
 

 

References 

 

Aaron, R. A., & Budiman, I. (2025). Scaling up food loss and waste reduction programs in Indonesia. 

Center for Indonesian Policy Studies.  

Aghilinategh, N., Rafiee, S., Barzegar, M., Djomeh, Z. E., & Sadeghi, M. (2015). Investigating the effect 

of microwave and hot‐air drying on quality attributes of apple slices. Journal of Food 

Processing and Preservation, 39(6), 2368–2375. https://doi.org/10.1111/jfpp.12498 

Asma, U., Morozova, K., Ferrentino, G., & Scampicchio, M. (2023). Apples and Apple By-Products: 

Antioxidant Properties and Food Applications. Antioxidants, 12(7), 1456. 

https://doi.org/10.3390/antiox12071456 

Baity, S. N., & Afinnas, M. A. A. (2025). Ensuring Food Security in Indonesia: The Urgent Need for Food 

Loss and Waste Regulation. Jurnal Hukum IUS QUIA IUSTUM, 32(2), 387-416. 

Bhagwat, V. R. (2019). Safety of water used in food production. In Food safety and human health (pp. 

219-247). Academic Press.  

Chen, Z., Yu, L., Liu, W., Zhang, J., Wang, N., & Chen, X. (2021). Research progress of fruit color 

development in apple (Malus domestica Borkh.). Plant Physiology and Biochemistry, 162, 

267-279.  

Cory, H., Passarelli, S., Szeto, J., Tamez, M., & Mattei, J. (2018). The role of polyphenols in human 

health and food systems: A mini-review. Frontiers in nutrition, 5, 370438.  

Demircan, B., Velioglu, Y. S., & Giuffrè, A. M. (2024). Comparison of different drying methods for 

bergamot peel: Chemical and physicochemical properties. Journal of Food Science, 89(3), 

1498-1516.  

Dow, C. (2014). The Healing Power of Tea. Llewellyn Worldwide. 

Eapen, A. S., Bhosale, Y. K., & Roy, S. (2025). A Review on Novel Techniques Used for Drying Medicinal 

Plants and Its Applications. International journal of biomaterials, 2025, 4533070. 

https://doi.org/10.1155/ijbm/4533070 

Fooddata Central Frontpage. USDA FoodData Central. (n.d.). https://fdc.nal.usda.gov/  

Francini, A., & Sebastiani, L. (2013). Phenolic Compounds in Apple (Malus x domestica Borkh.): 

Compounds Characterization and Stability during Postharvest and after Processing. 

Antioxidants (Basel, Switzerland), 2(3), 181–193. 

Ghinea, C., Prisacaru, A. E., & Leahu, A. (2022). Physico-Chemical and Sensory Quality of Oven- Dried 

and Dehydrator-Dried Apples of the Starkrimson, Golden Delicious and Florina Cultivars. 

Applied Sciences, 12(5), 2350. https://doi.org/10.3390/app12052350 

Hamrouni-Sallami, M., et al. (2013). Comparison of traditional and novel drying techniques and its 

effect on quality parameters, browning reactions, and CIELab color coordinates. Postharvest 

Biology and Technology, 82, 55-63. 

34 



 

 

Henríquez, C., Almonacid, S., Chiffelle, I., Valenzuela, T., Araya, M., Cabezas, L., ... & Speisky, H. (2010). 

Determination of antioxidant capacity, total phenolic content and mineral composition of 

different fruit tissue of five apple cultivars grown in Chile. Chilean journal of agricultural 

research, 70(4), 523-536.  

Indrian, O. V., Setiawan, A. P., & Wardhana, D. I. (2024). Temperature and Time Optimization of 

Dragon Fruit Peel Powder Drying Using the Response Surface Methodology. International 

Applied Science, 3(2), 99–106. https://doi.org/10.32528/ias.v3i2.632 

Inoue, Y., Cormanes, L., Yoshimura, K., Sano, A., Hori, Y., Suzuki, R., & Kanamoto, I. (2022). Effect of 

Apple Consumption on Postprandial Blood Glucose Levels in Normal Glucose Tolerance 

People versus Those with Impaired Glucose Tolerance. Foods (Basel, Switzerland), 11(12), 

1803. https://doi.org/10.3390/foods11121803 

Iqbal, A., Schulz, P., & Rizvi, S. S. (2021). Valorization of bioactive compounds in fruit pomace from 

agro-fruit industries: Present Insights and future challenges. Food Bioscience, 44, 101384.  

Jakobek, L., & Matić, P. (2024). Phenolic compounds from apples: From natural fruits to the beneficial 

effects in the digestive system. Molecules, 29(3), 568.  

Kamiloglu, S., Toydemir, G., Boyacioglu, D., Beekwilder, J., Hall, R. D., & Capanoglu, E. (2016). A review 

on the effect of drying on antioxidant potential and color degradation of fruits and 

vegetables. Critical Reviews in Food Science and Nutrition, 56, S110–S129.  

Maajid, L. A., Sunarmi, S., & Kirwanto, A. (2018). Pengaruh lama penyimpanan terhadap kadar vitamin 

C buah apel (Malus sylvestris Mill). Jurnal Kebidanan dan Kesehatan Tradisional, 3(2), 90-94.  

Manrich, A. (2024). Apple industry: Wastes and possibilities. International Journal on Agriculture 

Research and Environmental Sciences, 5(1), 1-10.  

Marina, A., Lestari, O. A., & Dewi, Y. S. K. (2025). Antihyperglycemic and antioxidant activity of 

Bajakah herbal tea made from Bajakah rod-Tikung honey-Amblycarpa lime (jeruk Sambal). 

Jurnal Teknologi & Industri Hasil Pertanian, 30(1), 23–34. 

Mhamed, M., Zhang, Z., Hua, W., Yang, L., Huang, M., Li, X., ... & Zhang, M. (2025). Apple varieties and 

growth prediction with time series classification based on deep learning to impact the 

harvesting decisions. Computers in Industry, 164, 104191.  

Munteanu, I. G., & Apetrei, C. (2021). Analytical methods used in determining antioxidant activity: A 

review. International journal of molecular sciences, 22(7), 3380.  

Onwude, D. I., Hashim, N., Janius, R. B., Nawi, N. M., & Abdan, K. (2016). Modeling the thin‐layer 

drying of fruits and vegetables: A review. Comprehensive reviews in food science and food 

safety, 15(3), 599-618.  

Oyenihi, A. B., Belay, Z. A., Mditshwa, A., & Caleb, O. J. (2022). "An apple a day keeps the doctor 

away": The potentials of apple bioactive constituents for chronic disease prevention. Journal 

of food science, 87(6), 2291–2309. https://doi.org/10.1111/1750-3841.16155 

Özcan, M. M., Ghafoor, K., Al Juhaimi, F., Uslu, N., Babiker, E. E., Mohamed Ahmed, I. A., & 

Almusallam, I. A. (2021). Influence of drying techniques on bioactive properties, phenolic 

35 



 

 

compounds and fatty acid compositions of dried lemon and orange peel powders. Journal of 

food science and technology, 58(1), 147-158.   

Rana, S., & Bhushan, S. (2016). Apple polics as nutraceuticals: assessment, analysis and application. 

Journal of food science and technology, 53(4), 1727-1738.  

Regolo, L., Giampieri, F., Battino, M., Armas Diaz, Y., Mezzetti, B., Elexpuru-Zabaleta, M., ... & 

Mazzoni, L. (2024). From by-products to new application opportunities: the enhancement of the 

leaves deriving from the fruit plants for new potential healthy products. Frontiers in 

Nutrition, 11, 1083759. 

Rafiq, S., Singh, B., & Gat, Y. (2019). Effect of different drying techniques on chemical composition, 

color and antioxidant properties of kinnow (Citrus reticulata) peel. Journal of food science 

and technology, 56(5), 2458-2466.  

Ryu, J.-A., Duan, S., Jeong, H.-Y., Lee, C., Kang, I.-K., & Eom, S. H. (2022). Pigmentation and Flavonoid 

Metabolite Diversity in Immature ‘Fuji’ Apple Fruits in Response to Lights and Methyl 

Jasmonate. International Journal of Molecular Sciences, 23(3), 1722. 

https://doi.org/10.3390/ijms23031722 

Sadh, P.K.; Chawla, P.; Kumar, S.; Das, A.; Kumar, R.; Bains, A.; Sridhar, K.; Duhan, J.S.; Sharma, M. 

Recovery of agricultural waste biomass: A path for circular bioeconomy. Sci. Total Environ. 

2023, 870, 161904  

Safdar, M. N., Kausar, T., Jabbar, S., Mumtaz, A., Ahad, K., & Saddozai, A. A. (2017). Extraction and 

quantification of polyphenols from kinnow (Citrus reticulate L.) peel using ultrasound and 

maceration techniques. Journal of food and drug analysis, 25(3), 488-500. 

Saini, R. K., Shetty, N. P., Prakash, M., & Giridhar, P. (2014). Effect of dehydration methods on 

retention of carotenoids, tocopherols, ascorbic acid and antioxidant activity in moringa 

oleifera leaves and preparation of a RTE product. Journal of Food Science and Technology, 

51(9), 2176–2182. https://doi.org/10.1007/s13197-014-1264-3 

Sari, A. R., & Hardiyanti, R. (2013). Antioxidant level and sensory of dragon fruit (Hylocereus undatus) 

peel tea infusion made by partially fermented process. Agroindustrial Journal, 2(1), 63-68.  

Sawicka, M., Latocha, P., & Łata, B. (2023). Peel to Flesh Bioactive Compounds Ratio Affect Apple 

Antioxidant Potential and Cultivar Functional Properties. Agriculture, 13(2), 478. 

https://doi.org/10.3390/agriculture13020478 

Sethi, S., Joshi, A., Arora, B., Bhowmik, A., Sharma, R. R., & Kumar, P. (2020). Significance of FRAP, 

DPPH, and CUPRAC assays for antioxidant activity determination in apple fruit extracts. 

European Food Research and Technology, 246(3), 591-598.  

Silveira, et al. (2025). Effects of different dehydration methods on the color, nutritional, and 

functional characteristics of food matrices. Food Science and Technology, 45, e00410 

Sirivibulkovit, K., Nouanthavong, S., & Sameenoi, Y. (2018). based DPPH assay for antioxidant activity 

analysis. Analytical sciences, 34(7), 795-800.  

Tanaka, F., Hayakawa, F., & Tatsuki, M. (2020). Flavor and Texture Characteristics of ‘Fuji’ and Related 

36 



 

 

Apple (Malus domestica L.) Cultivars, Focusing on the Rich Watercore. Molecules, 25(5), 

1114. https://doi.org/10.3390/molecules25051114 

Thomas, F., Abebe, G., Chijioke Emenike, & Martynenko, A. (2025). Sustainable utilization of apple 

pomace: Technological aspects and emerging applications. Food Research International, 220, 

117149–117149. https://doi.org/10.1016/j.foodres.2025.117149 

Tiwari, P., Desai, A., Chavan, M., Pradorn Sureephong, & Touchard, S. (2022). Drying Herbs with a 

Smart Dehydrator. 329–333. https://doi.org/10.1109/skima57145.2022.10029462 

Ullah, A., Munir, S., Badshah, S. L., Khan, N., Ghani, L., Poulson, B. G., ... & Jaremko, M. (2020). 

Important flavonoids and their role as a therapeutic agent. Molecules, 25(22), 5243.  

United States Department of Agriculture, Foreign Agricultural Service. Data and Analysis.  

Villamil-Galindo, E., & Piagentini, A. M. (2022). Sequential ultrasound-assisted extraction of pectin 

and phenolic compounds for the valorisation of ‘Granny Smith’apple peel. Food Bioscience, 

49, 101958. 

Win, N. M., Yoo, J., Do, V. G., Yang, S., Kwon, S.-I., Kweon, H.-J., Kim, S., Lee, Y., Kang, I.-K., & Park, J. 

(2024). Effects of Pneumatic Defoliation on Fruit Quality and Skin Coloration in ‘Fuji’ Apples. 

Agriculture, 14(9), 1582. https://doi.org/10.3390/agriculture14091582 

Wojdyło, A., Lech, K., & Nowicka, P. (2020). Effects of different drying methods on the retention of 

bioactive compounds, on-line antioxidant capacity and color of the novel snack from 

red-fleshed apples. Molecules, 25(23), 5521. 

Wollinger, A., Perrin, É., Chahboun, J., Jeannot, V., Touraud, D., & Kunz, W. (2016). Antioxidant activity 

of hydro distillation water residues from Rosmarinus officinalis L. leaves determined by DPPH 

assays. Comptes Rendus. Chimie, 19(6), 754-765 

Zahra, M., Abrahamse, H., & George, B. P. (2024). Flavonoids: Antioxidant Powerhouses and Their 

Role in Nanomedicine. Antioxidants (Basel, Switzerland), 13(8), 922. 

https://doi.org/10.3390/antiox13080922 

Zhang, Y., Zeng, M., Zhang, X., Yu, Q., Zeng, W., Yu, B., ... & Jiang, X. (2023). Does an apple a day keep 

away diseases? Evidence and mechanism of action. Food Science & Nutrition, 11(9), 

4926-4947. 

 

 

 

 

 

 

 

 

 

 

 

37 


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

	Chapter 2 ​Literature Review 
	2.1. Apple  
	2.1.1. Apple Fuji  


	Table 1. Apple Fuji’s Nutrient Content  
	2.1.1.1 Phenolic Compounds in Apples  
	2.1.1.1.1 Phenolic compound  
	2.1.1.1.2 Flavonoids  
	2.1.1.1.3 Dietary Fiber  
	2.1.1.1.4 Vitamins (A, B Complex, C, E, and K)  

	2.2 Apple Peel as a Herbal Infusion  
	2.3  Food Waste  
	2.4 Tea  
	2.5 Drying Mechanisms  
	2.5.1 Dehydrator Drying  
	2.5.2 Oven Drying  

	2.5 Influence of Drying on Physicochemical Quality Attributes  
	2.5.1 Color Degradation  
	 2.5.2 Moisture Content  
	2.5.3 Water Activity  
	2.5.4 Antioxidant Analysis (DPPH)  


	Chapter 3 ​Methods 
	3.1 Material and Equipment  
	3.2 Method  
	3.2.1 Research Design  
	Figure 1 Research Design Flowchart  

	3.2.2 Sample Preparation  
	3.2.3 Color Analysis  
	3.2.4 Water Activity Analysis  
	3.2.5 Moisture Content Analysis (AOAC Method)  
	Figure 2 Formula for moisture content  

	3.2.6 DPPH Analysis  
	3.2.6.1 Maceration (sample extraction)  
	3.2.6.2 Antioxidant Analysis using DPPH Solution  
	Figure 3 formula of mass calculation for DPPH solution  


	3.2.7 Statistical Analysis  


	Chapter 4​Results 
	4.1.​Color Analysis  

	Table 2 Result of color analysis  
	4.2. Water Activity  

	 
	Table 3 Result of water activity  
	 
	4.3 Moisture Content Analysis 

	Table 4 Result of moisture content   
	4.4 DPPH Analysis  

	Table 5 Result of DPPH analysis  
	 
	Chapter 5​Discussion 
	5.1 Color Analysis  
	5.2 Water Activity  
	5.3 Moisture Analysis   
	5.4 DPPH Analysis  

	Chapter 6​Conclusion and Recommendation 
	References 
	 
	Appendix 
	Figure 5 Normality test on L* value  
	Figure 6 Homogeneity test on L* value  
	Figure 7 Two-Way ANOVA on L* value  
	Figure 8 post hoc Tukey test on L* value  
	Figure 9 normality test on a* value  
	Figure 10 Homogeneity test on a* value  
	Figure 11 Two-Way ANOVA on a* value  
	Figure 12 post hoc Tukey test on a* value  
	Figure 13 normality test on b* value  
	Figure 14 Homogeneity test on b* value  
	Figure 15 Two-Way ANOVA on b* value  
	Figure 16 comparison of L* value between dehydrator and oven from day 0 to day 28  
	Figure 17  comparison of a* value between dehydrator and oven from day 0 to day 28  
	Figure 18  comparison of b* value between dehydrator and oven from day 0 to day 28  
	Figure 19 Normality test on water activity analysis 
	Figure 20 Homogeneity test on water activity analysis 
	Figure 21 Two-way ANOVA on water activity analysis 
	Figure 22 post hoc Tukey test on water activity analysis 
	Figure 23 Normality test on DPPH analysis 
	Figure 24 Homogeneity test on DPPH analysis 
	Figure 25 Two-way ANOVA on DPPH analysis 
	Figure 26 post hoc Tukey test on DPPH analysis 
	Figure 27 Normality test on moisture content activity 
	Figure 28 Homogeneity test on moisture content activity 
	Figure 29 Two-way ANOVA on moisture content activity 
	Figure 30 post hoc Tukey test on moisture content activity 
	Figure 31 Comparison of water activity between dehydrator and oven from day 0 to day 28 
	Figure 32 Comparison of DPPH value between dehydrator and oven from day 0 to day 28 
	Figure 33 Comparison of moisture content between dehydrator and oven from day 0 to day 28 


