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ABSTRACT 
Dragon fruit (Hylocereus polyrhizus) is an exotic fruit with its cultivation increasing rapidly in several regions. Being a non-climacteric fruit and of perishable nature, understanding harvest maturity stage is important for ensuring quality fruit to consumers. The present study was conducted for two consecutive years during 2020-21 and 2021-22 under foothills of Nagaland at Seithekema-C village, Chümoukedima district, Nagaland, India, laid out in Completely Randomized Design replicated five times, consisting of three harvesting stages viz., H1- 25 Days after anthesis (DAA), H2- 30 DAA and H3- 35 DAA. Fruits were tagged in the morning following anthesis and harvested according to the treatment requirement. Physical and quality aspects were analyzed where it was evident that changes in biochemical factors occur during maturation. Among the three maturity stages, physiochemical factors such as fruit size, fruit firmness, TSS, titratable acidity, TSS: acid ratio, sugar content were recorded to be optimum at 30 DAA (H2), while storability in terms of lower post-harvest spoilage was recorded in 25 DAA (H1). At initial stage (25 DAA), higher total phenol content (6.87 GAE mg/g) was recorded followed by H2 (30 DAA) with 4.98 GAE mg/g and the minimum content (3.11 GAE mg/g) was recorded in H3 (35 DAA). This finding indicated a decline in total phenolic content as the fruit underwent development and ripening whereas an increasing trend in the betacyanin content was found with the advancement in fruit maturity. For optimum quality with longer shelf life, harvesting of dragon fruit at 30 DAA is rendered to be congenial for Chümoukedima region of Nagaland, India. 
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1. INTRODUCTION

Dragon fruit (Hylocereus polyrhizus) has become one of the most sought after fruits due to its notable health benefits and rich nutritional profile. Its big showy flowers that blooms at night time and the vibrant and peculiar shaped fruits, which are low in calories, with high fibre and rich antioxidant properties are few of the reasons that this fruit has gained many sobriquets such as- Queen of the Night, Wondrous fruit of the 21st century, Belle of the night, Noble woman, Cinderella plant and health fruit. Dragon fruit is a tropical fruit belonging to the Cactaceae family. Native to Central America but now widely cultivated in Southeast Asia and other tropical and sub-tropical regions. 
Dragon fruit is highly adaptable to diverse agroclimatic conditions and also very easy to propagate. It has high drought tolerance and easy adaptability to harsh climatic conditions owing to its modified stem structure for water storage, reduced or absence of leaves, waxy surfaces and night-time opening of tissues for absorption of carbon dioxide (CAM pathway) (Luders and McMahon, 2006). It is a long day plant and day length tremendously affects flowering and fruit setting, along with other environmental factors such as temperature, humidity, rainfall etc. The flowers open at night and are hermaphroditic in nature which are mostly pollinated by nocturnal pollinators like bats and moths, while some flowers remain open till morning, bees act as pollinators in such cases. Manual pollination is also carried out by collecting the pollen from one flower and using a small brush to pollinate many flowers.
Dragon fruit is a non- climacteric fruit. Data shows that it has a low respiration rate during the maturation period and should be harvested when ripe for good quality (Van To et. al., 2000). An understanding of measurement of maturity is pivotal to postharvest handling. Different growing environment may influence the product physical development and nutritional quality differently by affecting the stimulation of the biosynthesis of secondary metabolites and health promoting phytochemicals (Singh et. al., 2022), thus the correct harvesting time varies depending on the agroclimatic conditions where the crop is cultivated. Association of picking time with a certain ripeness stage is important for long-term fruit storage (Ozgen et. al., 2002). Understanding these physicochemical changes is critical for determining the optimal harvest time, ensuring prolonged shelf life, and maintaining fruit quality for both local markets and export. Thus, this study was taken up in Chümoukedima region of Nagaland, India to shed light on the developmental changes in dragon fruit during maturation and identify the optimum harvest stage. 

2. MATERIALS AND METHODS

The experiments were carried out for two consecutive years during 2020-2022 under foothills of Nagaland at Seithekema-C village, Chümoukedima district, Nagaland, and brought the fruits for post-harvest quality analysis at laboratory of Department of Horticulture, School of Agricultural Sciences, Nagaland University situated at 25.78º N latitude and 93.79º E longitudes at an elevation of 171 m above mean sea level. The area of the farm experiences humid subtropical conditions with an average annual rainfall ranging from 2000-2500 mm starting from April until end of September, with predominantly high humidity of 70-90%. 
The experiment was laid out in Completely Randomized Design replicated five times, consisting of three harvesting stages viz., 25 DAA (Days after anthesis), 30 DAA and 35 DAA. The flowers were tagged the next morning following the night of anthesis and harvested accordingly. The Erma Hand Refractometer was used to measure the Total soluble solids content in fruit juice, with the reading indicated as °brix. The concentration of ascorbic acid in fruit samples was determined using a 2,6 dichlorophenol-indophenol titration method. The fruits total sugar content, as well as their reducing and non-reducing sugar content were analysed (AOAC., 1994). The estimation of total phenolics in the fresh fruit sample was conducted using the Folin-Ciocalteau process as described by Singleton (1999) and expressed as mg gallic acid equivalents (GAE) per gram of sample in fresh weight (mg/g). Calibration curve with equation y = 0.0007x + 0.0225 (R2 = 0.994) was obtained using Gallic acid as standard and total phenolic content was calculated using the formula: 

	Where,
C= Total phenolic content in mg GAE/g fresh weight), c= Concentration of gallic acid obtained from calibration curve in mg/ml, V= Volume of extract in ml and m= Mass of extract in gram. Betacyanin content was estimated by measuring the absorbance of the aqueous extract by following the method laid out by Razak et. al. (2017). The observance readings obtained was used to calculate the total betacyanin concentration (mg/100 g of fresh weight) using the equation:

Where, A= absorbance at 538 nm ( max), L (path length) = 1.0 cm, DF= dilution factor, V= volume extract (mL), W= fresh weight of extracting material (g). For betanin, E (mean molar absorptivity) = 6.5 x 104 L/mol cm and MW (molecular weight) = 550 g/mol. Firmness of fruit was determined with the help of a penetrometer fitted with 11 mm probe. The data obtained from the design were subjected to statistical analysis and for the significant component of ANOVA.



3. RESULTS AND DISCUSSION

Textural changes of fruit skin/ firmness (kg/cm2)
	Among the three harvesting stages, initial harvest at 25 DAA recorded highest pooled value (11.07 kg/cm2) for firmness, while the lowest was recorded in 35 DAA with 7.62 kg/cm2 as illustrated in Figure 1. Similar trend has been reported by Singh et. al. (2022) where firmness was maximum at harvest stage of 25 DAA and firmness reduced as the maturity stage progressed. In dragon fruit, with advancement in maturity, peel thickness decreases along with reduction in fruit firmness. Change in cell wall texture is an important criterion of fruit ripening which leads to reduction in firmness. This reduction may be due to degradation of cell wall components (pectin, cellulose, hemicellulose) and metabolism of cell contents (Wang et. al., 2024) caused by the action of hydrolytic enzymes (Singh et. al., 2022) as a part of fruit maturation and ripening.

Post-harvest spoilage (%)
	Data pertaining to effect of harvesting stages on post- harvest spoilage as shown in Figure 2 showed minimum spoilage recorded in immature stage (25 DAA) with 16.76% and the maximum spoilage in 35 DAA (43.53%) on storage for 10 days. Fruit quality deteriorate after harvest leading to incidence of spoilage due to microorganisms as well as rapid physiological processes like weight loss, respiration and accelerated ripening in dragon fruit (Ali et. al., 2014). Figure 2: Post-harvest spoilage in different stages of dragon fruit

Figure 1: Changes in firmness during maturation of dragon fruit


Fruit weight (g)
	Data depicted an increasing trend in fruit weight with the advancement in maturity stages of dragon fruit. On the day of harvest, highest fruit weight was observed in H3 (35 DAA) with average weight of 240.42 g and the least fruit weight was recorded in H1 (25 DAA) with an average weight of 183.49 g. Jamaludin et. al. (2010) and Malgalhaes et. al. (2019) have reported similar findings of an increasing trend in fruit size, up to 35 DAA followed by a meager decline as the fruit continue to develop, whereby Chang and Yen (1997) reported that dragon fruits harvested at 50 DAF are 50% heavier in comparison to initial stages (30 DAA). Also, Prasad et. al. (2000) and Babu et. al. (2017) have reported a linear increase in fruit weight of pomegranate from fruit set to harvest. This increase in weight is mainly due to the physiochemical changes during fruit development and maturation, where there is accumulation of water, sugars, other solutes and seed maturation (Jamaludin et. al., 2010; Chitarra and Chitarra, 2005). 

Pulp weight (g)
	Pooled data indicated highest pulp weight in  H3 (30 DAA) with 174.38 g followed by 158.89 g in H2 (30 DAA) and lowest in H1 (25 DAA) with 103 g, which indicates that pulp weight increased with advancement in maturity stages as illustrated in Figure 3. Ortiz and Takahashi (2015) also reported that as dragon fruit matures, pulp mass increased linearly. Additionally, Singh et. al. (2022) corroborated with these findings that dry matter content of dragon fruit pulp increased up to 35 DAA, as a result of rapid cell differentiation, after which there was a decrease, up to 45 DAA of the evaluation.

Peel weight (g)
	Maximum peel weight was recorded in fruits harvested at H1 (25 DAA) with 80.49 g followed by H2 (30 DAA) at harvest with 66.05 g. The lowest value was recorded in H3 (35 DAA) with 55.70 g. This finding is in conformity with Franco et. al. (2022), Singh et. al. (2022) and Paliyath and Murr (2008) who reported peel content and thickness decreased with fruit maturity and development which the latter explains degradation and decomposition of cell wall components, mainly cellulose, hemicellulose and pectin are responsible for the decreased size and weight of fruit skin. 
Figure 3: Changes in fruit weight, peel weight and pulp weight during maturation of dragon fruit



Total Soluble Solids (ºB)
	The experimental results pertaining to TSS content is presented in Figure 4 which outline that highest TSS content was recorded in H3 (35 DAA) with 13.48 ºB and minimum in the initial stage of harvest H1 (25 DAA) with 8.44 ºB. Singh et. al. (2022) elucidated that TSS increased steadily with progression of maturity until 40 DAA in dragon fruit. 

Titratable acidity (%)
	A perusal of data presented in Figure 5 depicts maximum acidity (0.47) in H1 (25 DAA) which followed a decreasing trend with maturity, and at 35 DAA (H3) minimum acidity content was recorded with 0.24%. There was continuous and progressive decrease in acidity as maturity stage and fruit development progressed in dragon fruit which was also reported by Singh et. al. (2022) and Magalhaes et. al. (2019). This reduction may be due to the usage of organic acids as substrate in physiochemical processes such as respiration or their conversion into sugars (Chitarra and Chitarra, 2005). 

TSS-Acid ratio
The results obtained from TSS- Acid ratio presented in Figure 6 showed minimum value recorded at 25 DAA (H1) with 17.64 which may be due to increased acidity in immature fruits and the maximum TSS-acid ratio was recorded in H3 (35 DAA) with 55.74 followed by H2 (30 DAA) with 37.30. Similar trend of increase in TSS-acid ratio with progression in maturity stage was reported by Ortiz and Takahashi (2015) in dragon fruit and Babu et. al. (2017) in pomegranate. It was reported by To et. al. (2002) that the optimum TSS- acid ratio for dragon fruit is approximately 40 and fruits achieved this value at 31 DAA. Figure 4: Changes in TSS during maturation of dragon fruit
Figure 6: Changes in TSS: acid ratio during maturation of dragon fruit
Figure 5: Changes in Titratable acidity during maturation of dragon fruit





Total sugar (%)
	The findings on total sugar content as shown in Figure 7 recorded highest total sugar content (8.43%) in H3 (35 DAA) and minimum value (4.90%) in H1 (25 DAA), which projects an increase in the amount of total sugar content with the advancement in fruit maturation. Dragon fruit being a non- climacteric fruit (Mizrahi and Nerd, 1999), generally achieve the peak sweetness before harvest and lack accumulation of carbohydrates within the fruits, thus, typically do not undergo significant conversion of starch to sugar after harvest, also there is lack of additional source of assimilates for sugar unlike fruits still attached to tree (Punitha et. al., 2010).  

Reducing sugar (%) 
With regard to effect of maturity stages on reducing sugar content in dragon fruit, maximum value (5.35%) was recorded in H3 (35 DAA) and minimum reducing sugar content (3.48) in H1 (25 DAA) as shown in Figure 7. Fairly similar finding has been reported by Trong et. al. (2022) where reducing sugar content increased rapidly as the fruit progressed towards ripening and a maximum was reached at 32 DAA, after which there was a decrease, which he remarked that the fruit undergo ripening stage and a large amount of organic acids and starch are converted into sugar. The primary sugar in dragon fruit are glucose and fructose, while sucrose is present in lesser amount (Wang et. al., 2024; Wu et. al., 1997).

Non-reducing sugar (%) 
The data on non- reducing sugar content of dragon fruit as influenced by maturity stage is presented in Figure 7 which depicts a significant variation among the treatments. At 0 DAH, highest non- reducing sugar content was recorded in H2 (30 DAA) with 3.05% and minimum in the initial stage of harvest H1 (25 DAA) with 1.35%. Figure 7: Changes in Total sugar, reducing sugar and non-reducing sugar during maturation of dragon fruit


Ascorbic acid (mg/100g pulp) 
The data pertaining to effect of maturity stages on ascorbic acid content in dragon fruit is presented in Figure 8 which depicts ascorbic acid was recorded to be more in immature fruits with maximum content (9.82 mg/100ml) in H1 (25 DAA) and the minimum content (5.04 mg/100ml) in H3 (35 DAA) on the day of harvest. This finding indicated that ascorbic acid decreased with advancement in fruit maturity so ascorbic acid was higher in fruits harvested at initial maturity, which has also been reported by Franco et. al. (2022), Martineli et. al. (2020), Enciso et. al. (2011) in dragon fruit, Blissett et. al. (2019), Baloch and Bibi (2012) in mango, Deepthi et. al. (2016) in guava, Kamol et. al. (2014), Gomez et. al. (2023) in pineapple, Rahman et. al. (2014) in strawberry and Rekha et. al. (2012) in citrus.
Total phenolic content (mg GAE/100g fresh wt.) 
It  was noted that harvesting at initial stage (H1- 25 DAA) had higher total phenol content (6.87 GAE mg/g) followed by H2 (30 DAA) with 4.98 GAE mg/g and the minimum content (3.11 GAE mg/g) was recorded in H3 (35 DAA). This finding indicated a decline in total phenolic content as the fruit underwent development and ripening. Similar trend was reported by Singh et. al. (2022), Zitha et. al. (2022) in Dragon fruit, Aldhanhani et. al. (2022) in Ber, Ahmed et. al. (2021) in Date palm, Wojdylo and Oszmianski (2020) in Apple, Vithana et. al. (2019) in Mango, where total phenolic content was highest at initial stage of fruit development, thereafter declined with advancement in fruit ripening. The rapid increase in total phenol content during the green stage was due to increase in its biosynthesis or metabolism of phenolic compounds (Aldhanhani et. al. 2012) whereby, the continual decrease may be due to increase in the activity of polyphenol oxidase that converts soluble phenolics into insoluble phenolics (Singh et. al. 2022) leading to reduction in phenolic synthesis, also phenols are continuously transformed into other substances during development (Zhang et. al. 2022). 
Betacyanin content in pulp (mg/100g of fresh wt.)
[bookmark: OLE_LINK2]Betacyanin is the water-soluble pigment that renders the red-violet color of the pericarp of dragon fruit. The highest content was recorded in H3 (35 DAA) with 38.66 mg/100g while lowest was found in H1 (25 DAA) with 21.74 mg/100g as illustrated in Figure 9. Consequently, this depicts an increasing trend in the betacyanin content with the advancement in fruit maturity. This finding is in conformity with Phebe et. al. (2009), Jamaludin et. al. (2010), Ortiz and Takahashi (2015), Mustafa et. al. (2018) and Singh et. al. (2022). It was observed that by 25 DAA, the red-violet coloration had already manifested in the pulp which indicated the degradation of chlorophyll and the synthesis of betacyanin. Jamaludin et. al. (2010) reported that this red-violet color appears only after seeds have matured. In agreement with Phebe et. al. (2009) who reported that synthesis of betacyanin pigment in flesh was earlier than that in peel, it was found that the colour of pulp had turned completely red-violet at the initial harvest stage of 25 DAA while the peel was still green with signs of colour development. Among other factors, the availability of sugar and light activates the synthesis of this pigment, so along with the increase in sugar content, there is increase in betacyanin content as the fruit matures (Castellar et. al., 2003).

Betacyanin content in peel (mg/100g of fresh wt.)
Among the harvesting stages, the maximum content (36.53 mg/100g) was recorded in H3 (35 DAA), followed by H2 (30 DAA) with 28.70 mg/100g and the minimum value (20.37 mg/100g) was recorded in H1 (25 DAA). As it was found in pulp, the betacyanin content gradually increased as the fruit undergo maturation and development. The loss in green colouration of peel is due to diminishing chlorophyll content, which is followed by synthesis of betacyanin pigment (Phebe et. al., 2009) giving the red coloration as the fruit advances in maturity. Also, high concentration of pectin in fruit hamper extraction of betacyanin (Chia and Chong, 2015) thus, lower amount is found in immature fruits.

Table 1: Physicochemical properties of Dragon Fruit 

	Treatments
	Ascorbic acid (mg/100ml)
	Total phenolic content (mg GAE/100g FW)
	Betacyanin in pulp (mg/100g FW)
	Betacyanin in peel (mg/100g FW)

	
	2021
	2022
	pooled
	2021
	2022
	pooled
	2021
	2022
	pooled
	2021
	2022
	pooled

	H1 
	9.53
	10.11
	9.82
	6.47
	7.28
	6.87
	20.72
	22.75
	21.74
	19.56
	21.18
	20.37

	H2 
	6.40
	7.66
	7.03
	4.86
	5.11
	4.98
	33.11
	33.98
	33.55
	28.03
	29.37
	28.70

	H3 
	4.57
	5.50
	5.04
	3.10
	3.12
	3.11
	37.96
	39.35
	38.66
	37.63
	35.43
	36.53

	SEm±
	0.08
	0.10
	0.06
	0.14
	0.22
	0.13
	0.41
	0.49
	0.32
	0.60
	0.87
	0.53

	CD (P=0.05)
	0.23
	0.28
	0.18
	0.41
	0.62
	0.37
	1.17
	1.41
	0.90
	1.73
	2.51
	1.49




CONCLUSION
	From the present study, it is evident that harvest maturity is crucial in order to obtain the best quality of dragon fruit. The findings indicated a decline in firmness, peel weight, titratable acidity and total phenolic content as the fruit underwent development and ripening whereas an increasing trend in the TSS, sugar profile and betacyanin content were observed with the advancement in fruit maturity. Among the three maturity stages, physiochemical factors such as fruit size, fruit firmness, TSS, titratable acidity, TSS: acid ratio etc. were recorded to be optimum at 30 DAA (H2), while storability in terms of lower post-harvest spoilage was recorded in 25 DAA (H1). 


Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

	
REFERENCES
Ahmed, Z. F. R., Albooshi, S. S., Kaur, N., Maqsood, S. and Schmeda- Hirschmann, G. (2021). Synergistic effect of preharvest spray application of natural elicitors on storage life and bioactive compounds of date palm (Pheonix dactylifera L., cv. Khesab). Horticulturae. 7, 145. 
Aldhanhani, A. R. H., Ahmed, Z. F. R., Tzortzakis, N. and Singh, Z. (2022). Maturity stage at harvest influences antioxidant phytochemicals and antibacterial activity of jujube fruit (Ziziphus mauritiana Lamk. and Ziziphus spina-christi L.). Annals of Agricultural Sciences. 67:196-203.
Ali, A., Zahid, N., Manickam, S., Siddique, Y. and Alderson, P. G. (2014). Double layer coatings: A new technique for maintaining physio-chemical characteristics and antioxidant properties of dragon fruit during storage. Food Bioprocess Technology. 7(8):2366-2374. 
AOAC. (1994). Official Methods of Analysis: 15th Edn. Association of Official Analytical Chemists, Wahington, D.C., U.S.A. pp. 125-139. 
Babu, K. D., Singh, N. V., Gaikwad, N., Maity, A., Suryavanshi, S. K. and Pal, R. K. (2017). Determination of maturity indices for harvesting of pomegranate (Punica granatum). Indian Journal of Agriculture Science. 87(9): 1225-30
Baloch, M. K. and Bibi, F. (2012). Effect of harvesting and storage conditions on the post-harvest quality and shelf life of mango (Mangifera indica L.) fruit. South African Journal of Botany. 83:109-116.
Blissett, K. A., Machel, E. and Barnaby, A. G. (2019). Biochemical properties of tree ripened and post-harvest ripened Mangifera indica (cv. East Indian). International Journal of Fruit Science. 19(4):452-463. 
Castellar, M. R., Obon, J. M., Alacid, M. and Fernandez-Lopez, J. A. (2003). Color properties and stability of betacyanins from Opuntia fruits. Journal of Agricultural Food Chemistry. 51:2772-76. 
Chang, F. R. and Yen, C. R. (1997). Flowering and fruit growth of pitaya (Hylocereus undatus Britt. & Rose). Journal of the Chinese Society of Horticultural Science. 43(4):314-21. 
Chia, S. L. and Chong, G. H. (2015). Effect of Drum drying on physiochemical characteristics of Dragon fruit peel (Hylocereus polyrhizus). International Journal of Food Engineering. 11(2):1-9.
Chitarra, M. I. F. and Chitarra, A. B. (2005). Post-harvest Fruits and vegetables: Physiology and Handling. 2nd edition, UFLA: Lavras, Brazil, 785. 
Deepthi, V. P., Sekhar, R. C., Srihari, D. and Sankar, A. S. (2016). Guava fruit quality and storability as influenced by harvest maturity and postharvest application of calcium salts. Plant Archives. 16(1):174-182. 
Enciso, T. O., Zazueta, M. E. I., Rangel, M. D. M., Torres, J. B. V., Romero, M. V. and Verdugo, S. H. (2011). Postharvest quality of pitahaya (Hylocereus undatus Haw.) fruits harvested in three maturity stages. Rev. Fitotec. Mex. 34(1):63- 72.
Franco, R. K. G., Esguerra, E. B., Tababa, J. L. and Castro, A. C. (2022). Harvest maturity affects the quality and storage behavior of white-fleshed dragon fruit [Hylocereus undatus (Haworth) Britton and Rose]. Food Research. 6(2):423-433. 
Gomez, S., Sebastian, K., Anjali, C., Joseph, M. and Maneesha, P. K. (2023). Impact of maturity stages, shrink-wrap packaging and storage temperature on shelf life and quality of pineapple [Ananas comosus (L.) Merr] fruit ‘Mauritius’. Journal of Horticultural Research. 31(1):35-46. 
Jamaludin, N. A., Ding, P. and Hamid, A. A. (2010). Physico- chemical and structural changes of red- fleshed dragon fruit (Hylocereus polyrhizus) during fruit development. Journal of the Science of Food and Agriculture. 91(2):278-285. 
Kamol, S. I., Howlader, J., Sutra Dhar, G. C. and Aklimuzzaman, M. (2014). Effect of different stages of maturity and postharvest treatments on quality and storability of pineapple. Journal of Bangladesh Agricultural University. 12(2):251-260. 
Luders, L. and McMahon, G. (2006). The pitaya or dragon fruit (Hylocereus undatus), Agnote, no. D42, Department of Primary Industry, Fisheries and Mines. Northern Territory Government. Pp 1-4. 
Malgalhaes, D. S., Ramos, J. D., Pio, L. A. S., Boas, E. V. de. B. V., Pasqual, M., Rodrigues, F. A., Rufini, J. C. M. and dos Santos, V. A. (2019). Physical and physiochemical modifications of white-fleshed pitaya throughout its development. Scientia Horticulturae. 243: 537- 543. 
Martineli, M., Castricini, A., Mala, V. M. and Maranhao, C. M. A. (2020). Post-harvest physiology of pitaya at different ripening stages. Cienc. Agrar. Londrina. 42(3):1033-1048.
Mizrahi, Y. and Nerd, A. (1999). Climbing and columnar cacti: New arid land fruit crops. Prespectives on new crops and new uses. J. Janick (ed.), ASHS Press, Alexandria, VA. 358-366. 
Mustafa, M. A., Ali, A., Seymour, G. and Tucker, G. (2018). Treatment of dragon fruit (Hylocereus polyrhizus) with salicylic acid and methyl jasmonate improves postharvest physio-chemical properties and antioxidant activity during cold storage. Scientia Horticulturae. 231: 89-96.
Ortiz, T. A. and Takahashi, L. S. A. (2015). Physical and chemical characteristics of pitaya fruits at physiological maturity. Genetics and Molecular Research. 14(4):14422- 39.
Ozgen, M., Palta, J. P. and Smith, J. D. (2002). Ripeness stage at harvest influences postharvest life of cranberry fruit: physiological and anatomical explanations. Postharvest Biology and Technology. 24: 291- 299. 
Paliyath, G. and Murr, D. P. (2008). Biochemistry of fruits. In: Postharvest Biology and Technology of Fruits, Vegetables and flowers, Wiley-Blackwell Publishing, Iowa, USA. Pp: 19-50. 
Phebe, D., Chew, M. K., Suraini, A. A., Lai, O. M. and Janna, O. A. (2009). Red-fleshed pitaya (Hylocereus polyrhizus) fruit colour and betacyanin content depend on maturity. International Food Research Journal. 16:233-242.
Prasad, R. N. and Mali, P. C. (2000). Changes in physiochemical characteristics of pomegranate squash during storage. Indian Journal of Horticulture. 57(1):18-20.
Punitha, V., Boyce, A. N. and Chandran, S. (2010). Effect of storage temperatures on the physiological and biochemical properties of Hylocereus polyrhizus. In: Proceeding of Southeast Asia Symposium on Quality and Safety of Fresh and Fresh Cut Produce. Acta Horticulturae. 875.
Rahman, M. M., Ahmad, M. R., Sarker, B. C. and Alam, M. K. (2014). Maturity stages affect postharvest quality and shelf life of fruits of strawberry genotypes growing in subtropical regions. Journal of Saudi Society of Agricultural Sciences. 15(1):28-37
Razak, U. N. A. A., Taha, R. M., Musa, S. A. N. and Mohamed, N. (2017). Detection of betacyanin pigment stability from Hylocereus polyrhizus (Weber) Britton & Rose pulp and peel for possible use as natural coating. Pigment & Resin Technology. 16(4). 
Rekha, C., Poornima, G., Manasa, M., Abhipsa, V., Devi, J. P., Kumar, H. T. V. and Kekuda, T. R. P. (2012). Ascorbic acid, total phenol content and antioxidant activity of fresh juices of four ripe and unripe citrus fruits. Chemical Science Transactions. 1(2):303-310. 
Singh, A. Swami, S., Panwar, N. R. Kumar, M., Shukla, A. K., Rouphael, Y., Sabatino, L. and Kumar P. (2022). Development changes in the physiochemical composition and mineral profile of Red-fleshed Dragon fruit grown under semi-arid conditions. Agronomy. 12:355. 
Singh, Sanampreet & Kumar, Sandeep. (2023). A Review on Nutritional, Medicinal and Bio-active Compound of Dragon Fruit Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose. International Journal of Biochemistry Research & Review. 32. 57-67. 
Singleton, L., Orthofer, R. and Lanuela-Raventos, M. (1999). Analysis of total phenols and other oxidation substrates and antioxidants by means of Folin- ciocalteau reagent. Oxidants and Antioxidants Part A. 299:152-178. 
Trong, L. V., Thuy, L. T., Chinh, H. V. and Thinh, B. B. (2022). Physiological and biochemical changes of red-fleshed Dragon fruit (Hylocereus polyrhizus) during development and maturation. Journal of Food and Nutrition Research. 61(2):139-145.
Van To, L., Ngu, N., Duc, N. D. and Huong, H. T. T. (2002). Dragon fruit quality and storage life: Effect of harvesting time, use of plant growth regulators and modified atmosphere packaging. Acta Horticulturae. 575: 611-621. 
Van To, L., Ngu, N., Duc, N. D., Trinh, D. T. K., Thanh, N. C., Mien, D. V. H., Hai, C. N. and Long, T. N. (2000). Quality assurance system for Dragon fruit. ACIAR Proceedings No 100. Quality Assurance in Agricultural Produce. 101. 
Vithana, M. D., Singh, Z., Johnson, S. K., Gupta, R., (2019). Concentrations of health promoting phytochemicals in ripe mango fruit triggered by postharvest application of elicitors. Journal of the Science of Food and Agriculture. 99: 1126–1134. 
Wang, X., Chen, J., Luo, D. and Ba, L. (2024). Advances in the understanding of postharvest physiological changes and the storage and preservation of pitaya. Foods. 13: 1307. 
Wojdylo, A. and Oszmianski, J. (2020). Antioxidant activity modulated by polyphenol contents in apple and leaves during fruit development and ripening. Antioxidants. 9: 567. 
Wu, M. C. and Chen, C. S. (1997). Variation of sugar content in various parts of pitaya fruit. Florida State Horticultural Society. 110:225-227.
Zhang, H., Pi, J., Tang, Y., Wang, M., Tian, K., Wang, Y., Luo, X. and Deng, Q. (2022). Changes in phenolic compounds and antioxidant activity during development of ‘Qiangcuili’ and ‘Cuihongli’ fruit. Foods. 11:3198. 
Zitha, E. Z. M., Magalhaes, D. S., doLago, R. C., Pasqual, E. E. N. and Boas, E. V. D. B. V. (2022). Changes in the bioactive compounds and antioxidant activity in red-fleshed dragon fruit during its development. Scientia Horticulturae. 291. 110611.



Peel weight (g)

H1	8.4663825411642826	16.479033143159057	12.451105707258758	8.4663825411642826	16.479033143159057	12.451105707258758	2021	2022	Pooled	71.8	89.18	80.489999999999995	H2	8.4663825411642826	16.479033143159057	12.451105707258758	8.4663825411642826	16.479033143159057	12.451105707258758	2021	2022	Pooled	63.07	69.02	66.05	H3	2021	2022	Pooled	54.87	56.52	55.7	



Fruit weight (g)

H1	27.181052837101863	30.612496359058248	28.511359724386018	27.181052837101863	30.612496359058248	28.511359724386018	2021	2022	Pooled	179.27	187.71	183.49	H2	2021	2022	Pooled	216.47	213.07	214.77	H3	27.181052837101863	30.612496359058248	28.511359724386018	27.181052837101863	30.612496359058248	28.511359724386018	2021	2022	Pooled	232.2	248.65	240.42	



TSS- Acid ratio

H1	16.93091354101524	16.93091354101524	2021	2022	Pooled	17.440000000000001	17.829999999999998	17.64	H2	16.93091354101524	21.181593424480607	19.053255189949379	16.93091354101524	21.181593424480607	19.053255189949379	2021	2022	Pooled	35.14	39.46	37.299999999999997	H3	16.93091354101524	21.181593424480607	19.053255189949379	16.93091354101524	21.181593424480607	19.053255189949379	2021	2022	Pooled	51.29	60.19	55.74	



Titratable acidity

H1	0.11135528725660067	0.12767145334803709	0.1222020185321557	0.11135528725660067	0.12767145334803709	0.1222020185321557	2021	2022	Pooled	0.49	0.48	0.49	H2	0.11135528725660067	0.12767145334803709	0.1222020185321557	0.11135528725660067	0.12767145334803709	0.1222020185321557	2021	2022	Pooled	0.35	0.31	0.33	H3	0.11135528725660067	0.12767145334803709	0.1222020185321557	0.11135528725660067	0.12767145334803709	0.1222020185321557	2021	2022	Pooled	0.27	0.23	0.25	



TSS (ºB)

H1	2.6060890238055934	2.5741859554689093	2.5865871980919848	2.6060890238055934	2.5741859554689093	2.5865871980919848	2021	2022	Pooled	8.44	8.44	8.44	H2	2.6060890238055934	2.5741859554689093	2.5865871980919848	2.6060890238055934	2.5741859554689093	2.5865871980919848	2021	2022	Pooled	12.19	11.75	11.97	H3	2.6060890238055934	2.5741859554689093	2.5865871980919848	2.6060890238055934	2.5741859554689093	2.5865871980919848	2021	2022	Pooled	13.45	13.51	13.48	



Total sugar

H1	1.8849491593497545	2.0486825034641178	1.9014292869663449	1.8849491593497545	2.0486825034641178	1.9014292869663449	2021	2022	Pooled	4.92	4.8899999999999997	4.9000000000000004	H2	1.8849491593497545	2.0486825034641178	1.9014292869663449	1.8849491593497545	2.0486825034641178	1.9014292869663449	2021	2022	Pooled	7.13	8.65	7.89	H3	1.8849491593497545	2.0486825034641178	1.9014292869663449	1.8849491593497545	2.0486825034641178	1.9014292869663449	2021	2022	Pooled	8.67	8.18	8.43	



Reducing sugar

H1	0.94028364514828267	0.95817534929677617	0.94743513410329649	0.94028364514828267	0.95817534929677617	0.94743513410329649	2021	2022	Pooled	3.39	3.57	3.48	H2	0.94028364514828267	0.95817534929677617	0.94743513410329649	0.94028364514828267	0.95817534929677617	0.94743513410329649	2021	2022	Pooled	4.71	4.66	4.68	H3	0.94028364514828267	0.95817534929677617	0.94743513410329649	0.94028364514828267	0.95817534929677617	0.94743513410329649	2021	2022	Pooled	5.21	5.48	5.35	



Non-reducing sugar

H1	0.9208872533233009	1.2702099563982849	0.94875356828490032	0.9208872533233009	1.2702099563982849	0.94875356828490032	2021	2022	Pooled	1.45	1.25	1.35	H2	0.9208872533233009	1.2702099563982849	0.94875356828490032	0.9208872533233009	1.2702099563982849	0.94875356828490032	2021	2022	Pooled	2.2999999999999998	3.79	3.05	H3	0.9208872533233009	1.2702099563982849	0.94875356828490032	0.9208872533233009	1.2702099563982849	0.94875356828490032	2021	2022	Pooled	3.29	2.56	2.93	



Firmness (kg/cm2)

H1	1.5383215961993555	1.9350538321538622	1.7298843892006213	1.5383215961993555	1.9350538321538622	1.7298843892006213	2021	2022	Pooled	10.91	11.23	11.07	H2	1.5383215961993555	1.9350538321538622	1.7298843892006213	1.5383215961993555	1.9350538321538622	1.7298843892006213	2021	2022	Pooled	8.98	9.27	9.1199999999999992	H3	1.5383215961993555	1.9350538321538622	1.7298843892006213	1.5383215961993555	1.9350538321538622	1.7298843892006213	2021	2022	Pooled	7.87	7.36	7.62	



H1	2021	2022	Pooled	2021	2022	Pooled	2021	2022	Pooled	Day 4	Day 6	Day 8	0	0	0	4.43	4.6500000000000004	4.54	17	16.52	16.760000000000002	H2	2021	2022	Pooled	2021	2022	Pooled	2021	2022	Pooled	Day 4	Day 6	Day 8	4.07	5.03	4.55	11.92	12.91	12.41	33.24	26.48	29.86	H3	2021	2022	Pooled	2021	2022	Pooled	2021	2022	Pooled	Day 4	Day 6	Day 8	7.59	5.68	6.64	21.82	24.58	23.2	41.19	45.87	43.53	
POST HARVEST SPOILAGE (%)




Pulp weight (g)

H1	35.502651074720085	46.448070286432042	40.793501116395092	35.502651074720085	46.448070286432042	40.793501116395092	2021	2022	Pooled	107.47	98.53	103	H2	35.502651074720085	46.448070286432042	40.793501116395092	35.502651074720085	46.448070286432042	40.793501116395092	2021	2022	Pooled	153.4	144.05000000000001	148.72	H3	35.502651074720085	46.448070286432042	40.793501116395092	35.502651074720085	46.448070286432042	40.793501116395092	2021	2022	Pooled	177.33	191.42	184.38	






