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ABSTRACT

Hill lemon is a promising citrus fruit with distinctive physicochemical and bioactive properties, making it suitable
for juice extraction and processing. This study evaluated its juice for quality, bioactive compounds, and sensory
attributes under different extraction and preservation methods. The fruit showed high biomass, substantial juice
yield (42.70%), and bright yellow color, while the juice was highly acidic (pH 2.48), rich in vitamin C
(40.68 mg/100/g), and exhibited strong antioxidant activity (66.57%). Among extraction methods, screw-type
juicing without peel produced the highest yield (49.17%) and superior clarity, whereas peel-inclusive extraction
retained more bioactive compounds but increased bitterness. FTIR analysis confirmed the presence of
polyphenols, flavonoids, and organic acids, supporting the functional potential of the juice. Preservation over
90 days revealed that chemical preservatives (KMS and sodium benzoate) better maintained color, taste, and
bioactive content compared to pasteurization, which caused thermal degradation of vitamins and antioxidants.
Sensory evaluation indicated that KMS-treated juice maintained superior acceptability, highlighting hill lemon
juice as a viable option for functional beverages and value-added citrus products.
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INTRODUCTION

Citrus (family Rutaceae) is among the most important
fruit crops worldwide, cultivated in over 140 countries
and consumed as fresh fruit or processed products
such as juices and concentrates (FAO, 2023). In India,
citrus ranks third after mango and banana, covering
about 1.13 million hectares and producing
14.55 million metric tonnes during 2023-24 (NHB).
Nearly one-third of global citrus production is
processed into juice, highlighting the need for efficient
extraction and preservation technologies (Xu et al.,
2023).

Major challenges in hill lemon juice processing include
low juice recovery, variable quality, and delayed
bitterness during storage, primarily due to enzymatic
conversion of limonoate A-ring lactone to limonin,
influenced by extraction method, peel contact and
storage duration (Riaz et al., 2022). Limited
information on optimized processing further
contributes to quality deterioration, reduced consumer
acceptability, and postharvest losses.

This study aimed to standardize extraction and
preservation methods for hill lemon juice to enhance
yield, quality, and storage stability. Specific objectives

Hill lemon, locally known as galgal, is an indigenous
citrus species of the northwestern Himalayan region,
particularly Himachal Pradesh, Uttarakhand, and parts
of Punjab. The fruit is nutritionally rich, supplying
vitamin C, B-complex vitamins, essential minerals,
and bioactive compounds such as flavonoids, terpenes,
and phenolics with functional and therapeutic potential
(Kaur et al., 2025). Despite high productivity and low
input requirements, hill lemon remains underutilized
due to the lack of standardized extraction and
preservation methods, with use largely limited to
traditional household processing.

were to evaluate extraction techniques, assess
preservation treatments on physicochemical and
sensory traits, and develop a protocol for commercial
utilization to reduce postharvest losses and support
value-added processing.

MATERIALS AND METHODS
Fruit collection and juice extraction

Hill lemon fruits were harvested in November from
the experimental farm of the Department of Fruit
Science, College of Horticulture and Forestry,
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Dr. Yashwant Singh Parmar University of Horticulture
and Forestry, Neri, Hamirpur, Himachal Pradesh,
India (31.68° N, 76.52° E; 700 m AMSL). Juice
extraction was performed using five methods. Whole
fruits with peel were crushed using a fruit crusher
(PSF-121 Senior) and pressed in a hydraulic press
(PSH-111) at 5 MPa for 15 min (T1), while manually
peeled fruits were processed under identical conditions
(T2). For screw-type extraction, sliced whole fruits
with peel were processed in a helicoidal screw juicer
(SS 304) at 45 rpm and 0.3 MPa for 5 min (T3);
peeled fruit slices were extracted under the same
conditions (T4). In the fifth method, whole fruits with
peel were halved and juice was extracted using a
manual burr-type citrus extractor within 2 min (T5).
Freshly extracted juices were immediately analyzed for
physical, chemical, and sensory attributes.

Physical analysis

Physical characteristics of hill lemon were measured
on ten fruits in triplicate. Fruit and seed weights were
recorded with an electronic balance, and vertical and
horizontal diameters measured to calculate the fruit
quotient. Volume was determined by water
displacement, and juice density from the weight-to-
volume ratio. Colour and shape were assessed using
a Royal Horticultural Society chart, segments counted
manually, and juice, peel, and pomace percentages
calculated as (component weight + fruit weight) x 100.

Chemical analysis

Total soluble solids (TSS) were measured using a
digital refractometer (ERMA, MASTER-S10a, °Brix),
and pH was determined with a pH meter (Labman
LMPH-10). Titratable acidity was estimated by
standard titration (% citric acid), while sugars, non-
enzymatic browning, ascorbic acid, and total phenols
were analyzed following Ranganna (2020). Total
phenolic content (TPC) was measured using the Folin—
Ciocalteu method (Rizvi et al., 2023), 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
& Ibarra, 2007; Huang et al., 2018).

Sensory analysis

Sensory evaluation of hill lemon (Citrus pseudolimon
Tan.) juice was performed using a 9-point hedonic
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scale following Ranganna (2020). Ten semi-trained
panellists from the Department of Food Science and
Technology evaluated samples in triplicate and mean
scores were analyzed using a randomized block design
to assess differences among treatments.

Fourier-transform infrared (FTIR) spectroscopy

A Fourier-transform infrared (FT-IR) spectrophoto-
meter (Agilent Cary 630 FTIR) was used to determine
changes in functional groups of all five juice samples.
The analysis was performed in the range of
4000—650cm ™' with a total number of 140 scans per
sample (Smith, 2011).

Storage study

The experiment was conducted in a factorial
completely randomized design with five preservation
treatments pasteurization at 90°C for 10 s plus boiling
water for 20 min (T1), potassium metabisulphite
(350 ppm, T2), sodium benzoate (350 ppm, T3),
pasteurization + KMS (T4) and pasteurization +
sodium benzoate (T5) across four storage intervals
(0, 30, 60, 90 days) with three replications. Juices
were filled into sterilized glass bottles (n = 60) and
stored at ambient temperature (26—32°C), with
periodic physico-chemical and sensory analyses.

Microbial analysis

Total plate count and yeast and mold counts were
determined by the pour plate method using nutrient
agar (Ranganna, 2020). Plates were incubated at 37°C
for 24 h (TPC) and 28°C for 48-72 h (yeast and
mold), and results were expressed as cfu/mL.

Statistical analysis

Data were analyzed using one-way ANOVA for
extraction methods and two-way ANOVA for storage
effects, with OPSAT software. Differences were
considered significant at p<<0.05 (Varalakshmi, 2025).

RESULTS AND DISCUSSION
Physicochemical attributes

The physical attributes of hill lemon fruits (Table 1)
indicated large, elongated oval fruits averaging
411/ g, with a higher vertical than horizontal diameter.
Fruit density (1.02/g/cm?®) suggests a compact
structure favorable for handling and transport. High
juice recovery (42.70%), moderate peel content
(21.83%) and low seed proportion (1.55%) minimize
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bitterness during extraction. Pomace comprised nearly
one-third of fruit weight, and the bright yellow peel
indicates high carotenoid and flavonoid content. Values
were slightly higher than other citrus varieties, likely
due to varietal and agro-climatic differences (Uzun &
Yesiloglu, 2012; Karki et al., 2024).

Table 1 : Physical characteristics of hill lemon fruit

Characteristics Mean+S.D.”
Fruit weight (g) 4114+49.69
Fruit size (cm) - vertical diameter (V) 12.39+0.96

Fruit size (cm) - horizontal diameter (H) 7.97+0.57

Fruit quotient (V/H) 1.56+0.20
Fruit volume (cm?) 437+24.92
Fruit density (g/cm?) 1.02+0.02
Fruit colour Yellow
Fruit shape Oval
Number of segments 10.60+0.80
Peel flavedo weight (g) 34.384+4.15
Peel albedo weight (g) 57.52+5.79
Peel weight (g) 91.90+29.54
Peel weight % (w/w) 21.83
Seed weight (g) 5.98+0.60

Seed weight % (w/w) 1.55

Juice weight (g) 190.86+5.77
Juice weight % (W/w) 42.70
Pomace weight (g) 152.58+2.20
Pomace weight % (w/w) 33.71

*S.D.: standard deviation, n: 10

Effect of extraction methods on the quality of hill
lemon juice

Data presented in Table 3 shows the effects of
extraction methods on the physico-chemical and
sensory attributes of hill lemon juice. Juice recovery
was highest with screw-type extraction without peel,
reflecting efficient tissue disruption and minimal loss,
consistent with Tounsi et al. (2011). This method also
produced higher transmittance, while increased
sedimentation in peel-inclusive screw-type extractions
likely resulted from fine particle release.

Total soluble solids did not differ significantly, whereas
acidity was higher in manually extracted juice,
possibly due to greater rupture of juice vesicles
(Pareek et al., 2010). Peel inclusion slightly increased
sugars and pH, reflecting compositional differences
between peel and pulp (Ani & Abel, 2018).
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The chemical composition of hill lemon juice
(Table 2) revealed a nutritionally rich, bioactive
profile. Moderate total soluble solids (7.28° Brix),
high titratable acidity (5.01%), and low pH (2.48) are
typical of acidic citrus fruits. Despite low sugar
content, the juice contained appreciable ascorbic acid
(40.68 mgl100 mL) and total phenolics (3.91 mg
GAE 100 mL), resulting in strong antioxidant activity
(66.57% DPPH inhibition). Limonin and naringin
explained the characteristic bitterness, while low non-
enzymatic browning indicated minimal oxidative
degradation, consistent with previous reports (Riaz
et al., 2022).

Table 2 : Chemical characteristics of hill lemon
juice

Parameter Juice
(Mean£S.D.")

TSS (°B) 7.28+0.05
pH 2.48+0.01
Titratable acidity (%) 5.01+£0.02
Reducing sugar (%) 1.50+0.08
Total sugar (%) 2.20+0.08
Non-enzymatic browning (OD,, ) 0.03+0.01
Ascorbic acid (mg/100 mL) 40.68+0.23
Phenols (mg GAE/100 mL) 3.91+0.02
Limonin (mg/100 mL) 3.32+0.01
Naringin (mg/100 mL) 8.84+0.02
Antioxidants activity 66.57+£0.42

(% DPPH reduction)

*S.D.: standard deviation, n: 3

Bioactive retention was influenced by peel presence
and extraction intensity. Whole-fruit screw-type
extraction yielded the highest ascorbic acid and
antioxidant activity, while total phenolics varied little
(Pareek et al., 2010). Bitter compounds (limonin and
naringin) were higher in peel-inclusive extractions,
especially under hydraulic pressing, whereas screw-
type extraction without peel had the lowest bitterness
and non-enzymatic browning (Guo et al., 2023).

Sensory evaluation supported these findings (Fig. 1),
with screw-type extraction without peel achieving the
highest scores for colour, taste, and flavour due to
reduced bitterness and a cleaner profile (Riaz et al.,
2022). Overall, this method was optimal for sensory
quality, while peel-inclusive extractions favored
bioactive enrichment (Ndife, 2013).
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Table 3 : Effect of different extraction methods on physico-chemical characteristics of hill lemon juice

Parameter T1 T2 T3 T4 TS
Juice yield (%) 38.40° 36.03¢ 40.40° 49.17° 32.33¢
Cloud (% transmittance) 1.178° 0.97° 1.30% 1.87¢ 1.29
Sedimentation (cm?) 2.76° 1.99° 3.10° 5.39¢ 2.33%
Total soluble solids (°B) 7.40° 7.30° 7.34* 7.51° 7.33°
Titratable acidity (%) 4.54° 4.77% 4.83% 4.54° 5.06°
Total sugars (%) 2.20° 2.15° 2.26° 2.19° 2.17°
Reducing sugars (%) 1.66* 1.60° 1.71° 1.50¢ 1.52¢
Non-reducing sugars (%) 0.51° 0.51° 0.49° 0.50° 0.51°
pH 2.542 2.41° 2.59¢ 2.46° 2.44°
Ascorbic acid (mg/100 mL) 54.04° 39.56¢ 58.842 41.72¢ 40.68
Antioxidants activity 77.09° 65.27¢ 82.30° 67.97¢ 67.46°
(% DPPH reduction)

Phenols (mg GAE/100 g) 3.94¢ 3.80° 3.96° 3.86° 3.73¢
Limonin (mg/100 mL) 7.43¢ 3.50° 7.31° 3.42° 3.38°
Naringin (mg/100 mL) 19.57° 10.12° 19.38¢ 10.04° 8.76°
Non-enzymatic browning (OD,, ) 0.058* 0.027* 0.07® 0.032° 0.022*

Different letters in the superscript (a, b, ¢, d) indicate significant difference between treatment means at p<0.05 according to Duncan’s

LSD post-hoc test at p<0.05

T2 T3

—T1

Overall

Acceptability Taste

Flavour Aroma

Fig. 1 : Effect of different extraction methods on
sensory score of hill lemon juice

Fourier-transform infrared (FTIR) spectral analysis

FTIR spectra of hill lemon juice from different
extraction methods showed similar characteristic
bands, confirming preservation of the core chemical
profile (Fig. 2). A broad 3200-3600 cm™ band
(O—H stretching of water, acids, sugars, phenolics)
was more intense in peel-included treatments,
indicating higher phenolic content (Cui et al., 2024).
Bands at 2920-2850 cm? (aliphatic C—H) were
stronger in screw-type extractions, reflecting efficient
tissue disruption (Dambuza et al., 2024). Peaks at
1700-1745 cm™ (C=O0 of citric acid) were sharper in

peel-excluded juice, while 1600-1500 cm™! and
1200-1000 cm™ bands (phenolics, sugars, pectins)
were higher in peel-based extractions (Cui et al.,
2024). Overall, screw-type extraction without peel
yielded cleaner juice rich in sugars and acids, whereas
peel-inclusive methods enhanced phenolic and pectic
components, supporting physico-chemical and sensory
findings.

Effect of storage on the stability of hill lemon juice

Table 4 summarizes the effects of different
preservation methods on hill lemon juice quality over
90 days. Cloud content declined in all treatments, with
pasteurized juices retaining higher cloud values, while
chemically preserved samples maintained better pulp
dispersion and colloidal stability (p<0.05).
Sedimentation was more pronounced in untreated and
thermally processed juices, consistent with previous
reports (Pareek et al., 2010; Jaiswal & Masih, 2025).

Total soluble solids increased slightly, likely due to
carbohydrate hydrolysis, without significant
differences among treatments. pH rose gradually and
titratable acidity declined, with pasteurized samples
showing a larger pH increase, suggesting thermal
degradation of organic acids, whereas chemical
preservatives better maintained acidity. Reducing and
total sugars increased while non-reducing sugars
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Fig. 2 : Fourier-transform infrared spectra of hill lemon juice extracted with different extraction methods

decreased, especially in pasteurized juices, indicating
sucrose inversion, while chemically preserved samples
exhibited greater sugar stability (Ndife, 2013; Kumar
& Ramasamy, 2016).

Ascorbic acid and antioxidant activity declined in all
samples, though potassium metabisulfite and sodium
benzoate treatments retained higher levels by
minimizing oxidative losses (Shaik & Chakraborty,
2023). Bitterness and non-enzymatic browning
increased during storage, particularly in pasteurized
juices, while chemically preserved samples showed
slower progression (Pareek et al., 2010; Sindhu &
Khatkar, 2018).

Colour
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Sensory

Changes in the sensory attributes of hill lemon juice
during storage are presented in Fig. 3. Colour scores
declined in all treatments, with chemically preserved
juices showing superior retention, while pasteurized
juice exhibited the greatest loss, likely due to thermal
degradation of pigments (Frangopoulos et al., 2025).
Taste and flavour decreased progressively, with
sodium benzoate—treated juices maintaining higher
ratings, reflecting effective control of microbial activity
and bitterness, whereas pasteurized samples declined
more sharply due to loss of volatile compounds and
increased limonin formation (Song et al., 2023).

Taste

Flavour

Oday 30day 60day 90day Oday 30day 60day 90day O0day 30day 60day 90day
=B=T]  e=@e=T2 13 Overall Acepetability
Flavour 8
7.5
75 Qe !
7
i
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0 day 30 day 60 day 90 day 0 day 30 day 60 day 90 day

Fig. 3 : Effect of different preservation methods on sensory scores (9-point hedonic scale) of
hill lemon juice during storage
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Table 4 : Effect of different methods of preservation on physico-chemical characteristics of hill lemon
juice during storage at ambient temperature (26-32°C)

Parameter Storage Methods of preservation
interval
(day) Tl T T3 T4 T5
Cloud (% T) 0 1.762 0.77% 0.78% 1.75% 1.76%
30 1.74 0.75% 0.73®8 1.73%4 1.74%4
60 1.7224 0.72:8 0.7%8 1.69bA 1.71%4
90 1.70% 0.71 0.69% 1.65 1.69%
Sedimentation(cm?®) 0 2.77% 2.40°8 2.73% 2.77° 2.73¢
30 2.930AB 2.70% 2.800A8 2.870AB 2.97%
60 3474 3.23: 3,338 347 347
90 3.57% 3.27%® 3.4048 3.53=4 3.534
TSS (°Brix) 0 7.3204 7234 7.274 7.304 7.31%4
30 7.37%A 723 7.27%4 7.33%4 7.34A
60 7.43%4 7.27%® 7.30%48 7.3748 7.400AB
90 7.50% 7.33 7.408 7.4348 7.4748
pH 0 2.66% 2.61% 2.64% 2.66% 2.674
30 2,704 2.61%8 2.66"A8 2.68%8 2.69b¢AB
60 2.79% 2.66 2.69%5¢ 2.73bABC 2.7648
90 3284 3.16% 3.18%¢ 3.2]248C 3.26%
Titratable acidity (%) 0 4.86™ 4914 4.89 4.87 4.87%4
30 4.84%4 4.90* 4.87%4 4.86% 4.85®A
60 4.81%8 4.89 4,868 4,858 4,8320A8
90 4.77°¢ 4.87%4 4,848 4.8198¢ 4.79BC
Reducing sugars (%) 0 1.58 1.50% 1.5204 1.55% 1.57%
30 1.62b4 1.52:4 1.57% 1.58% 1.59%
60 1.71®A 1.57%8 1.6120A8 1.63A8 1.65%8
90 1.80% 1.62%¢ 1.69%8¢ 1.71248¢ 1.76*8
Non-reducing sugars (%) 0 0.524 0.55%4 0.52%4 0.52%4 0.512
30 0.50% 0.544 0.512 0.512 0.512
60 0.47%4 0.52 0.50% 0.50% 0.50%
90 0.43%8 0.52%4 0.48:8 0.498 0.4728
Total sugars (%) 0 2.13% 2.08% 2.07% 2.10% 2.11%4
30 2.15% 2.09%4 2.11% 2.12% 2.13%
60 2.20%* 2,124 2,144 2.16%* 2.17%
90 2.25% 2,17 22004 22324 2.25%
Ascorbic acid (mg/100mL) 0 29.234 33,174 32.27% 29.57% 29.40
30 27.43%8¢ 32.40% 31.07%A8 27.80%8¢ 26.70%¢
60 25.17%8 31.40 28.27bAB 26.53%8 25.908
90 22.27%® 30.87* 26.108 24.30% 23.10%
Antioxidant activity 0 60.398 64.30* 64.23 60.40
(%DPPH reduction) 60.40%
30 60.0328 63.98* 63.85% 60.12:8 60.038
60 59.368 63.27%4 62.68%4 59.59: 58.83%8
90 57.25% 62.60** 60.95% 58.71%® 57.78%
Limonin (mg/100mL) 0 3.46" 3.00°® 3,02t 344 3.45%
30 3.46° 3.00% 3.02%8 3.444 3.45b
60 3.49%4 3.04 3.05%8 3.46% 3.47%
90 3.58% 3.07%® 3.118 3.514 3.574
Naringin (mg/100mL) 0 6.33¢A 5.74%® 5.77%® 6.33% 6.324
30 6.35b4 5.74%® 5.77*® 6.33% 6.34bA
60 6.40° 5.76% 5.79:® 6.37% 6.39%
90 6.46** 5.79% 5.83%® 6.432A 6.45%
Non-enzymatic browning (OD,, 0 0.04* 0.02* 0.02:4 0.04** 0.04*
30 0.04 0.02%4 0.0324 0.0324 0.042*
60 0.06** 0.03* 0.04** 0.04** 0.05*
90 0.08* 0.05% 0.06** 0.072* 0.08**

Small letters in superscript indicate effect of methods of preservation and capital letters in superscript indicate effect of storage; Different letters
in the superscripts indicate significant difference between treatment means at p<0.05 according to Duncan’s LSD post-hoc test at p<0.05
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Consistency followed a similar trend, with chemically
preserved samples retaining better mouthfeel, while
thermally processed juice showed greater deterioration.
Overall acceptability remained highest in chemically
preserved juices throughout storage, confirming their
effectiveness in maintaining sensory quality (Leizerson
& Shimoni, 2005).

Microbial quality

Across all treatments, total plate counts remained
below 2 log CFU mL" during storage, complying
with FSSAI (2017) standards for fruit beverages.
Yeast, mold, and coliforms were not detected,
confirming effective preservation and microbiological
safety of hill lemon juice throughout ambient storage
(Shaik & Chakraborty, 2023; Frangopoulos et al.,
2025).

CONCLUSION

Hill lemon juice extraction and preservation were
optimized to maintain quality and extend shelf life.
Screw-type extraction without peel combined with 350
ppm potassium metabisulphite (SO,) showed the best
performance, maintaining TSS (7.32-7.50° Brix),
acidity (4.54-5.06%), pH (2.42-2.59), total sugars
(2.26%), and reducing sugars (1.71%) close to initial
values over three months of ambient storage, while
minimizing browning and bitterness. Sensory
evaluation confirmed higher acceptability in color,
taste, and overall quality. This protocol offers a
reliable approach for producing high-quality hill lemon
juice with extended shelf life for commercial use.
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