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IMPACT OF HIGH PRESSURE HOMOGENIZATION ON THE QUALITY OFDRAGON FRUIT RTS BEVERAGE DEVELOPED WITH REDUCED MUCILAGE

ABSTRACT
Dragon fruit is popular among consumers because of its attractive color. However, presence of mucilage is a disadvantage for its processed products specifically RTS beverage. Hence, in this study, a ready-to-serve (RTS) beverage was prepared by reducing the mucilage content through process modification and subjecting to High Pressure Homogenization (HPH). Analysis of non-homogenized (NH) and homogenized (HPH) RTS beverage showed decreased ascorbic acid and total betalains content on 0th day in HPH beverage. In contrast, total polyphenols and antioxidant activity was found significantly high in HPH beverage. Profiling of phenolic acids revealed high 2,4-dihyroxybenzoic acid, vanillic acid, gallic acid, ferulic acid and chlorogenic acid in HPH beverage compared to NH beverage. Sensory evaluation data depicted that HPH beverage had high mean score for taste, mouth feel and overall acceptability. This indicates that subjecting a pre processed dragon RTS beverage for HPH at 100 MPa with single cycle could retain 49% total betalains pigment, 85% total polyphenols and 67% antioxidant activity with highly acceptable sensory quality with reduced turbidity. 
Keywords: betalains, bioactive compounds, dragon fruit beverage, high pressure homogenization, turbidity
[image: ]




 (
Graphical Abstract
)

1.INTRODUCTION
“Dragon fruit, commonly known as Pitaya is an exotic fruit loaded with nutrients contributing to health benefits. It is a very good source of antioxidants including vitamin C, flavonoids and betalains. The most common variety (Hylocereus undatus) of this fruit was processed to develop and standardize a healthy refreshing drink compared to other varieties” (Vishakha et al., 2021). “Dragon fruit is commercially being cultivated in various parts of the world such as Vietnam, Mexico, Indonesia, China, Malaysia, Thailand and many other countries” (Arivalagan et al., 2021). The five major types of Hylocereus species are mainly differentiated based on their fruit characteristics.
“Despite having variation in the color of pulp and peel in the species, invariably the fruit pulp of all dragon species is intermixed with tiny black seeds which have crunchy texture while chewing along with pulp giving a pleasant taste. The dragon fruit pulp contains a generous amount of water-soluble and fat-soluble vitamins, with lesser dietary fiber and protein content. Minerals such as potassium, phosphorous, magnesium, calcium, iron and zinc are found in good amount in dragon fruit pulp” (Arivalagan et al., 2021). “The red-purple color of the pulp is mainly due to the presence of water-soluble nitrogen-containing pigments called betalains consisting betacyanin and betaxanthin” (Li et al., 2022).
Besides its excellent attractive pulp color, dragon fruit pulp has been studied for its health benefitting properties mainly because of the presence of bioactive compounds viz, ascorbic acid, polyphenols, flavonoids, flavanols and betacyanins having strong antioxidant activity and chemopreventive activity. Water extract of the fruit pulp showed cytotoxic activity against colon cancer cells at a concentration of 0.5 mg/mL in vitro showing potential health benefit of dragon fruit (Pasko et al., 2021). “Betacyanins from red dragon fruit was found to reduce the body weight gain in mice when fed along with high fat diet for 14 days at 200 mg/kg/day compared to mice fed with only high fat diet. In addition, the betacyanin fed to mice showed improved hepatic steatosis, adipose hypertrophy, and insulin resistance” (Song et al., 2016). Aqueous extract of pulp from Hylocereus lemairei found to exhibit anti-hyperglycemic and antiobesity activity by inhibiting α-amylase and α-glucosidase along with pancreatic lipase enzyme in a pre-clinical study. This activity was attributed to the phenolic acids chlorogenic acid and naringin present in the extract (Lodi et al, 2023). Thus, intake of dragon fruit has shown numerous health benefits. However, its consumption is mostly limited to fresh fruit because of less availability of its processed products. In India, its cultivation has increased since a decade but still the commercial production of its processed products is at infancy stage. Besides, the mucilage present in both pulp and peel have been shown as a good coagulant in waste water treatment (Le et al, 2020).
The dragon fruit pulp is used to make juice, powder, wine, jam, jelly, and preserve. Its peel also has been tried to extract colour for utilization as natural food colorant as well as for pectin. In addition, seeds can yield about 50% essential fatty acids having high percentage of linoleic acid and very less amount of linolenic acid making it a suitable functional ingredient for product preparation (Jalgaonkar et al., 2022)
Generally, consumers frequently choose fruit juice due to its convenience, availability of wide variety of flavors, and its ability to provide instant energy. Consumers prefer beverages made from fruits with high nutritional value, and the fruit used in the juice plays a key role in their purchasing decisions (Kowalska et al., 2023). Further, appearance of the fruit beverage also influences the consumers’ decision for purchasing a beverage. Dragon fruit (pink pulp type) is one such fruit having good nutritional quality along with attractive color, yet fruit lacks flavour unlike other fruits such as mango, pineapple, orange etc. Because of its specific attributes, dragon fruit is a suitable fruit for ready-to-serve beverage preparation. However, its mucilage content is the unique characteristics of dragon fruit which is present in both pulp and peel making its beverage viscous and pose sedimentation problem. Hence, clarification of the juice is essential to reduce the viscosity as well as turbidity for gaining commercial importance and acceptability. 
Presence of mucilage in dragon pulp is the main hurdle to obtain a clear fruit RTS beverage. Further, existence of a sticky mucilage layer between the seed and pulp of dragon fruit creates difficulty in filtration to prepare RTS beverage (Liaotrakoon, 2013). Many studies have reported that mucilage was removed by centrifugation, filtration or by treating with high doses of enzymes. However, these processes have led to higher degradation of betalains (Herbach et al., 2007; Siow and Wong, 2017)
Homogenization, a process which emerged initially for dairy sector demonstrated its application in various foods as food industry grew. Earlier the homogenization pressure applied was up to 50 MPa later with the potential ability of high pressure for pasteurizing food matrix the pressure was used between the ranges of 100-400 MPa which was termed as High Pressure Homogenization. Within this range when the pressure was applied between 300-400 MPa, it was termed as Ultra High Pressure Homogenization (Georget et al., 2014).
High pressure homogenization technology comprises of pumping a product specifically fluids through a narrow gap of the valve wherein disruption of the particles present in fluid happens by increasing its velocity then depressurizing with subsequent cavitations and high shear stress. Thus the particles undergo deformation due to mechanical disintegration resulting in reduced microbial load, increased viscosity, reduced sedimentation, and increased flavour along with bioactive compounds (Kubo et al., 2013; Liu et al., 2022). 
High pressure homogenization can improve the colour and flavour apart from enhancing turbidity in orange juice. The molecular weight of pectin in homogenized orange juice was significantly found less than the non-homogenised juice due to the disruption of sugar neutral side chains in citrus pectin. This reduced branching of pectin facilitated the non-covalent hydrophobic interactions of the serum phase which resulted in enhancing the stability of orange juice (Yu et al., 2021). Thus HPH can become an ideal technique in fruit juice processing to reduce sedimentation and for appealing sensory properties. 
Therefore, in the present work dragon fruit RTS beverage was developed by reducing the mucilage content and subjecting to HPH to obtain a fruit beverage with acceptable sensory properties and high bioactive compounds. 

List 1 :  Table showing different Hylocereus species with their corresponding pulp and peel colors
	Sl.no.
	Species 
	Pulp color
	Peel color

	1
	Hylocereus undatus
	White 
	Pink 

	2
	Hylocereus polyrhizus
	Red-purple
	Pink 

	3
	Hylocereus costaricencis
	Violet-red
	Pink 

	4
	Hylocereus guatemalensis
	Red 
	Reddish-orange

	5
	Hylocereus megalanthus
	White 
	Yellow 

	6
	Hylocereus monacanthus
	Red-purple
	Pink 

	7
	Hylocereus lemairei
	Red 
	Pink 



2.MATERIALS AND METHODS 
2.1 MATERIALS 
Dragon fruits (Hylocereus polyrhizus) of pink variety were obtained from ICAR- Indian Institute of Horticultural Research, Central Horticultural Experiment Station, Hirehalli, Karnataka, India. Ripened fruits were harvested and brought to the lab in crates. Fruit without any infestation and damage were washed with potable water then dipped in Sodium hypchlorite with 50 ppm free available chlorine solution for 2-3 min. The fruits were rinsed with potable water and air dried. Peel was removed manually; fruit was cut into 3-4 cm3 using SS knife. The cubes were then run through fruit mill and the obtained pulp was used for beverage preparation. Cane sugar was purchased from the local market. Citric acid, ascorbic acid and other chemicals used for analysis were of analytical grades from Himedia Laboratories Pvt. Ltd (Bengaluru, India), Sisco Research Laboratories Pvt. Ltd (Mumbai, India) and Sigma Aldrich-Merck (St. Louis, Missouri, USA).
2.2 BEVERAGE PREPARATION AND HOMOGENIZATION
Ready-to-serve dragon fruit beverage was prepared by using ingredients such as cane sugar, citric acid, ascorbic acid, synthetic preservative and water. Methodology for the preparation of beverage has been filed for patent (Indian Patent Application no. 202311045888). Initially the beverage samples were subjected to 1, 2 and 3 cycles of HPH with a pressure of 100 MPa (VS-100, 100 LPH capacity, VSmart Vino Technical Services, Coimbatore, Tamil Nadu. India). These homogenised samples were evaluated for physicochemical and sensory parameters. Based on the sensory and quality parameters, the homogenized beverage with single cycle was found to be better. Then for storage analysis, twenty litres of beverage mix was prepared, it was divided into two lots of ten litres each; one for HPH and other lot as control (non-homogenised). Homogenized and non homogenised beverage was subjected to pasteurization for 15 min at 85 °C in conventional method using pre-sterilized glass bottle. The temperature of the pasteurized beverage bottles were brought down to room temperature by sprinkling cool water. Bottles were stored for six months for shelf-life evaluation at room temperature (25-33 °C, 33-66% RH) under dark.
2.3 PHYSICOCHEMICAL AND BIOACTIVE COMPOUNDS ANALYSIS
The total soluble solids (TSS) of the beverage samples were recorded by using digital refractometer (Digital refractometer PAL-3, ATAGO, Japan). The titratable acidity was estimated by titrating the sample with 0.1 N NaOH until the pH of the sample showed 8.1. The amount of NaOH consumed was calculated and acidity was expressed in terms of citric acid.
2.3.1 TURBIDITY 
Turbidity of the beverage was measured by centrifuging 10 mL of the sample at 320 g for 10 min (Sorvall ST 8R, ThermoScientific, Germany). The absorbance of the supernatant was read at 660 nm (T70 Dual Beam UV-Vis Spectrometer, PG Instruments Ltd, UK) using distilled water as blank (Silva et al., 2010)
2.3.2 ASCORBIC ACID
Ascorbic acid was estimated by visual titrimetric method using 2,6- dichlorophenol indophenol dye as described by Ranganna (1986). For ascorbic acid estimation, 2 g of sample was taken and volume was made up to 20 mL with 0.4% oxalic acid. An aliquot of 2 mL was taken in a conical flask containing 5 mL of 0.4% oxalic acid and titrated against the dye till the appearance of a light pink colour persisted for at least 30 seconds. The dye was standardized by titrating against freshly prepared ascorbic acid solution. The ascorbic acid content of the sample was calculated by using the formula.

                                               Conc. of std. x Vol. made up x Titre value of sample x 100
Ascorbic Acid (mg/100g) = -------------------------------------------------------------------
                                                Titre value of sample x Aliquot taken for estimation
2.3.3 TOTAL POLYPHENOLS
Total polyphenols in beverage was determined as per the method described by Panwar et al., (2016). Briefly, 2 g of sample was extracted with 80% methanol in distilled water, vortexed for a minute and stored overnight. The volume of the extract was made up to 25 mL with 80% methanol. Folin-Ciocalteu reagent (0.2 mL, 1N) was added to 0.5 mL of the extract taken in a test tube to which immediately 3.3 mL of distilled water and 1 mL of saturated sodium carbonate were added before storing the sample for 30 min under dark. The absorbance of the sample was read at 700 nm (T70 Dual Beam UV-Vis Spectrometer, PG Instruments Ltd, UK) and calculated using a standard calibration curve (R2-0.999) made using Gallic acid (0–0.1 mg/mL). The results were expressed as Gallic Acid Equivalent (GAE).
2.3.4 PROFILING OF PHENOLIC ACIDS BY LC/MS-MS
“Standard solutions of phenolic acids were prepared in 80% methanol. LC-MS grade organic solvents were used as the mobile phase for liquid chromatography. All mobile phases were filtered through membranes (0.45 μm). Different concentrations of individual compounds were made to obtain standard curves for individual phenolic acids which were identified and quantified by their molecular weight (parent mass m/z) and most abundant fragmented daughters. The mobile phase consisted of an aqueous phase of 0.1% formic acid in water (A) and organic phase of 0.2% formic acid in methanol (B). The initial gradient was composed of 95% aqueous phase and organic phase (5%), which was held for 1 min. After 4 min, the gradient was changed to aqueous phase (70%) and organic phase (30%), held for 5 min. At 9 min, linear gradient was followed after arriving at aqueous phase (95%) and organic phase (5%) for 5 min. At 14 min the gradient was again changed to 95% aqueous and organic phase of 5% and this condition was held for 4 min for equilibrating before the next injection. The flow rate was maintained at 0.2 mL/min”. (Kumar et al. 2018). “The analytical column used was 2.1 X 50 mm UPLC BEH C18 column (Waters) with particles of 1.7 μm particles, which was protected by vanguard BEH C-18, 2.1x5 mm with 1.7 µm particles guard column (Waters). The column temperature was maintained at 25 °C. Exactly 6μL of sample was injected. The metabolites were pumped directly without any split into the TQD-MS/MS system which was optimized for phenolic acids analysis with source temperature 130 °C, and dissolvation gas flow and temperature at 550 L/h and 350 °C, respectively”.  (Arivalagan et al. 2018)
2.3.5 ANTIOXIDANT CAPACITY BY DPPH METHOD
Antioxidant capacity was determined using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) as per the method described by Kang and Saltveit (2002). One millilitre of methanol (80%) extracted sample was taken in a test tube. Acetate buffer (10 mM) followed by 0.2 mM DPPH solution were added in the test tube. Absorbance of the solution was read at 517 nm (T70 Dual Beam UV-VisSpectrometer, PG Instruments Ltd, UK) after 30 min of incubation under dark. “The decrease in absorbance with addition of sample was used for determination of antioxidant activity. A calibration curve using different concentrations of ascorbic acid (20-100 µg/mL) was prepared. The results were expressed as ascorbic acid equivalent antioxidant capacity (AEAC)”. (Chethan et al. 2022)

2.3.6 TOTAL BETALAINS
Total betalains content was determined as described by Arivalagan et al. (2021). Aqueous extract of the sample was read at 535 nm using spectrophotometer and the concentration of total betalains content was calculated using the formula:
Total betalains content (mg/100 mL)= {[A ×MW× V × DF × 1000]/[E × L ×W] } × 100
Where A- absorbance at 538 nm, MW- molecular weight of betacyanin (535), V- volume of extract, DF – dilution factor, E- molar extinction coefficient of betacyanin (60000), L-path length (1 cm) W- weight of the sample.
2.4 MICROBIAL ANALYSIS
The samples were analysed for their microbiological quality during their storage period at an interval period of 15 days by serial dilution and plating in standard selective and differential media up to 90 days (Speck, 1985). About 25 g of sample was transferred to stomacher bags containing 225 ml sterile water and blended in a stomacher (Seward 400 Circulator®, Seward UK) for two minutes. Serially diluted suspensions from the blended sample were pour plated on different media viz., plate count agar (aerobic plate count), Mann Rogosa Sharpe agar (lactic acid bacteria), yeast extract peptone dextrose agar (yeasts), violet red bile agar (coliforms) and tryptone bile glucuronic acid agar (Escherichia coli). Violet red bile agar plates were incubated at 37 ºC for 24 h, while all the other media plates were incubated at 28 ºC for 48 h. Colony enumeration was done using a digital colony counter (LA663 Digital colony counter®, Hi media Laboratories, India). All analyses were conducted in triplicate and the microbial counts are reported as log 10 colony- forming units (CFU) per gram.
2.5 SENSORY EVALUATION
“Sensory evaluation was performed by scientists and research scholars of the laboratory. The sensory panellists included healthy male and female aged between 25 and 55 y. The samples were given with the codes and were evaluated by the participants after 2-3 h of having morning breakfast. All the participants were previously exposed to different fruit beverages. Participants were asked to assess the beverages based on colour, flavour, mouthfeel, taste and overall acceptability using a 9-point hedonic scale consisting of dislike extremely = 1, dislike very much = 2, dislike moderately= 3, dislike slightly = 4, neither like nor dislike = 5, like slightly = 6, like moderate = 7, like very much = 8 and like extremely = 9” (Larmond, 1977).
2.6 STATISTICAL ANALYSIS
“All the analysis was conducted in triplicates. Statistical analysis was carried out by the one-way analysis of variance (ANOVA) and Fisher’s LSD values were at P 0.05. Statistical analysis was performed using WASP (WASP 2.0, ICAR Research Complex for Goa, Ela, Goa, India.) and grapes Agri1 package in R statistical software” (Gopinath et al., 2021).
3. RESULTS AND DISCUSSION
3.1 TOTAL SOLUBLE SOLIDS AND TITRATABLE ACIDITY 
The influence of HPH on the TSS of the dragon fruit RTS beverage is presented in Table 1. On 0th day, no significant difference was noticed in the TSS. However, at the end of 180 days storage period, TSS of the beverage was slightly reduced to 14.03 and 14.30 °Brix in both NH and HPH samples, respectively but it was observed that slightly high TSS was maintained in HPH samples indicating that homogenization process maintains TSS even at the end of 180 days. The decrease in TSS may be attributed to hydrolytic changes in carbohydrates in the beverage (Kishore et al., 2011). Homogenization of blackcurrant juice at 150 MPa led to a 0.6 °Brix increase in TSS compared to non-homogenized juice, as observed by authors (Kruszewski et al., 2021). Whereas Wellala et al. (2020) did not find significant difference in TSS of non-homogenized and homogenized (25, 100 and 140 MPa) mixed juice, consisting of carrot, apple and peaches. This variation in TSS of HPH beverages may be attributed to the pressure applied to the fluid in the homogenizer or the fruit matrix which impact changes in soluble solid content. 
In fruit beverage preparation acidity contributes significantly for the sensory acceptance. Acidity has vital importance in determining the quality of RTS beverages. The titratable acidity was found to be 0.31 % in HPH and 0.32 % in NH dragon RTS sample as the acidity was adjusted with citric acid during preparation (Table 1). Towards the end of storage period, stability in acidity was observed in all the treatments with a slight decrease in NH samples. Many studies have reported that high pressure homogenization did not impact much on the titratable acidity of the fruit juice however, it varied with the type of fruit juice, pressure level, number of passings and inlet temperature which might be due to change in the composition of organic acids the fruit consists of and extraction of organic acids in the juice during cavitation while processing (Kruszewski et al., 2021; Wellala et al., 2020)
3.2 TURBIDITY 
Turbidity varied between the NH and HPH dragon fruit RTS samples, however no significant difference was found (Fig 1). Non-homogenized samples showed 9.4% more turbidity compared to HPH samples initially. During storage period, turbidity of both the samples started decreasing however, HPH samples showed 21% lesser turbidity compared to NH samples. Similarly, 20% less turbidity was observed in homogenized peach juice compared to fresh juice by Yildiz (2019).
Turbidity measures the amount of light passes through the suspended particles in the beverage, thus higher absorbance corresponds to greater cloudiness (Okoth et al., 2000). The cloud in a juice/beverage is a result of dispersed insoluble particles such as pectin, protein, lipids, cellulose and hemicelluloses (Scott et al., 1965).


Table 1: Total soluble solids (°Brix) and titratable acidity (%) in dragon fruit RTS beverage during storage period

	Storage period (days)
	TSS
	Titratable acidity 

	
	NH
	HPH
	NH
	HPH

	0
	15.20a
	15.40a
	0.32a
	0.31b

	30
	15.13
	15.06
	0.29
	0.29

	60
	14.00b
	14.13a
	0.26
	0.27

	90
	14.00b
	14.10a
	0.26
	0.26

	120
	13.93
	14.00
	0.23b
	0.25a

	150
	13.10b
	13.33a
	0.28b
	0.37a

	180
	14.03b
	14.30a
	0.28b
	0.34a


NH: non-homogenized; HPH: high pressure homogenized. Values presented are mean of three replications, n=3. Values with the same superscript in each row for the parameter do not differ significantly. 

Reduction in course particle size to finer particles can be achieved by homogenization process. Silva et al. (2010) applied pressure ranging from 50 to 700 bar for pineapple pulp. It resulted in mean particle size reduction from 213.20 to 102.86 µm compared to control sample which had mean particle size of 362.97 µm.  Decreased cloudiness with increasing homogenization pressure can be attributed to the decrease in particle size, which allows more light to go through the juice (Okoth et al., 2000). In this study, HPH resulted in less turbid dragon fruit RTS beverage which is more appealable to the consumers. The mucilage of dragon fruit pulp was brought down during pre homogenization process. The same pre process was also followed in NH sample. This process of reduction of mucilage has not been disclosed here as it is the subject of pending patent application. 
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Fig 1: Turbidity (absorbance at 660 nm) in dragon fruit RTS beverage during storage period

3.3 BIOACTIVE COMPOUNDS
3.3.1 ASCORBIC ACID 
Ascorbic acid is one the important factors that decides antioxidant activity of foods which prevents or avoids free radicals’ formation. In this study, ascorbic acid was added as a natural antioxidant, so high values of ascorbic acid were found. Non-homogenized sample had 33% more ascorbic acid content compared to HPH samples initially (Table 2). Decreased ascorbic acid content in HPH sample may be attributed to temperature rise in the beverage up to 40 °C during homogenization when it passes through valve with pressure. Further, during storage both samples underwent significant loss of ascorbic acid content. At the end of storage, NH sample retained 71% whereas HPH sample retained 79% of ascorbic acid content. Nagpal and Rajalakshi (2009) reported decrease in ascorbic acid content of beverages during storage due to oxidation, as ascorbic acid is sensitive to oxygen, light, and heat by both enzymatic and non-enzymatic catalysts. Vishakha et al., (2021) observed 44 mg/100g of ascorbic acid content in a refreshing drink prepared with combination of dragon fruit juice (90 mL), peel (10g), sugar (15g) and lemon juice (10 mL). Addition of ascorbic acid could result in fortification of the beverage apart from acting as an antioxidant. This would benefit both manufacturer and consumers. 
3.3.2 TOTAL BETALAINS
Betalains were found to be beneficial in prevention of many non-communicable diseases through many studies. Consumption of pink pulp dragon fruit powder having 33 mg of betalains has showed improved endothelial function and arterials stiffness in healthy individuals (Cheok et al., 2022). Changes in betalains content in dragon RTS beverage due to HPH is presented in Table 2. Total betalains content was observed high in NH sample. Nearly 35% reduction in betalains content of dragon RTS beverage was observed in HPH beverage. This loss in HPH beverage might be due to the destruction of betalains due to temperature rise in the fluid to 40 °C during friction between the valves as well as due to oxidation degradation further due to pasteurization process. Similarly, 9% less betacyanins was observed in beetroot juice sample treated with high pressure homogenizer at 50 MPa/1 cycle (Kruszewski et al., 2023). During storage period, NH beverage retained 34% of betalains content whereas in HPH beverage it was 49%. This higher retention of betalains could be due to inactivation of oxidative enzymes, retention of antioxidants and better colloidal stability in HPH beverage which might have protected the pigments from degradation (Morata et al., 2014). 

Table 2: Ascorbic acid (mg/100g), total betalains (mg/100 mL), total polyphenols (mg GAE/100g) and antioxidant activity (mg AEAC/100g) in dragon fruit RTS beverage during storage period

	Storage period (days)
	Ascorbic acid 
	Total Betalains  
	Total polyphenols 

	DPPH


	
	NH
	HPH
	NH
	HPH
	NH
	HPH
	NH
	HPH

	0
	127.20a
	84.80b
	4.03a
	2.61b
	270.68b
	291.78a
	0.96b
	0.96a

	30
	126.00a
	82.80b
	2.41
	1.94
	268.04b
	287.99a
	0.94b
	0.97a

	60
	122.80a
	79.60b
	2.20a
	1.75b
	261.61b
	278.60a
	0.93a
	0.94b

	90
	120.00a
	78.00b
	2.51a
	1.65b
	257.66b
	271.01a
	0.92b
	0.94a

	120
	108.40a
	76.40b
	2.21a
	1.61b
	255.52b
	265.90a
	0.90b
	0.91a

	150
	102.40a
	71.20b
	1.51a
	1.48b
	241.34b
	256.67a
	0.66a
	0.64b

	180
	91.20a
	67.20b
	1.41a
	1.29b
	236.56
	247.11
	0.69a
	0.64b



NH: non-homogenized; HPH: high pressure homogenized. Values presented are mean of three replications, n=3. Values with the different superscript in each row for the parameter differ significantly (P ≤ 0.05)

3.3.3 TOTAL POLYPHENOLS AND PHENOLIC ACIDS PROFILING
High pressure homogenization of dragon RTS beverage leads to high phenol content (291.78 mg GAE/100g) compared to non-homogenized beverage (270.68 mg GAE/100g) (Table 2). This high content of phenols in HPH beverage is due to the impact of pressure on the sample during passage through valve. When the fluid passes through narrow gap of the valve, the particles get disrupted this in turn led to the extraction of compounds as well as formation of derivatives through hydrolysis and depolymerisation. Similarly, increased phenol content was observed in composite pear juice subjected to high pressure homogenization at 50 MPa at 20 °C (Liu et al., 2022). After 180 days of storage period no significant difference was found in retention of total polyphenols content. Nearly 85 and 87% retention was observed in HPH and NH beverage, respectively. Profiling of phenolic acids in dragon RTS beverage showed presence of hydroxybenzoic acid and hydroxycinnamic acid derivatives in both HPH and NH beverages (Table 3). Benzoic acid, Salicylic acid, 3-Hydroxy benzoic acid, t-Cinnamic acid, 2,4-dihydroxybenzoic acid, Gentisic acid, Protocatechuic acid, p-Coumaric acid, o-Coumaric acid, Vanillic acid, Gallic acid, Caffeic acid, Ferulic acid, Sinapic acid, Ellagic acid and Chlorogenic acid were found in the range between 0.01 to 27.83 µg/mL and 0.01 to 22.86 µg/mL in NH and HPH beverage, respectively. Significant differences were observed between the treatments for 3-Hydroxybenzoic acid, t-Cinnamic acid, 2,4-dihydroxybenzoicacid, Gallic acid, Ferulic acid and Chlorogenic acid. Cinnamic acid derivative t-cinnamic acid was found high in both NH (27.83 µg/ml) and HPH beverage (22.86 µg/ml) followed by ferulic acid in HPH beverage (14.53 µg/ml) and benzoic acid (5.70 µg/ml: non-homogenized and 5.25 µg/ml:HPH). Among the 16 phenolic acids found in the beverage, 9 phenolic acids were present high in HPH beverage and within those, 4 phenolic acids viz., 2,4-dihydroxybenzoic acid, Vanillic acid, Gallic acid and Ferulic acid were present at high concentration compared to non-homogenized beverage. This indicates that subjecting dragon fruit beverage to HPH could able to retain high amount of some of the phenolic acids which are beneficial for human health as they have antimicrobial, antioxidant, anticancer, and anti-inflammatory properties. Similarly, in fresh red dragon fruit pulp, cinnamic acid derivative caffeic acid and ferulic acid were found high as observed by Arivalagan et al. (2021)
3.3.4 ANTIOXIDANT CAPACITY
Dragon fruit RTS beverage subjected to HPH did not result in significant change in antioxidant capacity compared to NH beverage at 0th day (Table 2). It has been reported that HPH could affect the antioxidant activity depending on the temperature of the valve during flow of fluid and pressure.  At 20 °C, 50 MPa, no change in the antioxidant activity compared to fresh juice was observed (Liu et al., 2022). After 180 days of storage, about 72 and 67% of antioxidant capacity retained in NH and HPH beverage. Previous studies have reported reduction in antioxidant activity of stored dragon fruit beverages in the range from 55.65 to 46.43% (Pavithra and Mini, 2023). Tariq et al. (2020) reported that the decreasing trend of antioxidant activity during storage is linked with the fact of lower content of phenolic compounds and vitamin C that influence antioxidant activity directly. In this study, this decrease in antioxidant activity is related to decrease in polyphenol and ascorbic acid content as these compounds also decreased during storage period. 
Table 3: Phenolic acid (µg/mL) concentration in dragon fruit RTS beverage as influenced by high pressure homogenization
	Phenolic acid
	NH 
	HPH 

	Benzoic acid
	5.71 ± 0.48
	5.25 ± 0.11

	p-hydroxy benzoic acid
	ND 
	ND 

	Salicylic acid
	0.05 ± 0.01
	0.04 ± 0.01

	3-Hydroxy benzoic acid
	0.04 ± 0.00a
	0.01 ± 0.00b

	t-Cinnamic acid
	27.83 ± 2.71a
	22.87 ± 0.23b

	2,4-dihydroxybenzoic acid
	0.12 ± 0.02b
	0.16 ± 0.01a

	Gentisic acid
	0.11 ± 0.02
	0.15 ± 0.02

	Protocatechuic acid
	0.13 ± 0.01
	0.12 ± 0.02

	p-Coumaric acid
	0.24 ± 0.31
	0.42 ± 0.02

	o-Coumaric acid
	0.38 ± 0.06
	0.33 ± 0.03

	Vanillic acid
	0.09 ± 0.02a
	0.13 ± 0.01a

	Gallic acid
	0.04 ± 0.01b
	0.76 ± 0.01a

	Caffeic acid
	2.07 ± 0.27
	1.65 ± 0.21

	Ferulic acid
	0.77 ± 0.03b
	14.54 ± 1.30a

	Syringic acid
	ND 
	ND 

	Sinapic acid
	0.03 ± 0.00
	0.03 ± 0.00

	Ellagic acid
	0.01 ± 0.00
	0.01 ± 0.00

	Chlorogenic acid
	0.14 ± 0.01b
	0.15 ± 0.00a


NH: non-homogenized; HPH: high pressure homogenized. Values presented are mean of three replications, n=3. Values with the different superscript in each row differ significantly (P ≤ 0.05)
3.4 SENSORY EVALUATION
Homogenized dragon RTS beverage scored high for the sensory parameters colour, appearance, taste, mouth feel and overall acceptability on a 9 point hedonic scale (Fig 2). No difference was observed for color and appearance between HPH and NH beverage. The mean value for taste (8.21) and mouth feel (8.75) scored significantly high for HPH sample during storage period, which might be due to the disintegration of particles in the fluid during passage through valve in the homogenizer that led to the increased softness of the fluid which in turn increased mouth feel. Further release of flavour compounds due to disintegration might lead to high scoring for taste. After 180 days of storage, the sensory score for taste, mouth feel and for overall acceptability remained high for HPH beverage. Similarly, the maximum overall acceptability score of 8.35 was obtained when 12% dragon fruit juice, 12.50% sugar and 0.6% citric acid were used; whereas minimum overall acceptability score obtained was 7.25, when 12% dragon fruit juice, 12.50% sugar and 0.9% citric acid were used (Ghorband and Joshi, 2023).
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Fig 2: Mean sensory score (9 point hedonic scale) of different parameters in dragon fruit RTS beverage during storage period. Treatments with the different letter in a box plot are significantly different (P ≤ 0.05) T1: non-homogenized; T2: high pressure homogenized

[bookmark: _Hlk205204096]3.5 MICROBIAL QUALITY
 The microbial quality of the dragon fruit RTS beverage during storage was assessed, and was found to comply with process hygiene criteria for thermally processed beverages adopted internationally (Table 4). The aerobic plate count (APC) in both treatments (NH and HPH) remained below 4 × 102 CFU/mL throughout the storage period, which is well within the acceptable limit of <10³ CFU/mL set by regulatory bodies such as the USFDA, Codex Alimentarius, and FSANZ (Codex Alimentarius Commission, 1997; FSSAI, 2021; FSANZ, 2022). Similarly, yeast and mold counts were also consistently low, with maximum values of 2 × 10¹ CFU/mL, maintaining well below the commonly accepted threshold of 10² CFU/mL. Enterobacteriaceae was not detected in any of the samples. These results suggest that the product is microbiologically stable and safe within the tested storage period.

Table 4: Microbial data (CFU/mL) of dragon fruit RTS beverage during storage period

	Treatments
	Storage period (Days)

	
	
	0
	30
	60
	90
	120
	150
	180

	NH
	Aerobic Plate Count
	<10 
	2x101
	4x101
	2x101
	<10 
	<10 
	<10 

	
	Yeast and  Mold Count
	<10 
	<10 
	1x101
	2x101
	1x101
	2x101
	1x101

	
	Enterobacteriaceae
	<10 
	<10 
	1x101
	1x101
	<10 
	1x101
	2x101

	HPH
	Aerobic Plate Count
	<10 
	<10 
	2x102
	2x102
	4x102
	<10 
	2x102

	
	Yeast and Mold Count
	<10 
	<10 
	1x101
	1x101
	<10 
	1x101
	1x101

	
	Enterobacteriaceae
	Absent/10 mL
	Absent/10 mL
	Absent/10 mL
	Absent/10 mL
	Absent/10 mL
	Absent/10 mL
	Absent/10 mL


NH: non-homogenized; HPH: high pressure homogenized
4. CONCLUSION 
In the current scenario, RTS beverages with high bioactive compounds with natural colour and flavour are in great demand. Dragon fruit despite of having a bright pink colour, because of mucilaginous nature of its pulp interfere in general beverage preparation method which is an hindrance at industry level production. This study evaluated the physicochemical, bioactive compounds, sensory and microbial quality of dragon fruit RTS beverage where mucilage content was reduced by modifying a general beverage preparation method and subjected to HPH at 100 MPa with single run. The turbidity of the RTS beverage reduced after subjecting to HPH. However, HPH reduced ascorbic acid and total betalains content but retention of total betalains was found high at the end of 180 days of storage period. Total polyphenols and antioxidant activity was also retained high in HPH dragon RTS beverage with reduction in microbial load. Sensory evaluation revealed that HPH can enhance the taste and mouth feel of the beverage. These findings suggest that HPH can reduce the turbidity of the dragon RTS beverage developed with reduced mucilage by retaining bioactive compounds during storage. These results provide valuable insight for development of RTS beverage from the fruit or vegetables having mucilage content to produce at industry level with high acceptability
Patent
A complete patent application has been filed at Indian Patent Office, New Delhi, for ‘Process for the preparation of dragon fruit ready-to-serve beverage" having an Application No. 202311045888
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