ISSN Print: 2617-4693

ISSN Online: 2617-4707

NAAS Rating (2026): 5.29
IJABR 2026; SP-10(9): 1439-1447
www.biochemjournal.com
Received: 07-06-2026
Accepted: 09-07-2026

Preeti Chaudhary
Department of Food Science
and Technology, College of
Horticulture and Forestry,
Neri, Hamirpur, Himachal
Pradesh, India

Dharuv Verma

Department of Food Science
and Technology, College of
Horticulture and Forestry,
Neri, Hamirpur, Himachal

Pradesh, India

Rashim Kumari

Department of Agriculture
(Nutrition and Dietetics
Division), Guru Nanak Dev
University, Amritsar, Punjab,
India

Corresponding Author:
Preeti Chaudhary
Department of Food Science
and Technology, College of
Horticulture and Forestry,
Neri, Hamirpur, Himachal

Pradesh, India

International Journal of Advanced Biochemistr

Research 2026; SP-10(9): 1439-1447

Valorization potential of hill lemon (Citrus
pseudolimon Tan.) peel into functional candies
through osmotic dehydration and sweetener selection

Preeti Chaudhary, Dharuv Verma and Rashim Kumari

DOI: https://www.doi.org/10.33545/26174693.2026.v10.i9Sr.10024

Abstract

This study investigates the valorization of hill lemon peel, an underutilized citrus by-product, through
the development of functional peel-based candies employing four sweetening systems (sucrose,
jaggery, honey, and sorbitol) in conjunction with two osmotic dehydration approaches (slow and fast).
The fresh peel exhibited pronounced acidity (pH 2.30), considerable ascorbic acid content (39.84
mg/100 g), pectin (1.70%), tannins (30.62%), and high antioxidant activity (89.46%), collectively
indicating significant nutraceutical potential. Concurrently, the influence of osmotic techniques and
sweetener type on product quality was systematically evaluated. Candies produced via slow osmotic
treatment with jaggery and honey demonstrated superior retention of bioactive constituents, enhanced
antioxidant activity, and improved sensory acceptability, whereas fast osmotic dehydration offered the
advantage of reduced processing duration. Additionally, Fourier Transform Infrared (FTIR)
spectroscopy confirmed improved structural integrity of functional groups in samples processed under
slow osmosis, particularly those formulated with natural sweeteners such as honey. Storage stability
assessment further revealed that glass containers effectively maintained physico-chemical
characteristics, while aluminium pouches exhibited better preservation of sensory quality over a 90-day
storage period. Overall, the findings demonstrate the potential of hill lemon peel as a functional
ingredient for confectionery applications and highlight the efficacy of slow osmotic dehydration
combined with natural sweeteners in developing nutritionally enriched, shelf-stable value-added
products.
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Introduction

Citrus fruits are among the most widely cultivated fruit crops globally, valued for their high
nutritional content, functional bioactives, and versatile processing potential. The hill lemon is
a lesser-known and underutilized citrus species predominantly found in the Himalayan and
sub-Himalayan regions of India, especially in states such as Himachal Pradesh, Uttarakhand,
and parts of Northeast India. Despite its rich nutritional and functional properties, it remains
largely untapped for commercial processing and value addition. While its juice is consumed
for its therapeutic and organoleptic qualities, the peel, often discarded as waste, constitutes a
rich source of polyphenols, flavonoids, vitamins, minerals, dietary fibers, and essential oils
(Rafiq et al., 2018) 24, Citrus peel accounts for nearly 50% of the total fruit mass after
processing, contributing significantly to agro-industrial waste (Sharma et al., 2022) [26],
Improper disposal of this biomass may lead to environmental and economic concerns (Rafiq
et al., 2018) ?4, Therefore, valorization of citrus by-products, particularly peel, has gained
importance as a sustainable approach for the development of value-added products and
efficient waste management (Andrade et al., 2023) 41,

In recent years, considerable attention has been directed towards the utilization of citrus
residues, including peel, for the extraction of bioactive compounds and the development of
functional food ingredients. Citrus peel has been explored for various applications such as
antioxidant extraction, dietary fiber enrichment in foods, development of biodegradable
packaging materials, and nutraceutical formulations (Kaur et al., 2025) [*4 151, However, the
use of citrus peel in confectionery products, particularly candies, has received relatively
limited scientific attention. Candies offer a promising matrix for incorporating nutritionally
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rich ingredients due to their extended shelf life, high
consumer acceptability, and flexible texture and flavor
characteristics. Osmotic dehydration is widely recognized as
an effective technique for fruit preservation and candy
preparation. The process involves partial removal of water
from fruit tissues by immersion in hypertonic solutions,
which simultaneously improves sensory attributes and
extends shelf life (Kaur et al., 2025) [** 151, The type and rate
of osmotic treatment, including slow dehydration at ambient
temperatures or fast dehydration at elevated temperatures,
significantly influence the texture, flavor retention, and
preservation of bioactive compounds in the final product
(Yadav et al., 2014) %8, Conventionally, sucrose syrup is
used as the primary osmotic medium in the candying
process. However, increasing health concerns related to
excessive sugar consumption, such as obesity, type-2
diabetes, and cardiovascular disorders, have encouraged the
exploration of alternative sweeteners (Tandel, 2011) B4,
Natural sweeteners such as jaggery and honey are gaining
popularity as healthier substitutes for refined sugar due to
their additional nutritional components and antioxidant
properties. These sweeteners can improve both the
nutritional value and functional attributes of confectionery
products (Mohanta et al., 2021) %, In addition, sorbitol, a
sugar alcohol widely used in low-calorie foods, is
considered a functional sweetener due to its low glycemic
index and non-cariogenic characteristics, making it suitable
for diabetic and calorie-conscious consumers (Grembecka,
2015) [ Previous studies have also demonstrated the
incorporation of citrus peel derivatives in different food
systems and packaging materials, highlighting their
functional and technological potential. However, systematic
investigations focusing on the development of hill lemon
peel-based candies using different sweeteners combined
with varied osmotic dehydration techniques remain scarce.
Therefore, the present study aims to explore the sustainable
utilization of hill lemon peel for value addition. This study
evaluates the effects of different osmotic syrups sugar,
jaggery, honey, and sorbitol under both slow and fast
osmotic dehydration techniques on the physical, chemical,
bioactive, and molecular properties of hill lemon peel
candies. The outcomes of this research may contribute to the
efficient utilization of hill lemon processing residues while
providing a potential alternative to conventional
confectionery products.

Material and methods

Materials

Hill lemon fruits were harvested in November from the
experimental farm of the Department of Fruit Science,
College of Horticulture and Forestry, YSPUHF, Neri,
Hamirpur, Himachal Pradesh, India (31.68° N, 76.52° E;
700 m amsl). Sweeteners such as Sucrose (Fortune), honey
(Patanjali), jaggery (Good life) and sorbitol (Bioven) were
used for the preparation of candy and procured from local
market Hamirpur.

Preparation of Candy

Washed hill lemon peel cut into uniformly sliced with cutter
and pricked using fork. The slices were blanched in a 2%
alum solution for 5 minutes to enhance texture and
microbial stability, followed by thorough rinsing with tap
water to remove any residual alum. The pretreated slices
were then subjected to osmotic dehydration using four
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different hypertonic syrup solutions sugar syrup, jaggery
syrup, honey syrup, and sorbitol syrup each containing 1%
citric acid.

Two osmotic dehydration methods were employed. In the
first method, the slices were initially steeped in syrup of
50°Brix for 24 hours, followed by an increase to 60°Brix for
the next two days, and finally maintained at 70°Brix for
seven additional days (slow method). In the second method,
slices were steeped in syrup at 70°Brix and 50 °C for 6
hours using a water bath (fast method). In both methods,
after the osmotic treatment, the syrups were drained, and the
slices were rinsed to remove excess syrup hefore being
subjected to air drying. The prepared hill lemon candies
were packed in aluminium packaging and evaluated for their
physico-chemical and sensory characteristics.

Physico-Chemical Analysis

The hill lemon peel and candies prepared from different
sweeteners and osmotic dehydration methods were analyzed
for different physico-chemical parameters. The Total
Soluble Solids (TSS) analysed using a digital refractometer
(ERMA, Model: MASTER-S10a) and expressed in °Brix,
pH was determined using a pH meter (Labman LMPH-10),
Titratable acidity, reducing, non-reducing and total sugars,
pectin, Tannins, Non-Enzymatic Browning (NEB), ascorbic
acid were quantified as per standard method given in
Ranganna, (2020) %1, Total Phenolic Content (TPC) was
measured using the Folin-Ciocalteu method (Rizvi et al.,
2023) %1 and antioxidant activity was assessed via DPPH
assay (Kedare & Singh, 2011) [ expressed as mg
GAE/100 g and % DPPH inhibition. Limonin and naringin
contents were determined spectrophotometrically after
chloroform and methanolic extraction, respectively, with
absorbance read at 503 nm and 420 nm (Breksa and Ibarra,
2007; Huang et al., 2018) [* 19 Candies were also analysed
for weight reduction, solid gain (SG), water loss (WL) using
formula cited in Ranganna, (2020) [2%! and time taken to dry
given tray load was calculated by recording the time (h).

Sensory Analysis

The sensory quality of peel candy was evaluated using a 9-
point hedonic scale, following the standard procedures
outlined by Ranganna (2020) 3. In this scale, 1 indicated
dislike extremely and 9 indicated like extremely. A total of
10 trained panellists from the department of Food Science
and Technology were, participated in the evaluation.
Sensory evaluations were conducted in triplicate on
different days. The mean scores from three replications were
used for statistical analysis.

Fourier-Transform Infrared (FT-IR) Spectroscopy

All the prepared candies were also characterized using
Fourier-Transform Infrared (FTIR) spectroscopy (Agilent
Cary 630 FTIR) for the determination of various functional
groups, structural changes, and possible interactions
between sweeteners and osmosis methods. The analysis was
performed in the range of 4000-650cm™* with a total number
of 140 scans per sample (Smith, 2011) 271,

Storage Study

The experiment was conducted using a factorial Completely
Randomized Design (CRD). Candies prepared using the
optimized sweetener and osmotic dehydration method were
packaged in Aluminium Laminated pouches (Al) and high-
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density polyethylene (HDPE) pouches and stored for three
intervals (0, 45, and 90 days) with three replications. The
juice samples were filled into sterilized glass bottles and
stored at ambient temperature (26-32 °C). Physico-chemical
and sensory analyses were carried out at periodic intervals
during storage.

Statistical Analysis

All experiments were conducted in triplicate (n = 3), and the
results are expressed as meanzstandard deviation. Statistical
analysis was performed using one-way Analysis of Variance
(ANOVA) to assess differences among standarization
techniques, while two-way ANOVA was applied to evaluate
the effects of storage conditions and storage period. Data
were analyzed using OPSAT software, and differences were
considered statistically significant at p < 0.05 (Varalakshmi,
2025) 341,

Results and Discussion

Chemical Characterization of Hill Lemon Peel

The chemical characteristics of hill lemon peel are presented
in Table 1. The peel exhibited a Total Soluble Solids (TSS)
content of 7.98+0.07 °Brix, indicating a moderate
concentration of soluble sugars, organic acids, and other
soluble constituents. The pH of the peel was found to be
highly acidic (2.30£0.05), which is typical for citrus fruits
and contributes to their characteristic sour taste and
preservation stability. The titratable acidity —was
0.56+0.02%, mainly attributed to the presence of citric acid,
which dominates the organic acid composition of citrus
fruits and plays a significant role in determining flavor and
fruit quality (Thakur et al., 2025) 52,

The reducing sugar and total sugar contents were
4.02+0.04% and 6.1940.02%, respectively, indicating that
reducing sugars constitute a considerable proportion of the
total sugars present in the peel. These moderate sugar levels
contribute to the overall palatability of the fruit and help
balance its natural acidity (Zayse et al., 2022) 1, The
pectin content was relatively high (1.70+0.08%), suggesting
the potential of hill lemon peel as a valuable natural source
of pectin for food processing applications, including the
formulation of gelling agents, stabilizers, and functional
food products. Non-Enzymatic Browning (NEB), expressed
as an absorbance value of 0.31+0.01 at ODas0 nm, indicated
a relatively low degree of browning reactions. This may be
associated with the high acidity and comparatively lower
reducing sugar content of the peel, both of which can
influence Maillard reactions and other non-enzymatic
browning processes during processing and storage. The
ascorbic acid content was found to be appreciable
(39.84+0.09 mg/100 g), confirming the strong antioxidant
potential of hill lemon peel. Ascorbic acid plays a vital role
in enhancing the nutritional quality and oxidative stability of
foods by functioning as a natural antioxidant and free
radical scavenger (Lambani et al., 2018; Thakur et al.,
2025) [18.32],

The tannin content was notably high (30.62+0.05%), which
may contribute to the astringent taste of the peel as well as
its antioxidant properties. High tannin concentrations have
also been associated with antimicrobial activity and several
health-promoting effects in food systems (Ali et al.,). The
total phenolic content, expressed as gallic acid equivalent,
was 5.28+0.09 mg GAE/100 g, indicating the presence of
significant bioactive compounds that contribute to the
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antioxidant potential of citrus peel. Furthermore, the peel
contained notable concentrations of limonin (11.54+0.34
mg/100 g) and naringin (32.81+£0.32 mg/100 g). Limonin, a
prominent citrus monoterpene compound, contributes to the
characteristic citrus aroma and has been reported to exhibit
several biological activities, including antimicrobial and
anti-inflammatory properties. Naringin, a major citrus
flavonoid, is responsible for the bitter taste of citrus peel and
has been widely recognized for its antioxidant, anti-
inflammatory, and cholesterol-lowering effects. The overall
antioxidant activity of hill lemon peel was found to be
substantially high (89.46+0.84%), which may be attributed
to the synergistic effects of various bioactive constituents
such as ascorbic acid, phenolic compounds, tannins, and
flavonoids present in the peel matrix. This strong
antioxidant capacity highlights the potential of hill lemon
peel as a promising natural source of antioxidants for use in
functional foods and nutraceutical formulations (Attri and
Manini 1996; Badiyala et al., 2004; Thakur and Kumari
2022) [2,3,17,33]

Effect of osmotic dehydration methods and sweeteners
on quality attributes of hill lemon peel candy
Physico-Chemical Parameters

The results clearly demonstrate that both osmotic
dehydration technique and sweetener type significantly
influenced the physicochemical quality of hill lemon peel
candy, primarily through their effects on mass transfer
phenomena. Slow osmotic dehydration consistently
promoted higher water loss, solid gain and overall weight
reduction, which can be attributed to prolonged exposure
time allowing greater diffusion of moisture and solutes
across cellular membranes. This aligns with the fundamental
principles of osmotic dehydration, where time-dependent
concentration gradients govern mass transfer efficiency
(Rastogi et al., 2002) 24,

Among sweeteners, honey exhibited superior performance
in terms of solid gain and total soluble solids, likely due to
its high content of low-molecular-weight sugars such as
glucose and fructose. These sugars enhance osmotic
pressure and facilitate deeper solute penetration into plant
tissues. In contrast, sorbitol showed comparatively lower
efficiency, reflecting its different physicochemical behavior
as a sugar alcohol (Liu et al., 2025) [29],

Although fast osmotic dehydration reduced processing time
considerably, it resulted in slightly lower moisture removal
and reduced retention of key nutrients. The rapid
dehydration process likely limited sufficient equilibration
between the osmotic medium and cellular fluids, thereby
restricting mass transfer. Conversely, slow osmotic
treatment, despite requiring longer drying periods, preserved
structural integrity and improved candy vyield, suggesting
reduced cellular damage during gradual dehydration
(Giannakourou et al., 2020; Tan et al., 2025) [ 39,

Changes in chemical attributes such as TSS, acidity and
sugars further highlight the role of sweetener composition.
Higher sugar and TSS levels in honey and jaggery-treated
samples reflect their inherent composition, while slight
increases in pH under fast osmotic conditions may be due to
leaching of organic acids into the osmotic medium. Non-
enzymatic browning was more pronounced in fast osmotic
treatments, indicating that rapid moisture removal and
increased concentration of reactants may accelerate Maillard
reactions. This effect was particularly evident in jaggery-
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based samples, which are rich in reducing sugars and
reactive compounds (Yadav et al., 2014; Kaur et al., 2025)
[36]

A key observation of this study is the superior retention [*
%1 of bioactive compounds under slow osmotic dehydration.
Higher levels of ascorbic acid, phenolics and antioxidant
activity suggest that gradual moisture removal minimizes
oxidative and thermal degradation. Additionally, the use of
natural sweeteners such as jaggery and honey further
enhanced antioxidant properties due to their intrinsic
bioactive constituents.

Sensory Attributes

Products obtained through slow osmotic dehydration
consistently achieved higher scores for colour, texture and
overall acceptability, indicating that gradual dehydration
better preserves product quality. Improved colour retention
under slow osmotic conditions suggests reduced non-
enzymatic browning and better preservation of natural
pigments. In contrast, slightly lower colour scores in fast
osmotic treatments may be associated with rapid
concentration of sugars, promoting browning reactions.
Texture differences further highlight the importance of
dehydration kinetics. Slow osmotic treatment resulted in a
more desirable chewy texture, likely due to uniform solute
infusion and better maintenance of cellular structure. Rapid
dehydration, on the other hand, may cause surface hardening
and uneven moisture distribution, negatively affecting
texture. Sweetener type played a decisive role in taste
perception. Jaggery and honey-based samples were
preferred due to their complex flavour profiles, whereas
sorbitol-treated samples were less acceptable, possibly due
to their lower sweetness intensity and lack of characteristic
flavour compounds (Giannakourou et al., 2020; Freitas et
al., 2021; Tan et al., 2025) [7: 8301,

Effect on Molecular Characterization (FTIR)

Fourier Transform Infrared (FTIR) spectroscopy provided
insight into the molecular interactions and structural
stability of hill lemon peel candy as influenced by osmotic
dehydration methods and sweetener type. The spectra of all
samples exhibited characteristic bands corresponding to
major functional groups present in citrus peel, confirming
that processing did not fundamentally alter the chemical
composition but rather affected intermolecular interactions.
A broad absorption band in the region of 3200-3400 cm™,
attributed to O-H stretching vibrations, was prominent in all
samples, indicating the presence of hydroxyl groups
associated with carbohydrates, phenolics and residual
moisture. Slightly higher intensity observed in slow osmotic
treatments suggests improved retention of hydrophilic
compounds and stronger hydrogen bonding interactions.
This indicates that gradual dehydration better preserves
moisture-associated  functional groups and bioactive
constituents (Rafiq et al., 2018; Yadav et al., 2014) [22 361,
The peaks observed at 2920-2850 cm™ correspond to C-H
stretching vibrations of aliphatic groups, confirming the
dominance of carbohydrate structures in the candy matrix.
Variations in peak intensity among treatments reflect
differences in sugar incorporation during osmotic
processing. Higher intensities in sugar and jaggery-based
samples suggest greater solute uptake, supporting the
physicochemical findings of increased solid gain (Freitas et
al., 2021) 1,
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The presence of absorption bands in the region of 1700-
1600 cm™, associated with C=O stretching of carboxyl
groups, indicates the retention of organic acids and pectin
structures inherent to citrus peel. Minimal variation across
treatments suggests that osmotic dehydration does not
significantly modify these core components, reinforcing the
view that the process is largely physical rather than
chemical in nature (Chandel et al., 2023) [,

The carbohydrate fingerprint region (1200-1000 cm™)
showed strong absorption in all samples, confirming the
presence of polysaccharides and glycosidic linkages. More
intense peaks in sucrose and jaggery treatments indicate
enhanced incorporation of carbohydrate molecules into the
peel matrix, whereas lower intensity in sorbitol-treated
samples highlights its limited interaction with plant
polysaccharides due to its sugar alcohol structure (Kaur et
al., 2025) 14 1],

Importantly, differences between slow and fast osmotic
dehydration were reflected mainly in peak intensity rather
than the emergence of new functional groups. Slow osmotic
treatments produced sharper and more defined peaks,
suggesting more uniform solute diffusion and better
structural organization within the tissue matrix. In contrast,
fast osmotic dehydration may lead to less homogeneous
distribution of solutes, affecting molecular interactions at
the microstructural level. The interpretation of the functional
group was done according to Stuart (2021) 8, The
enhanced peak definition and intensity observed in jaggery
candy with slow osmotic treatments support the conclusion
that gradual processing promotes better molecular stability
and preservation of functional components. These findings
complement the physicochemical and sensory results,
confirming that improved product quality is closely linked
to more stable and well-integrated molecular structures.

Effect of Packaging Materials and Storage Duration on
Physico-Chemical Quality

The storage stability of jaggery-based hill lemon peel candy
was markedly influenced by packaging material due to
differences in moisture and oxygen barrier properties.
Changes observed during storage primarily reflect ongoing
physicochemical and oxidative processes within the product
matrix, which are regulated by the interaction between
packaging characteristics and environmental conditions.

A gradual decrease in moisture content across all packaging
systems indicates continuous moisture migration driven by
differences in water activity between the product and
surrounding environment. Glass jars showed the lowest
moisture levels, confirming their superior moisture barrier
capacity. This can be attributed to the non-porous and
impermeable nature of glass, which limits water vapor
transmission compared to polymeric materials like HDPE
(Sushila et al., 2025) [?°1. The corresponding increase in total
solids and TSS further supports this mechanism, as moisture
loss concentrates soluble constituents a phenomenon widely
reported in stored fruit products (Jia et al., 2024) 14,

The slight decline in titratable acidity and increase in pH
suggest gradual degradation or interaction of organic acids
during storage. These changes were less pronounced in glass
containers, likely due to reduced oxygen ingress, which
slows oxidative reactions responsible for acid breakdown.
This highlights the importance of oxygen permeability in
maintaining chemical stability, as also observed in citrus-
based products (Kaur et al., 2013) [23],
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The increase in total and reducing sugars during storage can
be explained by hydrolysis of sucrose and other complex
carbohydrates into simpler sugars. This reaction is
facilitated by residual moisture and acidic conditions within
the product matrix, indicating that storage-induced
transformations continue even in dehydrated systems (Jia et
al., 2024) [*21,

Non-enzymatic browning increased significantly in all
treatments, with higher values in glass-packaged samples.
While glass effectively restricts moisture transfer, its
transparency permits light exposure, which can accelerate
Maillard reactions and caramelization. This demonstrates
that protection against one deterioration factor (moisture)
may simultaneously enhance another (light-induced
browning), emphasizing the need for balanced packaging
selection (Pham et al., 2020) 241,

In contrast, degradation of bioactive compounds such as
ascorbic acid, phenolics and antioxidant activity was more
strongly influenced by oxygen and light exposure than by
moisture changes. Aluminium pouches showed better
retention of these compounds due to their excellent barrier
properties against both oxygen and light. This reduced
oxidative stress within the product, thereby slowing nutrient
degradation, a trend consistent with earlier findings in
dehydrated fruit systems (Del et al., 2004; Yadav et al.,
2014)[6.38],

Sensory Deterioration Patterns during Storage

Sensory quality of hill lemon peel candy declined during
storage due to physicochemical and oxidative changes
influenced by packaging properties. The extent of
deterioration varied among packaging systems, emphasizing
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the importance of barrier characteristics in maintaining
product acceptability. Colour degradation was more
pronounced in glass jars, whereas aluminium pouches
showed better colour retention. This is mainly due to light-
induced pigment degradation and increased non-enzymatic
browning in transparent packaging, while aluminium
effectively blocks light and slows these reactions. Similar
observations were reported by Im et al., (2024) ', who
noted that citrus peel-based candies are highly susceptible to
colour changes due to oxidation and browning reactions
during storage. Texture showed a moderate decline across
treatments, likely due to moisture redistribution and sugar
crystallization. Aluminium pouches maintained better
texture, indicating that controlled moisture transfer helps
preserve structural integrity and prevents excessive
hardening. Comparable results were reported in orange peel
candy by Kumar et al., (2022) [ where storage-induced
hardening was linked to moisture loss and sugar
recrystallization Taste deterioration was associated with
oxidation of flavour compounds and degradation of organic
acids. Aluminium packaging again performed better, as its
low oxygen permeability helps retain volatile flavour
components. Overall acceptability decreased gradually but
remained within acceptable limits. Aluminium pouches
recorded the highest scores due to better retention of colour,
texture and flavour, whereas glass packaging showed lower
acceptability due to combined effects of light and oxygen
exposure. This aligns with findings from Xiong et al.,
(2025) B3 who emphasized that oxygen exposure
significantly affects flavour stability and functional quality
in citrus-based confectionery systems.

Table 1: Chemical characteristics of hill lemon (Citrus pseudolimon Tan) peel

Peel

Sr. No. Parameters Mean + SD*
1 TSS (°B) 7.98 £0.07
2 pH 2.30£0.05
3. Titratable acidity (%) 0.56 + 0.02
4. Reducing sugar (%) 4.02+0.04
5 Total sugar (%) 6.19 + 0.02
6 Pectin (%) 1.70 £ 0.08
7 Non-enzymatic browning (ODa4onm) 0.31+0.01
8. Ascorbic acid (mg/100g) 39.84 + 0.09
9. Tannin (%) 30.62 + 0.05
10. Phenols (mg GAE/100g) 5.28 + 0.09
11. Limonin (mg/100g) 11.54 £ 0.34
12. Naringin (mg/100g) 32.81+0.32
13. Antioxidants (%) 89.46 + 0.84

SD* = Standard deviation

Table 2: Effect of osmosis dehydration method and different sweeteners on physico-chemical characteristics of hill lemon peel candy

Sweeteners (S)
Test Parameters Method(M) Sugar Jaggery Honey Sorbitol
. . Slow 32.40M 32.60% 32.80 32.200
Weight reduction (%) Fast 30.20% 30.60% 30.80% 30.10%
Solid gain (%) Slow 20.81~ 20.93% 21.90% 20.680
Fast 20.62% 20.53% 21.56% 20,565
water loss (%) Slow 32.26M 32.27% 32.28% 32.13%
Fast 30.03% 30.025 30.05% 30.010"
Drying fime (1) Slow 143.67% 145,00 146.00% 142.000
Fast 122.00% 123.00 124.00% 120.000°
) Slow 70.12% 70.28% 70,345 69.980
Candy yield (%) Fast 68.10° 68,255 68.76% 67.770
Moisture (%) Slow 13.13% 13.408 13.33m 12.05P
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Fast 11.19% 11,425 11.56% 11.56%
) Slow 86.87A0 86.60P 86,675 86.95%
0,

Total solid (%) Fast 88.81% 88.58% 88.445 88,445
155 (B) Slow 72.58% 72.75 72.70% 55,398
Fast 70.15% 71.06% 70.37~ 53,755
. — Slow 0,647 0.66% 0.65% 0,635

0,
Titratable acidity (%) Fast 0.58% 0.617 0.60% 0.578
y Slow 3.18% 3.16% 3.19% 3.20%
P Fast 3.46~ 3.48% 347~ 3.45%
Total ” Slow 63.89% 64.93% 64.43% 47 415
otal sugars (%) Fast 61.35% 63.33% 62.46M 44,525
) : Slow 19.55% 19.82% 19.61~ 14.98%
Reducing sugars (%) Fast 17.58% 18.85~ 18.66™ 12.08%
) ) Slow 0.14% 0.16% 0.16% 0.115
Non enzymatic browning(ODa420nm) Fast 0207 020 0217 0175
.. Slow 32.32° 32.78% 3240 31.26%
Ascorbic Acid (mg/100g) Fast 26.07° 27.28 27.17% 25,358
Slow 34.30°% 34.80% 34.60°5 33.60%
Phenols (mgGAE/1009) Fast 31.30% 31.80% 31507 30.80%
.. — Slow 81,797 82.92% 82.83% 80.79%
Antioxidant activity (%) Fast 73.49% 76.65 76.59% 71.93%

Lowercase letters compare means of preparation methods; uppercase letters compare means of different sweeteners; Values within rows
sharing the same letters are not significantly different according to Duncan's LSD post-hoc analysis at p < 0.05.

Table 3: Effect of different packaging materials on the physico chemical characteristics of hill lemon peel candy during storage at ambient

temperatures

. Storage interval (S)
Test Parameters Packaging (P) 0 day 45 day 90 day
HDPE Pouches 13.402 13.167° 12.854¢
Moisture (%) Aluminium Pouches 13.4072 13.2980 13.108¢
Glass Jars 13.4042 13.06°P 12.65¢¢
HDPE Pouches 86.60¢2 86.84Cb 87.15¢¢
Total Solids (%) Aluminium Pouches 86.6082 86.7180 86.908¢
Glass Jars 86.6047 86.9440 87.35%¢
HDPE Pouches 72.75¢2 73.00¢b 73.27¢¢
Total Soluble Solids (°B) Aluminium Pouches 72.75B2 72.88BP 73.028¢
Glass Jars 72.75M2 73.104° 73.474¢
HDPE Pouches 0.6342 0.60P 0.57A¢
Titratable acidity (%) Aluminium Pouches 0.6382 0.598° 0.558¢
Glass Jars 0.63¢2 0.61¢P 0.59¢¢
HDPE Pouches 3.25¢2 3.29¢p 3.33¢
pH Aluminium Pouches 3.2582 3.26%° 3.278¢
Glass Jars 3.25" 3.307 3.35%¢
HDPE Pouches 64.93¢2 65.50¢P 66.49¢¢
Total Sugars (%) Aluminium Pouches 64.9382 65.33B0 66.235¢
Glass Jars 64.93A2 65.60°P 66.674¢
HDPE Pouches 19.82¢ 20.29¢b 21.21¢¢c
Reducing sugar (%) Aluminium Pouches 19.8282 20.138b 21.885¢
Glass Jars 19.82A¢ 20.4440 21.674°
Non-enzymatic browning HD_PI_E Pouches 0.1682 0.383'; 0.608¢
(ODasonm) Aluminium Pouches 0.16"2 0.29M 0.424¢
Glass Jars 0.16% 0.45¢ 0.74%
HDPE Pouches 32.785 32.51Bb 32.128¢
Ascorbic acid (mg/100g) Aluminium Pouches 32.7872 32.667° 32.50A¢
Glass Jars 32.78¢2 32.39¢b 31.96¢¢
HDPE Pouches 34,8382 34.6080 34.308¢
Phenols (mg/100g) Aluminium Pouches 34.837 34.697° 34.52A¢
Glass Jars 34.83¢2 3451 34.14¢¢
HDPE Pouches 82.92Ba 82.6950 82.408¢
Antioxidant activity (%) Aluminium Pouches 82.92Aa 82.79/P 82.63A¢
Glass Jars 82.92¢2 82.61¢0 82.27¢¢

Lowercase letters compare means of storage interval; Uppercase letters compare means of different packaging material; Values within rows

sharing the same letters are not significantly different according to Duncan's LSD post-hoc analysis at p < 0.05.
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Fig 1: Sensory evaluation on 9-point hedonic scale of hill lemon peel candy prepared using different osmosis dehydration methods and
sweeteners
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Fig 2: Effect of different packaging materials and sweeteners on the sensory scores (9-point Hedonic scale) of hill lemon peel candy during
storage at ambient temperature
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Fig 3: Fourier-transform infrared spectra of candy prepared with different osmosis dehydration methods and sweeteners

Conclusion
This study demonstrated that hill lemon peel is a valuable
functional ingredient due to its high pectin, ascorbic acid,

phenolic content and strong antioxidant activity (89.46%).
Slow osmotic dehydration was found to be more effective
than fast osmosis, resulting in higher weight reduction, solid
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gain and superior retention of bioactive compounds,
including ascorbic acid and antioxidant activity. Jaggery and
honey-based formulations further enhanced nutritional
quality and sensory acceptability compared to sorbitol. FTIR
analysis confirmed that osmotic dehydration primarily
affected molecular interactions rather than chemical
structure, with slow osmatic treatments showing better
preservation of functional groups and structural stability.
During storage, packaging material significantly influenced
product stability. Glass jars effectively controlled moisture
changes, whereas aluminium laminated pouches provided
superior retention of bioactive compounds and sensory
quality by minimizing oxygen and light-induced
deterioration. Overall, slow osmotic dehydration combined
with natural sweeteners (particularly jaggery) and
aluminium packaging is recommended for producing high-
quality hill lemon peel candy with improved nutritional
value, sensory acceptability and shelf stability.
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