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ARTICLE INFO ABSTRACT

Keywords: The study investigated the feasibility of enzymatic extraction for guava juice and evaluated the
Guava juice effects of various preservatives on its shelf life. The crushed guava puree was undergone different
Pectinase

pectinase enzyme concentrations over three incubation periods. The findings revealed that pec-
tinase concentrations of 0.1 % and 0.2 %, when incubated for 1 and 2 h, were the most effective.
Juice yields ranged from 65.24 % to 78.64 %, with Total Soluble Solids (TSS) varying from
9.12°Brix to 11.56°Brix. The physicochemical properties of the guava juice resulted 84.2 %
moisture, 2.16 % protein, 0.77 % fat, 3.27 % fiber, 0.65 % acidity, 2.25 % reducing sugars, 8.27 %
non-reducing sugars, 79.53 % antioxidant activity, 173.2 mg/100g of ascorbic acid, 10.52 TSS,
109.7 mg/100g of phenolic content, and a pH of 3.2. Eight juice samples were prepared as per
formulation with sodium benzoate and potassium metabisulfite (KMS) at concentrations of 150
ppm, 200 ppm, and 250 ppm, in addition to one refrigerated sample and one control. The stability
of these guava juice samples was monitored every 15 days over a 90-day period. Results showed
that acidity, TSS, pH, reducing sugars, and non-reducing sugars changed over time. Samples with
preservatives exhibited slower changes compared to the control. Phenolic compounds diminished
more quickly at ambient temperature than in refrigerated or preservative-treated samples.
Initially, phenolic content and antioxidant capacity were 44 mg GAE/100g and 44 %, respec-
tively, but declined to 10-15 mg and 15-17 % by the end of the storage period. Color changes
were more noticeable in samples stored at room temperature, whereas preservatives effectively
reduced color degradation caused by enzymatic browning. Moreover, ascorbic acid retention was
better in samples with preservatives and those stored under refrigeration. The ascorbic acid
degradation rate was highest at room temperature (0.023 day"-1) and lowest with 250 ppm KMS
(0.016 day™-1). Microbiological tests indicated that the juice remained safe for 40 days at room
temperature, 90 days under refrigeration, and approximately 85 days with preservatives.
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1. Introduction

Guava (Psidium guajava L.) is highly delectable and frequently promoted as a “superfruit” due to its high vitamin A and C content.
The seeds include abundant amounts of omega-3 and omega-6 polyunsaturated fatty acids and a notably high concentration of dietary
fibre [1]. After guava fruits are harvested, it’s critical to minimize postharvest losses and product development is one of the effective
ways in this instance [2]. Guava juice is a popular drink renowned for its refreshing flavor and numerous health benefits. Packed with
essential nutrients like vitamin C, dietary fiber, and antioxidants, guava juice provides both a pleasing taste and significant nutritional
advantages. The fruit’s natural sweetness and unique aroma add to its appeal, while its healthful properties bolster immune function,
support digestive health, and contribute to overall wellness.

Storage of juice can affect physicochemical and sensory properties as well as reduce its quality, safety, and nutritional value [3].
Preservatives are chemicals added to food to improve its properties like taste, appearance, flavor, and texture, or to prevent it from
degrading due to oxidation, enzymatic, and microbiological activity [4,5]. The main goal of preservation is to increasing the shelf life
of fruit juice retaining safety, quality, and sensory characteristics [6]. In addition, postharvest practices are also linked with the quality
parameters of finished goods that boost their market value [7,8]. The most often used preservatives in food, benzoic acid and its salt,
calcium and potassium comply with legislation for non-alcoholic beverages (maximum permissible concentration of 0.05 g/100 mL),
sorbic acid and its sodium, potassium, and calcium (maximum permissible concentration of 0.08 g/100 mL), and sulfur dioxide
(maximum permissible concentration of 0.004 g/100 mL) are most commonly used [9]. Fruit juice is frequently preserved using
potassium metabisulfite (KMS) and sodium benzoate that help preserve the freshness of fruit juice by preventing germs from growing
[10].

Sodium benzoate, with the structure C;Hs02Na, has an atomic weight of 144.1 g/mol, has no odor, crystalline powder and can
liquefy in ethanol as well as water. Often used as a preservative in some products in the food, cosmetic, and pharmaceutical industries
[11]. It is utilized in the food sector for its ability to prevent fungi and bacteria growth in stored foods and drinks, especially in acidic
foods. Adding sodium benzoate to fruit juice significantly extends its shelf life by preventing spoilage. It is globally accepted as a food
additive, generally recognized by E211 in European food products [12]. The FDA permits a maximum of 0.1 % weight concentration of
sodium benzoate in food and drinks [13]. Nonetheless, benzoate could trigger allergic responses in sensitive individuals and increase
hyperactivity, particularly when combined with food dyes [14]. One major worry about sodium benzoate is its potential to change into
benzene, which is a recognized cancer-causing agent. Benzene can be produced in beverages like soda when they contain both sodium
benzoate and vitamin C [15].

Potassium Metabisulphite (KMS) is a recognized derivative of sulfur dioxide and is a proven preservative that has been widely used
in the brewing, wine, and food sectors [16]. KMS smells strongly like sulfur dioxide and shows up as a white granular or powdery
substance with the chemical formula K3S,0s, and an atomic weight of 222.33 g/mol [17]. It is identified by E244, and its maximum
permitted levels of SO, for EU law in juice and nectar are 10 mg/L [18]. It is used to prevent the oxidation of juice, wine, or beer and to
control wild yeasts on fruit. It is sometimes used with potassium sorbate to inhibit additional fermentation. It is a strong antioxidant
that guards the food’s delicate taste and color [19]. Caution is, for certain people, potassium metabisulfite is limited in use and could
cause allergies in some sensitive individuals [20].

This study aims to assess how varying concentrations of pectinase and incubation times affect guava juice extraction. Additionally,
to evaluate the influence of sodium benzoate and potassium metabisulfite on the physicochemical properties, antioxidant activity and
microbial stability of the juice throughout storage period.

2. Materials and methods
The experiment was conducted in the laboratory of the Department of Food Technology & Rural Industries, Faculty of Agricultural

Engineering and Technology, Bangladesh Agricultural University, Mymensingh-2202. Freshly harvested guava of pink mesocarp was
collected. Sugar and other materials required for the experiment were received from the laboratory stock.

2.1. Extraction of guava juice

The fruits were washed in running tap water. Then cleaned fruits were cut into small pieces and blended using a blender. After that,

Table 1

Formulation of guava juice.
Ingredient Sample

S Sz S3 Sa4 Ss Se S; Sg

Guava with pulp (%) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
KMS (ppm) 0 0 150 200 250 0 0 0
Na-benzoate (ppm) 0.00 0.00 0.00 0.00 0.00 150 200 250
Sugar (%) 12 12 12 12 12 12 12 12
Citric acid (%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CMC (%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Water (%) 47 47 47 47 47 47 47 47
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crushed guava was strained to remove seeds to obtain guava puree. Enzymatic treatment to optimize juice production was carried out
according to the method described by Thongsombat et al. [21] with slight modification. Guava puree of 100 g was placed in 250 ml
beakers. Enzyme pectinase was added to 10, 20 and 30 ml in each of the three 100 ml volumetric flasks. Citrate buffer solution (pH 4.0)
was immediately added to bring the total volume to 100 ml in each volumetric flask and added to the beakers containing guava puree,
stirred well and incubated in a water bath at 45 °C for 1.0, 2.0 and 3.0 h with occasionally stirring for every 30 min intervals. After
reaching each incubation period, immediately heat the pectinase-treated sample at 90 °C for 2 min with constant stirring to stop the
enzymatic activity. The juice was extracted from the pectinase-treated sample by pressing through a cheesecloth bag. Percent yield
(w/w) was calculated by measuring the juice obtained.

2.2. Formulation and preparation of guava juice

The formulation of guava juice is presented in the table-1. Sample without preservatives is considered as the control and kept at
room temperature. Room temperature was varied from 36 °C to 40 °C. A sample without preservatives was kept at a refrigerated
temperature (4 °C). Six more samples were made by adding KMS and sodium benzoate at the rates of 150, 200 and 250 ppm each. At
first sugar and water were mixed to make brix solution. Then carboxy methyl cellulose (CMC) was added to the hot brix solution
(60 °C). Subsequently, the mixture of guava puree and citric acid was mixed. Citric acid was added as acidulent. Finally, the mixture
was homogenized and filled while hot in glass containers after pasteurization (85 °C for 5 min). Then the bottles were closed with
screw caps, cooled and stored at room temperature for further analysis.

2.3. Physicochemical properties of guava juice

Guava juice extracted using 0.1 % and 0.2 % pectinase were mixed and evaluated for physicochemical properties. The processed
guava juice samples were assessed for storage stability for 90 days analyzing physicochemical parameters, bioactive compound and
antioxidant activity at 15-day intervals.

Moisture, protein, fiber, fat and ash content were measured as per AOAC [22] method. Total soluble solid (TSS) and pH were
measured by direct reading using a portable refractometer and digital pH meter. The reducing sugar and non-reducing sugar content
were measured as per the method described by Rangana [23]. Ascorbic acid was determined using the methodology followed by Hasan
et al. [24].

The color degradation of juice samples upon storage was analyzed by a colorimeter (Chroma Meter CR400, Konica Minolta, Japan)
using L*, a* and b* system, where L* is lightness, a* is redness (+)/greenness (—) and b* indicates yellowness (+)/blueness (—). The
difference among L*, a*, and b* is taken into account by the single value known as AE* as follows equation (1):

Color change (AE) = \/ (Lo — L)? + (a — @)* + (bo — b)? (1)

The total phenolic content of juice samples was determined using the Folin-Ciocalteu method as described by Majumder et al. [25].
TPC was presented as mg of gallic acid identical (GAE)/100 g of test employing a standard curve arranged by employing a gallic acid
standard solution (0-100 mg/1). The Folin-Ciocaltu reagent (1:10 v/v in distilled water) and 4 ml of 7.5 % NayCO3 were included in
1.0 ml (1 mg/ml) of each test. The blend was vortexed for 15 s and heated at 40 °C for 30 min to form the color. The absorbance at 765
nm was measured employing a UV/VIS spectrophotometer (Photo-lab 7600, UV-VIS, EU). For the calibration curve, gallic acid was
utilized as standard. The concentrations of gallic acid were 0, 1, 2, 3, 4,5, 6,7, 8,9, 10, 11, 12 and 13 mg per ml arrangements of gallic
acid in acetone: water (80: 20 v/v). A clear trial comprising water and reagents was moreover utilized as a reference. The results were
expressed as milligrams of gallic acid equivalents per ml of juice (mg GAE/g powder) by the gallic acid calibration curve shown in
Fig. 1.

Using a method described by Yi et al. [26], the DPPH free radical scavenging activity of juice samples was evaluated. A 200 pl
extract sample and 1.0 ml of 0.1 mM DPPH in methanol were combined to conduct the test. After shaking, the mixture was allowed to
sit at room temperature for 20 min to react. By comparing the absorbance at 517 nm to methanol blanks, the amount of DPPH free
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Fig. 1. Gallic acid calibration curve.
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radical left behind was calculated. The percentage scavenging effect was calculated by comparing the decrease in absorbance to the
control using the following equation (2):

Abs control — Abs sample
Abs control

Scavenging activity % = x 100 2)

2.4. Degradation kinetics of Vitamin-C

The reaction’s rate is denoted by a rate constant (K) which is represented by the general equation (3) [27,28]:

dc
- —=KC" 3
i 3)
Where,
% = Rate of reaction; K= Reaction rate constant; C = Concentration of reactant at any time t; and m = Order of reaction
The reaction can be of zero order, first order or second order depending on the value of m. Many of the responses that take place in
the food system seem to follow a first-order reaction. The following would be a mathematical expression for this behavior by equation
(4);

dc
- ke
Or,In C%t,* — kt
Or,InC,=InC, — kt “4)

Where,
C; = Concentration at any time; Co = Initial concentration; t = time; and K = Reaction rate
Berk [28] explains the link between the reaction rate constant (k) and the temperature (T) by Arrhenius equation (5) as follows:
ky Eq(r2m)

In 2= 5
" K TR T2T1 ®

Where,

k = Reaction rate constant, R = Universal gas constant (8.314 kJ. KL Kmol’l), T = Absolute temperature (K), E; = Activation
energy (Kj. Kmol™1).

All the preservative-treated samples along with control were kept at room temperature that varied 36-40 °C. So, the average room
temperature was taken as 38 °C and in combination with refrigeration temperature (4 °C) were used for calculating activation energy.

2.5. Microbial analysis

Total plate counts were conducted using the standard plate count method [29]. Twenty-5 mm of juice sample was mixed with 225
ml of sterile buffered peptone water. A 10-fold serial dilution for each sample was made using sterile buffered peptone water up to 12
dilutions. Dilutions were surface spread onto duplicate sterile nutrient agar media and incubated at 37 °C for 24 h. After incubation the
incubated plates were selected for counting the bacterial colony based on the number and ease of counting of the colony. The plate
containing segregated, overlapping and confusing colonies was avoided. The plates containing 30 to 250 bright, cleared and countable
colonies were selected. The total number of colony was determined by equation (6).

Number of colony forming unit (cfu) / ml. = average cfu/plate x dilution factor (6)

2.6. Statistical analysis

All the data collected were analyzed using Microsoft Excel (version 2019). The analysis included various statistical methods such as
descriptive statistics, correlation analysis, and Analysis of Variance (ANOVA), all conducted at a 5 % level of significance. To compare
means across different groups, the Least Significant Difference (LSD) test was applied. The results were presented as mean =+ standard
deviation to provide an overview of the data’s central tendency and variability. Additionally, Pearson correlation analysis was utilized
to evaluate the strength and nature of the relationships between the variables.
3. Result and discussion

3.1. Extraction of guava juice

A progressive increase in Total Soluble Solids (TSS) was observed in the extracted juice as both enzyme concentrations and
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incubation periods were extended (Table 2). Pectinase facilitated the hydrolysis of pectin, leading to an increase in pulp viscosity and a
significant rise in juice yield. These findings are consistent with the research by Chopda and Barrett [30]. The data indicate that higher
enzyme concentrations and longer incubation times considerably improved the yield of hazy juice. However, 0.1 % and 0.2 % pec-
tinase concentrations with incubation times of 1 and 2 h were identified as the most cost-effective treatments. Longer incubation
periods resulted in juice with increased turbidity. The highest yields of 78.64 % and 78.16 % were obtained with 0.2 % and 0.3 %
pectinase, respectively, incubated for 3 min.

3.2. Physicochemical properties of guava juice

The physicochemical properties of the extracted guava juice are detailed in Table 3. The juice composition includes 84.2 %
moisture, 0.51 % ash, 2.16 % protein, 0.77 % fat, and 3.27 % fiber. Analysis of bioactive compounds revealed ascorbic acid content at
173.2 mg/100g, phenolic compounds at 109.7 mg/100g, and antioxidant activity at 79.53 %. The sugar content was assessed, showing
reducing sugars at 2.25 % and non-reducing sugars at 8.27 %, with a Total Soluble Solids (TSS) measurement of 10.52. These char-
acteristics of the fresh guava juice are largely consistent with the findings reported by Yousaf et al. [31].

3.3. Storage stability analysis

3.3.1. Titratable acidity and pH

Fig. 2 illustrates the change in titratable acidity of guava juice samples over time. A gradual decline in acidity was observed across
different samples, with the reduction being slower for those stored under refrigeration. Titratable acidity, which includes both organic
acids naturally present in fruits and any added acids for preservation, initially ranged from 0.82 % to 0.84 % for all samples. By the end
of the storage period, acidity levels decreased to between 0.58 % and 0.69 %. Pareek et al. [32] suggest that this reduction in acidity
during storage may result from invertase enzymes converting acids into sugars and salts. They also noted that preservatives help
minimize acidity loss during storage. Similarly, Falade et al. [33] reported that the titratable acidity in sweetened Julie and Ogbomoso
mango juices increased with 18 weeks of storage. Igbal et al. [34] observed a decrease in acidity in stored Kinnow juice due to
oxidation, although the reduction was less pronounced under refrigerated conditions due to enzymatic inactivation.

On the other hand, pH, which inversely correlates with acidity, increased over the storage period (Fig. 3). The pH rise was slower in
refrigerated samples and those with added preservatives. Initially, pH ranged from 4.37 to 4.4 and increased to between 4.66 and 4.88
by the end of storage. Tiwari et al. [35] also noted an increase in pH in orange juice after 30 days of storage, consistent with the
observations of Alaka et al. [36]. Dhaka et al. [37] found that the addition of preservatives helped reduce the loss of juice acidity.

3.3.2. Total soluble solids (TSS)

The storage study revealed a gradual increase in Total Soluble Solids (TSS) of guava juice samples over time (Fig. 4). This increase is
likely due to the ongoing hydrolysis of acids and polysaccharides into sugars. Igbal et al. [34] observed a similar rise in TSS for blended
Kinnow juice during storage. Cai et al. [38] also reported this phenomenon in apple juice. Lower temperatures mitigate the rate of
hydrolysis, resulting in a slower increase in TSS. According to Le Chatelier’s Principle, reduced temperatures slow the hydrolysis of
polysaccharides and organic acids [39]. Additionally, Hameed et al. [40] noted the minimal increase in TSS when apple juice was
stored under refrigeration. Initially, the TSS of all samples ranged from 16.2 to 16.22, but this increased to between 16.45 and 16.54 as
storage progressed.

3.3.3. Reducing and non-reducing sugar

Reducing and non-reducing sugars in guava juice samples changed due to various interconversion processes during storage shown
in Figs. 5 and 6. Reducing sugars increased with extended storage duration, with the most significant rise occurring in juices with
preservatives stored at room temperature. Conversely, refrigeration slowed the conversion process, resulting in a lower increase in
reducing sugars. Initially, reducing sugars ranged from 1.22 % to 1.23 %, and by the end of 90 days, they ranged from 1.63 % to 1.90 %.
According to Lee and Nagy [41], this increase is likely due to the acid hydrolysis of sucrose into glucose and fructose. Preserved juices
with sulfur dioxide or potassium metabisulfite (KMS) typically show higher levels of reducing sugars, as polysaccharides and

Table 2
Extraction of guava juice.
Enzyme Concentration (%) Incubation Time (hr.) Yield (%) TSS (°B)
0 0 65.24 £ 0.18 9.12 £ 0.15
0.1 1 68.54 + 0.22 9.47 £ 0.12
2 72.98 £ 0.32 9.72 £ 0.24
3 74.67 £ 0.26 9.95 £ 0.12
0.2 1 73.36 £ 0.15 10.37 £ 0.25
2 75.44 £ 0.24 10.61 + 0.32
3 78.16 £ 0.32 10.85 £ 0.15
0.3 1 75.47 £0.17 11.13 £ 0.24
2 77.31 £0.26 11.42 £ 0.15
3 78.64 £ 0.34 11.56 + 0.32
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Table 3

Physicochemical properties of guava juice.
Composition/Parameters Quantity
Moisture (%) 84.2+1.16
Ascorbic acid (mg/100g) 173.2 + 3.28
Total Soluble Solids (TSS) 10.52 + 0.33
Ash (%) 0.51 + 0.07
Protein (%) 2.16 £0.19
Fat (%) 0.77 + 0.08
Fiber (%) 3.27 £ 0.32
Acidity (%) 0.65 + 0.15
PH 3.2+0.21
Reducing Sugar (%) 2.25 +0.31
Non-reducing Sugar (%) 8.27 + 0.53
Total Phenolic Content (mg/100g) 109.7 + 0.72
Antioxidant Activity (%) 79.53 £ 2.43
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Fig. 2. Change of acidity of guava juice during storage.

Samples with the same superscripts don’t differ at 5 % level of significance. S; = Juice (without preservative) at RMT; S, = Juice (without pre-
servative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained KMS 200 ppm; Ss = Juice contained KMS 250 ppm; S = Juice
contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.
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Fig. 3. Change of pH of guava juice during storage.

Samples with the same superscripts don’t differ at 5 % level of significance. S; = Juice (without preservative) at RMT; S, = Juice (without pre-
servative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained KMS 200 ppm; Ss = Juice contained KMS 250 ppm; Sg = Juice
contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.

disaccharides are hydrolyzed into reducing sugars and sulfurous acid [32]. Amin et al. [42] observed a similar effect of chemical
preservatives on mango pulp, and Shahnawaz et al. [43] noted increased total and reducing sugars in pear fruits treated with sodium
benzoate.

Igbal et al. [34] found that higher storage temperatures accelerate the hydrolysis of acids and polysaccharides into simple sugars.
Singh and Sharma [39] also reported a significant increase in reducing sugar in Kinnow mandarin juice stored at ambient temperature
compared to lower temperatures.
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Fig. 4. Change of TSS of guava juice during storage.

Samples with the same superscripts don’t differ at 5 % level of significance. S; = Juice (without preservative) at RMT; S, = Juice (without pre-
servative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained KMS 200 ppm; Ss = Juice contained KMS 250 ppm; Sg = Juice
contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.
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Fig. 5. Change of Reducing Sugar of guava juice during storage.

Samples with the same superscripts don’t differ at 5 % level of significance.

S; = Juice (without preservative) at RMT; S, = Juice (without preservative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained
KMS 200 ppm; Ss = Juice contained KMS 250 ppm; Sg = Juice contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200
ppm; Sg = Juice contained Sodium Benzoate 250 ppm.

In contrast, non-reducing sugars decreased as reducing sugars increased, likely due to their conversion. Non-reducing sugars
initially ranged from 14.77 % to 14.78 % and fell to 14.1 %-14.37 % by the end of the storage period. The decline was slower under
refrigeration, while preservatives enhanced sugar interconversion at room temperature. Kishore et al. [44] reported a similar reduction
in non-reducing sugars during the storage of purple passion fruit.

3.3.4. Bioactive compounds

The concentration of phenolic compounds in guava juice gradually diminishes over storage time (Fig. 7). Initially, the phenolic
content was approximately 44 mg GAE/100g, but it fell to between 10 and 15 mg after 90 days of storage. The most significant
reduction in phenolic concentration was observed in samples stored at ambient temperature. Conversely, samples kept under
refrigeration experienced less phenolic degradation. The addition of preservatives had a minimal effect on preserving phenolic con-
tent, although juice samples treated with potassium metabisulfite (KMS) and sodium benzoate exhibited a slight reduction in phenolic
breakdown. Singh and Pal [45] reported a decrease in phenolic content from 224.26 mg/100g to 190.56 mg/100g in guava juice.
Similarly, Freda et al. [46] observed a reduction in phenolic compounds from 128.33 mg to 94.98 mg in hot-canned guava juice stored
at ambient temperature for 50-250 days.

Antioxidant capacity in guava juice also declined progressively with extended storage (Fig. 8). Initially at around 44 %, this ca-
pacity fell to between 15 % and 17 % by the end of the storage period. There was no significant correlation between antioxidant
capacity and either refrigeration temperature or the presence of preservatives. This finding is consistent with the research by Aishah
etal. [47], who noted that antioxidant activity in guava juice decreased with lower storage temperatures. Pasupuleti and Kulkarni [48]
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Fig. 6. Change of Non-reducing Sugar of guava juice during storage.

Samples with the same superscripts don’t differ at 5 % level of significance. S; = Juice (without preservative) at RMT; S, = Juice (without pre-
servative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained KMS 200 ppm; Ss = Juice contained KMS 250 ppm; Sg = Juice
contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.
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Fig. 7. Change of phenolic content of guava juice during storage.

Samples with the same superscripts don’t differ at 5 % level of significance. S; = Juice (without preservative) at RMT; S, = Juice (without pre-
servative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained KMS 200 ppm; Ss = Juice contained KMS 250 ppm; Se = Juice
contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.

also predicted a faster loss of antioxidant activity at higher storage temperatures.

3.3.5. Color

Significant color changes were observed in guava juice samples as storage time progressed (Table 4). Juices stored at room tem-
perature darkened more noticeably over time compared to that kept under refrigeration, which retained their color better. Addi-
tionally, juices containing sodium benzoate and potassium metabisulfite (KMS) were more effective at preventing color degradation.

Color changes in fruit juice during storage are primarily due to the Maillard reaction between amino acids and reducing sugars,
which produces hydroxy-methyl-furfural (HMF) and results in sugar caramelization [49]. The formation of HMF is accelerated by both
storage time and temperature [50]. Saini et al. [51] found that KMS application significantly reduced browning in mango pulp.
Similarly, Falade et al. [33] reported a linear increase in non-enzymatic browning in sweetened Julie and Ogbomoso mango juices over
12 weeks of storage.

3.3.6. Degradation of ascorbic acid

The initial ascorbic acid content among different samples was approximately 93.72 mg/100 g which significantly decreased
throughout the storage period. Comparatively more retention of ascorbic acid at refrigeration temperature was observed. However,
results showed that using preservatives is relatively effective in increasing the stability of vitamin C during the storage period. Vitamin
C concentration ratio (C¢/C,) versus storage time (days) was plotted on a semi-log coordinate (Figure-9) and the following regression
equations were developed:

From the figure-9 and Table 5, it may be concluded that the ratio of vitamin C concentration (C/C,) decreases exponentially with
storage time. It is also observed that the reaction rate constant (k) is found to be the highest (0.023 day ) in the case of sample kept at
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contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.
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Table 4

Color degradation (AE) of guava juice.
Sample Storage (days)

0 15 30 45 60 75 90

S o 4.63 + 0.088 5.79 + 0.124¢ 8.21 + 0.03% 9.82 + 0.14% 12.33 + 0.04° 14.45 + 0.182
S, o 2.61 + 0.07M 3.76 + 0.108" 4.57 + 0.048" 5.19 + 0.09% 6.11 + 0.05¢ 7.06 + 0.12¢
S5 o 3.11 + 0.33M 5.04 + 0.07%® 6.07 + 0.12f 7.25 + 0.024¢ 8.87 + 0.15¢ 10.13 + 0.04%
S, o 2.06 + 0.26 3.10 + 0.10M 3.79 + 0.08%" 5.41 + 0.18%® 6.42 + 0.06° 7.15 + 0.17¢
Ss o 1.02 + 0.10' 1.33 + 0.13' 1.88 + 0.05' 2.33 + 0.18" 3.28 + 0.12" 3.61 + 0.258"
Se o 3.63 + 0.18%" 4.81 + 0.09%® 5.72 + 0.10%® 7.51 + 0.04° 9.19 + 0.02%¢ 10.20 + 0.12¢
S, o 2.18 + 0.15M 3.34 + 0.05" 3.92 + 0.168" 5.16 + 0.09% 6.20 + 0.13% 7.08 + 0.18%
Sg o 1.34 + 0.10' 1.52 + 0.02' 1.94 + 0.12! 2.47 + 0.06" 3.15 + 0.19M 3.51 + 0.228"

Samples with the same superscripts don’t differ at 5 % level of significance. S; = Juice (without preservative) at RMT; S, = Juice (without pre-
servative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained KMS 200 ppm; Ss = Juice contained KMS 250 ppm; Sg = Juice
contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.
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Fig. 9. Degradation of ascorbic acid of guava juice during storage.
Samples with the same superscripts don’t differ at 5 % level of significance. S; = Juice (without preservative) at RMT; S, = Juice (without pre-
servative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained KMS 200 ppm; S5 = Juice contained KMS 250 ppm; S¢ = Juice
contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.
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Table 5
Regression equations for ascorbic acid degradation of guava juice.

Sample Regression Equation R? Activation Energy(kj/mol)
Sy Cy/Co = e 0023 0.996 5163.62

So Cy/Co = e 018t 0.997

S3 Cy/Co = e %021t 0.992

S4 Cy/Co = e 0019t 0.995

Ss Cy/Co = e 2016t 0.993

Se Cy/Co = e 2022 0.998

Sz Cy/Co = e 2019t 0.997

Sg Cy/Co = e 0017t 0.995

S1 = Juice (without preservative) at RMT; S, = Juice (without preservative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice
contained KMS 200 ppm; Ss = Juice contained KMS 250 ppm; Sg = Juice contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium
Benzoate 200 ppm; Sg = Juice contained Sodium Benzoate 250 ppm.

room temperature, while the lowest (0.016 day™!) in the case of sample preserved with 250 ppm of KMS. KMS was found compar-
atively more effective than sodium benzoate in the retention of ascorbic acid in guava juice.

In liquid systems with high water activity and oxygen presence, ascorbic acid primarily degrades through oxidation, converting to
dehydroascorbic acid, which further breaks down into 2,3-diketogulonic acid [52,53]. This degradation leads to the immediate loss of
vitamin efficacy upon the hydrolysis of dehydroascorbic acid. Increased water activity or moisture content accelerates ascorbic acid
degradation [54]. Additionally, ascorbic acid can degrade via an anaerobic pathway, where the keto forms of L-ascorbic acid hydrolyze
to produce 2,3-diketogulonic acid. This pathway involves complex reactions that ultimately generate reductones, furfural, and furan
carboxylic acid as end products. Key factors affecting Vitamin C stability include pH, light exposure, temperature, and the presence of
trace metal ions, oxygen, and degradative enzymes [55].

Carvalho et al. [56] observed a reduction in vitamin C concentration in cashew apple juice combined with coconut water during
storage. Kabasakalis et al. [57] reported a 29-41 % loss of ascorbic acid in fruit juices stored at room temperature for 4 months.
Burdulu et al. [58] noted a 27.3%-45.3 % decrease in ascorbic acid in orange juice stored at 28 °C for two months. Majumdar et al. [59]
found a 74 % loss of ascorbic acid after 6 months of storing a blended juice of cucumber, litchi, and lemon. Preservatives can enhance
ascorbic acid retention during fruit juice storage. Mathooko and Kiniiya [60] demonstrated that sodium metabisulfite significantly
stabilized ascorbic acid, with its concentration directly affecting ascorbic acid retention.

3.3.7. Microbial analysis

Table 6 presents the total viable bacterial counts in various samples. After 90 days of storage, the sample kept at room temperature
showed the highest bacterial count, reaching 53.67 x 10°. In contrast, samples treated with preservatives exhibited lower levels of
contamination. Those stored under refrigeration demonstrated the most favorable microbial safety results. According to FDA guide-
lines [61], the maximum allowable total microbial load in ready-to-serve (RTS) juice is between 5 x 10*and 10° CFU/ g. Based on these
guidelines, the room-temperature sample is considered safe for up to 40 days, whereas refrigerated samples remain safe for over 90
days. Additionally, KMS-treated samples were deemed safe for up to 65, 70, and 85 days at concentrations of 150 ppm, 200 ppm, and
250 ppm, respectively. Samples with sodium benzoate were considered safe for 60, 65, and 70 days at the same concentrations.

Table 6
Total microbial count of guava juice during storage.

Sample  Storage (Days)
0 15 30 45 60 75 90

Sy 433 + 90.33 + (24.33 + 7.04) x (47.33 + 7.41) x (76.33 + 7.36) x (30.33 + 4.99) x (53.67 + 7.76) x
0.47 9.98 10 10* 107 10° 10°

S, 4.67 + 7.00 +£1.63  14.33 £ 3.40 15.33 + 5.31 20.67 + 4.50 34.00 + 6.98 51.33 + 6.94
1.70

Ss 6.33 + 26.67 + (13.33 £ 5.79) x (57.00 +7.35) x 10 (23.00 + 4.90) x (12.33 + 2.87) x (22.00 + 4.55) x
1.25 7.59 10 10° 10° 10°

S4 433 + 16.67 + 53.67 + 12.23 (21.67 +4.92) x 10 (97.33 + 8.22) x (17.33 + 4.92) x (12.33 £ 3.30) x
1.25 3.30 10% 10* 10°

Ss 2,67 + 8.33+287 1533 +4.92 36.00 + 6.16 (92.00 + 6.16) x 10 (18.33 £ 5.31) x (20.67 + 3.68) x
1.25 10° 10*

Se 3.67 + 60.67 + (22.67 + 6.55) x (16.33 + 6.55) x (58.00 + 7.79) x (32.00 + 7.79) x (11.67 + 3.40) x
1.25 9.81 10 102 102 10° 107

S, 4.00 + 28.00 + 71.33 £ 7.59 (35.67 £ 6.94) x 10 (17.33 + 3.68) x (47.00 + 6.53) x (79.00 + 4.08) x
0.82 6.16 10% 10* 10°

Sg 3.67 + 11.67 + 33.67 + 7.04 (21.33+7.41) x 10 (65.00 + 9.09) x (76.33 + 5.31) x (78.33 £ 6.13) x
1.70 3.40 102 10% 10*

S; = Juice (without preservative) at RMT; S, = Juice (without preservative) at RFT (4 °C); S3 = Juice contained KMS 150 ppm; S4 = Juice contained
KMS 200 ppm; Ss = Juice contained KMS 250 ppm; S¢ = Juice contained Sodium Benzoate 150 ppm; S; = Juice contained Sodium Benzoate 200 ppm;

Sg = Juice contained Sodium Benzoate 250 ppm.

10
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Evelyn and Chairul [62] found that sodium benzoate is effective in inactivating spores, thereby enhancing food safety and
extending the shelf life of guava juice. Chauhan et al. [63] observed that sugarcane juice stored at ambient temperature had a higher
microbial count compared to juice stored under refrigeration. Similarly, Ogiehor et al. [64] noted reduced microbial growth in
KMS-treated samples, and Sama et al. [65] reported lower microbial loads in sodium benzoate-treated cassava fufu.

3.4. Correlation analysis

Table 7 presents the correlation coefficients among various physicochemical properties of guava juice samples. The analysis
showed that pH strongly correlated with Total Soluble Solids (TSS), Reducing Sugars (RS), and AE (color difference), indicating that as
pH changed, there were significant associations with variations in TSS, RS, and color intensity. However, pH had weak correlations
with Non-Reducing Sugars (NRS), Antioxidant Activity (AA), and Vitamin C (Vit-C), suggesting that pH had minimal influence on these
properties.

Titratable Acidity (TA) exhibited strong positive correlations with NRS, Total Phenolic Content (TPC), AA, and Vit-C, indicating
that higher acidity was associated with increased levels of these components. On the other hand, TA showed weak correlations with
TSS and RS, suggesting that changes in acidity were not strongly linked to soluble solids and reducing sugars.

TSS showed strong positive correlations with RS, NRS, and AE, meaning that increases in TSS were associated with higher levels of
RS, NRS, and color difference. TSS had weak correlations with TPC, AA, and Vit-C, implying that TSS did not significantly affect
phenolic content, antioxidant activity, and vitamin C levels.

RS was strongly correlated with AE, suggesting a close relationship between reducing sugars and color intensity. However, RS had
weak correlations with NRS, TPC, AA, and Vit-C. NRS showed strong correlations with TPC, AA, and Vit-C but weak correlations with
AE. TPC had strong positive correlations with AA and Vit-C, reflecting that higher phenolic content was associated with greater
antioxidant activity and vitamin C content. TPC showed weak correlations with AE, indicating minimal impact on color changes. AA
and Vit-C were strongly correlated with each other but had weak correlations with AE, reflecting limited impact on color difference.

4. Conclusion

Enzymatic hydrolysis of guava juice proved effective with up to 0.2 % pectinase concentration and incubation periods of 2-3 h.
Beyond these conditions, either extended incubation or higher enzyme concentrations led to a decline in juice quality. During the
storage study, a gradual decrease in acidity and an increase in pH were observed over time. Additionally, total soluble solids (TSS), as
well as reducing and non-reducing sugars, rose with prolonged storage. Conversely, phenolic content, ascorbic acid levels, and DPPH
scavenging activity diminished over time. Significant color changes were also noted among the different juice samples. Furthermore,
the total microbial count increased in all samples as storage time lengthened. Notably, juices stored under refrigeration exhibited
significantly smaller changes in pH, acidity, TSS, sugar content, and bioactive compounds compared to those kept at room temper-
ature, whether or not preservatives were used.
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to ensuring the transparency and reproducibility of the study’s results and will promptly respond to any reasonable requests for data
sharing.

Table 7
Relationship among different parameters of guava juice treated with various concentrations of preservatives during storage.
pH TA TSS RS NRS TPC AA Vit-C AE CFU
pH 1
TA —0.405 1
TSS 0.960 —0.454 1
RS 0.956 —0.464 0.994 1
NRS —0.956 0.466 0.994 —1.000 1
TPC —0.969 0.435 —-0.971 —0.964 0.963 1
AA —0.964 0.423 —0.965 —0.955 0.955 0.998 1
Vit-C —0.972 0.415 —0.949 —0.939 0.939 0.994 0.994 1
AE 0.835 —0.269 0.677 0.664 —0.664 —0.760 —0.757 —0.811 1
CFU 0.339 —0.078 0.202 0.204 —0.205 —0.221 —-0.210 —0.236 0.520 1

Here, TSS = Total Soluble Solids, TA = Titratable Acidity, RS = Reducing Sugar. NRS = Non-Reducing Sugar, TPC = Total Phenolic Content, AA = Anti-
oxidant Activity, CFU = Colony Forming Unit, AE = Color difference with Respect to L* a* b*.
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