Abstract

Limeberry (Triphasia trifolia), a largely underutilized tropical fruit in the Rutaceae family, contains
flavonoid glucosides including naringin, phenolic acids, and coumarins with documented antioxidant
properties. Despite its bioactive potential, its intensely bitter and astringent flavor has limited
commercial application. This study aimed to develop a ready-to-drink limeberry fruit tea by
evaluating the effects of brewing temperature and sweetener formulations on antioxidant activity,
physicochemical properties, and consumer preference. Limeberry fruits were brewed at 70°C and
90°C for 3 minutes at a 1:20 (w/v) ratio, and antioxidant activity was assessed via DPPH radical
scavenging and Total Phenolic Content using the Folin—Ciocalteu method. Brewing at 90°C yielded
significantly higher TPC at 1521.40 * 246.97 ug GAE/g (p < 0.05) and DPPH inhibition at 70.35 + 0.30%
(p < 0.05) compared to 70°C, and was thus selected as the optimal brewing condition. Six sweetener
formulations (sucrose, Glucose syrup, and honey at 5°Bx and 10°Bx) were then evaluated for their
effects on pH, color (CIE Lab*), and consumer acceptability by 100 untrained panelists using a 9-Point
Hedonic Scale, ranking test, and Check-All-That-Apply (CATA). Honey at 10°Bx produced the most
significant reduction in pH, while all sweeteners maintained stable color profiles. Sensory evaluation
revealed that honey at 10°Bx achieved the highest overall liking score (7.16/9) and was most
frequently ranked as the top preference, driven by superior mouthfeel, fruity aroma, and sweet
aftertaste. These findings establish 90°C brewing with honey at 10°Bx as the optimal formulation for a
palatable, antioxidant-rich limeberry RTD fruit tea.

Keywords: Limeberry, Triphasia trifolia, antioxidant activity, functional beverage, sweetener
formulation, sensory evaluation



	Abstract 
	 
	Acknowledgements 
	Table of Contents 
	 
	 
	 
	 
	List of Figures 
	 
	List of Tables 
	 
	List of Abbreviations 
	 
	Chapter 1​Introduction 
	1.1 Background 
	1.2 Objective 
	1.3 Hypothesis 
	1.3.1 Brewing Temperature  
	1.3.2 Effect of Types and Concentration of the Sweeteners  
	1.3.3 Sensory Acceptance 


	Chapter 2 ​Literature Review 
	2.1 Bioactive Profile of Limeberry Fruit  

	Figure 1. Limeberry (Triphasia trifolia) unripe (green color) and ripe fruit (crimson red color). Adapted from Top Tropicals (2006).  
	2.1.1 Chemical Composition of the Parts of Limeberry Fruit 

	Figure 2. Naringin Chemical Structure 
	Figure 3. Limonin Chemical Structure 
	2.1.2 Health Benefits and Bioactivity of Limeberry Fruit 
	2.2 Functional Beverage and Consumer Trends 
	2.2.1 Sensory Challenges and Industry Solutions for Functional Beverages 
	2.2.2 Consumer Perception and Sweetener Preferences  

	2.3 Role of Sweeteners in Beverage Formulation 
	2.3.1 Market Acceptability of Different Sweeteners 
	2.3.1.1 Sucrose 



	Figure 4. Sucrose Chemical Structure  
	2.3.1.2 Glucose syrup 
	2.3.1.3 Honey 
	2.3.2 Interaction between Bitterness-Sweetness Profile 
	2.4 Total Phenolic Content Determination 
	2.5 Antioxidant Activity Assessment Methods 
	2.5.1 DPPH Radical Scavenging Assay  

	2.6 Sensory Evaluation Methods 
	2.6.1 Consumer Preference Assessment 
	2.6.1.1 9-Point Hedonic Scale 
	2.6.1.2 Ranking Test 
	2.6.1.3 CATA 



	 
	Chapter 3 ​Methods 
	3.1 Study Design 

	 
	Figure 5. Experimental Design Flowchart  
	3.2 Materials  
	3.3 Sample Preparation 
	3.3.1 Tea Brewing  
	 
	 
	3.3.2 Addition of Sweeteners 


	Table 1. Formulation for Sweetener Standardization for Limeberry Fruit Tea Base 
	3.4 Antioxidant Analysis 
	3.4.1 Total Phenolic Content 
	3.4.2 DPPH Radical Scavenging Activity 

	3.5 Physicochemical Analysis 
	3.5.1 pH 
	3.5.2 °Brix 
	3.5.3 Color Analysis 

	3.6 Sample Preparation and Presentation  
	3.6.1 Sensory Evaluation 
	3.6.2 Panelists Screening 
	3.6.3 9-Point Hedonic Scale 
	3.6.4 Ranking Test 
	3.6.5 CATA 

	3.7 Statistical Analysis 
	3.7.1 Normality and Homogeneity Testing 
	3.7.2 Antioxidant Analysis 
	3.7.3 Physicochemical Analysis 
	3.7.4 Affective Hedonic Score Analysis 
	3.7.5 CATA Scores 


	Chapter 4​Results 
	4.1 Effect of Brewing Temperature on Total Phenolic Content 
	4.2 Effect of Brewing Temperature on DPPH Radical Scavenging Activity 
	4.3 Effect of Brewing Temperature on pH 
	4.4 Effect of Brewing Temperature on Color (CIE Lab*) 
	4.5 Effect of Sweetener Type and Concentration on pH 
	4.6 Effect of Sweetener Type and Concentration on Color (CIE Lab*) 
	4.7 Sensory Evaluation Hedonic Scoring  
	4.8 Sensory Evaluation CATA Analysis 

	Table 2. Counts and Frequency (%) of Each Sensory Attribute across All Tea Formulations (n = 600) 
	Table 3. Cochran’s Q Test for each Attribute Checked by the Panelists 
	4.9 Correspondence Analysis and Principal Coordinate Analysis 

	 
	 
	 
	 
	  
	 
	 
	Chapter 5​Discussion 
	5.1 Effect of Brewing Temperature on the Antioxidant Profile and Phenolic Content of Limeberry Fruit Tea 
	5.2 pH Stability of Limeberry Fruit Tea under Thermal Extraction  
	5.2.1 Effect of Sucrose on the pH of the Limeberry Fruit Tea 
	5.2.2 Effect of Glucose syrup on the pH of the Limeberry Fruit Tea 
	5.2.3 Effect of Honey on the pH of the Limeberry Fruit Tea 

	5.3 Color Stability of Limeberry Fruit Tea under Thermal Extraction  
	5.3.1 Impact of Sweeteners on the Colorimetric Properties 

	5.4 Hedonic Scoring and Ranking Pattern  
	5.4.1 Color Acceptability for Consumer Product Perception 
	5.4.2 Aroma Acceptability across Sweetener Formulations  
	5.4.3 Sweetness Acceptability across Sweetener Types and Concentrations 
	 
	5.4.4 Citrus Attribute Acceptability across Sweetener Formulations  
	5.4.5 Mouthfeel Acceptability across Sweetener Formulations  
	5.4.6 Aftertaste Acceptability across Sweetener Formulations  
	5.4.7 Overall Liking on Consumer Hedonic Response  

	5.5 Comparative Analysis of Sweetener Types on Consumer Preference Ranking  
	5.6 Attribute Detection Frequency and Statistical Significance  
	5.7 Cochran’s Q Analysis  
	5.8 Drivers of Consumer Liking through Correspondence Analysis and Principal Coordinate Analysis Mapping  
	5.9 Impact of Attribute Presence and Absence on Liking through Penalty Analysis 
	5.10 Limitations 

	 
	Chapter 6 
	Conclusion and Recommendation  
	References 
	Appendix 

