storage constraints. This study aimed to develop 
a yogurt-based nutraceutical lozenge incorporating peanut sprout, ginger, 
and lemongrass using a Quality by Design (QbD) approach. A Simplex Lattice 
Design was applied to optimize Avicel PH 102 and Isomalt ratios for improved 
friability, hardness, and dissolution. The optimized formulation showed 
friability <1% and hardness between 4.67–7.33 kg, meeting pharmacopeial 
standards. Differential Scanning Calorimetry and X-ray Diffraction confirmed 
an amorphous structure, enhancing dissolution. Scanning Electron Microscopy 
revealed porous morphology for rapid disintegration, while Energy Dispersive 
Spectroscopy confirmed organic composition. QbD ensured a reproducible, 
stable, and pharmaceutically acceptable lozenge. This approach demonstrated 
the feasibility of transforming yogurt into a shelf-stable solid dosage form with 
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retained bioactivity. Future studies should address long-term stability, sensory 
properties, and in vivo pharmacokinetics to support commercial application.

Keywords: lozenges, optimization, quality by design, simplex lattice design, 
yogurt

INTRODUCTION

The increasing consumer interest in functional foods is attributed to their 
potential health benefits, including nutritional value and disease prevention 
properties1. Yogurt-based products have become particularly popular due 
to their rich probiotic content, bioactive compounds, and essential nutrients 
like proteins, vitamins, and minerals that contribute to overall health2. 
Research highlights yogurt’s advantages for digestive health, immune 
function enhancement, and promoting a balanced gut microbiota2. However, 
traditional yogurt products encounter several limitations such as a short shelf 
life, refrigeration requirements, and microbial instability, which can hinder 
widespread distribution and long-term storage3. To address these drawbacks, 
researchers are exploring alternative delivery systems, which include tablet, 
lozenge, and powder formulations of yogurt4. Lozenges, in particular, provide a 
solid oral dosage form that allows for controlled release of bioactive components, 
enhanced stability, and improved consumer compliance4. Recent advancements 
illustrate the effectiveness of lozenge formulations for delivering probiotics and 
vitamins, making them an appealing option for nutraceutical applications5. 
Moreover, their non-refrigeration requirement enhances product accessibility, 
extending shelf life more effectively than conventional yogurt products1.

Current research has investigated various hydrocolloid applications in yogurt 
to improve its structural stability; however, studies focused on yogurt-based 
solid dosage forms remain sparse6. Efforts in food engineering and formulation 
optimization have yielded functional yogurt products; nonetheless, most 
studies emphasize conventional yogurt textures rather than solid dosage 
forms4. Advances in personalized nutrition present opportunities for integrating 
functional additives into yogurts; however, the application of probiotics and 
bioactive compounds in lozenge forms has not been thoroughly explored7. 
Additionally, while mixture design approaches have been effective in other 
sectors, their application in optimizing yogurt-based lozenges is limited8. 
Hence, the present study proposes a systematic optimization approach to 
develop a yogurt-based functional lozenge using the Quality by Design (QbD) 
methodology, aiming for superior stability and consumer convenience4,9.
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The QbD approach has emerged as a powerful strategy for product 
development, enabling systematic formulation processes10. By employing 
statistical optimization methods, such as Simplex Lattice Design and Response 
Surface Methodology (RSM), QbD ensures formulations meet high standards 
of stability and reproducibility11. Utilizing the QbD framework in yogurt-based 
lozenge formulation allows for precise control over significant formulation 
factors, including excipient selection, friability, hardness, and dissolution 
characteristics, culminating in an optimized product9.

This study’s objectives include the development and optimization of a yogurt-
based functional lozenge formulation through a QbD approach. Key aims 
comprise evaluating thermal stability, mechanical strength, and dissolution 
profiles of the lozenges to guarantee optimal performance; determining optimal 
ratios of essential excipients (such as Avicel PH 102, Isomalt, and stevia powder) 
via Simplex Lattice Design for enhanced integrity; and assessing the final 
formulation’s physicochemical properties to ensure compliance with nutraceutical 
and pharmaceutical standards for long-term stability and consumer acceptance.

METHODOLOGY

Materials

Pharmaceutical-grade excipients, including Avicel PH 102, Isomalt, and stevia 
powder, were used in the formulation of YOCANSERAH, a yogurt-based 
lozenge incorporating peanut sprout, ginger, and lemongrass. All excipients 
were pharmaceutical grade and used as received without further purification. 
The instruments used included an analytical balance (Mettler Toledo), 8 and 
12 mesh sieves (SS-200 Type Vibrating Circular Motions), a tablet compression 
machine (TDP 1.5, maximum pressure 15 kN, throughput 5000 pcs/h, power 
550 W, power supply 220V/50Hz), an oven (Memmert), a moisture balance 
analyzer (Mark-i Thermo 163L), a stopwatch, a hardness tester (as 304p, 30 
cm diameter, 4 cm), a friability tester (Bonnin), and a disintegration tester 
(Biostellar). Avicel PH 102 and Isomalt were selected due to their roles in 
enhancing the mechanical and sensory properties of lozenges.

Formulation and optimization

A Simplex Lattice Design (SLD) within Design-Expert 13 software was used 
for excipient optimization. This design was selected due to its ability to model 
nonlinear relationships between formulation components, allowing for precise 
optimization12,13. The target parameters were hardness within the range of 4–10 
kg to ensure mechanical stability while maintaining dissolution properties, and 
friability below 1% to meet pharmaceutical durability standards.
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Preparation of lozenges

Lozenges were prepared using the wet granulation method. The excipients were 
mixed in a planetary mixer (Hobart N50, capacity: 5 liters, mixing speed: 60 
rpm) for 10 minutes to ensure uniform distribution. A binder solution consisting 
of PVP K-30 or acacia gum was gradually added, followed by an additional 
15 minutes of mixing at 60 rpm. The granules were then passed through an 
8-mesh sieve and dried in a Memmert UFE 400 oven at 40°C for 6 hours. For 
compression, a single-punch tablet press (TDP 1.5, maximum pressure: 15 kN, 
throughput: 5000 pcs/h, power: 550 W) was used, maintaining an average 
tablet weight of 250 mg. Room conditions were controlled at a temperature of 
22–25°C and relative humidity of 45–55% to prevent moisture-related issues 
during compression and ensure granule stability. Equipment was calibrated 
before use to maintain accuracy and consistency14.

Physicochemical characterization

The friability of the lozenges was measured using a friability tester, ensuring 
that the weight loss remained below 1% after 100 rotations. Hardness was 
determined using a hardness tester, with an acceptable range of 4–10 kg 
to ensure structural integrity. Disintegration time was evaluated using a 
disintegration tester in simulated gastric fluid to assess the breakdown of the 
lozenge under physiological conditions15. Weight variation was assessed by 
individually weighing twenty lozenges using a digital balance, followed by the 
calculation of the mean weight13,16.

Statistical analysis

A numerical optimization approach was applied to determine the ideal excipient 
ratios, ensuring optimized friability and hardness properties17. Data analysis was 
performed using ANOVA, with significance set at p<0.05. A quadratic model 
was used for prediction and validation of the experimental results, ensuring 
statistical reliability. This systematic Quality by Design (QbD) approach ensures 
the reproducibility and robustness of the formulation, providing a stable solid 
dosage form with enhanced bioactive compound retention and pharmaceutical 
acceptability18.

RESULTS and DISCUSSION

To the best of our knowledge, this is the first study to successfully develop and 
optimize yogurt-based functional lozenges using a Quality by Design (QbD) 
approach, providing a shelf-stable solid dosage form that retains the bioactive 
properties of yogurt and plant-derived ingredients. The formulation strategy 
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aimed to overcome the inherent stability challenges of yogurt by transforming 
it into a lozenge matrix while maintaining its functional bioactive compounds. 
The study demonstrated that Avicel PH 102 and Isomalt played a critical role 
in optimizing the mechanical properties, particularly in improving friability, 
hardness, and overall stability, ensuring compliance with pharmacopeial 
quality standards.

Avicel PH 102 and Isomalt are indeed crucial excipients in the formulation of 
pharmaceutical tablets, significantly enhancing their mechanical properties. 
Numerous studies have shown that Avicel PH 102 effectively improves tablet 
hardness and reduces friability, which in turn contributes to greater overall 
stability of the formed tablets19,20. The importance of these attributes is 
underscored by the requirement that tablets must meet strict pharmacopeial 
quality standards, which necessitate both strength and minimal weight loss 
under handling conditions21. Furthermore, the compressibility characteristic of 
Avicel PH 102 is critical as it allows for robust tablet formation, particularly for 
applications involving direct compression, thereby simplifying the production 
process and ensuring product uniformity22. In the case of Isomalt, its role 
transcends mere bulk-forming properties; it serves as a stabilizing excipient 
contributing to the controlled release of active ingredients. Research indicates 
that Isomalt not only aids in stabilizing the formulation but also enhances 
the dissolution profile of contained bioactive compounds. Such a controlled 
release mechanism is vital for pharmaceuticals where a steady delivery of 
active ingredients is intended23. This attribute ensures that the formulations 
are not only effective but also user-friendly, appealing to both patients and 
healthcare providers. The synergistic use of Avicel PH 102 and Isomalt provides 
a comprehensive solution for achieving optimal tablet characteristics that fulfill 
the rigorous safety and efficacy requirements mandated by pharmacopoeias. 
When employed together, these excipients establish a favorable mechanical 
environment for the active ingredients, thereby facilitating their retention 
during storage and administration. This characteristic is particularly important 
when looking at the long-term stability of lozenges and similar dosage forms, 
which are subject to environmental factors that can destabilize pharmaceutical 
compounds24. Avicel PH 102 and Isomalt are indispensable in the context of 
modern pharmaceutical formulations. Their combined functionalities act to 
improve not just physical parameters such as hardness and friability, but also 
enhance the bioavailability of active ingredients through controlled release. This 
dual action ensures that final products meet the quality standards expected in 
current pharmaceutical practice.
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Thermal analysis (DSC)

Differential Scanning Calorimetry (DSC) revealed two distinct thermal events, 
indicating significant phase transitions. The first endothermic peak at 150.26°C 
(onset: 148.83°C, endset: 151.68°C) with an enthalpy change of -14.01 mJ 
suggests moisture evaporation or melting of thermolabile components, likely 
involving protein-bound water. The second peak at 170.71°C (onset: 168.24°C, 
endset: 177.65°C, ΔH = -1.09 mJ) is attributed to protein denaturation, 
particularly affecting casein, whey, or peanut sprout proteins. The minor heat 
flow values suggest limited structural disruptions, supporting the thermal 
stability of the lozenges under standard storage conditions (Figure 1).

Figure 1. Differential scanning calorimetry (DSC) thermogram of YOCANSERAH

The thermal analysis using Differential Scanning Calorimetry (DSC) indicates 
that the lozenges maintain their structural integrity under typical storage 
conditions. The identified endothermic peaks at 150.26°C and 170.71°C are 
critical markers, signifying processes of controlled moisture evaporation and 
protein denaturation. These processes are essential in preventing degradation 
during storage, thus affording the product enhanced stability and longevity25,26. 
Previous research has established that dehydration usually occurs below 160°C, 
aligning with our findings and underscoring the protective role of controlled 
temperatures in preserving bioactive compounds within formulations27. The low 
enthalpy changes recorded (-14.01 mJ and -1.09 mJ) further indicate minimal 
structural disruption, which enhances the formulation’s ability to withstand 
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temperature variations without significant degradation. This phenomenon is 
particularly important for products intended for long-term storage, as stability 
throughout the product’s lifespan is crucial for maintaining both efficacy and 
safety28. By demonstrating resilience against thermal stress, our formulation 
not only extends shelf life, but also suggests reliability in maintaining bioactive 
properties essential for therapeutic effectiveness. This is paramount, particularly 
given the increasing consumer demand for nutraceuticals and functional foods 
that promise bioactivity without compromising quality29.

Crystallinity analysis (XRD)

X-ray Diffraction (XRD) analysis exhibited a broad peak around 2θ = 20°, 
confirming an amorphous structure. The absence of sharp diffraction peaks 
suggests that the formulation lacks significant crystalline domains, which is 
beneficial for enhanced dissolution and bioavailability. The amorphous nature 
likely results from thermal processing and wet granulation, which disrupts 
crystalline arrangements in the raw materials. Since amorphous matrices often 
improve solubility and controlled release, these findings indicate potential 
advantages for bioactive compound delivery, particularly for phenolics from 
ginger and lemongrass (Figure 2).

Figure 2. X-ray diffraction (XRD) pattern of YOCANSERAH
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The X-ray diffraction (XRD) analysis has elucidated the amorphous nature of 
the lozenge formulation, indicated by the broad peak observed at 2θ = 20°. 
This amorphous structure is particularly beneficial as it significantly enhances 
the dissolution properties, which directly facilitates the bioavailability of 
important functional components like phenolics derived from ginger and 
lemongrass. In comparison, crystalline structures are often characterized by 
lower solubility; thus, their presence can hinder the release and effectiveness 
of bioactive ingredients due to hindered dissolution properties. This aligns with 
the literature that discusses the impact of amorphous forms on solubility and 
bioavailability30. The observed broad peak implying amorphous characteristics 
confirms that the formulation strategy effectively optimized solubility while 
keeping the active components readily bioavailable.

Morphological and elemental analysis (SEM-EDS)

Scanning Electron Microscopy (SEM) analysis at 2,000× magnification revealed 
an irregular, porous surface morphology, further supporting the amorphous 
nature confirmed by XRD. The observed porosity may enhance dissolution rates, 
which is crucial for optimizing bioavailability. The Energy Dispersive X-ray 
Spectroscopy (EDS) spectrum confirmed an organic composition dominated 
by carbon (52.09%) and oxygen (47.91%), aligning with the formulation’s 
biopolymeric matrix. The thermal stability observed in DSC, combined with 
the porous structure, indicates a well-optimized formulation for nutraceutical 
applications (Figure 3).
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Figure 3. Scanning electron microscopy (SEM) image and energy dispersive X-ray spectroscopy 
(EDS) spectrum of YOCANSERAH

Further insights into the lozenge’s structure were provided by the morphological 
and structural analysis conducted via Scanning Electron Microscopy with Energy 
Dispersive X-ray Spectroscopy (SEM-EDS). At a magnification of 2,000×, 
the irregular and porous surface morphology was indicative of a formulation 
with high disintegration potential, thereby enhancing rapid dissolution 
when introduced into the oral cavity. These characteristics are especially 
advantageous for lozenge forms, which rely on quick release mechanisms 
for bioactive ingredients31. The Energy Dispersive X-ray Spectroscopy (EDS) 
analysis corroborated the structural integrity and composition of the lozenges, 
revealing carbon (approximately 52.09%) and oxygen (approximately 47.91%) 
as the dominant elements, consistent with the biopolymeric matrix of the 
formulation. This organic, biopolymer-based matrix not only contributes 
to stability but also significantly enhances dissolution, making the product 
suitable for both pharmaceutical and nutraceutical applications32.
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The optimization of formulation parameters yielded specific proportions of 
Avicel PH 102 and Isomalt, with a composition of 42.5% and 12.5%, respectively, 
resulting in the lowest friability recorded at 0.07%. This low friability score 
indicates enhanced resistance to mechanical stress, which is crucial for 
maintaining tablet integrity during handling33. The findings are in line with 
the well-established properties of microcrystalline cellulose (MCC), known 
for its superior binding and compaction abilities that significantly improve 
interparticle bonding and thereby increase tablet durability34. The statistical 
analysis showed that variations in excipient concentrations had a significant 
impact on both friability (p=0.001) and hardness (p=0.002), with predictive 
accuracies for the models being high (R²=0.98 for friability and R²=0.96 for 
hardness), affirming the robustness of the optimization model employed35.

Optimization of formulation parameters

A numerical optimization approach was employed to determine the ideal 
excipient ratios, focusing on friability and hardness as key mechanical 
properties. The simplex lattice design was used to systematically evaluate the 
interaction between Avicel PH 102 and Isomalt (Table 1).

Table 1. Mixture components of YOCANSERAH lozenges

Factor Name Min Max Coded Low Coded High

A Avicel PH 120 20 50 +0 ↔ 20 +1 ↔ 50

B Isomalt 5 35 +0 ↔ 5 +1 ↔ 35

The formulation trials revealed variations in friability and hardness, as 
summarized in Table 2.

Table 2. Optimization responses of YOCANSERAH lozenges

Run Avicel PH 102 (%) Isomalt (%) Friability (%) Hardness (N)

1 50 5 0.19 7.33

2 27.5 27.5 0.69 5.33

3 35 20 0.50 6.67

4 35 20 0.48 6.33

5 50 5 0.13 6.67

6 42.5 12.5 0.07 7.00

7 20 35 0.23 4.67

8 20 35 0.13 5.00
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Friability test

The friability test assessed the mechanical resilience of the lozenges under 
simulated handling conditions. According to pharmacopeial standards, friability 
values below 1% indicate sufficient mechanical stability. The values obtained 
ranged from 0.07% to 0.69%, with the lowest friability observed at 42.5% Avicel 
PH 102 and 12.5% Isomalt. This suggests that Avicel PH 102 plays a dominant 
role in reducing friability due to its microcrystalline cellulose structure, 
which enhances interparticle bonding. Statistical analysis (ANOVA, p=0.001) 
confirmed the significant influence of excipient composition on friability, 
with a quadratic model yielding a high correlation (R²=0.98), supporting the 
predictive reliability of the optimization approach (Figure 4).

Figure 4. Graph of friability response
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Hardness test

Hardness values ranged from 4.67 kg to 7.33 kg, which falls within the 
acceptable range of 4–10 kg for lozenges. The highest hardness value of 7.33 kg 
was achieved with 50% Avicel PH 102 and 5% Isomalt, whereas lower hardness 
values were observed at higher Isomalt concentrations. This highlights the role 
of Avicel PH 102 as a binder, enhancing compressive strength, while Isomalt 
primarily serves as a bulking and sweetening agent. ANOVA analysis (p=0.002) 
confirmed the significant effect of excipient composition on hardness, with a 
quadratic model (R²=0.96) demonstrating high predictive accuracy provided 
in Table 3 (see also Figures 5 and 6).

Table 3. Observed values of YOCANSERAH lozenges

Responses Observed Value Avicel PH 102 (%) Isomalt (%)

Organoleptic White color, smooth and 
uniform surface 20 35

Friability (%) 0.14 ± 0.04

Hardness (kg) 4.36 ± 0.12

Tablet weight (mg) 251.3 ± 0.18

Disintegration time (min) 13.21 ± 0.15

Figure 5. Response of YOCANSERAH lozenges hardness
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Figure 6. Response of desirability, friability (%), and hardness (kg) of two components

In evaluating the mechanical properties of the lozenges to ensure compliance 
with pharmacopeial standards, the friability was maintained below 1%, which is 
imperative for product integrity during both handling and storage. Hardness values 
were recorded in the range of 4.67 kg to 7.33 kg, well within the acceptable range 
for lozenges (4–10 kg), thus ensuring a balanced approach between mechanical 
strength and ease of dissolution36. An inverse relationship was noted between 
Isomalt concentration and hardness. This is likely attributed to Isomalt’s primary 
role as a bulking and sweetening agent, rather than that of a binding excipient37,38. 
The incorporation of Isomalt may soften the formulation, which aligns with its 
known properties as a plasticizer that can influence the hardness of formulations 
while enhancing overall mouthfeel and palatability39.

The successful development of these lozenges offers promising prospects in 
both pharmaceutical and nutraceutical applications. Solid dosage forms, such 
as lozenges, present distinct advantages over traditional yogurt, notably longer 
shelf life, enhanced portability, and simplicity in administration, while eliminating 
refrigeration needs. These characteristics are particularly valuable for consumers 
seeking convenient health solutions without compromising product efficacy or 
quality. The integration of bioactive ingredients like phenolics and proteins into a 
stable solid matrix further amplifies the potential for creating innovative functional 
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foods that can contribute to health and well-being38,40. The implementation of the 
Quality by Design (QbD) approach in this formulation process has systematically 
optimized the critical process variables, effectively reducing formulation variability 
and enhancing overall product quality.

However, despite these advancements, certain limitations persist. The formulation 
was not intended to provide nutritional equivalence to a conventional serving of 
yogurt (150–200 mL), but rather to deliver a defined fraction of yogurt-derived 
solids and plant bioactives in a shelf-stable nutraceutical dosage form. Therefore, 
potential health benefits should be interpreted in relation to the dose delivered per 
lozenge rather than as a replacement for traditional yogurt consumption. Notably, 
the absence of in vivo pharmacokinetic evaluations is a significant drawback, as 
such assessments are essential to accurately determine the bioavailability and 
metabolic fate of the bioactive compounds after consumption. Additionally, the 
lack of consumer sensory testing leaves questions regarding taste acceptability 
and mouthfeel unresolved, which are critical factors in product acceptance 
and success in the marketplace. Future research should be directed towards 
bioactive quantification, dose-response evaluation, comprehensive long-term 
stability studies across various storage conditions, thorough sensory evaluations, 
and pharmacokinetic profiling to fully validate the commercial viability and 
effectiveness of these yogurt-based lozenges as a cutting-edge functional food 
product.

This study successfully developed and optimized yogurt-based functional lozenge 
using a Quality by Design (QbD) approach, demonstrating their potential as a 
stable, shelf-stable alternative to conventional yogurt products. The optimized 
formulation, containing Avicel PH 102 and Isomalt, exhibited desirable mechanical 
properties, with low friability, acceptable hardness, and an amorphous structure 
that enhances dissolution and bioavailability. Thermal and structural analyses 
confirmed the stability of bioactive compounds, while morphological assessments 
highlighted the porous nature of the lozenges, facilitating rapid disintegration. The 
systematic formulation optimization ensured compliance with pharmaceutical 
quality standards, making these lozenges a promising candidate for nutraceutical 
and functional food applications. While this study provides a strong foundation 
for future research, further investigation into long-term stability, consumer 
sensory evaluations, and pharmacokinetic profiling is necessary to validate their 
commercial feasibility and therapeutic potential.
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