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This study investigates the biofortification of apple juice with calcium and magnesium using
eggshells and almonds as natural sources. Addressing the global issue of micronutrient
deficiencies, our research offers a sustainable and economical solution. We fortified apple
juice with essential minerals and conducted physicochemical analyses, confirming significant
increases in calcium and magnesium content. The fortified juice showed enhanced antimicrobial
activity and increased antioxidant capacity. Sensory evaluation indicated no significant
difference in consumer acceptability between fortified and non-fortified juice. This approach
not only improves nutritional value but also utilizes eggshell waste, aligning with sustainable
development goals. The findings suggest that biofortified apple juice could be an effective
strategy for combating micronutrient malnutrition and promoting public health. Further
research is needed to explore long-term effects and consumer acceptance on a larger scale.

1. Introduction

Hunger and malnutrition are among the most emerging
problems in global health, and micronutrient deficiencies
are observed in billions of people (Janssens et al,,
2020). Such dietary inadequacies often referred to
as “hidden hunger” lead to many illnesses including
cognitive developmental issues in young children besides
worsening of chronic diseases in grown individuals
(Collado-Mateo et al., 2021). Solving these deficiencies
calls for creative strategies towards increasing
micronutrient density of carnvore foods (Hamzah Saleem
et al., 2022). Proper micronutrient types and levels for
addition were reported as ideal for the following reasons:
Maintaining proper micronutrient addition levels and
ensuring that calcium and magnesium are added as
they are beneficial micronutrients that contribute to the
growth of bones besides their contribution to metabolic

procedures and the prevention of continual diseases
such as hypertension, cancer, and type two diabetes as
reported by Mosca, Leheup, & Dreumont (2019). As a
biofortification strategy, the use of egg shell powder for
calcium and almond powder for magnesium is budget
friendly, environmentally sensitive and very efficient
(Ligas et al., 2021). Essential nutrients that are required
to enhance the nutritional worth of these crops are
supplied by these biofortificants, apart from which they
also help in waste management and sustainability in
crop production (Dutta et al., 2022; Saini et al., 2021).

Micronutrient fortification of apple juice is a
phenomenon of great interest because of its consumption
pattern and nutritional balance (Appleton et al,,
2016). This makes it possible to consummate across
all ages hence it can reach the targeted demographic
approaching a varied population segment with nutrient-
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deficiency disorders (Bossi Fedrigotti & Fischer, 2020).
In addition, due to the natural nutritional values of
apple juice and its appealing sensory attributes, it is
ideal for fortifying various nutrients and do not impact
its taste or the consumers’ acceptance (Ribeiro et al.,
2022; Zhang et al., 2021). The potential benefits of using
apple juice as a fortification vehicle include the ability
to introduce biofortificants, the product’s popularity
among consumers and the potential to reach different
communities (Budke et al., 2021; Garg et al., 2021).
Also, the use of apple juice as the base matrix for the
biofortificants afforded the added advantage as it could
dispose numerous biofortificants without changing its
attributes about taste and texture to ensure consumers
can retain their intake preference (Fernandes et al.,
2022). This strategic approach not only opens the
possibilities to develop new approaches to nutrition
interventions through fortificants but also promotes
a circular economy in the food and beverage industry
that may use biofortificants from by-products (Bouis
et al., 2020; Okello et al., 2022).

Our research contributes novelty by employing
biofortification using a natural plant source to counteract
micronutrient deficiencies instead of conventional
chemical or salt-based fortification. Only on a small scale,
micronutrient micro-nutrition deficiency (micronutrients)
is also regarded as “hidden hunger”, which has become
one of the major public health problems in developing
countries. Rather, these defects feature as part of a
syndrome which is associated with defective growth
and immunity leading to early mortality. Empirical
studies that beamed the strong light of observation on
this problem have moved rapidly to complete a picture,
with ideas both simple and complicated for how society
might address it. One of the potential remedies is bio-
fortification, where foods are fortified with Nutrients
extracted from natural means. Eggshells offers calcium
as a major source and Magnesium as well contributed
by the almonds which are both essential for human
health. This study aims to improve mineral intake
among the general population by preparing apple juice
fortified with bio-sourced calcium and magnesium.
Our primary objective is to demonstrate the feasibility
of this biofortification strategy. We characterized the
fortified juice’s nutritional, microbiological, and sensory
attributes using standard analytical methods. This
approach not only contributes to nutritional science
by offering a sustainable fortification strategy but also
aligns with global health objectives by providing a
practical solution to micronutrient deficiencies. Given
the widespread consumption of apple juice, fortifying it
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with essential minerals could have a substantial public
health impact. By utilizing bio-sourced fortificants, this
study also supports the valorization of waste products like
eggshells, contributing to environmental sustainability.
The current state of research indicates a gap in practical
applications of bio-sourced fortification in everyday
beverages, which this study seeks to address. Here are
the objectives of this research: To evaluate the feasibility
of fortifying apple juice with bio-sourced calcium and
magnesium. To analyze the nutritional, microbiological,
and sensory attributes of the fortified juice.

2. Materials and Methods
2.1. Sample Collection and Preparation

In the summer of 2014, a total of 5 kilograms of apples
were procured from a local market in Lahore, Pakistan,
and shifted to our laboratory of Department of Chemistry,
University of Engineering and Technology Lahore 54890,
Pakistan. Upon arrival, the apples were thoroughly
cleansed first with tap water and then with distilled water
to remove any contaminants. Subsequently, the apples
were quartered and processed through a juicer to extract
the juice. This process was carried out under controlled
laboratory conditions, maintaining a temperature range
of 25-30 °C. A strainer was employed to filter out the
seeds, ensuring that only the pure juice was collected.
This filtered juice was then stored in a sealed jar at 4 °C
to preserve its freshness until the fortification process
commenced, one hour later.

2.2. Preparation of Biofortificants

The preparation of the eggshell powder involved a
meticulous cleaning process where empty eggshells
were first washed and then boiled in water for 30 mins
to ensure all impurities were removed. After boiling, the
eggshells were air-dried, finely crushed into a powder,
and stored in a covered jar in a dry location for later use.
Approximately one teaspoon of this eggshell powder,
containing an estimated 750-800 mg of calcium along
with other minerals, was produced from each eggshell.
Considering the daily calcium recommendation, half
a teaspoon of this powder provides around 400 mg of
calcium. To determine the optimal solubility, half a
teaspoon of the eggshell powder was mixed in two separate
solutions: one with 10 ml of 5% malic acid and the other
with 10 ml of 5% citric acid. Both solutions were left to stand
at room temperature overnight with periodic stirring. The
next day, the eggshell powder dissolved in the 5% malic
acid solution was found to be more soluble and was thus
chosen for the fortification process (Hoekenga, 2014).
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Almond preparation began with soaking 10 grams of
almonds in lukewarm water for an hour. After soaking,
the almonds were peeled, dried, and then ground into
a fine powder using a crusher. This almond powder,
intended as the magnesium source, was stored in an
airtight jar for subsequent use in the fortification process
(Lowe et al., 2020).

2.3. Preparation of Fortified Apple Juice

To begin the fortification process, 10 ml of the previously
prepared acid solution was placed into a shaking tank
along with 200 g of sucrose and 10 g of the almond
powder. To the above premixture, few drops of aroma
concentrate was added to improve the organoleptic
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qualities of the juice. After that, the prepared apple juice
concentrate was also added to this mixture as well also.
The shaking was done vigorously for 3 mins which helped
in distributing the contents in the shaking tank evenly.
Due to this process the fortified apple juice concentrate
was manufactured. The concentrate was then pipetted
into 15 individual ampoules and the samples placed on
wet ice then stored at —20 °C. This storage condition
was kept in order to ensure that the quality of the juice
was not interfered with before the time the various
characterization tests were carried out. The details of the
fortification process of the apple juice are shown below
the Figure 1: The fortification process of apple juice
involves several steps which include the making of an
acid solution to the bottling of the fortified apple juice.

Water Sucrose
. L2 Premix
MalicAcid |—p| Acid » Shaking Tank Solution Aroma
Solution 4
Eggshell Powdered v
Powder 4T Almond »( Shaking )
—» Tank
Concentrated
Juice \ 4
Concentrated
Juice

v

Finished |«
Product

Cooling [« Bottling

Figure 1: Flowchart of Fortified Apple Juice Production: This Diagram Outlines the Step-by-step Process of
Producing Fortified Apple Juice. Starting with the Preparation of the Acid Solution Consisting of water and
Malic Acid with Eggshell Powder, the Process Follows Through the Addition of Sucrose, Powdered Almond,
and Aroma to the Shaking Tank, Resulting in the Premix Solution. This is then Combined with Concentrated
Juice in the Shaking Tank to Produce the Juice Concentrate, which after Cooling and Bottling, Yields the
Finished Fortified Apple Juice Product.

2.4. Quality Parameters
2.4.1. Acidity and pH

The acidity of the juice was quantitatively assessed
through titration against 0.10N NaOH, using
phenolphthalein as an indicator, while the pH levels
were measured at ambient room temperature utilizing
a pH meter. Titratable acidity, indicative of the juice’s
total proton availability, was expressed in grams per liter.
The procedure involved titrating a 10 ml juice sample
with NaOH, where the quantity of base required was
calculated as the acid content per gram of the sample
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(Jaudzems et al., 2019), according to the formula:
Titratable Acidity (%) = N xV xEq.wt /V2 x 100
2.4.2. Total Dissolved Solids

Determination of TDS To obtain the TDS, a filtrated
was made with using an adequate mixed sample of
juice soaked in standard glass-fiber filter paper. It is an
indicative of TDS (Scannell & Jacobs, 2001) compared
with the formula: It is an indicative of TDS as follow:

TDS (mg L™)= (mg L™)=A-B/C
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2.4.3. Refractive Index

The juice’s refractive index, correlating to its brix
value, was measured using a refractometer at room
temperature (Mock, Smith, & Schultz, 2003). This
parameter helps infer the juice’s sugar content and
overall solute concentration.

2.4.4. Antimicrobial Activity

The juice was tested for its antibacterial properties against
bacterial strains of S. aureus, B. subtilis and E. coli based
on their growth assessment A Muller Hinton Agar
medium which was prepared and autoclaved by the agar
bore method is streaked with the other bacterium culture.
Once the wells were dried, agar was punched through
making depressions in which juice sample was added to
it. The plates were incubated at 37°C for 24 hour before
being read and inhibition zones measured as previously
described (Vlachos, Critchley, & Von Holy, 1996).

2.4.5.Quantitative Determination of Trace Elements

Calcium and magnesium levels of the juice were analyzed
by complexometric titration with EDTA. The diluted apple
juice sample was titrated using 0.01M EDTA solution,
and the endpoint (Postscript file) was determined based
on optical color change to measured total calcium
concentration content in apples wines compared to
standards of known calcium levels. Perchlorate free
hexaneseparated the sample components and magnesium
was then determined by titrating against 0.IM EDTA
to end point color using autoanalyser a Autoanalyzer
(SEAC model SP41). It determined the fortified mineral
content in juice using these procedures (Alfassi, 2008).

2.4.6. Antioxidant Activity

A variety of tests in the assessment of the juice included
total phenolic content (TPC), metal chelating activity,
total flavonoid content (TFC), trolox equivalent
antioxidant capacity (TEAC), and ferric reducing
antioxidant power (FRAP) assays (Makkar et al,,
1993). These tests checked the antioxidant effect and
the capacity to sequester metal ions of the juice and
let us understand some effects on the health benefits.

2.4.7. Sensory Evaluation

The fortified apple juice was subjected to organoleptic
evaluation by a sensory panel of ten untrained persons,
evaluating the factors color, odor, sweetness (Brix), acidity
(% w/v) and flavor as well as overall acceptability. The
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characteristic was scored on a scale of 1 (minimum)
to 5 (maximum), in order to investigate the consumer
acceptability and palatability of the product. It is both a
nutrient of reference as well represents the better example
of quality control for intervention in micronutrient
deficiency: given that this range includes apple juice
concentrated with ready-to-drink apple juice enriched,
which are able to relieve 40-50 % and up to about 60%
respectively, it should ensure nutritional enhancement
aims large enjoyed by apples (Elortondo et al., 2007).

2.5. Statistical Analysis

Statistical analysis was employed so as to minimize
error and enhance the validity of results that are gotten
from the quality parameters of the fortified apple
juice. To determine the significance of the mean of
various tests such as acidity, pH, total dissolved solids,
antimicrobial activity and antioxidant capacity, a one-way
ANOVA test was used. These experiments were done in
triplicate to give adequate data for analysis of the results
obtaining. Following the use of the ANOVA, Tukey’s
Honest Significant Difference (inconducting post hoc
comparisons, which highlight specific groups, which
vary significantly. In this research, data compilation and
some templates of the preliminary analyses were done
on spreadsheet program of Microsoft Excel, with the
capability of generating simple graphic presentations that
were useful in presenting trends and results of the study.

3. Results
3.1. Acidity, pH, Refractive Index, Brix and Density

The investigation into the acidity and pH of apple juices
reveals critical insights into their impact on the juice’s
sensory qualities and stability (Table 1). Our study found
that the total acidity of the fortified apple juice settled at
an intermediate value of 0.54% (5.4 g L™), positioning
it optimally between the extremes of overly acidic and
insufficiently acidic juices. This balanced acidity level is
crucial for maintaining the freshness of the juice without
compromising its palatability. Further, the pH of the
fortified apple juice was measured, reflecting its slightly
acidic nature, which aligns with the desirable taste profile
and stability against microbial spoilage. The pH value
obtained from our fortified apple juice indicates a suitable
acidity level that enhances the organoleptic properties of
the juice while ensuring its safety and shelf-life.

The refractive index, brix percentage, and density of
the samples were meticulously measured and are also
presented in Table 1. Distilled water, with no dissolved
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solids, served as a control and displayed a refractive
index of 1.33, a brix of 0%, and a density of 1. Pure
apple juice exhibited a refractive index of 1.35, which
correlates with a brix of 15% and a density of 1.06104,
denoting its natural sugar content and dissolved
solid constituents. The fortified apple juice showed a
higher refractive index of 1.36, a corresponding brix of
19.8%, and an increased density of 1.08287, indicative
of additional solids—presumably from the fortifying
agents—which resulted in a higher sugar concentration
as reflected by the brix value.

Table 1: Comparative Analysis of Physicochemical
Parameters between Pure and Fortified Apple Juice.

Parameters Pure Apple Juice | Fortified Apple Juice
pH 3.35 4.05
Titratable acidity 0.65 0.54
Refractive Index 1.35 1.36
Brix (%) 15 19.8
Density 1.06104 1.08287

This table displays the measured values of pH, titratable
acidity, refractive index, Brix percentage, and density for
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both pure and fortified apple juice. The data illustrates
the physicochemical changes that occur as a result of
the fortification process.

3.2. Antimicrobial Activity

The fortified apple juice demonstrated notable
antimicrobial properties. When assessed for inhibitory
effects against Escherichia coli, Streptococcus aureus,
and Bacillus subtilis, the fortified juice exhibited zones
of inhibition measuring 8 mm, 6 mm, and 10 mm,
respectively, as shown in Figure 2. Comparatively,
Bacillus subtilis was most susceptible to the antimicrobial
effects of the fortified juice, with a zone of inhibition
measuring 10 mm, which suggests a potential for
higher antimicrobial efficacy against this particular
microorganism. The observed antimicrobial activity of
the fortified apple juice is significant when contrasted
with the standard antibiotic, penicillin, indicating that
the fortification process with eggshell-derived calcium
and almond-derived magnesium enhances the juice’s
ability to inhibit the growth of pathogenic bacteria.

Figure 2: Bar Graph Illustrating the Zone of Inhibition Produced by Fortified Apple Juice on Various Bacterial
Strains. The Bars Represent the Diameter of the Inhibition Zone Measured in Millimeters for Streptococcus Aureus,
Bacillus Subtilis, and Escherichia Coli, Indicating the Antimicrobial Efficacy of the Juice Against these Pathogens.

3.3.Quantitative Determination of Trace Elements

The complexometric titration method revealed
significant incorporation of essential minerals in the
fortified apple juice (Table 2). The assay determined
that the fortified apple juice contained 40.08 mg of
calcium per 25 ml serving, achieved by titrating 100
ml of EDTA. This level corresponds to 61% of the
RDA for calcium. Similarly, the magnesium content
measured 2.67 mg per 25 ml serving, attained by
titrating 1.1 ml of EDTA, equating to 34% of the
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RDA for magnesium. These results confirm that the
targeted fortification strategy effectively enriched the
apple juice with calcium and magnesium, key minerals
for the growth and development of children aged 1-3
years. The study’s approach suggests that increasing
the serving size could potentially double the intake of
these minerals, thereby significantly reducing the risk
of deficiency-related diseases within this vulnerable
age group. The data supports the premise that fortified
apple juice can serve as a substantial dietary source of
calcium and magnesium.
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Table 2: Quantitative levels of Calcium and Magnesium
in Fortified Apple Juice.

Fortified Apple Juice
ml of EDTA |mg of Fortification/25ml
Calcium 100 40.08
Magnesium 1.1 2.67

The table presents the results of complexometric
titration, detailing the volume of EDTA required and the
corresponding milligram content of calcium and magnesium
fortificants per 25ml serving of the fortified apple juice.

3.4. Antioxidant Activities

The total phenolic content of the juice was measured
at 48.65 mg/L of Gallic Acid Equivalents, indicating a
substantial presence of phenolic compounds (Figure
3). The metal chelating activity showed a significant
percentage of bound iron at 29.5%, suggesting
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the juice’s capability to stabilize metal ions and
potentially reduce oxidative stress. For the total
flavonoid content, the fortified juice exhibited an
impressive 226 mg/L of quercetin equivalents, which
highlights a rich flavonoid content with antioxidant
potential (Figure 3). The Trolox equivalent antioxidant
capacity value was determined to be 17.4 mmol of
Trolox Equivalents, underscoring the juice’s ability
to scavenge free radicals effectively (Figure 3).
Furthermore, the ferric reducing antioxidant power
assay gave a value of 3.43, indicating a robust reducing
power in the juice’s composition (Figure 3). This
comprehensive set of results, graphically presented,
underscores the fortified apple juice’s enhanced
antioxidant capacity, derived from the fortification
process with naturally sourced minerals and the
inherent antioxidant properties of the base juice.

Antioxidant Potential of Fortified Apple Juice

250
200
8
§ 150
2,
< 100
50
; = H _
TEAC % age TEC TPC FRAP
Value bound iron (mg/L of QE) (mg/L of GAE) Value
Assay

Figure 3: Graphical Representation of Antioxidant Properties of Fortified Apple Juice: The Bar Chart Demonstrates

the Results of Various Antioxidant Assays, Including Trolox Equivalent Antioxidant Capacity, Percentage of Iron

Binding, Total Flavonoid Content, Total Phenolic Content, and Ferric Reducing Antioxidant Power Measured

in the Fortified Apple Juice. Each bar Represents the Quantified Value Obtained from the Respective Assay,
Highlighting the Enhanced Antioxidant Profile of the Fortified Beverage.

3.5. Sensory Evaluation

The sensory evaluation of the fortified apple juice,
when compared to pure apple juice, revealed nuanced
differences in organoleptic properties (Figure
4). Panelists evaluated both juices across several
parameters—mouthfeel, color, odor, sweetness, acidity,
flavor, and overall acceptability. The fortified juice
exhibited a marginally higher opacity, which could
be attributed to the addition of powdered fortificants,
particularly the finely ground magnesium. This turbidity,
however, did not significantly detract from the sensory
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appeal of the product. In terms of odor and flavor, the
fortified juice was noted to have a pleasant aroma and
enhanced sweetness, likely due to the addition of aroma
concentrate and extra sucrose. These characteristics
made the fortified juice more appealing in taste to some
panelists. Despite the slight increase in acidity from the
added minerals, it did not adversely affect the juice’s
flavor profile. There was a negligible decrease in overall
acceptability for the fortified juice, possibly due to the
increased turbidity. Nevertheless, the positive sensory
features largely balanced out any potential drawbacks
from the fortification process.
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Figure 4: Radar Chart Comparing Sensory Attributes of Pure and Fortified Apple Juice. The Radar Chart Depicts

the sensory evaluation scores for both pure and Fortified Apple Juice Across Multiple Attributes Including Color,

Odor, Sweetness, Acidity, Mouthfeel, Flavor, and Overall Acceptability. Each Axis Represents a Different Sensory

Attribute, with Outer Points Indicating Higher Scores. The Chart Visually Contrasts the Perceptual Differences
between the Two Samples as Assessed by a Panel of Untrained Tasters.

4, Discussion

The fortification of apple juice with calcium and
magnesium presents a novel strategy to not only enrich
the latter not only in terms of nutrients, but also in terms
of functional characteristics of one of the favorite drinks
(Dutta et al., 2022; Stangoulis & Knez, 2022). From
our findings on the changes in quality, antimicrobial
efficacy, mineral content and sensory acceptability of
the fortified juice, this study affords a holistic view
of the possible effect on public health. Subsequent to
fortification, there was a moderated increase in the
samples’ acidity as the apple juice reached a pH 4. 05.
This change of pH plays a role in improving microbial
stability this is in line with literature suggesting the
antimicrobial benefits from mildly acidic solutions
without detriment to taste and smell (Sindhu et al., 2017).
At the same time, the increase in the refractive index
from 1 Three-dimensional geometry and an increase in
refractive values characterize the new material. 35 to 1.
36 along with brix value which increases from 15 % to
19 %. 8% and it is underlined their important raise in
soluble solids, mainly due to added mineral supplements
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(Younas et al., 2021). Consequently, we have a denser
matrix, which is indicated by increase from a density
of 1. 06104 to 1. The results concerning the increase
of alkaline-earth metals in the juice substrate 08287
support the researched data about the successful addition
of calcium and magnesium into the fortified products,
which is exhibited in other data on the modifications
of stiffened drinks (Gharibzahedi & Jafari, 2017). This
interaction between the fortification process and the
physicochemical characteristic of the juice presents a
complex improvement, thus supporting the function
of fortificants not only for the nutrients’ reinforcement
but also for the possibility of increasing the shelf life and
safety of the beverage. [SIZE=18] This is consistent with
Cardoso et al. (2019) and D’Amato et al. (2020).

The fortified juice showcased augmented antimicrobial
properties, presenting a notable suppression of pathogenic
strains such as Escherichia coli, Streptococcus aureus,
and Bacillus subtilis. This enhanced microbial inhibition
can be attributed to the added biofortificants, which
possibly introduce compounds that destabilize microbial
membranes or inhibit enzyme activity crucial for
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bacterial growth (Pinhal et al., 2019). The introduction
of biofortificants appears to have introduced additional
antimicrobial mechanisms, thereby increasing the
juice’s resistance to microbial spoilage (Jagadeesan et al.,
2024). Concurrently, the quantification of trace elements
revealed that fortification significantly elevated the
micronutrient content; a 25 ml serving of juice provided
40.08 mg of calcium and 2.67 mg of magnesium. These
concentrations are in line with the nutritional targets for
children, thereby bolstering the juice’s role in mitigating
nutrient deficiencies—a pivotal finding that aligns with
research emphasizing the importance of fortified foods
in pediatric diets (Gupta, Brazier, & Lowe, 2020). This
strategic enhancement of the juice’s composition through
natural fortificants not only improves its nutritional value
but also its functional attributes, lending support to its
use as a healthful inclusion in children’s diets (Chawla,
Sivakumar, & Mishra, 2018).

Asset to the juice has already been substantiated by
antioxidant analysis, which showed that fortification
approach was successful in terms of nutritional
enhancement and improved phenolic and flavonoid level
(Mfarrej et al,, 2023; Saleem et al., 2024). Whereas higher
total phenolic content and total flavonoid content reveals
an increase in compounds that are widely recognized
for their free-radical scavenging properties (Ghani et al.,
2021). Similar to the results described above, TEAC and
FRAP measures of oxidative activity have been used as a
foundation for why diets rich in antioxidants are beneficial
targets for health maintenance (Amamcharla & Metzger,
2014). This likely played a role in the sensory evaluation
being high of acceptance for fortified juice (Woods et
al., 2020). This suggests that, despite minor changes in
mouthfeel and diminished clarity as a result of additional
biofortificants; most aspects from an overall sensory
profile perspective remained unchanged. Therefore, the
high consumer acceptability indicates that an overall
goal of food fortification is also being fulfilled by not
diminishing the inherent organoleptic characteristics
of apple juice during its fortified state (Piochi et al.,
2021). Differences were minor and had no effects on
consumer perception, supporting the marketability of
this fortified juice (Rosero et al., 2022). Our findings are
in line with recent literature highlighting the possibility
of increasing health-promoting properties of beverages
without sacrificing sensory attributes, offering fortified
apple juice as a realistic alternative for consumers interested
in maintaining their well-being while tasting good.

5. Conclusion

The fortification of apple juice with calcium and
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magnesium may represent an innovative effort to enhance
the nutritional position and functional properties of
this frequently consumed drink. Through our detailed
investigation, we also proved that this enrichment not
just enhances the physicochemical and antimicrobial
qualities but increases crucial mineral content as well
— without largely compromising on sensory features
consumers appreciate. Fortification also achieved a good
modulation to the level of acidity on juice. This results
in a value-added product with higher nutritional quality
even during storage life along increase of soluble solids,
indicated by refractive index and brix values. But the very
explanation that enriching of a food does not by itself
makes it healthy. But too much sugar, fat, and sodium in
the fortified food can lead to health problems like high
blood pressure obesity and there is also a risk of vitamin
overdose. Accordingly, though our enriched apple juice
has a believed promise of pros, in order to eliminate the set
cannabis threat it must be used as part and parcel about
an overall diet. Antimicrobial assays confirmed that the
fortified juice possessed superior ability to inhibit bacterial
pathogens when compared with control, attributed largely
to bioactive compounds imparted by fortificants. The
amounts of calcium and magnesium measured in apple
juice were shown to supply a large portion, though not
all, the daily needs%age for children; this underscores
potential benefits from providing fortified juices as
means to fill certain nutritional voids within younger
populations. Assessment of antioxidant properties by
various assays clearly indicated the presence of high
levels of polyphenolics and flavonols in fortified juice,
which have been reported to possess enormous potential
for promoting human health due primarily to their
strong natural antioxidant activities. Sensory evaluation
revealed that the juice remained highly acceptable to
consumers despite fortification; there were few sensory
differences between fortified and non-fortified juices.
Conclusion: Fortitying apple juice is an effective way to
increase dietary nutrients and at the same time retain
consumer acceptability. Future studies could further
refine fortified juices to deliver the same level of clarity
and mouthfeel as expected by consumers. In addition,
for a more comprehensive evaluation of the fortified
minerals bioavailability and health outcomes further
long-term studies need to be conducted as they could
have policy implications on nutritional enrichment in

everyday foods/drinks.
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