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Abstract

The study examines the effect of an edible coating derived from Aloe vera gel at four different
concentrations mixed with water (0:1), (1:1), (2:1), and (3:1) on the preservation of kinnow quality.
The kinnow was stored at 5 + 0.5°C and 90 + 2% relative humidity (RH) using LDPE packaging and
without packing for 35 days. Quality criteria including firmness, physiological weight loss, colour
alteration, titratable acidity, total soluble solids (TSS), TSS/acid ratio, ascorbic acid concentration, juice
yield, and sensory attributes were assessed at 7-day intervals. After a 14-day storage period, the
characteristics of the uncoated specimens degraded more rapidly than those of the treated specimens.
The produce was not subjected to any visible pathogen attacks. The findings indicated that Aloe vera
gel coating successfully preserved the quality of stored kinnows, with optimal results achieved at a
(3:1) concentration, positioning it as a viable alternative coating for kinnow.
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Introduction

Kinnow mandarin, a first-generation hybrid of King x Willow leaf, is the most prevalent
citrus fruit cultivated. Kinnow (Citrus deliciosa Ten.) has achieved significant popularity
among cultivators and consumers in North India owing to its exceptional fruit quality,
vigorous tree growth, higher yield potential, and superior performance relative to other citrus
varieties. Eckert (1978) 1161, Naqvi and Dass (1994) B4, and Singh and Jain (2004) [ assert
that qualitative losses become more severe when fungal infections and extensive rot
penetration render the infected produce unsuitable for human consumption. Mandarin group
fruits are especially susceptible to microbial attacks that lead to postharvest deterioration
(Sharma et al., 2008) [*2,

Edible coatings are thin films that improve food product quality and can be safely eaten as
part of the product without inducing negative alterations (Baldwin, 1994; Ahvenainen, 1996;
Diaz-Montes et al., 2021) [ 2 141, Edible coatings provide a barrier against external agents,
prolonging shelf life by minimising gas exchange, flavour degradation, moisture loss, aroma
dissipation, and solute migration towards the cuticle (Tzia, C et al. 2016) [481. They are secure
due to the natural biocidal properties or incorporation of antimicrobial compounds (Petersen
et al.,, 1999; Aloui, H et al., 2016) > 31, Aloe vera is a tropical and subtropical plant
recognised for its medical and therapeutic qualities (Eshun & He, 2004; Mditshwa et al.,
2017) 729 1t is an edible plant that poses no environmental risk and is readily available.
Aloe vera gel serves as an antibacterial, antifungal, and anti-inflammatory agent (Danish et
al., 2020) [, The efficacy of Aloe vera gel as an edible coating is contingent upon its
composition (Dang et al., 2008) [*2. Its application provides an environmentally favourable
alternative to film packaging (Rojas-Argudo et al., 2005) 38, Martinez-Romero et al. (2006)
281 reported the use of Aloe vera gel as an edible covering to prolong shelf life and inhibit
senescence in sweet cherries and table grapes. Aloe vera gel-based edible coatings have
demonstrated effectiveness in preventing moisture loss, mitigating softening, regulating
respiration and senescence rates, delaying oxidative browning, and inhibiting microorganism
growth in diverse food products (Ahmed et al., 2009; Valverde et al., 2005; Martinez-
Romero et al., 2006; Marpudi et al., 2011) I 4% 28271 This novel method presents a viable
substitute for postharvest chemical applications, prolonging the shelf life of food items.

~671~


https://www.biochemjournal.com/
https://www.doi.org/10.33545/26174693.2025.v9.i8i.5293

International Journal of Advanced Biochemistry Research

Chitosan, a natural polymer derived from the deacetylation
of chitin, presents benefits including biocompatibility,
biodegradability, and non-toxicity relative to other
polysaccharides. It possesses bacteriostatic and fungistatic
characteristics (Dutta et al., 2009; Kumar, 2000) 1> 23,
Chitosan serves as an edible surface coating for fruits and
vegetables owing to its superior film-forming characteristics
(Han et al., 2004; Ribeiro et al., 2007) ? 7, Pectin is
frequently used in diverse food formulations as a gelling and
thickening ingredient. It is used in the manufacture of jams,
jellies, and marmalades because of its capacity to gel in a
sugar-acid solution. Pectin has emerged as a significant
component in the food sector owing to its rising demand.
Low-density polyethylene (LDPE) is extensively used in the
food industry as a packaging material to preserve product
quality and prolong shelf life by inhibiting weight loss and
contamination. The objective of this investigation was to
enhance the quality of kinnow by optimising the
concentration of Aloe vera gel coating and to evaluate its
influence on the qualitative characteristics of kinnow fruit
during refrigerated storage. This study assessed the
effectiveness of Aloe vera gel as an edible surface coating to
enhance the shelf life and quality of kinnow fruit.

Materials and Methods

Kinnow fruits were procured from the university campus
(Punjab Agricultural University, Ludhiana, Punjab) and the
local market of Ludhiana. Fruits were selected based on
dimensions, hue, and lack of exterior blemishes. Fresh Aloe
vera leaves were procured from the university campus and
the adjacent market. Chitosan and pectin were obtained
from Global Traders in Ludhiana.

The Aloe vera plant's fresh leaves were cleaned using a 25%
chlorine solution. The Aloe vera gel matrix was
subsequently extracted from the outer cortex of the leaves,
and the colourless hydroparenchyma was homogenised
using a processor. The acquired matrix was filtered using
cheesecloth to remove fibres. Pasteurisation was done at
70°C for 45 minutes to inhibit enzymatic degradation of the
Aloe vera concentrate. Subsequently, the gel was promptly
cooled to room temperature, and ascorbic acid (1.9-2.0 g/L)
and citric acid (4.5-4.6 g/L) were incorporated to inhibit
browning, enhance flavour, and stabilise the juice. The pH
of Aloe vera juice was sustained at 4. It was then kept in
brown amber bottles to avoid oxidation.

The edible Aloe vera gel coating solution was formulated
using four distinct strengths of Aloe vera gel and water:
(1:1), (2:1), (3:1), and (0:1) as the control. Pectin at a 1%
(w/v) concentration was hydrated with the produced
solution at ambient temperature and subsequently
solubilised in a water bath at 50°C. Upon completion of
solubilisation, glycerol at a concentration of 1% (w/v) was
incorporated into the prepared coating solution, which was
maintained in a water bath with gentle agitation for 30
minutes. A chitosan solution was prepared by dissolving 1%
(w/v) chitosan in 0.5% acetic acid in distilled water. The pH
of 5.6 was then adjusted with 0.1M NaOH. This prepared
chitosan solution was mixed with the Aloe vera juice and
water solutions of different concentrations. The fresh
kinnow fruits were properly washed twice with chlorinated
water and air-dried. The fruits were randomly grouped into
four classes. The four groups were immersed in coating
solutions of Aloe vera gel and water: C1 (1:1), C2 (2:1), C3
(3:1), and CO (0:1) (control) for a duration of 5 minutes.
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They were then dried until their coatings were non-sticky to
the touch. Treated fruits were maintained under refrigerated
settings (5 £ 0.5°C and 90 *+ 2% RH) both unwrapped (P0)
and wrapped in LDPE bags (P1). The treated and untreated
fruits underwent physical and chemical analysis over a 35-
day storage duration. Prior to storage, three kinnow fruits
per replication for each treatment were weighed using a
digital balance, recording the initial weight of the kinnow.
The identical fruits were weighed at weekly intervals
throughout the storage duration. The physiological weight
loss was determined as the percentage reduction of
beginning weight (Han et al. 2004). The firmness of fruits
was assessed using a texture analyser with a penetration test.
A needle probe with a diameter of 5 mm was permitted to
enter the fruit to a depth of 20 mm. Throughout the analysis,
a 50 kg load cell was utilised, with a pre-test speed of 2.5
mm/sec, a test speed of 2.0 mm/sec, and a post-test speed of
10 mm/sec. The force necessary to breach the fruit's skin
surface has been recorded in kilogrammes (Padmaja et al.
2015) &8,

The color of samples was measured using a Miniscan XE
plus Hunter lab colorimeter. Before measuring the color, the
colorimeter was adjusted using white and dark plates. Three
measurements were taken on each fruit. The Hunter Lab
color scale was used to measure color values: L* for
lightness, a* from green to red, and b* from yellow to blue.
Total color difference (AE) was calculated as:

AE= (v a®+Ab™+AL?) @)

WhereAL=L ;tandard_L ;ample’ Aa=a ;tandard_a Zample and
Ab=b :tandard_b ;ample'
Total soluble solids (TSS) in kinnow juice were determined
at ambient temperature using a hand refractometer
calibrated from 0 to 32° Brix (Padmaja et al. 2015) [,
Measurements were conducted in triplicate. Titratable
acidity was determined by titrating 2 ml of juice in a conical
flask with 0.1 N NaOH, utilising 2-3 drops of
phenolphthalein as an indicator until a pink hue emerged.
The outcome is expressed as % total acidity (titrated acidity)
(AOAC 2000) ™. The TSS/acid ratio was determined by
dividing the °Brix value of the fruit by its titratable acidity.
Juice content was calculated by cutting the fruit and
squeezing out all the juice with an extractor or a juice press.
The extracted juice was then filtered through muslin cloth.
Juice content was calculated as:

1-W2

Juice content (%)= WTX 100
1

W, = Total weight of juice (g)
W,= beaker weight (g).

Ascorbic acid (AA) was determined by visual titration
technique using 2,6-dichlorophenol indophenol (Ranganna,
1999) 81, The dye, which is blue in alkaline solution and red
in acid solution, was reduced by ascorbic acid.

0.5mg xV;x100ml

1
V,x5mlxweight of sample *100

AA(mg/100g)=
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The specimens underwent inspection by a randomly selected
panel for sensory evaluation. They were informed about the
sensory attributes to be evaluated. Each panel member
received a sensory evaluation rating scale, which was used
to assess various samples. The mean values of assessments
derived from the individuals were subsequently calculated.
The evaluation of physio-organoleptic qualities was
conducted based on colour, appearance, texture, and general
acceptability using a 9-point hedonic scale.

Results and Discussion

Firmness

Firmness is crucial for consumer acceptability of fresh
fruits, influencing texture and shelf life. Statistical data
indicated that storage duration and treatment interactions
significantly impacted fruit firmness. Over-ripening and
skin pitting lead to changes in fruit weight and size. Coated
fruits retained firmness as degradation of insoluble
protopectines to soluble pectin and pectin acid is reduced.
As fruit ripens the pectic depolymerized and activity
pectinesterase and polygalacturonase increase. (Yaman and
Bayoindirli 2002) B4, High carbon-dioxide gas and low
oxygen gas also helps in reducing activity of enzyme,
retaining firmness during storage (Salunkhe et al. 1991) 1,
Results are shown is fig 1a, 1b and 1c

At harvest, mean fruit firmness was 1.919 kgf, similar for
both control and coated fruits, but it decreased during
storage. Control fruits showed a higher loss in firmness than
coated samples, as the coating delayed softening. Under
refrigerated conditions, control and unpacked fruits
gradually lost firmness, while properly packed with coating
fruits maintained better firmness. A decay in fruit notices
after 56 days, but fruits with coating showed slight
softeness, with significant differences (p<0.05). Firmness of
1.648 kgf was noted in C4P1D3T1, 1.632 kgf in C4P1D2T1
and 1.617 kgf in C4P1D1T1 at 77 days. Minimum firmness
(0.874 kgf) was observed in COPOT1 at 56 days. Kinnow
coated C1POD1T1 with C1 concentration decayed after 35
days, was having firmness 0.904 kgf.

https://www.biochemjournal.com

Aloe vera coating effectively maintained kinnow firmness
after 77 days, while control fruits stayed for 56 days. Similar
findings by Lerdthanangkul (1996) 4 and Hagenmaeir
(1995) % indicated that coatings significantly affect fruit
firmness. Aloe vera coatings also increased pineapple shelf
life by maintaining firmness and less mechanical damage
and reducing decay (Vidrih et al. 1998; Batisse et al. 1996)
[50. 6 The statistical analysis proved that coatings and
packaging has significant effect on firmness.

As illustrated in Figures 2a, 2b, and 2c, both control and
unpackaged kinnow fruits exhibited a decline in firmness
from the initial measurement of 1.919 kgf, whereas coated
and packaged fruits retained firmness more effectively
throughout the storage period. By the sixth day, control
samples had decayed, while coated ones remained
marginally acceptable, demonstrating statistically significant
differences (p<0.05). Appendices A4, AS, and A6 further
supported that fruits treated with coating and stored in
LDPE bags maintained firmness better across all three
dipping durations (D1, D2, D3) during a 10-day storage
period. Among all treatments, the highest average firmness
(1.378 kgf) was recorded in the C4P1D3TO group, followed
by C4P1D2TO (1.355 kgf). In contrast, the lowest firmness
value (0.803 kgf) was observed in C1POD1TO after six days.
Control fruits had significantly degraded by this time, with a
minimum firmness of 0.854 kgf in the COPOTO group. Fruits
treated with the C1 coating concentration and control
samples were no longer viable after six days. Aloe vera
coatings proved particularly effective in preserving firmness
over 10 days, aligning with earlier research by
Lerdthanangkul and Krochta (1996) 4 and Hagenmaier and
Baker (1995) %1, who highlighted the role of edible coatings
in maintaining fruit texture. Similar observations were
reported by Batisse et al. (1996) ! and Vidrih et al. (1998)
1591 noting Aloe vera's potential to delay decay and firmness
loss. Additionally, Shelton (1991) 46 found that Aloe vera
gel exhibits antibacterial properties against various
foodborne pathogens such as Bacillus cereus, Salmonella
typhimurium, Escherichia coli, and Klebsiella pneumoniae,
contributing to its preservation effect on fruit firmness.
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Fig 1: Effect of Aloe vera gel coating on kinnow firmness (kgf) with (a) Dipping time D1 (3 min) (b) Dipping time D2 (5 min) (c) Dipping
time D3 (7 min) packed and unpacked stored under refrigerated conditions (T1).
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Fig 2: Effect of Aloe vera gel coating on kinnow firmness (kgf) with (a) Dipping time D1 (3 min) (b) Dipping time D2 (5 min) (c) Dipping
time D3 (7 min) packed and unpacked stored under ambient conditions (T0).

Physiological Weight Loss (PLW)

Physiological weight loss is a key indicator of postharvest
deterioration, mainly resulting from water loss via
transpiration and the depletion of stored carbon through
respiration. Water loss depends on the vapor pressure
gradient between the fruit surface and the external
atmosphere. Additionally, during respiration, carbon is lost
as CO., contributing to overall weight reduction. Applying
coatings helps minimize both water and carbon loss by
forming a semi-permeable film that restricts gas exchange.
In this study, statistical evaluation revealed that factors such
as Aloe vera gel coatings, packaging type, storage duration,
and dipping intervals, along with their interactions,
significantly influenced the weight loss in kinnow fruits.
After 56 days, uncoated (control) fruits exhibited the highest
average PLW of 14.9%, whereas the lowest PLW of 4.02%
was observed in coated fruits stored in LDPE packaging
(C4P1D3T1) for 77 days (Appendix A9). These results
emphasize the moisture retention ability of coated and
LDPE-packed kinnows.

Further analysis confirmed that Aloe vera-coated fruits
stored for 10 days had significantly reduced weight loss
compared to controls. Specifically, C4P1D3TO-treated fruits
showed the lowest weight loss (3.75%), while control fruits
(COPOTO) had the highest (10.43%) after 6 days (Appendix
Al12). Other effective treatments included C4P1D2T0
(3.98%) and C3P1D3TO (3.99%). The least effective
treatment was C1POD1TO, with a PLW of 6.35%, and fruit
decay occurred after 6 days. C2-treated fruits also
deteriorated within 8 days with a PLW of 5.46% in
C2P0OD1TO0. These outcomes highlight the effectiveness of
Aloe vera coatings combined with LDPE packaging in
reducing moisture loss. Similar observations have been
made in previous studies, where edible coatings retained
water content and limited spoilage in fruits like grapes
(Valverde et al., 2005; Avena-Bustillos et al., 1997) [ 81,
Aloe vera gel also showed antimicrobial effects, particularly

against yeasts and molds, which contributed to extended
shelf life (Tripathi et al., 2004) &1,

Colour Change (AE)

Fruit color was analyzed using the 'L', 'a', and 'b' parameters,
and the overall change in color (AE) was computed. The
results indicated a significant (p<0.05) difference in color
development between treated and untreated fruits. Uncoated
and unpackaged fruits exhibited the most pronounced color
changes, with AE values reaching 8.54+0.058% by day 35,
while the least change (2.54+0.058%) was noted in fruits
treated with 3:1 Aloe vera gel and packed in LDPE bags.
The coating slowed ripening by delaying pigment
transformation.  Similar outcomes were reported in
strawberries and tomatoes, where moisture loss and gas
composition affected the rate of color change (Nunes et al.,
2005; Yang and Chinnan, 1987). Aloe vera’s ability to
suppress ethylene production played a role in delaying
chlorophyll degradation and pigment formation (Carrillo-
Lopez et al., 2000) 27,

Total Soluble Solids (TSS)

A consistent increase in TSS was observed during storage,
starting from 10.2+0.058°Brix. Coated fruits (3:1 Aloe vera
concentration) packed in LDPE maintained TSS values
better, recording 10.5+0.058°Brix after 14 days and
11.4+0.058°Brix after 35 days. Control fruits without

packaging exhibited a faster rise in TSS, reaching
11.9+0.058°Brix after 14 days and peaking at
13.8+0.058°Brix at 35 days. This rapid increase could be
attributed to higher water loss, leading to sugar

concentration. Prior research with Aloe vera gel-coated
nectarines also showed lower TSS increments compared to
untreated fruits (Ahmed et al., 2009) [,

Titratable Acidity (TA)
Titratable acidity showed a statistically significant decline
over time. The highest TA level (0.86+0.0058%) was
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observed in coated and LDPE-packed fruits (3:1
concentration), whereas the lowest (0.66+0.0058%) was
found in control samples. The reduction in acidity as storage
progressed is typical as fruits mature, converting organic
acids to sugars. These findings are consistent with patterns
observed in apples and guavas during cold storage (Sadler &
Murphy, 1998; Olivas et al., 2007) [3% 32,

TSS/Acid Ratio

This ratio, a marker of citrus fruit taste, increased
progressively from an initial value of 10.74+0.0058. The
highest ratio (20.91+0.0058) was observed in control and
unpackaged fruits, indicating advanced ripening.
Meanwhile, the lowest ratio (13.26+£0.012) was found in
Aloe vera-treated and LDPE-packed kinnows, highlighting
the delayed ripening process. Earlier work on citrus fruits
stored under similar conditions also reported comparable

trends (Medlicott & Thompson, 1985; Arowora et al., 2013)
30, 5]

Juice Content

Juice yield declined throughout the storage period. The
initial value of 52.8+0.058% dropped to 51.5+0.058% in
coated and packed fruits and further to 46.1+0.058% in

https://www.biochemjournal.com

control fruits by day 35. The retention of juice was better in
Aloe vera-coated kinnows, reinforcing its effectiveness in
reducing dehydration.

Ascorbic Acid (AA) Content

Vitamin C levels significantly declined over time, with clear
differences between treatments (p<0.05). Control fruits
showed the sharpest drop, reaching 15.2+0.058 mg/100g,
while Aloe vera-coated and LDPE-packed fruits retained
higher levels (22.03+0.058 mg/100g) by day 35. The slower
decline in treated fruits is due to reduced oxidation and
better moisture retention.

Overall Acceptability (OA)

Sensory evaluation based on appearance, flavor, and texture
revealed that control fruits remained acceptable only up to
21 days, while coated kinnows were rated acceptable even at
day 35. The best sensory ratings were recorded for 3:1
coated and packed kinnows, with an overall acceptability
score of 79.8+0.58%, compared to 48.4+0.58% for control
fruits. The slower decline in quality attributes under Aloe
vera treatment supports earlier findings on coated guava
fruits (Singh & Yadav, 2011) 31,

Table 1: Effect of dipping time, coating concentration, packaging and storage period on kinnow physiological weight loss (PLW%) stored

under refrigerated conditions.

Quality Dipping time (A) Storage(B) Coatings (C) Packaging (D)
Parameter D1 D2 D3 0] 7 14 21 28 35 Co Cl C2 C3 C4 PO P1
PLW (%) 274 | 254 | 233 |0] 072 | 1.35 | 223 | 3.64 | 474 | 389 | 419 | 196 | 143 | 121 | 279 | 2.28
LSD 0.02 0.026 0.026 0.016
(p=0.05) AB: 0.045 AC: 0.045 AD: 0.028 BC: 0.058 BD: 0.037 CD: 0.037 ABCD: 0.14

Table 2: Effect of dipping time, coating concentration, packaging and storage period on kinnow physiological weight loss (PLW%) stored
under ambient conditions.

. Dipping time (A) Storage(B Coatings (C) Packaging (D)
Quality Parameter DL | D2 | D3 0] 2 [4]6 | coJcL]ce ]| c3][ca PO P1
PLW (%) 35 3.4 32 |0/ 174 |36|48|6.83 | 458 | 232 | 1.67 | 1.46 3.66 3.09
LSD 0.018 0.018 0.024 0.015
(p=0.05) AB: 0.032 AC: 0.041 AD: 0.026 BC: 0.041 BD: 0.026 CD: 0.034 ABCD : 0.101
Table 3: Effect of dipping time, coating concentration, packaging and storage period on kinnow colour change (AE) stored under ambient
conditions.

Quality Dipping time (A) Storage(B) Coatings (C) Packaging (D)
Parameter D1 D2 D3 0 2 4 6 CO0 C1 Cc2 C3 C4 PO P1
Colour change | 2.4 2.35 2.32 0| 08 206 | 422 | 545 2.0 1.9 1.27 1.16 2.44 2.27

LSD 0.029 0.029 0.037 0.023
(p=0.05) AB: 0.051 AC: 0.065 AD: NS BC: 0.065 BD: 0.041 CD: 0.053 ABCD : NS
Table 4: Effect of dipping time, coating concentration, packaging and storage period on kinnow colour change (AE) stored under ambient
conditions.

Quality Dipping time (A) Storage(B) Coatings (C) Packaging (D)
Parameter D1 D2 D3 0 2 4 6 Co Cl Cc2 C3 C4 PO P1
Colour change | 2.4 2.35 2.32 0| 08 2.06 | 422 | 545 2.0 1.9 1.27 1.16 2.44 2.27

LSD 0.029 0.029 0.037 0.023
(p=0.05) AB: 0.051 AC: 0.065 AD: NS BC: 0.065 BD: 0.041 CD: 0.053 ABCD : NS
Conclusion Among the various concentrations, the 3:1 Aloe vera and

The results of this study demonstrate that Aloe vera gel-
based coatings significantly enhance the postharvest quality
of kinnow fruits. By minimizing physiological weight loss,
delaying color and texture degradation, and retaining
nutritional parameters such as TSS and ascorbic acid, Aloe
vera gel proved to be an effective natural preservative.

water combination gave the best results, especially when
paired with LDPE packaging. Treated fruits remained free

from fungal contamination and showed superior
marketability for up to 35 days under refrigerated
conditions.
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