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Abstract

Green nanotechnology is fast growing in feasible precision agriculture that assures to refashion food production. This work
presents the silver (Ag) and zinc oxide (ZnO) nanoparticles (NPs) synthesized by the green synthesis method. The morphol-
ogy, composition, structure, size, and purity have been confirmed by and characterized by scanning electron microscopy
(SEM), energy-dispersive X-ray (EDX) analysis, X-ray diffraction (XRD) analysis, Fourier transform infrared (FTIR) spec-
troscopy, and photoluminescence (PL). The optical energy band gap for Ag and ZnO NPs was 2.5 eV and 3.5 eV respectively
as investigated by UV—-visible spectroscopy. The primary goal of this study is to develop eco-friendly biosynthesized nano-
particles that enhance the shelf time of fruits at room temperature. For this purpose, the different concentrations of Ag and
ZnO nanostructures (100 ppm, 500 ppm, and 1000 ppm) have been applied to apples and lemons to study the influence on
their shelf life. The PWL% and PO are employed by using a 5-point scale to calculate shelf time correctly. Moreover, periodic
measurements have been performed over the coated apple and lemon samples to understand the chemistry and physics behind
improvements in shelf life. In contrast to Ag NPs, ZnO NPs present low weight loss at 100 ppm and 1000 ppm. The weight
loss percentage of lemon showed direct relation with a concentration of ZnO NPs, whereas inverse for the case of Ag NPs
due to strong pathogenic effects of ZnO NPs. These nanoparticles can be easily synthesized by using freely available neem

leaves and highly useful for the agricultural industry and food sectors around the globe.

Keywords Environmental friendly - Fresh produce - Shelf time enhancement - Ag and ZnO NPs - Physiological weight

loss - Physical appearance

1 Introduction

Fresh produce is an extensive and essential fountainhead of
micro-nutrients and phytochemicals which are required for
human well-being. Habitual intake of fresh produce lessens
the chance of various chronic diseases [1]. It is known that
in developing countries, fruits and vegetables show post-
harvest losses due to poor technology and mishandlings on
different stages. In 2009, according to the Food and Agri-
culture Organization, 32% of all food produce was unable
to use in the world due to poor postharvest treatments
[2]. Fruits are also a major source to increase revenue, so
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maintenance of good quality and prevention of postharvest
losses of fruits are very important. Furthermore, Sandhya
et al. also studied that more than 22% fruits were lost due to
poor postharvest treatments at different stages [3]. To reduce
postharvest losses at various periods in fresh produce [4],
nanotechnology has emerged applications that have been uti-
lized in biological sciences, biotechnology, and chemistry
[5, 6]. In addition, Ruffo and coworkers have studied that to
maintain postharvest technologies, nanotechnology is really
supportive in managing postharvest mishandlings, establish-
ing advancements for packaging films, blocking hazardous
radiations, and developing nano-biosensors to label fresh
commodities [7, 8].

Nanotechnology also introduced nanoparticles that have
been utilized as antifungal agents in fresh products [9, 10].

Moreover, the present work also investigated the sig-
nificance of nanoparticles owing to unique character-
istics and their potential applications in food sciences
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[11] and agriculture industries [12, 13]. Nanoparticles
could be prepared by using various techniques including
chemical, physical, and other biological approaches with
desiderate conditions. At present, physical and chemi-
cal synthesis methods shift towards green synthesis [14]
because of their eco-friendly [15], less expensive, and
non-toxic nature [16—18]. Due to the unique properties
of green synthesis, it exhibits many promising applica-
tions such as green electrochemical sensors [19]. Metal-
lic nanoparticles [20] such as Ag NPs are also accus-
tomed to increase shelf life of fresh produce [21]. In
the recent few years, Ag and ZnO NPs reported exten-
sively due to their significant antimicrobial attributes
[22-25]. Recently, Ag NPs have become the main focus
of researchers due to their effective antiseptic properties
[26] and serve as efficient antibiotic agents [27]. Owing
to unique antimicrobial attributes, ZnO NPs are signifi-
cantly utilized in many promising applications [28, 29]
especially to enhance the shelf time of fruits [30]. More-
over, Rambabu et al. have observed that ZnO NPs are
stable antibacterial agent [31] for waste water treatment
as compared to organic antimicrobial agents [32-34].
Recently, researchers produce good quality fruits with
less postharvest mishandlings by using innovative appli-
cations of nano science [35].

In this study, silver nanoparticles (Ag NPs) and zinc
oxide nanoparticles (ZnO NPs) were prepared using
non-toxic and effective approach using easily avail-
able neem leaves. During biosynthesis, green plant leaf
extract acts as an oxidizing and a reducing agent. Fur-
thermore, this study evaluates the effect of Ag and ZnO
NPs on the shelf time of lemon (citrus X limon), apple
(Malus domestica), and etc.

2 Materials and methods
2.1 Precursors

Zinc acetate dihydrate Zn [CH;CO,],-2H,O0, silver nitrate
[AgNO;], and sodium-hydroxide [NaOH] have been pur-
chased from Sigma-Aldrich, Germany. For both experi-
ments, fresh neem leaves have been taken from the Univer-
sity of Gujrat and deionized water was used as a solvent.

2.2 Mechanism of green synthesis of Ag and ZnO
NPs

2.2.1 Biosynthesis of silver nanoparticles

The Ag NPs have been prepared due to the reaction of
AgNOj; and leaf extract of fresh neem (Azadirachta indica)
leaves. To prepare a homogenous solution of silver nitrate, it
is dissolved into the desired amount of distilled water in the
beaker of 250 ml. Then, the watery mixture of neem leaves
has been added dropwise in the already formulated mixture
of AgNOj; during continuous stirring. Addition of neem leaf
extract in silver nitrate solution changes its color from color-
less to brown as demonstrated in Fig. 1.

Due to the reduction of Ag salt to Ag NPs, neem leaves
exhibit various biomolecules that are responsible for reduc-
tion of silver salt to Ag NPs. The Ag NPs present a yellowish
brown color because of surface plasmon resonance effect [36].

2.2.2 Biosynthesis of zinc oxide nanoparticles
Biologically synthesized ZnO NPs have been obtained by

zinc acetate dihydrate Zn (CH;CO,),-2H,0 and leaf extract
of dry neem leaves. To prepare a homogenous solution of

Fig.1 Schematic of green
synthesis of silver nanoparticles
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zinc acetate dihydrate, it is dissolved into the desired amount
of distilled water in the beaker of 250 ml by using a magnetic
stirrer. The aqueous solution of neem leaf extract was pre-
pared by the neem leaves that have been thoroughly washed
several times with deionized water and dried at room tem-
perature. A total of 20 g of dried leaf powder has been boiled
at 60 °C for 30 min in 100 ml of distilled water. After boil-
ing, the mixture’s color converted to pale-yellowish color.
Then, the solution has been cooled at room temperature and
filtered. Then in the prepared solution of zinc acetate dihy-
drate, the filtered aqueous solution of Azadirachta indica
(neem) has been added dropwise during firm stirring. For
PH maintenance, aqueous solution of NaOH has been added
dropwise during continuous stirring. After addition of neem
leaf extract in to zinc acetate dihydrate solution, then color
of the solution changed into deep yellow-colored paste due
to reduction of zinc ions into ZnO NPs which happened
because of excitation of surface plasmon vibrations [37].

Then, the prepared solution has been stirred for 2 h. These
deep yellow precipitates have been heated at 400 °C for 3 h
in a muffle furnace. Deep yellow-colored powder has been
obtained. The obtained product has been grounded and col-
lected in the airtight container for further use as presented
in Fig. 2.

3 Characterization studies

1. Scanning electron microscopy (SEM) by using SEM-
JSM-5910 (JEOL, Japan)

2. Energy-dispersive X-ray (EDX) spectroscopy by using EDX
attached with SEM-JSM-5910 (INCA 200/Oxford, UK)

3. X-ray diffraction (XRD) spectroscopy by using JDX-
3532 diffractometer (JEOL, Japan)

4. Ultraviolet—visible spectroscopy (UV-visible) by using
UV-1800 spectrophotometer (SHIMADZU, India)

5. Photoluminescence (PL) spectroscopy by using FP-8200
spectrofluorometer (JESCO, Spain)

6. Fourier transform infrared (FTIR) spectroscopy by using
Nicolet iS5 FTIR spectrometer (Thermo Scientific, USA)

4 Results and discussions

The Ag and ZnO NPs were synthesized biologically using
neem leaf extract. The size and shape of both types of NPs
have been studied by scanning electron microscopy. The
EDX has been utilized to analyze the chemical composi-
tion of the synthesized samples. The XRD gives informa-
tion about the structure while absorption spectra and band
gap have been properties and have been analyzed by UV-vis
spectroscopy. The bandgap-related information has been
extracted through PL and FTIR analysis. Then, both types
of NPs have been applied on apples and lemons to increase
their shelf life. Shelf life of fresh produce mainly depends on
different factors such as weight loss, firmness, texture, and
color of the fruits. This chapter includes detail of all results
assessed in this research work.

4.1 Morphological evaluation of Ag and ZnO NPs

To analyze the shape and size of biologically prepared silver
and zinc oxide NPs, SEM-JSM-5910 (JEOL, Japan) has been
used. The Ag NPs were analyzed at different magnification
and scale bar lengths during which the accelerating volt-
age of the beam is 15 kV. Morphology was observed with
various magnification powers at different bar lengths includ-
ing (a) 1000 x at 10 pm bar length, (b) 2500 x at 10 pm,
(c) 10,000 xat 1 pm, (d) 5000 at 5 pm, and (e) 30,000 X at
0.5 pm. Figure 3 shows the uniform sized agglomerations of
spherical Ag NPs. The bar length and magnification power
are used to determine the size of nanoparticles. The length

Fig.2 Schematic of green syn-
thesis of zinc oxide nanoparti-
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of line bar has been found accurately by dividing the bar
length by magnification power and average. To find out the
average size of nanoparticles, the number of particles on
the line bar has been counted manually and dividing the
bar length by the number of particles present on the line
bar. In Fig. 3, the SEM images demonstrate the size of the
nanoparticles ranging from~ 10 to 50 nm. Similarly, the
morphology of biologically synthesized ZnO NPs was also
analyzed by scanning electron microscope at 15 keV accel-
erating voltage. Patra et al. have also investigated that the
pH of solution can significantly affect the morphology of
silver nanoparticles [38]. Thus, in this case of Ag and ZnO
NPs, pH of the solution is 7 and 13 that control their mor-
phologies respectively. The SEM images have been taken
at various bar lengths with different magnification powers:
(a) 2500 x at 10 pm bar length, (b) 10,000 x at 1 pm, (c)
15,000 at 1 pm, (d) 30,000 x at 0.5 pm, and (e) 60,000 X at
0.25 pm as demonstrated in Fig. 3.

The SEM images in Fig. 3 show that Ag and ZnO NPs
have spherical, cubical, bean-like, and irregular shapes due
to heating effects [39] and the size of the ZnO NPs ranges
from~5 to 80 nm. Moreover, Rai et al. have also reported

Fig.3 Morphological evalu-
ation of biosynthesized a, b

silver nanoparticles and ¢, d
zinc oxide nanoparticles
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that the nature of NPs is significantly affected by the tem-
perature during the synthesis of NPs [40].

4.2 EDX analysis of Ag and ZnO NPs

The energy-dispersive X-ray (EDX) analysis is an X-ray
technique utilized to recognize the elemental configuration
of materials. The quantitative investigation of samples was
accomplished using the EDX method at ambient temperature
to analyze the stoichiometry of metallic and metallic oxide
nanoparticles. The EDX analysis has been observed in the
energy region of 20 keV by using EDX attached with SEM-
JSM-5910 (INCA 200/Oxford, UK). Figure 4a presents the
existence of Ag peaks that confirm the synthesis of Ag NPs
with an average composition of 88.39% Ag and 11.6% due to
silver reaction with air. There is no extra peak that confirms
the purity of both samples.

Similarly, Fig. 4b confirms the presence of ZnO NPs in
the sample as strong peaks are present. The atomic weight
of ZnO is 69.32% and O is 30.69% present in the sample.
Figure 4c gives comparison of elemental analysis of Ag and
ZnO NPs.
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4.3 Structural analysis of green synthesized Ag NPs
and ZnO NPs

X-ray diffraction analysis is the most useful method by
which X-rays of familiar wavelength are proceed through
a sample to investigate the crystalline structures. The phase
identification of the silver nanoparticles was also carried
out by X-ray diffraction method. The sample was grounded
using a mortar and pestle into powder. X-ray powder diffrac-
tion measurement was carried out by using JDX-3532 dif-
fractometer (JEOL, Japan) with long fine focus copper tube
operated at 40 kV and 30 mA in Bragg—Brentano geometry.
The X-ray detector moves throughout the sample at an angle
20 to calculate the intensity and position of the diffracted
peaks. The high intensity peak is known as the highest peak
and the other peaks have been observed as compared to the
highest peak. The powder XRD data were obtained in the
20 range from 5 to 80° in step-scan mode with 20 step of
0.02°. The X-ray diffractometer was calibrated by means of
external silicon standard, SRM 640a. The diffraction pat-
tern indicated that the sample is the silver nanoparticles.
The conversion of silver nitrate to silver nanoparticles was
greater than 90% which is due to potential reduction of
Ag NPs during preparation at ordinary pressure which is
in accordance with the study of Patra and coworkers [38].
Pandey et al. have also investigated that the structural attrib-
utes of biosynthesized NPs are significantly affected by the
pressure applied to the reaction medium [41]. It is also found
that these Ag NPs present smaller peaks due to neem extract
impurities. The XRD pattern of green synthesized Ag NPs is
clearly shown in Fig. 5. This type of spectra shows labeled
peaks. These Ag peaks show diffraction spectra from 20 to
100° at 26 angle with 30.42°, 44.60°, 64.71°, 77.61°, and
81.84° values respectively on (111), (222), (311), and (200)
according to the JCPDS card number 87-0719.

This analysis demonstrates the nanocrystals of Ag
NPs with size 31.9 nm which has been calculated using
Debye—Scherrer formula. Pandey and coworkers have inves-
tigated that the structural attributes of biosynthesized NPs are
significantly affected by the pressure applied to the reaction

medium [41]. In addition, Patra et al. have studied that during
green synthesis of Ag NPs, the rate of reduction increases at
ordinary pressure [38]. Moreover, the Ag peaks are shown
at 20 values of 31.947°, 33.910°, 36.431°,47.717°, 56.765°,
63.029°, 68.086°, 69.220°, and 77.679° at (100), (002), (101),
(102), (101), (103), (112), (201), and (202) points. This XRD
pattern is in good agreement with JCPDS# 79-0205. The
particle size of zinc oxide nanoparticles was determined by
Debye—Scherrer formula which is 49 nm.

4.4 UV-visible investigation of Ag and ZnO NPs

The absorption properties of the synthesized samples have
been calculated and analyzed by UV-visible spectrum which
is achieved by using a UV-1800 spectrophotometer (SHI-
MADZU, India) in the wavelength of 200-800 nm. The
bandgap of both samples has been evaluated by deducing
Tauc plot from UV-visible spectrum which gives the rela-
tion between energy of photons (hv) and optical absorption
coefficient (a) presented in Eq. 1:

ahv = A(hv - E,)" (1

where A is expressed as the effective mass of the materials,
E, is also called the band gap energy, and n is presented as
the type of transition of samples. Direct transitions exhibit
n = Y2, indirect have n = 2, and forbidden transitions present
n = 3/2. The wavelength and absorption spectra are taken
on horizontal and vertical axis as shown in Fig. 6. It also
presents that the graph between wavelength and absorption
spectrum has been obtained because of noteworthy phenom-
enon of surface plasmon resonance (SPR), which is a sig-
nificant absorption of light waves manifested by Ag NPs in
the visible region [42]. The SPR phenomenon occurs when
NPs are exposed by the detectable light, due to the united
vibrations of the negatively charged free electrons. The SPR
peak also confirmed the presence of neem leaf extract due
to reduction of silver ions to silver NPs from AgNOj; solu-
tion. The bandgap of these biologically synthesized Ag NPs
is also shown in Fig. 6a by using Tauc plot that gives the
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Fig.6 The absorption spectrum
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information about photon energy (4v) and optical absorption
coefficient («), constant A, and E, as illustrated above. The
absorption spectrum of given samples is size dependent due
to SPR band dependence upon size and refractive index of
the sample [42].

Amendola et al. have investigated that the absorption
spectrum of a given sample of Ag NPs is size dependent
due to SPR band dependence upon size and refractive index
of the sample [42]. The bandgap of green synthesis Ag NPs
is 2.5 eV which is the same as obtained from Tauc’s for-
mula. This graphical representation of green synthesized Ag
NPs also shows that sample 1 (1.5 ml extract concentration)
shows 1.4 absorption at 320 nm wavelength which decreases
gradually as wavelength increases but at 400 nm, absorbance
has been recorded at 1.25 which gradually decreases to 1.15
at 800 nm wavelength. After this, at 470 nm wavelength, it
gradually increases up to 1.5 at 550 nm wavelength [43].
The above analysis shows that green synthesized Ag NPs
exhibit high absorption intensity and sharp SPR peaks due
to presence of phytochemicals of neem leaf extract which
acts as capping and stabilizing agent [44]. He et al. have
reported that longer irradiation time also causes higher plas-
mon absorption and shifts towards longer wavelengths due to
larger particle size [45]. Noorjahan et al. have found that the
ZnO NPs exhibit free electrons, which are responsible for the
surface plasmon resonance absorption band evolution that is
due to the collective electronic vibrations of metallic NPs in
resonance with electromagnetic waves [46]. The UV-visible
spectrum and band gap of green synthesized ZnO NPs are
also calculated by Tauc plot that is 3.5 eV as illustrated in
Fig. 6b. In this case (1.5 ml neem leaf extract), at 350 nm
wavelength, absorption has been observed as 1.7 absorbance
that decreases step by step and at 800 nm, it has been 0.9
[43]. To explain this type of absorption spectra, Ahmed et al.
have reported that high absorption intensity of SPR peaks
is due to greater concentration of neem leaf extract [44]. In
the above analysis, the SPR peak of green synthesized ZnO
NPs confirmed the higher concentration of neem leaf extract
because it exhibits significant concentration of biomolecules
such as terpenoids and flavanones that play significance in

@ Springer
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the reduction of metallic NPs. Fakhari and coworkers have
reported that increase in band gap causes decrease in the
particle size and their absorption wavelength [47]. Moreo-
ver, the spectroscopic analysis of both types of NPs has been
analyzed at 25 °C and the absorption spectra of both Ag and
ZnO NPs are owing to confinement of electron—hole pairs in
smaller regions that gives more absorption of light and it was
observed that Ag and ZnO NPs exhibit unbending nature of
spectrum that is why both types of NPs are known as direct
transition type materials.

4.5 Photoluminescence analysis of green
synthesized Ag and ZnO NPs

The PL spectra of biosynthesized Ag NPs have been exam-
ined by FP-8200 spectrofluorometer (JESCO, Spain) at room
temperature as presented in Fig. 7. These Ag NPs show the
excitation wavelength at 365 nm that demonstrates broad
emission peak at 415 nm and PL intensity of fluorescence
emission peak increases step by step up to 415 nm; then,
quite interestingly it gradually decreases up to 619 nm [48].
In recent few years, Anandalaksh et al. have reported the
broader emission spectra at 478 nm [49].

The PL spectra of all biosynthesized samples of Ag NPs
have been measured by using FP-8200 spectrofluorometer
that show the excitation wavelength at 365 nm. At this exci-
tation wavelength, it shows PL fluorescence emission peak
intensity at 412 nm that is demonstrated in Fig. 7a. Jiang
et al. have found the fluorescence peak of silver NPs at 465
nm in liquid phase [48]. Anandalaksh et al. have reported
the broader emission spectra at 478 nm [49]. Figure 7 shows
blue shifted emission peak as compared with previously
reported PL spectra at 465 nm and 478 nm. Similarly the
PL analysis of ZnO nanoparticles gives significant informa-
tion about its purity and quality. Generally, it contains two
emission peaks including UV peak closer to the band edge
emission and visible peak due to deep level emission (DLE)
bands [50, 51]. Due to optical intrinsic imperfections, this
affects the optical characteristics of ZnO and other types
of defects are produced during preparation, growth, and
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Fig.7 The PL spectra of green synthesized silver nanoparticles (Ag
NPs) and zinc oxide nanoparticles (ZnO NPs)

annealing. The PL spectra of green synthesized ZnO NPs
using neem leaf extract are measured by FP-8200 spectro-
fluorometer as demonstrated in Fig. 7b. These biosynthe-
sized ZnO NPs present the sharp emission peak at 428 nm.
This type of UV emission is due to near band edge transi-
tions, exciton-exciton collisions, and free exciton recom-
bination. In the green synthesis method, due to chemical
interaction among biomolecules that are present in neem leaf
extract, the ZnO NPs create imperfections that significantly
affect their emission properties. This type of UV emission
is due to near band edge transitions, exciton-exciton colli-
sions, and free exciton recombination. The biosynthesized
ZnO NPs manifest passive defects that have been created

100

due to chemical interaction between biomolecules which are
present in neem leaf extract that significantly influence on
the emission properties [52].

4.6 FTIR analysis of green synthesized Ag NPs
and ZnO NPs

The FTIR analysis of green synthesized Ag NPs has been
carried to examine the functional groups existing in neem
leaf extract that acts as reducing and capping agents dur-
ing synthesis process of Ag NPs [53] by using Nicolet iS5
FTIR spectrometer (Thermo Scientific, USA). The observed
spectra of Ag NPs have been compared with previously
reported literature to determine the functional groups pre-
sent in it. In Fig. 8a, sample 1 of Ag NPs presents absorp-
tion peaks at 3355.62, 2349.07, 1771.88, 1751.93, 1619.80,
1267.68,799.17, and 731.04 cm™'. In IR spectra, the absorp-
tion bands at 3379.51 cm™! are related to N-H stretching
vibrations that indicate the presence of amine functional
groups. At 2347.526 cm™!, absorption peaks show C-H
stretching vibrations due to aromatic compounds observed.
The absorption band at 1771.88 cm™, 1751.93 cm™, and
1619.80 cm™! corresponded to the C=0 and C =C stretch-
ing vibrations and exhibits anhydride and alkene functional
groups respectively. The absorption peaks at 1267 cm™" are
because of carbon—nitrogen-based functional groups [54]
and the absorption bands at 799.17 and 731.04 cm™! have
been analyzed due to presence of aromatic compounds in it.

Similarly, in case of biosynthesized ZnO NPs, the FTIR
spectra also present two regions including the functional
group region that examined functional groups that exist in
the neem leaf that has been utilized in biosynthesis of ZnO
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Fig.8 The FTIR spectra of biosynthesized a Ag NPs and b ZnO NPs

T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm'1)

@ Springer



5618

Biomass Conversion and Biorefinery (2024) 14:5611-5626

Table 1 Comparison table to

SLN NPs and xanthan gum

Active packaging

Guava

T - Type of nanoparticles Synthesis method  Increase in  Effect on shelf life of fruits ~ References
summarize literature studies -
N X shelf time

of Ag and ZnO nanoparticles

utilized for shelf time Silver NPs Green synthesis 15 days Cherry tomatoes [66]

enhancement Silver NPs Green synthesis - Pear [67]
Agar-silver NPs Green synthesis - Lime and apple [68]
Zinc oxide NPs LPDE NCs films 16 days Fresh strawberry [69]
Silver montmorillonite NPs  Edible coating 5 days Fresh fruit salad [70]

[71]

nanoparticles and the finger-print region. These functional
groups are responsible for stability due to its stabilizing and
capping nature. Figure 8b also shows that ZnO NPs demon-
strate the absorption bands at 3408.50, 1634.40, 1545.90,
1405.87, 1018.46, 926.50, 795.84, and 638.51 cm™'. The
absorption band at 3408.50 cm™' demonstrated that this
belongs to the O—H functional group. At 1634.40 cm™! of
absorbance, peaks indicated the C=0 stretching vibra-
tions due to presence of amines. The FTIR spectra at
1545.90 cm™! indicate the nitrogen—oxygen stretching vibra-
tions. At 1405.87 cm™!, it indicates the presence of aromatic
compounds. At 1018.46 cm™, it shows the presence of alkyl
groups due to C-O stretching vibrations. When the FTIR
analysis presents the absorption band at 926.50, 795.84,
and 638.51 cm™! which indicates its correspondence with
aromatic compounds that is illustrated in Fig. 8b, therefore
this confirms the presence of phytochemicals in it that are
responsible for the green synthesis process of ZnO NPs.

4.7 Mechanism of shelf time enhancement
The biosynthesized nanoparticle-based shelf time enhance-
ment process directly linked with antimicrobial proper-

ties of nanoparticle [55]. Those green synthesized Ag and
ZnO nanoparticles exhibit a high surface to volume ratio as

Table2 PWL% analysis of stored apples

Apple samples Day 1 Day 15 Day 30 Day45 Day 60

Controlled (0 ppm) 0 2.6 6.9 8.5 9.6

Ag NPs type A 0 24 4.3 7.4 9.9
(100 ppm)

Ag NPs type B 0 2.1 35 5.6 9.2
(500 ppm)

Ag NPs type C 0 32 5.6 7.2 10.4
(1000 ppm)

ZnO NPs type A 0 1.9 5.9 11.2 16.5
(100 ppm)

ZnO NPs type B 0 2.2 44 6.6 14
(500 ppm)

ZnO NPs type C 0 1 3 7 10
(1000 ppm)

@ Springer

compared to their bulk counterparts. Due to wide surface
area, the interactions with the bacterial surfaces are facili-
tated, and antibacterial properties become enhanced [56].
Ahmed et al. have studied that the antimicrobial properties
of green synthesized nanoparticles are dependent upon the
size and living circumstances and capping agent. The posi-
tive charge on the Ag and ZnO ions is crucial for antimi-
crobial activities. In ionic form, Ag and ZnO NPs have the
ability to form complexes and can act as an excellent antimi-
crobial agent [57]. Several studies have reported that there is
a great electrostatic attraction between Ag* and Zn*-based
Ag and ZnO NPs and bacterial cells [58] and has been con-
sidered significant bactericidal agent [59, 60]. These NPs
can assemble themselves inside the cell membrane and can
eventually cause damage to cell wall or cell membranes.
Other mechanisms include interaction of nanoparticles
with biological macromolecules such as enzymes and DNA
through an electron-release mechanism [61] or free radi-
cal production [62]. Nanoparticles have been considered a
powerful antimicrobial agent against bacterial and fungal
species. Several researchers have investigated that both Ag
and ZnO NPs can change the geometry of proteins by inter-
fering with disulfide bonds and block the functional effects
of the bacteria, viruses, and fungi [63, 64]. By using cost
and eco-friendly route-based nanoparticles, it is very easy
to achieve improvement in shelf time of fresh produce [65].

The abovementioned table (Table 1) demonstrates the
literature related to green synthesized silver and zinc oxide-
based nanoparticles that has been used to improve the shelf
life of fresh commodities.

4.7.1 Preparation of Ag NPs and ZnO NP solutions
for coating

A total of 100 ppm Ag NPs and ZnO NP solution was
achieved by using 0.1 g of Ag NPs and ZnO NPs into
1000 ml of deionized water. Similarly, 500 ppm and
1000 ppm Ag NPs and ZnO NP solution have been obtained
from 0.5 g and 1 g of respective nanoparticles. All solu-
tions were stirred at 25 °C for coating purposes. Finally, it
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is observed that a total of six solutions were prepared, three
based on Ag NPs and the other three include ZnO NPs.

4.7.2 Coating of prepared nanoparticle-based solutions
on apples and lemons

Table 3 PWL% analysis of stored lemons

Lemon samples Day 1 Day 15 Day 30
Controlled (0 ppm) 0 13 30.4
Ag NPs type A (100 ppm) 0 25 37.5
Ag NPs type B (500 ppm) 0 17.3 56.5
Ag NPs type C (1000 ppm) 0 20 50
ZnO NPs type A (100 ppm) 0 17.6 41.1
ZnO NPs type B (500 ppm) 0 17.6 294
ZnO NPs type C (1000 ppm) 0 25 37.5

After preparation of the abovementioned nanoparticle-based
solutions, the apple samples were dipped for 15 min sepa-
rately for every solution by using 500-ml glass containers.
After dipping, the coated samples were kept in petri dishes

for storage purposes. Apart from this, a few apple and lemon
samples have been utilized as controlled samples.

4.7.3 Effect of Ag and ZnO NPs on shelf time of fruits

The shelf time of fresh apples and lemon has been calculated
by two parameters which have been described below.

A) Physiological weight loss (PWL%) analysis

Mostly, it is seen that weight loss is directly affected by
storage time. To measure the physiological weight loss, there
are three categories of fresh apples and lemons including
controlled, Ag nanoparticles type A, type B, and type C,
and ZnO nanoparticles type A, type B, and type C which are
under observation. The digital weight balance has been used
to calculate accurate weight of apple and lemon samples.
The first group was kept uncoated so these were known as
controlled samples. The controlled apples are just ordinary
tomatoes which are stored for analysis and comparison. The
second class is the apples in which Ag nanoparticles type
A (100 ppm solution), type B (500 ppm solution), and type
C (1000 ppm solution) have been coated over them. The
third kind is in which ZnO nanoparticles type A (100 ppm
solution), type B (500 ppm solution), and type C (1000 ppm

Fig. 10 a Effect of type A, type 60 @

B, and type C of Ag and b ZnO Control
NPs on weight loss percentage 5 ﬁg msz ggz:é
of stored lemon samples Ag NPs type-C

30 4

Physiological Weight Loss (PWL %)

60

Control
ZnO NPs type-A
45 4 Zn0O NPs type-B
Zn0 NPs type-C

304

Physiological Weight Loss (PWL %)

Day 1 Day 15

Storage days

Day 30 Day 1 Day 15 Day 30

Storage days

@ Springer



5620

Biomass Conversion and Biorefinery (2024) 14:5611-5626

solution) have been coated on fresh apples. After every 15
days, the effect of three different concentrations of Ag and
ZnO NPs on weight loss of these three categories is pre-
sented in Table 2.

The above tabular data of weight loss of fresh apples has
been measured through weight loss formula reported by
Haile and coworkers [72] which is shown in Eq. 2.

Initial weight — current weight

Physiological weight loss(%) = initial woight
mitial wel,

x 100 )

Then, weight loss percentage was examined for all sam-
ples of fresh apples and lemons by using weight loss for-
mula. The depictive illustration of storage days and PWL%
of stored apples is shown as Fig. 9.

The abovementioned figure (Fig. 9a) demonstrates all
concentrations of Ag NPs, and among other concentrations,
Ag NP type C causes low weight loss percentage of stored

Coating type

Day 1

Controlled

Ag NPs-type A

Ag NPs-type B

Ag NPs-type C

ZnO NPs-type A

ZnO NPs-type B

ZnO NPs-type C

Day 30 Day 45 Day 60

Fig. 11 Effect of type A, type B, and type C of Ag and ZnO NPs on physical appearance of stored apples and lemons at room temperature
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Table 4 .Over all level of Overall level of appropriateness
appropriateness for stored
apples Unusable =1, usable =2, fair=3, good =4, excellent=>5
Apple samples Day 1 Day 15 Day 30 Day 45 Day 60
Controlled (100 ppm) 5 4 4 1 1
Ag NPs type A (100 ppm) 5 4 3 1 1
Ag NPs type B (500 ppm) 5 4 3 1 1
8ikm Ag NPs type C (1000 ppm) 5 4 1 1 1
ZnO NPs type A (100 ppm) 5 4 3 1 1
ZnO NPs type B (500 ppm) 5 4 4 1 1
ZnO NPs type C (1000 ppm) 5 4 4 2 1

apples. Similarly, the effect of three different types of con-
centrations of ZnO NPs on weight loss percentage of stored
apples is shown in Fig. 9b. In contrast to other concentra-
tions of ZnO NPs, ZnO NP type C causes a low weight loss
percentage of stored apples. Similarly, the effect of 100 ppm
concentration of Ag and ZnO NPs on weight loss percent-
age of stored apples is clearly shown in Fig. 9c. The type A
concentrations of both Ag and ZnO NPs significantly affect
weight loss percentage of stored apples, but as compared to
ZnO NPs, Ag NPs showed low weight loss percentage of
stored apples. The effect of both types of NPs is compared
with controlled samples of fresh apples. Controlled samples
show comparable weight loss percentage to both type of
NPs at the start but gradually it show very low weight loss
percentage in contrast with effects of weight loss on both
types of nanoparticles. Similarly, the influence of 500 ppm
concentrations of Ag and ZnO nanoparticles on weight loss
percentage of stored apples is presented in Figure 9d. In con-
trast to type B concentration of Ag NPs, ZnO NPs showed
low weight loss percentage of stored apples. Similarly, the
effect of 1000 ppm concentration of Ag and ZnO NPs on
weight loss percentage of stored apples is shown in Fig-
ure 9e. The type C concentrations of both Ag and ZnO NPs
significantly affect weight loss percentage of stored apples,
but as compared to Ag NPs, ZnO NPs showed low weight
loss percentage of stored apples. Table 3 presents the physi-
ological weight loss of fresh lemons, when three different
types of concentrations of Ag and ZnO have been coated.
After every 15 days, the effect of three different concentra-
tions of both types of NPs on weight loss of fresh lemons
is seen.

Similarly, the effect of three different types of concen-
trations of Ag and ZnO NPs on weight loss percentage of
stored lemons is shown in Fig. 10.

In this case, three different concentrations of Ag NPs
show the same effect at the start but after 15 days, 100 ppm
Ag NPs causes a low weight loss percentage of stored
lemon samples as compared to other samples that is clearly
shown in Fig. 10a. Similarly, the effect of three different
types of concentrations of ZnO NPs on weight loss percent-
age of stored lemon samples is shown in Fig. 10b. Among

other concentrations of ZnO NPs, 500 ppm ZnO NPs
causes low weight loss percentage of stored lemon sam-
ples. Similarly, the effect of 100 ppm concentration of Ag
and ZnO NPs on weight loss percentage of stored lemon
samples is demonstrated in Fig. 10c. Both Ag and ZnO
NPs of type A significantly affect weight loss percentage
of stored lemon samples, but as compared to ZnO NPs, Ag
NPs showed low weight loss percentage of stored samples.
When coated samples are compared with uncoated sam-
ples, then uncoated samples show low weight loss percent-
age. Similarly, the effect of 500 ppm concentration of Ag
and ZnO NPs on weight loss percentage of stored lemon
samples is shown in Fig. 10d. In contrast to the weight loss
due to type B of both types of NPs, the comparison of the
effect of both types of NPs exhibits that the Ag NPs showed
low weight loss percentage of stored lemon samples but
controlled samples show low weight loss percentage at the
start which gradually equals to the Ag and ZnO NP-coated
samples. Similarly, the effect of 1000 ppm concentration
of Ag and ZnO NPs on weight loss percentage of stored
lemon samples is shown in Fig. 10(e). Similarly, the type
C of Ag and ZnO NPs significantly affects weight loss per-
centage of stored apples, but as compared to ZnO NPs, Ag
NPs showed low weight loss percentage of stored lemon
samples. The present work concluded that when both types
of fruits are treated at various concentration of Ag NPs and

Table 5 Overall level of appropriateness for stored lemons

Overall level of appropriateness

Unusable =1, usable =2, fair=3, good =4, excellent=5

Lemon samples Day 1 Day 15 Day 30
Controlled (0 ppm) 5 1 1
Ag NPs type A (100 ppm) 5 2 1
Ag NPs type B (500 ppm) 5 2 1
Ag NPs type C (1000 ppm) 5 2 1
ZnO NPs type A (100 ppm) 5 2 1
ZnO NPs type B (500 ppm) 5 3 1
ZnO NPs type C (1000 ppm) 5 3 1
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Coating type

Controlled

Day 15

Day 30

Ag NPs-type A

Ag NPs-type B

Ag NPs-type C

ZnO NPs-type A

ZnO NPs-type B

ZnO NPs-type C

Fig. 12 Effect of type A, type B, and type C of Ag and ZnO NPs on physical appearance of stored lemons at room temperature

ZnO nanoparticles, the effect of storage time on weight
loss percentage is different for different fruit samples. In
case of citrus fruits, Abdelmalek et al. have studied that Ag
NPs present a significant antifungal efficacy against fungal
species including Alternaria alternata, P. digitatum, and
Alternaria citri. As already mentioned that silver nanopar-
ticles have potentially damaged the DNA and proteins and
consequently cause cell death, so it is concluded that due to

@ Springer

the promising antifungal and antibacterial properties of Ag
NPs, the shelf time of citrus fruits can be enhanced [73].

B) Physical appearance and overall appropriateness (PO)
analysis

The physical appearance and overall appropriateness have
significant effects on consumers.
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To measure the PO of fresh apples and lemons, there
are three categories of fresh apples and lemons including
controlled, Ag nanoparticles type A, type B, and type C,
and ZnO nanoparticles type A, type B, and type C which
are under observation on planned schedules (Fig. 11). After
every 15 days, along with the weight loss, physical appear-
ance such as color, softness, and firmness has been recorded
that is shown in Table 4. The abovementioned photographs
of fresh apples clearly show their overall physical appear-
ance and acceptability. The sample of three categories
including controlled (0 ppm NPs), Ag nanoparticles type
A, type B, and type C, and ZnO nanoparticles type A, type
B, and type C is under observation. After every 15 days,
significant changes have been shown by fresh apple samples.
After 45 days, these fresh apples are unusable and the overall
acceptability of these fresh apples is described in Table 4.

Similarly, to check the physical appearance and overall
acceptance, they are following classifications of lemons
including controlled, Ag nanoparticles type A, type B,
and type C, and ZnO nanoparticles type A, type B, and
type C which are stored for 30 days. The abovementioned
photographs of fresh apples clearly show their overall
physical appearance and acceptability. The sample of
three categories including controlled (O ppm NPs), Ag
nanoparticles type A, type B, and type C, and ZnO nano-
particles type A, type B, and type C is under observation.
After every 15 days, significant changes have been shown
by fresh apple samples. The abovementioned photographs
of fresh apples clearly show their overall physical appear-
ance and acceptability. The sample of three categories
including controlled (0 ppm NPs), Ag nanoparticles type
A, type B, and type C, and ZnO nanoparticles type A, type
B, and type C is under observation. After every 15 days,
significant changes have been shown by fresh lemon sam-
ples. These samples were observed on planned schedules.
After every 15 days, along with the weight loss, physical
appearance such as color, softness, and firmness has been
recorded that is demonstrated as Table 5. Recent studies
reveal that ZnO NPs have excellent antifungal proper-
ties especially against Penicillium expansum, which is
used to control the postharvest mishandlings in lemons, at
higher concentrations of ZnO NPs and greatly enhanced
the shelf life of fresh lemons. Results also present that
ZnO NPs also prevent the growth of conidiophores and
conidia [74].

The abovementioned photographs (Fig. 12) of fresh
stored lemons significantly show that the color, firmness,
and softness can be easily determined by using a 5-point
scale which has been discussed already.

It is observed that the PO of lemons was due to mold
extension, smoothness, dryness, and glossiness. From the
data shown, it is clearly analyzed that the acceptability
levels can be examined easily by using the 5-point scale.

5 Conclusion

In the present work, silver and zinc oxide nanoparticles
have been successfully prepared by green’s route in which
neem extract has been confirmed by various characteriza-
tion techniques such as UV-vis, PL, XRD, and Fourier
transform infrared spectroscopy. In addition, three differ-
ent concentrations of both types of NPs have been utilized
for coating of both fruits for the shelf time enhancement
which was calculated by two factors including PWL % and
PO. Consequently, it is investigated that as compared to
Ag NPs, the ZnO NPs have been found to better preserve
the postharvest quality of apples and lemons. Further-
more, this research work clearly showed that the uncoated
samples showed the fastest degradation rate and the coat-
ing formulations act positively as a conservative agent
by delaying the mass loss for both apples and lemons.
Apart from this, it is also concluded that ZnO NPs type
C behaves better for apples. In case of lemons, ZnO NPs
type B and type C show low weight loss percentage as
compared to uncoated and Ag NP-coated fruits. This study
is only valid for apples and lemons. On contrary, these
findings stimulate more research on the use of Ag and
ZnO NPs as food preservatives, with particular scrutiny
accustomed to significant safety concerns.
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