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Abstract 

This study aimed to identify the optimal production line conditions for extending the shelf life 

of Nam Dok Mai Si-Tong mangoes intended for export markets that do not require steam 

treatment. The research uniquely integrates Design of Engineering Experiments (DOE) and 

Response Surface Methodology (RSM) within a semi-automatic, continuous postharvest 

production system, reflecting real-world industrial constraints. Mangoes harvested within 24 

hours from GAP-certified orchards and at a maturity level of 80–85% were subjected to 

controlled hot-water and cold-water dipping treatments. The experimental factors consisted of 

hot water dipping at 54 °C and cold-water dipping at 25 °C, each varied for 1, 4, 8, 12 and 15 

minutes. Statistical analysis revealed that both dipping durations significantly affected mango 

shelf life at a 0.05 significance level. Longer hot water dipping times combined with shorter 

cold-water dipping times were found to be most effective in extending storage life. The optimal 

conditions identified were hot-water dipping at 54 °C for 15 minutes followed by cold-water 

dipping at 25 °C for 1 minute, enabling processed mangoes to be stored at ambient temperature 

for 14–20 days without spoilage. This research demonstrates a practical, time-efficient 

optimization strategy suitable for mass production lines, balancing quality preservation with 

operational efficiency. The findings offer direct applicability to the mango export industry, 

allowing process adjustments based on transportation distance, thereby reducing postharvest 

losses, lowering production costs, and enhancing product value. 
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1. Introduction 

Fruit and vegetable production is a business that grows alongside technological 

advances, continually evolving in response to consumer demand [1,2]. The industry's ability 

to sell produce globally generates substantial income for many countries [3]. Thailand, the 

world's third-largest mango producer after India and China [4], is renowned for its Nam Dok 

Mai Si- Tong mangoes, a highly popular variety in both domestic and foreign markets due to 

its unique taste [5]. 

However, mango exports face challenges, including substandard raw material 

quality, short shelf life, and high air freight costs [6]. Damage occurs at various stages: 

harvest (23.75%), transportation (31.05%), and post-harvest (20.0%), with anthracnose 

disease being the primary cause due to its impact on preservation [7]. This disease 

significantly threatens mangoes, which typically have a pre-spoilage age of only seven days 

[8]. In addition to physical damage, strict fruit sanitation regulations in foreign markets hinder 

exports [9]. 

To address these issues, extending shelf life through optimal production conditions 

is crucial for reducing transportation costs, increasing competitiveness, and boosting export 

revenue [10]. This study employs engineering experimental design (DOE) and Response 

Surface Methodology (RSM) to determine optimal conditions for maximizing mango shelf life 

and market share [11]. 

2. Materials and Methods 

2.1 Materials 

The machinery used in the production line for processing mangoes to meet export 

standards for countries that do not require steam treatment was studied, developed, and 

improved by the researchers from the conventional farmer-based processing method into a 

semi-automatic production system [12]. This production process is located at the Ban Tha- 

Thong Mango Community Enterprise, Doem Bang Nang Buat District, Suphan Buri Province, 

Thailand. The facility is a large-scale industrial mango processing enterprise that focuses on 

the production of fresh mangoes for export markets. The production line operates continuously 

through 7 sequential processing stages, consisting of: 1) mango size sorting, 2) cleaning, 

3) hot-water dipping, 4) cold-water dipping, 5) air blowing and water drainage, 6) packaging, 

and 7) storage of the processed mangoes in temperature-controlled rooms. The detailed 

configuration of the production process is illustrated in Figure 1. 
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2.2 Method 

To identify the key factors in the production line that influence the delay of mango 

spoilage during processing, a fishbone diagram was used to analyze the causes of the problem 

as shown in Figure 2. 
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From Figure 2. Based on the analysis of the problem's causes, it was determined that 

numerous factors can contribute to mango spoilage during processing. However, the majority 

of these issues are related to the production process itself as it is a continuous operation. 

Especially the outstanding hot-water and cold-water production line. Numerous studies 

have demonstrated that hot-water treatment is a globally recognized and highly effective 

method as it poses no harm to consumer health. Consequently, research has been conducted to 

optimize the factors involved in treating mangoes with hot water at varying temperatures and 

durations for different mango species, as investigated by Ndlela S. et al. [13]. 

In this research, the researcher focused on studying the water temperature and dipping 

time in the production line. Given that previous research in tropical and cold Regions has 

explored hot-water temperatures similar to 54 °C, including 46.1,47, 50, 51, 53 and 55 °C, 

depending on the mango species [14 - 24], the researchers selected 54 °C for this study. This 

choice was influenced by the results of prior research, suggesting an inverse relationship 

between water temperature and dipping time. Higher temperatures require shorter dipping 

times, while lower temperatures necessitate longer durations. Given the large-scale mango 

production in this research and the aim of reducing production time while achieving optimal 

results, 54 °C was deemed the ideal temperature within the studied range. 

Regarding the cold-water dipping stage, the water temperature must be sufficient to 

cool all mangoes to a uniform level. Previous research by Apiradee Muangdet [14] indicated 

that the cooling process can impact the skin and texture of Nom Dok Mai Si-thong mangoes, 

potentially leading to chilling injury and a decrease in fruit quality compared to mangoes 

cooled at 25 °C. Therefore, the researchers maintained the cold-water dip temperature at 25 °C. 

For the time variables in the production line's hot-water and cold-water dipping, related 

research studies [15 - 26] established a range of 1 to 15 minutes. 
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The researchers conducted their study at 1, 3, 5, 10, 12 and 14 minutes, with additional 

undocumented time intervals of 2, 4, 6, 7, 8, 9, 11, 13 and 15 minutes. To determine the optimal 

time factors, a pre-test was conducted at 1, 8, and 15 minutes. Based on these results, the 

researchers selected 1, 4, 8, 12, and 15 minutes as the time factors for the experiment, as shown 

in Table 1. 
 

Conducting experiments with design techniques and Response Surface Methodology 

(RSM) to identify the optimal conditions in the production line for extending mango shelf life. 

Using Minitab V.19 for experimental design, we controlled replication schedule with three 

replication and control the experiment by blocking, for other factors that might have influenced 

the study's response by implementing a totaling 39 trials. that shows the sequence of the 

production line as follows: 

Production Stage 1: Mangoes were sorted by weight into grades A, B, and C. Only 

grade A mangoes were selected for further processing. 

Production Stage 2: Mangoes were washed, cleaned, and sorted based on their softness 

and maturity. Only mangoes with 80-85% maturity were chosen for the experiment. 

Production Stage 3: A solution containing prochloraz (10 CC per 20 liters of water) 

was prepared to eliminate fungal diseases. The water temperature was set to 54 °C and mangoes 

were dipped in the hot-water solution for the specified experimental duration. 

Production Stage 4: The water temperature was set to 25 °C for cold-water dipping. 

This step was crucial for controlling the mango skin's condition after hot-water dipping and 

ensuring its integrity. 

Production Stage 5: Mangoes were inflated and drained to remove excess moisture 

from the skin. This process was essential for ensuring even drying of all mangoes. 

Production Stage 6: Mangoes were divided into two groups: B1 and B2. Group B1 

mangoes were packaged and stored at room temperature for observation, while group B2 

mangoes were packaged and prepared for distribution. 

Production Stage 7: For mangoes in group B2, which were intended for distribution or 

export, they were stored in a temperature-controlled room. The shelf-life extension and 

preservation of mangoes were evaluated through sensory and physical properties. Daily 

observations were recorded to monitor changes in skin appearance, black spots, anthracnose, and 

overall fruit quality. The experiment concluded when all mangoes in a group had deteriorated. The 

recorded data was then analyzed using statistical methods. This experimental plan was carried out 

within a single production cycle as illustrated in Figure 3. 
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3. Results and Discussion 

3.1 Data Collection 

Data was collected by observing changes in the physical characteristics of each batch 

of mangoes according to the experimental plan. Group A mangoes, which were not processed 

and stored at room temperature, exhibited skin colour changes and hyperpigmentation from 

anthracnose within four days. In contrast, group B1 mangoes, which were processed and stored 

at room temperature, maintained their condition for 14 days, with consistent skin colour and 

texture, as depicted in Figure 4 and Table 2 summarizes the recorded data. However, Group 

B2 mangoes, stored in a temperature-controlled room, could last for more than 30 days. 

(a) 
 
 
 
 
 
 

 
Figure 4. External appearance and internal quality of processed mangoes after 14 days of storage 

at room temperature: (a) intact peel and uniform shape; (b) longitudinal sections 

showing normal flesh colour without internal defects (≥80% quality retention). 

Table 2. Record of mangoes retention data from the production line (Group B1) 
 

 

 

(b) 
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3.2  Data Analysis 

The experimental data was analyzed using Minitab V.19 to assess the accuracy of the 

experimental model as shown in Figure 5. 

 

  Figure 5. Show the analysis of the data. 

From Figure 5, the residual values exhibited a normal distribution pattern, and the points 

on the residual plot demonstrated a linear and independent relationship, indicating that the 

distribution was independent and not dependent on the end of the experiment. Therefore, it can 

be concluded that the experiment was accurate and reliable, aligning with the data analysis 

results. Both factors, hot-water dipping time and cold-water dipping time, were found to 

significantly influence the response variable at a significance level of 0.05 when considered in 

combination. Furthermore, these factors were also shown to have significance impact on the 

response variable individually as presented in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Based on the analysis of factors influencing the delay of mango spoilage after 

processing, the optimal combination of hot water dipping time (15 minutes) and cold-water 

dipping time (1 minute) was identified. The comparative graph is illustrated in Figure 6. 
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   Figure 6. Show the analysis of the optimal. 

When considering the mutual influence of these two factors on the production line, it 

was found that both hot water dipping time and cold-water dipping time significantly impact 

the long-term storage of mangoes as evidenced by the intersection of the graph lines in 

Figure 7. 

     Figure 7. Show the co-influence between factors. 

To determine the optimal factor settings for maximizing mango shelf life while 
maintaining acceptable physical characteristics, the researcher focused on ensuring that the 
mangoes did not exhibit withering, skin discoloration, or black spots caused by anthracnose, as 
reported by Barman, K., and R. Asrey [27]. The experimental results and subsequent data 
analysis confirmed the effectiveness of the identified factors in preserving mango quality and 
extending shelf life. Through response optimization, it was determined that the physical 
characteristics of mangoes could be maintained with a confidence level and probability of 95% 
for a shelf life of 14-20 days at a significance level of 0.05. The optimal factor values for the 
production line were found to be hot water dipping at 54 °C for 15 minutes and cold-water 
dipping at 25 °C for 1 minute. The comparative trend of these values was shown in Figure 8.
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 Figure 8. Shows the level of the best factor. 

When analyzing the data using Response Surface Methodology (RSM), it became 

evident that the shelf life of processed mangoes is inversely related to the time spent in the Figure 

9. Surfaces the relationship between each pair of factors of conditions suitable for the expiration 

date of mangoes. production line for both hot water dipping and cold-water dipping. Figure 9 

illustrates this relationship, with the green area representing the optimal combination of 

dipping times for achieving maximum shelf life from 14 to 20 days. 

           Figure 9. Surfaces the relationship between each pair of factors of conditions  

                                            suitable for the expiration date of mangoes. 

 



International Journal of Applied Mathematics 

Received: June 18, 2025 1507 

 

 

*P.2 
*P.1 

*P.3 

*P.4 

*P.5 

*P.6 

*P.7 

 
Volume 38 No. 2s, 2025 
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

When analyzing and predicting the factors of each pair, it is evident that the 

relationship between these factors can be used to determine the optimal time settings in the 

production line to control mango storage quality and select the most suitable transportation 

method for cost- effective production. Illustrated in Figure 10, based on the data in Table 4. 

Figure 10. Graph predicts the relationship between the pairs of 

factors that affect the expiration date of mango storage. 

For short-distance transportation and storage requirements of 1-2 weeks, predicting 

the optimal factor pair can help minimize production costs. The inverse relationship between 

time of hot- water dipping and cold-water dipping is evident as show in the graph's predictions 

Figure 11, it shows the various zones representing different pairs of variables that influence 

mango storage duration for target expiration dates of 7-14 days, as exemplified by the data in 

Table 5. 
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Figure 11. Graph predicts the relationship between factors of each pair has a target 

expiration date of 7-14 days. 

 

 

4. Conclusions 

Research on the optimal conditions of Hot- and Cold-Water Treatment Parameters in a 

Postharvest Production Line by the Design of Engineering Experiment (DOE) and Response 

Surface Methodology (RSM). The following conclusions can be drawn. 

1. Both hot water dipping time and cold-water dipping time significantly impact the 

shelf life of mangoes that have undergone the production line at a significance level of 0.05. 
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2. Adjusting the hot-water and cold-water dipping times within the range of 1-15 

minutes can influence the shelf life of processed mangoes. The results indicate that longer 

hot water dipping times and shorter cold-water dipping times are beneficial for maximizing 

shelf life. 

3. Given the mass production and continuous nature of the production line, optimizing 

the process for minimal time while maintaining high quality is crucial. The identified optimal 

conditions are hot water dipping at 54 °C for 15 minutes and cold-water dipping at 25 °C for 1 

minute, which enable processed mangoes to be stored at room temperature for an extended 

period without spoilage. 

4. The findings of this research can be applied to the mango export industry to adjust 

production line factors based on transportation distance, thereby reducing losses, production 

costs, and increasing the value of mangoes effectively. 

 

Acknowledgements 

We would like to thank Ban Tha-Thong Mango Community Enterprise in Doem Bang 

Nang Buat District, Suphan Buri Province, Thailand for supporting data, Nam Dok Mai Si- 

Tong mangoes, machine tools, Experimental area of this research. 

 

 

References 

[1] N. Diop and S. M. Jaffee, “Fruits and vegetables,” in Global Agricultural Trade and 

Developing Countries, M. Aksoy and J. Beghin, Eds. Washington, DC, USA: World 

Bank, 2005, pp. 237–257. 

[2] S. Ndlela, “Development and implementation of pre- and post-harvest management 

measures for Bactrocera dorsalis (Hendel) and Ceratitis cosyra (Walker) (Diptera: 

Tephritidae) on mango in Kenya,” Ph.D. dissertation, Univ. of Nairobi, Nairobi, Kenya, 

2017. 

[3] B. Selwyn, “The global retail revolution, fruticulture and economic development in 

north-east Brazil, ” Review of International Political Economy, vol. 20, no. 1, pp. 153–

179, 2012, doi: 10.1080/09692290.2011.633850. 

[4] A. Pariona, “The top mango producing countries in the world,” WorldAtlas, Apr. 9, 

2018. [Online]. Available: https://www.worldatlas.com/articles/the-top-mango- 

producing-countries-in-the-world.html. [Accessed: Jan. 28, 2025]. 

[5] Fresh mango global exports and top exporters, Tridge. [Online]. Available: 

https://www.tridge.com/intelligences/mango/export. [Accessed: Jan. 28, 2025]. 

[6] Division of Plant Trade Standards and Certification System Development (KMTA), 

Exporter registration and regulatory conditions for the export of agricultural products 

outside the Kingdom. Department of Agriculture, Bangkok, Thailand, 2017. 

https://www.worldatlas.com/articles/the-top-mango-producing-countries-in-the-world.html?utm_source=chatgpt.com
https://www.worldatlas.com/articles/the-top-mango-producing-countries-in-the-world.html?utm_source=chatgpt.com
https://www.tridge.com/intelligences/mango/export


International Journal of Applied Mathematics 

Received: June 18, 2025 1510 

 

 

Volume 38 No. 2s, 2025 
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

[7] U. Saadsud, W. Saadsud, and S. Singkaew, “Damage assessment in mango flower juice 

after harvest,” Journal of Agricultural Sciences, vol. 34, no. 4–6 (Special Issue), pp. 37– 

40, 2003. 

[8] J. K. Korir, H. D. Affognon, C. N. Ritho, W. S. Kingori, P. Irungu, S. A. Mohamed, and 

S. Ekesi, “Grower adoption of an integrated pest management package for management 

of mango-infesting fruit flies (Diptera: Tephritidae) in Embu, Kenya,” International 

Journal of Tropical Insect Science, vol. 35, pp. 80–89, 2015. 

[9] J. K. Korir, H. D. Affognon, C. N. Ritho, W. S. Kingori, P. Irungu, S. A. Mohamed, and 

S. Ekesi, “Grower adoption of an integrated pest management package for management 

of mango-infesting fruit flies (Diptera: Tephritidae) in Embu, Kenya,” International 

Journal of Tropical Insect Science, vol. 35, pp. 80–89, 2015. 

[10] E. Directorate-General for Health and Food Safety (European Commission), 

EUROPHYT-Interceptions — European Union: Notification System for Plant Health 

Interceptions — Annual Report 2017. Luxembourg: Publications Office of the European 

Union, 2018. [Online]. Available: https://op.europa.eu (accessed Jan. 28, 2025). 

[11] J. Pietraszek, N. Radek, and A. V. Goroshko, “Challenges for the DOE methodology 

related to the introduction of Industry 4.0,” Production Engineering Archives, vol. 26, 

pp. 190–194, 2020, doi: 10.30657/pea.2020.26.33. 

[12]  
 

 

 

[13]  

N. Paivimut, W. Chuaiphan, and P. Srisattayakul, “Development of a semi-automatic 

post-harvest production system for quality control and value addition to mangoes of 

community enterprises,” Journal of Physics: Conference Series, vol. 3160, no. 1, p. 

012011, Dec. 2025, doi: 10.1088/1742-6596/3160/1/012011. 

S. Ndlela, F. Obala, N. L. Mwando, A. M. Mkiga, A. G. Azrag, and S. A. Mohamed, 

“Hot water disinfestation treatment does not affect physical and biochemical properties 

of export-quality mango fruit (Mangifera indica L.),” Agriculture, vol. 12, no. 5, p. 570, 

Apr. 2022. 

[14] A. Muangdet, “Effect of heat treatment and calcium chloride on chilling injury of mango 

cv. Nam Dok Mai,” Thailand Agricultural Research Repository (TARR), 2011. [Online]. 

Available: https://tarr.arda.or.th/preview/item/7k85VXqMNhp09UQdqdOz. [Accessed: 

Jan. 28, 2025]. 

[15] N. L. Bambalele, A. Mditshwa, S. Z. Tesfay, and L. S. Magwaza, “Moringa leaf extract 

infused into carboxymethyl cellulose edible coating combined with gaseous ozone as 

postharvest treatments maintain quality and extend shelf life of mango fruit,” Acta 

Horticulturae, vol. 1306, pp. 225–232, 2021, doi: 10.17660/ActaHortic.2021.1306.28 

S. Ndlela, F. Obala, N. L. Mwando, A. M. Mkiga, A. G. A. Azrag, and S. A. Mohamed, 

[16] “Hot water disinfestation treatment does not affect physical and biochemical properties 

of export-quality mango fruit (Mangifera indica L.),” Agriculture, vol. 12, no. 5, p. 570, 

2022, doi:10.3390/agriculture12050570. 

 

https://op.europa.eu/


International Journal of Applied Mathematics 

Received: June 18, 2025 1511 

 

 

Volume 38 No. 2s, 2025 
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

[17] H. A. Khalil, M. F. Abdelkader, A. A. Lo’ay, D. O. El-Ansary, F. K. Shaaban, S. O. 

Osman, I. E. Shenawy, H.-E. Osman, S. A. Limam, M. A. Abdein, and Z. A. 

Abdelgawad, “The combined effect of hot water treatment and chitosan coating on 

mango (Mangifera indica L. cv. Kent) fruits to control postharvest deterioration and 

increase fruit quality,” Coatings, vol. 12, no. 1, p. 83, Jan. 2022, doi: 

10.3390/coatings12010083. 

[18] N. L. Mwando, S. Ndlela, R. Meyhöfer, S. Subramanian, and S. A. Mohamed, “Hot 

water treatment for post-harvest disinfestation of Bactrocera dorsalis (Diptera: 

Tephritidae) and its effect on cv. Tommy Atkins mango,” Insects, vol. 12, no. 12, p. 

1070, Nov. 2021, doi: 10.3390/insects12121070. 

[19] R. Ariza-Flores, A. Michel-Aceves, A. Barrios-Ayala, M. A. Otero-Sánchez, C. H. 

Avendaño-Arrazate, and P. S. López-López, “Thermal treatment for controlling canker 

(Colletotrichum gloeosporioides (Penz.) Penz & Sacc) and improving the quality of 

mango fruits (Mangifera indica L.) cv. Ataulfo,” Agroproductividad, vol. 11, no. 1, pp. 

72–79, 2018, doi: 10.22004/ag.econ.352819. 

[20] H. Yulianti, W. Dyah, and H. Rokhani, “Quality of Arumanis mango fruit as affected by 

heat treatment and waxing,” Jurnal Teknik Pertanian Lampung, vol. 11, no. 3, pp. 505– 

517, Sep. 2022. 

[21] P. Ocitti, S. Ndlela, A. M. Akol, H. Muyinza, and S. A. Mohamed, “Non-chemical post- 

harvest disinfestation of Bactrocera dorsalis (Hendel) (Diptera: Tephritidae) in Tommy 

Atkins mango using hot-water immersion treatment,” African Entomology, vol. 29, no. 

1, pp. 238–247, Mar. 2021, doi: 10.4001/003.029.0238. 

[22] S. B. Pholoma, V. Emongor, and S. Tshwenyane, “Effect of hot water exposure duration, 

storage, and hot water temperature on chilling injury, incidence, and quality of Keitt 

mango (Mangifera indica L.),” Journal of Experimental Agriculture International, vol. 

41, no. 6, pp. 1–8, Jan. 2020. 

[23] M. P. Montecalvo, O. S. Opina, T. U. Dalisay, and E. B. Esguerra, “Efficacy of 

postharvest treatments in reducing stem-end rot of ‘Carabao’ mango (Mangifera indica 

L.) fruit,” Philippine Journal of Crop Science, vol. 44, no. 1, pp. 36–43, Apr. 2019. 

[24] M. U. Hasan, A. U. Malik, A. S. Khan, R. Anwar, M. Latif, A. Amjad, M. S. Shah, and 

M. Amin, “Impact of postharvest hot water treatment on two commercial mango 

cultivars of Pakistan under simulated air freight conditions for China,” Pakistan Journal 

of Agricultural Sciences, vol. 57, no. 5, pp. 1381–1391, Sep. 2020. 

[25] Mulyawanti, N. Setyawan, and D. A. Setyabudi, “Effect of postharvest treatment 

techniques on characteristics of mango cv. Gedong,” Jurnal Hortikultura Indonesia, vol. 

11, no. 2, pp. 101–109, Aug. 2020. 

[26] S. Javed, H. Fu, A. Ali, A. Nadeem, M. Amin, K. Razzaq, S. Ullah, I. A. Rajwana, S. 

Nayab, V. Ziogas, and P. Liu, “Comparative response of mango fruit towards pre- and 



International Journal of Applied Mathematics 

Received: June 18, 2025 1512 

 

 

Volume 38 No. 2s, 2025 
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version) 

 

 
 

 
[27]  

post-storage quarantine heat treatments,” Agronomy, vol. 12, no. 6, p. 1476, Jun. 2022, 

doi: 10.3390/agronomy12061476. 

K. Barman and R. Asrey, “Salicylic acid pre-treatment alleviates chilling injury, 

preserves bioactive compounds, and enhances shelf life of mango fruit during cold 

storage,” Journal of Scientific and Industrial Research, vol. 73, pp. 713–717, 2014. 




