
 

 

EFFECT OF GELATIN AND MALTODEXTRIN AS ENCAPSULATING 
MATERIALS ON THE ENCAPSULATION EFFICIENCY AND POWDER 

CHARACTERISTICS OF SPRAY-DRIED RIBOFLAVIN 
 

 
 

 

 

 

By 

Lia Elvina 

21010120 

 
 
 

School of Life Sciences 

Indonesia International Institute for Life Sciences  

 

 

In partial fulfillment of the requirements for the degree of 

Pharmacy 

 

 

Jakarta, Indonesia 

2025 

 
 


	COPYRIGHT NOTICE 
	Abstract 
	Acknowledgements 
	 
	 
	List of Figures 
	List of Tables 
	 
	List of Appendix 
	List of Abbreviations 
	Chapter 1 ​Introduction 
	1.1​Background 
	1.2​Objective 
	1.3​Hypothesis 

	Chapter 2 ​Literature Review 
	2.1 Riboflavin 
	2.2 Overview of Microencapsulation and Spray Drying 
	2.3 Encapsulating Materials 
	2.4 Stability Study 
	2.6 Pilot Scale Considerations 

	Chapter 3 ​Methods 
	3.1 Preparation of the Solutions and the Encapsulation Material 
	Table 1. Composition of riboflavin feed solutions with different encapsulating materials 

	3.2 Preparation of Riboflavin Microparticles using Spray-drying Technique 
	3.3 Microparticle Analysis and Characterization 
	3.3.1 Physical Characteristics Evaluation of Encapsulated Riboflavin Microparticle 
	3.3.1.1 Surface Morphology 
	3.3.1.2 Particle Size Distribution (PSD) 
	3.3.1.3 Powder Flow Properties 
	3.3.1.4 Bulk and Tap Density 
	3.3.1.5 Moisture Content 

	3.3.2 Content Evaluation of Encapsulated Riboflavin Microparticle 

	3.4 Statistical Analysis 

	Chapter 4​Results 
	4.1 Yield of Spray-Dried Microparticles 
	Table 2. Spray-dried yield of riboflavin microparticles across different formulations 

	4.2 Physical Characterization of Microparticles 
	4.2.1 Particle Size Distribution 
	Table 3. Effects of wall material on particle size distribution of riboflavin microparticles 

	4.2.2 Moisture content 
	Table 4. Effect of wall material on the moisture content of riboflavin microparticles. Data are presented as mean ± SD (n = 3) with one-way ANOVA followed by Tukey’s HSD test (p < 0.001). 
	Figure 1. Moisture content (%) of RM4, RG4, and RMG4 formulations after spray drying. Data are presented as mean ± SD (n=3). Statistical analysis: Tukey’s multiple comparisons test; **p < 0.01. 

	4.2.3  Flowability (Angle of Repose) 
	Table 5. Effects of wall material on the flowability of riboflavin microparticles based on the angle of repose method 

	4.2.4 Bulk and Tap density 
	Table 6. Effect of wall material on bulk density, tap density, and compressibility index of microparticles 
	Figure 2. SEM images of spray-dried riboflavin microparticles: (A) RM4: riboflavin with maltodextrin, (B) RG4: riboflavin with gelatin, and (C) RMG4: riboflavin with maltodextrin and gelatin. All images were taken at 1000× magnification, 15 kV accelerating voltage, 5.532 mm working distance, and 1 Pa pressure. The scale bar in each image represents 80 μm. 

	4.1.​Riboflavin Content and Encapsulation Efficiency 
	Figure 3. Standard curve of riboflavin in citric acid buffer measured at 440 nm, showing acceptable linearity (y = 0.0162x – 6.9*10-03, R² = 1). 
	Figure 4. Standard curve of riboflavin in maltodextrin saturated methanol measured at 440 nm, showing acceptable linearity (y = 0.0133x – 3.11*10-03, R² = 0.998). 
	 
	Table 7. Effects of the powder tap and bulk density  due to different wall material 
	Figure 5. Surface riboflavin content (%) of RM4, RG4, and RMG4 formulations after spray drying. Data are presented as mean ± SD (n=3). Statistical analysis: Tukey’s multiple comparisons test; *p < 0.05, ****p < 0.0001. 


	Chapter 5​Discussion 
	5.1 Spray-dried yield and physical characteristics of different formulations 
	Figure 6. Fibrous residue observed after RG4 spray drying process 

	5.2 Riboflavin Content and Encapsulation Efficiency 

	 
	 
	Chapter 6​Conclusion and Recommendation 
	References 
	Appendix 
	Appendix 1. Flowability evaluation through the tap density machine 
	Appendix 2. Angle of powder pile data from the flowability tester 
	Appendix 3. Moisture content data from the moisture analyzer 
	Appendix 4. Total riboflavin content assay on each of the formulations in triplicate 
	Appendix 5. Surface riboflavin content assay on each of the formulations in triplicate 


		2025-06-26T13:18:29+0700
	JAKARTA
	e-meterai_signatures
	[FX0JTSOZ820HDG7D0001L9] Ref-569835978491220




