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ABSTRACT: Guava fruits have a short shelf life due to climacteric D—
nature. The current work was conducted to extend the shelf life of (" Cjne coatings LEgrmaduees ]
guavas with garlic extract (GRE), ginger extract (GNE), gum e -

arabic (GA), and Aloe vera (AV) gel coatings. After coating, fruits

of guava were stored at 25 + 3 °C and RH 85 + 2% for 15 days. l -

Treatments and
storage at ambient —_>
conditions

Results showed that guavas treated with plant-based edible coatings _
and extracts had lowge‘i weight loss than that of the control. GRI%- —
treated guavas had the maximum shelf life in contrast to all other T
treatments including the control. GNE-treated guavas showed the

lowest nonreducing sugar content, whereas they had higher Sieerotes:
antioxidant activity, vitamin C content, and total phenolics g
compared with all other coating treatments. After the control,

antioxidant capacity was the highest in GNE- and GRE-treated fruits. On the other hand, GA-treated guavas had reduced total
soluble solids and juice pH (more acidic) and exhibited higher total flavonoids compared with the control, while both GA- and
GNE-treated guavas had the highest flavonoid content. GRE-treated fruits exhibited the highest total sugar content and taste and
aroma scores. In conclusion, GRE treatment was more effective in conserving the quality and extending the shelf life of guava fruits.

<+ Higher antioxidant activity

<+ Reduced sugar contents
<+ Better biochemical quality

Vs

~\

Plant Extracts

<+ Superior fruit taste
< Maintained aroma
< Better sensory quality

1. INTRODUCTION

storage.” Gum arabic (GA) is a plant origin coating.

The guava fruit is extensively grown in subtropical and tropical
areas of the world. It is a rich source of vitamin C. It also
possesses medicinal properties and has certain other nutrients
considered important for the health of humans.' > However,
the harvested guava fruits exhibit fast ripening due to higher
respiration and ethylene production rates during postharvest
storage.3 Due to prompt ripening after harvest, it is generally
considered difficult to transport guava fruits to long-distance
markets and it results in significant losses. Guava fruits can
only be stored for about 4—8 days depending upon ambient
conditions. Therefore, quick marketing and subsequent
consumption of guava fruits are required. Therefore, it is
indispensable to find suitable and effective approaches for
guava in order to inhibit ripening and to extend the postharvest
life of its harvested fruits.

The use of edible coatings for shelf life extension of fruit and
vegetable crops has increased much in the recent years. An
edible coating acts as a barrier, decreases gas exchange, results
in the development of internal modified atmosphere (low O,
and high CO,), and reduces loss of water from the treated
commodity.” Due to the aforementioned beneficial effects,
edible coatings are used to conserve the quality and to reduce
the mass loss of fruits and vegetables during postharvest
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Technically, it is a polysaccharide with film forming ability.
GA is considered one of the safe food additives for
emulsification, film formation, and encapsulation properties.
GA has been used in many fruits and vegetables for storage life
extension during postharvest stage.” Aloe vera (AV) mucilage is
also a polysaccharide-based coating. Besides polysaccharides, it
also contains certain minerals, vitamins, antioxidants, and
sugars. It has the appropriate potential to maintain the quality
and has been used to extend the shelf/storage life of fresh
horticultural produce.”’

The use of natural products, especially extracts, has took a
place as an effective alternate approach for reducing the
deterioration and delaying the ripening of harvested fruits and
vegetables.'”'" The extract of Zingiber officinale (ginger) is
considered to be full of “gingerol.” “Gingerol” has antimicrobial
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properties. In the same way, Allium sativum (garlic) is also
known for antimicrobial properties. The ginger extract (GNE)
has been used on mango, eggplant, papaya, and plantain."*~"*
Similarly, the use of the garhc extract (GRE) has been reported
in bananas and mangoes ° However, the use of GRE and
GNE as well as GA and AV gel coatings on guava fruits is still
lacking. Therefore, the objective of the current investigation
was to explore the effects of GRE and GNE as well as GA and
AV gel coatings on shelf life and physicochemical quality of
harvested guavas.

2. METHODOLOGY

Physiologically mature green “Surahi” guavas were harvested
from a local orchard in the morning around 9.00 am. and
brought to the laboratory. Fruits were uniform in shape, size,
and color and free from injuries, diseases, and bruises. Fruits
were thoroughly washed to remove dirt/dust from their
surface. After washing, the fruits were placed under a ceiling
fan for complete drying for about 5 min, and these dried fruits
were used in the experiment. About 3 h elapsed from the time
the guavas were harvested until the experiments started. The
study was conducted by following completely randomized
design under the factorial scheme. There were two factors, i.e.,
coating treatments and storage times. Each coating treatment
had three repeats, and each repeat contained 15 guava fruits.
Five different coating treatments, i.e., control, GRE (20%),
GNE (20%), AV gel (100%), and GA (10%), were tested in
the study. The dipping time of guavas in the treatment solution
was S5 min, and the treated fruits were dried at room
temperature before storage. After drying, the fruits were kept
at 25 + 3 °C with a relative humidity of 85 =+ 2% for a period
of 15 days, and the interval of analysis was 3 days. Hence,
storage times were 0, 3, 6, 9, 12, and 15 days.

2.1. Preparation of Extracts. 2.1.1. GNE Extract.
Manually peeled ginger rhizomes were sterilized with 70%
ethanol. Thereafter, ethanol residues were washed with sterile
distilled water, and the sterilized rhizomes were then cut into
slices. The resultant slices were then put into a juicer machine
(WF-8813, WestPoint, Karachi, Pakistan), and a homogenized
paste was obtained. The paste was agitated through a vortex
mixer (Orbit 300, Vortexer, Thomas Scientific, New Jersey) for
1-2 min and filtered through a sterilized sheet of muslin
cloth.'* The final GNE concentration was 20%, which was
optimized in preliminary work, in which 0, 5, 10, 15, 20, and
25% levels were applied.

2.1.2. GRE Extract. The peeled (manually) garlic cloves
were sterilized with 70% ethanol. Afterward, ethanol residues
were washed with sterile distilled water, and the sterilized garlic
cloves were cut into pieces of small size. The pieces were
ground into paste with a juicer machine (WF-8813, WestPoint,
Karachi, Pakistan). After grinding, the paste was agitated
through a vortex mixer (Orbit 300, Vortexer, Thomas
Scientific, New Jersey) for 1—2 min. After agitation, the
homogenate of garhc cloves was filtered with a sterilized
muslin cloth sheet."> Finally, 20% GRE concentration was
obtained by using sterile distilled water, which was selected
during preliminary work, in which 0, 5, 10, 15, 20, and 25%
concentrations were used.

2.2. Preparation of Coatings. 2.2.1. AV Gel Coating.
Fresh leaves of AV were washed with tap water to remove
dust/dirt from their surface. The leaves were then sterilized
with 2% NaOCI for 3 min to remove microbes. After surface
sterilization, leaves were cut in the longitudinal direction and

transparent gel was obtained. A total of 1 L of AV gel was
collected after 20—30 s of blending in a blender (WF-8813,
WestPoint, Karachi, Pakistan). The gel was filtered through a
sieve (80 mesh sieve size) to exclude any leaf fraction.'” The
filtration was done two times to ensure the removal of leaf
fractions. Finally, the gel was saved in sterilized glass bottles
until it was utilized in the experiment with a final concentration
of 100%.

2.2.2. GA Coating. The 100 g powder of GA was solubilized
in a small amount of sterile distilled water in a 1 L conical flask;
the volume was made up to the mark and constantly heated for
1 h at 40 °C with continuous stirring on a magnetic stirrer.""
After continuous stirring and boiling, the GA solution turned
reddish orange, and it was filtered with a muslin cloth.
Therefore, 10% (w/v)-concentrated coating was used in the
experiment.

2.3. Data Collection. 2.3.1. Shelf Life. The guava fruit
shelf life was assessed on the basis of deterioration. The shelf
life was assumed to be ended when 30% of the fruits lost edible
quality, became soft, over-ripened, and started rotting. Finally,
it was expressed in days.

2.3.2. Physiological Weight Loss (PWL). The PWL was
estimated by subtracting the final weight from the initial weight

with the formula PWL (%) = M X 100, where W, =

i

initial fruit weight and W; = final welght.

2.3.3. Total Soluble Solids. The juice of guava fruits was
extracted and thoroughly homogenized on a magnetic stirrer
(MS-300HS, Misung Scientific, South Korea) for 3 min in a
beaker. Then, total soluble solids were determined with a hand
refractometer (ATAGO) and expressed as °Brix. The same
juice was also used for pH and titratable acidity determi-
nation."”

2.3.4. Titratable Acidity. 1t was determined from the fruit
juice. The juice was titrated against 0.1 N NaOH as reported
by Hortwitz’® and expressed as percent.

2.3.5. Juice pH. Juice pH was assayed with a digital pH
meter (Milwaukee Mi 180) at room temperature. 19

2.3.6. Antioxidant Activity and Antioxidant Capacity.
Antioxidant activity and antioxidant capacity were assayed with
the protocol of Shimada et al.”' Concisely, 0.1 mmol L™
DPPH solution was made in MeOH and 1 mL of this solution
was collected and guava samples (4 mL) were mixed with it.
Then, mixtures of the samples were strongly shaken and left in
the dark for 15 min. Lastly, antioxidant activity and capacity
were computed after taking absorbance at 571 nm.

2.3.7. Sugar Content. Sugars including nonreducing,
reducing, and total sugars 1n guava fruit juice were assayed
with the method of Hortwitz** and expressed as percent.

2.3.8. Vitamin C Content. The vitamin C content in guava
fruit juice was assayed with the protocol of Ali et al.'” In brief,
10 mL of juice was taken in a flask and the volume was made
100 mL with 0.4% oxalic acid. An aliquot (5 mL) was
collected, and titration was performed with 2,6-dichloroindo-
phenol. Finally, the vitamin C content was derived as mg 100
g ' FW.

2.3.9. Total Flavonoid Content. The total flavonoid content
was analyzed by following the assay of ethanolic extraction.
Briefly, 1 mL of the extract was reacted with 300 uL of NaNO,
and 4 mL of deionized water and left for S min. Later, 300 uL
of AICl; was incorporated in 2 mL of 1 mol NaOH. Finally,
optical density was noted at 510 nm and derived on the basis
of quercetin equivalents as mg QE 100 g~' FW.*
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Figure 1. Effect of coating treatments on the shelf life of guava fruits. Vertical bars indicate the standard error of the means. Values are the mean of
three replications. LSD (P < 0.05) value for shelf life: 3.151.

Table 1. Effect of Treatments and Storage Periods on Physiological Weight Loss and Biochemical Attributes of Guava Fruits®

treatments (T) PWL (%)  TSS (°Brix) TA (%) juice pH
control 3741 a 11.250 a 1.2362 a 3.98 be
ginger extract 32.28b 11.306 a 1.2651 a 3.98 be
garlic extract 32.50 b 11.556 a 1.3197 a 4.03 a
A. vera gel 32.82b 11.528 a 1.1988 a 399 b
gum arabic 3233 b 10.833 b 1.1752 a 3.96 ¢
LSD (P < 0.05) 1.935 0.3601 NS 0.027
days (D)
0 9.667 e 1.9983 a 383 ¢
3 15.78 e 10.167 d 1.3476 b 392b
6 25.38d 11.067 ¢ 1.2565 be 4.06 a
9 34.10 ¢ 11933 b 12139 ¢ 4.03 a
12 42.53 b 12.333 a 0.7429 e 4.04 a
15 49.56 a 12.600a 0.8747 d 4.04 a
LSD (P < 0.05) 1.935 0.3945 0.1229 0.029
T X D (P < 0.05) NS 0.8820 0.2749 0.067

antioxidant activity (%) antioxidant capacity (mM Trolox/100 mL)
96.82 a 85.14 a
95.89 ab 83.60 ab
95.60 b 83.26 ab
95.46 b 82.56 b
94.82 b 81.63 b
1.128 2.069
96.43 ab 84.06 a
96.94 a 85.09 a
95.23 be 83.29 a
95.58 b 83.90 a
94.20 ¢ 79.51 a
95.93 ab 83.58 a
1.236 NS
NS NS

“Means sharing different letter(s) in columns are statistically significant at P < 0.0S (LSD test). PWL = physiological weight loss, TSS = total

soluble solids, TA = titratable acidity, and NS = not significant.

2.3.10. Total Phenolic Content. Total phenolic contents
were analyzed by using the assay of Kaushik et al.”* Blue color
was developed with the FC reagent in 20% sodium carbonate;
optical density was noted at 750 nm, and the phenolic
concentration was expressed as g GAE g™' FW.

2.3.11. Sensory Quality. Aroma and taste were evaluated on
a hedonic scale as proposed by Ali et al.'” The scale was 9 =
like extremely, S = neither like nor dislike, and 1 = dislike
extremely. There were four persons in the sensory panel; all
these were graduate students and were kept blind to the
treatments. During the taste evaluation, black tea was served to
the panelists between each two samples.

2.4. Data Analysis. Data were processed with analysis of
variance (ANOVA). The means of treatment were differ-
entiated with the least significance difference (LSD) test, if the
overall treatment effect (F-test) was significant at P < 0.0S in
the ANOVA. Data are presented in either tabulated or
graphical forms. Main effects of coating treatments and storage
days are presented in tables, and where the interaction of these
two factors was significant, graphs are prepared.

3. RESULTS AND DISCUSSION

3.1. Shelf Life. The effect of different treatments was
significant on the shelf life (Figure 1). On an average, the
lowest shelf life was noted in the nontreated control, while all
treated guava groups had a higher shelf life than that of the

control. The maximum shelf life of fruits was noted in the
GRE-treated group followed by GNE-, GA-, and AV gel-coated
guavas, which were statistically at par with each other (Figure
1). Shelf life is an important indicator of quality in fresh fruits
and vegetables.25 A longer shelf life is critical for storage and
marketing of the fruits. The use of plant extract treatments and
edible coatings lessens water loss and may have antimicrobial/
antifungal properties and thus prolongs the shelf life of a
treated commodity with maintained quality.”>*® Therefore, the
shelf life of the treated guavas was enhanced due to the used
treatment-based protective effect against deterioration and
coating-induced reduction of desiccation.

3.2. PWL of Fruits. The effect of different coating
treatments and periods of storage was significant on the
PWL. However, their interaction effect was nonsignificant.
PWL was significantly greater for the control fruits compared
to that of any of the treatments (Table 1). As far as days of
storage are concerned, minimum PWL was noted on the 3rd
day and the maximum was found on the 15th day of storage
period (Table 1). On the whole, PWL was increased with
increased period of storage. All of the coating treatments
resulted in only modest reductions in PWL throughout the
duration of storage. Loss of weight in fruits and vegetables
occurs due to desiccation during postharvest.'” Appropriate
treatments which reduce desiccation are practiced worldwide
to avoid weight loss of fresh produce. Application of edible

https://doi.org/10.1021/acsomega.3c00930
ACS Omega 2023, 8, 19523—-19531


https://pubs.acs.org/doi/10.1021/acsomega.3c00930?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00930?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00930?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00930?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c00930?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

= Control

-
(3]

Total soluble solids (°Brix)
() [} © E’D‘

N
© o
L

1.6 A

Titratable acidity (%)

Juice pH

3.6

3.3

B Ginger Extract @ Garlic Extract OAloe vera @Gum arabic (A)

1.2
0.8 1
0.4 - =
0.0 1

3 6 9

(B)
(&)

12 15

Storage time (days)

Figure 2. Effect of coating treatments and storage periods on total soluble solids (A), titratable acidity (B), and juice pH (C) of guava fruits.
Vertical bars indicate the standard error of the means. Values are the mean of three replications.

coatings and plant extracts reduces weight loss due to
inhibition of desiccation.”* Reduced weight loss was also
observed in GRE-treated eggplant13 as well as GA-treated
mango11 and AV gel-coated litchi fruits.'”

3.3. Total Soluble Solids. Different storage periods,
treatments, and interactions of both these factors had
substantial impact on total soluble solids (Table 1). All the
fruits had higher total soluble solids, except those coated with
GA. The total soluble solid concentration of guavas increased
with progressing time of storage (Table 1). The increase was
found to be substantially higher in the nontreated control
compared with the GNE-, GA-, GRE-, and AV gel-coated
guavas. Overall, GRE-treated fruits had the highest total
soluble solids on the 12th and 1S5th days, while GA-coated
guavas had the lowest concentration of total soluble solids on
the 15th day of storage compared to other treated fruits
(Figure 2A). Total soluble solids increase with maturation and
senescence of fruits."”*® The increase possibly also occurs due
to conversion of starch material into sugars.27 Hence, in our

case, GA treatment decreased the increase in total soluble
solids probably owing to delayed senescence and reduced
increase of sugars in the treated guava fruits.

3.4. Titratable Acidity. Different storage periods and their
interaction with treatments had a significant influence on
titratable acidity. However, coating treatments have no effect
on the parameter. Titratable acidity of guava fruits decreased
with progressing time of storage till day 12, and then, it
increased (Table 1). Overall, the lowest concentrations of
titratable acidity were observed on day 12 in all the treatments
(Figure 2B). Acidity of fruits decreases due to advanced
maturation and organic acid oxidation.'” Application of
different treatments such as plant extracts and edible coatings
reduces organic acid oxidation and maintains higher acidity of
the treated fruits.”® Therefore, acidity of the treated guava
fruits was decreased at a lower rate due to lower organic acid
oxidation.

3.5. Juice pH. Effects of treatments, periods of storage, and
their interaction were significant on pH of juice. The highest

https://doi.org/10.1021/acsomega.3c00930
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Table 2. Effect of Treatments and Storage Periods on the Physiological Sugar Contents of Guava Fruits®

reducing nonreducing sugars  total sugars

treatments (T) sugars(%) (%) (%)
control 3.38b 126 b 471b
ginger extract 3.54 a 1.22b 4.82b
garlic extract 3.48 ab 1.66 a 522 a
A. vera gel 317 ¢ 1.67 a 4.88 b
gum arabic 314 ¢ 1.70 a 491 b
LSD (P < 0.05) 0.159 0.270 0.207
days (D)
0 273 d 143 ¢ 420d
3 3.52 ab 1.01d 4.57 ¢
6 3.60 a 1.16 cd 4.78 ¢
9 3.67 a 140 ¢ S.16 b
12 340 b 1.81 b 5.32 ab
15 314 c 218 a 544 a
LSD (P < 0.05) 0.174 0.296 0226
T XD NS NS NS

(P <£0.05)

vitamin C

total flavonoids total phenolics

(mg 100 g~' FW) (mg QE g~' FW) (ug GAE g™' FW)
148.05 ab 484.64 b 42.33 ¢
15372 a $73.92 a 11661 a
139.93 cd 473.80 b 108.58 b
144.54 be 43967 b 101.59 b
136.15 d $83.72 a 10111 b
6.7931 59.295 7.5773
177.36 a 33097 d 4062 d
156.61 b 42801 ¢ 109.76 b
148.46 ¢ 664.27 a 107.11 b
131.69 d 605.15 ab 130.44 a
12476 d $91.46 b 103.71 b
128.00 d 447.05 ¢ 7262 ¢
7.4415 64.954 8.3006
16.640 145.24 18.561

“Means sharing different letter(s) in columns are statistically significant at P < 0.0S (LSD test). NS = not significant.

juice pH was observed in GRE-treated guavas compared with
GNE-, GA-, and AV gel-coated fruits. Juice pH increased till
day 6, and then, it became almost stable (Table 1). Overall,
GA-treated guavas exhibited the lowest (more acidic) juice pH
from the 3rd to the 15th day of storage as compared with the
control and AV gel-, GNE-, and GRE-treated fruits (Figure
2C). It has been found that juice pH generally increases due to
prolonged storage and advanced maturation of fruits.”®
Overall, during long-term periods of storage, organic acid
concentration decreases and pH of juice increases.”” There-
fore, juice pH of GRE-treated fruits and other treatments was
increased at a lower rate probably owing to the reduced
organic acid concentration reduction and delayed senescence
of guavas.

3.6. Antioxidant Activity and Antioxidant Capacity.
Different storage periods and treatments had significant impact
on antioxidant activity. However, the interaction of these two
factors was nonsignificant (Table 1). Overall, greater
antioxidant activity was observed in control fruits, followed
by GNE-treated guavas. In the case of storage days, antioxidant
activity was decreased from the 3rd day to the 12th day but
increased on the 1Sth day of storage (Table 1).

Antioxidant capacity was significantly affected by application
of different coating treatments, but statistically, the effects of
storage days and interaction of these two factors were
nonsignificant. Overall, the highest antioxidant capacity of
guavas was noted in the nontreated control. Among the treated
ones, GNE- and GRE-treated fruits had higher antioxidant
capacity compared with GA- and AV-coated guavas (Table 1).

It has been reported that phenolic, ascorbic acid, and
flavonoid contents contribute to the antioxidative activity and
antioxidative capacity of fruit crops.”” Reduction of the above-
said bioactive contents results in the decline of antioxidative
activity and capacity.®’ As application of the GNE and GRE as
well as GA and AV coatings inhibited the decline of phenolic,
ascorbic acid, and flavonoid contents, antioxidative activity and
capacity were maintained in the treated guavas.

3.7. Sugar Content. Application of different treatments
and storage intervals significantly affected the concentrations of
reducing, nonreducing, and total sugars of guava fruits.
However, interactive effects were nonsignificant (Table 2).

Overall, the highest level of reducing sugars was noted in GNE-
and GRE-treated fruits, whereas the lowest was observed in
GA- and AV gel-coated guavas (Table 2). In the case of
nonreducing sugar contents, they were found maximum in
GA-, AV gel, and GRE-coated guavas and the minimum
concentration of these sugars was noted in GNE-treated and
untreated fruits (control). Total sugars were found the highest
in GRE-applied guavas as compared to all other coating
treatments, which were statistically at par (Table 2). The
lowest content of reducing sugars was on day 0, which
increased till the 9th day and then decreased till the 15th day
of storage (Table 2). On the other hand, the concentration of
nonreducing sugars was the lowest on the 3rd day and the
highest was noted on the 15th day of storage (Table 2). The
total sugar content was the lowest at the time of initiation of
the experiment (day 0) and then progressively increased with
the passage of time, being maximum on the 15th day of storage
(Table 2). Sugar concentration increases due to increased
metabolic activity and conversion of the starch into sugars with
the passage of time. Application of certain coatings or plant
extracts has the ability to suppress starch conversion into
sugzirs.32’33 Similar with our results, a reduced increase of
sugars was also found in GA-coated bell peppers™ and GRE-
treated ripe banana fruits."

3.8. Vitamin C Content. Different storage periods,
treatments, and the interaction of both these factors exhibited
significant influence on the vitamin C content (Table 2). The
vitamin C content of guava fruits decreased in all coating
treatments as compared to the control, except in GNE-treated
guavas. However, the highest decline was observed in GA-
coated guavas compared to all other coating treatments. The
vitamin C content decreased till the 9th day of storage and
then became almost stable (Table 2). The vitamin C content
decreased in all the treatments with the passage of storage
time; however, the magnitude was variable. The lowest
concentration of vitamin C was noted in GA-coated guavas
from the 6th day of storage to the end of the experiment (15th
day) as compared with the control and other treatments.
Overall, GNE-treated guavas had the highest vitamin C on the
15th day of storage, followed by AV gel-coated fruits (Figure
3A). Oxidation reduces vitamin C in fruits.”* Coating
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Figure 3. Effect of coating treatments and storage periods on the vitamin ¢ content (A), total flavonoid content (B), and total phenolic content (C)
of guava fruits. Vertical bars indicate the standard error of the means. Values are the mean of three replications.

treatment reduces vitamin C degradation owing to suppressed
reactions of oxidation.” In a previous study, it was observed
that GNE and GRE application also reduced vitamin C
degradation.35 Therefore, the vitamin C content was
maintained higher probably owing to the lower oxidation
reactions in GNE-treated guava fruits.

3.9. Total Flavonoid Content. Effects of treatments,
storage days, and their interactions were significant on the total
flavonoids of treated guavas (Table 2). GNE- and GA-coated
guavas had the highest flavonoid content as compared to
controls and AV gel and GRE-coated fruits. Total flavonoids
presented a continuous increase up to the 6th day of storage
and exhibited a gradual decrease thereafter from the 9th to the
15th day of storage (Table 2). On the 3rd and 9th days of
storage, the highest total flavonoid content was noted in GNE-
coated guavas in contrast to controls and other treatments.
However, on the 6th and 12th days, the concentration of the
total flavonoid content was significantly higher in GA-coated
guavas compared with the control (Figure 3B).

Overall, GA and GNE coatings performed significantly
better in the conservation of the total flavonoid content than
the control in the current study. Flavonoids are important
antioxidants in guava fruits.”*® Plant extract and edible
coating treatment application delays degradation-based loss of

flavonoids and maintains their higher concentration in
fruits. >

3.10. Total Phenolic Content. Different treatments,
storage times, and their interactions revealed significant impact
on total phenolics (Table 2). The total phenolic content was
considerably higher in GNE-treated guava fruits than GRE-,
AV gel-, and GA-coated fruits and control. A significantly lower
phenolic content was determined in untreated fruits (control).
The total phenolic content was enhanced till the 9th day and
thereafter decreased gradually up to the 15th day of storage
(Table 2). The total phenolic content fluctuated among the
treatments with the passage of storage time. However, it was
the highest in GNE-treated guavas on the 9th day of storage.
On the other hand, the control had the lowest total phenolic
content throughout the storage (Figure 3C).

The total phenolic content usually decreases with increased
fruit maturity and senescence. However, oxidation of phenolics
is the leading cause of their reduction under storage.'” The use
of plant extracts and edible coatings may reduce the extent of
oxidation and conserve a higher total phenolic content under
storage.”® Therefore, in the current study, the total phenolic
content concentration of guavas was possibly reduced at a
lower rate in treated fruits owing to less oxidation.
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3.11. Sensory Quality. Different storage periods, treat-
ments, and interactions of both these factors had a significant
influence on the taste and aroma of guavas (Table 3). Overall,

Table 3. Effect of Treatments and Storage Periods on the
Sensory Quality of Guava Fruits”

treatments (T) taste aroma
control 3.5000 d 3.6667 e
ginger extract 6.3889 b 5.8889 ¢
garlic extract 6.5556 a 7.1667 a
A. vera gel 5.8333 ¢ 6.1111 b
gum arabic 5.7222 ¢ 5.5000 d
LSD (P < 0.05) 0.1572 0.1217
days (D)
0 4.0000 e 5.0000 d
3 5.6000 d 6.6000 a
6 6.8000 b 6.6000 a
9 7.2667 a 6.4000 b
12 5.8667 c 5.4667 ¢
15 4.0667 e 39333 e
LSD (P < 0.05) 0.1722 0.1334
T x D (P £ 0.05) 0.3850 0.2982

“Means sharing different letter(s) in columns are statistically
significant at P < 0.05 (LSD test).

GA and AV gel coatings were not much effective in conserving
the taste of the treated guava fruits, but their effect was
markedly higher in contrast with the control. The taste score
was enhanced up to the 9th day and decreased later up to the
15th day of storage (Table 3). On the 3rd and 6th days, the
taste score was the highest in GNE extract-treated guavas

compared with the control. However, from the 9th to the 15th

day, taste was found the highest in GRE extract-treated guavas
than control fruits (Figure 4A).

In the case of aroma, on the whole, the highest rating was
noted in GRE-treated guavas. Aroma increased till the 3rd day,
remained stable till the 6th day, and later declined from the 9th
to the 1Sth day of storage (Table 3). The score of aroma in
GNE-treated guava fruits was significantly higher on the 3rd
day of storage as compared to other treatments and became at
par with GRE-treated fruits on the 6th day of storage.
Nevertheless, from the 9th to the 15th day, the aroma score
was substantially higher in GRE extract-treated guavas
compared with GNE, AV gel, GA, and control treatments
(Figure 4B).

Aroma and taste are imperative sensory-related attributes of
fruits. Loss of taste and aroma occurs due to advanced
senescence of produce.”’”*® The application of plant extract
and coating treatments inhibits senescence as well as leads to
higher conservation of taste and aroma of fruits during
storage.37’39 Therefore, different extracts and coatings con-
served higher taste and aroma ratings of fruits due to delay in
the senescence of guava. In the current study, among the
coating treatments, GRE proved to be better at conserving the
taste and aroma of guava fruits.

4. CONCLUSIONS

GRE extract application showed the maintained physicochem-
ical quality and extended shelf life of guava fruits. In addition,
GNE and GA treatments also conserved nutraceutical
compounds. On the other hand, the AV gel coating was less
effective than GRE, GNE, and GA treatments. Therefore,
plant-based edible coatings and extracts could be used for
quality conservation and extending the shelf life of guava fruits.

@Control BGinger Extract

10 A

Taste (Score)

Aroma (Score)

O Garlic Extract

(B)
3 6 9 12 15

OAloe vera BGum arabic
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Storage time (days)

Figure 4. Effect of coating treatments and storage periods on the taste (A) and aroma (B) of guava fruits. Vertical bars indicate the standard error

of the means. Values are the mean of three replications.
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B ABBREVIATIONS

AV Aloe vera

GA gum arabic

GNE ginger extract

GRE garlic extract

PWL physiological weight loss

FW fresh weight

DPPH 2,2-diphenyl-1-picrylhydrazyl
MeOH methanol

QE quercetin equivalent

GAE gallic acid equivalent
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