


Optimization of High-Pressure Processing Parameters for Microbial Load Reduction in Young Coconut Water Using Response Surface Methodology (RSM)



Abstract
This study investigated the effect of high-pressure processing (HPP) on the microbial load of young coconut water and optimized the processing parameters using Central Composite Design (CCD) and Response Surface Methodology (RSM). Young coconut water was treated at different pressure levels (300–600 MPa) and holding times (3–6 minutes). The microbiological analyses included Total Plate Count (TPC), Yeast and Mould, Coliform, Escherichia coli, Psychrophilic Bacteria and Staphylococcus aureus. The results showed that treatments above 450 MPa effectively reduced all microbial counts to undetectable levels (<1 log cfu/ml), while lower pressures (300 MPa) resulted in measurable TPC values. Optimization using the response surface model indicated that the optimum condition for microbial inactivation was 450 MPa for 3 minutes, achieving a desirability value of 1.0. The findings confirmed that pressure was the dominant factor influencing microbial reduction in young coconut water, while holding time played a lesser role. The optimized HPP treatment effectively enhanced microbial safety and is suitable for extending the shelf life of young coconut water without compromising its natural freshness and quality.	Comment by engredehjohnc@gmail.com: The abstract is acceptable but did not capture the development of a second order response that predicts the. model and the prediction accuracy 
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Introduction
Young coconut water (YCW) is the clear liquid endosperm of immature coconuts, and its volume depends on the maturity stage of the fruit (Burns et al., 2020). It naturally contains sugars and electrolytes in a balanced ratio (Alchoubassi et al., 2021; Kumar et al., 2021), making it a nutritious isotonic beverage and a healthier option than many commercial sports drinks that contain synthetic ingredients (Kailaku et al., 2015). YCW is also rich in phytochemicals and antioxidant compounds (Lobo et al., 2021; Shayanthavi et al., 2024), which provide multiple health benefits and contribute to its growing global demand (Rethinam & Krishnakumar, 2022). However, its high perishability caused by microbial growth after opening limits its shelf life to about one week under refrigeration at 4 °C (Zhang et al., 2020). 

Plant-based beverages like YCW are highly perishable and prone to microbial spoilage due to their natural enzyme activity and the presence of contaminating microorganisms such as Escherichia coli, Listeria monocytogenes, and Salmonella spp. (Silva & Evelyn, 2023). Therefore, effective preservation methods are essential to ensure product safety and extended shelf life during distribution and storage. Conventional heat-based preservation methods such as pasteurization and sterilization can extend shelf life but often lead to the degradation of nutrients (Nindo et al., 2007), bioactive compounds (Lund, 1988), and antioxidants (Orellana-Palma et al., 2021), as well as undesirable changes in flavour and colour (Negri Rodríguez et al., 2021). Although conventional thermal processing effectively inactivates microorganisms, it often causes undesirable quality deterioration, including the loss of antioxidants, vitamins, and pigments, as well as the development of off-flavours and browning. 

To overcome these drawbacks, various non-thermal preservation technologies such as membrane filtration, ultraviolet (UV) irradiation, and high-pressure processing (HPP) have been explored as alternatives to heat treatment. Membrane separation enables clarification and cold sterilization (Debien et al., 2013; Karmakar & De, 2017), while UV irradiation effectively deactivates enzymes and microbial cells (Maguluri et al., 2021; Yannam et al., 2020). Among these, HPP has emerged as one of the most promising non-thermal pasteurization technologies for fruit juices and beverages, as it efficiently inactivates vegetative microorganisms without compromising nutritional or sensory quality (Waghmare, 2024) and achieves up to a 5-log reduction in major pathogens such as E. coli O157:H7, Salmonella, and L. monocytogenes (USFDA, 2004). Although it cannot destroy bacterial spores (Black et al., 2007), HPP has been widely adopted due to the growing demand for minimally processed, “fresh-like” products, with the global HPP food market projected to exceed USD 10 billion by 2028 (Visiongain, 2015). The efficiency of HPP depends largely on processing parameters such as pressure level and holding time, with higher pressures generally yielding greater microbial inactivation (Matías et al., 2024). Additionally, the composition of the food matrix, particularly pH, water activity, and initial microbial load, plays a crucial role in determining treatment effectiveness (Augusto et al., 2018; Koutsoumanis et al., 2022). Hence, the behaviour of each product matrix should be evaluated individually to determine the optimal HPP conditions.

Response Surface Methodology (RSM) is a collection of statistical and mathematical techniques used to develop, improve, and optimize processes. It is widely utilized across various industries, including the food sector, where multiple process variables may influence product quality. RSM allows researchers to systematically study the effects of several factors and their interactions on desired responses while reducing the number of experiments required. This approach has proven effective in designing, formulating, and refining both new and existing products (Myers et. al, 2016; Yolmeh & Jafari, 2017). 

RSM is particularly useful for optimizing non-thermal technologies such as High-Pressure Processing (HPP), where parameters like pressure and holding time significantly affect microbial safety and product stability. Optimizing these parameters is crucial to ensure the microbial safety and extend the shelf life of young coconut water (YCW) without compromising its natural characteristics. Therefore, this study aimed to evaluate the effects of pressure and holding time during HPP on the microbial quality of YCW and to determine the optimal processing conditions for microbial inactivation, including total plate count, yeast and mould, coliform, Escherichia coli, Staphylococcus aureus, and psychrophilic bacteria, using RSM to enhance the microbial safety, shelf life and quality stability of young coconut water.	Comment by engredehjohnc@gmail.com: Provide relevant source(s) to support this assertion 	Comment by engredehjohnc@gmail.com: Avoid use of complex statement to convey your opinion. Consider breaking it down for clarity

Materials and Method
Preparation of Young Coconut Water
Young coconuts were obtained from MARDI Bagan Datuk, Perak, Malaysia, and transported by lorry directly to the Food Science and Technology Research Centre, MARDI Serdang, Selangor, Malaysia. The coconuts were first washed and then soaked in a chlorine solution (50 ppm) for 30 minutes before being cut open to collect the coconut water. The collected water was filtered through a muslin cloth to remove solid impurities. The filtered young coconut water was then packed into PET/AL/PE pouches (200 mL), sealed and stored at 4 °C prior to treatment.	Comment by engredehjohnc@gmail.com: What unit of concentration is this? Also justify the essence of soaking in chlorine solution	Comment by engredehjohnc@gmail.com: State the sieve size for standardization of your method to allow for replicatio	Comment by engredehjohnc@gmail.com: Consider replacing with ‘Filtrate’ for technical lucidity

High-Pressure Processing (HPP) Treatment
The packed young coconut water was subjected to high-pressure processing at pressure levels ranging from 300 to 600 MPa for holding times between 3 and 6 minutes. HPP treatment was conducted using a high-pressure unit (Hiperbaric 55, Burgos, Spain) located at the Faculty of Food Science and Technology, Universiti Putra Malaysia (UPM). The processing parameters (pressure and holding time) were set according to the experimental design. Following treatment, the samples were stored under refrigerated conditions (2–7 °C) prior to microbiological analysis.

Experimental Design and Optimization
Response Surface Methodology (RSM) was employed to investigate the effect of high-pressure processing (HPP) parameters on the microbial load of young coconut water. A face-centred Central Composite Design (CCD) with two independent variables namely pressure (A) and holding time (B) was applied using Design-Expert software version 6.0.10 (Stat-Ease Inc., Minneapolis, MN, USA). Based on previous HPP studies on coconut water (Lukas, 2013; Raghubeer et al., 2020; Waghmare, 2024), the effective pressure range for microbial inactivation was selected between 300 and 600 MPa, while the holding time ranged from 3 to 6 minutes, as determined from preliminary trials. The processing temperature was maintained at 20 °C to ensure non-thermal sterilization effects.

The CCD comprised 14 experimental runs, which included factorial points, axial (star) points, and replicated centre points to estimate experimental error and evaluate the lack of fit of the model. Each run was conducted in randomized order to minimize bias. All experiments were carried out in triplicate, and the data were analysed using analysis of variance (ANOVA). The adequacy of the developed model was evaluated based on the coefficient of determination (R²), adjusted R², p-values, and the lack-of-fit test. The experimental data were fitted to a second-order polynomial equation as shown below:	Comment by engredehjohnc@gmail.com: Justify this number of experimental runs (!4) using the relevant formular, stating the number of axial and replicated centre points. The design failed to account for the levels and factorial type used	Comment by engredehjohnc@gmail.com: Number your equation and refer appropriately


where y is the predicted response (microbial load), β₀ is the intercept, β₁ and β₂ are linear coefficients, β₁₁ and β₂₂ are quadratic coefficients, and β₁₂ represents the interaction coefficient. Graphical optimization plots were generated only for significant (p ≤ 0.05) interaction effects.
The dependent variables (responses) analysed in this optimization study were total plate count (TPC), yeast and moulds (Y&M), coliform, Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), and psychrophilic bacteria. The RSM optimization was performed to determine the combination of pressure and holding time that achieved the highest reduction in microbial counts while maintaining the quality.	Comment by engredehjohnc@gmail.com: State the RSM optimization technique/tool used


Microbiological analysis	Comment by engredehjohnc@gmail.com: This section is suggested to precede the Experimental design
Microbiological analysis was carried out to determine the total plate count (TPC), yeast and moulds (Y&M), coliform, Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), and psychrophilic bacteria in both fresh and HPP-treated young coconut water samples. The enumeration of microorganisms was performed according to the procedures described in the United States-Food and Drug Administration (US-FDA) Bacteriological Analytical Manual (BAM) standard methods (Feng et al., 2002). Samples were serially diluted using sterile peptone water, and 1 mL aliquots were plated on specific culture media appropriate for each microbial group. The plates were incubated under optimal conditions as prescribed in the guidelines. Microbial counts were expressed as colony-forming units per millilitre (CFU/mL) and converted to logarithmic values (log CFU/mL) for statistical analysis. All microbial data were expressed as number of colony forming units (log CFU/g) with plates enumeration based on 25 to 250 CFU/g.

Model Validation
Model validation was carried out to assess the adequacy and predictive capability of the developed response surface model. Confirmation experiments were conducted at the predicted optimum conditions to compare experimental and model-predicted microbial counts. The model’s validity was evaluated based on the agreement between predicted and experimental values, as well as key statistical parameters such as the coefficient of determination (R²), adjusted R², and the lack-of-fit test.



Statistical Analysis	Comment by engredehjohnc@gmail.com: This section is an integral part of the experimental design preceding the RSM optimization paragraph, before the validation section 
Design-Expert software version 6.0.10 (Stat-Ease Inc., Minneapolis, MN, USA) was used to design the experiment, perform regression analysis, estimate model coefficients, and conduct ANOVA.

RESULTS AND DISCUSSIONS
Microbiological analysis
The microbial analysis of fresh and HPP-treated young coconut water revealed a significant reduction in the total plate count (TPC) with increasing pressure levels. In untreated samples, the initial TPC was 2.39 log CFU/mL, indicating the presence of naturally occurring microorganisms. However, after HPP treatment at pressures above 450 MPa, TPC decreased to undetectable levels (<1 log CFU/mL), confirming the effectiveness of pressure in microbial inactivation. Treatments at 300 MPa showed partial reduction, with residual TPC values ranging from 1.3 to 1.9 log CFU/mL, suggesting that this pressure level was insufficient to achieve complete sterilization.

No detectable growth of yeast and moulds (Y&M), coliform, Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), or psychrophilic bacteria was observed in samples treated at or above 450 MPa. The absence of these microorganisms indicates that HPP effectively eliminated both spoilage and potential pathogenic microorganisms without the need for heat treatment. These findings are consistent with previous reports that demonstrated the capability of HPP to inactivate vegetative cells of microorganisms in liquid foods, such as fruit juices and coconut water, while maintaining product quality (Lukas, 2013; Raghubeer et al., 2020; Waghmare, 2024). 

The enhanced microbial safety of HPP-treated young coconut water can be attributed to the disruption of microbial cell membranes and enzyme systems under high pressure, leading to cell inactivation. Since no thermal damage occurs, the natural freshness and nutritional properties of the beverage are preserved. Therefore, HPP is an effective non-thermal preservation technique for extending the shelf life of young coconut water while ensuring microbiological safety.



Model fitting and Analyses
In the Response Surface Methodology (RSM), the relationship between the independent variables namely pressure level (A) and holding time (B) was expressed using a second-order polynomial model. The experimental data were fitted to this model and analysed for adequacy through analysis of variance (ANOVA). For a model to be valid, the regression and model terms must be statistically significant at p ≤ 0.05.	Comment by engredehjohnc@gmail.com: This paragraph is suited in the methods under model development
In this study, Total Plate Count (TPC) was found to be significant (p < 0.05), while yeast and mould (Y&M), Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), coliform, and psychrophilic bacteria were not significant (p > 0.05). Therefore, TPC was the only microbial response selected for model development and optimization. The fitted quadratic model for TPC as a function of pressure and time is expressed as:

The model for TPC was highly significant (p < 0.0001) and exhibited a strong correlation coefficient (R² = 0.9914) and an adjusted R² value of 0.9860. According to Paucar-Menacho et al. (2017), an R² value higher than 0.75 indicates a good fit between the predicted and observed data. The high R² values obtained in this study suggest that the model accurately represented the experimental data and effectively explained the variations in TPC.	Comment by engredehjohnc@gmail.com: Hat is the basis of this deduction. Show the evidence using the relevant tables/figures
Pressure (A) and time (B) both showed significant linear effects on TPC (p < 0.05), with pressure having a more dominant influence. The quadratic term of pressure (A²) was also significant (p < 0.0001), indicating the presence of a curvature effect in the response surface. Furthermore, the interaction between pressure and time (AB) significantly affected TPC (p = 0.0136). The lack of fit for the model was not significant (p = 0.1086), confirming that the model adequately described the experimental data.




Table 1. Experimental design of two-level CCD-RSM and microbial counts of young coconut water	Comment by engredehjohnc@gmail.com: Table 1 was not referred to in the test and therefore redundant. It is recommended that this table be move to the Experimental design section  of Materials and method as the Design Layout. While under the result section, the table with the simulated results of the responses will be presented
	Run
	A:Pressure
(MPa)
	B: Time
(min)
	TPC
(log cfu/ml)
	Y&M
(log cfu/ml)
	Coliform
(log cfu/ml)
	E.coli
(log cfu/ml)
	PB
(log cfu/ml)
	S. aureus
(log cfu/ml)

	Control
	-
	-
	2.39
	1.50
	0
	0
	1.53
	1.02

	1
	600
	3
	0
	0
	0
	0
	0
	0

	2
	600
	4.5
	0
	0
	0
	0
	0
	0

	3
	450
	3
	0
	0
	0
	0
	0
	0

	4
	450
	6
	0
	0
	0
	0
	0
	0

	5
	300
	3
	1.90
	0
	0
	0
	0
	0

	6
	600
	3
	0
	0
	0
	0
	0
	0

	7
	600
	6
	0
	0
	0
	0
	0
	0

	8
	300
	6
	1.5
	0
	0
	0
	0
	0

	9
	450
	4.5
	0
	0
	0
	0
	0
	0

	10
	600
	6
	0
	0
	0
	0
	0
	0

	11
	300
	3
	1.79
	0
	0
	0
	0
	0

	12
	300
	6
	1.30
	0
	0
	0
	0
	0

	13
	450
	4.5
	0
	0
	0
	0
	0
	0

	14
	300
	4.5
	1.87
	0
	0
	0
	0
	0



[bookmark: _Hlk532214972][bookmark: _Hlk25941824]Table 2: Regression coefficients and analysis of variance (ANOVA) for Total Plate Count (TPC)	Comment by engredehjohnc@gmail.com: Table not  referred to. It is obvious this is the table upon which the deduction earlier presented was made, if so, it should be referred and moved to the appropriate place
	Response 

	Coefficient
	F-value

	p-value

	Constant,
	0.038
	184.09
	<0.0001

	A- Pressure
	-0.84
	700.83
	<0.0001

	B- Time
	-0.089
	7.94
	0.0226

	A2
	0.86
	192.31
	<0.0001

	B2
	-0.076
	1.51
	0.2538

	AB
	0.11
	9.93
	0.0136

	Lack of fit 
	-
	3.44
	0.1086

	R2 
	0.9914

	Adj R2
	0.9860



Optimisation 
Optimization was performed using the numerical optimization function (Desirability function) in Design-Expert software, where the desired goals for both independent variables and the response were specified. Among all microbial parameters, only TPC was included for optimization because no microbial growth was detected for yeast and mould (Y&M), Coliform, E. coli, psychrophilic bacteria, and S. aureus in most treatment combinations. During the optimization process, TPC was set as the response to be minimized, while both pressure and holding time were set “in range.” The software generated an optimal condition of 450 MPa for 3 minutes, with a predicted TPC value of 0 log CFU/ml and a desirability value of 1.0 (Table 3). This indicates that high-pressure processing at 450 MPa for 3 minutes effectively eliminated the microbial load in young coconut water, providing the best preservation condition among the tested treatments.	Comment by engredehjohnc@gmail.com: This is part of the optimization procedures and therefore be moved to Material and method section under optimization 

Table 3. Possible optimal solution for young coconut water	Comment by engredehjohnc@gmail.com: Expunge
	No.
	Pressure
(MPa)
	Time
(min)
	TPC
(log cfu/ml)
	Desirability
	

	1
	450
	3
	0.00000
	1.0
	Selected



Model Validation
To verify the adequacy of the developed model, a validation experiment was conducted under the predicted optimal condition (450 MPa for 3 minutes). The experimental TPC value obtained under this condition was consistent with the predicted value from the model, with less than 10% deviation (Table 4). This confirms the model’s reliability and predictive accuracy. The validation results indicated that the optimized high-pressure processing parameters were effective in reducing the total microbial load in young coconut water. This confirmed that the developed model was accurate and suitable for predicting microbial reduction in HPP-treated young coconut water.	Comment by engredehjohnc@gmail.com: How was this experimental TPC determined?

Table 4: The predicted and actual values from a response under optimum conditions
	Responses 
	Predicted Value 
	Experimental Value

	TPC
	0.00000
	0.00000



CONCLUSION
This study confirmed that high-pressure processing (HPP) is an effective non-thermal preservation method for young coconut water. Using Central Composite Design (CCD) and Response Surface Methodology (RSM), the pressure and holding time were successfully optimized to achieve maximum microbial inactivation. The optimal condition was identified as 450 MPa for 3 minutes, under which total plate count (TPC) and other microbial indicators such as yeast and mould, coliform, E. coli, S. aureus, and psychrophilic bacteria were reduced to undetectable levels (<1 log CFU/ml). The high coefficient of determination (R² = 0.9914) and non-significant lack-of-fit confirmed the model’s adequacy in explaining the relationship between HPP parameters and microbial reduction. These findings demonstrate that pressure is the dominant factor influencing microbial inactivation in young coconut water. The optimized HPP treatment can be effectively applied to extend the shelf life of young coconut water while maintaining its natural freshness, quality, and safety. Further studies on physicochemical properties and sensory attributes during storage are recommended to support large-scale commercial application.	Comment by engredehjohnc@gmail.com: This work did not show how these wre achieved as no models were developed, analysed, optimized and validated for these particular responses

References
	
Alchoubassi, G., Kińska, K., Bierla, K., Lobinski, R., & Szpunar, J. (2021). Speciation of essential nutrient trace elements in coconut water. Food Chemistry, 339, 127680. https://doi.org/10.1016/j.foodchem.2020.127680
Augusto, P. E. D., Tribst, A. A. L., & Cristianini, M. (2018). High hydrostatic pressure and high-pressure homogenization processing of fruit juices. In Fruit juices: Extraction, composition, quality and analysis (pp. 393–421). Elsevier. https://doi.org/10.1016/B978-0-12-802230-6.00020-5
Black, E. P., Setlow, P., Hocking, A. D., Stewart, C., Kelly, A. L., & Hoover, D. G. (2007). Response of spores to high-pressure processing. Comprehensive Reviews in Food Science and Food Safety, 6(4), 103–121.
Debien, I. C. D., Gomes, M., Ongaratto, R. S., & Viotto, L. A. (2013). Ultrafiltration performance of PVDF, PES, and cellulose membranes for the treatment of coconut water (Cocos nucifera L.). Food Science and Technology, 33(4), 676–684. https://doi.org/10.1590/S0101-20612013000400012
Feng, P., Weagant, S. D., Grant, M. A., Burkhardt, W., Shellfish, M. and Water, B. (2002). Bacteriological Analytical Manual (BAM), Chapter 4 and 5. Retrieved on 14 August 2023 from FDA BAM website: https://www.fda.gov/food/foodscienceresearch/laboratorymethods/ucm064948.htm 
Kailaku, S. I., Alam Syah, A. N., Risfaheri, Setiawan, B., & Sulaeman, A. (2015). Carbohydrate-electrolyte characteristics of coconut water from different varieties and its potential as a natural isotonic drink. International Journal of Advanced Science, Engineering and Information Technology, 5(3), 174–177. https://doi.org/10.18517/ijaseit.5.3.515
Karmakar, S., & De, S. (2017). Cold sterilization and process modeling of tender coconut water by hollow fibers. Journal of Food Engineering, 200, 70–80. https://doi.org/10.1016/j.jfoodeng.2016.12.021
Koutsoumanis, K., Alvarez-Ordóñez, A., Bolton, D., Bover-Cid, S., Chemaly, M., Davies, R., De Cesare, A., Herman, L., Hilbert, F., Lindqvist, R., Nauta, M., Peixe, L., Ru, G., Simmons, M., Skandamis, P., Suffredini, E., Castle, L., Crotta, M., Grob, K., … Allende, A. (2022). The efficacy and safety of high-pressure processing of food. EFSA Journal, 20(3), e07128. https://doi.org/10.2903/j.efsa.2022.7128
Kumar, M., Saini, S. S., Agrawal, P. K., Roy, P., & Sircar, D. (2021). Nutritional and metabolomics characterization of coconut water at different nut developmental stages. Journal of Food Composition and Analysis, 96, 103738. https://doi.org/10.1016/j.jfca.2020.103738
Lobo, A. P., Arpitha, K. V., Shetty, K. D., Rai, S. T., Nayak, P., Kumar, A., et al. (2021). Phytochemical and pharmacological evaluation of yellow and green varieties of Cocos nucifera water. Journal of Pharmaceutical Research International, 33(51A), 180–186. https://doi.org/10.9734/jpri/2021/v33i51A33483
Lukas, A. R. (2013). Use of high-pressure processing to reduce foodborne pathogens in coconut water [Master’s thesis, Virginia Tech]. Virginia Tech Digital Library. http://hdl.handle.net/10919/24760
Lund, D. (1988). Effects of heat processing on nutrients. In E. Karmas & R. S. Harris (Eds.), Nutritional evaluation of food processing (pp. 319–354). Springer. https://doi.org/10.1007/978-94-011-7030-7_12
Maguluri, R. K., Nettam, P., Chaudhari, S. R., & Yannam, S. K. (2021). Evaluation of UV-C LEDs efficacy for microbial inactivation in tender coconut water. Journal of Food Processing and Preservation, 45(9), e15727. https://doi.org/10.1111/jfpp.15727
Matías, C., Ludwig, I. A., Cid, C., Sáiz-Abajo, M., & De Peña, M. (2024). Exploring optimal high-pressure processing conditions on a (poly)phenol-rich smoothie through response surface methodology. LWT, 206, 116595. https://doi.org/10.1016/j.lwt.2024.116595
Myers, R. H., Montgomery, D. C., & Anderson-Cook, C. M. (2016). Response surface methodology: Process and product optimization using designed experiments (4th ed.). Wiley.
Negri Rodríguez, L. M., Arias, R., Soteras, T., Sancho, A., Pesquero, N., Rossetti, L., et al. (2021). Comparison of the quality attributes of carrot juice pasteurized by ohmic heating and conventional heat treatment. LWT, 145, 111255. https://doi.org/10.1016/j.lwt.2021.111255
Nindo, C. I., Powers, J. R., & Tang, J. (2007). Influence of refractance window evaporation on quality of juices from small fruits. LWT - Food Science and Technology, 40(6), 1000–1007. https://doi.org/10.1016/j.lwt.2006.07.006
Orellana-Palma, P., Guerra-Valle, M., Gianelli, M. P., & Petzold, G. (2021). Evaluation of freeze crystallization on pomegranate juice quality in comparison with conventional thermal processing. Food Bioscience, 41, 101106. 
Paucar-Menacho, L. M., Martínez-Villaluenga, C., Dueñas, M., Frias, J., & Peñas, E. (2017). Optimization of germination time and temperature to maximize the content of bioactive compounds and the antioxidant activity of purple corn (Zea mays L.) by response surface methodology. LWT - Food Science and Technology, 76(B), 236–244. 
Raghubeer, E. V., Phan, B. N., Onuoha, E., Diggins, S., Aguilar, V., Swanson, S., et al. (2020). The use of high-pressure processing (HPP) to improve the safety and quality of raw coconut (Cocos nucifera L.) water. International Journal of Food Microbiology, 331, 108697. https://doi.org/10.1016/j.ijfoodmicro.2020.108697
Rethinam, P., & Krishnakumar, V. (2022). Composition, properties and reactions of coconut water. In P. Rethinam & V. Krishnakumar (Eds.), Coconut water: A promising natural health drink—distribution, processing and nutritional benefits (pp. 77–138). Springer. https://doi.org/10.1007/978-3-031-10713-9_4
Shayanthavi, S., Kapilan, R., & Wickramasinghe, I. (2024). Comprehensive analysis of physicochemical, nutritional, and antioxidant properties of various forms and varieties of tender coconut (Cocos nucifera L.) water in Northern Sri Lanka. Food Chemistry Advances, 4, 100645. https://doi.org/10.1016/j.focha.2024.100645
Silva, F. V. M., & Evelyn. (2023). Pasteurization of food and beverages by high-pressure processing (HPP) at room temperature: Inactivation of Staphylococcus aureus, Escherichia coli, Listeria monocytogenes, Salmonella, and other microbial pathogens. Applied Sciences, 13(2), 1193. https://doi.org/10.3390/app13021193
U.S. Food and Drug Administration. (2004). Guidance for industry: Juice hazard analysis critical control point hazards and controls guidance (1st ed.). https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-juice-hazard-analysis-critical-control-point-hazards-and-controls-guidance-first
Visiongain. (2015). The food high pressure processing (HPP) technologies market forecast 2015–2025. https://www.visiongain.com/Report/1406/-2015-2025
Waghmare, R. (2024). High pressure processing of fruit beverages: A recent trend. Food and Humanity, 2, 100232. https://doi.org/10.1016/j.foohum.2024.100232
Yannam, S. K., Patras, A., Pendyala, B., Vergne, M., Ravi, R., Gopisetty, V. V. S., et al. (2020). Effect of UV-C irradiation on the inactivation kinetics of oxidative enzymes, essential amino acids and sensory properties of coconut water. Journal of Food Science and Technology, 57(10), 3564–3572. https://doi.org/10.1007/s13197-020-04388-4
Yolmeh, M., & Jafari, S. M. (2017). Applications of response surface methodology in the food industry processes. Food and Bioprocess Technology, 10, 413–433. https://doi.org/10.1007/s11947-016-1855-2
Zhang, Y., Chen, W., Chen, H., Zhong, Q., Yun, Y., & Chen, W. (2020). Metabolomics analysis of the deterioration mechanism and storage time limit of tender coconut water during storage. Foods, 9(1), 4. https://doi.org/10.3390/foods9010004





