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A study was conducted to examine the physicochemical, microbiological and sensory characteristics of fresh and stored guava RTS beverage. Results at intervals of 30 days for 3 months indicated slight increase in TSS (13.77-13.85 °Brix), Titrable Acidity (0.45 – 0.80 %), Reducing Sugar (2.44 – 4.02%) and decrease in pH (4.32-4.20), Ascorbic Acid (120.86 -112.26 mg/100g), Total Phenols (39.83 – 37.95 mg/100g) and Antioxidant Activity (87.26-54.37%). The product showed very less microbial count but it was microbiologically safe for consumption up till 3 months. The sensory scores of organoleptic characteristics viz ., color and appearance, taste, texture, mouth feel and overall acceptability decreased with increase in period of storage. The guava can be utilized in the food processing industry due to its appealing pulp color, and can aid in reduction of the post-harvest losses by pulp storage and formulation into RTS beverage taking into account the chemical components and sensory characteristics.
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1. Introduction
Fruit RTS beverage is a non-alcoholic drink created by blending the edible components of fruit, sugar, water, and additives specifically intended for immediate consumption. They are well known for their nutrient-dense makeup, energizing qualities, delicious flavor, and medicinal properties (Rathinasamy et al., 2022). 

Known as the "Apple of Tropics" or "Poor man's apple" because of its composition of 20% peel, 50% flesh, and seed core, guava fruit is native to tropical America and is widely distributed throughout tropical and subtropical regions of the world (Tomar et al., 2022). In addition, it comprises 0.5–1.0% ash, 0.8–1.5% protein, 0.4-0.7% fat, 74–84% moisture, and 13-26% dry matter. Additionally, the fruit is known to be a great source of pectin (1.15%) and vitamin C (299 mg/100 g) (Bal et al., 2014). In addition to vitamin C and lycopene, the polyphenols ellagic acid and the glycosides of myricetin and apigenin frequently contribute to the significant antioxidant activity (B et al., 2016).

Because of its great perishability at room temperature, converting it into different products is economically significant (Rashid et al., 2018). Approximately 22% of losses occur after harvest. Utilizing rainy season crops and storing them as pulp is essential for extending their supply and maintaining price stability during surplus seasons. Furthermore, a range of value-added products can be made from these crops (Yadav et al., 2017).It turns out to be an affordable choice for adding guava to beverage compositions because of its high content of essential nutrients and delicious flavor.

2. Materials and Methods
Fresh ripe mature guava fruits were procured from local market of Dehradun, Uttarakhand (India). The fruits underwent thorough cleaning and washing to eliminate any dirt, dust, and foreign particles. Subsequently, they were weighed, sorted, and sliced thinly before being processed in a mixer to produce pulp. Following the extraction of pulp, a straining process was carried out to eliminate any seeds. Guava ready-to-serve beverages were prepared from fresh pulp and stored pulp in accordance with FPO standards. The total soluble solids and acidity were adjusted to 10.11°B and 0.3% by adding sugar and citric acid respectively (Rashid et al., 2018). The pulp was stored in a deep freezer for 3 months. Throughout the storage period, various physico-chemical parameters such as TSS (ºB), Reducing sugars (%), Titrable acidity (%), pH, Ascorbic Acid, Total phenol, Antioxidant, organoleptic, and microbial evaluations were conducted every 30 days for a total of 3 months during storage period.
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Fig 2: Flow sheet for the preparation of Guava RTS (Ready-To-Serve) beverage from guava pulp
Chemical Composition
1) pH 
The pH was measured with a digital pH meter (Ranganna, 1986). The pH meter was calibrated by utilizing buffers with pH values of 4.0 and 7.0 under room temperature conditions. The electrodes of the pH meter were immersed in a beaker, and the pH meter reading was recorded once it reached a stable state. Later the average value of the replicates was taken out.
2) Total Soluble Solids (TSS)
Total soluble solids was determined at ambient temperature by using hand refractometer with range of 0-32 and 58-92 per cent. The refractometer was standardized with distilled water. For each treatment, there were three replicates and average value was expressed in percentage. The refractometer surface was cleaned with distilled water after each analysis.
3) Reducing Sugar
Reducing sugars were estimated by titration method as suggested by Hulme and Narain (1931) using starch solution as an indicator. The end point was determined by the appearance of milky white colour and disappearance of blue color.
4) Titrable Acidity
Titratable acidity was estimated as per the method described by Ranganna (2014). The titration was carried out with 0.1N NaOH solution, utilizing phenolphthalein as an indicator. The appearance of a light pink color indicated the acidity of the guava pulp.
5) Ascorbic Acid
The ascorbic acid content in guava pulp was estimated by using 2, 6- dichlorophenol-indophenol dye visual titration method given by Ranganna (2014).

6) Total Phenol
Total phenols in guava pulp were estimated by the method suggested by Amorium et al. (1997).
7) Antioxidant activity (% scavenging of DPPH) 
Antioxidant activity was measured using stable 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical as per the method described by Shimada et al. (1992).
8) Sensory Quality
The color, flavor, taste, and overall acceptability were assessed by 10 trained panelists using a 9-point Hedonic rating scale, where the highest score indicated the most favorable evaluation (Ranganna, 1986).
9) Total plate count, yeast and mold count (cfu/g)
The microbial load was determined by utilizing the serial dilution technique and the pour plate method. A milliliter of the appropriate dilution was transferred to a sterilized petri plate, followed by the pouring of autoclaved media. Nutrient agar was employed for the total plate count, while potato dextrose agar media was used for yeast and mould count. The contents of the petri plates were thoroughly mixed before allowing the media to solidify. Once solidified, the plates were sealed with parafilm and then placed in an inverted position for an incubation period of approximately 48 hours at 28±1°C. Subsequently, the colonies were enumerated.
3. Results and Discussion
Table 1: Effect of storage on the physico-chemical and microbiological characteristics of Guava RTS
	Parameters
	Storage period (months)

	
	0
	1
	2
	3

	  pH
	4.32
	4.29
	4.25
	4.20

	TSS (%)
	13.77
	13.80
	13.82
	13.85

	Titrable Acidity (%)
	0.45
	0.62
	0.73
	0.80

	Reducing Sugar (%)
	2.44
	3.28
	3.82
	4.02

	Ascorbic Acid (mg/100g)
	120.86
	117.84
	115.73
	112.26

	Total phenols (mg/100g)
	39.83
	39.20
	38.56
	37.95

	Antioxidant Activity (%)
	87.26
	77.12
	68.55
	54.37

	Total plate count (log cfu/g)
	ND
	ND
	0.40
	1.20

	Yeast and Mold count (log cfu/g)
	ND
	ND
	0.55
	0.92



1) pH 
The pH of guava pulp decreased significantly during 3 months storage period (Table 1). It decreased from initial mean value of 4.32 to 4.20 after 3 months of storage. The decrease in pH is attributed to the increased time interval of storage and conversion of soluble sugars to acid. Ehsan et al. (2003) in grapefruit-apple marmalade, reported a decrease in pH of the product due to formation of free acids and pectin hydrolysis. Similar results were reported by Jain et al. (2011) on effect of quality of guava and papaya pulp after 2 months storage and Ali et al. (2021) on storage of guava fruit concentrates. 
2) Total Soluble solids (TSS)
The Total Soluble Solids (TSS) in guava fruit increased significantly during pulp storage (Table 1).The TSS increased from initial mean value of 13.77 to 13.85 °Brix after 3 months of storage. Similar increase in TSS has been reported by Jain et al.(2011), Yadav et al.(2017) ,Ali et al.(2021) in stored guava pulp and by Bal et al.(2014) during 8 months storage of guava nectar. Tiwari et al. (2016) also reported an increasing trend in TSS during 2 months storage of pulp of different guava cultivars. This increase in TSS might be due to the result of conversion of remaining polysaccharides into soluble sugars and development of water-soluble pectin from protopectin (Bal et al., 2014).

3) Titrable Acidity
The Acidity of guava pulp increased significantly during 3 months storage period (Table 1). Acidity increased from initial mean value of 0.45 to 0.80 per cent after 3 months of storage. The increase in acidity of guava pulp might be due to degradation or oxidation of reducing sugars, polyphenols leading to formation of acidic compounds during storage. The other reason might be the degradation of polysaccharides and pectic substance that lead to formation of organic acids like sulphurous acids which increase the acidity during storage (Baramanray et al., 1995). Awan et al. (2023) also reported similar increase in acidity in mango concentrate during storage interval of 60 days. Similar reporting were given by Patel et al. (2015) in guava pulp during storage.
4) Reducing Sugar
The reducing sugar increased during 3 months of storage as shown in Table 1. Reducing sugar increased from initial mean value of 2.44 to 4.02 per cent after 3 months of storage. The increase in total and reducing sugars during storage might be due to hydrolysis of some carbohydrates like pectin, cellulose, starch, etc. and due to conversion of non-reducing sugar to reducing sugars. Ali et al. (2021) reported the similar increase in reducing sugars and Total sugars during storage of red and white guava pulp concentrates. Similar results of increasing reducing sugar with advancement of storage period were reported by Yadav et al. (2017) in guava pulp. The findings were in conformity with Awan et al. (2023) who also reported increase in reducing sugars of mango concentrate during storage.
5) Ascorbic Acid
The Ascorbic acid content of guava pulp decreased significantly during 3 months storage. Ascorbic acid decreased from initial mean value of 120.86 to 112.26 mg/100g after 3 months of storage. The decrease in Ascorbic acid in guava pulp might be due to oxidation of ascorbic acid to dehydro- ascorbic acid with passage of time. Jain et al. (2011) also reported similar decrease in Ascorbic Acid content during 60 days storage of papaya and guava fruit pulp. A similar result of decrease in Ascorbic Acid during storage was shown by B et al. (2016) in pink guava juice. Ali et al. (2021) also reported decreasing trend in Ascorbic Acid during storage of guava pulp concentrate.
6) Total Phenols
The total phenol content of guava pulp decreased significantly during 3 months storage. The phenolic content decreased from initial mean value of 39.83 to 37.95 mg/100g after 3 months of storage. The decrease in polyphenols during storage might be due to oxidative degradation of phenolic compounds and its condensation into brown pigments. In general, the phenolic compounds are oxidized to O-semiquinone radicals or O-quinone molecules, which are highly reactive to give brown products of high molecular weight (Fennema, 1976; Cao et al., 2012). The results were in conformity with the findings of Patthamakanokporn et al. (2008) in guava fruits during storage in which the phenolic content decreased with increase in storage time.
7) Antioxidant Activity
The total Antioxidant Activity of guava pulp decreased significantly during 3 months storage. The Antioxidant Activity decreased from initial mean value of 87.26 to 54.37 % after 3 months storage. The decrease in Antioxidant activity might be due to oxidation of polyphenols with increasing storage time (Liu et al., 2014). The decrease in antioxidant activity during storage was also observed in beverages prepared from carrot-pineapple (Owolade et al., 2017) and beetroot-orange (Porto et al., 2017). Similarly decrease in antioxidant activity was reported in Kinnow Amla beverages and guava fruit during 90 days storage by Purewal et al. (2022) and Patthamakanokporn et al. (2008) respectively. The results were also in conformity with the findings of Awan et al. (2024) who reported decrease in antioxidant activity from 46.6% to 54.2%. in mango concentrate during storage.
Microbial evaluation
Total Plate Count (log cfu/g)
With the advancement in storage period the total plate count increased and was detectable. There was no microbial growth detected for the initial month. After 1 month the herbal guava RTS drink variants were not suitable for consumption and sensory evaluation. It was reported by Rashid et al. (2018) that in guava RTS beverage microbial growth started after 60 days 0f storage but the microbial count was within safe limits.
Yeast and Mold Count (log cfu/g)
There was no microbial growth present in the Guava RTS beverage at the start of the analysis and until one month, but it subsequently increased and was detectable up to two months of storage. A significant increase in yeast and mold count was observed as the storage period advanced. Yadav et al. (2017) reported increased fungal growth with increase in storage period in preserved guava pulp.
Table 2: Effect of storage on the sensory characteristics of Guava RTS
Sensory Evaluation
	Sensory Score (9 point Hedonic Scale)
	0 month
	1 month
	2 month
	3 month

	Color and appearance
	8.5
	8.0
	7.7
	7.5

	Taste
	8.2
	7.9
	7.4
	6.9

	Texture
	7.9
	7.5
	7.3
	7.0

	Mouth feel
	8.0
	7.6
	7.2
	6.8

	Overall acceptability
	8.2
	7.8
	7.5
	7.2



1) Color and appearance
The color and appearance score of guava RTS decreased from 8.5 to 7.5 during 3 months of storage as shown in table 2. The color score exhibited a declining trend over the storage period, possibly attributed to the influence of acidity that promotes hydrolytic reactions, leading to browning. Additionally, the acid content enhances the Maillard reaction and caramelization, further contributing to the browning of the product. Polyphenolic compounds found in fruit pulp can also interact with enzymes, leading to discoloration. (Rashid et al., 2018). These findings were in accordance with Yadav et al. (2017) for preserved guava pulp.
2) Taste
The taste score of guava RTS decreased from 8.2 to 6.9 during 3 months of storage (Table 2).The decline in flavor could result from higher pulp content and the physico-chemical makeup of fresh guava pulp. This may be attributed to the emergence of acidity and caramelization (Rashid et al., 2018). The results were in conformity with the findings of Jain et al. (2011) and Bal et al. (2014) in guava pulp and guava nectar respectively during storage period.
3) Texture
The texture score of guava RTS ranged from 7.9 to 7.0 (Table 2). The decreasing score of texture might be due to increase in total sugars and breakdown of non-reducing sugars to reducing sugars with increasing time period of storage which affected the texture of guava pulp negatively. Similar results were reported by Jain et al. (2011) in guava pulp and Awan et al. (2023) in mango concentrate during storage. 
4) Mouth feel
The sensory scores for mouth feel for guava RTS decreased from 8.0 to 6.8 during 3 months storage (Table 2). SS et al. (2020) also reported the sensory scores for mouthfeel in kiwi fruit RTS beverage incorporated with lemon grass to be in the range of 8.8 to 7.7 for different treatments.
5) Overall Acceptability
The overall acceptability of guava RTS was decreased from 8.2 to 7.2 during 3 months of storage (Table 2). Non-enzymatic reactions such as caramelization and Maillard reactions could be the reason behind the decline in the guava RTS beverage score during storage. This decline is primarily attributed to oxidative reactions that lead to the deterioration of color, texture, mouthfeel and taste, ultimately affecting the overall acceptability of the product (Rashid et al., 2018). Similar results of decrease in overall acceptability during storage were reported by Jain et al. (2011) in guava pulp, Bal et al. (2014) in guava nectar, Purewal et al. (2022) in Kinnow Amla beverages and Awan et al. (2024) in mango concentrate.
Conclusion
Guava RTS beverage was prepared from the guava fruit pulp and analyzed for various physico-chemical parameters, including TSS (Brix °), Titrable Acidity (%), Reducing Sugar (%), pH, Ascorbic acid, total phenol and Antioxidant activity. Microbiological and Sensory evaluation was also performed and the results depicted that guava RTS beverage offers numerous health advantages, is suitable for consumption if stored for 2 months and is microbiologically safe. These findings indicate that guava fruit can be utilized to create a valuable product, opening up opportunities for self-employment through the establishment of small-scale processing units. This could prove to be a profitable venture for growers and make a significant contribution to the food processing industry by reduction in post-harvest losses.
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