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ELEMENT ANALYSIS 

 
 

By 
 

NURAZWIN BINTI ZULKIFLI 
 

July 2022 
 
 

Chair  : Associate Professor Ir. Norhashila Hashim, PhD  
Faculty  : Engineering 
 
 
Monitoring of impact damage of papaya due to punctures and cuts caused by 
excessive loading is a significant problem in papaya production. Therefore, this 
study aims to develop a finite element (FE) model to determine the puncture 
responses of Exotica papayas during storage. 
 
 
As a first step to modelling the puncture responses of papaya during storage, 
the physiochemical and puncture properties were analysed. The fruits were used 
to measure the physicochemical properties (i.e colour, weight, dimensions, 
density, moisture content (MC), total soluble solids (TSS), pH) and puncture 
properties (i.e., bioyield force, apparent elastic modulus, and mean force). The 
colour and TSS were best regressed with all puncture properties with the 
coefficient of determination (R2) more than 0.85. 
 
 
Through the combination of FE analysis and optimisation procedure, the 
constitutive properties of flesh and skin were obtained. The FE data showed 
strong agreement with experimental data with R2 values obtained of 0.87 and 
0.88 for FE compression and tensile models, respectively. Throughout the 16 
days' storage durations, the FE model was able to predict a decrease of 54.28% 
and 71.24% in failure stress of flesh and skin, respectively. 
 
 
A three-dimensional (3D) FE model to simulate the probe-papaya interaction 
during the puncture test was then developed. The fruit model was presented as 
a multi-body system, and the constitutive properties of skin and flesh were used 
for the material model. The resulting force-deformation of the FE data was 
compared with the experimental data for the validation of the FE puncture model. 
Sensitivity checks were also done to evaluate the robustness of the FE model 
using the different values of constitutive properties of flesh and skin. Results 
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indicated that the model was able to predict the decrease in bioyield force of 39% 
when the papaya was stored at 12 ± 1°C for 16 days. This study also suggested 
that the skin contributes more than 20% to the overall stiffness of the whole 
papaya. The extreme values of 22.3N proved this detection for the bioyield force 
measured in the FE model when performing the sensitivity checks on skin 
properties, instead of 16.8N obtained during the sensitivity checks on flesh 
properties. 
 
 
In conclusion, the FE model developed in this study potentially serves as a 
reliable prediction method to predict the puncture properties of papaya. The 
simulation and modelling of the different loading cases using the FE method can 
be beneficial to predict failure stress in papaya, which can occur during 
postharvest handling operations. 
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PEMODELAN TINDAK BALAS TEBUK-TEMBUS DI DALAM BETIK 
MENGGUNAKAN ANALISIS ELEMEN TERHINGGA 

 

Oleh 
 

NURAZWIN BINTI ZULKIFLI 
 

Julai 2022 
 
 

Pengerusi : Profesor Madya Ir. Norhashila Hashim, PhD 
Fakulti  : Kejuruteraan 
 
 
Pemantauan kerosakan akibat beban hentaman betik akibat tebuk-tembus 
merupakan masalah yang ketara dalam pengeluaran betik. Oleh itu, kajian ini 
bertujuan untuk membangunkan model elemen terhingga (FE) untuk 
menentukan tindak balas tebuk-tembus betik Esotika semasa penyimpanan.  
 
 
Sebagai langkah pertama untuk memodelkan tindak balas tebuk-tembus betik 
semasa penyimpanan, sifat fisiokimia dan tebuk-tembus telah dianalisis. Sampel 
digunakan untuk mengukur sifat fisiokimia (iaitu warna, berat, dimensi, 
ketumpatan, kandungan lembapan (MC), jumlah pepejal larut (TSS), pH) dan 
sifat tebuk-tembus (iaitu daya biohasil, modulus anjal, dan daya min). Sifat warna 
dan TSS boleh digunakan untuk menjangkakan perubahan pada daya biohasil, 
modulus anjal, dan daya min dengan pekali penentu (R2) lebih 0.85. 
 
 
Melalui gabungan analisis FE dan prosedur pengoptimuman, properties juzuk isi 
dan kulit betik diperolehi. Data FE menunjukkan persetujuan yang kukuh dengan 
data eksperimen dengan nilai R2 yang diperolehi masing-masing 0.87 dan 0.88 
untuk model mampatan dan tegangan FE. Sepanjang tempoh penyimpanan 16 
hari, model FE dapat meramalkan penurunan masing-masing sebanyak 54.28% 
dan 71.24% dalam tekanan kegagalan isi dan kulit betik.  
 
 
Model FE tiga dimensi (3D) untuk mensimulasikan interaksi kuar-betik semasa 
ujian tebuk-tembus telah dibangunkan. Model buah dibentangkan sebagai 
sistem skala berbilang badan, dan properties juzuk kulit dan isi digunakan 
sebagai input kepada model FE. Untuk pengesahan model FE, perbandingan 
antara data yang diperolehi daripada model FE dibandingkan dengan data 
eksperimen. Pemeriksaan sensitiviti juga dilakukan untuk menilai keteguhan 
model FE menggunakan nilai properties juzuk isi dan kulit yang berbeza. 
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Keputusan mencadang bahawa model FE berupaya menjangkakan penurunan 
nilai daya biohasil sebanyak 39% apabila betik disimpan selama 16 hari pada 
suhu 12 ± 1°C. Penemuan juga menunjukkan bahawa sumbangan kulit 
sebanyak lebih 20% dalam meramalkan kekakuan keseluruhan betik. Nilai 
ekstrem 22.3N telah membuktikan pengesanan ini untuk daya biohasil yang 
diukur dalam model FE apabila melakukan pemeriksaan sensitiviti pada sifat 
kulit, bukannya 16.8N yang diperoleh semasa pemeriksaan sensitiviti pada sifat 
isi. 
 
 
Kesimpulannya, model FE yang dibangunkan dalam kajian ini berpotensi 
berfungsi sebagai kaedah ramalan yang boleh dipercayai untuk meramalkan 
sifat tebuk-tembus di dalam betik. Simulasi dan pemodelan kes pemuatan yang 
berbeza menggunakan kaedah FE boleh memberi manfaat untuk meramalkan 
tekanan kegagalan di dalam betik, yang boleh berlaku semasa operasi 
pengendalian lepas tuai  
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1. CHAPTER 1 
 

INTRODUCTION 

 
 

1.1 Background study 

 
 
Papaya is a non-seasonal fruit and is available throughout the year. It contains 
nutrients such as vitamin A and vitamin C, polyphenols, carotenoids, potassium, 
folate, niacin, thiamine, riboflavin, iron, carbohydrates, calcium, and fibre (Nieto 
Calvache et al., 2016). Also, the digestive enzyme of papaya, namely papain is 
used as an industrial ingredient in brewing, tenderizer in cooking and applications 
in the food industry, pharmaceuticals, textile, beauty products, and cosmetics 
(Esti et al., 2013).  
 
 
Based on the recent report (FAO, 2022), The world production of papayas grew 
by 2.7% to 353 000 tonnes in 2020. Malaysia is the fourth world- leading supply 
of papaya exporting 22 500 tonnes to the markets. However, in the face of a new 
market dynamic, the industry faced various challenges. Among many, one of 
them is the significant number of post-harvest losses due to the mechanical 
impact damage. A reduction in these losses would increase the number of fruits 
available for consumption and thus leads to growing consumer demand. This can 
be achieved by maintaining the fruit quality and extending the shelf-life of the 
papaya, mainly during the distribution from farm to retail. 
 
 
This current decade has seen the development of non-destructive techniques for 
determining the mechanical damage resistance of agricultural products, such as 
the thermo-acoustic ultrasound (Vasighi-Shojae et al., 2018), electronic and 
spectroscopy devices (Figueiredo Neto et al., 2017). For instance, Doosti-Irani et 
al. (2016) used thermal maps, while Che et al. (2018) used the hyperspectral 
imaging to determine the bruise region in apples. However, these techniques 
require extensive research to anticipate real-time monitoring, especially when the 
damaged fruit progressively and continuously softens throughout the handling 
processes. Furthermore, the systems also require a standard set up for a 
particular type of real-fruit, which is even more challenging to develop a practical 
and portable system usage.  The phenomena observed in fruits under load are 
generally described using the constitutive approaches (Komarnicki et al., 2016; 
Stopa et al., 2018a; Stropek & Gołacki, 2016). Mathematical models such as the 
Maxwell model (Saeidirad et al., 2013; Zhao et al., 2017), the Kelvin–Voight 
model (Xu & Chen, 2013), or the Burgers model (Ji et al., 2019), were often used 
to describe the mechanical behaviour of fruit. 
 
 
Finite element analysis (FEA) can be used to solve these constitutive model 
equations. For example, the formulation of the system equation was developed 
to express the conservation of between mass, applied force, and energy in 
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mechanised fruit processing (Fadiji et al., 2018). Through FEA, one should be 
able to estimate the fruit responses based on the number of applied loadings, 
making it possible to determine the influence of post-harvest handling systems 
that affect the susceptibility of the fruit to mechanical damage. The practicability 
of FEM is that it can reduce the number of physical experiments by replacing it 
with a simulation study before developing any related design prototype. 
 
 

1.2 Problem statement  

 
 
The accessibility of consumers to papaya must be increased by reducing the 
number of post-harvest losses. A reduction in these losses would increase the 
number of fruits available for consumption and thus leads to the growing 
consumer demand. MAFI (2020) reported that in 2018, papaya production in 
Malaysia was reduced to 36.8% while the export value declined up to 38% from 
2017. Papayas are often exposed to deterioration of physical structure caused 
by rough handling during post-harvest operations. The area or spot of impact can 
then serve as infection site for numerous wound pathogens that result in many 
severe diseases (Habib et al., 2020). These spots, even without infection by 
pathogens, are unsightly and cause moisture loss and excessive shrivelling 
(Ayón-Reyna et al., 2017). Besides, the quality of fruits may decline greatly during 
the postharvest supply chain. Since most of the recent literature describes the 
appeared physical and mechanical damages among other climacteric fruits 
except for papayas, this thesis addresses the existing gap by evaluating the 
connection between the changes in quality properties and the susceptibility level 
of papaya towards mechanical damage.  
 
 
The impractical implications of puncture probe-sample-related variables also 
make it challenging to compare puncture test data from different puncture setups. 
Plus, to this date, there are limited studies on the finite element modelling (FEM) 
related to papaya have been proposed. Therefore, this study aims to develop a 
three-dimensional (3D) model to simulate the probe-papaya interaction without 
having to perform the actual puncture test that could destruct the physical of the 
fruit. This thesis also addresses the importance of defining the material model as 
the accuracy of finite element (FE) models is depending on the material inputs. 
To select these inputs, the constitutive material model was developed to describe 
the non-linear, elastic-plastic, and failure deformation.  However, the 
consideration of the nonlinearity in part contact and plasticity in material models 
in these types of studies is still limited for fruit’s stress analysis. Through FE 

analysis and the combination of optimisation procedures, the constitutive 
properties of flesh and skin were obtained. 
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1.3 Significance of study 

 
 
Reducing food loss is critical to creating a zero Hunger world and reaching the 
world’s Sustainable Development Goals (SDGs). SDG 2 aims to achieve food 

security and SDG 12 to ensure sustainable consumption and food production 
patterns. 
 
 
Since papaya is consumed after peeling, not only its freshness is reduced but it 
also becomes prone to desiccation leading to spoilage. To counter this problem, 
researchers have strived to develop measures that kept the convenience of 
consumers in mind as well as helped in preserving the fruit for a longer duration. 
Hence, determining the mechanical properties is essential to achieve these aims. 
 
 
By adopting the experimental, numerical and FE modelling approaches, the 
mechanical damage in papaya can be predicted in real-time. Plus, this study 
exploited some prior knowledge about the characterisation of the multi-
mechanical properties of papaya. In this study, the different aspects in terms of 
simulation case study i.e type of puncture loading, and the suggested material 
model to predict the mechanical behaviour of papaya upon the impact loading 
are provided. In this study, localised tissue failure along the maximum width of 
papaya was simulated.  
 
 
The output of this research is beneficial to fresh produce producers, agricultural 
industries, and inventors to be used that it can reduce the number of physical 
experiments of the real testing on the site, by replacing it with a simulation study 
before developing any related design prototype 
 
 

1.4 Research objectives  

 
 
The main objective of the thesis is to develop a finite element model to predict 
the puncture responses in papaya. The specific objectives of the study are listed 
below: 
 
1. To determine the relationship between physicochemical and puncture 
properties of papaya at different storage durations. 
 
2. To evaluate the constitutive properties of papaya flesh and skin through 
the combined finite element analysis and optimisation procedure. 
 
3. To validate the finite element model for the predictions of the puncture 
impact at different storage period. 
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1.5 Scope and limitations 

 
 
The study only focused on the established commercial variety of Exotica 
papayas, stored at 12 ± 2 °C with 75 ± 5% of relative humidity (RH) for 16 
consecutive days. The main essence of this study is the development of finite 
element modelling that predicts the mechanical responses of papaya during 
puncture impact loading at 1.5mm/s. The puncture was performed along the 
maximum width of each fruit. The ANSYS software (ANSYS Incorporation, 
Canonsburg, PA, USA) was used for developing the geometrical model and FE 
analysis.  
 
 

1.6 Thesis outline                                                                                       

 
 
This thesis content is organised into five chapters, which are presented as 
follows: 
 
 
Chapter 1 begins with an overview of the background study. The broad issue 
concerning the fruit losses and the occurrence of mechanical damage throughout 
post-harvest handling are highlighted. The overview section helps to develop the 
problem statement and research objectives which are also represented in this 
chapter. 
 
 
The main focus of Chapter 2 is to report a review of the literature, considering 
the application of FEM to determine the mechanical damage in fruits. The 
objective is to identify the state of the art in FE analysis by considering the recent 
trends in geometrical modelling approaches, constitutive models, and the 
relevant method that is required for FEM validations. Furthermore, the discussion 
on the FEM-related future research possibilities is proposed where comments 
are made regarding the potential for the practical implementation of FEM in the 
agricultural industry.  
 
 
Chapter 3 describes the empirical test to evaluate the effects of storage duration 
on the physicochemical and puncture properties of the Exotica papaya. The 
method to identify the constitutive properties of flesh and skin of the papaya using 
FE analysis and optimisation procedure is presented. This chapter also covers 
the customary method to develop the FE model for the prediction of the puncture 
response of papaya with the effect of storage conditions.  
 
 
Chapter 4 is devoted to findings obtained in the experimental tests and FEA. The 
effect of different storage conditions on the physical and puncture properties of 
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the Exotica papaya are discussed. Constitutive properties of flesh and skin of 
papaya which had been obtained through FE analysis were presented. Using the 
constitutive multi-scale s, the performance of the FE model to predict the 
puncture response of papaya was then compared with the experimental results.  
 
 
Finally, Chapter 5 will provide the summary and conclusion of the study. Besides 
that, several recommendations are given based on the findings discussed in 
previous chapters. 
  
 

 

 



© C
OPYRIG

HT U
PM

113 
 

REFERENCES 

 

Abbaszadeh, R., Rajabipour, A., Sadrnia, H., Mahjoob, M. J., Delshad, M., & 
Ahmadi, H. (2014). Application of modal analysis to the watermelon through 
finite element modeling for use in ripeness assessment. Journal of Food 
Engineering, 127, 80–84. https://doi.org/10.1016/j.jfoodeng.2013.11.020 

Abera, M. K., Aregawi, W. A., Ho, Q. T., Rogge, S., Delele, M. A., Ambaw, A., 
Verboven, P., & Nicolai, B. M. (2016). Multiscale Modeling of Food 
Processes. In Reference Module in Food Science (pp. 1–12). Elsevier. 
https://doi.org/10.1016/B978-0-08-100596-5.03126-7 

Aggarwal, A. (2017). An improved parameter estimation and comparison for soft 
tissue constitutive models containing an exponential function. 
Biomechanics and Modeling in Mechanobiology, 16(4), 1309–1327. 
https://doi.org/10.1007/s10237-017-0889-3 

Ahmadi, E., Barikloo, H., & Kashfi, M. (2016). Viscoelastic finite element analysis 
of the dynamic behavior of apple under impact loading with regard to its 
different layers. Computers and Electronics in Agriculture, 121, 1–11. 
https://doi.org/10.1016/j.compag.2015.11.017 

Ali, A., Muhammad, M. T. M., Sijam, K., & Siddiqui, Y. (2011). Effect of chitosan 
coatings on the physicochemical characteristics of Eksotika II papaya 
(Carica papaya L.) fruit during cold storage. Food Chemistry, 124(2), 620–
626. https://doi.org/10.1016/j.foodchem.2010.06.085 

Ali, A., Ong, M. K., & Forney, C. F. (2014). Effect of ozone pre-conditioning on 
quality and antioxidant capacity of papaya fruit during ambient storage. 
Food Chemistry, 142, 19–26. 
https://doi.org/10.1016/j.foodchem.2013.07.039 

Alkarkhi, A. F. M., Ramli, S. Bin, Yong, Y. S., & Easa, A. M. (2011). Comparing 
physicochemical properties of banana pulp and peel flours prepared from 
green and ripe fruits. Food Chemistry, 129(2), 312–318. 
https://doi.org/10.1016/j.foodchem.2011.04.060 

Anderson, P. S. L., LaCosse, J., & Pankow, M. (2016). Point of impact: the effect 
of size and speed on puncture mechanics. Interface Focus, 6(3), 20150111. 
https://doi.org/10.1098/rsfs.2015.0111 

Arrazola Paternina, G., Villadiego Luna, F., & Alvis Bermudez, A. (2022). 
Nutraceutical, thermophysical and textural characteristics of papaya 
(Carica papaya L) and incidence for post-harvest management. Heliyon, 
8(4), e09231. https://doi.org/10.1016/j.heliyon.2022.e09231 

Athmaselvi, K. A., Jenney, P., Pavithra, C., & Roy, I. (2014). Physical and 
biochemical properties of selected tropical fruits. International Agrophysics, 
28(3), 383–388. https://doi.org/10.2478/intag-2014-0028 



© C
OPYRIG

HT U
PM

114 
 

ASAE S368.4 DEC2000 (R2008) Compression Test of Food Materials of Convex 
Shape. American Society of Agricultural Engineers. St. Joseph, Michigan. 

ASAE. (1983). ASAE Standards: ASAE 352.1 Moisture measurement. Grains 
and seeds. American Society of Agricultural Engineers. St. Joseph, 
Michigan. 

Ayón-Reyna, L. E., González-Robles, A., Rendón-Maldonado, J. G., Báez-
Flores, M. E., López-López, M. E., & Vega-García, M. O. (2017). 
Application of a hydrothermal-calcium chloride treatment to inhibit 
postharvest anthracnose development in papaya. Postharvest Biology and 
Technology, 124, 85–90. https://doi.org/10.1016/j.postharvbio.2016.10.009 

Aziz, N. A. A., Jusoh, M. Z., & Rosman, R. (2021). Relationship of Total Soluble 
Solid (TSS) and Capacitance Value of Papaya Fruit Using Capacitive 
Sensing Technique. ISCI 2021 - 2021 IEEE Symposium on Computers and 
Informatics, 51–57. https://doi.org/10.1109/ISCI51925.2021.9633402 

Balieu, R., Lauro, F., Bennani, B., Delille, R., Matsumoto, T., & Mottola, E. (2013). 
A fully coupled elastoviscoplastic damage model at finite strains for mineral 
filled semi-crystalline polymer. International Journal of Plasticity, 51, 241–
270. https://doi.org/10.1016/j.ijplas.2013.05.002 

Bao, X., Li, W., Lu, M., & Zhou, Z. R. (2016). Experiment study on puncture force 
between MIS suture needle and soft tissue. Biosurface and Biotribology, 
2(2), 49–58. https://doi.org/10.1016/j.bsbt.2016.05.001 

Barbosa, N. C., Vieira, M., Augusto, R., & de Resende, E. D. (2018). Modeling 
the respiration rate of Golden papayas stored under different atmosphere 
conditions at room temperature. Postharvest Biology and Technology. 
https://doi.org/10.1016/j.postharvbio.2017.11.005 

Barragán-Iglesias, J., Méndez-Lagunas, L. L., & Rodríguez-Ramírez, J. (2018). 
Ripeness indexes and physicochemical changes of papaya (Carica papaya 
L. cv. Maradol) during ripening on-tree. Scientia Horticulturae, 236(April), 
272–278. https://doi.org/10.1016/j.scienta.2017.12.012 

Barreto, G. P. M., Fabi, J. P., De Rosso, V. V., Cordenunsi, B. R., Lajolo, F. M., 
do Nascimento, J. R. O., & Mercadante, A. Z. (2011). Influence of ethylene 
on carotenoid biosynthesis during papaya postharvesting ripening. Journal 
of Food Composition and Analysis, 24(4–5), 620–624. 
https://doi.org/10.1016/j.jfca.2011.02.006 

Bianchi, T., Guerrero, L., Gratacós-Cubarsí, M., Claret, A., Argyris, J., Garcia-
Mas, J., & Hortós, M. (2016). Textural properties of different melon 
(Cucumis melo L.) fruit types: Sensory and physical-chemical evaluation. 
Scientia Horticulturae, 201, 46–56. 
https://doi.org/10.1016/j.scienta.2016.01.028 

Brahem, M., Renard, C. M. G. C., Gouble, B., Bureau, S., & Le Bourvellec, C. 
(2017). Characterization of tissue specific differences in cell wall 



© C
OPYRIG

HT U
PM

115 
 

polysaccharides of ripe and overripe pear fruit. Carbohydrate Polymers, 
156, 152–164. https://doi.org/10.1016/j.carbpol.2016.09.019 

Brüggenwirth, M., & Knoche, M. (2016). Factors affecting mechanical properties 
of the skin of sweet cherry fruit. Journal of the American Society for 
Horticultural Science, 141(1), 45–53. 
https://doi.org/10.21273/jashs.141.1.45 

Brunetti, G., Šimůnek, J., & Bautista, E. (2018). A hybrid finite volume-finite 
element model for the numerical analysis of furrow irrigation and fertigation. 
Computers and Electronics in Agriculture, 150(February), 312–327. 
https://doi.org/10.1016/j.compag.2018.05.013 

Carvalho, E. de A., Magalhães, R. R., & Santos, F. L. (2016). Geometric 
modeling of a coffee plant for displacements prediction. Computers and 
Electronics in Agriculture, 123, 57–63. 
https://doi.org/10.1016/j.compag.2016.02.008 

Celik, H. K. (2017). Determination of bruise susceptibility of pears (Ankara 
variety) to impact load by means of FEM-based explicit dynamics 
simulation. Postharvest Biology and Technology, 128, 83–97. 
https://doi.org/10.1016/j.postharvbio.2017.01.015 

Celik, H. K., Rennie, A. E. W., & Akinci, I. (2011). Deformation behaviour 
simulation of an apple under drop case by finite element method. Journal 
of Food Engineering, 104(2), 293–298. 
https://doi.org/10.1016/j.jfoodeng.2010.12.020 

Cevoli, C., & Fabbri, A. (2017). Heat transfer finite element model of fresh fruit 
salad insulating packages in non-refrigerated conditions. Biosystems 
Engineering, 153, 89–98. 
https://doi.org/10.1016/j.biosystemseng.2016.11.002 

Chatelin, S., Deck, C., Renard, F., Kremer, S., Heinrich, C., Armspach, J. P., & 
Willinger, R. (2011). Computation of axonal elongation in head trauma finite 
element simulation. Journal of the Mechanical Behavior of Biomedical 
Materials, 4(8), 1905–1919. https://doi.org/10.1016/j.jmbbm.2011.06.007 

Che, W., Sun, L., Zhang, Q., Tan, W., Ye, D., Zhang, D., & Liu, Y. (2018). Pixel 
based bruise region extraction of apple using Vis-NIR hyperspectral 
imaging. Computers and Electronics in Agriculture, 146(January), 12–21. 
https://doi.org/10.1016/j.compag.2018.01.013 

Chen, D., Pang, X., Zhao, J., Gao, L., Liao, X., Wu, J., & Li, Q. (2015). Comparing 
the effects of high hydrostatic pressure and high temperature short time on 
papaya beverage. Innovative Food Science and Emerging Technologies, 
32, 16–28. https://doi.org/10.1016/j.ifset.2015.09.018 

Coetzee, C. J., & Lombard, S. G. (2013). The destemming of grapes: 
Experiments and discrete element modelling. Biosystems Engineering, 



© C
OPYRIG

HT U
PM

116 
 

114(3), 232–248. https://doi.org/10.1016/j.biosystemseng.2012.12.014 

Costa, F. (2016). Mechanical investigation to assess the peel contribution in 
apple fruit. Postharvest Biology and Technology, 111, 41–47. 
https://doi.org/10.1016/j.postharvbio.2015.07.019 

Diamante, L., & Umemoto, M. (2015). Rheological properties of fruits and 
vegetables: A review. International Journal of Food Properties, 18(6), 
1191–1210. https://doi.org/10.1080/10942912.2014.898653 

Dickinson, A. S., Steer, J. W., & Worsley, P. R. (2017). Finite element analysis 
of the amputated lower limb: A systematic review and recommendations. 
Medical Engineering and Physics, 43, 1–18. 
https://doi.org/10.1016/j.medengphy.2017.02.008 

Dintwa, E., Jancsók, P., Mebatsion, H. K., Verlinden, B., Verboven, P., Wang, C. 
X., Thomas, C. R., Tijskens, E., Ramon, H., & Nicolaï, B. (2011). A finite 
element model for mechanical deformation of single tomato suspension 
cells. Journal of Food Engineering, 103(3), 265–272. 
https://doi.org/10.1016/j.jfoodeng.2010.10.023 

Dintwa, E., Van Zeebroeck, M., Ramon, H., & Tijskens, E. (2008). Finite element 
analysis of the dynamic collision of apple fruit. Postharvest Biology and 
Technology, 49(2), 260–276. 
https://doi.org/10.1016/j.postharvbio.2008.01.012 

Doosti-Irani, O., Golzarian, M. R., Aghkhani, M. H., Sadrnia, H., & Doosti-Irani, 
M. (2016). Development of multiple regression model to estimate the 
apple’s bruise depth using thermal maps. Postharvest Biology and 
Technology, 116, 75–79. https://doi.org/10.1016/j.postharvbio.2015.12.024 

DSM. (2021, August 26) Media statement  for supply and utilization accounts 
selected agricultural commodities, 2016-2020. [Press release]. 
https://www.dosm.gov.my/v1/uploads/files/5_Gallery/2_Media/4_Stats%4
0media/4-Press_Statement/2021/8%20Ogos/SUA%202016-2020-
COMBINE.pd 

Du, D., Wang, B., Wang, J., Yao, F., & Hong, X. (2019). Prediction of bruise 
susceptibility of harvested kiwifruit (Actinidia chinensis) using finite element 
method. Postharvest Biology and Technology, 152(March), 36–44. 
https://doi.org/10.1016/j.postharvbio.2019.02.013 

Eboibi, O., & Uguru, H. (2017). Storage conditions effect on physic-mechanical 
properties of Nandini cucumber. International Journal of Engineering and 
Technical Research (IJETR), 7(11), 48–56. 

Emori, K., Fushimi, S., Miura, T., & Yonezu, A. (2020). FEM simulation of 
polymeric foam with random pore structure: Uniaxial compression with 
loading rate effect. Polymer Testing, 82(December 2019), 106303. 
https://doi.org/10.1016/j.polymertesting.2019.106303 



© C
OPYRIG

HT U
PM

117 
 

Erickson, L. C., & Kikuta, Y. (1965). Determination of Surface Area and Volume 
of Avocado Fruits. Figure 1. 

Esti, M., Benucci, I., Lombardelli, C., Liburdi, K., & Garzillo, A. M. V. (2013). 
Papain from papaya (Carica papaya L.) fruit and latex: Preliminary 
characterization in alcoholic-acidic buffer for wine application. Food and 
Bioproducts Processing, 91(4), 595–598. 
https://doi.org/10.1016/j.fbp.2013.02.003 

Evans, E. A., Ballen, F. H., & Crane, J. H. (2012). An Overview of Global Papaya 
Production , Trade , and Consumption FE913. Florida Cooperative 
Extension Service EDIS, 1–8. 
http://edis.ifas.ufl.edu/pdffiles/FE/FE91300.pdf%0Ahttp://edis.ifas.ufl.edu/ 

Fabi, J. P., & do Prado, S. B. R. (2019). Fast and furious: Ethylene-triggered 
changes in the metabolism of papaya fruit during ripening. Frontiers in Plant 
Science, 10(April). https://doi.org/10.3389/fpls.2019.00535 

Fadiji, T., Ambaw, A., Coetzee, C. J., Berry, T. M., & Opara, U. L. (2018). 
Application of finite element analysis to predict the mechanical strength of 
ventilated corrugated paperboard packaging for handling fresh produce. 
Biosystems Engineering, 174, 260–281. 
https://doi.org/10.1016/j.biosystemseng.2018.07.014 

Fadiji, T., Coetzee, C. J., Berry, T. M., Ambaw, A., & Opara, U. L. (2018). The 
efficacy of finite element analysis (FEA) as a design tool for food packaging: 
A review. Biosystems Engineering, 174, 20–40. 
https://doi.org/10.1016/j.biosystemseng.2018.06.015 

Fadiji, T., Coetzee, C. J., Berry, T. M., & Opara, U. L. (2019). Investigating the 
role of geometrical configurations of ventilated fresh produce packaging to 
improve the mechanical strength – Experimental and numerical 
approaches. Food Packaging and Shelf Life, 20(June), 100312. 
https://doi.org/10.1016/j.fpsl.2019.100312 

FAMA (2004). Siri panduan kualiti betik Eksotika. 
https://www.fama.gov.my/documents/20143/0/BetikEksotika.pdf/496c67a0
-1c81-87ec-dcae-a1bd5fc76676 

Fan, S., Li, C., Huang, W., & Chen, L. (2017). Detection of blueberry internal 
bruising over time using NIR hyperspectral reflectance imaging with 
optimum wavelengths. Postharvest Biology and Technology, 134(April), 
55–66. https://doi.org/10.1016/j.postharvbio.2017.08.012 

FAO. 2022. Major Tropical Fruits: Preliminary results 2021. Rome 

Farina, V., Tinebra, I., Perrone, A., Sortino, G., Palazzolo, E., Mannino, G., & 
Gentile, C. (2020). Physicochemical, Nutraceutical and Sensory Traits of 
Six Papaya (Carica papaya L.) Cultivars Grown in Greenhouse Conditions 
in the Mediterranean Climate. Agronomy, 10(4), 1–16. 



© C
OPYRIG

HT U
PM

118 
 

https://doi.org/10.3390/agronomy10040501 

Farouk IDnan, U. F., Osman, A., & Saari, N. (2013). Changes in texture and total 
soluble solids (TSS) content of “Sekaki” and “Eksotika” papaya during 
storage at different temperatures. Acta Horticulturae, 1012, 851–856. 
https://doi.org/10.17660/ActaHortic.2013.1012.115 

Feng, J., McGlone, A., Tanner, D., White, A., Olsson, S., Petley, M., & Woolf,  
lan. (2011). Effect of penetration speed on flesh firmness measured on 
stored kiwifruit. Postharvest Biology and Technology, 61(1), 29–34. 
https://doi.org/10.1016/j.postharvbio.2011.01.014 

Figueiredo Neto, A., Cárdenas Olivier, N., Rabelo Cordeiro, E., & Pequeno de 
Oliveira, H. (2017). Determination of mango ripening degree by electrical 
impedance spectroscopy. Computers and Electronics in Agriculture, 
143(November), 222–226. https://doi.org/10.1016/j.compag.2017.10.018 

G’sell, C., Aly-Helal, N. A., & Jonas, J. J. (1983). Effect of stress triaxiality on 
neck propagation during the tensile stretching of solid polymers. Journal of 
Materials Science, 18(6), 1731–1742.  

Gaete-Eastman, C., Figueroa, C. R., Balbontín, C., Moya, M., Atkinson, R. G., 
Herrera, R., & Moya-León, M. A. (2009). Expression of an ethylene-related 
expansin gene during softening of mountain papaya fruit (Vasconcellea 
pubescens). Postharvest Biology and Technology, 53(1–2), 58–65. 
https://doi.org/10.1016/j.postharvbio.2009.03.007 

Gamble, J., Harker, F. R., Jaeger, S. R., White, A., Bava, C., Beresford, M., 
Stubbings, B., Wohlers, M., Hofman, P. J., Marques, R., & Woolf, A. (2010). 
The impact of dry matter, ripeness and internal defects on consumer 
perceptions of avocado quality and intentions to purchase. Postharvest 
Biology and Technology, 57(1), 35–43. 
https://doi.org/10.1016/j.postharvbio.2010.01.001 

Gao, Y., Song, C., Rao, X., & Ying, Y. (2018). Image processing-aided FEA for 
monitoring dynamic response of potato tubers to impact loading. 
Computers and Electronics in Agriculture, 151(May), 21–30. 
https://doi.org/10.1016/j.compag.2018.05.027 

Giongo, L., Ajelli, M., Poncetta, P., Ramos-García, M., Sambo, P., & Farneti, B. 
(2019). Raspberry texture mechanical profiling during fruit ripening and 
storage. Postharvest Biology and Technology, 149(December 2018), 177–
186. https://doi.org/10.1016/j.postharvbio.2018.11.021 

Gomes, B. L., Fabi, J. P., & Purgatto, E. (2016). Cold storage affects the volatile 
profile and expression of a putative linalool synthase of papaya fruit. Food 
Research International, 89, 654–660. 
https://doi.org/10.1016/j.foodres.2016.09.025 

González-Aguilar, G. A., Buta, J. G., & Wang, C. Y. (2003). Methyl jasmonate 



© C
OPYRIG

HT U
PM

119 
 

and modified atmosphere packaging (MAP) reduce decay and maintain 
postharvest quality of papaya “Sunrise.” Postharvest Biology and 
Technology, 28(3), 361–370. https://doi.org/10.1016/S0925-
5214(02)00200-4 

Guessasma, S., Chaunier, L., Della Valle, G., & Lourdin, D. (2011). Mechanical 
modelling of cereal solid foods. Trends in Food Science and Technology, 
22(4), 142–153. https://doi.org/10.1016/j.tifs.2011.01.005 

Habib, M. T., Majumder, A., Jakaria, A. Z. M., Akter, M., Uddin, M. S., & Ahmed, 
F. (2020). Machine vision based papaya disease recognition. Journal of 
King Saud University - Computer and Information Sciences, 32(3), 300–
309. https://doi.org/10.1016/j.jksuci.2018.06.006 

Hazbavi, E., Khoshtaghaza, M. H., Mostaan, A., & Banakar, A. (2015). Effect of 
storage duration on some physical properties of date palm (cv. Stamaran). 
Journal of the Saudi Society of Agricultural Sciences, 14(2), 140–146. 
https://doi.org/10.1016/j.jssas.2013.10.001 

Hertog, M. L. A. T. M., Jeffery, P. B., Gwanpua, S. G., Lallu, N., & East, A. (2016). 
A mechanistic model to describe the effects of time, temperature and 
exogenous ethylene levels on softening of kiwifruit. Postharvest Biology 
and Technology, 121, 143–150. 
https://doi.org/10.1016/j.postharvbio.2016.08.002 

Hertz, H. (1896). Miscellaneous papers. 

Hetzroni, A., Vana, A., & Mizrach, A. (2011). Biomechanical characteristics of 
tomato fruit peels. Postharvest Biology and Technology, 59(1), 80–84. 
https://doi.org/10.1016/j.postharvbio.2010.08.008 

Ho, Q. T., Carmeliet, J., Datta, A. K., Defraeye, T., Delele, M. A., Herremans, E., 
Opara, L., Ramon, H., Tijskens, E., Van Der Sman, R., Van Liedekerke, P., 
Verboven, P., & Nicolaï, B. M. (2013). Multiscale modeling in food 
engineering. Journal of Food Engineering, 114(3), 279–291. 
https://doi.org/10.1016/j.jfoodeng.2012.08.019 

Hussein, Z., Fawole, O. A., & Opara, U. L. (2019). Bruise damage susceptibility 
of pomegranates (Punica granatum, L.) and impact on fruit physiological 
response during short term storage. Scientia Horticulturae, 246(November 
2018), 664–674. https://doi.org/10.1016/j.scienta.2018.11.026 

Ihueze, C. C., & Mgbemena, C. E. (2017). Design for limit stresses of orange 
fruits (Citrus sinensis) under axial and radial compression as related to 
transportation and storage design. Journal of the Saudi Society of 
Agricultural Sciences, 16(1), 72–81. 
https://doi.org/10.1016/j.jssas.2015.02.005 

Instron. (2012). Accessories Catalog for Materials Testing. Instron, 1–440. 
http://www.instron.us/wa/acc_catalog/default.aspx 



© C
OPYRIG

HT U
PM

120 
 

Jahanbakhshi, A., Yeganeh, R., & Shahgoli, G. (2020). Determination of 
Mechanical Properties of Banana Fruit under Quasi-Static Loading in 
Pressure, Bending, and Shearing Tests. International Journal of Fruit 
Science, 20(3), 314–322. https://doi.org/10.1080/15538362.2019.1633723 

Jamora, L. C. (2006). Some rheological properties of sinta papaya (Carica 
papaya L.) fruits. 

Jha, S. N., & Matsuoka, T. (2002). Surface stiffness and density of eggplant 
during storage. Journal of Food Engineering, 54(1), 23–26. 
https://doi.org/10.1016/S0260-8774(01)00181-9 

Ji, W., Qian, Z., Xu, B., Chen, G., & Zhao, D. (2019). Apple viscoelastic complex 
model for bruise damage analysis in constant velocity grasping by gripper. 
Computers and Electronics in Agriculture, 162(May), 907–920. 
https://doi.org/10.1016/j.compag.2019.05.022 

Johnson, K. L. (1970). The correlation of indentation experiments. Journal of the 
Mechanics and Physics of Solids, 18(2), 115–126. 
https://doi.org/10.1016/0022-5096(70)90029-3 

Juxia, W., Qingliang, C., Hongbo, L., & Yaping, L. (2015). Experimental research 
on mechanical properties of apple peels. Journal of Engineering and 
Technological Sciences, 47(6), 688–705. 
https://doi.org/10.5614/j.eng.technol.sci.2015.47.6.8 

Kacal, M., & Koyuncu, M. A. (2017). Cracking characteristics and kernel 
extraction quality of hazelnuts: Effects of compression speed and positions. 
International Journal of Food Properties, 20(2), 1664–1674. 
https://doi.org/10.1080/10942912.2017.1352600 

Kannan, K., Kedelty, D., & Herrmann, M. (2018). An in-cell reconstruction finite 
volume method for flows of compressible immiscible fluids. Journal of 
Computational Physics, 373, 784–810. 
https://doi.org/10.1016/j.jcp.2018.07.006 

Kechinski, C. P., Montero, C. R. S., Guimarães, P. V. R., Noreña, C. P. Z., 
Marczak, L. D. F., Tessaro, I. C., & Bender, R. J. (2012). Effects of ozonized 
water and heat treatment on the papaya fruit epidermis. Food and 
Bioproducts Processing, 90(2), 118–122. 
https://doi.org/10.1016/j.fbp.2011.01.005 

Kher, R. M., & Sahu, F. M. (2018). Engineering physical properties of papaya ( 
Carica papaya L ) at different ripening stages. International Journal of 
Chemical Studies, 6(6), 1945–1952. 

Kher, R. M., Sahu, F. M., Singh, S. N., & Patel, V. A. (2018). Estimation of Surface 
Area of Papaya Fruits. International Journal of Current Microbiology and 
Applied Sciences, 7(11), 3601–3607. 
https://doi.org/10.20546/ijcmas.2018.711.411 



© C
OPYRIG

HT U
PM

121 
 

Khodabakhshian, R., & Emadi, B. (2015). Development of a finite element 
method model to determine mechanical behavior of pumpkin seed. 
International Journal of Food Properties, 18(2), 231–240. 
https://doi.org/10.1080/10942912.2013.822883 

Kohyama, K., Nagata, A., Tamaki, Y., & Sakurai, N. (2009). Comparison of 
human-bite and instrument puncture tests of cucumber texture. Postharvest 
Biology and Technology, 52(2), 243–246. 
https://doi.org/10.1016/j.postharvbio.2008.12.001 

Komarnicki, P., Stopa, R., Kuta, Ł., & Szyjewicz, D. (2017). Determination of 
apple bruise resistance based on the surface pressure and contact area 
measurements under impact loads. Computers and Electronics in 
Agriculture, 142, 155–164. https://doi.org/10.1016/j.compag.2017.08.028 

Komarnicki, P., Stopa, R., Szyjewicz, D., & Młotek, M. (2016). Evaluation of 
bruise resistance of pears to impact load. Postharvest Biology and 
Technology, 114, 36–44. https://doi.org/10.1016/j.postharvbio.2015.11.017 

Kosma, A., & Cunnigham, H. (1962). Tables for calculating the compressive 
surface stresses and defelection in the contact of two elastic bodies whose 
principle planes of curvature do not coincide. Journal of Industrial 
Mathematics, 12(31–40). 

Lepsik, P., Simanjuntak, S., Petru, M., Herak, D., Hrabe, P., & Kabutey, A. 
(2014). Relaxation behaviour of Jatropha curcas L. bulk seeds under 
compression loading. Biosystems Engineering, 125, 17–23. 
https://doi.org/10.1016/j.biosystemseng.2014.06.012 

Li, Z. (2013). The effect of compressibility, loading position and probe shape on 
the rupture probability of tomato fruits. Journal of Food Engineering, 119(3), 
471–476. https://doi.org/10.1016/j.jfoodeng.2013.06.024 

Li, Z., Andrews, J., & Wang, Y. (2017). Mathematical modelling of mechanical 
damage to tomato fruits. Postharvest Biology and Technology, 126, 50–56. 
https://doi.org/10.1016/j.postharvbio.2016.12.001 

Li, Z., Li, P., Yang, H., & Liu, J. (2013). Internal mechanical damage prediction in 
tomato compression using multiscale finite element models. Journal of 
Food Engineering, 116(3), 639–647. 
https://doi.org/10.1016/j.jfoodeng.2013.01.016 

Li, Z., Li, P., Yang, H., Liu, J., & Xu, Y. (2012). Mechanical properties of tomato 
exocarp, mesocarp and locular gel tissues. Journal of Food Engineering, 
111(1), 82–91. https://doi.org/10.1016/j.jfoodeng.2012.01.023 

Li, Z., Miao, F., & Andrews, J. (2017). Mechanical Models of Compression and 
Impact on Fresh Fruits. Comprehensive Reviews in Food Science and Food 
Safety, 16(6), 1296–1312. https://doi.org/10.1111/1541-4337.12296 



© C
OPYRIG

HT U
PM

122 
 

Li, Z., & Wang, Y. (2016). A multiscale finite element model for mechanical 
response of tomato fruits. Postharvest Biology and Technology, 121, 19–
26. https://doi.org/10.1016/j.postharvbio.2016.07.008 

Liu, B., Wang, K., Shu, X., Liang, J., Fan, X., & Sun, L. (2019). Changes in fruit 
firmness, quality traits and cell wall constituents of two highbush blueberries 
(Vaccinium corymbosum L.) during postharvest cold storage. Scientia 
Horticulturae, 246(September 2018), 557–562. 
https://doi.org/10.1016/j.scienta.2018.11.042 

Liu, G. R., & Quek, S. S. (2014). Fundamentals for Finite Element Method. In 
The Finite Element Method (pp. 43–79). Elsevier. 
https://doi.org/10.1016/B978-0-08-098356-1.00003-5 

Liu, J., Chen, Z., Liang, X., Huang, X., Mao, G., Hong, W., Yu, H., & Qu, S. 
(2018). Puncture mechanics of soft elastomeric membrane with large 
deformation by rigid cylindrical indenter. Journal of the Mechanics and 
Physics of Solids, 112, 458–471. 
https://doi.org/10.1016/j.jmps.2018.01.002 

Liu, M., Pirrello, J., CHERVIN, C., Roustan, J.-P., & Bouzayen, M. (2015). 
Ethylene control of fruit ripening: revisiting the complex network of 
transcriptional regulation. Plant Physiology, 169(December), 
pp.01361.2015. https://doi.org/10.1104/pp.15.01361 

Lu, J., Vigneault’, C., Charles, M. T., & Raghavan, G. S. V. (2007). Heat treatment 
application to increase fruit and vegetable quality. Stewart Postharvest 
Review, 3(3), 1–7. https://doi.org/10.2212/spr.2007.3.4 

MAFI. 2020. Agrofood Statistic. Putrajaya. 
https://www.mafi.gov.my/documents/20182/361765/BPAM+2020+as+at+
%2810+JAN+2022%29.pdf/ff5454e4-c727-46e1-9811-16e3148a6ebf 

Mahiuddin, M., Khan, M. I. H., Duc Pham, N., & Karim, M. A. (2018). 
Development of fractional viscoelastic model for characterizing viscoelastic 
properties of food material during drying. Food Bioscience, 23(January), 
45–53. https://doi.org/10.1016/j.fbio.2018.03.002 

Mansouri, A., Mirzabe, A. H., & Ráufi, A. (2017). Physical properties and 
mathematical modeling of melon (Cucumis melo L.) seeds and kernels. 
Journal of the Saudi Society of Agricultural Sciences, 16(3), 218–226. 
https://doi.org/10.1016/j.jssas.2015.07.001 

Mao, J., Yu, Y., Rao, X., & Wang, J. (2016). Firmness prediction and modeling 
by optimizing acoustic device for watermelons. Journal of Food 
Engineering, 168, 1–6. https://doi.org/10.1016/j.jfoodeng.2015.07.009 

Maringgal, B., Hashim, N., Amin Tawakkal, I. S. M., Muda Mohamed, M. T., 
Hazwan Hamzah, M., Ali, M. M., & Abd Razak, M. F. H. (2020). Kinetics of 
quality changes in papayas (Carica papaya L.) coated with Malaysian 



© C
OPYRIG

HT U
PM

123 
 

stingless bee honey. Scientia Horticulturae, 267(December 2019). 
https://doi.org/10.1016/j.scienta.2020.109321 

Martins, D. R., & Resende, E. D. de. (2015). External quality and sensory 
attributes of papaya cv. Golden stored under different controlled 
atmospheres. Postharvest Biology and Technology, 110, 40–42. 
https://doi.org/10.1016/j.postharvbio.2015.06.018 

Mazumder, S. (2016). The Finite Volume Method (FVM). In Numerical Methods 
for Partial Differential Equations (pp. 277–338). Elsevier. 
https://doi.org/10.1016/B978-0-12-849894-1.00006-8 

Mebatsion, H. K., Verboven, P., Ho, Q. T., Verlinden, B. E., & Nicolaï, B. M. 
(2008). Modelling fruit (micro)structures, why and how? Trends in Food 
Science and Technology, 19(2), 59–66. 
https://doi.org/10.1016/j.tifs.2007.10.003 

Mendy, T. K., Misran, A., Mahmud, T. M. M., & Ismail, S. I. (2019). Application of 
Aloe vera coating delays ripening and extend the shelf life of papaya fruit. 
Scientia Horticulturae, 246(August 2018), 769–776. 
https://doi.org/10.1016/j.scienta.2018.11.054 

Mercado, J. A., Matas, A. J., & Posé, S. (2018). Fruit and vegetable texture: Role 
of their cell walls. Encyclopedia of Food Chemistry, 1–7. 
https://doi.org/10.1016/B978-0-08-100596-5.21679-X 

Mihai, L. A., Wyatt, H., & Goriely, A. (2017). Microstructure-based hyperelastic 
models for closed-cell solids. Proceedings of the Royal Society A: 
Mathematical, Physical and Engineering Sciences, 473(2200). 
https://doi.org/10.1098/rspa.2017.0036 

Miraei Ashtiani, S. H., Golzarian, M. R., Baradaran Motie, J., Emadi, B., Nikoo 
Jamal, N., & Mohammadinezhad, H. (2016). Effect of Loading Position and 
Storage Duration on the Textural Properties of Eggplant. International 
Journal of Food Properties, 19(4), 814–825. 
https://doi.org/10.1080/10942912.2015.1045515 

Miraei Ashtiani, S. H., Sadrnia, H., Mohammadinezhad, H., Aghkhani, M. H., 
Khojastehpour, M., & Abbaspour-Fard, M. H. (2019). FEM-based 
simulation of the mechanical behavior of grapefruit under compressive 
loading. Scientia Horticulturae, 245(May 2018), 39–46. 
https://doi.org/10.1016/j.scienta.2018.10.006 

Mirzabe, A. H., Khazaei, J., Chegini, G. R., & Rostami Nejad, M. H. A. P. (2013). 
Determination of some physical properties of virgin olive fruits. Agricultural 
Engineering International: CIGR Journal, 15(1), 201–210. 

Mitra, S. K., Sharma, S. K., & Pathak, P. K. (2019). Papaya cultivars of the world. 
Acta Horticulturae, 1250, 15–22. 
https://doi.org/10.17660/ActaHortic.2019.1250.3 



© C
OPYRIG

HT U
PM

124 
 

Mohd Ali, M., Hashim, N., & Abdul Hamid, A. S. (2020). Combination of laser-
light backscattering imaging and computer vision for rapid determination of 
oil palm fresh fruit bunches maturity. Computers and Electronics in 
Agriculture, 169(January), 105235. 
https://doi.org/10.1016/j.compag.2020.105235 

Moya-León, M. A., Moya, M., & Herrera, R. (2004). Ripening of mountain papaya 
(Vasconcellea pubescens) and ethylene dependence of some ripening 
events. Postharvest Biology and Technology, 34(2), 211–218. 
https://doi.org/10.1016/j.postharvbio.2004.05.005 

Múgica, J. I., Aretxabaleta, L., Ulacia, I., & Aurrekoetxea, J. (2016). Rate-
dependent phenomenological model for self-reinforced polymers. 
Composites Part A: Applied Science and Manufacturing, 84, 96–102. 
https://doi.org/10.1016/j.compositesa.2016.01.002 

Myhan, R., Markowski, M., Daszkiewicz, T., Zapotoczny, P., & Sadowski, P. 
(2015). Non-linear stress relaxation model as a tool for evaluating the 
viscoelastic properties of meat products. Journal of Food Engineering, 146, 
107–115. https://doi.org/10.1016/j.jfoodeng.2014.09.006 

Nafiu, A. B., Alli-Oluwafuyi, A. M., Haleemat, A., Olalekan, I. S., & Rahman, M. 
T. (2018). Papaya (Carica papaya L., Pawpaw). In Nonvitamin and 
Nonmineral Nutritional Supplements (Vol. 1616, pp. 335–359). Elsevier Inc. 
https://doi.org/10.1016/B978-0-12-812491-8.00048-5 

Nambi, V. E., Thangavel, K., Rajeswari, K. A., Manickavasagan, A., & Geetha, 
V. (2016). Texture and rheological changes of Indian mango cultivars 
during ripening. Postharvest Biology and Technology, 117, 152–160. 
https://doi.org/10.1016/j.postharvbio.2016.02.009 

Nian, Y., Wang, N., Li, R., Shao, Y., & Li, W. (2022). Cold shock treatment 
alleviates chilling injury in papaya fruit during storage by improving 
antioxidant capacity and related gene expression. Scientia Horticulturae, 
294(December 2021), 110784. 
https://doi.org/10.1016/j.scienta.2021.110784 

Nicolle, S., Vezin, P., & Palierne, J. F. (2010). A strain-hardening bi-power law 
for the nonlinear behaviour of biological soft tissues. Journal of 
Biomechanics, 43(5), 927–932. 
https://doi.org/10.1016/j.jbiomech.2009.11.002 

Nieto Calvache, J., Cueto, M., Farroni, A., de Escalada Pla, M., & 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 

Nikara, S., Ahmadi, E., & Alavi Nia, A. (2020). Finite element simulation of the 
micromechanical changes of the tissue and cells of potato response to 
impact test during storage by scanning electron microscopy. Postharvest 



© C
OPYRIG

HT U
PM

125 
 

Biology and Technology, 164(November 2019), 111153. 
https://doi.org/10.1016/j.postharvbio.2020.111153 

Nishimwe, G., Okoth, E. M., & Rimberia, F. K. (2018). Evaluation of 
Physicochemical, Nutritional and Sensory Quality Characteristics of New 
Papaya Hybrids Fruits Developed in JKUAT. Journal of Food Research, 
8(1), 12. https://doi.org/10.5539/jfr.v8n1p12 

Nunes, M. C. N., Emond, J. P., & Brecht, J. K. (2006). Brief deviations from set 
point temperatures during normal airport handling operations negatively 
affect the quality of papaya (Carica papaya) fruit. Postharvest Biology and 
Technology, 41(3), 328–340. 
https://doi.org/10.1016/j.postharvbio.2006.04.013 

Ogden, R.W., 1984. Non-linear Elastic Deformation. Ellis Horwood Ltd., 
Chichester, Great Britain. 

Ojolo, J. S., & Eweina, B. A. (2018). Predicting cashew nut cracking using hertz 
theory of contact stress. Journal of the Saudi Society of Agricultural 
Sciences. https://doi.org/10.1016/j.jssas.2017.04.002 

Olsson, E., & Larsson, P. L. (2014). On the tangential contact behavior at elastic-
plastic spherical contact problems. Wear, 319(1–2), 110–117. 
https://doi.org/10.1016/j.wear.2014.07.016 

Olsson, E., & Larsson, P. L. (2016). A unified model for the contact behaviour 
between equal and dissimilar elastic-plastic spherical bodies. International 
Journal of Solids and Structures, 81, 23–32. 
https://doi.org/10.1016/j.ijsolstr.2015.10.004 

Ong, M. K., Ali, A., Alderson, P. G., & Forney, C. F. (2014). Effect of different 
concentrations of ozone on physiological changes associated to gas 
exchange, fruit ripening, fruit surface quality and defence-related enzymes 
levels in papaya fruit during ambient storage. Scientia Horticulturae, 179, 
163–169. https://doi.org/10.1016/j.scienta.2014.09.004 

Opara, U. L., & Pathare, P. B. (2014). Bruise damage measurement and analysis 
of fresh horticultural produce—A review. Postharvest Biology and 
Technology, 91, 9–24. 
https://doi.org/10.1016/J.POSTHARVBIO.2013.12.009 

Pan, Y. G., Yuan, M. Q., Zhang, W. M., & Zhang, Z. K. (2017). Effect of low 
temperatures on chilling injury in relation to energy status in papaya fruit 
during storage. Postharvest Biology and Technology, 125, 181–187. 
https://doi.org/10.1016/j.postharvbio.2016.11.016 

Park, Y. S., Lee, B. H. N., & Park, H. S. (2016). Observation of the anatomical 
causes of fruit softening during growth and storage periods in ‘Wonhwang’ 
oriental pear (Pyrus pyrifolia). Scientia Horticulturae, 210, 250–257. 
https://doi.org/10.1016/j.scienta.2016.07.033 



© C
OPYRIG

HT U
PM

126 
 

Parven, A., Sarker, M. R., Megharaj, M., & Md. Meftaul, I. (2020). Prolonging the 
shelf life of Papaya (Carica papaya L.) using Aloe vera gel at ambient 
temperature. Scientia Horticulturae, 265(November 2019), 109228. 
https://doi.org/10.1016/j.scienta.2020.109228 

Paulo, J., Fernanda, F., Gonçalves, H., Maria, P., Passanezi, L., & Gomez, A. 
(2015). Papaya , Mango and Guava Fruit Metabolism during Ripening : 
Postharvest Changes Affecting Tropical Fruit Nutritional Content and 
Quality Papaya , Mango and Guava Fruit Metabolism during Ripening : 
Postharvest Changes Affecting Tropical Fruit Nutritional C. September. 

Pearce, S. P., King, J. R., & Holdsworth, M. J. (2011). Axisymmetric indentation 
of curved elastic membranes by a convex rigid indenter. International 
Journal of Non-Linear Mechanics, 46(9), 1128–1138. 
https://doi.org/10.1016/j.ijnonlinmec.2011.04.030 

Peng, J., Xie, H., Feng, Y., Fu, L., Sun, S., & Cui, Y. (2017). Simulation study of 
vibratory harvesting of Chinese winter jujube (Zizyphus jujuba Mill. cv. 
Dongzao). Computers and Electronics in Agriculture, 143(August 2016), 
57–65. https://doi.org/10.1016/j.compag.2017.09.036 

Pérez-López, A., Chávez-Franco, S. H., Villaseñor-Perea, C. A., Espinosa-
Solares, T., Hernández-Gómez, L. H., & Lobato-Calleros, C. (2014). 
Respiration rate and mechanical properties of peach fruit during storage at 
three maturity stages. Journal of Food Engineering, 142, 111–117. 
https://doi.org/10.1016/j.jfoodeng.2014.06.007 

Petrů, M., Novák, O., Herák, D., Mašín, I., Lepšík, P., & Hrabě, P. (2014). Finite 
element method model of the mechanical behaviour of Jatropha curcas L. 
bulk seeds under compression loading: Study and 2D modelling of the 
damage to seeds. Biosystems Engineering, 127(1), 50–66. 
https://doi.org/10.1016/j.biosystemseng.2014.08.011 

Pieczywek, P. M., & Zdunek, A. (2014). Finite element modelling of the 
mechanical behaviour of onion epidermis with incorporation of nonlinear 
properties of cell walls and real tissue geometry. Journal of Food 
Engineering, 123, 50–59. https://doi.org/10.1016/j.jfoodeng.2013.09.012 

Polat, R., Aktas, T., & Ikinci, A. (2012). Selected mechanical properties and 
bruise susceptibility of nectarine fruit. International Journal of Food 
Properties, 15(6), 1369–1380. 
https://doi.org/10.1080/10942912.2010.498546 

Pu, Y. Y., & Sun, D. W. (2017). Combined hot-air and microwave-vacuum drying 
for improving drying uniformity of mango slices based on hyperspectral 
imaging visualisation of moisture content distribution. Biosystems 
Engineering, 156, 108–119. 
https://doi.org/10.1016/j.biosystemseng.2017.01.006 

Quintana, M. E. G., & Paull, R. E. (2019). Mechanical Injury during Postharvest 



© C
OPYRIG

HT U
PM

127 
 

Handling of `Solo’ Papaya Fruit. Journal of the American Society for 
Horticultural Science, 118(5), 618–622. 
https://doi.org/10.21273/jashs.118.5.618 

Rapp, B. E. (2017). Finite Difference Method. In Microfluidics: Modelling, 
Mechanics and Mathematics (pp. 623–631). Elsevier. 
https://doi.org/10.1016/B978-1-4557-3141-1.50030-7 

Ribeiro, B. S., & de Freitas, S. T. (2020). Maturity stage at harvest and storage 
temperature to maintain postharvest quality of acerola fruit. Scientia 
Horticulturae, 260(September 2019), 108901. 
https://doi.org/10.1016/j.scienta.2019.108901 

Rodrigues, A. C. C., Cunha, R. L., & Hubinger, M. D. (2003). Rheological 
properties and colour evaluation of papaya during osmotic dehydration 
processing. Journal of Food Engineering, 59(2–3), 129–135. 
https://doi.org/10.1016/S0260-8774(02)00442-9 

Romero, P., & Rose, J. K. C. (2019). A relationship between tomato fruit 
softening, cuticle properties and water availability. Food Chemistry, 
295(May), 300–310. https://doi.org/10.1016/j.foodchem.2019.05.118 

Rossi, E., Paloni, M., Storti, G., & Rota, R. (2019). Modeling dual reflux-pressure 
swing adsorption processes: Numerical solution based on the finite volume 
method. Chemical Engineering Science, 203, 173–185. 
https://doi.org/10.1016/j.ces.2019.03.055 

Sadrnia, H., Rajabipour, A., Jafari, A., Javadi, A., Mostofi, Y., Kafashan, J., 
Dintwa, E., & De Baerdemaeker, J. (2008). Internal bruising prediction in 
watermelon compression using nonlinear models. Journal of Food 
Engineering, 86(2), 272–280. 
https://doi.org/10.1016/j.jfoodeng.2007.10.007 

Saeidirad, M. H., Rohani, A., & Zarifneshat, S. (2013). Predictions of viscoelastic 
behavior of pomegranate using artificial neural network and Maxwell model. 
Computers and Electronics in Agriculture, 98, 1–7. 
https://doi.org/10.1016/j.compag.2013.07.009 

Salarikia, A., Miraei Ashtiani, S.-H., Golzarian, M. R., & Mohammadinezhad, H. 
(2017). Finite element analysis of the dynamic behavior of pear under 
impact loading. Information Processing in Agriculture, 4(1), 64–77. 
https://doi.org/10.1016/j.inpa.2016.12.003 

Sanchez, N., Gutiérrez-López, G. F., & Cáez-Ramírez, G. (2020). Correlation 
among PME activity, viscoelastic, and structural parameters for Carica 
papaya edible tissue along ripening. Journal of Food Science, 85(6), 1805–
1814. https://doi.org/10.1111/1750-3841.15130 

Santos Pereira, L. F., Barbon, S., Valous, N. A., & Barbin, D. F. (2018). Predicting 
the ripening of papaya fruit with digital imaging and random forests. 



© C
OPYRIG

HT U
PM

128 
 

Computers and Electronics in Agriculture, 145, 76–82. 
https://doi.org/10.1016/j.compag.2017.12.029 

Sañudo-Barajas, J. A., Labavitch, J., Greve, C., Osuna-Enciso, T., Muy-Rangel, 
D., & Siller-Cepeda, J. (2009). Cell wall disassembly during papaya 
softening: Role of ethylene in changes in composition, pectin-derived 
oligomers (PDOs) production and wall hydrolases. Postharvest Biology and 
Technology, 51, 158–167. 
https://doi.org/10.1016/j.postharvbio.2008.07.018 

Schweiggert, R. M., Steingass, C. B., Mora, E., Esquivel, P., & Carle, R. (2011). 
Carotenogenesis and physico-chemical characteristics during maturation of 
red fleshed papaya fruit (Carica papaya L.). Food Research International, 
44, 1373–1380. https://doi.org/10.1016/j.foodres.2011.01.029 

Seppä, L., Peltoniemi, A., Tahvonen, R., & Tuorila, H. (2013). Flavour and texture 
changes in apple cultivars during storage. LWT - Food Science and 
Technology, 54(2), 500–512. https://doi.org/10.1016/j.lwt.2013.06.012 

Septembre-Malaterre, A., Stanislas, G., Douraguia, E., & Gonthier, M. P. (2016). 
Evaluation of nutritional and antioxidant properties of the tropical fruits 
banana, litchi, mango, papaya, passion fruit and pineapple cultivated in 
Réunion French Island. Food Chemistry, 212, 225–233. 
https://doi.org/10.1016/j.foodchem.2016.05.147 

Seyedabadi, E., Khojastehpour, M., & Sadrnia, H. (2015). Predicting Cantaloupe 
Bruising Using Non-Linear Finite Element Method. International Journal of 
Food Properties, 18(9), 2015–2025. 
https://doi.org/10.1080/10942912.2014.951892 

Shaw M C; Young E (1988). Rubber elasticity and fracture. Journal of 
Engineering Materials and Technology, 110(3), 258–265. 
https://doi.org/10.1115/1.3226046 

Shi, X., Yang, Y., Li, Z., Wang, X., & Liu, Y. (2020). Moisture transfer and 
microstructure change of banana slices during contact ultrasound 
strengthened far-infrared radiation drying. Innovative Food Science and 
Emerging Technologies, 66(February), 102537. 
https://doi.org/10.1016/j.ifset.2020.102537 

Shirmohammadi, M., & Yarlagadda, P. (2012). Experimental Study on 
Mechanical Properties of Pumpkin Tissue. Journal of Achieve- Ments in 
Materials AndManufacturing Engineering, 54(1), 16–24. 
https://doi.org/10.4028/www.scientific.net/msf.686.411 

Shirvani, M., Ghanbarian, D., & Ghasemi-Varnamkhasti, M. (2014). 
Measurement and evaluation of the apparent modulus of elasticity of apple 
based on Hooke’s, Hertz’s and Boussinesq’s theories. Measurement, 54, 
133–139. https://doi.org/10.1016/j.measurement.2014.04.014 



© C
OPYRIG

HT U
PM

129 
 

Shojaei, A. K., & Volgers, P. (2018). A coupled hyperelastic-plastic-continuum 
damage model for studying cyclic behavior of unfilled engineering 
polymers. International Journal of Fatigue, 107(October 2017), 33–39. 
https://doi.org/10.1016/j.ijfatigue.2017.10.006 

Shrivastava, A., & Gowda, I. N. D. (2016). Development of intermediate-moisture 
slices of papaya (Carica papaya L.) by hurdle technology. Journal of 
Horticultural Sciences, 11(1), 67–71. 
https://jhs.iihr.res.in/index.php/jhs/article/view/108 

Sigalingging, R., Nasution, H. A., Rindang, A., & Ayu, P. C. (2019). Effect of 
Packaging Fillers Materials on the Quality of Papaya Fruit (Carica papaya 
I.). IOP Conference Series: Earth and Environmental Science, 260(1). 
https://doi.org/10.1088/1755-1315/260/1/012036 

Singh, F., Katiyar, V. K., & Singh, B. P. (2014). Analytical study of turgor pressure 
in apple and potato tissues. Postharvest Biology and Technology, 89, 44–
48. https://doi.org/10.1016/j.postharvbio.2013.11.007 

Sirisomboon, P., Tanaka, M., & Kojima, T. (2012). Evaluation of tomato textural 
mechanical properties. Journal of Food Engineering, 111(4), 618–624. 
https://doi.org/10.1016/j.jfoodeng.2012.03.007 

Song, Z., & Komvopoulos, K. (2013). Elastic–plastic spherical indentation: 
Deformation regimes, evolution of plasticity, and hardening effect. 
Mechanics of Materials, 61, 91–100. 
https://doi.org/10.1016/j.mechmat.2013.01.003 

Soto, M., Dhuique-Mayer, C., Servent, A., Jiménez, N., Vaillant, F., & Achir, N. 
(2020). A kinetic study of carotenoid degradation during storage of papaya 
chips obtained by vacuum frying with saturated and unsaturated oils. Food 
Research International, 128(April 2019), 108737. 
https://doi.org/10.1016/j.foodres.2019.108737 

Soto, M., Pérez, A. M., Servent, A., Vaillant, F., & Achir, N. (2021). Monitoring 
and modelling of physicochemical properties of papaya chips during 
vacuum frying to control their sensory attributes and nutritional value. 
Journal of Food Engineering, 299(September 2020), 110514. 
https://doi.org/10.1016/j.jfoodeng.2021.110514 

Souza, V. H. S., Santos, A. A. R., Costa, A. L. G., Santos, F. L., & Magalhães, 
R. R. (2018). Evaluation of the interaction between a harvester rod and a 
coffee branch based on finite element analysis. Computers and Electronics 
in Agriculture, 150(May), 476–483. 
https://doi.org/10.1016/j.compag.2018.05.020 

Stopa, R., Szyjewicz, D., Komarnicki, P., & Kuta, Ł. (2018a). Determining the 
resistance to mechanical damage of apples under impact loads. 
Postharvest Biology and Technology, 146(August), 79–89. 
https://doi.org/10.1016/j.postharvbio.2018.08.016 



© C
OPYRIG

HT U
PM

130 
 

Stopa, R., Szyjewicz, D., Komarnicki, P., & Kuta, Ł. (2018b). Limit values of 
impact energy determined from contours and surface pressure distribution 
of apples under impact loads. Computers and Electronics in Agriculture, 
154(May), 1–9. https://doi.org/10.1016/j.compag.2018.08.041 

Stropek, Z., & Gołacki, K. (2015). A new method for measuring impact related 
bruises in fruits. Postharvest Biology and Technology, 110, 131–139. 
https://doi.org/10.1016/j.postharvbio.2015.07.005 

Stropek, Z., & Gołacki, K. (2016). Quantity assessment of plastic deformation 
energy under impact loading conditions of selected apple cultivars. 
Postharvest Biology and Technology, 115, 9–17. 
https://doi.org/10.1016/j.postharvbio.2015.12.011 

Stropek, Z., & Gołacki, K. (2019). Impact characteristics of pears. Postharvest 
Biology and Technology, 147(July 2018), 100–106. 
https://doi.org/10.1016/j.postharvbio.2018.09.015 

Suwanti, D., Utami, R., Kawiji, Praseptiangga, D., & Khasanah, L. U. (2018). The 
effect of packaging methods (paper, active paper, and edible coating) on 
the characteristic of papaya MJ9 in ambient temperature storage. IOP 
Conference Series: Earth and Environmental Science, 102(1). 
https://doi.org/10.1088/1755-1315/102/1/012087 

Tian, K. P., Shen, C., Li, X. W., Huang, J. C., Chen, Q. M., & Zhang, B. (2017). 
Mechanical properties and compression damage simulation by finite 
element for kiwifruit. International Agricultural Engineering Journal, 26(4), 
193–203. 

Tinoco, H. A., Buitrago-Osorio, J., Perdomo-Hurtado, L., Lopez-Guzman, J., 
Ibarra, C. A., Rincon-Jimenez, A., Ocampo, O., & Berrio, L. V. (2022). 
Experimental Assessment of the Elastic Properties of Exocarp–Mesocarp 
and Beans of Coffea arabica L. var. Castillo Using Indentation Tests. 
Agriculture (Switzerland), 12(4). 
https://doi.org/10.3390/agriculture12040502 

Tinoco, H. A., Ocampo, D. A., Peña, F. M., & Sanz-Uribe, J. R. (2014). Finite 
element modal analysis of the fruit-peduncle of Coffea arabica L. var. 
Colombia estimating its geometrical and mechanical properties. Computers 
and Electronics in Agriculture, 108, 17–27. 
https://doi.org/10.1016/j.compag.2014.06.011 

Tinoco, H. A., & Peña, F. M. (2019). Mechanical and geometrical characterization 
of fruits Coffea arabica L. var. Colombia to simulate the ripening process by 
finite element analysis. Engineering in Agriculture, Environment and Food, 
12(3), 367–377. https://doi.org/10.1016/j.eaef.2019.04.004 

Tirkey, B., Pal, U. S., Bal, L. M., Sahoo, N. R., Bakhara, C. K., & Panda, M. K. 
(2014). Evaluation of physico-chemical changes of fresh-cut unripe papaya 
during storage. Food Packaging and Shelf Life, 1(2), 190–197. 



© C
OPYRIG

HT U
PM

131 
 

https://doi.org/10.1016/j.fpsl.2014.02.002 

Triki, E. (2016). Combined puncture/cutting of elastomer membranes by pointed 
blades: An alternative approach of fracture energy. Mechanics of Materials, 
97, 19–25. https://doi.org/10.1016/j.mechmat.2016.02.010 

Triki, E., & Gauvin, C. (2019a). Analytical and experimental investigation of 
puncture-cut resistance of soft membranes. Mechanics of Soft Materials, 
1(1), 1–11. https://doi.org/10.1007/s42558-019-0007-z 

Triki, E., & Gauvin, C. (2019b). Stress state analysis and tensile-shear fracture 
criterion in combined puncture and cutting of soft materials. Engineering 
Failure Analysis, 106(June), 104140. 
https://doi.org/10.1016/j.engfailanal.2019.08.006 

Van Gerwen, D. J., Dankelman, J., & Van Den Dobbelsteen, J. J. (2014). 
Measurement and stochastic modeling of kidney puncture forces. Annals of 
Biomedical Engineering, 42(3), 685–695. https://doi.org/10.1007/s10439-
013-0924-1 

Van linden, V., Scheerlinck, N., Desmet, M., & De Baerdemaeker, J. (2006). 
Factors that affect tomato bruise development as a result of mechanical 
impact. Postharvest Biology and Technology, 42(3), 260–270. 
https://doi.org/10.1016/j.postharvbio.2006.07.001 

Vasighi-Shojae, H., Gholami-Parashkouhi, M., Mohammadzamani, D., & Soheili, 
A. (2018). Ultrasonic based determination of apple quality as a 
nondestructive technology. Sensing and Bio-Sensing Research, 21(July), 
22–26. https://doi.org/10.1016/j.sbsr.2018.09.002 

Vilaplana, R., Chicaiza, G., Vaca, C., & Valencia-Chamorro, S. (2020a). 
Combination of hot water treatment and chitosan coating to control 
anthracnose in papaya (Carica papaya L.) during the postharvest period. 
Crop Protection, 128(November 2019), 105007. 
https://doi.org/10.1016/j.cropro.2019.105007 

Vilaplana, R., Chicaiza, G., Vaca, C., & Valencia-Chamorro, S. (2020b). 
Combination of hot water treatment and chitosan coating to control 
anthracnose in papaya (Carica papaya L.) during the postharvest period. 
Crop Protection, 128(May 2019), 105007. 
https://doi.org/10.1016/j.cropro.2019.105007 

Waghmare, R. B., & Annapure, U. S. (2013). Combined effect of chemical 
treatment and/or modified atmosphere packaging (MAP) on quality of fresh-
cut papaya. Postharvest Biology and Technology, 85, 147–153. 
https://doi.org/10.1016/j.postharvbio.2013.05.010 

Wang, D., Yeats, T. H., Uluisik, S., Rose, J. K. C., & Seymour, G. B. (2018). Fruit 
Softening: Revisiting the Role of Pectin. Trends in Plant Science, 23(4), 
302–310. https://doi.org/10.1016/j.tplants.2018.01.006 



© C
OPYRIG

HT U
PM

132 
 

Wang, J., Cui, Q., Li, H., & Liu, Y. (2017). Mechanical properties and 
microstructure of apple peels during storage. International Journal of Food 
Properties, 20(5), 1159–1173. 
https://doi.org/10.1080/10942912.2016.1203934 

Wojtkowski, M., Pecen, J., Horabik, J., & Molenda, M. (2010). Rapeseed impact 
against a flat surface: Physical testing and DEM simulation with two contact 
models. Powder Technology, 198(1), 61–68. 
https://doi.org/10.1016/j.powtec.2009.10.015 

Xie, D., Liu, D., & Guo, W. (2021). Relationship of the optical properties with 
soluble solids content and moisture content of strawberry during ripening. 
Postharvest Biology and Technology, 179(November 2020), 111569. 
https://doi.org/10.1016/j.postharvbio.2021.111569 

Xie, L., Wang, J., Cheng, S., Zeng, B., & Yang, Z. (2018). Optimisation and finite 
element simulation of the chopping process for chopper sugarcane 
harvesting. Biosystems Engineering, 175, 16–26. 
https://doi.org/10.1016/j.biosystemseng.2018.08.004 

Xu, T., Yu, J., Yu, Y., & Wang, Y. (2018). A modelling and verification approach 
for soybean seed particles using the discrete element method. Advanced 
Powder Technology, 29(12), 3274–3290. 
https://doi.org/10.1016/j.apt.2018.09.006 

Xu, Z., & Chen, W. (2013). A fractional-order model on new experiments of linear 
viscoelastic creep of Hami Melon. Computers and Mathematics with 
Applications, 66(5), 677–681. https://doi.org/10.1016/j.camwa.2013.01.033 

Yao, B. N., Tano, K., Konan, H. K., Bédié, G. K., Oulé, M. K., Koffi-Nevry, R., & 
Arul, J. (2014). The role of hydrolases in the loss of firmness and of the 
changes in sugar content during the post-harvest maturation of Carica 
papaya L. var solo 8. Journal of Food Science and Technology, 51(11), 
3309–3316. https://doi.org/10.1007/s13197-012-0858-x 

Yousefi, S., Farsi, H., & Kheiralipour, K. (2016). Drop test of pear fruit: 
Experimental measurement and finite element modelling. Biosystems 
Engineering, 147, 17–25. 
https://doi.org/10.1016/j.biosystemseng.2016.03.004 

Yuan, H., Martin, P., Fullerton, C., Gould, N., Hall, A., & Burdon, J. (2020). 
Refining the estimation of kiwifruit size from linear fruit dimensions. Scientia 
Horticulturae, 262(May 2019), 108878. 
https://doi.org/10.1016/j.scienta.2019.108878 

Zerpa-Catanho, D., Esquivel, P., Mora-Newcomer, E., Sáenz, M. V., Herrera, R., 
& Jiménez, V. M. (2017). Transcription analysis of softening-related genes 
during postharvest of papaya fruit (Carica papaya L. ‘Pococí’ hybrid). 
Postharvest Biology and Technology, 125, 42–51. 
https://doi.org/10.1016/j.postharvbio.2016.11.002 



© C
OPYRIG

HT U
PM

133 
 

Zhang, B., Zhou, J., Meng, Y., Zhang, N., Gu, B., Yan, Z., & Idris, S. I. (2018). 
ScienceDirect Comparative study of mechanical damage caused by a two-
finger tomato gripper with different robotic grasping patterns for harvesting 
robots. Biosystems Engineering, 171(025), 245–257. 
https://doi.org/10.1016/j.biosystemseng.2018.05.003 

Zhang, C., Xiong, Z., Yang, H., & Wu, W. (2019). Changes in pericarp 
morphology, physiology and cell wall composition account for flesh firmness 
during the ripening of blackberry (Rubus spp.) fruit. Scientia Horticulturae, 
250(February), 59–68. https://doi.org/10.1016/j.scienta.2019.02.015 

Zhao, W., Fang, Y., Zhang, Q. A., Guo, Y., Gao, G., & Yi, X. (2017). Correlation 
analysis between chemical or texture attributes and stress relaxation 
properties of ‘Fuji’ apple. Postharvest Biology and Technology, 129(620), 
45–51. https://doi.org/10.1016/j.postharvbio.2017.03.010 

Zhou, J., He, L., Karkee, M., & Zhang, Q. (2016). Effect of catching surface and 
tilt angle on bruise damage of sweet cherry due to mechanical impact. 
Computers and Electronics in Agriculture, 121, 282–289. 
https://doi.org/10.1016/j.compag.2016.01.004 

Zhou, J., He, L., Zhang, Q., & Karkee, M. (2014). Effect of excitation position of 
a handheld shaker on fruit removal efficiency and damage in mechanical 
harvesting of sweet cherry. Biosystems Engineering, 125, 36–44. 
https://doi.org/10.1016/j.biosystemseng.2014.06.016 

Zhou, L., Paull, R. E., & Chen, N. J. (2014). Papaya: Postharvest Quality-
Maintenance Guidelines. Journal of American Society for HorticulturAL 
Sciences, 114(May), 937–942. 

Zhuang, H., Barth, M. M., & Cisneros-Zevallos, L. (2013). Modified Atmosphere 
Packaging for Fresh Fruits and Vegetables. In Innovations in Food 
Packaging: Second Edition (Vol. 1821). Elsevier Ltd. 
https://doi.org/10.1016/B978-0-12-394601-0.00018-7 

 
  




