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POWDERED PEEL 
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April 2019 
 

Chair  : Yus Aniza Yusof, PhD  
Faculty  : Engineering 
 

Carica Papaya is a tropical fruit which is widely consumed around the world. The 
waste by-products produced are underutilized although they show good 
nutritional properties. Rather than having the waste disposed into the 
environment, efforts can be made to convert them into value added products by 
further processing. Thus, this research focuses on producing papaya peel 
powder, followed by its application in stirred yogurt for the purpose of 
investigating its effects on yogurt properties. Papaya peel was first dried using a 
convection oven at 45, 55, and 65 oC and a microwave oven at 250, 440, and 
600 W to study its drying kinetics and behaviours. Seven semi-empirical drying 
models, namely Lewis, Page, Modified Page, Henderson and Pabis, Logarithmic, 
Two-Term, and Approximation of Diffusion models, were used to fit the drying 
data obtained. This was followed by characterization of the obtained papaya peel 
powders, that is, proximate analysis, colour, flow behaviour and antioxidant 
capacity was investigated. Papaya peel powder was added as a source of 
dietary fibre to plain stirred yogurt at 0, 1.5 and 3.0% concentration to study its 
effects on quality properties and sensory profile of yogurt. Results indicated that 
for oven drying and microwave drying, Page model and Approximation of 
Diffusion model was the best fit, respectively, with highest coefficient of 
determination (R2). Effective moisture diffusivity (Deff) was estimated to compare 
the two drying methods and it was concluded that microwave drying at 600 W 
exhibited with highest Deff. Additionally, the value of Deff for oven drying and 
microwave drying was 6.7 x 10-08 to 4.4 x 10-07 and 2.4 x 10-07 to 6.7 x 10-07, 

respectively. Activation energy was recorded at 61 kJ/mol for oven and 47 W/g 
for microwave. After drying behaviour was investigated using drying models, 
characterization of peel powder obtained was done. The powders showed 
moisture content below 10% and high total dietary fibre content. Colour of each 
powder sample was analysed which showed that the lightness parameter, L*, 
reduced as the temperature and power intensity was raised. As per Carr index 
and Hausner ratio, flowability properties indicated that all the powders had poor 
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to excellent flow. Antioxidant analysis of papaya peel powder was done by DPPH 
and ABTS assay which showed that all the powders have potential antioxidant 
properties. After enrichment of stirred yogurt with selected papaya peel powders, 
quality properties were determined for 21 days storage at 4oC. It was observed 
that the viscosity values increased during storage while pH values decreased. 
For colour parameters, it was noted that the values remained generally the same 
throughout storage. Sensory analysis was conducted for the five stirred yogurt 
samples prepared at Day 0. Sensory attributes were assessed using nine-point 
hedonic scale. Stirred yogurt prepared with papaya peel powder dried at 55oC 
gave the best sensory scores. 
 

This research concludes that waste by-products can be utilized after further 
processing since they are potential sources of nutrients. Application in stirred 
yogurt is one of the excellent ways of feasible utilization of papaya peels. 
Additionally, basic foundation for understanding the drying behaviour of papaya 
peels is provided which can help to choose and design an ideal dryer for papaya 
peels. 
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April 2019 
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Fakulti  : Kejuruteraan 
 

Betik Carica adalah sejenis buah-buahan tropika yang sering dimakan oleh 
masyarakat di serata dunia. Namun, sisa bahan buangannya kurang 
digunakan walaupun mempunyai sifat nutrisi yang baik. Usaha dalam 
menjadikan sisa bahan betik sebagai produk yang bernilai melalui proses 
lanjutan perlu dilaksanakan supaya sisa tersebut tidak dibuang begitu sahaja. 
Oleh itu, tujuan penyelidikan ini adalah untuk menghasilkan dan mengkelaskan 
kulit betik dan aplikasinya dalam dadih teraduk bagi menyiasat 
keberkesanannya terhadap sifat dadih. Kulit betik dikeringkan menggunakan 
ketuhar perolakan pada suhu 45 oC, 55 oC, dan 65 oC manakala ketuhar 
gelombang mikro pada kuasa 250W, 440W, dan 600 W bagi mempelajari 
pengeringan kinetik dan sifatnya. Tujuh model pengeringan iaitu Lewis, Page, 
Modified Page, Henderson dan Pabis, Logarithmic, Two-Term, serta Anggaran 
Resapan telah digunakan untuk memadankan data pengeringan. Pengkelasan 
serbuk kulit betik melalui analisis proksimat, ciri kebolehan aliran dan kapasiti 
antioksidan juga telah dikaji. Serbuk kulit betik kemudian dicampurkan di dalam 
dadih teraduk asli sebagai sumber serat makanan pada kepekatan 0, 1.5 and 
3.0% dalam mengkaji kesannya terhadap kualiti dan profil deria dadih teraduk. 
Hasil kajian telah menunjukkan bahawa model Page dan model Anggaran 
Resapan adalah model yang paling tepat bagi pengeringan ketuhar perolakan 
dan ketuhar gelombang mikro kerana mempunyai nilai tertinggi pekali 
penentuan (R2). Selain itu, keberkesanan kemeresapan kelembapan (Deff) juga 
dianggarkan bagi membandingkan dua jenis teknik pengeringan dan ia dapat 
disimpulkan bahawa pengeringan ketuhar gelombang mikro pada 600 W 
memperolehi nilai Deff yang tertinggi. Tambahan pula, nilai Deff bagi ketuhar 
perolakan adalah 6.7 x 10-08 hingga 4.4 x 10-07 manakala ketuhar gelombang 
mikro adalah di antara 2.4 x 10-07 hingga 6.7 x 10-07. Tenaga pengaktifan telah 
dicatat pada 61 kJ/mol untuk ketuhar perolakan dan 47 W/g bagi ketuhar 
gelombang mikro. Setelah kajian pengeringan dilaksanakan menggunakan 
model pengeringan, pengkelasan terhadap serbuk kulit betik dijalankan. 
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Serbuk tersebut didapati mempunyai 10% kandungan lembapan dan juga 
kandungan jumlah serat makanan yang tinggi. Warna bagi setiap sampel 
serbuk telah dikaji dan hasil keputusan menunjukkan faktor kecerahan, L* 
berkurangan apabila suhu dan keamatan kuasa meningkat. Bagi indeks Carr 
and nisbah Hausner, faktor kebolehan aliran menunjukkan semua serbuk yang 
asalnya mempunyai kebolehan aliran yang rendah berubah mempunyai 
kebolehan aliran yang amat baik. Analisis antioksidan untuk serbuk kulit betik 
turut dijalankan melalui ujian DPPH dan ABTS dan telah membuktikan 
kesemua serbuk mempunyai potensi ciri-ciri antioksidan. Setelah 
penambahbaikan terhadap dadih teraduk menggunakan serbuk kulit betik yang 
terpilih dijalankan, ciri kualiti terhadap penyimpanan selama 21 hari pada suhu 
4oC dikaji. Melalui pemerhatian, nilai kelikatan semakin meningkat semasa 
penyimpanan manakala nilai pH menurun. Dari segi warna pula, nilai warna 
kekal sama sepanjang penyimpanan. Analisis deria juga turut dijalankan untuk 
lima jenis sampel dadih teraduk yang telah disediakan pada Hari 0. Jenis-jenis 
deria telah dijalankan menggunakan skala hedonic sembilan mata. Dadih 
teraduk yang dicampurkan dengan serbuk kulit betik yang telah dikeringkan 
pada suhu 55oC mendapat markah terbaik dalam pemarkahan analisis deria. 
Kesimpulannya, selepas menjalani proses lanjutan, sisa bahan betik boleh 
digunakan dan berpotensi sebagai sumber nutrisi. Salah satu cara yang terbaik 
dalam penggunaan kulit betik adalah pada aplikasinya dalam dadih teraduk. 
Selain itu, asas ilmu dalam memahami sifat pengeringan pada kulit betik telah 
disediakan bagi memudahkan untuk memilih dan mereka cipta pengering kulit 
betik yang sesuai.  
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CHAPTER 1 
 

INTRODUCTION 
 

This chapter starts with an introduction to the background of study. The 
problem statement has been concisely highlighted, followed by the main 
objectives and thesis outline at the end. 
 

1.1  Research Background 
 

Papaya (Carica papaya) is a short-lived, rapidly growing plant with long stalked 
leaves and hollow stem.  It is widely cultivated in many tropical countries. The 
fruit has a buttery taste and appearance with a yellow-orange to pinkish-orange 
flesh. It is popular due to its nutritional and nutraceutical properties. Papaya is 
a rich source of many bioactive compounds namely carotenoids, phenolic 
compounds, flavonoids, vitamins such as A, B, C and E, potassium and 
magnesium minerals and dietary fibre (Milind & Gurditta, 2011; Pathak et al., 
2018). Its popularity had led it to be grown rapidly in recent years with a global 
production next to mango, banana, citrus fruits and pineapple. Papaya fruit is 
generally consumed as fresh and ripe, but can also be cooked particularly in 
immature stage to successfully prepare salads, preserves, pies and sauces. 
Numerous papaya products are developed by drying, canning and processing. 
Puree, juice, jam, jelly, pickle, candied fruit, canned slices, concentrated fruit 
leather, powder, toffees and rolls are just some of the products which are 
developed from papaya fruit (Devaki. et al., 2015). 
 

1.2  Problem Statement  
 

It is of no doubt that the large consumption of papaya, in fresh and processed 
form, has led to an immense generation of waste by-products. Papaya fruit 
comprises of 20-25% of waste by weight, which includes 12% as peels and 
8.5% as seeds (Pavithra et al., 2017; Medina et al., 2003). While another study 
reports that chopping of papaya into dices  results in 8.5% of peel, 6.5% of 
seeds and 32% of unusable pulp waste (Sagar et al., 2018). These papaya 
wastes are generally discarded from households, restaurants and industries. 
According to Rachtanapun, (2009), papaya waste was recorded more than one 
thousand tons per year. Papaya peels are mostly discarded as they do not 
receive sufficient attention for utilization or recycling. This may be because 
there is a lack of its application for commercial use (Jamal et al., 2017). 
Conventionally, they are used in animal feeds and home remedies. Besides 
being hazardous to the environment, they also have a potential to be used and 
converted after biological treatments into value-added products. Papaya peels 
have a good amount of dietary fibre present in them which can allow it to be 
used for the generation of innovative products (Calvache et al., 2016).  
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The high moisture content (75 to 80%) in papaya peels consequently impacts 
the handling, storage, collection and transportation processes. Papaya peel, 
thus, in this state can encourage the growth of microorganisms and 
degradation of chemical compounds. For an industrial scale production of 
value-added products derived from papaya peels, it is essential that there is a 
continuous supply which is cost-effective. Therefore, drying of papaya peel 
becomes crucial so that their full potential can be exploited (Pathak et al., 
2018). Drying is a method for food preservation by removing moisture which 
helps in retardation of microbial growth, thus improving the shelf life of the 
product (Omolola et al., 2015; Yaldiz et al., 2001). Taking this into account, a 
proper methodology has to be used that will allow us to re-utilize papaya peel 
for the development of beneficial products. 
 

Many complications are faced during the drying process of fruits due to their 
complex structure, composition and biological variability. Drying rates are also 
influenced by the geometry, thickness and structure of agricultural material. 
Such problems can be solved by the use of mathematical modelling and 
simulation.  Modelling of drying kinetics is an effective process control tool 
which is quick and inexpensive. It uses mathematical equations for the 
prediction of drying behaviour and simulation of drying experimental data 
(Castro et al., 2018; Karathanos & Belessiotis, 1999). Mathematical modelling 
allows design engineers to better understand the drying mechanism. Thus, 
they can select the most optimum operating conditions and achieve a dryer 
equipment that meets such suitable conditions which in turn will help to reduce 
any experimentation repetitiveness and cost (Demir et al., 2007). As a result, 
the dried product obtained can then be further analysed.  No previous studies 
have been found on describing the drying behaviour of papaya peels.  
 

Characterization of food is crucial for product and process development to 
ensure consumer acceptance. It is essential for food engineers to learn what 
sources are available, into which existing products can these be incorporated 
and what new products can be developed. Such knowledge is important for 
quality control, process control and design of process equipment (Fikry, 2016). 
 

Yogurt is a well-known fermented milk product prepared by Streptococcus 
thermophilus and Lactobacillus delbrueckii spp. Bulgaricus. However, they still 
lack when it comes to dietary fibre or polyphenols. Since it is consumed all over 
the globe in such large quantities, it can present as a suitable way to deliver 
nutrients into the diet of population. Furthermore, consumers are becoming 
more and more conscious of what nutrients goes into their body, thus yogurt 
can act as a good candidate for fortification with dietary fibres (Gahruie et al., 
2015; Hashim et al., 2009). Dietary fibre will not only improve the nutritional 
status of a yogurt, but also help to improve its texture, viscosity and in this way 
shelf life  (Elleuch et al., 2011).  
Limited information is available in the literature related to drying kinetics and 
analysis of papaya peels and their application in dairy products. Therefore, this 
study will help to provide information necessary to design new products from 
an otherwise underutilised by-product of papaya.  
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1.3  Objectives 
 

The main objective of this study is to produce and characterize papaya peel 
powder using different drying methods, specifically; 
 

i. To investigate the drying kinetics of Carica papaya peel using 
convection oven and microwave oven. 

ii. To produce and characterize the physicochemical and flowability 
properties of powder made from Carica papaya peels. 

iii. To study the effect of fortifying Carica papaya peel powder on physical 
and sensory properties of stirred yogurt. 

 

1.4  Scope of Study 
 

Papaya peels are stored with nutrients, bioactive compounds and dietary fibre 
(see section 2.3). They can be promising as a source of dietary additives, food 
additives, nutraceutical supplements and pharmaceutical products. Therefore, 
there is a need to develop such bio-production and recovery processes of 
these waste that would not only be economically valuable to the agriculture 
sector but also have a positive effect on the environment (Horuz & Maskan, 
2013; Laufenberg et al., 2003; Pathak et al., 2018). 
 

Therefore, the main focus of this study is to produce and characterize papaya 
peel powder using two drying methods. Their physicochemical and flowability 
properties will be determined and compared. Finally, its application in dairy 
product, that is, yogurt will be investigated. 
 

The scope of present research is shown in Figure 3.1 (see section 3.2). 
 

1.5  Organization of Thesis 
 

The thesis consists of five chapters which begins with the introductory chapter 
1. Here a comprehensive introduction is given with an outline of the research 
project. The background of study and carefully formulated objectives is 
presented. 
 

Chapter 2 gives a meticulous review of literature in this field to obtain sufficient 
information to design the experiment. Carica papaya peel, drying kinetics and 
modelling, physicochemical properties of fruit by-products, flowability of powder 
and fortification of yogurt using fruit by-products is reviewed in depth.  
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Chapter 3 explains the materials and procedural techniques used in this 
research study. The overall work flow adopted to carry out the experiments is 
thoroughly presented. All chemicals and laboratory equipments used are 
mentioned in this chapter. 
 

Chapter 4 reveals the results obtained from the experiments with clear 
summarization in tables and figures. The explanation of the results is given in 
detail in this chapter. Data has been presented as mean values with standard 
deviation and analysed in SPSS software and Microsoft Excel 2016. 
 

Chapter 5 is presented as a conclusion to this research work along with brief 
experimental results achieved and recommendations for future studies.  
 

 

 

 

 

 

  



© C
OPYRIG

HT U
PM

72 
 

REFERENCES 
 

Abano, E. E., Ma, H., & W, Q. (2011). Influence of air temperature on the 
drying kinetics and quality of tomato slices. Journal of Food Processing 
& Technology, 02(05), 1–9. https://doi.org/10.4172/2157-7110.1000123 

Abid, M., Jabbar, S., Wu, T., Hashim, M. M., Hu, B., Lei, S., … Zeng, X. (2013). 
Effect of ultrasound on different quality parameters of apple juice. 
Ultrasonics Sonochemistry, 20(5), 1182–1187. 
https://doi.org/10.1016/j.ultsonch.2013.02.010 

Adawiah, Z. A. R., Norliza, A. B., Fairuz, Y. M., & Norzihan, A. (2016). 
Sequence information on single nucleotide polymorphism (SNP) 
through genome sequencing analysis of Carica papaya variety 
Eksotika and Sekaki. Journal of Tropical Agricultural and Food 
Science, 44(2), 219–228. 

Agência Nacional de Vigilância Sanitária - Anvisa. (2012). Dispõe sobre o 
Regulamento Técnico sobre Informação Nutricional Complementar 
(Resolução RDC no 54, de 12 de novembro de 2012). Diário Oficial da 
União. Retrieved from http://portal.anvisa.gov.br/documents/ 
33880/2568070/rdc0054_12_11_2012.pdf/c5ac23fd-974e-4f2c-9fbc-
48f7e0a31864 

Aghbashlo, M., kianmehr, M. H., & Samimi-Akhijahani, H. (2008). Influence of 
drying conditions on the effective moisture diffusivity, energy of 
activation and energy consumption during the thin-layer drying of 
berberis fruit (Berberidaceae). Energy Conversion and Management, 
49(10), 2865–2871. https://doi.org/10.1016/j.enconman.2008.03.009 

Ahmad, S., Anuar, M. S., Taip, F. S., Shamsudin, R., & Siti Roha, A. M. (2017). 
Effective moisture diffusivity and activation energy of rambutan seed 
under different drying methods to promote storage stability. In IOP 
Conference Series: Materials Science and Engineering (Vol. 203). 
https://doi.org/10.1088/1757-899X/203/1/012025 

Ajila, C. M., Bhat, S. G., & Prasada Rao, U. J. S. (2007). Valuable components 
of raw and ripe peels from two Indian mango varieties. Food 
Chemistry, 102(4), 1006–1011. 
https://doi.org/10.1016/j.foodchem.2006.06.036 

Ajila, C. M., Leelavathi, K., & Prasada Rao, U. J. S. (2008). Improvement of 
dietary fiber content and antioxidant properties in soft dough biscuits 
with the incorporation of mango peel powder. Journal of Cereal 
Science, 48(2), 319–326. https://doi.org/10.1016/j.jcs.2007.10.001 

Akter, M. S., Ahmed, M., & Eun, J. B. (2010). Effect of blanching and drying 
temperatures on the physicochemical characteristics, dietary fiber 
composition and antioxidant-related parameters of dried persimmons 
peel powder. International Journal of Food Sciences and Nutrition, 
61(7), 702–712. https://doi.org/10.3109/09637481003757852 

Altaf, U., Immanuel, G., & Iftikhar, F. (2015). Extraction and characterization of 
pectin derived from papaya (Carica papaya Linn.) peel, 3(4), 970–974. 

Amidon, G., J. Secreast, P., & Mudie, D. (2009). Particle, powder, and compact 
characterization. Developing Solid Oral Dosage Forms: 
Pharmaceutical Theory and Practice. https://doi.org/10.1016/B978-0-
444-53242-8.00008-4 



© C
OPYRIG

HT U
PM

73 
 

Amirdivani, S. (2014). The effect of green tea (Camellia Sinensis) on lactic acid 
fermentation of milk : effects on physical, nutritional and functional 
properties of yogurt. Journal of Experimental Psychology: General. 
University of Malaya. 

Ang, Y. K., Sia, W. C. M., Khoo, H. E., & Yim, H. S. (2012). Antioxidant 
potential of Carica papaya peel and seed. Focusing on Modern Food 
Industry, 1(1), 11–16. 

Anuar, N. S., Zahari, S. S., Taib, I. A., & Rahman, M. T. (2008). Effect of green 
and ripe Carica papaya epicarp extracts on wound healing and during 
pregnancy. Food and Chemical Toxicology, 46(7), 2384–2389. 
https://doi.org/10.1016/j.fct.2008.03.025 

AOAC. (1990). Official Methods of Analysis (15th ed.). Washington, DC: 
Association of Official Analytical Chemists. 

AOAC. (1995). Official Temperatures of Analysis of the Association of Official 
Analytical Chemists (16th ed.). Arlington, Virginia: AOAC International. 

Aravind, G., Bhowmik, D., Duraivel, S., & Harish, G. (2013). Traditional and 
medicinal uses of Carica papaya. Journal of Medicinal Plants Studies, 
1(1), 7–15. 

Aregbesola, O. A., Ogunsina, B. ., Sofolahan, A. E., & Chime, N. N. (2015). 
Mathematical modeling of thin layer drying characteristics of dika 
(Irvingia gabonensis) nuts and kernels. Nigerian Food Journal, 33(1), 
83–89. https://doi.org/10.1016/j.nifoj.2015.04.012 

Arioui, F., Ait Saada, D., & Cheriguene, A. (2017). Physicochemical and 
sensory quality of yogurt incorporated with pectin from peel of Citrus 
sinensis. Food Science and Nutrition, 5(2), 358–364. 
https://doi.org/10.1002/fsn3.400 

Arslan, D., & Özcan, M. M. (2010). Study the effect of sun, oven and 
microwave drying on quality of onion slices. LWT - Food Science and 
Technology, 43(7), 1121–1127. 
https://doi.org/10.1016/j.lwt.2010.02.019 

Asghar, N., Naqvi, S. A. R., Hussain, Z., Rasool, N., Khan, Z. A., Shahzad, S. 
A., … Jaafar, H. Z. (2016). Compositional difference in antioxidant and 
antibacterial activity of all parts of the Carica papaya using different 
solvents. Chemistry Central Journal, 10(1), 1–11. 
https://doi.org/10.1186/s13065-016-0149-0 

Azubuike, C., Odulaja, O., & Okhamafe, A. (2012). Physicotechnical, 
spectroscopic and thermogravimetric properties of powdered cellulose 
and microcrystalline cellulose derived from groundnut shells . 
International Pharmaceutical Excipients Council, 3(3), 106–115. 

Barbosa-Cánovas, G., Ortega-Rivas, E., Juliano, P., & Yan, H. (2005). Food 
powders- physical properties, processing, and functionality. 
https://doi.org/10.1146/annurev.food.102308.124155 

Barbosa, B. T., Rodrigues, J. F., & Bastos, S. C. (2017). Sensory optimization 
of nutritionally enriched strawberry yogurt. British Food Journal, 119(2), 
301–310. https://doi.org/10.1108/BFJ-08-2016-0370 

Bari, L., Hassan, P., Absar, N., Haque, M. E., Khuda, M. I. I. E., Pervin, M. M., 
… Hossain, M. I. (2006). Nutritional analysis of two local varieties of 
papaya (Carica papaya L.) at different maturation stages. Pakistan 
Journal of Biological Sciences, 9(1), 137–140. 
https://doi.org/10.3923/pjbs.2006.137.140 



© C
OPYRIG

HT U
PM

74 
 

Bashir, H., Khan, Z. I., Ahmad, K., Zafar, A., Sohail, M., Iqbal, M., … Fatima, H. 
(2017). Proximate composition evaluation of wild forages in relation to 
requirement of grazing ruminants in a semi arid environment of Punjab 
Pakistan. Fresenius Environmental Bulletin, 26(5), 3138–3147. 

Basulto, F. S., Duch, E. S., Gil, F. E. Y., Plaza, R. D., Saavedra, A. L., & 
Santamaría, J. M. (2009). Postharvest ripening and maturity indices for 
maradol papaya. Interciencia, 34(8), 583–588. 

Bejar, A. K., Kechaou, N., & Mihoubi, N. B. (2011). Effect of Microwave 
Treatment On Physical and Functional Properties of Orange (Citrus 
Sinensis) Peel and Leaves. Journal of Food Processing & Technology, 
02(02), 1-7. https://doi.org/10.4172/2157-7110.1000109 

Benedetti, S., Prudencio, E. S., Müller, C. M. O., Verruck, S., Mandarino, J. M. 
G., Leite, R. S., & Petrus, J. C. C. (2016). Utilization of tofu whey 
concentrate by nanofiltration process aimed at obtaining a functional 
fermented lactic beverage. Journal of Food Engineering, 171, 222–
229. https://doi.org/10.1016/J.JFOODENG.2015.10.034 

Bertagnolli, S. M. M., Silveira, M. L. R., Fogaça, A. de O., Umann, L., & Penna, 
N. G. (2014). Bioactive compounds and acceptance of cookies made 
with guava peel flour. Food Science and Technology (Campinas), 
34(2), 303–308. https://doi.org/10.1590/fst.2014.0046 

Bokaria, K., & Ray, S. (2016). Development of papaya peel flour based cookies 
and evaluation of its quality. Journal of Multidisciplinary Engineering 
Science and Technology, 3(12), 2458–9403. Retrieved from 
www.jmest.org 

Borse, R. D. (2014). Carbohydrate changes during fruit ripening stages in 
mango. Indian Journal of Applied Research, 4(10), 1950–1951. 

C.S., D., Samreen, F., & Prakash, J. (2015). A review on composition, 
processed products and medicinal uses of papaya (Carica Papaya L.). 
International Journal of Food, Nutrition and Dietetics, 3(3), 99–117. 
https://doi.org/10.21088/ijfnd.2322.0775.3315.3 

C.S., P., Devi, S. S., Suneetha W., J., & Rani, C. V. D. (2017). Nutritional 
properties of papaya peel. The Pharma Innovation Journal, 6(7), 170–
173. 

Caccavale, P., De Bonis, M. V., & Ruocco, G. (2016). Conjugate heat and 
mass transfer in drying: a modeling review. Journal of Food 
Engineering, 176, 28–35. 
https://doi.org/https://doi.org/10.1016/j.jfoodeng.2015.08.031 

Calvache, J. N., Cueto, M., Farroni, A., Pla, M. de E., & Gerschenson, L. N. 
(2016). Antioxidant characterization of new dietary fiber concentrates 
from papaya pulp and peel (Carica papaya L.). Journal of Functional 
Foods, 27, 319–328. https://doi.org/10.1016/j.jff.2016.09.012 

Carr, R. L. (1965). Evaluating flow properties of solids. Chemical Engineering, 
72(2), 163–168. 

Castro, A. M., Mayorga, E. Y., & Moreno, F. L. (2018). Mathematical modelling 
of convective drying of fruits: A review. Journal of Food Engineering, 
223, 152–167. https://doi.org/10.1016/j.jfoodeng.2017.12.012 

Chan, K. W., Iqbal, S., Khong, N. M. H., Ooi, D.-J., & Ismail, M. (2014). 
Antioxidant activity of phenolics–saponins rich fraction prepared from 
defatted kenaf seed meal. LWT - Food Science and Technology, 56(1), 
181–186. https://doi.org/https://doi.org/10.1016/j.lwt.2013.10.028 



© C
OPYRIG

HT U
PM

75 
 

Chan, Y. K. (1987). Backcross method in improvement of papaya (Carica 
papaya L.). Malaysian Applied Biology, 16, 95–100. 

Chen, X., Singh, M., Bhargava, K., & Ramanathan, R. (2018). Yogurt 
fortification with chickpea (Cicer arietinum) flour: physicochemical and 
sensory effects. Journal of the American Oil Chemists’ Society, 95(8), 
1041–1048. https://doi.org/10.1002/aocs.12102 

Chin, A. H. G., Normah, O., Chia, J. S., & Normah, A. (1997). Chemical 
characteristics of papaya for specific product requirements. Journal of 
Tropical Agriculture and Food Science, 25(2), 207–214. 

Chukwuka, K.S, Iwuagwu, M and Uka, U. . (2013). Evaluation of Nutritional 
Components of Carica papaya L . At Different Stages of Ripening . 
Journal of Pharmacy and Biological Sciences, 6(4), 13–16. 
https://doi.org/10.9790/3008-0641316 

Córdova-Ramos, J. S., Gonzales-Barron, U., & Cerrón-Mallqui, L. M. (2018). 
Physicochemical and sensory properties of yogurt as affected by the 
incorporation of jumbo squid (Dosidicus gigas) powder. LWT - Food 
Science and Technology, 93, 506–510. 
https://doi.org/10.1016/j.lwt.2018.03.082 

Costa, C. F., Corrêa, P. C., Vanegas, J. D. B., Baptestini, F. M., Campos, R. 
C., & Fernandes, L. S. (2016). Mathematical modeling and 
determination of thermodynamic properties of jabuticaba peel during 
the drying process. Revista Brasileira de Engenharia Agrícola e 
Ambiental, 20(6), 576–580. https://doi.org/10.1590/1807-
1929/agriambi.v20n6p576-580 

Crank, J. (1975). The mathematics of diffusion. Clarendon Press. Retrieved 
from https://books.google.com.my/books?id=7QjwAAAAMAAJ 

Dadali, G., Kılıç Apar, D., & Özbek, B. (2007). Microwave drying kinetics of 
okra. Drying Technology, 25(5), 917–924. 
https://doi.org/10.1080/07373930701372254 

Damian, C., & Olteanu, A. (2014). Influence of dietary fiber from pea on some 
quality characteristics of yoghurts. Journal of Agroalimentary 
Processes and Technologies. 

Darvishi, H. (2012). Energy consumption and mathematical modeling of 
microwave drying of potato slices. Agricultural Engineering 
International: CIGR Journal, 14(1), 94–102. 

Darvishi, H., Asl, A. R., Asghari, A., Azadbakht, M., Najafi, G., & Khodaei, J. 
(2014). Study of the drying kinetics of pepper. Journal of the Saudi 
Society of Agricultural Sciences, 13(2), 130–138. 
https://doi.org/10.1016/j.jssas.2013.03.002 

Demir, V., Gunhan, T., & Yagcioglu, A. K. (2007). Mathematical modelling of 
convection drying of green table olives. Biosystems Engineering, 98(1), 
47–53. https://doi.org/10.1016/j.biosystemseng.2007.06.011 

Demiray, E., Seker, A., & Tulek, Y. (2017). Drying kinetics of onion (Allium 
cepa L.) slices with convective and microwave drying. Heat and Mass 
Transfer, 53(5), 1817–1827. https://doi.org/10.1007/s00231-016-1943-
x 

Denin-Djurdjević, J., Maćej, O., & Jovanović, S. (2002). The influence of 
investigated factors on viscosity of stirred yogurt. Journal of Agricultural 
Science, 47(2), 219–231. 



© C
OPYRIG

HT U
PM

76 
 

Diamante, L. M., & Munro, P. A. (1993). Mathematical modelling of the thin 
layer solar drying of sweet potato slices. Soloar Energy, 51(4), 271–
276. https://doi.org/10.1016/0038-092X(93)90122-5 

do Espírito Santo, A. P., Perego, P., Converti, A., & Oliveira, M. N. (2012). 
Influence of milk type and addition of passion fruit peel powder on 
fermentation kinetics, texture profile and bacterial viability in probiotic 
yoghurts. LWT - Food Science and Technology, 47(2), 393–399. 
https://doi.org/10.1016/j.lwt.2012.01.038 

dos Reis, L. C. R., Facco, E. M. P., Salvador, M., Flôres, S. H., & de Oliveira 
Rios, A. (2018). Antioxidant potential and physicochemical 
characterization of yellow, purple and orange passion fruit. Journal of 
Food Science and Technology, 55(7), 2679–2691. 
https://doi.org/10.1007/s13197-018-3190-2 

Doymaz, I. (2004). Effect of pre-treatments using potassium metabisulphide 
and alkaline ethyl oleate on the drying kinetics of apricots. Biosystems 
Engineering, 89(3), 281–287. 
https://doi.org/10.1016/j.biosystemseng.2004.07.009 

Doymaz, I. (2005). Drying behaviour of green beans. Journal of Food 
Engineering, 69(2), 161–165. 
https://doi.org/10.1016/j.jfoodeng.2004.08.009 

Doymaz, I. (2011). Experimental study on drying characteristics of 
pomegranate peels. Food Science and Biotechnology, 20(4), 965–970. 
https://doi.org/10.1007/s10068-011-0133-3 

Doymaz, I., Tugrul, N., & Pala, M. (2006). Drying characteristics of dill and 
parsley leaves. Journal of Food Engineering, 77(3), 559–565. 
https://doi.org/10.1016/j.jfoodeng.2005.06.070 

Egbuonu, A., Harry, E., & Orji, I. (2016). Comparative proximate and 
antibacterial properties of milled Carica papaya (pawpaw) peels and 
seeds. British Journal of Pharmaceutical Research, 12(1), 1–8. 
https://doi.org/10.9734/BJPR/2016/26808 

El-Said, M. M., Haggag, H. F., Fakhr El-Din, H. M., Gad, A. S., & Farahat, A. M. 
(2014). Antioxidant activities and physical properties of stirred yoghurt 
fortified with pomegranate peel extracts. Annals of Agricultural 
Sciences, 59(2), 207–212. https://doi.org/10.1016/j.aoas.2014.11.007 

Elleuch, M., Bedigian, D., Roiseux, O., Besbes, S., Blecker, C., & Attia, H. 
(2011). Dietary fibre and fibre-rich by-products of food processing: 
Characterisation, technological functionality and commercial 
applications: A review. Food Chemistry, 124(2), 411–421. 
https://doi.org/10.1016/j.foodchem.2010.06.077 

Englyst, H. N., Quigley, M. E., & Hudson, G. J. (1994). Determination of dietary 
fibre as non-starch polysaccharides with gas-liquid chromatographic, 
high-performance liquid chromatographic or spectrophotometric 
measurement of constituent sugars. The Analyst, 119(7), 1497–1509. 

Erdem, T., Karaaslan, S., Öztekin, S., Zeynep, Ş., & Çiftçi, H. (2014). 
Microwave drying of orange peels and its mathematical models. 
Journal of Agricultural Machinery Science, 10(4), 329–333. 

Espírito-Santo, A. P., Lagazzo, A., Sousa, A. L. O. P., Perego, P., Converti, A., 
& Oliveira, M. N. (2013). Rheology, spontaneous whey separation, 
microstructure and sensorial characteristics of probiotic yoghurts 
enriched with passion fruit fiber. Food Research International, 50(1), 
224–231. https://doi.org/10.1016/j.foodres.2012.09.012 



© C
OPYRIG

HT U
PM

77 
 

FAOSTAT. (2016). FAOSTAT. Retrieved March 1, 2018, from 
http://www.fao.org/faostat/en/#data/QC 

FAOSTAT. (2017). Food and Agriculture Organisation of the United Nations 
Statistics Division. https://doi.org/http://faostat.fao.org 

Feng, H., Yin, Y., & Tang, J. (2012). Microwave drying of food and agricultural 
materials: basics and heat and mass transfer modeling. Food 
Engineering Reviews, 4(2), 89–106. https://doi.org/10.1007/s12393-
012-9048-x 

Fernández-García, E., & McGregor, J. U. (1997). Fortification of sweetened 
plain yogurt with insoluble dietary fiber. Zeitschrift Für 
Lebensmitteluntersuchung Und -Forschung A, 204(6), 433–437. 
https://doi.org/10.1007/s002170050108 

Fick, A. (1855). Ueber Diffusion. Annalen Der Physik, 170(1), 59–86. 
https://doi.org/10.1002/andp.18551700105 

Fikry, M. (2016). Production and characterization of powder rich fiber from 
Palm Date flesh and seed. King Saud University, Riyadh, KSA, M.S. 
Thesis. 

Fontana, A. J. (2000). Understanding the importance of water activity in food. 
Cereal Foods World, 45(1), 7–10. 

Francis, F. J., & Clydesdale, F. M. (1975). Food colorimetry: theory and 
applications. Westport, Connecticut: AVI Publishing Co. Inc. Retrieved 
from https://www.cabdirect.org/cabdirect/abstract/19760423502 

Gahruie, H. H., Eskandari, M. H., Mesbahi, G., & Hanifpour, M. A. (2015). 
Scientific and technical aspects of yogurt fortification: A review. Food 
Science and Human Wellness, 4(1), 1–8. 
https://doi.org/10.1016/j.fshw.2015.03.002 

Ganesan, V., Rosentrater, K. A., & Muthukumarappan, K. (2008). Flowability 
and handling characteristics of bulk solids and powders - a review with 
implications for DDGS. Biosystems Engineering, 101(4), 425–435. 
https://doi.org/10.1016/j.biosystemseng.2008.09.008 

García-Pérez, F. J., Lario, Y., Fernández-López, J., Sayas, E., Pérez-Alvarez, 
J. A., & Sendra, E. (2005). Effect of orange fiber addition on yogurt 
color during fermentation and cold storage. Color Research and 
Application, 30(6), 457–463. https://doi.org/10.1002/col.20158 

Ghanem, N., Mihoubi, D., Bonazzi, C., Kechaou, N., & Boudhrioua, N. (2018). 
Drying characteristics of Lemon by-product (Citrus limon. v. lunari): 
Effects of drying modes on quality attributes kinetics’. Waste and 
Biomass Valorization,  1–20. https://doi.org/10.1007/s12649-018-0381-
z 

Hashim, I. . B., Khalil, A. H., & Afifi, H. S. (2009). Quality characteristics and 
consumer acceptance of yogurt fortified with date fiber. Journal of 
Dairy Science, 92(11), 5403–5407. https://doi.org/10.3168/jds.2009-
2234 

Hausner, H. H. (1967). Friction conditions in a mass of metal powder. 
International Journal of Powder Metallurgy, 3, 7–13. Retrieved from 
https://www.osti.gov/servlets/purl/4566075 

Helkar, P. B., Sahoo, A. K., & Patil, N. J (2016). Review: food industry by-
products used as a functional food ingredients. International Journal of 
Waste Resources, 6(3), 1-6. https://doi.org/10.4172/2252-
5211.1000248 



© C
OPYRIG

HT U
PM

78 
 

Hervert, C. J., Martin, N. H., Boor, K. J., & Wiedmann, M. (2017). Survival and 
detection of coliforms, Enterobacteriaceae, and gram-negative bacteria 
in Greek yogurt. Journal of Dairy Science, 100(2), 950–960. 
https://doi.org/10.3168/jds.2016-11553 

Hihat, S., Remini, H., & Madani, K. (2017). Effect of oven and microwave 
drying on phenolic compounds and antioxidant capacity of coriander 
leaves. International Food Research Journal, 24(2), 503–509. 

Horuz, E., & Maskan, M. (2013). Hot air and microwave drying of pomegranate 
(Punica granatum L.) arils. Journal of Food Science and Technology, 
52(1), 285–293. https://doi.org/10.1007/s13197-013-1032-9 

Hoyos-Arbeláez, J., Blandón-Naranjo, L., Vázquez, M., & Contreras-Calderón, 
J. (2018). Antioxidant capacity of mango fruit (Mangifera indica). An 
electrochemical study as an approach to the spectrophotometric 
methods. Food Chemistry, 266, 435–440. 
https://doi.org/10.1016/j.foodchem.2018.06.044 

Ileleji, K. E., Li, Y., Ambrose, R. P. K., & Doane, P. H. (2016). Experimental 
investigations towards understanding important parameters in wet 
drum granulation of corn stover biomass. Powder Technology, 300, 
126–135. https://doi.org/10.1016/j.powtec.2016.01.034 

İzli, G. (2017). Total phenolics, antioxidant capacity, colour and drying 
characteristics of date fruit dried with different methods. Food Science 
and Technology, 37(1), 139–147. https://doi.org/10.1590/1678-
457x.14516 

Izli, N., Izli, G., & Taskin, O. (2018). Impact of different drying methods on the 
drying kinetics, color, total phenolic content and antioxidant capacity of 
pineapple. CYTA - Journal of Food, 16(1), 213–221. 
https://doi.org/10.1080/19476337.2017.1381174 

Jamal, P., Akbar, I., Jaswir, I., & Zuhanis, Y. (2017). Quantification of total 
phenolic compounds in papaya fruit peel. Pertanika Journal Tropical 
Agricultural Science, 40(1), 87–98. 

Jamil, M. S., Nadeem, R., Hanif, M. A., Ali, M. A., & Akhtar, K. (2010). 
Proximate composition and mineral profile of eight different unstudied 
date (Phoenix dactylifera L.) varieties from Pakistan. African Journal of 
Biotechnology, 9(22), 3252–3259. https://doi.org/10.5897/AJB08.1055 

Jaster, H., Arend, G. D., Rezzadori, K., Chaves, V. C., Reginatto, F. H., & 
Petrus, J. C. C. (2018). Enhancement of antioxidant activity and 
physicochemical properties of yogurt enriched with concentrated 
strawberry pulp obtained by block freeze concentration. Food 
Research International, 104, 119–125. 
https://doi.org/10.1016/j.foodres.2017.10.006 

Kamaruzzaman, M., Chowdhury, S. D., Podder, C. K., & Pramanik, M. A. H. 
(2005). Dried papaya skin as a dietary ingredient for broiler chickens. 
British Poultry Science, 46(3), 390–393. 
https://doi.org/10.1080/00071660500126631 

Karathanos, V. T., & Belessiotis, V. G. (1999). Application of a thin-layer 
equation to drying data of fresh and semi-dried fruits. Journal of 
Agricultural Engineering Research, 74(4), 355–361. 
https://doi.org/https://doi.org/10.1006/jaer.1999.0473 

Kaur, B., & Srivastav, P. P. (2018). Effect of Cryogenic grinding on chemical 
and morphological characteristics of mango (Mangifera indica L.) peel 



© C
OPYRIG

HT U
PM

79 
 

powder. Journal of Food Processing and Preservation, 42(4), 1–8. 
https://doi.org/10.1111/jfpp.13583 

Khawas, P., Das, A. J., Dash, K. K., & Deka, S. C. (2014). Thin-layer drying 
characteristics of Kachkal banana peel (Musa ABB) of Assam, India. 
International Food Research Journal, 21(3), 975–982. 

Kortei, N. K., Odamtten, G. T., Obodai, M., Appiah, V., Akonor, P. T., & Ae, B. 
(2015). Determination of color parameters of gamma irradiated fresh 
and dried mushrooms during storage. Croatian Journal of Food 
Technology, Biotechnology and Nutrition, 10(1–2), 66–71. 

Koubala, B. B., Christiaens, S., Kansci, G., Loey, A. M. Van, & Hendrickx, M. E. 
(2014). Isolation and structural characterisation of papaya peel pectin. 
Food Research International, 55, 215–221. 
https://doi.org/10.1016/j.foodres.2013.11.009 

Kukic, J., Popović, V., Petrović, S., Mucaji, P., Ciric, A., Stojković, D., & 
Soković, M. (2008). Antioxidant and antimicrobial activity of Cynara 
cardunculus extracts. Food Chemistry (Vol. 107). 
https://doi.org/10.1016/j.foodchem.2007.09.005 

Lahsasni, S., Kouhila, M., Mahrouz, M., Idlimam, A., & Jamali, A. (2004). Thin 
layer convective solar drying and mathematical modeling of prickly 
pear peel (Opuntia ficus indica). Energy, 29(2), 235–248. 
https://doi.org/10.1016/j.energy.2003.08.009 

Laufenberg, G., Kunz, B., & Nystroem, M. (2003). Transformation of vegetable 
waste into value added products : (A) the upgrading concept ; (B) 
practical implementations. Bioresource Technology, 87, 167–198. 

Lebrun, P., Krier, F., Mantanus, J., Grohganz, H., Yang, M., Rozet, E., … 
Hubert, P. (2012). Design space approach in the optimization of the 
spray-drying process. European Journal of Pharmaceutics and 
Biopharmaceutics, 80(1), 226–234. 
https://doi.org/10.1016/j.ejpb.2011.09.014 

Lee, K. C., Eun, J. B., & Hwang, S. J. (2016). Physicochemical properties and 
sensory evaluation of mandarin (Citrus unshiu) beverage powder 
spray-dried at different inlet air temperatures with different amounts of 
a mixture of maltodextrin and corn syrup. Food Science and 
Biotechnology, 25(5), 1345–1351. https://doi.org/10.1007/s10068-016-
0211-7 

Lee, S. K., & Kader, A. A. (2000). Preharvest and postharvest factors 
influencing vitamin C content of horticultural crops. Postharvest Biology 
and Technology, 20(3), 207–220. https://doi.org/10.1016/S0925-
5214(00)00133-2 

Lewis, M. J. (1990). Physical properties of foods and food processing systems. 
Elsevier. 

Liu, P., Zhang, M., & Mujumdar, A. S. (2012). Comparison of three microwave-
assisted drying methods on the physiochemical, nutritional and 
sensory qualities of re-structured purple-fleshed sweet potato granules. 
International Journal of Food Science and Technology, 47(1), 141–
147. https://doi.org/10.1111/j.1365-2621.2011.02819.x 

Loncin, M. (1988). Actvity of water and its importance in preconcentration and 
drying of foods. In S. Bruin (Ed.), Preconcetrtation and drying of food 
materials. (pp. 15–34). London, UK: Elsevier. 

Lopez, A., Iguaz, A., Esnoz, A., & Virseda, P. (2000). Thin-layer drying 
behaviour of vegetable wastes from wholesale market. Drying 



© C
OPYRIG

HT U
PM

80 
 

Technology, 18(4–5), 995–1006. 
https://doi.org/10.1080/07373930008917749 

M’hiri, N., Ghali, R., Ben Nasr, I., & Boudhrioua, N. (2018). Effect of different 
drying processes on functional properties of industrial lemon by 
product. Process Safety and Environmental Protection, 116, 450–460. 
https://doi.org/10.1016/j.psep.2018.03.004 

Madamba, P. S., Driscoll, R. H., & Buckle, K. A. (1996). The thin-layer drying 
characteristics of garlic slices. Journal of Food Engineering, 29(1), 75–
97. https://doi.org/10.1016/0260-8774(95)00062-3 

Maran, J. P., & Prakash, K. A. (2015). Process variables influence on 
microwave assisted extraction of pectin from waste Carcia papaya L. 
peel. International Journal of Biological Macromolecules, 73, 202–206. 
https://doi.org/10.1016/j.ijbiomac.2014.11.008 

Marchiani, R., Bertolino, M., Belviso, S., Giordano, M., Ghirardello, D., Torri, L., 
… Zeppa, G. (2016). Yogurt enrichment with grape pomace: effect of 
grape cultivar on physicochemical, microbiological and sensory 
properties. Journal of Food Quality, 39(2), 77–89. 
https://doi.org/10.1111/jfq.12181 

Markovic, I., Ilic, J., Markovic, D., Simonovic, V., & Kosanic, N. (2013). Color 
measurement of food products using CIE L*a*b* and RGB color space. 
Journal of Hygienic Engineering and Design, 4, 50–53. 

Martial-didier, A. K., Hubert, K. K., Parfait, K. E. J., & Kablan, T. (2017). 
Phytochemical properties and proximate composition of papaya 
(Carica papaya L . var solo 8 ) peels. Turkish Journal of Agriculture - 
Food Science and Technology, 5(6), 676–680. 

Medina, J. D. L. C., Gutiérrez, G. V., & García, H. S. (2003). PAWPAW: Post-
harvest operation. (D. Mejía, Ed.), Food and Agriculture Organization 
of the United Nations. 

Mehmood, T., Khan, M. R., Shabbir, M. A., & Anjum, M. (2017). Phytochemical 
profiling and HPLC quantification of citrus peel from different varieties, 
20(4), 279–288. https://doi.org/10.23751/pn.v20i1-S.6357 

Menges, H. O., & Ertekin, C. (2006). Mathematical modeling of thin layer drying 
of Golden apples. Journal of Food Engineering, 77(1), 119–125. 
https://doi.org/10.1016/j.jfoodeng.2005.06.049 

Milind, P., & Gurditta. (2011). Basketful benefits of papaya. International 
Research Journal Of Pharmacy, 2(7), 6–12. 

Minaei, S., Motevali, A., Ahmadi, E., & Azizi, M. H. (2012). Mathematical 
models of drying pomegranate arils in vacuum and microwave dryers. 
Journal of Agricultural Science and Technology, 14(2), 311–325. 

Moghimipour, E., & Handali, S. (2015). Saponin: Properties, methods of 
evaluation and applications. Annual Research & Review in Biology, 
5(3), 207–220. https://doi.org/10.9734/ARRB/2015/11674 

Murthy, T. P. K., & Manohar, B. (2012). Microwave drying of mango ginger 
(Curcuma amada Roxb): Prediction of drying kinetics by mathematical 
modelling and artificial neural network. International Journal of Food 
Science and Technology, 47(6), 1229–1236. 
https://doi.org/10.1111/j.1365-2621.2012.02963.x 

Nestle, M., & Pollan, M. (2013). Food Politics: How the food industry influences 
nutrition and health (1st ed.). University of California Press. Retrieved 
from http://www.jstor.org/stable/10.1525/j.ctt7zw29z 



© C
OPYRIG

HT U
PM

81 
 

Oduola, T., Adeniyi, F. A. A., Ogunyemi, E. O., Bello, I. S., Idowu, T. O., & 
Subair, H. G. (2007). Toxicity studies on an unripe Carica papaya 
aqueous extract : biochemical and haematological effects in wistar 
albino rats. Journal Of Medicinal Plants, 1(1), 1–4. 

Okeke, C., Abioye, A. E., & Omosun, Y. (2014). Microwave heating 
applications in food processing. Journal of Electrical and Electronic 
Engineering, 9(4), 29–34. https://doi.org/10.9790/1676-09422934 

Olanipekun, B. F., Tunde-Akintunde, T. Y., Oyelade, O. J., Adebisi, M. G., & 
Adenaya, T. A. (2014). Mathematical modeling of thin-layer pineapple 
drying. Journal of Food Processing and Preservation, 39(6), 1431–
1441. https://doi.org/10.1111/jfpp.12362 

Omolola, A. O., Jideani, A. I. O., & Kapila, P. F. (2015). Quality properties of 
fruits as affected by drying operation. Critical Reviews in Food Science 
and Nutrition, 57(1), 95–108. 
https://doi.org/10.1080/10408398.2013.859563 

Ong, M. Y., Yusof, Y. A., Aziz, M. G., Chin, N. L., & Amin, N. A. M. (2014). 
Characterisation of fast dispersible fruit tablets made from green and 
ripe mango fruit powders. Journal of Food Engineering, 125(1), 17–23. 
https://doi.org/10.1016/j.jfoodeng.2013.10.014 

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. https://doi.org/10.1111/1541-4337.12196 

Ozkan, I. A., Akbudak, B., & Akbudak, N. (2007). Microwave drying 
characteristics of spinach. Journal of Food Engineering, 78(2), 577–
583. https://doi.org/10.1016/j.jfoodeng.2005.10.026 

P., Singham, P. Birwal & B. K., Yadav. (2015). Importance of objective and 
subjective measurement of food quality and their inter-relationship. 
Journal of Food Processing & Technology, 6(9), 1–7. 
https://doi.org/10.4172/2157-7110.1000488 

Page, G. E. (1949). Factors influencing the maximum rates of air drying shelled 
corn in thin layers. Department of Mechanical Engineering, Purdue 
University, Purdue, USA, M.S. Thesis. 

Pathak, P. D., Mandavgane, S. A., & Kulkarni, B. D. (2017). Fruit peel waste: 
characterization and its potential uses. Current Science, 113(3), 444–
454. https://doi.org/10.18520/cs/v113/i03/444-454 

Pathak, P. D., Mandavgane, S. A., & Kulkarni, B. D. (2018). Waste to wealth: a 
case study of papaya peel. Waste and Biomass Valorization, 0(0), 1–
12. https://doi.org/10.1007/s12649-017-0181-x 

Pathare, P. B., Opara, U. L., & Al-Said, F. A. J. (2013). Colour measurement 
and analysis in fresh and processed foods: A review. Food and 
Bioprocess Technology, 6(1), 36–60. https://doi.org/10.1007/s11947-
012-0867-9 

Pavithra, C. S., Devi, S. S., Suneetha, W. J., Kumari, B. A., & Rani, C. V. D. 
(2017). Antioxidant activity of papaya peel and developed chapathis, 
6(11), 636–640. https://doi.org/10.20546/ijcmas.2017.611.076 

Prosky, L., Asp, N. G., Schweizer, T. F., DeVries, J. W., & Furda, I. (1988). 
Determination of insoluble, soluble, and total dietary fiber in foods and 
food products: Interlaboratory study. Journal of Association of Official 
Analytical Chemists, 71(5), 1017–1023. 



© C
OPYRIG

HT U
PM

82 
 

Puraikalan, Y. (2018). Current research in nutrition and food science 
characterization of proximate, phytochemical and antioxidant analysis 
of banana (Musa sapientum) peels / skins and objective evaluation of 
ready to eat / cook product made with banana peels. Current Research 
in Nutrition and Food Science, 06(2), 382–391. 

Pyar, H., & Peh, K. K. (2018). Chemical compositions of banana peels (Musa 
sapientum) fruits cultivated in malaysia using proximate analysis. 
Research Journal of Chemistry and Environment, 22(2), 108–113. 

Quek, S. Y., Chok, N. K., & Swedlund, P. (2007). The physicochemical 
properties of spray-dried watermelon powders. Chemical Engineering 
and Processing: Process Intensification, 46(5), 386–392. 
https://doi.org/10.1016/j.cep.2006.06.020 

Quispe-Fuentes, I., Vega-Gálvez, A., Vásquez, V., Uribe, E., & Astudillo, S. 
(2017). Mathematical modeling and quality properties of a dehydrated 
native Chilean berry. Journal of Food Process Engineering, 40(3), 01-
11. https://doi.org/10.1111/jfpe.12499 

Rachtanapun, P. (2009). Blended films of carboxymethyl cellulose from papaya 
peel (CMCp) and corn starch. Kasetsart Journal - Natural Science, 
43(5), 259–266. 

Rahman, M. S., Perera, C. 0, & Thebaudb, C. (1998). Desorption isotherm and 
heat pump drying kinetics of peas. Food Research International, 30(7), 
485–491. 

Ramirez-Santiago, C., Ramos-Solis, L., Lobato-Calleros, C., Peña-Valdivia, C., 
Vernon-Carter, E. J., & Alvarez-Ramírez, J. (2010). Enrichment of 
stirred yogurt with soluble dietary fiber from Pachyrhizus erosus L. 
Urban: Effect on syneresis, microstructure and rheological properties. 
Journal of Food Engineering, 101(3), 229–235. 
https://doi.org/10.1016/j.jfoodeng.2010.06.023 

Ramulu, P., & Rao, P. U. (2003). Total, insoluble and soluble dietary fiber 
contents of Indian fruits. Journal of Food Composition and Analysis, 
16(6), 677–685. https://doi.org/10.1016/S0889-1575(03)00095-4 

Ravula, S. R., Munagala, S. R., Arepally, D., Ravula, P. R., & Golla, S. (2017). 
Mathematical modelling and estimation of effective moisture diffusivity, 
activation energy, energy and exergy analysis of thin layer drying of 
pineapple. Journal of Experimental Biology and Agricultural Sciences, 
5(3), 392–401. 

Rayaguru, K. and, & Routray, W. (2012). Mathematical modeling of thin layer 
drying kinetics of apples slices. International Food Research Journal, 
19(4), 1949–1958. https://doi.org/10.1051/IUFoST 

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C. 
(1999). Antioxidant activity applying an imporved ABTS radical cation 
decolorization assay. Free Radical Biology & Medicine, 26(98), 1231–
1237. https://doi.org/10.1016/S0891-5849(98)00315-3 

Resende, L. M., Franca, A. S., & Oliveira, L. S. (2019). Buriti (Mauritia flexuosa 
L. f.) fruit by-products flours: Evaluation as source of dietary fibers and 
natural antioxidants. Food Chemistry, 270, 53–60. 
https://doi.org/10.1016/j.foodchem.2018.07.079 

Romelle, F. D., Rani P., A., & Manohar, R. S. (2016). Chemical composition of 
some selected fruit peels. European Journal of Food Science and 
Technology, 4(4), 12–21. Retrieved from http://www.eajournals.org/wp-



© C
OPYRIG

HT U
PM

83 
 

content/uploads/Chemical-Composition-of-Some-Selected-Fruit-
Peels.pdf 

Roongruangsri, W., & Bronlund, J. E. (2015). Effect of air-drying temperature 
on physico-chemical, powder properties and sorption characteristics of 
pumpkin powders. International Food Research Journal, 23(3), 962–
972. 

Sagar, N. A., Pareek, S., Sharma, S., Yahia, E. M., & Lobo, M. G. (2018). Fruit 
and vegetable waste: bioactive compounds, their extraction, and 
possible utilization. Comprehensive Reviews in Food Science and 
Food Safety, 17(3), 512–531. https://doi.org/10.1111/1541-4337.12330 

Sah, B. N. P., Vasiljevic, T., McKechnie, S., & Donkor, O. N. (2016). 
Physicochemical, textural and rheological properties of probiotic yogurt 
fortified with fibre-rich pineapple peel powder during refrigerated 
storage. LWT - Food Science and Technology, 65, 978–986. 
https://doi.org/10.1016/j.lwt.2015.09.027 

Saifullah, M., Yusof, Y. A., Chin, N. L., & Aziz, M. G. (2016). Physicochemical 
and flow properties of fruit powder and their effect on the dissolution of 
fast dissolving fruit powder tablets. Powder Technology, 301, 396–404. 
https://doi.org/10.1016/j.powtec.2016.06.035 

Samson, J. A. (1980). Tropical fruits (London, Un). Longman Group Limited. 
Stephenson and Associates. 1993. 

Sancho, L. E. G.-G., Yahia, E. M., & González-Aguilar, G. A. (2011). 
Identification and quantification of phenols, carotenoids, and vitamin C 
from papaya (Carica papaya L., cv. Maradol) fruit determined by 
HPLC-DAD-MS/MS-ESI. Food Research International, 44(5), 1284–
1291. https://doi.org/10.1016/j.foodres.2010.12.001 

Santhalakshmy, S., Don Bosco, S. J., Francis, S., & Sabeena, M. (2015). Effect 
of inlet temperature on physicochemical properties of spray-dried 
jamun fruit juice powder. Powder Technology, 274, 37–43. 
https://doi.org/10.1016/j.powtec.2015.01.016 

Santiago, G. de L., Oliveira, I. G. de, Horst, M. A., Naves, M. M. V., & Silva, M. 
R. (2018). Peel and pulp of baru (Dipteryx Alata Vog.) provide high 
fiber, phenolic content and antioxidant capacity. Food Science and 
Technology, 38(2), 244–249. https://doi.org/10.1590/1678-457x.36416 

Santos, C. M. dos, Abreu, C. M. P. de, Freire, J. M., Queiroz, E. de R., & 
Mendonça, M. M. (2014). Chemical characterization of the flour of peel 
and seed from two papaya cultivars. Food Science and Technology, 
34(2), 353–357. https://doi.org/10.1590/fst.2014.0048 

Santos, F. S. dos, Figueirêdo, R. M. . F. de, Queiroz, A. J. de M., & Santos, D. 
da C. (2017). Drying kinetics and physical and chemical 
characterization of white-fleshed “pitaya” peels. Bras. Eng. Agríc. 
Ambiental, 21(12), 872–877. https://doi.org/10.1590/1807-
1929/agriambi.v21n12p872-877 

Savlak, N., Türker, B., & Yeşilkanat, N. (2016). Effects of particle size 
distribution on some physical, chemical and functional properties of 
unripe banana flour. Food Chemistry, 213, 180–186. 
https://doi.org/10.1016/j.foodchem.2016.06.064 

Saw, H. Y., Davies, C. E., Paterson, A. H. J., & Jones, J. R. (2013). The 
Influence of particle size distribution and tapping on the bulk density of 
milled lactose powders. In Chemeca, Brisbane, Australia, 299–303. 



© C
OPYRIG

HT U
PM

84 
 

Saw, H. Y., Davies, C. E., Paterson, A. H. J., & Jones, J. R. (2015). Correlation 
between powder flow properties measured by shear testing and 
hausner ratio. Procedia Engineering, 102, 218–225. 
https://doi.org/10.1016/j.proeng.2015.01.132 

Schutz, H. G., Stone, H., & Sidel, J. L. (2004). Sensory evaluation practices. 
(3rd ed.). San Diego: Elsevier Academic Press. 
https://doi.org/https://doi.org/10.1016/B978-012672690-9/50001-9 

Seçkin, A. K., & Baladura, E. (2012). Effect of using some dietary fibers on 
color, texture and sensory properties of strained yogurt, 236(372), 
241–2144. 

Seifu, M., Tola, Y. B., Mohammed, A., & Astatkie, T. (2018). Effect of variety 
and drying temperature on physicochemical quality, functional 
property, and sensory acceptability of dried onion powder. Food 
Science and Nutrition, 6(6), 1641–1649. 
https://doi.org/10.1002/fsn3.707 

Sekeli, R., Hamid, M. H., Razak, R. A., Wee, C.-Y., & Ong-Abdullah, J. (2018). 
Malaysian Carica papaya L. var. Eksotika: Current research strategies 
fronting challenges. Frontiers in Plant Science, 9, 1380. 
https://doi.org/10.3389/fpls.2018.01380 

Sharma, G. P., & Prasad, S. (2004). Effective moisture diffusivity of garlic 
cloves undergoing microwave-convective drying. Journal of Food 
Engineering, 65(4), 609–617. 
https://doi.org/https://doi.org/10.1016/j.jfoodeng.2004.02.027 

Silva, C. R. da, Oliveira, M. B. N., Motta, E. S., Almeida, G. S. de, Varanda, L. 
L., Pádula, M. de, … Caldeira-de-Araújo, A. (2010). Genotoxic and 
cytotoxic safety evaluation of papain (Carica papaya L.) using in vitro 
assays. Journal of Biomedicine and Biotechnology, 2010, 1–8. 
https://doi.org/10.1155/2010/197898 

Souza, A. S., Borges, S. V., Magalhães, N. F., Ricardo, H. V., Cereda, M. P., & 
Daiuto, E. R. (2009). Influence of spray drying conditions on the 
physical properties of dried pulp tomato. Ciência e Tecnologia de 
Alimentos, 29(2), 291–294. 

Srikiatden, J., & Roberts, J. S. (2007). Moisture transfer in solid food materials: 
A review of mechanisms, models, and measurements. International 
Journal of Food Properties, 10(4), 739–777. 
https://doi.org/10.1080/10942910601161672 

T.Y, T.-A., & Afon, A. A. (2010). Modelling of hot-air drying of pretreated 
cassava chips. Agricultural Engineering International: The CIGR 
Ejournal. Manuscript, 12(2). 

Tahmasebi, M., Hashjin, T. T., Khoshtaghaza, M. H., & Nikbakht, A. M. (2011). 
Evaluation of thin-layer drying models for simulation of drying kinetics 
of quercus (Quercus persica and Quercus libani). Journal of 
Agricultural Science and Technology, 13(2), 155–163. 

Tamime, A. Y., & Robinson, R. K. (2007). Tamime and Robinson’s yoghurt: 
science and technology. (3rd ed.). Woodhead Publishing Ltd. 
https://doi.org/https://doi.org/10.1533/9781845692612.13 

Togrul, I. T. and P. (2002). Mathematical modelling of solar drying of apricots in 
thin layers. Journal of Food Engineering. Retrieved from https://ac.els-
cdn.com/S0260877402000651/1-s2.0-S0260877402000651-
main.pdf?_tid=spdf-428ce4b3-f956-4ecc-8163-



© C
OPYRIG

HT U
PM

85 
 

523f5849b181&acdnat=1519903191_7389db61d9dcb233e0cec79f626
85214 

Torki‑Harchegani, M., Ghasemi-Varnamkhasti, M., Ghanbarian, D., Sadeghi, 
M., & Tohidi, M. (2016). Dehydration characteristics and mathematical 
modelling of lemon slices drying undergoing oven treatment. Heat and 
Mass Transfer, 52(2), 281–289. https://doi.org/10.1007/s00231-015-
1546-y 

Tosun, I., Ustun, N. S., & Tekguler, B. (2008). Physical and chemical changes 
during ripening of blackberry fruits. Scientia Agricola, 65(1), 87–90. 
https://doi.org/10.1590/S0103-90162008000100012 

Tseng, A., & Zhao, Y. (2013). Wine grape pomace as antioxidant dietary fibre 
for enhancing nutritional value and improving storability of yogurt and 
salad dressing. Food Chemistry, 138(1), 356–365. 
https://doi.org/10.1016/j.foodchem.2012.09.148 

Tufeanu, R., Tita, A., & Tita, O. (2017). Influence of chia powder in low fat 
stirred yogurt. In International Multidisciplinary Scientific 
GeoConference Surveying Geology and Mining Ecology Management, 
SGEM (Vol. 17, pp. 761–768). 
https://doi.org/10.5593/sgem2017/61/S25.099 

Tze, N. L., Han, C. P., Yusof, Y. A., Ling, C. N., Talib, R. A., Taip, F. S., & Aziz, 
M. G. (2012). Physicochemical and nutritional properties of spray-dried 
pitaya fruit powder as natural colorant. Food Science and 
Biotechnology, 21(3), 675–682. https://doi.org/10.1007/s10068-012-
0088-z 

Ukam, N. (2008). The Potentials of Some Lesser Known vegetables. Nigerian 
Journal of Nutrition and Science, 29, 299–305. 

Untalan, M. K. C., Perez, I. R. F., Escalona, G. H. R. K. M. H., De Guzman, L. 
D., & Lumanglas, R. F. L. (2015). Proximate analysis and antioxidant 
properties of selected fruits in batangas. Asia Pacific Journal of 
Multidisciplinary Research, 3(4), 41–45. Retrieved from 
www.apjmr.com 

Vieira, N. F., Silva, M. A. P., Martins, Y. A. A., Souza, D. G., Lima, M. S., 
Plácido, G. R., & Caliari, M. (2015). Physicochemical and sensory 
profile of yogurt added with passion fruit peel flour. African Journal of 
Biotechnology, 14(2), 149–155. https://doi.org/10.5897/A 

Waghmare, A. G., & Arya, S. S. (2012). Use of fruit by-products in the 
preparation of hypoglycemic thepla: Indian unleavened vegetable flat 
bread. Journal of Food Processing and Preservation, 38(3), 1198–
1206. https://doi.org/10.1111/jfpp.12080 

Wang, Z., Sun, J., Chen, F., Liao, X., & Hu, X. (2006). Mathematical modelling 
on thin layer microwave drying of apple pomace with and without hot 
air pre-drying. Journal of Food Engineering, 80(2), 536–544. 
https://doi.org/10.1016/j.jfoodeng.2006.06.019 

Yağcioğlu, A., Demir, V., & Günhan, T. (2007). Effective moisture diffusivity 
estimation from drying data. Tarim Makinalari Bilimi Dergisi, 3(4), 249–
256. https://doi.org/10.1007/978-3-319-17103-6_22 

Yaldiz, O., Ertekin, C., & Uzun, H. I. (2001). Mathematical modeling of thin 
layer solar drying of sultana grapes. Energy, 26(5), 457–465. 
https://doi.org/10.1016/S0360-5442(01)00018-4 



© C
OPYRIG

HT U
PM

86 
 

Yogiraj, V., Goyal, P. K., Chauhan, C. S., Goyal, A., & Vyas, B. (2014). Carica 
papaya Linn: an overview. International Journal of Herbal Medicine, 
2(5), 1–8. 

Zainuddin, M. F., Rosnah, S., Noriznan, M. M., & Dahlan, I. (2014). Effect of 
moisture content on physical properties of animal feed pellets from 
pineapple plant waste. Agriculture and Agricultural Science Procedia, 
2, 224–230. https://doi.org/10.1016/j.aaspro.2014.11.032 

Zielinska, M., & Markowski, M. (2012). Color characteristics of carrots: Effect of 
drying and rehydration. International Journal of Food Properties, 15(2), 
450–466. https://doi.org/10.1080/10942912.2010.489209 

Zogzas, N. P., Maroulis, Z. B., & Marinos-Kouris, D. (1996). Moisture diffusivity 
data compilation in foodstuffs. Drying Technology, 14(10), 2225–2253. 
https://doi.org/10.1080/07373939608917205 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

97 
 

 
BIODATA OF STUDENT 

 

Sama Manzoor completed her early education in UK and secondary schooling 
in India from Delhi Public School Srinagar. She had immense interest in food 
process and engineering which led her to pursue Bachelor of Technology in 
Food Technology from Islamic University of Science and Technology, India. 
Her passion ultimately led her to join Universiti Putra Malaysia to study Master 
of Science in Food Engineering under the supervision of Assoc. Prof. Ir. Dr. 
Yus Aniza Yusof.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

98 
 

 
LIST OF PUBLICATIONS 

 

Manzoor, S., Yusof, Y. A., Chin, N. L., Tawakkal, I. S. M. A., Fikry, M., Chang, 
L.S. (2019). Quality Characteristics and Sensory Profile of Stirred 
Yogurt Enriched with Papaya Peel Powder. Pertanika Journal of 
Tropical Agricultural Science. (Published) 

 

Manzoor, S., Yusof, Y. A., Chin, N. L., Tawakkal, I. S. M. A., Fikry, M., Chang, 
L.S. (2019). Thin-layer Drying Characteristics of Papaya (Carica 
papaya) Peel using Convection Oven and Microwave Drying. Pertanika 
Journal of Science & Technology. (Published) 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

1 
 

 
 

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT 
AND COPYRIGHT 

 
ACADEMIC SESSION : Second Semester 2018/2019 

 
 
TITLE OF THESIS / PROJECT REPORT : COMPARISON BETWEEN 

CONVECTION AND MICROWAVE OVEN DRYING OF Carica papaya L. 

PEEL AND CHARACTERIZATION OF THE POWDERED PEEL  

NAME OF STUDENT :    

SAMA MANZOOR 

I acknowledge that the copyright and other intellectual property in the 

thesis/project report belonged to Universiti Putra Malaysia and I agree to allow 

this thesis/project report to be placed at the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia. 

2. The library of Universiti Putra Malaysia has the right to make copies for 

educational purposes only. 

3. The library of Universiti Putra Malaysia is allowed to make copies of this 
thesis for academic   exchange.  

 
I declare that this thesis is classified as: 

*Please tick (√ ) 
 

CONFIDENTIAL  (Contain confidential information under Official 
Secret Act 1972). 

 
RESTRICTED  (Contains restricted information as specified 

by the organization/institution where research 
was done).   

 
OPEN ACCESS I agree that my thesis/project report to be 

published as hard copy or online open access.  
 
 



© C
OPYRIG

HT U
PM

 
 

This thesis is submitted for: 

PATENT Embargo from  _____________ until 
____________           (date)               
     (date) 

 
 

Approved by: 
 
 
 
                                                                               
________________________               ____________________ 
(Signature of Student) (Signature of Chairman 
New IC No/ Passport No.: of Supervisory Committee) 
      Name: 
Date : 
      Date :  
 
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with 
the letter from the organization/institution with period and reasons for 
confidentially or restricted. ] 
 




