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Abstract: Guava is a vital fruit worldwide, especially in Pakistan, and due to its nutritional value
famous in each age group. Due to a very short shelf life, the marketing and export of this fruit faced
severe constraints. Therefore, in the current study, edible coating of chitosan (0, 0.5, 1.0, 1.5, and
2.0%) was evaluated on postharvest shelf life when guava fruits were stored (room temperature and
4 °C temperatures) for 12 days. The chitosan treated coating fruits have shown reduced total sugars
and malondialdehyde levels compared to untreated control samples. However, a significant differ-
ence (p <0.05) in total sugar and malondialdehyde levels exists between samples stored in m com-
pared to refrigerated temperature (4 °C). The chitosan-coated samples have shown a greater amount
of vitamin C, quercetin, rutin, and total phenolic contents than control samples. However, these nu-
tritional parameters' levels were significantly different (p <0.05) in samples stored at room than sam-
ples stored at refrigerated temperature. However, the levels of crude fiber, potassium, and sodium
were found statistically nonsignificant (p 20.05) in control versus chitosan treated coating treatments.
The findings have documented that the coatings of 1.5 and 2.0% were most effective for extension in
shelf life and maintaining the nutritional attributes of guava fruit.
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1. Introduction

Guava (Psidium guajava L.) is an important fruit, and it belongs to the family of Myr-
taceae. Guava fruit has great importance in Latin American countries like Colombia,
Brazil, Mexico, Africa, and Asia [1-2]. It is cultivated on 62,300 with a production of
512,300 tons in Pakistan [3], and is ranked 4th in terms of total area production after cit-
rus, mango, and apples [4]. Guava is composed entirely of minerals, vitamins. It contains
82% water, 0.7% protein, and 11% carbohydrates. It includes 2-6 % more vitamin C than
citrus, 10-30% more than banana, and 10 times more than papaya. About 93% portion of
guava fruit is edible [5]. Due to the high respiration rate, harvested guava attained a fast
ripening stage and subsequently decayed incidence [6-10].
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A passive barrier that delays the environmental effects on food products is known
as adequate food packaging. Researchers are currently developing such a packaging ma-
terial that positively impacts the environment and food, but it would also have good
preservation properties [11]. The packaging with antimicrobial or antioxidant properties
is proved to play an essential role in the stability of fresh food but extends its shelf life
too [12]. The edible coating based on chitosan is derived from natural sources by
deacetylation of chitin. Studies have shown that it is harmless to humans, wildlife, pets,
and the environment.

Furthermore, it is effective for inhibiting the decay of fruits and extending shelf life [13-
14]. Previous studies have documented that chitosan and its derivatives-based coatings
are efficient in inhibiting a wide range of fungi (Aider, 2010; No et al., 2007). The
pathogen's damage caused in fruits and plants is minimized as chitosan-based coating
triggers the defensive mechanisms. The studies focused on postharvest properties have
documented that chitosan is active in inhibiting fungal growth in strawberries [15-16]. The
coating on strawberries has reported its low levels do not change the fruit's astringency,
and its coating does not alter consumer acceptance of strawberries in storage [17]. In an-
other research Devlieghere et al. [18] have observed that chitosan-based coating not only
reduced the propagation of harmful germs and pathogens, but it effectively affected the
decay of fruits during storage.

In our previous study [4], the use of aloe vera (AV) based coating has proved effec-
tive in maintaining nutrition and extends the shelf life of guava fruits. In the current
study, chitosan with different levels (0.5, 1.0, 1.5, 2.0%) was applied on guava stored for
12 days at room and refrigerated temperatures. The results would be useful for further
development and edible coating materials.

2. Materials and Methods
2.1. Sample collection

The commercial cultivar of guava ‘Gola” was selected, and samples were collected from
the orchard of Ayub Agriculture Research Institute Faisalabad, Pakistan (30°31'5"N,
73°74'0"E, 184m above sea level) having tropical weather conditions. The fruits of same
cultivar, full green color, and firm maturity were selected. The selection criteria include
fruits free from injury, damage, or infection with insects, and the guava samples were
uniform in size, shape, and color.

2.2. Preparation of chitosan solutions

The stock solutions of chitosan were prepared following the method Chen et al.
[19]. Chitosan (Sigma-ID 448869-250G; degree of deacetylation =75, MW: 50-190 kDa,)
was used to prepare 500 ml solution, 0, 0.5, 1, 1.5, and 2% (w/v), taking the accurate
weight of 2.5, 5.0, 7.5 and 10 g of chitosan in a volumetric flask and diluted up to 500 ml
with distilled water and added glacial acetic acid (3 mL), placed in a water bath for 15
minutes until it was properly mixed and cooled down at room temperature.

2.3. Treatment of guava fruits

A total of five groups of guava fruits were distributed into five groups containing
each with 20 fruits. Each group's fruits were dipped into chitosan solutions (control,
0.5%, 1.0%, 1.5%, and 2.0% for 2 minutes, respectively, and each treatment was per-
formed in triplicate. Treated guavas fruits were dried for 30 min at room temperature
and stored in sintered polyurethane plastic bags (33 cm x 25 cm, 10 cm) and stored up to
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12 days at room temperature (25 °C and at refrigerated temperature 4 °C. The quality
parameters and shelf-life attributes were calculated after 3 days intervals.

2.4. Determination of total soluble solids (TSS)

All treatments, including control of guava fruits, were converted into juices. The total
soluble solids were calculated using a digital hand Refractometer (PAL-1, Atago, Tokyo,
Japan) and expressed in terms of °Brix.

2.5. Total sugars, reducing sugar, and non-reducing sugar

The amount of total sugar, reducing sugar, and non-reducing sugar was determined us-
ing our previously validated method [4]. Briefly, a sample of 0.5 mL was mixed with
0.25 mL phenol and added 1.25 mL of H2S04 (conc), and placed in a water bath at 30 °C
for 25 mint. The absorbance of the sample was noted at 490 nm. The amount of reducing
sugar in the juice was estimated by the method of 3,5 dinitrosalicylic acid (DNS)
method. The Juice sample 200 uL was extracted with 1 mL of DNs and 1.8 mL of dis-
tilled water. Then the solution was kept in a water bath for 15 mint at 100 °C. Finally, the
solution was allowed to cool, and added 9 mL of distilled water and absorbance was
noted at 540 nm. However, the non-reducing sugar was calculated by subtracting the
value of reducing sugar from total sugar.

2.6. Determination of Malondialdehyde (MDA)

The estimation of the lipid peroxidation level in the guava juices was determined using
the thiobarbituric acid (TBA) method [4, 20]. The absorbance was measured at 532 nm
and 600 nm.

2.7. Detection of Vitamin C, total phenolic contents (TPC), and total flavonoids (TF)

The detection of vitamin C (ascorbic acid) was carried as described by Hameed et
al. [21]. The juice sample of 100 pL was mixed with 900 uL of distilled water. Then 100
uL of metaphosphoric acid and 100 pL of dichloroindophenol (DCIP) were added to the
solution and mixed properly. The ascorbic acid content in the supernatant was meas-
ured by the dinitrophenylhydrazine method.

The assessment of total phenolic content (TPC) was done by Folin—Ciocalteu (F—-C)
colorimetric method as described by Nair et al. [22]. The TPC concentrations were ex-
pressed as uM/g.

The detection of total flavonoids (TF) in guava juices was done as described by Lin and
Tang [23]. The guava juice samples were diluted with aluminum chloride (AICI3) and
potassium acetate (CH3CO2K). The standard linear curve of quercetin and rutin with a
range of 0.005-0.1 mg/mL was used to detect flavonoids, and the amount was expressed
as mg/g of fruit extract.

2.8. HPLC detection of quercetin and rutin
2.8.1. Preparation of Sample for Flavonoid Analysis

The quercetin (295%, 100g, Sigma-Aldrich, USA) and rutin (=294%, 50g, Sigma-Aldrich,
USA) were purchased. The standard curve of range from 0, 10, 20, 50, 100, 200, and 300
ug/mL) were prepared in methanol. The limit of quercetin and rutin detection was 0.09
and 0.10 pg/g, respectively, and the limit of quantitations was 0.028 and 0.31 ug/g, re-
spectively.
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The sample of 10 mL of guava juice was extracted with 25 mL of methanol and
sonicated for 20 min. After sonication, the sample was centrifuged at 10,000 rpm for 10
minutes at 25 °C [24]. Then, methanol 5 mL was added and again subjected to centrifu-
gation at 10,000 rpm for 5 minutes. Then, the solution was filtered with Whatman (no 42)
filter paper. Then 5g of sodium sulfate anhydrous was added, and finally, the solution
was filtered with a microsyringe filter (0.45 um, Merck) for further HPLC analysis.

2.8.2. HPLC conditions

The analysis of quercetin and rutin was conducted using HPLC (Model LC-10A) Shi-
madzu, Kyoto, Japan, with UV-Vis detector (SPD 10-A (A 360 nm). The mobile phase
consisted of two solvents (A: 3% trifluoroacetic acid (TFA) and B: acetonitrile and metha-
nol (80:20 v/v). The isocratic mode of both A and B mobile phases with the equal mixture
(50:50 v/v) was used for the separation of quercetin and rutin at a flow rate of 0.8
mL/min; (pressure: 67 kg/cm?2; injection volume: 20 uL; column temperature: 30 °C (CTO
10-A); analytical column: C18 (250 x 4.6 mm, 5 mm particle size, Supelco, Bellefonte, PA,
USA); delivery pump: LC-10AS; system controller: SCL-10A; acquisition software:
CLASS LC-10.

2.9. Determination of crude fiber, potassium, and sodium levels

The crude fiber in guava juice was determined by AOAC method 962.09. Briefly,
sample 3 g of juice was mixed in 5 mL of 1.25% sulfuric acid and heated at100 °C for 30
minutes. Then, the solution was cooled and filtered by Whatman filter paper No. 42. The
2 mL of 1.25% NaOH was added to the residue and mixed. Finally, the residue was ig-
nited in the furnace at 600 °C. The crude fiber was calculated using the following for-
mula

Weight of residue—weight of ash

rude fiber =
Cru ! weight of the sample

The estimation of potassium and sodium was done as the method described [25]. A
stock solution of potassium from potassium chloride 100 ug/mL was prepared, and simi-
larly, 100 pg/mL stock solution of Na sodium chloride was prepared. The standard
curves included a range of 0, 5, 10, 15, 20, and 25 pg/mL for further calculations.

2.10. Statistical analysis

The data results were subjected to statistical analysis using SPSS (version 26 for Win-
dows, SPSS Inc., Chicago, USA). The normality of data was analyzed using a normal
distribution (Shapiro-Wilks test). To investigate the difference in treatment means and
different storage temperatures, ANOVA was applied. The least significant difference
(LSD) was used to analyze the difference of treatment during the storage period. A
probability value of 0.05 was used to determine the statistical significance.

3. Results and discussion

The influence of chitosan coating on guava fruit stored at room and refrigerated temper-
ature is shown in Fig 1.
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Fig 1: Photographs of control, 0.50% chitosan, 1% chitosan, 1.5% chitosan, and 2% of chitosan-coated fruits at the Oth, 3", 6", 9" and 12th day of storage at room
and refrigerated temperature
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3.1 Total soluble solids (TSS) 1
The amount of total soluble solids (TSS) in guava fruits with different chitosan treat- 2
ments at room and refrigerated temperatures is shown in Fig 2. In control samples 3
stored at room temperature, TSS levels were gradually decreased except on the 6th day 4
(increased from 10 to 11 °Brix). The highest increase of TTS levels (16.02to 17.2and 16.5 5
to 17.2 °Brix) was observed at 12th-day storage (refrigerated temperature) at chitosan 6
treatments of 1.5% and 2.0%, respectively. In chitosan treatment, guava samples both 7
stored at room temperature and refrigerated temperature 8
9
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Fig.2: Impact of chitosan treatments on total soluble solids of guava fruit at room tem- 10
perature. 11
Values are the mean of three replicates, and vertical bars show the standard errors. 12
3.2 Levels of TS, RS and NRS 13

The presence of sugars in guava fruit imparts sweetness which directly linked the flavor 14
and taste of fruit. The influence of chitosan treatments at room and refrigerated tempera- 15
ture on total sugars (A), reducing sugars (B), and non-reducing sugars (C) is represented 16
in Fig 3. The levels of total sugars in control (room temperature) were increased from 210.5 17
t0295.5 mg/g, and in control (refrigerated temperature) increased from 211.5 to 270.5 mg/g 18
(Fig 3A). However, with chitosan treatment, levels insignificantly decrease the levels of 19
total sugars (room temperature storage period) or retain the levels of total sugars in guava 20
fruits (refrigerated temperature) samples. The total sugar levels were significantly differ- 21
ent in samples stored at room temperature compared to samples stored at refrigerated 22
temperature (p <0.05). The levels of reducing sugars also increased in control samples 23
from 125.5 to 159.7 mg/g (stored at room temperature), and 125.5 to 155.5 mg/g (stored at 24
refrigerated temperature) 25

26
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The results have shown a significant difference in reducing sugars in samples
stored at room temperature than the samples stored at refrigerated temperature (p <
0.05). The levels of non-reducing sugars were decreased from 80.5 mg/g to 55.6 mg/g
at the 9th day storage period in samples of control stored at room temperature but
increased from 55.6 to 81.5 mg/g at 12-day storage period (Fig 3C). The maximum
increase (75.6 to 85.6 mg/g) in the levels of non-reducing sugars was observed on the
9th day stored at room temperature of chitosan treatment of 1.5%. However, the re-
sults have shown a nonsignificant difference in non-reducing sugars in samples
stored at room temperature compared to the samples stored at refrigerated tempera-
ture. A similar trend in the levels of total sugar, reducing sugar and non-reducing
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sugars, was observed when treated with different coating levels with AV gel in guava
fruit [4]. They have documented a maximum increase with AV gel 40% and corre-
sponded to 93 mg/g on the 12th day, and the treatment of 80% AV gel has retained
the level of non-reducing sugars from 0 days to the 12th day (85 to 87 mg/g). The
studies have shown that sugar concentration increases during the ripening stage and
senescence of fruits. The conversion of starch may also contribute to the rise in the
level of sugar. The coating of chitosan inhibits the ripening stage, subsequently the
senescence and conversion of starch into sugars [29]. Our results are following previ-
ous findings in guava obtained in China [30]. A similar conclusion regarding total
sugar levels, reducing sugar, and non-reducing sugar were achieved using CaCl2
treatments during storage of guava [27]. Guava fruits coated with the 80% AV gel
displayed a lower increase in sugar content, which may be due to the gel's ability to
slow down the starch's conversion into sugars.
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Figure 3: Effect of chitosan treatments on total soluble sugars (A); reducing sugars (C) and non-
reducing sugars at room and refrigerated temperatures.

The different English letter represents the levels have significantly different (p <0.05)

3.3 Lipid peroxidation Malondialdehyde (MDA) content

The increase in the levels of malondialdehyde (MDA) levels is an indication
of damage or injury of fruits or rapture of the membrane due to oxidation of lipids
into MDA [20]. The results have shown a significant increase (p < 0.05) in MDA
levels in guava samples stored at room temperature (increased 10 to 28 uM/g from
0 days to 12th day period), and in refrigerated temperature (increased 6 to 22
uM/g from 0 to 12th day storage period) Fig. 4. However, the MDA levels were
significantly different (p < 0.05) in samples stored in refrigerated temperature pe-
riods than the samples stored in room temperature storage. The doses of 1.5% and
2.0% of chitosan on guava samples stored at room temperature were effective to
minimize the levels of MDA formation. A similar finding was documented when
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guava samples were treated with different concentrations of AV gel in the storage 91
period and found that 60% and 80% AV gel treatments were more effective in 92
reducing MDA levels and thus suppressing the damage of fruits [4]. Hong et al. 93
[31] have observed similar results, which reinforce the current study's finding. 94
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Fig 4: The influence on MDA (uM/g) levels with different treatments of chitosan in guava sam- 105

ples stored at room and refrigerated temperatures. 106
3.4 Vitamin C, total phenolic contents (TPC), total flavonoids (TF), and rutin levels 107
The vitamin C (Ascorbic acid (AsA) is an important antioxidant in guava fruit. It 108

acts as an antioxidant and inhibits free radicals during oxidation, thus preventing the 109
deterioration of fruits. The levels of AsA decreased significantly (p < 0.05) in control 110
samples (room temperature) Fig. 5A. However, the samples treated with different 111
doses of chitosan have minimized the decrease of AsA levels in room and refrigerated 112
stored guava samples. The reduction of AsA during storage might be explained due to 113
the oxidative breakdown [32]. In the current study, the coating of guava with 1.5 and 114
2% chitosan during refrigeration temperature was more effective in retaining the levels 115
of AsA.Khaliq et al. [33] have observed that fruits coated with AV gel inhibit oxidation, 116
limiting the reduction of AsA during the postharvest period because it blocks the avail- 117
ability of O2 during oxidative breakdown. The influence of different treatments of chi- 118
tosan levels on the amount of total phenolic content (TPC) at different storage periods 119
and temperatures is shown in Fig. 5B. The levels of TPC were significantly decreased 120
(p < 0.05) during control samples stored at room temperatures. However, the coating 121
with 1.5 and 2% of chitosan samples was found effective to retain TPC levels in stored 122
guava samples even at the 12th day storage period. There is a significant (p < 0.05) 123
difference in TPC levels treated with various levels of chitosan stored at room com- 124
pared to refrigerated temperature. Phenolics compounds are recognized as secondary 125
metabolites which possess the antioxidants activity and inhibit the formation of free 126
radicals during oxidation and thus maintain the nutritional levels intact [34]. 127

128
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These results of the present research are in agreement with results docu-

mented by Chidtragool et al.[35] who worked on phenolic contents and their
temperatures have shown similar trends [36]. In another study decrease in TPC

fruits. In another report, gabiroba fruit grown in Brazil and stored at different
levels were reported in litchi fruit [37].

inhibition ability of free radicals during the storage and ripening period of
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Fig.5: Impact of chitosan treatments on vitamin C (A), total phenolic content (B), quercetin level (C), 173

and rutin (D) levels in guava fruit stored at room and refrigerated temperature. 174

The levels of total flavonoids (Quercetin) pg/g and rutin (ug/g) after applying differ- 175
ent levels of coating with chitosan in guava fruits at different stored temperatures 176

are shown in Fig 5C and 5D. 177

The levels of quercetin and rutin were decreased significantly (p <0.05) 178
during all storage periods. However, the decrease was slow in samples treated 179
with chitosan-based coating compared to those with control samples. The level 180
of quercetin was decreased from 160.5 to 42.5 pg/g in guava samples of control 181
stored at room temperature. The rutin level was reduced from 270.3 to 70.6 pg/g 182
in control samples stored at room temperature conditions. Chitosan coating 183

with 1.5 and 2.0% treatments also resulted in decreased levels of quercetin and 184


https://doi.org/10.20944/preprints202103.0652.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 March 2021 d0i:10.20944/preprints202103.0652.v1

rutin during all storage periods. Both these compounds' importance could be 185
known due to their use as ingredients in various multivitamin supplements [38]. 186
The phenolics and flavonoids' mechanism both react with hydroxyl radicals and 187
superoxide anion radicals [39-40]. Chitosan coating on guava fruits facilitates 188
the induction of phenylalanine ammonia-lyase pathway in fruit, which might 189
be responsible for maintaining a high level of flavonoid content for a more ex- 190
tended period [41]. These findings are in close agreement with the results from 191
other studies, which applied different coatings on fruits and found them ade- 192
quate for maintaining or preserving the levels of flavonoids in papaya [42], and 193
in tomato [43]. The findings of current research demonstrated that the doses of 194
1.5 and 2.0% chitosan treatments effectively maintain the levels of flavonoids 195
and rutin. 196
3.5 Crude fiber, potassium, and sodium levels 197
The levels of crude fiber (Fig 6A), potassium (Fig 6B), and sodium (6C) 198

were determined and observed the influence of chitosan coating in guava fruits 199
200
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in room and refrigerated storage temperatures. The levels of crude fibers 201
were insignificantly increased during the storage period, and levels were signif- 202
icantly different (p<0.05) in samples of guava of control and 0.50% chitosan 203
treatment stored at room temperature compared to the samples stored in refrig- 204
eration temperature conditions. The potassium levels in different treatments 205
and stored at room and refrigerated storage temperatures were statistically in- 206
significant (p < 0.05), Fig. 6B. Similar trends were observed in Fig. 6C, where 207
sodium levels after applying different chitosan treatments were nonsignificant 208
(p <0.05) stored at room and refrigerated storage temperature. The presence of 209
potassium and sodium in fruits has various health benefits, including reducing 210
blood pressure and inflammation and controlling blood sugar levels. The results 211
have shown no significant change in the concentration of crude fiber, potassium 212
and sodium levels after treatment with various chitosan coating levels in guava 213
fruit. The small variation might be explained due to differences in a cultivar of 214

fruit, soil variation, and irrigation of water [44]. 215
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Fig.6: Impact of chitosan treatments on crude fiber (A),

229
230

in guava fruit stored at room and refrigerated temperature.
4. Conclusions

231
232
233
234
235
236

The results of present study have documented that the natural edible coat-
ing has great potential in food packaging and food preservation. The chitosan

coating in guava fruits have shown reducing in the levels of total sugars and lipid
oxidation compared to controlled untreated samples. Furthermore, the chitosan
treated samples have maintained levels of total phenolics, flavonoids, and vita-

min C levels compared to controlled samples. The samples treated with chitosan
and stored at refrigerated temperature have shown significant difference com-

237
238
239
240

pared to samples stored at room temperature. The coating with chitosan with 1.5
and 2.0% treatments have more efficient results in extending shelf life and main-

taining nutritional qualities of guava fruits.
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