
Sustainable
Food Technology

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

8 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 1

1/
3/

20
25

 1
:2

4:
02

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Storage stability
Institute of Food & Nutritional Scienc

Rawalpindi, 46000, Pakistan. E-mail: alia

edu

Cite this: Sustainable Food Technol.,
2024, 2, 210

Received 24th July 2023
Accepted 23rd November 2023

DOI: 10.1039/d3fb00113j

rsc.li/susfoodtech

210 | Sustainable Food Technol., 202
assessment of guava fruit (Psidium
guajava L.) cv. ‘Gola’ in response to different
packaging materials

Ali Asad Yousaf, * Kashif Sarfraz Abbasi, Muhammad Suhail Ibrahim, Asma Sohail,
Mamoona Faiz and Mehwish Khadim

Guava (Psidium guajava L.) is a nutritious fruit of sub-tropical regions that displays climacteric characteristics

and short postharvest life. The quality of guava fruit deteriorates within two to three days at ambient

temperatures; therefore, specific practices are needed to preserve the quality and increase the shelf life

of guavas. In the present work, we aimed to assess how various packing materials affected the shelf life

and quality of guava fruit (cv. Gola) stored at room temperature. Guava fruits were stored for a period of

20 days in different packing materials such as biodegradable packaging (BDP), corrugated fiber box

(CFB), polypropylene (PP), high density polyethylene (HDPE), low density polyethylene (LDPE) and

polystyrene (PS). During the storage period, transitions in multiple quality metrics were observed at

predetermined intervals of four (4) days. According to the findings, each packing material significantly

affected the fruit's quality in comparison to control samples. During the storage period, there was

a natural decline in firmness (93.4%), ascorbic acid (55.6%), and TPC (48.6%); however, the packaged fruit

samples showed a considerably slower rate of reduction (p < 0.05) than the unpackaged control

samples. Moreover, respiratory gases were effectively suppressed under packaging viz. HDPE (ethylene;

8.76 mL kg−1 h−1, CO2; 19.76 mL kg−1 h−1) and BDP (ethylene; 10.16 mL kg−1 h−1, CO2; 21.37 mL kg−1 h−1),

respectively. In terms of enzyme dynamics, un-packed fruit samples had relatively low CAT activity

(69.45 U mg−1 protein), while guava fruits that were packed in BDP exhibited much increased CAT

activity (82.28 U mg−1 protein). Likewise, PPO activity was significantly inhibited in packaged fruit

samples. Among the different packaging employed, biodegradable packaging, PP, and HDPE exhibited

better overall retention of quality attributes during 20 days of storage under ambient conditions. The

study's outcome should open up new opportunities for the fruit and vegetable sectors while also

offering a cost-effective approach to preserving fresh guavas and increasing their economic potential.
Sustainability spotlight

The current investigation is expected to address the rst SDG, that is, poverty alleviation, through farmers' income generation by reduction in their post-harvest
losses which are estimated to be more than 30% in fruits in particular. Reducing postharvest losses in nutritionally important fruits will also have a meaningful
impact towards sustainable agriculture, which is another important SDG. It will also promote the access of the masses to nutrient-dense food (indigenous guava
fruit cultivars in the case of the current study) and would ensure food as well as nutritional security. Reduction in postharvest losses would also address waste
pollution thus promoting a clean and healthy environment.
1. Introduction

Guava (Psidium guajava L.) is a major fruit crop that is widely
cultivated in sub-tropical and tropical parts of the world. It is
a gregarious member of the Myrtaceae family, which has 121
genera and about 5800 species of perennial trees with edible
fruits.1 According to the Food and Agriculture Organization's
es, PMAS-Arid Agriculture University,
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4, 2, 210–221
database, the world’s annual production of guava fruit is 55
million tons approximately,2 with India and Pakistan collec-
tively contributing around 50 percent of the total production.3

With 0.57 million tons of yearly production, guava takes the 4th

place among Pakistan's major fruit crops, just behind citrus,
mango, and dates; however, Pakistan merely exported 0.2% of
guava fruits in the scal year of 2021–22, due to the lack of
proper postharvest management practices.4

Guava is aptly called the “poor man's apple of the tropics”
and the “winter national fruit of Pakistan”.5 Nutritionists oen
classify it under “super-fruits” due to its varied bioactive
© 2024 The Author(s). Published by the Royal Society of Chemistry
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compounds and signicant antioxidant activity.6 In addition, it
can offer four times more vitamin-C than an average sized
orange fruit.7 Pharmacological studies also demonstrate its
antimicrobial, antidiarrheal, antidiabetic, anti-allergic, anti-
plasmodia, anti-spasmodic and anti-inammatory activities.5,8,9

Indigenous guava fruits carry 83–84% moisture content, 8–10%
total carbohydrates, 1.9–2.2% protein, 2.96–3.46% crude ber,
0.6–0.85% fat and 0.6–0.7% ash.7 It is also a generous source of
micronutrients and nutraceuticals such as calcium (23 mg/100
g), phosphorous (42 mg/100 g), iron (0.09 mg/100 g), vit. C (250–
300 mg/100 g), vit. A (200–400 IU/100 g), phenolic compounds
(94–190 mg GAE/100 g) and avonoids (81–154 mg QE/100
g).7,10,11

Guava fruit is highly perishable and placed under the
climacteric category of fruits as it ripens speedily aer harvest
under ambient conditions.12 In climacteric commodities, such
as guava, high respiration rates are regulated in various bio-
logical systems, governed by a natural growth hormone, known
as ethylene which is produced in a complex signal transduction
pathway through L-methionine via the 1-aminocyclopropane-1-
carboxylicacid (ACC) synthase enzyme.13 Resultantly, guava fruit
attains its senescence peaks in three to four post-harvest days
depending on the variety, harvest time and storage condi-
tions.12,14 The critical changes that occur during fruit's senes-
cence include weight loss, chlorophyll degradation, turgidity
loss, reduced nutritional value, and nally a decline in
marketability.15,16 In addition to these physiological losses, it is
estimated that approximately 30–50% of guava fruit is wasted
annually due to inadequate postharvest handling.17 To improve
storage life, different approaches are being instigated for
perishable commodities including controlled atmospheric (CA)
storage;18,19 modied atmospheric packaging;20–23 hypobaric
storage;24 edible coatings;25–28 storage at low temperatures16,29

and irradiation.30,31 However, guava has received less attention,
regardless of its nutraceutical potential and commercial
importance.

Amongst multiple postharvest interventions, packaging is
one of the cheapest and easy to adopt approaches to extending
the storage life of perishable commodities. Packaging can offer
a barrier to gaseous exchange and restrict the rate of respiration
at varying levels, thus conserving the freshness of the product
for much longer periods.32 By keeping perishable goods isolated
from the outside world and shielding them from pollutants and
microbes, packaging aids in maintaining sterile conditions.33 In
addition, packaging improves aesthetic value, fullls industry
requirements and consumer desires and also minimizes food
wastage during the supply chain.34–37 For perishable goods,
several packaging materials, such as corrugated bres, poly-
propylene (PP), low density polyethylene (LDPE), and high
density polyethylene (HDPE), have been testied to decrease
postharvest losses.38–40 The majority of prior research, none-
theless, has concentrated on the combined effects of packing
and low temperatures. In contrast, the current research
emphasized how various packing materials inuenced the
postharvest quality of guava fruit (cv: “Gola”) in ambient
circumstances. [The present study is an extension of our
© 2024 The Author(s). Published by the Royal Society of Chemistry
previous work7 from which we selected an indigenous guava
variety ‘Gola’ on the basis of its physio-chemical and nutra-
ceutical characterization].
2. Materials and methods

The present investigation was carried out at the Institute of
Food and Nutritional Sciences (IFNS), PMAS-Arid Agriculture
University, Rawalpindi, Pakistan. Fig. 1 shows the ow diagram
of the whole investigation.
2.1. Materials

Based on the ndings of our prior investigation,7 the indige-
nous guava variety “Gola” was chosen for the current study.
Commercially mature, healthy fruits consistent in size and
shape were harvested from a guava orchard in District Shei-
khupura, Punjab, Pakistan (31.4632° N, 74.1034° E). The fruit
samples were carefully transferred to the IFNS for further
analysis aer being graded, sorted, and precooled to avoid eld
heat. The packaging materials (corrugated ber, poly-
propylene, polystyrene, LDPE, HDPE, and biodegradable), in
the form of bags, having 15 × 10 inches2 area and provided
perforations with 5 holes of 0.5 mm diameter on each side,
were obtained from the local wholesale market, while Sapphire
Textiles Mills, Pvt. Ltd. Lahore, Pakistan, provided the biode-
gradable packaging bags made from compressed chrysan-
themum seeds.
2.2. Treatments and experimental design

The experiment was laid out in a two factorial model of
completely randomized design with ve replications and seven
treatment combinations which were as follows: T0 (control/
unpacked), T1 (corrugated ber box), T2 (polypropylene bags),
T3 (polystyrene), T4 (LDPE), T5 (HDPE), and T6 (biodegradable
bags). Correspondingly, a plastic tray containing un-packed
fruits served as a control. Each package contained 4 fruits in
each replication with 500 g approximate weight. Both the
control and the packaged fruits were stored at room tempera-
ture (20 ± 2 °C and 60–70% R.H.) in accordance with the
aforementioned treatment plan aer being visually screened
and having their surfaces dried with muslin cloth. The below
mentioned methodologies were employed to assess transitions
in various quality metrics during the course of storage (20 days)
at a predetermined interval of 4 days.
2.3. Physico-chemical and nutraceutical estimations

The rmness of the guava fruits under storage was measured by
using fruit penetrometer FT10 (Wagner, Italy) equipped with an
8 mm size plunger tip as described by Abbasi et al.37 The
ripening index (RI) was calculated as the ratio of total soluble
solids to titratable acidity, whereas nutraceutical properties
such as total phenolic content (TPC) and vitamin C content
(ascorbic acid) of guava fruits were estimated by following the
procedures as described in our earlier study.7
Sustainable Food Technol., 2024, 2, 210–221 | 211
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Fig. 1 Flow chart of experimental design.
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2.4. Physiological parameters

Physiological loss in weight (PLW) of guava fruits under storage
was calculated at every 4 days of sampling interval and
expressed in percentage as:

physiological loss in weightð%Þ ¼ ðA� BÞ
A

� 100

where A is the fruit weight just before storage and B is the fruit
weight aer a xed storage period.41

Ethylene and the CO2 exchange rate were measured accord-
ing to the method described by Nair, Saxena & Kaur12 with some
modications. Three (3) pre-weighed guava fruits from each
replication were placed in an airtight plastic container (3.0 L
212 | Sustainable Food Technol., 2024, 2, 210–221
volume) enclosed with a rubber septum on the lid for one hour.
For readings, a syringe of a handheld three gas analyzer (Felix:
F-950, USA) was inserted into the plastic container through the
rubber septum. Aer noting the readings (CO2 and ethylene, as
appeared on the analyzer screen), the respiration rate (CO2) was
calculated as:

respiration rate
�
mL CO2 kg�1 h�1� ¼

CO2 reading � void volume ðmLÞ
sample weight ðkgÞ � sealed time ðhÞ � 100

while the release of ethylene gas was calculated using the
following formula:
© 2024 The Author(s). Published by the Royal Society of Chemistry
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mL C2H4 kg�1 h�1 ¼
ppm C2H4 � void volume ðmLÞ

sample weight ðkgÞ � sealed time ðhÞ � 100

2.5. Surface color analysis

Surface color of the fruit was measured with a handheld
colorimeter (Konica Minolta CR300, Japan) in terms of L*, a*,
and b* coordinates. The chroma value was calculated according
to Mendoza, Dejmek & Aguilera.42

2.6. Antioxidant enzyme kinetics

The activities of antioxidant enzymes such as catalase (CAT) and
polyphenol oxidase (PPO) were assessed adopting the methods
similar to those used by Ali, Khan, Malik, and Shahid43 with
a few minor adjustments. For this purpose, frozen fruit pulp (1
g) was homogenized in 2 mL phosphate buffer (pH 7.2) using
a mortar and pestle. Aer thorough homogenization, samples
were centrifuged using refrigerated centrifugation at 10 000 × g
for 10 minutes. The obtained supernatant was collected and
further used to measure enzymatic activity. The method by Liu
et al.44 was used with slight modications to assess the CAT
activity in guava fruit. In order to initiate the enzyme reaction,
100 mL of enzyme extract was mixed with freshly prepared 100
mL solution of 5.9 mM H2O2 (Sigma-Aldrich, USA). Using a UV-
vis spectrophotometer (Jenway 6850 D, Cole-Parmer, Germany),
absorbance at 240 nm was recorded and the activity of the CAT
enzyme was expressed as U mg−1 protein, where one unit (U) of
enzyme activity was dened as absorbance change in 0.1 unit
min−1. Likewise, PPO activity of stored guava fruits was
measured according to the method adopted by Lo'ay & Taher.45

For this purpose, 1 g of fruit pulp was combined with 20 mM,
pH 7 Tris–HCl buffer (VWR International, Canada) and centri-
fuged at 10 000 rpm for 5 minutes. The supernatant was
collected at −20 °C to which 200 mL of fruit extract was instantly
mixed along with 3 mL of 20 mM methyl catechol (Sigma-
Aldrich, USA). Spectrophotometric measurements at 400 nm
Fig. 2 Transitions in firmness (A) and ripening index (B) of guava fruits s

© 2024 The Author(s). Published by the Royal Society of Chemistry
wavelength over the course of 4 minutes exposed the change in
activity, whereas an increase or decrease in absorbance of 0.1
units (U) per minute was used to measure enzyme activity.
However, bovine serum albumin (Thermo Fisher Scientic,
USA) was used as a standard for the determination of protein
content.46

2.7. Statistical analyses

All the experiments were executed in triplicate according to
completely randomized design (CRD) with a factorial layout.
The factors were different packaging and storage times. Analysis
of variance (ANOVA) was used to analyze the data and the LSD
test was applied to compare means at P < 0.05 using MINITAB
18.1 soware.

3. Results
3.1. Fruit rmness

The data regarding rmness of stored guava samples under the
inuence of different packing materials are presented in
Fig. 2A. It was observed that the rmness showed a decreasing
tendency with a storage period of 20 days. The highest decline
in rmness (93%) was perceived in the fruit samples which were
stored without any packing; however, the guava fruit placed in
various packaging materials exhibited retaining behavior.
While analyzing the results, it was noted that T6 had signi-
cantly the lowest (77%) rmness drop in contrast to control
samples followed by T5 (79.23%) and T2 (79.87%), respectively.
Meanwhile, the treatments T1 (corrugated ber box) and T4

(LDPE) were found to be statistically at par (p < 0.05) in terms of
retaining fruit rmness.

3.2. Ripening index

The ripening index refers to the ratio of soluble solids to acidity.
The nding of the current investigation showed that most of the
treatments were signicantly at par (p < 0.05) with each other;
however, considerably dissimilar from control samples
(Fig. 2B). A signicantly high ripening index was calculated in
tored under different packaging materials.

Sustainable Food Technol., 2024, 2, 210–221 | 213
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control samples (23.54), demonstrating that unpacked fruits
ripened far more quickly than those receiving other treatments.
Compared to alternative packaging materials, the treatments,
particularly biodegradable, HDPE and PP, exhibited substan-
tially more encouraging outcomes.

3.3. Vitamin C content and total phenolic compounds

In the current study, vitamin C values were preserved in treated
samples but drastically decreased in unpackaged fruits
(Fig. 3A). The results demonstrated that only 44% of ascorbic
acid was preserved in T0 compared with packed guava fruits (for
instance in T6), where 62% of ascorbic acid was retained
through the whole span of storage. Similarly, the distribution of
total phenolic compounds (TPCs) in guava fruits during storage
(Fig. 3B) showed that TPCs gradually decreased across all
treatments; however, those tended to be retained in packed fruit
samples compared to control samples. Signicantly higher
mean values were calculated in T6 (153.14 mgGAE/100 g) fol-
lowed by T5 (150.28 mgGAE/100 g) & T2 (144.39 mgGAE/100 g).
The ndings clearly showed that throughout the 20 days of
storage, 48.61% of TPCs was lost in unpackaged guava fruit
samples in comparison to the packed guava fruit samples where
TPCs were lost up to 39%.

3.4. Physiological parameters (weight loss, respiration rate,
and ethylene rate)

It was evident from the data presented in Fig. 4A that the
signicantly (p < 0.05) highest loss in weight was noted in
control samples i.e. 27%, while under biodegradable packaging
and HDPE packaging, only 11% & 13% of weight loss were
recorded at the end of storage (20 days), respectively. Fig. 4B
exhibits the effect of different packaging materials on the
respiration rate of guava fruits during storage. It was observed
that all the treatments were considerably different from each
other. However, a signicantly higher amount of CO2 was
released from control samples, while the treatments T5 (19.76
mL kg−1 h−1) & T6 (21.37 mL kg−1 h−1) signicantly retarded the
release of respiratory gases followed by T2 (22.93 mL kg−1 h−1).
Fig. 3 Transitions in ascorbic acid (A) and total phenolic compounds (B

214 | Sustainable Food Technol., 2024, 2, 210–221
Similarly, the lowest mean values of ethylene (Fig. 4C) were
recorded in T5 (8.75 mL kg−1 h−1) as compared to other treat-
ments. It is worth mentioning that the climacteric peak was
signicantly delayed by packaging treatments such as T2, T5 &
T6 where the climacteric peak was delayed to the 8th day of
storage, while it appeared on the 4th day in other treatments.

3.5. Surface color of fruit

The ndings of the current study regarding the surface color of
guava fruits stored at room temperature under different pack-
aging materials showed that the luminosity (L* coordinates)
dramatically decreased in the un-packed fruits, but it tended to
retain its values in the packaged samples (Fig. 5A). Similarly, the
coordinates (a* & b*) indicating greenness and yellowness,
respectively, increased with the lapse of storage days; however,
the pace of that increase was signicantly slower in guava fruits
that were experiencing different packaging materials compared
to those of non-packaged guava fruits (Fig. 5B–D). The results of
the current study further demonstrated that biodegradable
packaging and HDPE were statistically at par (p < 0.05) and
exhibited the lowest values of color coordinates (a*, b*, &
chroma values), which suggests that packaging maintained the
greenish color of guava fruits up to the 12th day of storage, while
the control samples turned yellow at a much faster rate.

3.6. Antioxidant enzyme kinetics

The inuence of different packagingmaterials on the kinetics of
the antioxidant enzymes in guava fruits during storage is shown
in Fig. 6. According to the revealed data, the packaging mate-
rials had a highly signicant (p < 0.05) impact on polyphenol
oxidase (PPO) and catalase (CAT) activities as compared to un-
packed guava fruit samples. It was observed that biodegradable,
HPPE and PP packing signicantly (p < 0.05) inhibited the
activity of PPO (0.258, 0.264, and 0.266 U mg−1 protein),
correspondingly as compared to fruit samples (T0) stored
without any packing material (0.328 U mg−1 protein) (Fig. 6A).
Likewise, the packaging materials also signicantly affected the
catalase activity as compared to untreated samples. The activity
) of guava fruits stored under different packaging materials.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Transitions in weight loss (A), respiration rate (B) and ethylene
rate (C) of guava fruits stored under different packaging materials.
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of catalase enzyme (CAT) was dropped in all treatments
throughout the storage time, while the rate of decline was
noticeably reduced under the inuence of different packaging
© 2024 The Author(s). Published by the Royal Society of Chemistry
materials (Fig. 6B). Unpackaged fruit samples had very little
CAT activity (69.45 U mg−1 protein), whereas guava fruits that
had been stored in biodegradable packaging had a much higher
CAT activity (82.28 U mg−1 protein).

4. Discussion

Perishable horticultural produce needs to be managed at all
times particularly aer harvest. To reduce post-harvest losses,
these commodities are preserved by a variety of methods. The
simplest and the most cost-effective way of reducing post-
harvest losses while maintaining the intact quality character-
istics of fruits and vegetables is packing technology. Packaging
is oen a viable option for increasing fruit's shelf life, showing
a considerable advantage in reducing physical damage through
direct treatments.47 The current investigation revealed the effect
of different packagingmaterials on the storage stability of guava
fruits specically the ‘Gola’ cultivar. The results regarding the
inuence of packaging on the rmness of guava fruit samples
demonstrated that the guava fruit samples lost their rmness
gradually during storage at room temperatures. However, the
rmness tended to be retained in packed guava fruits. Signi-
cantly higher rmness may be due to the low rate of respiration
and transpiration under the inuence of multiple packaging
materials leading to retaining the rmness of the guava fruits
during storage. Owing to the limited supply of available oxygen,
particularly in the cases of HDPE, PP and biodegradable
packing, the activities of polygalacturonase and pectin methyl-
esterase enzymes, which are responsible for pectin hydrolysis,
may be reduced, thus resulting in the retention of rmness
during storage.48 The ndings of the current study are also in
conformity with those of Gaspar et al.49 and Sahoo et al.,21 who
examined the storage stability of guava in different packing
systems. Rana, Siddiqui & Goyal50 also produced similar results
from wrapped guava fruits in which rmness remained signif-
icantly higher for control fruits (8.6 kg cm−2) and declined
thereaer. Comparable results were also outlined by Sahoo, Bal,
Pal & Sahoo51 that bell pepper could be stored for 4 days under
ambient conditions using ventilated PP and LDPE based
packing materials.

One of the most important quality indicators to be assessed
during postharvest storage is the ripening index (RI), which is
the ratio of total soluble solids to titratable acidity. Horticul-
turists and even advanced growers can better comprehend the
appropriate harvesting time and the actual state of fruit ripe-
ness by calculating the ripening index. Furthermore, instead of
measuring soluble solids and titratable acidity separately, the
ratio provides a more accurate indication of fruit's avor.52 In
the current investigation, the RI of guava fruits steadily
increased in all treatments with each subsequent interval
during storage; however, packaging had an advantageous effect
on slowing the pace of RI escalation. This might be due to the
retaining tendency of total soluble solids in the packed guava
fruit samples owing to the reduced respiration rate and as
a consequence, the metabolic activity was also compromised,
resulting in slow conversion of carbohydrates into simple
sugars.53 On the other hand, it could be the reason for
Sustainable Food Technol., 2024, 2, 210–221 | 215
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Fig. 5 Surface color evaluation of guava fruits under storage; L* values (A), a* values (B), b* values (C) and chroma (D).
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signicantly lower values of titratable acidity as well. Rodriguez-
Nunez et al.54 also provided a similar explanation for the pattern
of RI in which it gradually increased during the course of
storage. The observations that were noted from the current
Fig. 6 Influence of different packaging materials on the enzyme kineti
catalase activity (B).

216 | Sustainable Food Technol., 2024, 2, 210–221
study are also in line with the ndings of Yamashita & Benassi,55

Miano, Jokhio & Miano,56 and Rana, Siddiqui & Goyal.50

When performing a storage study of horticultural goods,
surface color is one of the essential matrices that may be used to
measure quality and characterize the product.57 The color value
cs of guava fruits during storage; activity of the PPO enzyme (A) and

© 2024 The Author(s). Published by the Royal Society of Chemistry
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“L” reects luminosity or the degree of lightness, whereas the
corresponding coordinates “a” and “b” denote the degree of
redness or greenness and the degree of yellowness or blueness,
respectively. A lower value of ‘a’ indicates a more greenish color
of the fruit, which can be attributed to the richness of chloro-
phyll pigments, whereas a positive value of ‘b’ signies yellow-
ing of a particular fruit.47 Referring to the results of the current
study, it was revealed that the non-packaged guava fruits lost
their luminosity at much faster rates as compared to the pack-
aged fruit samples. Similarly, the values of a* coordinates
gradually increased from a negative value (−ve) to positive
values (+ve) at the end of just the 4th day of storage in the case of
un-packed, corrugated ber box packaging and LDPE pack-
aging; however, positive (+ve) a* values were recorded at the 12th

day of storage in the fruit samples which were under PP, HDPE
and biodegradable packaging. This was further supported by
visual inspection of guava fruit samples and the color shi from
green to reddish brown, which may have resulted from enzyme
activity.21 In terms of the b* coordinates, biodegradable pack-
aging and HDPE packaging were statistically at par (p < 0.05)
which showed that the guava fruit samples packed under the
specied packing maintained their greenish color to some
extent, whereas unpackaged guavas quickly went yellow. This
might be due to the loss of chlorophyll pigments or enzymatic
synthesis of Maillard products.58 In addition, a low respiration
rate may have contributed to the retention of green color in
packed guava fruit samples which resulted in maintaining fruit
quality.59 The ndings of the current investigation regarding the
inuence of different packaging materials upon guava storage
were in close conformity with those of Jacomino, Kluge, Sar-
antópoulos & Sigrist.39 Sahoo et al.21 and Afrin et al.23 inferred
that the packing improved the color retention andmarketability
of guavas. They also suggested perforated PP and PE packaging
for storage of climacteric fruits under ambient conditions.

As previously stated, guava fruits are frequently classied as
super fruits due to the presence of several health boosting
phytochemicals that go beyond basic nutritional value.
Furthermore, it contains a high concentration of vitamin C,
making guava fruit an excellent source of antioxidants. In
general, during storage studies, nutraceutical compounds
(phenolics, avonoids, and vitamins) reduce with the passage of
time; so while selecting any postharvest intervention, the pres-
ervation of this dynamic trait of fruits should be considered. In
the current investigation, the total phenolic compounds and
values of vitamin C concentration declined in all the packaging
treatments with the passage of the storage period; however,
biodegradable, HDPE and polypropylene packaging showed
promising results in retaining TPC and vitamin C values in
comparison to un-packaged guava fruit samples. The drop in
TPC resulted in a decrease in astringency of guava fruits during
storage, which might be attributed to polymerization of leuco-
anthocyanidins and hydrolysis of the astringent arabinose ester
of hexa-hydrodiphenic acid.14 The retention of nutraceutical
substances may also be ascribed to the packaging system's
endurance to oxidative stress. As a result, less reactive oxygen
species (ROS) would be produced, perhaps preserving bioactive
molecules.60 On the other hand, packaging delayed the
© 2024 The Author(s). Published by the Royal Society of Chemistry
enzymatic conversion of ascorbic acid to L-dehydro ascorbic
acid due to reduced oxygen supply, resulting in vitamin C
retention in packed fruits.61 Comparable results have also been
reported by Wu62 and Nath et al.32 Partial reduction in ascorbic
values was also reported by Pal et al.63 during the storage of
individually wrapped guava fruits.

Physiological weight loss is considered a crucial determining
factor for the limited storage life of guava fruits and their visual
quality. Weight loss is mainly caused by enzymatically catalyzed
natural catabolism of horticultural products and is directly
connected to transpiration and the vapor pressure differential.21

With respect to the current investigation, the weight loss was
gradually increased during the storage period; however, the loss
in weight was signicantly higher than that of packing treat-
ments. The packaging materials especially biodegradable
packaging, PP and HDPE restricted the release of breathing
gases responsible for weight loss. This fact proved the delayed
ripening under the inuence of packing materials, thus
enhancing the shelf life of guava fruits with intact quality
attributes. The observance of decreased weight loss under the
inuence of packing treatments might be attributed to
controlled respiration and senescence related metabolic
changes during storage, whereas, a higher water vapor trans-
mission rate may be responsible for higher physiological loss in
weight as in the case of un-packaged guava fruit samples.
Identical justication was also given by Tirkey et al.,64 while
studying the shelf-life of fresh-cut unripe papaya packed in low
density polyethylene (LDPE) and metallized polyester poly
(MPP) pouches. Our study's ndings are also consistent with
those of Hailu, Seyoum, Workneh & Belew,65 who determined
that the weight loss was signicantly reduced (24.8% to 2.1%)
from bananas stored at ambient temperatures using LDPE and
HDPE packing. Similar results were also produced by Rodov
et al.,66 who concluded that the fruit weight loss in biodegrad-
able packaging was 4–5 times lower than that in un-packed
fruits.

Primarily, guava is a climacteric fruit; hence, it continues to
respire aer being harvested and attains its respiratory/ethylene
peak within 2–3 days at ambient temperatures. An early incep-
tion of the climacteric peak involves an increase in the respi-
ration rate as well as other biochemical modications, such as
changes in skin color, increased TSS and rmness decline.14 In
the present study, the guava fruit samples showed a typical
climacteric pattern of respiration, reaching a climacteric peak
on the 4th day of storage at room temperature with signicantly
higher amounts of CO2 released in the control samples.
However, the packaging treatments signicantly postponed the
onset of respiratory peaks on the 8th day with lower values of
CO2 and ethylene production rates. Due to the selective gaseous
permeability offered by the packaging materials, the packaging
innovations attempt to change the gaseous environment
surrounding the guava fruit in a way that lowers the respiration
rate and delays the start of the respiratory peak.47 During
storage, the respiration rate is reduced, which further limits the
ripening-related changes in guava fruit.67 In addition, due to the
limited availability of respiration gases, the activity of enzymes
such as acetyl-CoA carboxylase (ACC) synthase and ACC oxidase,
Sustainable Food Technol., 2024, 2, 210–221 | 217
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involved in ethylene biosynthesis, lowers, which in turn causes
ethylene production to slow down and delays the climacteric
peak in packaged fruits.68,69 The ndings of the current inves-
tigation are in line with Sahoo et al.21 and Rana, Siddiqui &
Goyal50 who also produced similar results while studying the
effect of different packaging materials on the shelf life of guava
fruits. According to Islam et al.,70 modied atmospheric packing
effectively controls the respiration and transpiration of
climacteric jujube fruit during storage.

Compared to the unpacked fruits, all the packing materials
in the current investigation more efficiently retained the
modied atmospheric conditions surrounding the guava fruits.
As a result, there was less moisture loss and less oxygen avail-
able for oxidation of the polyphenols. In the present study, the
activity of PPO enzyme initially increased in all treatments
owing to the availability of substrates; however, it declined with
senescence during storage. When compared to the control, the
PPO activity was dramatically reduced by packaging treatments
especially in the case of biodegradable packaging and HDPE.
The change in PPO activity may be due to the difference in
oxygen permeability between various packing materials which
was also demonstrated by Abbasi et al.37 Low PPO activity is also
favorable in non-browning of fruits because it is involved in the
oxidation of phenolics and the degradation of anthocyanins24,71

as we have observed in the present study also. On the other
hand, the activity of the catalase enzyme was steadily decreased
due to the typical climacteric behavior of guava fruits; however,
the magnitude of that decrease was signicantly slower under
the inuence of packaging. CAT is the primary enzyme of the
plant's antioxidant system, which can reduce the accumulation
of superoxide anions and H2O2, hence reducing cyto-dermal
damage.72 Higher CAT activity also indicates that the cells have
better capacity to scavenge reactive oxygen species and H2O2.73

The ndings of the current study are also in conformity with
those of Ali et al.74 and Sun et al.75

5. Conclusion

It has been revealed that packaging materials, in general,
signicantly inuence the physiological weight loss, ripening
index, rmness, phenolic compounds and vitamin C content.
Most importantly, the climacteric peak was substantially (p #

0.05) delayed in packaged fruits as opposed to un-packaged
fruits during storage as optimized ethylene and CO2 concen-
trations were attained with packaging materials such as HDPE,
PP and biodegradable packaging. Additionally, the current
study showed that the activity of PPO enzymes was signicantly
lowered in packed guava fruits, which in turn minimized fruit
browning. As a conclusion to this study, perforated PP, HDPE
and biodegradable packaging may be a preferable choice for
guava fruit packing. The study's ndings would also boost fresh
guavas' economic potential and present new prospects for the
fruit and vegetable industries in addition to providing an
affordable method of preserving them. Future studies may be
carried out by employing the current packing system in
combination with other postharvest interventions for the longer
storage life of horticultural produce.
218 | Sustainable Food Technol., 2024, 2, 210–221
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