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ABSTRACT: The post-harvest losses in fruits include the susceptibility to fungal infections, rotting,
spoilage, leading to significant economic losses for farmers and reduced availability of high-quality fruits in
the market. Hereby, a study on effect of silver nitrate and silver nanoparticles on shelf life of grapes var.
Muscat Hamburg was conducted at School of agricultural sciences, Karunya Institute of Technology and
Sciences, Coimbatore during 2023. The experiment was laid out in CRD with nine treatments. The results
showed that highest shelf life (14.7 days), weight loss (21.95 per cent), total soluble solids (19.1 per cent),
titratable acidity (0.48 per cent) and ascorbic acid (77.26 mg/100g) were recorded by the treatment T+ (Ag-
NPs @ 60 ppm for 3 min). Among the different treatments, the treatment Ts (Ag-NPs @ 30 ppm for 5 min)
registered the lower total sugars (13.3 per cent) and the treatment Ts (Ag-NPs @ 30 ppm for 3 min)

registered the minimum reducing sugars (9.67 per cent).
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INTRODUCTION

Grapes (Vitis vinifera L.) variety Muscat Hamburg
(Syn. Panneer Dhirakshaor Gulabi) belongs to the
family vitaceae and its originated in Armenia. One of
the most economically important fruit and it is widely
cultivated in the sub-tropical condition (Insanu et al.,
2021). The grape is often a woody vine, trekking via
tendrils (modified branches) and at the identical time as
untrained frequently engaging in a length of 17 metres
(56 feet) or more. Small greenish plant lives in clusters
bearing habit, which varies in coloration from nearly
black, green, red, and amber (Prathiksha and Hegde
2022). The calyptra stage is a specific stage in the
development of the flower. The calyptra is a structure
that covers the developing grape flower before it fully
opens. It is also called the "cap" or "hood" and is
formed by the fusion of two sepals. Fruit is soft and
pulpy, oval to oblong and fruit colour may be green and
red to purplish black. It is used to table grapes, raisins,
grape seed oil, grape juice and wine. Botanically, the
fruit is a berry. In numerous forms of fruit develops a
whitish powdery coating on above the fruit surface is
Natural wax. The seeds found in grapes are typically
called grape seeds or grape pips. Seeds are small, hard,
brown in color and rich in antioxidants (Nunes et al.,
2016).
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Higher amount of bio-active compounds viz., anti-
oxidants, flavanols, anthocyanins, polyphenols, tannins,
gallic acid, hydroxycinnamicacids, anti-microbial, anti-
inflammatory,  anti-tumorigenic  activities,  anti-
carcinogenic,  anti-viral,  cardioprotective  and
hepatoprotective (Sabra et al., 2021). However, grapes
are highly perishable nature and postharvest losses viz.,
weight loss, decay, microbial, pedicel desiccation and
berry softening (Cefola and Pace 2016).

In order to extend its postharvest self life several
treatments such as cold storage, pre-cooling and
modified atmosphere packaging have been used
(Liguori et al., 2021). But these techniques are not
adequate to conserve the grapes color, nutritive value,
texture, taste, flavor and aroma during storage also this
technique were costly to adopt, needs specialized
equipment and infrastructure. As a result, the problem
of postharvest losses of grapes needs to satisfy supply
and demand in both domestic and export markets. Most
recently, the silver nanoparticules (Ag-NP’s) use as
coatings material containing active compounds with
antimicrobial properties has been explore as a possible
to reduce microbial growth and self life of fruits (Nayab
and Akhtar 2023).

According to Elatafi et al. (2020) compared the effects
of silver nitrate (AgNOs) and silver nanoparticles (Ag-
NPs) coatings with different concentrations at different
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time interval on the quality of grapes during storage.
The result found that 100 ppm for 5 min of dipping of
Ag-NPs was the most effective in extending the shelf
life of the grapes. It maintaining the quality of grape
bunches up to 30 days at cold storage and various
responses including weight loss, soluble solids content
(SSC), firmness and acidity. Hence, the aims of this
research work were grapes coated with AgNO3 and Ag-
NPs can reduce postharvest losses to extend shelf life
and physicochemical properties of grapes during
storage.

MATERIALS AND METHODS

The present experiments on effect of silver nitrate and
silver nanoparticles on shelf life and quality of table
grapes var. Muscat Hamburg was conducted at division
of horticulture, school of agricultural sciences, Karunya
Institute of Technology and Sciences, Coimbatore,
during 2022-2023. The experiment was laid out in a
CRD consisting of nine treatments with three
replications. The grapes variety Muscat Hamburg (Syn.
Panneer Dhirakshaor Gulabi), it was purchased from
A. Vellodu, Dindigul District, Tamil Nadu, India.

Treatment Details.

Treatment Treatment Detail

To Control

T1 AgNOs @ 1000 ppm for 3 min
T2 AgNOsz @ 1000 ppm for 5 min
T3 AgNOs @ 2000 ppm for 3 min
T4 AgNOs @ 2000 ppm for 5 min
Ts Ag-NPs @ 30 ppm for 3 min
Ts Ag-NPs @ 30 ppm for 5 min
Tz Ag-NPs @ 60 ppm for 3 min
Ts Ag-NPs @ 60 ppm for 5 min

Preparation of silver nitrate (AgNOs) and silver
nanoparticles (Ag-NPs). AgNOs; were purchased from
(Hi-Media Laboratories pvt Ltd.) and Ag-NPs were
prepared by green synthesis method. Moringa oleifera
leaves were use as a reducing agent for the synthesis of
silver nanoparticules and it is a simple, eco-friendly,
and cost-effective method. Further, synthesized
nanoparticules were characterized by using several
techniques UV-vis spectrographic evaluation, Fourier
rework infrared spectroscopy (FTIR), X-ray Diffract
meter (XRD), Energy-dispersive X-ray (EDX),
Scanning electron microscopy (SEM), Zeta Potential
and Dynamic Light Scattering (DLS).

The accurate concentration of 1 mM AgNO; (Hi-Media
Laboratories pvt Ltd.) solution was prepared by
dissolving 0.085 gm of AgNOs in 500 ml double
distilled water.

Quality Parameters. Data on quality parameters as
shelf life, physiological weight loss, total soluble solids,
titratable acidity, total sugar content, reducing sugar
content and ascorbic acid were recorded.

Statistical Analysis. The data were analyzed
statistically and results were interpreted by using
methods suggested by Panse and Sukhatme (1985).
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RESULT AND DISCUSSION

Shelf Life (Days). In this study the data pertaining to
shelf life of grape variety Muscat Hamburg are
presented in the Fig 1. From the table it was observed
that different treatments effects showed highest
significant influence on shelf life. Among the different
treatments, the treatment T (Ag-NPs @ 60 ppm for 3
min) recorded higher shelf life of 14.7 days and it was
followed by the treatment Ts (Ag-NPs @ 30 ppm for 5
min) with shelf life value of 12.7 days. Meanwhile, the
lowest shelf life registered by the treatment T, (control)
shelf life of 6.3 days. Kumar et al. (2018) reported that
fabricated hybrid nanocomposite film consisting of
chitosan, gelatin, polyethylene glycol and silver
nanoparticles (AgNPs) by solution casting method. The
observed that CS-GL-AgNPs at 0.1 ¢/100 g (0.1%)
level film appeared to be a promising protective
packaging material which can extend the shelf life of
red grapes by 14 days.

Physiological Weight Loss (%0). The critical review of
the results of the present study on grapes showed that
individual effect of AQNO3; and Ag-NPs had significant
effect on physiological weight loss and the results are
presented in Table 1. The minimum value of weight
loss of 7.92 per cent and 15.25 per cent at 3" and 6™
days were recorded by the treatment Tg i.e. Ag-NPs @
30 ppm for 5 min respectively. It was followed by Ag-
NPs @ 60 ppm for 3 min (T7) which recorded weight
loss values of 9.06 per cent and 15.53 per cent.
Meanwhile, the maximum weight loss registered by the
treatment To (Control) which recorded weight loss
value of 27.57 per cent and 37.09 per cent at 3" and 6™
days. At 9" day the minimum value of weight loss of
21.95 per cent were recorded by the treatment T7 (Ag-
NPs @ 60 ppm for 3 min) and it was followed by the
treatment Ag-NPs @ 30 ppm for 5 min (Te) which
recorded weight loss value of 22.26 per cent.
Meanwhile, the maximum weight loss registered by the
treatment Ty (Control) which recorded weight loss
value of 44.26 per cent at 9™ days. Thus, it can be
safely suggested that, minimum physiological weight
loss per cent was recorded when fruits treated with Ag-
NPs @ 60 ppm for 3 min were found most effective in
reducing the physiological weight losses of grapes
during storage. The main reason for fruit weight loss is
mainly due to water evaporation in fruit caused by
transpiration and respiration processes during storage
periods (Sogvar et al., 2016). Several studies indicated
that increase in the weight loss percentage range of 5.8-
6.6%, control that was 9.3% in cavendish banana
during prolonged storage period of 14 days by treated
with 0.01% of Ag-NPs (Nayab and Akhtar 2023).

Total Soluble Solids (°BRIX). The data on total
soluble solids of grapes is present in the Table 1. From
the table it was observed that the AgNO3z and Ag-NPs
had significant influence on total soluble solids at shelf
life of the present study. The minimum value of TSS of
16.5 °Brix and 16.7 °Brix at 3 and 6" days were
recorded by the treatment Ts (Ag-NPs @ 30 ppm for 3
min) respectively. It was followed by Ag-NPs @ 60
ppm for 3 min (T7) which recorded minimum TSS
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values of 16.7°Brix and 18.4°Brix. Meanwhile, the
maximum TSS registered by the treatment T, (Control)
which recorded TSS value of 16.7°Brix and 18.4°Brix
at 3" and 6™ days. Finally, the minimum TSS value of
19.1°Brix at 9™ day were recorded by the treatment T
(Ag-NPs @ 60 ppm for 3 min) respectively. It was
followed by Ag-NPs @ 30 ppm for 3 min (Ts) which
recorded minimum TSS value of 20.3 O%Brix.
Meanwhile, the maximum TSS registered by the
treatment To (control) which recorded maximum TSS
value of 23.8 °Brix at 9" day. Thus, it can be concluded
that when grapes are treated with Ag-NPs @ 60 ppm
for 3 min were found most effective in maintain the
TSS level. The results of the present study are also
accordance with the findings of Islam et al., (2013) this
may be due to the re-conversion of starch into
monosaccharides in Mangifera indica L. Several
studies indicated that increase in TSS during storage of
Nagpur mandarin application with green synthesis of
silver nanoparticlus (GSNp) tulsi was the most effective
in stored the fruit up to 45 days was also reported by
Deshmukh (2022).

Titratable Acidity (%). The critical review of the
results of the present study on grapes showed that
individual effect of AgNO3 and Ag-NPs had significant
effect on decrease in titratable acidity and the results
are presented in Table 1. The minimum value of acidity
of 0.53 per cent at 3 day were recorded by the
treatment Tz (AgNO3z @ 2000 ppm for 3 min), T4
(AgNO3 @ 2000 ppm for 5 min) and T7 (Ag-NPs @ 60
ppm for 3 min) respectively. It was followed by Ag-
NPs @ 30 ppm for 3 min (Ts) which recorded
minimum acidity values of 0.54 per cent. Meanwhile,
the maximum acidity was registered by the treatment Tg
(Control) which recorded acidity value of 0.68 per cent
at 3" day. The minimum acidity value of 0.5 per cent at
6" day were recorded by the treatment T7 (Ag-NPs @
60 ppm for 3 min) respectively. It was followed by Ag-
NPs @ 30 ppm for 3 min (Ts) and Ag-NPs @ 30 ppm
for 5 min (Te) which recorded minimum acidity value
of 0.51 per cent. Meanwhile, the maximum acidity
registered by the treatment Ty (control) which recorded
maximum acidity value of 0.67 per cent at 6™ day. On
9" day minimum value of acidity of 0.48 per cent were
recorded by the treatment T7 (Ag-NPs @ 60 ppm for 3
min) respectively. It was followed by the treatment Ag-
NPs @ 30 ppm for 3 min (Ts) which recorded
minimum acidity value of 0.49 per cent. The maximum
acidity was registered by the treatment Ty (control)
which recorded the acidity value of 0.65 per cent at 9™
day. It can be concluded that grapes when treated with
Ag-NPs @ 60 ppm for 3 min can retain gradual
decrease in acidity content. Undergo degradation of
organic acid during storage due to conversion of acid
into sugars was also expressed Singh and Sharma
(2017). Changes in respiration process and metabolic
changes cause decrease in acidity during storage (Kibar
et al., 2021). Similar results were observed by
Lichanporn et al. (2020) on postharvest decay and
browning in longkong fruit by using silver particles at
the concentration of 0.90 mg.L? leads to decrease the
acidity on longkong fruit for 9 days. Chitosan
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nanoparticles coating on Valencia orange at the lowest
concentration cause decrease the percentage of acidity
during the storage for 75 days on room temperature
Alshallash et al. (2022) which could also be noticed in
the present study.

Total Sugar Content (%). The data pertaining to total
sugars of grapes are presented in Table 2. From the
table it was observed that effect viz., AQNO3; and Ag-
NPs effects showed highly significant influence on this
trait. The minimum value of total sugars of 12.54 per
cent at 3 day were recorded by the treatment Tg (Ag-
NPs @ 30 ppm for 5 min) respectively. It was followed
by Ag-NPs @ 30 ppm for 3 min (Ts) which recorded
minimum total sugar values of 12.62 per cent.
Meanwhile, the maximum total sugar was registered by
the treatment T1 (AgNO3 @ 1000 ppm for 3 min) which
recorded total sugar value of 14.89 per cent
respectively. It was followed by the treatment To
(control) which recorded minimum total sugar values of
14.84 per cent at 3 day. The minimum value of total
sugars of 12.88 per cent at 6™ day were recorded by the
treatment Te (Ag-NPs @ 30 ppm for 5 min)
respectively. It was followed by Ag-NPs @ 60 ppm for
3 min (T7) which recorded minimum total sugar values
of 13.01 per cent. Meanwhile, the maximum total sugar
was registered by the treatment T: (AgNOs; @ 1000
ppm for 3 min) which recorded total sugar value of
15.20 per cent respectively. It was followed by the
treatment To (control) which recorded minimum total
sugar values of 15.17 per cent at 6" day. On 9" day
minimum value of total sugar of 13.3 per cent were
recorded by the treatment Ts (Ag-NPs @ 30 ppm for 5
min) respectively. It was followed by the treatment Ag-
NPs @ 60 ppm for 3 min (T7) which recorded
minimum acidity value of 13.5 per cent. Meanwhile,
the maximum total sugar was registered by the
treatment T1 (AgNOs @ 1000 ppm for 3 min) which
recorded total sugar value of 1553 per cent
respectively. It was followed by the treatment Ty
(control) which recorded minimum total sugar values of
15.50 per cent at 9™ day. It can be concluded that
grapes when coated with Ag-NPs @ 30 ppm for 5 min
can retain their total sugar data were significantly
superior. This might be due to the direct effect on
conversion of complex starch or carbohydrate into
simple compound (Islam et al., 2013). Similar results
were reported by Bishnoi et al. (2015) studies on
increase in the total sugars on strawberry pulp treated
with sodium benzoate @ 500 ppm was effective in
maintain the total sugars per cent and other quality
parameters. Carboxymethyl cellulose (CMC) and guar
gum based silver nanoparticles coated on mango were
slowly increase in total sugar up to 28 days at 13°C
(Hmmam et al., 2021).

Reducing Sugar Content (%). The data pertaining to
reducing sugars of grapes are presented in Table 2.
From the table it was observed that effect viz., AGQNO3
and Ag-NPs effects showed highly significant influence
on this trait. The minimum value of reducing sugar of
9.40 per cent, 9.65 per cent and 9.67 per cent at 39, 61"
and 9™ days were recorded by the treatment Ts i.e. Ag-
NPs @ 30 ppm for 3 min respectively. It was followed
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by Ag-NPs @ 30 ppm for 5 min (Te) which recorded
reducing sugar values of 10.23 per cent, 10.31 per cent
and 10.53 per cent. Meanwhile, the maximum reducing
sugar registered by the treatment To (Control) which
recorded reducing suagr value of 13.53 per cent, 13.61
per cent and 13.70 per cent at 3", 6™ days and 9™ days.
It can be concluded that grapes when treated with Ag-
NPs @ 30 ppm for 5 min can retain their reducing
sugar, data were significantly superior to control.
Increase in reducing sugars due to the inversion of
sucrose to reducing sugars and hydrolysis of
polysaccharide into simple sugars (Scrob et al., 2022)
or Conversion of insoluble carbohydrates into sugars
(Nimgade et al., 2019). Similar reports were made by
Ali et al. (2022) on silver nanoparticules coating on
loquat for 1 month of storage at 4°C and 8°C leads to
slowly increase of reducing sugars during storage

Ascorbic Acid (mg/100g). The critical review of the
results of the present study on grapes showed that
individual effect of AgNO; and Ag-NPs had significant
effect of ascorbic acid and the results are presented in

Fig. 1. The maximum value of ascorbic acid of 77.26
mg/100gm at 9™ day were recorded by the treatment T
(Ag-NPs @ 60 ppm for 3 min) respectively. It was
followed by Ag-NPs @ 30 ppm for 5 min (Ts) which
recorded maximum ascorbic acid values of 66.75
mg/100gm. Meanwhile, the minimum ascorbic acid was
registered by the treatment Ty (control) which recorded
ascorbic acid value of 44.86 mg/100gm respectively. It
can be concluded that grapes when treated with Ag-NPs
@ 60 ppm for 3 min can gradual increase in the
ascorbic acid content. Retention of ascorbic acid due to
highly sensitive to oxidation and leaching into water
soluble media during storage (Ajibola et al., 2009).
Decrease of ascorbic acid mainly due to increase in
oxygen level or storage temperature (Khodaei et al.,
2021). Retain gradual decrease in the ascorbic acid due
to oxidative deterioration of ascorbic acid by activity of
ascorbic oxidase (Gull et al., 2021). Gemail et al.
(2023) reported that combination of wax and 100 ppm
of nano silver increased the vitamin C content in
murcott mandarin.

Table 1: Effect of silver nitrate and silver nanoparticles on physiological weight loss, total soluble solids and
titratable acidity of grapes var. Muscat Hamburg.

Weight loss per cent (%) ‘ Total soluble solids (°B) ‘ Titratable acidity (%)
Treatments Days
3 6 9 3 6 9 3 6 9
To 27.57 37.09 44.26 22 23.6 23.8 0.68 0.67 0.65
T1 12.44 19.73 26.43 18.8 214 22.7 0.67 0.64 0.63
T2 9.13 16.4 23.57 18.2 20.8 20.9 0.64 0.54 0.58
Ts 10.71 18.08 245 19 20 20.9 0.53 0.64 0.59
Ta 9.86 16.98 24.62 18.7 20.9 21.9 0.53 0.62 0.53
Ts 12.04 16.95 23.29 16.5 16.7 20.3 0.54 0.51 0.49
Ts 7.92 15.25 22.26 20 20.9 20.9 0.63 0.51 0.5
T7 9.06 15.53 21.95 16.7 18.4 19.1 0.53 0.5 0.48
Ts 10.61 17.73 24.64 20.1 23.1 23.2 0.67 0.64 0.61
SE (d) 3.082 1.953 2.585 1.112 1.341 1.000 0.013 0.013 0.013
CD (0.05) 6.526 4.134 5.472 2.355 2.84 2.118 0.027 0.027 0.027

Table 2. Effect of silver nitrate and silver nanoparticles on total sugars and reducing sugars of grapes var.
Muscat Hamburg.

Nishanth et al.,

Total sugars (%) | Reducing sugars (%)
Treatments Days
3 6 9 3 6 9

To 14.84 15.17 15.50 13.53 13.61 13.70

T1 14.89 15.20 15.53 13.50 13.52 13.57

T2 13.61 13.95 14.23 12.03 12.19 12.23

T3 14.21 14.68 15 12.77 12.89 12.97

T4 14.42 14.86 15.23 12.10 12.20 12.33

Ts 12.62 13.31 13.6 9.40 9.65 9.67

Te 12.54 12.88 13.3 10.23 10.31 10.53

T7 12.81 13.01 135 10.47 10.78 10.90

Ts 14.8 15.12 15.43 12.60 12.74 12.83

SE (d) 0.293 0.276 0.306 0.384 0.341 0.393
CD (0.05) 0.62 0.584 0.648 0.812 0.721 0.832
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CONCLUSIONS

The present study indicate that the highest shelf life of
14.7 days was observed in grapes var. Muscat Hamburg
treats with Ag-NPs @ 60 ppm for 3 min (T7), this
treatment also has an added advantage that it maintains
the weight loss percentage, TSS, Acidity and vitamin C
when stored under ambient condition. Therefore,
Bunches treated with Ag-NPs @ 60 ppm for 3 min
were effective in increase the shelf life and quality of
grapes var. Muscat Hamburg.

FUTURE SCOPE

The use of silver nanoparticles to enhance the shelf life
of fruits shows promising potential in the future. In this
field can lead to innovative packaging materials or
coatings infused with silver nanoparticles, effectively
reducing spoilage and extending fruit freshness. Further
studies could explore the optimal concentration and
application methods of silver nanoparticles to maximize
their antimicrobial properties while ensuring consumer
safety. Advancements in nanotechnology and the
understanding of nanoparticle interactions with fruit
surfaces may lead to scalable and cost-effective
solutions for the agricultural industry. Continued
exploration of silver nanoparticles effects on fruit
quality, nutritional content, and environmental impact
can pave the way for sustainable and -efficient
preservation methods in the future.
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