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Abstract

In modern lifestyle, fruit-based ready-to-serve (RTS) beverages play an essential role due to their ease of consumption
and nutraceutical-functional properties. The present study investigates the storage stability of an RTS beverage
developed from dragon fruit and aloe vera under refrigerated (4 £ 1°C) and ambient (25 + 3°C) storage conditions over a
30-day period. The purpose of this study was to determine the sensory, physicochemical, storage stability, and gas
chromatography-mass spectrometry quality of the formulated dragon fruit and aloe vera-based RTS beverage. Various
physicochemical parameters, including pH, titratable acidity, total soluble solids, reducing sugar, total sugar, and ascorbic
acid, were assessed throughout the 30-day storage period. Sample R12, which was stored at 4 + 1°C, showed maximum
acceptability by sensory panellists based on taste, colour, and overall acceptability. No major differences were observed
in samples stored at 4 + 1°C, but samples stored at 25 + 3°C showed maximum degradation. For example, sample R14 (25
+ 3°C) showed maximum ascorbic acid degradation from 11.01 + 0.14 mg/100 mL to 6.95 + 0.28 mg/100 mL compared to
R14 (4 £ 1°C), which decreased from 10.87 + 0.33 mg/100 mL to 8.59 + 0.35 mg/100 mL. Maximum changes in reducing
sugar from 4.82 + 0.08% to 5.23 + 0.11% occurred in R14 (25 + 3°C). On the other hand, minimum changes in reducing
sugar from 2.25 + 0.07% to 2.71 + 0.08% occurred in R10 (4 £ 1°C). Major phytochemicals and volatile components
detected in gas chromatography-mass spectrometry analysis were benzoic acid as the most abundant (71.49%)
compound. Other significant compounds included n-nonadecanol-1 (7.35%), 1-hexacosanol (5.26%), and 2,6,10,15,19,23-
pentamethyl-2,6,18,22-tetracosahexaene (3.91%). These results can assist in better determining the deteriorative changes
in a variety of fruit and vegetable-based beverages, essential changes in product composition that may result in
improved product quality.
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Introduction

The dragon fruit plant has a lifespan of approximately 20 years and begins bearing fruit within two years of planting,
reaching full consistency of yield in 3-5 years. It is grown for commercial purposes in various countries worldwide,
including China, Vietnam, Colombia, Mexico, Ecuador, Nicaragua, Thailand, Indonesia, Malaysia, the United States, and
Australia [1].

Dragon fruit is known to contain a variety of beneficial phytochemicals, including polyphenols, antioxidants, flavonoids,
and vitamin C, which contribute to its potent antioxidant properties [2]. The red-fleshed dragon fruit contains
betacyanins, which have been found to protect mice from obesity caused by dietary factors and associated metabolic
disorders. Studies by Flores-Verastegui et al. [3] have shown that consumption of dragon fruit by individuals with type Il
diabetes leads to significant reductions in total cholesterol and triglyceride levels while increasing levels of high-density
lipoprotein cholesterol. Furthermore, it enhances insulin sensitivity in rodent models and lowers blood glucose levels in
individuals with type Il diabetes. When administered as juice, white dragon fruit mitigates the adverse impact of a high-
fat diet, such as impaired insulin sensitivity, adipose hypertrophy, and hepatic steatosis, without impacting body mass
gain in mice [4]. Dragon fruit is a fibre-rich food that aids in digestion. Additionally, it is packed with various B vitamins,
including B1, B2, and B3, each playing a vital role in promoting health. Vitamin B1 helps increase energy production and
support carbohydrate metabolism, while B2 acts as a multivitamin and improves appetite [5]. Aloe vera, scientifically
known as Aloe barbadensis Miller, is a succulent plant from the Asphodelaceae family that is capable of withstanding
drought conditions. Aloe vera is widely recognized and utilized for its numerous medicinal properties including dietary
nutraceutical, medicinal, and therapeutic potential [6].

Fruit juices and beverages have become widely preferred processed food options that offer convenience and fulfill
nutritional requirements. In India, a variety of choices are available, such as carbonated drinks, juice-based beverages,
and soda water [7]. Ready-to-serve (RTS) drinks provide the advantage of quenching thirst without requiring additional
dilution. There is a growing trend among consumers to opt for organic drinks made from fruits, driven by their excellent
taste, abundant nutrients, pharmacological benefits, and favourable calorie content [8]. By formulating an RTS beverage,
the research aims to provide consumers with a convenient and accessible way to access the beneficial nutrients present
in both ingredients, including essential vitamins, minerals, antioxidants, and phytochemicals. The current study focuses
on the formulation of RTS beverages using dragon fruit (Hylocereus undatus) and aloe vera (A. barbadensis) for a better
nutraceutical and functional profile with unique sensory characteristics. The study also focuses on the storage stability
analysis at different temperatures in terms of the physicochemical and sensory evolution of formulated RTS.

Materials And Methods

The current study was carried out at the Department of Food Technology, Uttaranchal University, Dehradun, Uttarakhand.
Dragon fruit was obtained from a local supplier at Prem Nagar Market. Dirt, dust, and other impurities from the fruit
surface were rinsed under running tap water. A healthy aloe vera leaf was picked from the herbal garden at the School of
Applied and Life Sciences, Uttaranchal University, Dehradun, India. A stainless-steel knife was used for fruit cutting and
removal of aloe vera pulp from the leaf. AR-grade chemicals such as sodium benzoate were used as a preservative, along
with other chemical reagents used in the titration and analysis process. Total soluble solid (TSS) content was measured
using a digital refractometer (Digital Refractometer model DR-A1). Gas chromatography-mass spectrometry (GC-MS)
analysis (Agilent Technologies: GC: G3440A 7890A; MS: 7000 Triple Quad GCMS) was performed at Patanjali Research
Institute, Haridwar, India.

Cleaned dragon fruits were cut into two halves, peeled, manually cut into small pieces, and then ground using a grinder.
To preserve the full concentration of active ingredients, a traditional hand-filleting technique was employed to ensure the
absence of contamination from the yellow sap within the internal fillet. The filleting process was completed within 36
hours after the leaves were harvested to maintain optimal quality. Once the pulp was extracted, it was subjected to
gentle heating at a temperature of 60-65°C for 10 minutes. A mild heating temperature of 60-65°C is commonly applied
to aloe vera pulp processing to minimize enzymatic activity and microbial load while preserving the structural integrity of
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thermolabile bioactive compounds [9]. Controlled pasteurization at 80-85°C for a short duration ensures microbiological
stability and increases the shelf life of the RTS beverage without damaging vitamin C. Following the heating step, the
pulp was mashed using a hand beater. To obtain aloe vera juice, the mashed pulp was strained through a muslin cloth.
The blended RTS beverage, combining dragon fruit and aloe vera, consisted of a composition of 75% dragon fruit pulp
and 25% aloe vera pulp. This mixture exhibits variable TSS levels, denoted as R10 (10° Brix), R12 (12° Brix), and R14 (14°
Brix). TSS of the samples was adjusted by the addition of appropriate amount of sugar and water. The RTS beverage, once
prepared, was carefully dispensed into pre-sterilized glass bottles, each containing 200 mL of the product. These glass
bottles were then hermetically sealed to ensure an airtight closure. Following this, samples underwent controlled heating
within the temperature range of 80-85°C for a duration of 1-3 minutes [10]. After this heat treatment, the samples were
allowed to cool, and the sealed bottles were subsequently stored at room temperature for a period of 30 days to facilitate

further research and analysis. Major unit operations and step-by-step instructions are outlined in Figure 7, which clearly
represents the formulation of the RTS beverage by describing the flow chart.
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FIGURE 1: The process flow chart depicting the formulation of RTS beverage
RTS, Ready to Serve

The dragon fruit and aloe vera RTS beverage was meticulously prepared using the optimal blending combination. Various
concentrations of TSSs, namely 10°Brix, 12°Brix, and 14°Brix, were employed in the formulation. Subsequently, the RTS
beverages were carefully dispensed into pre-sterilized bottles and stored under different temperature conditions. The
samples corresponding to the different soluble solid concentrations, i.e., 10°Brix, 12°Brix, and 14°Brix, were designated as
follows: R10 (4 = 1°C and 25 + 3°C), R12 (4 £ 1°Cand 25 + 3°C), and R14 (4 + 1°C and 25 + 3°C). Over the course of 30 days,
the changes in sensory quality and physicochemical characteristics of these samples were systematically monitored.
Observations were meticulously recorded at 15-day intervals to comprehensively assess the beverage’s stability and

quality over time.
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Sensory quality evaluation

The acceptability of the RTS beverages was evaluated using sensory analysis. The sensory test was conducted by a panel
of 17 trained individuals comprising both men and women. The panellists were selected based on their working
experience and knowledge in the evaluation of food products. Panel characteristics indicated an equal proportion of
both genders, with ages ranging from 22 to 35 years, and all members were trained in sensory analysis. The panellists
provided their informed consent and participated willingly in the assessment of colour, flavour, and overall acceptability
of the formulated RTS beverage. This analysis did not involve the use of any invasive procedures or tools. The samples
were served in a randomized order to avoid bias in the serving order, and a palate cleanser (water) was used between
samples to prevent flavour carryover. The assessment was conducted in a sensory laboratory with controlled light and
temperature conditions to ensure uniformity in evaluations. Each sample was rated on a 9-point hedonic scale, with the
panellists rating it as 1 (dislike extremely) or 9 (like extremely) [11]. The attributes evaluated included flavour, colour, and
overall acceptability. Each value of the sensory attribute data was reported as the average of the seventeen observations

made by the trained panellists (n = 17).
Determination of physicochemical properties
T5S Concentration

The TSS content of aloe vera RTS was assessed using a handheld refractometer, and the results were expressed as a
percentage in degrees Brix (°Brix), following the methodology outlined by Singh et al. [12].

T.S.S. (°Brix) = Value indicated by hand refractometer + factor of temperature correction

pH Value

The pH of the RTS beverage was measured using a digital pH meter, and the pH values were recorded in accordance with
the procedure detailed by Ranganna [13].

Titrable Acidity Content

The titrable acidity of formulated samples was determined by titration using 0.1 N NaOH, following the method
described by Ranganna [13]. A 5 mL portion of aloe vera RTS was mixed with 500 mL of distilled water. From this mixture,
a 20 mL sample was taken and titrated with 0.1 N NaOH solution, using phenolphthalein as an indicator. The point at
which the solution turned pink was considered as the endpoint, and the volume of NaOH required for titration was
recorded. The percentage of total acids was then calculated using the following formula:

. 1s __ Volume of NaOH used (mL) x Normality of NaOH x Equivalent weight of citric acid x100
A01d1ty (%) - Volume of sample titrated (mL)

Determination of ascorbic acid content

The ascorbic acid content was determined through the 2,6-dichlorophenol indophenol visual titration method [14].

Dye factor x Vo x100x 100

Ascorbic acid concentration (mg/100 mL) = Vi

where, dye factor is a constant that represents the dye's response with ascorbic acid, typically achieved through a
calibration process, V; is the volume of sample taken, and V, is the volume dye used is sample titration is volume of

sample.

Determination of total sugar content

The Lane and Eynon method, as described by Zena et al. [15], was employed to measure total sugar in the different
samples. The reagents used included Fehling's remedy A, Fehling's remedy B, 1% methylene blue indicator, 45% solution
of neutral lead acetate, 22% potassium oxalate solution, and standard invert sugar.

Dilution x mg of invert sugar x 100

% of total sugar as invert sugar = Weight of sample x Titer value x Volume of aliquot x 100

% Sucrose = % total sugar as invert sugar — % reducing sugar x 0.95
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% of Total sugar = % of reducing sugar + % of sucrose

Determination of reducing sugar content

The Lane and Eynon method, as recommended by Ranganna [13], was employed to determine reducing sugar
concentration in the formulated samples.

mg of invert sugar xDilutionx 100
Weight of the samplex Titer valuex100

% of reducing sugar =

GC-MS analysis of the RTS beverage

GC-MS analysis is the most promising technique for identifying Phyto volatile components in RTS beverage containing
dragon fruit and aloe vera. Gas chromatography was performed using a Shimadzu GCMS-TQ8050 NX with a DB-WAX
column. Before GC-MS analysis, 10 mL of the RTS beverage was treated with liquid-liquid extraction by using food-grade
ethyl acetate (1:1 v/v). The organic was extracted and dried over anhydrous sodium sulphate, filtered, and evaporated
under reduced pressure. The obtained extract was then filtered by a 0.22-um membrane filter before injection into GC-
MS. The carrier gas, helium, had a flow rate of 1.2 mL/minute. The oven temperature program started at 40°C (held for 5
minutes) and increased to 200°C at a rate of 5°C/minute, holding it there for 10 minutes [16]. Volatile metabolites were
identified by comparing the mass spectra and retention index to those from the Wiley Registry of Mass Spectral Data.

Statistical analysis

The research data were collected in triplicate. IBM SPSS Statistics 26.0 was used for all statistical analyses of the RTS data.
To determine significant differences among samples (R10, R12, and R14) for physical and textural quality attributes, one-
way analysis of variance was applied. Duncan’s test was used for mean separation at a significance level of p < 0.05.

Results And Discussion

Sensory quality assessment during storage

Sensory evaluation of the RTS beverages was conducted using a 9-point hedonic scale to determine acceptance and
preference, focusing on colour, appearance, and flavour over the storage period. Sample R10 (4 + 1°C) exhibited the
smallest decrease, declining from 9 to 6.6, whereas sample R14 (25 + 3°C) showed the greatest decrease, dropping from
6.9 to 5.9. The flavour scores of the RTS beverages also declined over time, reflecting changes in taste quality during
storage. Analysis of the data in Figure 2 indicates a noticeable and significant decline in flavour scores from 0 to 30
days. Among the three samples evaluated, R10 (4 + 1°C) demonstrated the least decrease, transitioning from a flavour
score of 7.5 to 6.8. This deterioration in flavour quality can be attributed to the emergence of bitterness and increased
acidity during storage. Considering the key sensory parameters of colour, appearance, and flavour, the overall
acceptability of the formulated beverages was also assessed. Beverage R12 stored at 4 + 1°C achieved a mean overall
acceptability score of 8.2 on the 9-point hedonic scale, indicating high liking, whereas R10 at 25 + 3°C received a
significantly lower score of 6.13, indicating reduced acceptability. Previous studies have shown that storing ovine whey-
based fruit drinks for extended periods alters their microbial, physicochemical, and sensory properties [17], supporting
our findings of significant sensory decline over time. A 30-day storage period was selected based on prior research on
short-term shelf-life stability of RTS beverages under refrigerated and ambient conditions, which is particularly relevant
for products that do not require advanced preservation methods such as high-pressure treatment or aseptic processing
[18]. RTS beverages without advanced preservation methods are typically screened within 30-45 days. Current research
on fruit-based beverages has reported similar sensory decline in sensory attributes, especially under ambient
temperature condition, due to oxidative degradation and biochemical transformation affecting flavour and colour
stability profile of the beverages [19]. In agreement with these, the present study reflects that refrigerated samples
retained elevated sensory scores as compared to ambient storage conditions.
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FIGURE 2: Radar chart presenting sensory attributes of the formulated RTS beverage (R10, R12, and R14) stored at 4 + 1°C
and 25 * 3°C using a 9-point hedonic scale

RTS, Ready to Serve

Changes in TSS content

The TSS (°Brix) of the dragon fruit-aloe vera RTS beverage increased partially over 30 days of storage at both
temperatures. As shown in Table 7, there was a noticeable rise in TSS during the 0-30-day storage period. The TSS
measurements for the processed RTS drink indicate levels of 10°Brix, 12°Brix and 14°Brix for three different samples,
respectively. Among them, sample R14 stored at 25 + 3°C showed the highest increase, rising from its original value of
14.30 + 0.13°Brix to 15.00 + 0.15°Brix, whereas sample R10 stored at 4 + 1°C showed the least change, with TSS values
increasing modestly from 10.30 £ 0.12°Brix to 10.35 + 0.13°Brix over time. The increase in TSS might be explained by the
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conversion of insoluble polysaccharides to sugars. Comparable rises in TSS at the time of storage of blended fruit
beverages have been reported in present functional beverage research, where the breakdown of complex carbohydrates
contributed to increased TSS [20]. The rise in soluble solids could stem from hydrolysis, a process that transforms sucrose
into invert sugar. These observations align with earlier investigations carried out by Parveen et al. [21] in black mulberry
RTS drink, which validate these findings.

Variation in titrable acidity values

The results of the experiment that present differences in titratable acidity levels observed over time for dragon fruit-aloe
vera RTS beverage are presented. Additionally, Table 7 shows how different samples of RTS beverages underwent
changes in titratable acidity while they were stored. The data demonstrate an evident increase in the level of acid
throughout the entire 30-day storage period. Among the three groups examined, R10, kept at 4 £ 1°C, exhibited
minimum growth in acid content, increasing only from its initial value of 0.33 + 0.03% to 0.46 + 0.03%, whereas R14, kept
at 25 + 3°C, exhibited maximum changes from 0.45 + 0.03% to 0.95 * 0.04% during the 30-day storage period. Several
factors may account for the increase in acidity detected during the 30-day storage period of RTS. Among these, one
plausible explanation involves the production of organic acids due to ascorbic acid breakdown and pectin hydrolysis.
Likewise, another possible factor could be linked to sugar fermentation that leads to higher acidity levels. These results
coincide with those observed by Sharma et al. [22], who also examined pineapple-aloe vera RTS, lending further support
to our findings.

Changes in pH value

The experimental results demonstrating the pH fluctuations of the RTS drink over time are shown in Table 7 to provide
the changes in pH for various samples. It is evident from the data that there was a significant decline in pH over the
course of 30 days during storage. Sample R10, which was kept at 4 + 1°C, experienced the least decrease in pH compared
to other samples, dropping from 5.63 + 0.05 to 5.39 + 0.07. Sample R14, which was kept at 25 + 3°C, experienced the
maximum decrease in pH, from 5.13 + 0.06 to 4.85 + 0.07. The trend observed corresponds with the results presented by
Foke et al. [23] in their research on RTS dragon fruit, where they also recorded a progressive reduction in pH, which is
noteworthy as it produces an unfavourable environment for the proliferation of harmful microorganisms, thereby
functioning as an innate means of preservation.

Total sugar content

The total sugar content of the RTS beverage slightly increased due to the conversion of polysaccharides into simpler
sugars [24]. Based on the Table 7 data of total sugar content, it is evident that there was a slight rise in total sugar content
during the 30-day storage period. Sample R14 (25 + 3°C) exhibited the highest increase, rising from 20.59 + 0.19 g/100
mL to 21.19 £ 0.21 g/100 mL, whereas sample R10 (4 £ 1°C) showed the smallest increase, from 15.41 £ 0.18 g/100 mL to
15.72 £ 0.18 g/100 mL. This increase can occur due to the natural enzyme invertase, which is naturally present in fruits
and may convert complex polysaccharides into simple sugars. These results coincide with those observed by Mezey and
Mezeyova [25], who also examined changes in the levels of selected organic acids and sugars in apple juice after cold
storage.

Reducing sugar content

The combination of treatment and storage intervals had a substantial effect on the reducing sugars of the RTS beverage.
The effect of treatment and storage intervals on reducing sugar, as shown in Table 7, indicates a substantial increase in
reducing sugar levels during the 30-day storage period. Sample R14 (25 + 3°C) exhibited the highest increase, rising from
5.22 £ 0.17 g/100 mL to 5.96 + 0.19 g/100 mL, whereas sample R10 (4 + 1°C) showed the smallest increase, from 2.61 +
0.15 g/100 mL to 2.81 + 0.16 g/100 mL. The observed increase in reducing sugar can be attributed to hydrolysis, where
sucrose is broken down into glucose and fructose by the acidic components present in the beverage. These findings are
consistent with those reported by Yusof et al. [26] in sugarcane juice and Arif et al. [27] in soy-based beverages, who
found that reducing sugar increased with storage time.
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RTS Treatment

R10

R10

R10

R10

R10

R10

R12

R12

R12

R12

R12

R12

R14

R14

R14

R14

R14

R14

Storage

Temperature (°C)

4+1°C

4+1°C

4+1°C

25+3°C

25+3°C

4£1°C

4+1°C

4+1°C

25+3°C

25+3°C

4+1°C

4+1°C

4£1°C

25+3°C

25+3°C

25+3°C

Storage Days

30

30

30

30

30

30

TSS (°Brix)

10.30+0.122

10.12+0.112

10.35+0.132

10.25+0.122

10.40+0.132

10.72 +0.140

12.15+0.132

12.38+0.140

12.75+0.15¢

12.20+0.122

12.57 £0.14b

13.00 +£0.15¢

14.13+0.142

1440 +£0.130

14.82+0.15¢

1430+0.132

14.56 +0.14b

15.00 +£0.15¢

Titrable Acidity (%)

0.33£0.032

0.9+0.020

0.46 +0.030

0.45 +0.032

0.32+0.020

0.57 £0.03¢

0.27 +0.032

0.56 +0.020

0.75 £0.03¢

0.35+0.02°

0.61+0.02¢

0.82 +£0.03¢

0.30+0.032

0.65 +0.020

0.89 +0.03¢

0.45 +0.030

0.69 +0.03¢

0.95 +0.04¢

pH

5.63 +0.052

5.70 +£0.062

5.39+0.072

5.60 +0.062

5.21+0.072

5.17 £ 0.06>

5.72+0.062

5.49 +0.05>

5.73 £0.062

5.52+0.05>

5.38 +0.06°

5.25+0.06°

5.42+0.052

5.26 +0.060

5.06 +0.07¢

5.13+0.06°

5.52+0.062

4.85+0.07¢

Total Sugar (/100

mL)

15.41+0.182

15.53+0.172

15.72+0.182

16.17 +0.18°

15.55+0.172

16.35+0.192

17.96 +0.182

18.36 +0.190

19.05 +0.20¢

1843 +0.18°

18.82 +£0.20¢

19.63 £0.21¢

20.24+0.182

20.73£0.192

20.92+0.21¢

20.59 +0.19>

21.22+0.21¢

21.19+0.21¢

Reducing Sugar

(9/100 mL)

2.61+0.152

2.61+0.142

2.81+0.16>

2.59+0.142

3.71+£0.15¢

3.75+0.17¢

3.59+0.152

4.09+0.160

4.65+0.17¢

4.12£0.15>

431+0.16°

4.81+0.17¢

4.88+0.152

4.85+0.16

5.62+0.18°

5.22+0.17°

5.59+0.17¢

5.96 +£0.19¢

TABLE 1: Changes in the physicochemical properties of the formulated ready-to-serve (RTS) beverages (R10, R12, and R14)

at different storage temperatures (4 + 1°C and 25 + 3°C) over a 30-day storage period

All experimental values are presented as mean + SD (n = 3). Mean values in the same column followed by different superscript
letters are significantly different (p < 0.05) according to one-way ANOVA test followed by Duncan’s test.
TSS, Total Soluble Solid
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Changes in ascorbic acid content

The effect of storage period and temperature on ascorbic acid depletion in juices is clearly described in Figure 3. The data
indicate a notable decrease in ascorbic acid content over the 30-day storage period. Sample R14 (25 + 3°C) exhibited the
highest decrease, dropping from 11.01 £ 0.14 mg/100 mL to 6.93 + 0.28 mg/100 mL, whereas sample R10 (4 + 1°C)
showed the smallest decrease, from 11.05 + 0.38 mg/100 mL to 9.04 + 0.46 mg/100 mL. The obtained results are
consistent with the findings reported by Hamid et al. [18] in their study on mulberry RTS drink, supporting our findings.
Recent studies indicate that ascorbic acid deterioration in fruit beverages is mostly temperature dependent, with
markedly higher losses observed under conventional thermal storage compared to refrigerated conditions [28].

Emerging preservation and packaging methods have been proposed to reduce oxidative losses of vitamin C during
storage [29].
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FIGURE 3: Effect of storage period on ascorbic acid content over 30 days at different temperatures (4 + 1°C and 25 + 3°C)
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GC-MS analysis

GC-MS is one of the most accepted methods that is used for analysing phytochemical flavouring compounds of natural
origin because of their sensitivity, stability, and high efficiency [30]. Results of GC-MS analysis of dragon fruit and aloe
vera RTS beverage are illustrated in Figure 4 and revealed that 12°Brix (R12) contains 28 different compounds with
different concentrations. The major compound was benzoic acid with a ratio of 71.49, which may result from natural
phenolic metabolism of fruit matrices and provides antimicrobial stability, similar to that reported for berry-based
beverages and fermented fruit drinks. Long-chain fatty alcohols (1-hexacosanol and n-nonadecanol) are present in fruit
pulp and are related to lipid metabolism modulation and antioxidant activity. The present beverage had a relatively
higher abundance of phenolic-based compounds as compared to other Indian fruit beverages, such as mulberry RTS [18],
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which may also contribute to enhancing microbial stability at refrigerated storage temperatures. Benzoic acid can inhibit
pathogenic microorganisms; therefore, it can be used as a preservative in the food and feed industry. In addition, it can
improve gut functions and the digestibility of nutrients. On the other hand, minor compounds were n-vonadecanol-1
and 1-hexacosanol with ratios of 7.35 and 5.26%, respectively. n-Nonadecanol-1 is known as a long-chain fatty alcohol,
while hexacosanol is a saturated primary fatty alcohol. Both compounds have different biological activities, such as 1-
hexacosanol, which can decrease cellular and plasma cholesterol levels in HepG2 and 57BL/6J mice [31]. The lowest
compounds detected were gamma-sitosterol, 1,6,10,14,18,22-tetracosahexaen-3-ol, and 2,6,10-tridecanol, with ratios of

1.32%, 1.42%, and 1.02%, respectively. All remaining compounds were present at ratios below 1%. Figure 4 illustrates the
GC-MS spectrum of the 12°Brix RTS beverage (R12).
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FIGURE 4: GC-MS spectrum of the RTS beverage 12°Brix (R12)
GC-MS, Gas Chromatography-Mass Spectrometry; RTS, Ready to Serve
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Comparative analysis and nutritional significance

The recorded pH value range (4.85-5.63) of the formulated beverage lies within the acidic range typical of fruit-based
beverages consumed throughout India. Typically, commercial RTS fruit beverages show a pH range between 3.5 and 5.5
and total soluble solids of 10 and 15°Brix. The total sugar levels (15.41-21.19 g/100 mL) observed in the current study are
consistent with those reported for various comparable fruit beverages. Moreover, refrigerated storage conditions reduce
excessive sugar hydrolysis and acidity development during the 30-day period.

Regulatory standards established by FSSAI for RTS beverages, including minimum fruit content and TSS specifications,
must be maintained; however, no defined scientific definition exists solely for classifying a beverage as “healthy” based on
sugar, titratable acidity, and pH. Instead, health-related parameters are supported by nutrient composition, bioactive
compounds, and controlled levels of sugar. The inclusion of vitamin C, flavonoids, betalains, and phytosterols improves
the functional qualities of health beverages. Recent research on sustainable functional beverage development
emphasizes the importance of preserving antioxidant stability and the profile of bioactive compounds to maximize
health benefits and improve shelf life [32].

Conclusions

The combination of dragon fruit and aloe vera enhances the essential phytochemical profile of the formulated RTS
beverage in terms of vitamin C, folic acid, choline, flavonoids (such as quercetin and rutin), betalains, and flavonoids. The
composition of the formulation and storage conditions are the major factors influencing the concentration of these
compounds. This study reported a significant increase in TSS, reducing sugar, and total sugar content in samples with
higher TSS and stored at higher temperature (25 = 3°C); on the other hand, slight reductions in pH, acidity, sensory
profile, and ascorbic acid were observed in samples stored under refrigerated conditions. The results conclusively indicate
that storage temperature plays an important role in determining physicochemical stability, sensory attributes, and
retention of vitamin C in dragon fruit-aloe vera RTS beverages. Samples maintained under refrigerated storage conditions
(4 £ 1°C) retained superior quality characteristics over 30 days, whereas ambient storage accelerated compositional
deterioration. GC-MS analysis revealed the presence of bioactive compounds with documented antimicrobial and
functional qualities, strengthening the nutraceutical importance of the beverages. Future investigations should focus on
enhancing shelf life using advanced preservation methods and assessing functional efficiency through in vivo evaluation.
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