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ABSTRACT

Citrus sinensis (Orange) is a member of the Rutaceae family has a large amount of
polymethoxylated, citric acid and flavanones. Orange (Citrus sinensis) tissue culture
techniques have been used all over the world to investigate the mechanisms behind
plants development, cell division and biochemical process in tissue culture lab.
However, microbial contaminants inhibit their growth, leading to reduced output. The
goal of the dissertation is to create biologically produced silver nanoparticles from
orange juice at a concentration that is safe to use as anti-contaminant agents from
micropropagation media. The ratio 1:4 of orange juice extract to 1% AgNO3s produced
the most effective nanoparticles in the context of stability, quality and reducing property
when analyzed through surface plasmon resonance. The Zeta sizer potential analysis
was showed -23.8mV which revealed the stability of SNPs. The synthesized AgNPs size
was 37.42nm measured by using image J software on micrograph of Scanning electron
microscopy (SEM) at 500nm. Energy dispersive x-rays (DTX) revealed 33.06 percent
elemental silver from orange juice extracts. Citrus sinensis explants were grown in MS
media supplemented with 1mg/l or 2mg/l BAP for micropropagation of orange. The
2ppm, 3ppm, 5ppm biogenically synthesized silver nanoparticles were added in MS
media supplemented with 2mg/l BAP. 3ppm concentration of silver nanoparticles
concentration was more effective in term of shoots, roots length, number of leaves and
chlorophyll content, while compare to other treatment with control plant. This research
showed that the low concentration of biogenically synthesized silver nanoparticles in
micropropagation media can be used as anti contaminant agents in Citrus sinensis tissue

culture without affecting it growth.



CHAPTER 1
INTRODUCTION

Orange belongs to sub-genus citrus, family Rutaceae and sub-family Aurantioideae,
which includes three different sub-genera: Citrus, Fortunella and Poncirus trifoliata [1].
A small evergreen plant, Sweet oranges (Citrus sinensis L. Osbeck) is named after it to
differentiate it from closely similar species such as orange, C. reticulata, C. aurantium
and mandarin orange. It is most frequently planted fruit tree in the world, Originating in
southern China where it was cultivated for many years. Now days, it is native to
commercial cultivation in tropical, semi-tropical, and some similarly temperate regions
of the world [2, 3]. Citrus is the world's second-most productive fruit crop, producing
almost 108 million tons (FAO Statistics 2006).

Numerous phytochemicals, including narigenin and hesperetin, are found in sweet
orange. Naringenin functions as immune system modulators, antioxidants, scavenger of
free radicals and anti-inflammatory in humans. It is estimated that an orange contains
about 60 flavonoids which are well-known for their anti-tumor and anti-blood clotting
abilities as well as about 170 phytonutrients. All of these characteristics work together to

improve health [4].

Atoms grouped together with diameter ranging from 1nm to 100nm are called silver
nanoparticles (AgNPs) [5]. The scientific community is very interested in biosynthesis
of silver nanoparticles due to its many applications. Detection and treatment of cancer
are also being effectively carried out by using these silver nanoparticles [6, 7].
Typically, a variety of chemical and physical techniques are used to prepare
nanoparticles, which can be costly and environmentally hazardous as they offer the use

of hazardous chemicals that cause a risk to human health and environment [8].

Instead of using chemicals, Plant synthesized silver nanoparticles are used because plant
extracts are inexpensive and energy efficient, which help to sustain human health and
the environment. Plant synthesized silver nanoparticles help to create safer products by

reducing waste, improving work place and community health.



Unmatched uses of green synthesized silver nanoparticles have key characteristics of
nanotechnology. Utilizing plants for nanoparticles synthesis can be advantageous over
other biological entities since it can prevent the laborious process of using
microorganism and maintaining their culture, which can cause the bacteria to lose their
ability for synthesis of nanoparticles. Therefore, in the upcoming decades, the utilization
of plant extracts for AgNPs could have a significant impact [9].

Orange tissue culturing have a significant importance due to its role in overcoming
challenges in citrus breeding, such as genetic diversity, long juvenile periods, and
susceptibility to diseases. Overall, orange tissue culturing not only aids in the production
of disease-free plants but also contributes to the development of new cultivars, seedless
fruit production, and germplasm conservation, emphasizing its crucial role in the citrus
industry [10].

In tissue culture, microbial infection (both bacterial and fungal) is a significant issue.
Utilization of nanoparticles (NPs) in plant tissue culture has effectively eliminated the
microbial infection from explants. It exhibited positive effects on the establishment of
organogenesis, callus, somatic embryos, and cell suspension cultures etc. Nanoparticles
just minimized or finished the infection but did not affect the health of explants at its

optimum conditions [11, 12].

The goal of the study to synthesized silver nanoparticles by using orange extracts and
the silver nanoparticles has been characterized by UV visible spectrophotometer. The
optimization of different ratios has been prepared. The molecular characterization is
carried out by scanning electron microscopy (SEM), Energy Dispersive X-rays (EDX)
and Zeta size potential analysis for identified nanoparticles size, morphology and
percentage of pure elemental silver and stability of silver nanoparticles, respectively.
The orange has been grown on culture medium containing MS media enriched with
various ratio of hormones for shoot, root propagation and callus induction. To avoid
contaminants that invade tissue culture plants, silver nanoparticles have been tested as

plant preservative. Three different concentrations (2ppm, 3ppm, 5ppm) have been



applied to Orange cultures that added to micro propagation media. Treatment and
control media are maintained at 254+2°C with 16 hours of artificial light and 8 hours of
darkness, using fluorescent lamps with 2500 and 3000 lux intensity. Physical parameters

like number of leaves/shoot and root length, chlorophyll content has been analyzed.



AIM AND OBJECTIVES

The objectives of present study are

Molecular identification of germplasm.

Establishment of in-vitro culture of Citrus sinensis.

Bio-synthesized silver nanoparticles from silver nitrate using juice extract of
oranges.

Biological synthesized silver nanoparticles were analyzed through the techniques
like UV-Visible Spectrophotometer, Energy dispersive X-ray (EDX), Zeta sizer
potential and Scanning Electron Microscopy (SEM).

Biological synthesized AgNPs has been used in plant tissue culture medium as
anti-microbial agents.

Stress impact of bio-synthesized silver nanoparticles were analyzed for physical
parameter (Number of leaves, shoot/root length and chlorophyll content) of in-

vitro culture of Citrus sinensis and compared with untreated orange plant.



CHAPTER 2

LITERATURE REVIEW

The purpose of this review of literature is to investigate the biogenic production of silver
nanoparticles using plant extracts and analyze antimicrobial effects. Through a
comprehensive analysis of extent research and academic publications, this study aim to
integrate existing knowledge and identify knowledge gaps about synthesis methods,
characterizations and anti-contaminant effectiveness, physical impact of silver

nanoparticles derived from extract of plants on tissue culture of Citrus sinensis.

2.1 In Vitro Culture of orange Explants

Yusuf, Z. et al., (2024) investigation focused on optimizing the hormonal composition
of the media with regards to plant growth regulators for the in vitro multiplication of
sweet orange cultivars obtained from nodal segment explants. The nodal segment
explants were sourced from three citrus cultivars, namely Washington Navel, Valencia,
and Tangelo. Utilizing Murashige and Skoog (MS) medium supplemented with sucrose
and varying concentrations of growth regulators, the researchers conducted shoot
proliferation and root induction experiments to determine the most effective medium
composition. By utilizing nodal segments from citrus cultivars, micro shoots were
induced from the roots, with findings indicating that NAA exhibited affective hormonal

activity compared to 1AA [13].

Jaffal, S. M. et al., (2022) used Citrus sinensis plant tissues, including zygotic embryos,
leaves, Stems and cotyledons in their evaluations. When compared to other tissue types,
they discovered that zygotic embryos had the highest rate of callus induction. In this
particular group, the combination of 3 mg/L 6-BAP and 3mg/L 2, 4 D produced the best
callus development. Similarly callus development from cotyledons and leaves was
successfully induced by dose of 3 mg/L, 2, 4 D and 1 mg/LBAP. The best integration,
however, for stems was 2mg/L, 2.4 D and 1 mg/L BAP. The callus was loose, friable

and colour anywhere from white to yellow, regardless of the type of tissue [14].

Hasan, M. N. et al (2019) developed a method for In vitro regeneration for Citrus



sinensis, using various plant growth regulators (PGRs) and basal media, including MS,
CHU (N6), and Gamborg (B5) media. Different concentration of 2, 4 d and NAA and
combination of both was used. The results revealed that Citrus sinensis exhibited the
highest callus induction on MS medium supplemented with 3mg/l 2, 4 d, compared to
lower frequency observed on N6 and B5media supplemented with same hormone. The
study found that MS medium supplemented with 3mg/l 6-benzylaminopurine (BAP) had
the highest regeneration potential, with a frequency of 89.3%+8.8% from embryogenic
calli, while non-embryogenic calli showed no regeneration. The regenerated plantlets
were successfully rooted on MS medium with the addition of 5 mg/L NAA. These
findings offer valuable insights for the genetic improvement of Citrus sinensis with
desired traits [15].

Pandey, A. & Tamta, S. (2016) focused on In-vitro regeneration of sweet orange
through direct and in direct organogenesis. For indirect organogenesis, the callus
formation was started from leaf sample of in vitro seedlings on MS media supplemented
with 2, 4 dichlorophenoxyacetic acid (2, 4 d) alone and combined with benzyladenine
(BA) and a-naphthalene acetic acid (NAA). Direct organogenesis included placing
sample on MS media containing BA alone and combined with NAA and gibberelic acid.
Notably, a combination of 4.53uM 2, 4 d and 5.37 uM NAA include callus in 93.33%
and 87.67% of the callus into average of 6.93 shoots per explants. The addition of
4.44uM BA with 1.54uM GAsz enhanced the shoot multiplication rate (17.73+1.69
shoots per explants) as compared to the control (0.00£0.00shoots per explants). The best
rooting was observed when micro-shoots were treated with 100uM NAA for 48 hours.
The rooted plantlets were subsequently acclimatized and transferred to soil, where they

matured in the polyhouse [16].

Fazle, Azam et al., (2011) used apical shoots and internodes as explants to study the
development shoot and induction of callus. The hormone used in this study to induce
callus was 2, 4 D di-chlorophenoxy-acetic acid (2, 4 D). When 2, 4 D at a dosage
2.0mg/L was added to MS basal media, the greatest rate of callus induction 68% was
seen. Seeds enriched with 6-benzyladamine (BA) and kinetin (KIN) were treated in MS

medium, both in the presence and absence of seed coats. The removal of seed coat



caused the shoot development to begin earlier. The seeds treated with MS basal media
supplemented with 1.0mg/L of BA showed the greatest amount of shoot development
(70%) in seeds without seed covering. Nevertheless, all employed concentrations,

Kinetin failed to elicit any sort of response for the production of shoots [17].

Khan, E. U et al., (2009) investigated the culture of leaf explants derived from in vitro
seedling of two different cultivars of Oranges (Citrus sinensis). Different shoot
regeneration results were obtained when explants were cultivated on shoot-inducing
media (SIM) that included MT salts in combination with different plant growth
regulators. The most successful formulation for directly generating shoot growth from
leaf explants was M1 (MT + 0.5 mg/L™ Kinetin + 0.5 mg/L™* BA + 0.1 mg/L* NAA +
0.8% agar + 3% sucrose, pH 5.8). Between the two cultivars, a notable variation in the
responsiveness of regeneration of shoot bud was noted. Culturing explants derived from
fully matured leaves exhibited a superior capacity for shoot regeneration compared to
those obtained from under developed leaves. The regenerated plants from both
genotypes were found to be identical to their original donor plants, including that there
was no discernible genetic variation in them, according to phenotypic assessment and
analysis using randomly amplified polymorphic DNA. The data provided in this

research demonstrate the successful direct initiation of plants from leaf explants [18].

2.2 Bio-Synthesis of Silver Nanoparticles

There are various benefits of using plants extracts to produce silver nanoparticles. This
approach shows to be affordable, cost effective and energy efficient. Additionally, it
lessons waste and produces safer products by protecting the environment and human
health. Silver nanoparticles made using green synthesis demonstrate amazing features of
nanotechnology with wide range of uses. Using plants to synthesize nanoparticles has
several advantages over other biological agents since it eliminates the need for microbes
and the time it takes to maintain their cultures. This strategy helps to avoid the possible

loss of efficacy during nanoparticle production [19].
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Figure 2.1: Biogenic synthesis of silver nanoparticles and their antimicrobial activity.

Ghiuta, 1. et al., (2023) reported the biosynthesis of silver nanoparticles, employing
orange peel extract as a stabilizer and reducer and AgNOs as a precursor. In preparation
for the plant extract, the samples were made in a 9:1 ratio. After around half an hour, the
first indication of a successful synthesis were noticed when the color of the
nanoparticles changed from pale yellow to brown. UV-Vis spectrophotometry was used
to characterize the samples that were obtained after the synthesis processes. The analysis
revealed an absorbance peak with the highest intensity around a wavelength of 420 nm.
Particles that are meant to be employed in medicine and water treatment, followed by
the testing of antibacterial and photocatalysis, can now be utilized more freely when

harmful ingredients are eliminated from the synthesis stages [20].

Alaallah et al., (2023) demonstrated the lemon juice (Citrus limon) use in the
biosynthesis of silver nanoparticles (AgNPs). Surface Plasmon Resonance (SPR)
analysis was used to analysis the production of silver nanoparticles, demonstration their
production as indicating by a measured A max = 430 nm. Further investigation into
putative biomolecules in the charge that cause to reduce of silver ions was done by using
Fourier Transform Infrared (FTIR) spectroscopy. Different peak was found at (111, 200,
220 and 311) according to X-ray Diffraction (XRT) test, which demonstrated the face-

centered cubic crystal shape silver nanoparticles in solution. Transmission electron



microscopy (TEM) revealed the spherical shape of silver nanoparticles and size between
10 to 50 nm. Test assessing the trapping of 2, 2-diphenyl-1-picrystalhydrazyl radicals,
total reducing agents and antioxidants capacity demonstrated the remarkable
antioxidants qualities of the produced AgNPs. Additionally, utilizing the well diffusion
method the antibacterial property of silver nanoparticles was evaluated and result
showed that the AgNPs were sensitive against gram-positive bacteria’ and gram
negative bacteria’ ones. These result have a potential implications in the biological and

morphological domains based on Nanobiotechnology [21].

Chen et al., (2022) used an aqueous extract of oranges as a non-toxic green reductants
and caping agents to produce silver nanoparticles (AgNPs). The characteristics of these
nanoparticles were analyzed through Fourier Transform infra-red spectroscopy (FTIR),
Ultra-Visible Spectroscopy (UV-Vis) and Field emission scanning electron microscopy
(FESEM) to determine their physiochemical properties. They were investigated for
possible biological use in antioxidant and anticancer test. In the most current cellular
and molecular study, AgNPs- treated cells were subjected to MIT assay for 48 hours in
order to assess the cyto-toxicity and anti-human lung carcinoma effect on lung
carcinoma and normal (HUVEC) cell lines, such as PC-14, NCI-H1299, HLC-1, NCI-
H1661 and LC-2/ad. When exposed to AgNPs, viability of malignant lung cells’
declined in a dose- dependent manner. According to the result, chemotherapy
medication or dietary AgNPs made from the aqueous extract of citrus sinensis leaves
can be used to create chemotherapy medication and dietary supplement to treat different

kind of lung adenocarcinoma in humans [22].

Kumar, A. et al., (2021) examined the medicinal properties of citrus fruits and their
capability to synthesize silver nanoparticles. The medical benefits of citrus fruits and
their capacity to produce silver nanoparticles were the main topics of Kumar, A. (2021).
The modern world needs to identify new and effective natural antibiotic agents because
resistance to existing antibiotics is growing. Likewise, the biosynthesis of nanoparticles
is being promoted for its eco-friendly benefits.. Citrus fruit juice is utilized to reduce
silver ions for the green synthesis of silver nanoparticles (AgNPs), due to the

outstanding medical and industrial applications of AgNPs. Citrus fruits have
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antibacterial properties due to a variety of ingredients, as. These ingredients also provide
citrus fruit juice its radical scavenging properties. In addition, the AQNPs made from
citrus fruits were examined for size and shape using transmission electron microscopy
(TEM), Fourier transform infrared (FTIR) spectroscopy, and Ultra-Violet Visible (UV-
VIS) spectroscopy. AgNPs' anticancer efficacy was assessed using Colo-205 cell lines,
and at a dose of 10ug/ml, it was discovered to inhibit 37.9% of the cell lines'
proliferation. Therefore, when combined with other anti-cancer medications, fabricated

AgNPs can be employed to efficiently combat cancer cell lines [23].

Skiba et al., (2019) research was to use sweet orange peel to create environmentally
friendly silver nanoparticles (AgNPs). The orange peel was ground into fine powder
during the procedure. Then 40 milliliters of distilled water were combined with one
gram of dry orange peel powder and stirred. After five minutes of CNP discharge, the
resultant combination was filtered and the newly obtained orange peel water extract was
used immediately. This extract ensured the long-term stability of the produced AgNPs
by being used in bioreduction of silver nitrate. UV-vis spectroscopy, Dynamic light
scattering and Scanning Electron Microscopy (SEM) were used in the AgNPs
characterization. The roughly spherical shape of the silver nanoparticles was shown in
SEM picture. The crystal structure of the silver nanoparticles was cubic and face-
centered, according to analysis powder X-ray diffraction (XRD). The product AgNPs
zata potential value of -21.7 mV indicates a considerable degree of stability for the

nanoparticles that were developed [24].

Jackson et al., (2018) made nanoparticles using green synthesis techniques, Citrus fruit
juices (Citrus limetta, Citrus paradisi, Citrus sinensis and Citrus aurantifolia) were
utilized like both reducing and stabilizing agents while silver nitrate used as silver
precursor. The synthesis of nanoparticles was confirmed by a discernible colour shift
from colourless to characteristic reddish-brown tint. The surface plasmon resonance
peak’ of the AgNPs was observed at 451 and 452nm. When antibacterial properties were
evaluated against Pseudomonas, Bacillus subtilis, Escherichia coli and Staphylococcus
aureus, the result showed that the MIC values varied between 25 and 100 mg/ml for

each of the examined pathogens. Notably, Bacillus subtilis and staphylococcus aureus
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showed the least susceptibility to the silver nanoparticles, whereas Pseudomonas

aeruginosa showed the maximum sensitivity [25].

Omran, et al., (2018) examined the use of warm water extract from Citrus sinensis
(sweet oranges) peels, the single-step environment friendly production of silver
nanoparticles (AgNPs). When silver nitrate was reduces with peel extract, there was a
discernible colour change that indicated the synthesis and stability of AgNPs. From pale
yellow to brown, the hue altered. Silver nanoparticles (AgNPs) unique absorption peak
at Amax 422 nm was confirmed by UV-Vis Spectrophotometry analysis. Dynamic Light
Scattering revealed that the average particle size was 23.81nm. Energy-dispersive X-ray
(EDX) confirmed the presence of the elemental silver with strong indications. This
indicates their crystalline structure. The average size of the biosynthesized AgNPs was
confirmed by X-ray to be 15 nm in size. Using Fourier transformation infrared (FTIR)
spectroscopy, possible functional groups involved in stabilizing and capping the
synthesized AgNPs were identified. The biogenic synthesis of spherical-shaped AgNPs
with average size 3 to 12nm was recognized by this study as a viable and

environmentally sustainable method [26].

Hungund, B. S.et al., (2015) described a quick and eco-friendly approach for
synthesizing silver nanoparticles and evaluated their antibacterial properties. Silver
nitrate was reduced and capped using a variety of fruit juices, including orange, lime,
and sweet lime, in an environmentally friendly synthetic process. Silver nanoparticles
were created using two distinct thermal reduction techniques: a hot plate and a
microwave oven. In a few of minutes, the process reduced the silver ions into silver
nanoparticles. Using a scanning electron microscope and UV-visible spectrophotometer,
the produced silver nanoparticles were examined. Using UV-visible spectra and the Mie
Scattering procedure, an effort was also made to estimate the size of the silver
nanoparticles. The morphology of silver nanoparticles was usefully showed by the
scanning electron microscopy (SEM). When tested against Salmonella typhimurium,
Escherichia coli, Klebsiella pneumoniae, and Staphylococcus aureus, the produced
silver nanoparticles had antibacterial properties. The antibacterial properties of orange

fruit juice-biosynthesized silver nanoparticles were more effective. According to the
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study, silver nanoparticles have a greater antibacterial effect on gram negative bacteria.
These investigations are essential to proving the medicinal value of silver nanoparticles
[27].

Albahadly Z. K. et al., (2009) fabricated silver nanoparticles using Citrus sinensis L.
and Citrus aurantium L. leaves. A wide range of methods including the particles
analyzers, zeta potential, FTIR (Fourier transform infrared spectroscopy), XRD and UV-
Vis spectroscopy used to characterize the produced AgNPs. These techniques had used
to examine the aspect of optical spectroscopy, structure characteristics and particle size.
Citrus sinensis L. and Citrus aurantium L. leaves showed AgNPs diameters of 60.5 nm
and 31.72 nm respectively, with a crystallized face-centered cubic shape. Furthermore,
synthesis of silver nanoparticles (AgNPs) exhibited significant antifungal inhibitory

effect against Candida albicanns [28].
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Figure 2. 2: Flow chart of manufacturing, challenges and application of AgNPs [29].
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2.3 Silver nanoparticles as Plant Preservative

Zhang, J., et al., (2017) presented a novel method for producing AgNPs from leaf
extracts of Fatsia japonica. It was discovered that the amount of AgNOs, NaCl and leaf
extracts had significant effect on the yield and the size of AgNPs. These nanoparticles
demonstrated a potent preservation effect against P. italicum-induced rot in citrus fruits
when used under ideal circumstances. Furthermore, TEM examination and inhibition
tests demonstrated that the produced AgNPs induced P. italicum cytoplasmic leakage,
cell deformation, and ultimately cell death. Additionally, the AgNPs showed strong
antibacterial qualities which may be useful for citrus fruit preservation. Overall, this
work suggests a unique method for citrus fruit preservation in addition to developing an
efficient way for synthesizing AgNPs [30].

Silver nanoparticles were used in this study to address Pb toxicity in two genotype G1
and G2 of Mung bean (Vigna radiata). AgNPs were used to target different Pb
concentrations (0, 25, 50uM) in order to improve plant properties like plant height, fresh
biomass, and total chlorophyll content. AgNPs improved the growth of Vigna genotype
and allowed for the balanced absorption of minerals. When compared to G1 and AgNPs
treatment, the G2 genotype showed a significant tolerance and fewer negative impacts
on the examined features. These outcomes show that AgNPs affect plant responses to

lead stress, significantly enhancing plants ability to tolerate heavy metals [31].

Barbasz, et al., (2016) investigated AgNPs have a variety of roles as stimulants for plant
growth and anti-microbial agents. These nanoparticles have special qualities that can
affect a plant's morphology and physiology because of their physical and chemical
composition. It is important to select the right concentration of nanoparticles that will
stimulate plant development in the desired way without causing chronic cytotoxicity, as
extensive application of AgNPs may be hazardous to plants. It's also crucial to
comprehend the process underlying their cellular effects. The culture of callus in vitro
offers an ideal environment for investigating important interactions between

nanoparticles and plant cell processes [32].
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CHAPTER 3

MATERIALS AND METHODS

This series of experiments was executed at the Plant Molecular Biology and
Biotechnology department of Applied Molecular Biology (CAMB), University of the
Punjab, based in Lahore. The aim was to examine stress effect caused by biogenically

produced silver nanoparticles in the plant tissue culture medium of orange.

3.1 Collection of samples

Orange fruit were purchased from local market of Lahore. Mature seeds were used as
sample to be cultured in plant tissue culture lab. Orange plant sample were collected
from field of the Centre for Applied Molecular Biology (CAMB) for research purpose.
Young apical shoots and nodal section were used as samples for callus induction.

Figure 3. 1: Plants of orange (A, B) planted at CAMB field.

3.2 Surface sterilization of orange explants

Various experiments were tested to lower the maximum amount of contamination in
orange seeds, apical shoots and nodal segments whether from bacteria or fungi. These

protocols are discussed below:
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3.2.1 Surface Sterilization protocol |

The surface sterilization method described by Fazle, Azam et al. (2011) was utilized
with certain modifications. Orange seeds and apical shoots and nodal segments were
first rinsed with running tap water to remove dust particles separately. Orange plant
parts were then disinfected with a detergent solution for 15 minutes. After rinsing the
seeds, apical shoots and nodal sections with distilled water, they were transferred to a
sterilized laminar air flow hood where they were soaked in 4% sodium hypochlorite
(Appendix I1) for 15 minutes. Following this treatment to eliminate fungal and bacterial
contaminants, the orange plants parts were washed three times with distilled water.
Finally, the seeds were placed on blotting paper to remove surface moisture and allowed

to air dry in a sterile environment for 10-15 minutes.

3.2.2 Surface sterilization protocol 11

Mature orange seeds, apical shoots and nodal sections were washed with tap water.
After

10 to 20 minutes of detergent disinfection, the seeds, nodal section and apical shoots
were cleaned with distilled water. These orange plant parts were soaked for 10 minutes
in a 2% mercuric chloride (HgCl) solution (Appendix I1). To reduce fungal attack, the
seeds, nodal section and apical shoots were cleaned with distilled water while in a

sterilized and laminar air flow environment to eliminate any possible contamination.

N
| T

S o e~
B "~?¢g -

Figure 3. 2: Surface sterilization protocol: (A, B) Surface sterilization of explants section, (C, D) Air

dry on filter paper in Laminar flow hood.
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3.3 Preparation of BAP solution

BAP solution was prepared by dissolving BAP (Sigma Aldrich, CAS No. 1214-39-7) in
autoclaved distilled water.

3.4 Preparation of plant growth media

The following plant growth media were prepared under sterile conditions for the

micropropagation of orange plants.

3.4.1 Plant propagation media I

For the micropropagation of orange seeds, a 1 mg/L BAP medium was prepared to
support the seeds' growth. For 1L Muraishige and Skoog basal media preparation, 4.43g
MS (Sigma Aldrich M5519-10L) and 30g sucrose (Phytotech CAS-No. 57-50-1) were
mixed in autoclaved distilled water through magnetic stirrer. 1000ul of BAP 1mg/L
solution were also added, volume raise to 1L after and the pH was maintained in
between 5.5 to 5.7. Then 2.5g phytagel was added. The media was transferred to
autoclave tubes then capped with plug and packed in test tubes container for autoclave at
121°C for 15 minutes.

3.4.2 Plant propagation media Il

For the micropropagation of orange seeds, a 2 mg/L BAP medium was prepared to
support the seeds' growth. For 1L Muraishige and Skoog basal media preparation, 4.43g
MS (Sigma Aldrich M5519-10L) and 30g sucrose (Phytotech CAS-No. 57-50-1) were
mixed in autoclaved distilled water through magnetic stirrer. 2000ul of BAP 2mg/L
solution were also added, volume raise to 1L after and the pH was maintained in
between 5.5 to 5.7. Then 2.5g phytagel was added. The media was transferred to
autoclave tubes then capped with plug and packed in test tubes container for autoclave at
121°C for 15 minutes.

3.4.3 Plant propagation media 111

For the micropropagation of orange seeds, a 2 mg/L BAP medium was prepared to
support the seeds' growth. For 1L Muraishige and Skoog basal media preparation, 4.43g
MS (Sigma Aldrich M5519-10L) and 30g sucrose (Phytotech CAS-No. 57-50-1) were
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mixed in autoclaved distilled water through magnetic stirrer. 2000ul of BAP 2mg/L
solution and 2000ul of 2, 4-d 2mg/l solutions were also added, volume raised to 1L after
and the pH was maintained in between 5.5 to 5.7. Then 2.5g phytagel was added. The
media was transferred to autoclave tubes then capped with plug and packed in test tubes

container for autoclave at 121°C for 15 minutes.

3.4.4 Preparation of plant callus induction media

The following plant growth media for callus induction of orange explants were prepared

under sterile conditions.

3.4.4.1 Callus Induction Media |

For the preparation of 500ml Muraishige and Skoog basal media, 2.251g MS Sigma
Aldrich M5519-10L) and 15g sucrose (Phytotech CAS-No. 57-50-1) were added in
autoclaved distilled water. Then it was mixed thoroughly by constant stirring and raised
the volume 500ml. 1000ul of 2, 4-d 1mg/l solution was added for plant growth
regulator. The pH was maintained in between 5.5-5.7. Then 7g agar was added and
sealed the flask with aluminum foil to autoclave it at 121°C for 15 minutes. After

autoclave, the media was poured into petri dishes.

3.4.4.2 Callus Induction Media Il

For the preparation of 500ml Muraishige and Skoog basal media, 2.251g MS Sigma
Aldrich M5519-10L) and 15g sucrose (Phytotech CAS-No. 57-50-1) were added in
autoclaved distilled water. Then it was mixed thoroughly by constant stirring and raised
the volume 500ml. 2000pl of 2, 4-d 2mg/I solution was added. The pH was maintained
in between 5.5-5.7. Then 7g agar was added and sealed the flask with aluminum foil to
autoclave it at 121°C for 15 minutes. After autoclave, the media was poured into petri

dishes.

3.4.5 Inoculation of orange explants

Callus induction media was used to inoculate nodes and shoot tips. Seeds were
inoculated without their seed coats in autoclave test tubes in order to induce shoot and

root development. The cultures were kept at 25+2°C with 16 h of photoperiod and 8 h of
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darkness with the light intensity of 3000 lux under -white fluorescent lamps.

Figure 3. 3: Inoculation of seeds in test tubes: (A, B), inoculation of nodal section in petri plates (C, D).

3.4.6 Organogenesis

The process for producing shoots began with calli. Pieces of the callus that were in good
condition were cut out and put on the shoot and root initiation medium. MS medium
supplemented with 2mg/lI BAP for shoot induction and 2mg/l 2, 4 D for root induction.
Every 7 days, visual observations were made.

3.5 DNA extraction for Molecular identification of germplasm

0.1 g leaves of Citrus sinensis was grinding with the help of pestle and mortar. The
ground leaves were transferred into separate Eppendorf tubes. To each sample tubes,
1000ul CTAB was added, mixed well by inverting the tubes. The Eppendorf tubes were
then heated at 65°C for 25 mints. After heating, 500u1 chloroform: isoamyl alcohol was
added to each tube. The sample were mixed and centrifuged at 10000 rpm for 10 mints.
After centrifugation, 500ul of the supernatant was carefully transferred to a new tube,
and then 500ul pre chilled iso-propanol was added to the supernatant. The mixture was
incubated on ice (-20°C) for 20 minutes, centrifuged at 14000 rpm at 10 minutes. After
that supernatant was removed, leaving DNA pellet behind. The pellet was washed with
500ul of ethanol, and the sample centrifuged again 14000 rpm for 10 minutes. The
supernatant was removed and the pallet was air-dried. The DNA pallet was resuspended
in 50ul of distilled water (H20).
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3.5.1 Gel Electrophoresis

1% Agarose gel was prepared in 1X TAE buffer for DNA visibility. 1g of agarose was
taken in empty dried clean flask and added 100ml of 1X TAE buffer. It was mixed by
shaking and heated in microwave for 10 minutes until it turns to be transparent. 10ul of
ethidium bromide (1mg/ml) were added carefully. Gel was transferred to casing tray.
5ul extracted DNA was mixed with 2ul of 6X loading dye in each well. The gel was run
on major science mini 300gel electrophoresis systems with 100 voltage and 400 amperes
current for 35-40 minutes for better result. The gel was visualized on UV Trans

illuminator.

3.5.2 Molecular identification of germplasm

To ensure the precise molecular identification of germplasm sample (Citrus sinensis)
collected during this research, DNA sample were sent to Center for Applied Molecular

Biology (CAMB) sequence faculty.

3.6 Green synthesis of Silver nanoparticles

Silver nanoparticles have been synthesized using orange juice extract as a reducing and
capping agent to convert the silver nitrate (metal salt) to silver nanoparticles. The
concentration of salt and plant extract mainly contribute to the AgNPs synthesis. In
order to optimize the experiment, metal salt (1% silver nitrate solution, Appendix V)
has been mixed in various ratios with orange juice extract in different ratios to reduce

the metal salt into silver nanoparticles.

Different ratios of silver nitrates were mixed with constant ratios of orange juice extract.
For this reason, 7 different ratios v/v 1:1, 1:2, 1:3, 1:4, 1.5, 1:6, 1:20 were prepared in
beaker and covered with aluminum foil. More the presence of phytochemicals in extract,
more and quick synthesis of silver nanoparticles will take place. Later, UV-Visible

spectrophotometer was used to monitor synthesized silver nanoparticles.
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Figure 3. 4: Flow chart of biogenic synthesis of AgNPs by using citrus juice extract.

3.6.1 Preparation of orange juice extract for green synthesis of silver nanoparticles

The green synthesis of silver nanoparticles was performed by utilizing juice extract of

orange. The experiment for extract preparation and filtration is described as:

3.6.1.1 Preparation of orange extract (juice)

The fresh orange juice was obtained by removing the fruit peel and seeds. First, water

was used to wash them in order to remove any dust that cling to their peels. The oranges

were thoroughly cleaned and | dried with clean cloth. After that, oranges cut in equal

half and squeezed carefully and the juice was collected in beaker. The extract was

filtered through a clean Whatman filter paper. The filtrate was collected and kept frozen
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at -10°C until used in the experiment for the synthesis of silver nanoparticles.

Figure 3. 5: Preparation of orange juice: Orange fruits for juice extract (A), Filtration of orange fruit
extract (B).

3.7 Characterization of Silver nanoparticles through UV-Visible
Spectrophotometer

The silver nanoparticles synthesized from orange juice were examined for the stability
of the strong absorption peak associated with surface plasmon resonance (SPR) using a
UV-Visible Spectrophotometer (BMS, UV-2800) over a wavelength range of 300-
600nm Sharp peaks formed within the 400-450 nm absorption range were recorded to
compare data from different experimental ratios, aiming to identify the most stable
reaction mixture for bulk preparation and further characterization. Absorbance was

measured for each wavelength from 300-600 nm for the respective samples.

3.8 Preparation of pellet for Molecular Characterization of biogenically
synthesized AgNPs

The reaction mixture of biogenically synthesized silver nanoparticles sample was
transferred to 1.5ml Eppendorf tube for centrifugation at 14000 rpm for 15 minutes. The
supernatant was eliminated and the pallet was treated thrice with autoclaved distilled
water to avoid impurities and dried the silver nanoparticles pallet. The wet pellets were
allowed to air dry at room temperature. Green synthesized silver nanoparticles were
prepared for molecular characterization from dried pellets and then collected in 2ml
Eppendorf. The dried pallets sample was shipped to the Department of Physics'

commercial facility, LUMS, for silver nanoparticle molecular analysis as follow:
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3.8.1 Zeta sizer Analysis

The sample was sent for zeta sizer analysis that determined the stability of the AgNPs.

3.8.2 Scanning electron microscopy (SEM)

Biogenically synthesized silver nanoparticles analyzed through SEM and determined the
morphology (size, shape) of AgNPs.

3.8.3 Energy Dispersive x-ray (EDX)

For the determination of elemental composition of biogenically synthesized AgNPs, the

sample was sent for Energy dispersive x-ray analysis.

Figure 3. 6: Pallets of Biogenically synthesized silver nanoparticles (A), Collection of dried pallets in 2ml
Eppendorf (B).

3.9 AgNPs used as Antimicrobial agents in orange plant tissue culture
In order to evaluate AgNPs antibacterial action, different concentrations were added to plant
micropropagation media.

3.9.1 Treatment |

2ppm or 0.002¢g/l of AgNPs was used in 2mg/l of BAP plant growth regulator in MS
media whose recipe has been described in section 3.4.2 plant propagation media IlI.

3.9.2 Treatment 11

3ppm or 0.003g/l of AgNPs was used in 2mg/l of BAP plant growth regulator in MS

media whose recipe has been described in section 3.4.2 plant propagation media Il.
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3.9.3 Treatment 111

5ppm or 0.005g/I of AgNPs was used in 2mg/l of BAP plant growth regulator in MS

media whose recipe has been described in section 3.4.2 plant propagation media Il.

3.10 Transfer of healthy cultures to AgNPs treatments

Healthy and green orange cultures were transferred from AgNPs treated test tubes media
in sterile laminar air flow hood without touching their wall in front of flame to avoid any
kind of contamination. The control and treated cultures have been kept at 25+2°C with
16 hours of artificial light and 8 hours of dark cycle using fluorescent lamps with 2500
and 3000 lux intensity.

3.11 Measurement of growth parameter

The physical parameter is the primary the indicator of cytotoxicity of silver
nanoparticles which was observed in term of number of leaves/roots, length of shoots

and chlorophyll content as shown in figure 3.7:

Figure 3. 7: Physical parameter evaluation: Shoot and root length was measured with the help of scale

in centimeters (A), Comparison of different concentration of AgNPs treatment with control plant (B).

3.11.1 Shoot length

Shoot length of all tissue culture plants was measured in centimeters.
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3.11.2 Number of leaves

Numbers of leaves of tissue cultured plants treated with AgNPs were counted and

recorded in data.

3.11.3 Root length

Root length of all tissue culture plants was measured in centimeters.

3.11.4 Physical appearance

Physical appearance of orange tissue cultures was observed in term of color, shape and

size of leaf.

3.12 Biochemical analysis
3.12.1 Chlorophyll content estimation

For the purpose of chloroplast estimation, orange sample from tissue culture plant and
plant treated with AgNPs was used. Each sample was weighed 1g and grinded in pestle
and mortar. Then these grinded samples were soaked in 10ml 80% acetone in test tubes
that were covered and labeled. The tubes were kept in darkness at 25°C for 1 day. The
absorbance of each sample at 663nm and 645nm wavelength was noted using UV-
Visible spectrophotometer after the incubation period. The experiment was carried out
in three replicates and results were recorded. The chlorophyll a and b level were

calculated by using following formula:
Chlorophyll ‘a’ = [(12.21*0OD at 663) - (2.81*OD at 665)]
Chlorophyll ‘b’ =[(20.13*OD at 663) - (5.03*OD at 665)]

Total chlorophyll content = chl ‘a’ + chl ‘b’
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CHAPTER 4

RESULTS

In this dissertation, the biosynthesis of silver nanoparticles was achieved using orange
juice extract. Cultures were established by carefully selecting and preparing plant tissues
under sterile conditions to ensure optimal growth and development. These
biosynthesized silver nanoparticles were then tested for their efficacy as plant

preservative materials in plant tissue culture medium.

4.1 DNA Extraction result for molecular identification of Citrus

sinensis

DNA extracted from orange samples were visualized on 1% agarose gel, where M
represents the Lambda Hindlll and orange samples from C1-C9. 5u of DNA sample
with 2X loading dye was used to evaluate the samples. All the samples produced bands

after DNA extraction as shown in Figure 4.1.

M Cl C2 C3 C4 C5 C6 C7T C8 (9

- u

Figure 4. 1: DNA extraction, M is Lambda HindlIl and orange sample from C1-C9.



4.2 Molecular identification of Citrus sinensis

sequencing.
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Figure 4. 2: Molecular identification of Citrus sinensis: Photo of chromatogram files from DNA

sequencer’s file.
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Citrus x changshan-huyou chloroplast, complete genome Citrus x changs... 1256 1256 96% 0.0  99.85% 160186 PP9053%0.1

Citrus imon plastid, complete genome Ciusxlmon 1256 1256 96% 0.0 99.85% 160101 NC_034690.1

Citrus maxima plastid, complete genome Clrusmaxima 1256 1256 96% 00 99.85% 160133 NC_03£290.1

]

Clymenia polyandra 8260 chloroplast DNA, complete genome lymenia polya... 1256 1256 96% 0.0 99.85% 160597 LC794896.1

=5

Figure 4. 3: 99.85% homology shown the sample (Citrus sinensis) with published data.
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4.3 Establishment of orange callus culture

In the experiment, 1mg/l of 2,4-dichlorophenoxyacetic acid (2,4-D) and 2mg/l of 2,4-D were
introduced into Murashige and Skoog (MS) medium to initiate callus formation through the
utilization of apical shoots and nodal sections. It was determined that MS media containing
2mg/l 2,4 D was found to be the more effective for inducing callus and promoting callus growth
when explants (such as apical shoots and nodal sections) were inoculated. The examination
revealed that the texture of the callus varied, being friable in apical shoots and compact in nodal

sections.

Figure 4. 4:Callus formation in nodes (A), Magnified sections of friable callus in figure (B), (C).

4.4 Establishment of orange plant micropropagation

Orange was effectively cultivated in a tissue culture laboratory at the Center for Applied
Molecular Biology, Punjab University Lahore, under aseptic conditions. Plant
propagation media Il demonstrated a higher level of shoot growth with branching in
comparison to plant propagation media | and plant propagation media I1l. The addition
of BAP to MS media was utilized for the purpose of promoting root and shoot
propagation to achieve the desired growth. The culture was developed using a
combination of 1mg/l BAP, 2mg/l BAP, and 2mg/lI BAP in combination with 2mg/l 2, 4
D. Among these, the utilization of 2mg/l BAP proved to be more effective when

compared to alternative plant propagation media.



Figure 4. 5: Growth stage of orange plant during micropropagation from left to right in 2mg/l BAP
media: Inoculation of seed in test tube (A), growth shown in 7 days of inoculation (B), growth shown
after 14 days (C), Multiple shooting stage was observed after 20, 24 days and 28 days (D, E, F, G).
Microplants ready for AgNPs treatment.
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Figure 4. 6: Microplants of Citrus sinensis cultured in CAMB lab.
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4.5 Induction of roots and shoots from the calli

After 14 days of inoculation, shoot developed. Within 21 days of the inoculation, roots
developed. It took the roots 28 days to mature.

Figure 4. 7: Inoculation of callus (A), Shoots growth start after 7 days of inoculation (B), Roots and
shoots develop after 15 days of inoculation (C), orange plants fully develop after 21 days (D).
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4.6 Optimization of Synthesized Silver Nanoparticles using Orange

Juice Extract

The evaluation of AgNPs produced using orange juice extract can be effectively
conducted through visual examination of the change in color within the reaction
mixture. The color of the seven prepared ratios v/v, such as 1:1, 1:2, 1:3, 1:4, 1.5, 1.6,
and 1:20, has changed since the appropriate volume of silver salt was added to each
ratio. In contrast to other ratios, the most immediate reddish-brown color was only seen
in 1:4, indicating earlier stability and capping of silver nanoparticles. All of these ratios'
stability and surface plasmon resonance bands were measured using a UV-visible
spectrophotometer between 300 and 600 nm in wavelength.

Figure 4. 8: Indication of colour change in different ratios v/v (JE/SNS): The reddish-brown colour is

visible in 1:4 ratio.

4.6.1 Optimization of the UV-Visible spectra of silver nanoparticles through the

utilization of orange juice extract

The surface plasmon resonance bands of all seven reaction mixtures were recorded.
These prepared ratios showed different absorbance at 450 nm wavelength. The SPR
bands have been recorded from time to time and it is evident that 1:4 has provided
desirable absorbance of 2.592 at 450nm whereas 1:1, 1:2, 1:3, 1:5, 1:20 showed
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absorbance range between 1.3-1.8. 1.7 has provided distorted peak.
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Figure 4. 9:Indication of reddish-brown colour change in orange juice extract + Ag Nitrate solution.

4.7 Synthesis of AgNPs using Orange juice extract

The production of silver nanoparticles through the utilization of orange juice extract was
conducted by combining 5ml of the extract with 20ml of silver nitrate salt in order to

monitor the transformation of color to a reddish brown hue.
4.7.1 Analysis of UV-Visible spectroscopy using extracts of orange juice

In order to determine the stability of the synthesized silver nanoparticles, the reaction
solutions including orange juice extract at a ratio of 1:4 were prepared and then analyzed
at 10, 30, 60, and 120 minutes. After 120 minutes, the juice extract reaction mixture
showed distinct peaks and attained its maximum stability. The juice reaction mixture's
UV-visible spectra, obtained after 10, 30, 60, and 120 minutes. The UV-Visible spectra

of the reaction mixture of juice recorded after 10, 30, 60 and 120 minutes.

4.8 Molecular characterization of AgNPs

4.8.1 Zeta Sizer Potential Analysis

Particle size allocation and zeta sizer potential values of the silver nanoparticles
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synthesized from orange juice have a zeta average mean size 217.2 nm and
polydispersity index (PDI) of 0.336. The PDI value shows the average uniformity of
silver nanoparticles, illustrating their agglomeration and homogeneity across the sample.
A wide size distribution is showing by a PDI value greater than 0.7, whereas a mono-
dispersed distribution is indicating by a value less than 0.1. The electric charge of the
silver nanoparticles is showed by its Zeta potential. This value gives information about
the stability of the particles. The graph of the Zeta potential distribution is presented in
Figure 4.10. The Zeta sizer Potential of orange juice, silver nanoparticles was revealed
to be -23.8 mV. The negative zeta potential in my results represented repulsion between
particles and the stability of the colloidal state.

Table 1: Size distribution of synthesized Silver nanoparticles using orange juice extract.

Name Value
Z-Average (nm) 217.2
PDI 0.336

Count rate (keps) 520.8
Intercept 0.819
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Size Distribution by Intensity

Size (d.nm)

Record 451: CNPS 1|

Figure 4. 10: Zeta average size potential by intensity of synthesized AgNPs using orange juice extract.

Table 2: Zeta sizer potential of AgNPs from orange juice extracts showed the stability of AgNPs.

Name Value Means (mV) Area (%) SD

Zeta Potential (mV) -23.8 -23.8 100.0 5.14
Zeta Deviation (mV) 5.14 0.00 0.0 0.00
Conductivity 0.0181 0.00 0.0 0.00

(mS/cm)
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Figure 4. 11: Zeta sizer potential of AgNPs from orange juice extract shown negative value which indicated
the stability of SNPs.

4.8.2 Scanning Electron microscopy

The morphology and the size of the synthesized silver nanoparticles using orange juice
extract have been characterized by a scanning electron microscope. The SEM
micrograph morphology of synthesized AgNPs at five different resolutions has been
showed in Figure 4.12. The findings of molecular characterization of AgNPs through
SEM micrograph exposed the size of silver nanoparticles of 37.42nm have been
synthesizing with circular shape. The SEM micrograph revealed that the synthesized
silver nanoparticles are homogenous in nature. The findings support my findings of the

UV-Vis spectra, as AgNPs are reported to have UV-Vis spectra in the 400-450nm.

The SEM micrograph has studied using Image J software (Java 1.8.0_345, 64-bit Java 8)
to determine the average possible size of synthesized silver nanoparticles by inserting
the micrograph of 500nm resolution in the software. The acquired data has been

analyzed through origin software (Version Origin pro 2024b) and represented in

histogram distribution.




7/3/2024 mode ——— 200 nm
2:02:21PM | 10.00kV | 53 mm | 200 000x | CN . Nova Nano SEM - LUMS

ﬁ | 7/3/2024 mag B | mode ——— 500 nm ——
® | 2:04:43PM | 10.00kV | 53 mm | 100000 x | CN . Nova Nano SEM - LUMS




7/3/2024 1um
2:05:11PM | 10.00kV | 5.3 mm | 50 000 x Nova Nano SEM - LUMS

7/3/2024 2 ym
2:05:42 PM | 10.00kV | 5.3 mm | 25000 x Nova Nano SEM - LUMS
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7/3/2024 HY WD mag B | mode HFW — 5 pum
2:06:15 PM 10.00 kV | 5.3 mm | 7 000 x CN . 29.6 pm Nova Nano SEM - LUMS

Figure 4. 12:SEM micrograph of synthesized silver nano particles using orange juice extract at 200nm
(A), SEM micrograph of synthesized silver nano particles using orange juice extract at 500nm (B), SEM
micrograph of synthesized silver nano particles using orange juice extract at 1um (C), SEM micrograph of
synthesized silver nano particles using orange juice extract at 2um (D), SEM micrograph of synthesized

silver nano particles using orange juice extract at 5um (E).

40 50 60 70 80
Particle size (nm)

7/3/2024 HV WD mag B3 | mode | det | spot HFW —————— 500 nm
2:04:43 PM | 10.00 kV | 5.3 mm | 100 000 x CN TLD | 2.5 | 2.07 pm Nova Nano SEM - LUMS

Figure 4. 13: Average size distribution of synthesized AgNPs from orange juice SEM micrograph at
500nm resolution have 37.42nm size.



4.8.3 Energy Dispersive X-Rays
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In order to confirm the formation of pure elemental silver (Ag) in the synthesized from

orange juice extract, an energy dispersive x-ray has been employed at 2.5 KeV. The

spectral data has been analyzed that the weight percentage of silver element (L series) in

the synthesized silver nanoparticles from orange juice extract is 33.06 % in figure 4.12.

The EDX spectrum and table showing the percentage of elemental content found in

sample of AgNPs and table no 4.7.

4

B spectrum 2

14 kel/

Figure 4. 14: EDX sowing a Peak of pure silver element among other identifiable element in the sample
of AgNPs.

Table 3: Percentage and apparent concentration of recognizable elements in the sample of AgNPs from

orange juice extract.

Element | Line Apparent K Ratio | Wt% | Wit% | Standard | Factory
type | concentration sigma label standard
C K 10.32 0.10323 | 39.05 1.81 C Vit Yes
Series
O K 7.06 0.02376 | 23.82 1.77 SiO; Yes
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Series
Cl K 2.17 0.13498 | 4.07 0.34 NaCl Yes
Series
Ag L 13.5 0.13498 | 33.06 1.48 Ag Yes
Series
Total 100

4.9 Silver nanoparticles treatments in micropropagation media

Three appropriate concentrations of silver nanoparticles 0.002 g/l, or 2 ppm, 0.003 g/,
or 3 ppm, and 0.005 g/l, or 5 ppm were given to orange plants in micropropagation
media after the bulk production of biosynthesized silver nanoparticles using orange juice
extract, established as treatments I, 11, and 111, respectively. In orange tissue culture, all
of these treatments demonstrated the antibacterial and antifungal action of silver
nanoparticles. They assault the cell wall or membrane of microorganisms, causing
oxidative stress. When compared to other treatments, Treatment Il exhibits the most

beneficial response.

o
AL |
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Figure 4. 15: Physical parameter evaluation: Shoot length was being measured with the help of scale in
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centimeter in T1 (A), T2 (B), T3(C), Root length was being measured in 3ppm dose of AgNPs (D).

4.10 Evaluation of silver nanoparticles impact on orange plant culture

Silver nanoparticles can enter cells through the cell membrane and wall because of their
diminutive size. Several factors were examined in order to assess the potential
cytotoxicity of silver nanoparticles at different concentrations. These parameters include
the following:

4.10.1 Growth parameter

Shoot length, number of leaves, and fresh weight were among the growth parameters

that were recorded in the data. Microsoft Excel was used to apply total and averages.

4.10.2 Shoot length

Using a centimeter scale, the shoot length of three orange plant replicates was measured.
Due to the interaction of silver nanoparticles with orange plants cultivated in test tubes,
treatment Il showed an improvement in shoot length, with shoot length surpassing that

of the control plants, as indicated in table:

Table 4. Comparison of length of shoots in treatment I, I1, 111 along with control.
Shoot length (cm) Mean length
Control 5.1 5.3 4.8 5.0
T1 2.9 3 3.3 3.0
T2 5.3 5.5 5.2 5.3
T3 2.0 2.2 1.5 1.9
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Figure 4. 16: Comparison of length of shoots in treatment 1, I1, 111 along with control.

4.10.3 Numbers of leaves

The number of leaves on all treated cultured plant was carefully recorded. This data
provided insight into the effects of silver nanoparticles on leaf production and overall
plant health. Treatment Il showed an improvement in number of leaves as compared to
other treated plants, as indicated in table:

Table 5: Comparison of number of leaves in treatment I, II, 111 along with control.
Number of leaves Mean
Control 28 25 29 27.3
T1 25 23 26 24.6
T2 29 31 28 29.6
Ts 15 9 8 10.6
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Figure 4. 17: Comparison of number of leaves in treatment I, Il, 111 along with control.

4.10.4 Root length

The root lengths of three orange plant replicates were measured using a centimeter scale.
Due to the interaction of silver nanoparticles with the orange plants cultivated in test
tubes, treatment 11 demonstrated an improvement in root length, surpassing the root
lengths of the control plants, as indicated in the table:

Table 6: Root length of orange plants in treatment I, I1, 111 along with control.
Root length (cm) Mean length
Control 14 15 135 14.16
T: 12.5 11.7 10.5 11.05
T 15 14.5 16.5 15.3
T3 8.5 5.5 7.5 7.16




46

6
5 .
4 .
m Control
3 A mTl
mT2
2 -
mT3
1 -
0 .
Mean length
Figure 4. 18: Comparison of root length in treatment I, 11, 111 along with control.

4.10.5 Chlorophyll content

The chlorophyll content of each of the three treatments was measured in replicates,
reported in the table below and evaluated using statistical analysis. To determine the
impact of silver nanoparticles on the photosynthetic activity and metabolism by
measuring the amount of chlorophyll.

Table 7: Chlorophyll estimation (a, b and total chlorophyll content)

Parameters Pot plant Control Treatment | | Treatment | Treatment
plant I i
Chlorophyll 17.5 5.0 4.2 6.41 0.84
a
17.51 4.8 4.23 6.45 0.5
18.2 4.5 421 6.32 0.2
Avg 17.75 4.7 4.3 6.39 0.51




Chlorophyll 22.6 8.15 6.78 12.5 1.3
b
22.65 8.04 6.56 12.52 1.35
22.5 8.14 6.12 12.56 1.32
Avg 22.5 8.11 6.48 12.52 1.32
Total 40.1 13.1 10.9 18.91 2.14
chlorophyll
40.7 12.6 10.3 18.88 1.52
Avg 40.32 12.8 10.6 18.92 1.83
45
40
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Figure 4. 19: comparison of chlorophyll content along with pot and control plant and treated plant.




4.11 Estimation of contamination with SNPs and control
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Microbial contamination in tissue culturing is a significant issue, resulting in the loss of

resources and germplasm. When contamination occurs in culture with SNPs, the

microplants may survive, but without AgNPs, the plants typically die as shown in figure

5.9. The survival rate of cultures with AgNPs is higher as compared to control as

described in table 4.8:

Culture
contamination
with SNPs

Culture
contamination
without SNPs

Figure 4. 20: Culture contamination with SNPs and without SNPs

Table 8: Determination of antimicrobial potential of AgNPs treatments on in vitro cultures of Citrus

sinensis: Percentage calculated after 60 days of incubation in MS medium supplemented with 2mg/l BAP

having AgNPs in treated plant and compared with control.

Total no. of plants | Total no. of plants Survival
studied survived percentage
Exposure to treatment-1 50 42.5 85%
Exposure to treatment-2 50 48 96%
Exposure to treatment-3 50 35 70%
Control plant group 80 42.4 53%
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CHAPTERS

DISCUSSION

5.1 Methodology for synthesis of silver nanoparticles by using orange
plant material

Methodology detail and reaction mixture of metal salt and the reducing agents of the
relevant plant of the silver nanoparticles information are available. A particular plant has
particular phytochemicals of specific nature; which contribute in synthesis of SNPs.
Various ratios have been prepared in this research to evaluate the biogenic synthesis of
silver nanoparticles. The primary methodologies are explained in studies published by
Jackson et al., (2018); Jackson et al., (2018) has been followed in this dissertation and
various ratios have been prepared. In these findings little modified the methodology of
Jackson et al., (2018) as seven different ratios of silver nitrate (1% silver nitrate
solution) and juice extract of plant have been prepared. In this study, the extract
concentration has been kept constant and by varying concentration of silver nitrate
solution from 1 to 20ml to investigate the most suitable ratio that can be served to
grassroots approach [25]. The findings of studies provided that successful results in 1:4
out of seven ratios prepared reaction mixture of orange juice extract and 1% silver

nitrate salt which is close align with the results Arooj N, et al., (2014) [34].

The appearance of reddish brown colour in the reaction mixture of silver nanoparticles
and fruit juice has been reported by Jackson et al., (2018), Khane Y, et al (2022) [35],
[32]. In the presented work, 1:4, 1:5 and 1:6 have shown reddish brown colour, hence,
these findings are closely related to Jackson et al., (2018) [25] and Arooj N, et al.,
(2014) [34], contrary to it remaining reaction mixture of 1:2,1:3 and 1;1 of the presented

work have shown the grayish colour.

5.2 Characterization of silver nanoparticles

The silver nanoparticles synthesis from orange juice extract has been characterized
through UV-Visible spectroscopy and the surface plasmon resonance bands in the

presented work are recorded at 450nm which has also been described by Jackson et al.,
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(2018) [25].

The zeta sizer potential of silver nanoparticles from orange juice has shown negative
value which indicated the stability of SNPs. The zeta potential of SNPs from orange
juice has been -23.8 and zeta deviation has been 5.14 that are proximity to the work
described by Khane Y, et al (2022) [35]. The data reported by Khane Y, et al (2022) on
the stability of SNPs has demonstrated that the PDI index has been 0.542 which is
closely align with my findings. The SEM micrographs at various resolutions in pm and
nm of AgNPs synthesized from orange juice that served as a better substrate to bring
change in the oxidation state of silver nanoparticles as observed in results that it
produced defined morphology of circular shape and homogeneity of silver
nanoparticles. Moreover the EDX spectrum has shown the peak of pure silver element in

the L-series and other elements as C, O and Cl in K-series.

5.3 Establishment of orange cultures

The research work’s objective was to improve the culture condition for Citrus sinensis
micropropagation and callus induction techniques. The findings of this study indicate
that shoot and root productions have been achieved on MS medium supplemented with
different concentration of BAP. 2mg/l BAP has shown the most effective supplement as
compared to 1mg/L BAP. The study outcome is close to the findings of Fazle, Azam et
al., (2011) who conducted the micropropagation of orange form seeds at different

concentration of BAP and Kin with MS media.

The findings of this research works indicated that the callus induction have been
achieved on MS media supplemented with 1mg/l 2, 4 D and 2mg/l 2, 4 D. The rapid
and more callus induction have been occurred in MS media supplemented with 2mg/I.
This finding closely aligned with Fazle, Azam et al., (2011). MS medium supplemented
with 2mg/l BAP for shoot induction and 2mg/l 2, 4 D for root induction from callus
which inoculated in test tubes. After 28 days, mature microplants have been developed
[17].
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5.4 Establishment of orange culture supplemented with silver
nanoparticles

The anti-contaminant potential of AgNPs on the growth of orange microplants and
growth medium were purposed to be reported. Silver nanoparticles with three different
concentrations were added to MS media containing 2mg/l BAP for this purpose. It can
be determined that all three concentration (2ppm, 3ppm, 5ppm) proved their
antimicrobial and antifungal activity as they controlled all contamination in plant tissue
culture laboratory. Tung et al., (2021) determined silver nanoparticles to be
antimicrobial agent in MS media when Chrysanthemum apical meristems on MS media
supplemented with 4.0 ppm of silver nanoparticles [36]. Abdi G, et al., (2008) proved
silver nono (NS) to be used in MS media when valerian (Valeriana officinalis L.)
explants were cultured on MS medium supplemented with 5 mg I-1 Kin and 0.1 mg I-1
NAA and using 100 mg I-1 of NS solution, it was concluded that NS had a good
potential for removing of the bacterial contaminants in plant tissue culture procedures
[37].

4.5 Impact of AgNPs on growth parameter of orange

Improvement of shoot and root length of orange plants when grown in medium
containing silver nanoparticles was observed. The improvement in shoot length was
closely related to the result of Hegazi ES, et al., (2021) cleared that silver nanoparticles
(AgNPs) at 5 mg L-1 recorded the highest percentage of bud sprouting, shoot length,
number of shoots/explant and number of leaves of in vitro propagation of Picual Olive
[38]. EI-Mahdy, et al., (2019) evaluated that the banana explants were cultured in MS
medium containing various concentrations of AgNPs or AgNOs (0, 1, 5, 10, 50, 100,
and 200 mg/l). The results appeared that lesser concentrations of both AgNPs and
AgNOs had an invigorating impact on the growth of the plantlets as well as pigments
content, whereas the greater concentrations initiated an inhibitory effect which is closely
aligned with our research work and high concentration has been considered the lethal
effect on orange microplants [39]. Aghdaei M, et al., (2012) evaluated the effects of
silver nanoparticles (SNPs) at concentrations ranging from 5 to 80 mg/l on MS media on

growth properties of T. undulata in aseptic condition. Adding of SNPs in MS medium
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increased the mean number of fresh shoots per explants (MNFS/E), the percentage of
explants producing shoots (PEPS) and also plant survival, due to its action on ethylene
blockage [40]. The results of this dissertation for chlorophyll content are similar to
published by Casto-Gonzalez et al., (2019), where they reported that total chlorophyli
considerably increased at dose of 25, 50 and 100mg/l of AgNPs in wheat established in

vitro conditions [41].
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CONCLUSION

This research work was found that silver nanoparticles successfully synthesized by
using orange juice extract. The silver nanoparticles exhibited surface plasmon resonance
within the range of 300 to 600 nm, indicating successful synthesis. Zeta sizer analysis
confirmed the stability of the nanoparticles. Silver nanoparticle size synthesized from
orange juice possessed 37.42nm and pure elemental silver 33.06% as confirmed by
SEM analysis and EDX analysis respectively. Additionally, MS media supplemented
with 2 mg/L BAP proved to be an effective growth medium for orange propagation and
2mg/l 2, 4 D for callus induction. The synthesized silver nanoparticles at 2ppm, 3ppm
and 5ppm concentration proved demonstrated potential as an anti contaminant agent in
plant growth media, providing a promising approach for enhancing plant growth and
protection. 2ppm and 3ppm did not affect the plant growth and chlorophyll content.
5ppm concentration proved to be lethal dose which lead necrosis. Biosynthesized silver

nanoparticles can be used as plant protective material in plant tissue culture medium.
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FUTURE PERSPECTIVE

Synthesized biogenic AgNPs (Silver Nanoparticles) have the potential to
revolutionize germplasm preservation by enhancing longevity of plant tissues.
Incorporating AgNPs into plant tissue culture protocols can significantly reduce the
risk of microbial contamination. ldentifying the optimal concentration of AgNPs is
critical to maximizing their beneficial effects on plant growth and health while
minimizing any potential cytotoxicity. By integrating AgNPs into plant tissue
culture media, the risk of contamination can be significantly reduced, leading to

higher success rates in tissue culture experiments.



10.

11.

55

REFERENCES

Guo WW, Deng XX. Wide somatic hybrids of Citrus with its related genera and
their potential in genetic improvement. Euphytica. 2001 Mar;118:175-83.
Nicolosi E, Deng ZN, Gentile A, La Malfa S, Continella G, Tribulato E. Citrus
phylogeny and genetic origin of important species as investigated by molecular
markers. Theoretical and Applied Genetics. 2000 Jun;100:1155-66.

Ehler SA. Citrus and its benefits. Journal of Botany, 2011: vol. 5, pp. 201-207.
Cha JY, Cho YS, Kim I, Anno T, Rahman SM, Yanagita T. Effect of hesperetin,
a citrus flavonoid, on the liver triacylglycerol content and phosphatidate
phosphohydrolase activity in orotic acid-fed rats. Plant Foods for Human
Nutrition. 2001 Dec;56:349-58.

Williams GR. Neurodevelopmental and neurophysiological actions of thyroid
hormone. Journal of neuroendocrinology. 2008 Jun;20(6):784-94.

Popescu M, Velea A, Lorinczi A. BIOGENIC PRODUCTION OF
NANOPARTICLES. Digest journal of nanomaterials & biostructures (DIJNB).
2010 Oct 1;5(4).

Baruwati B, Polshettiwar V, Varma RS. Glutathione promoted expeditious green
synthesis of silver nanoparticles in water using microwaves. Green chemistry.
2009;11(7):926-30.

Hurst SJ, Lytton-Jean AK, Mirkin CA. Maximizing DNA loading on a range of
gold nanoparticle sizes. Analytical chemistry. 2006 Dec 15;78(24):8313-8.
Ahmed S, Ahmad M, Swami BL, Ikram S. A review on plants extract mediated
synthesis of silver nanoparticles for antimicrobial applications: a green expertise.
Journal of advanced research. 2016 Jan 1;7(1):17-28.

Poles L, Licciardello C, Distefano G, Nicolosi E, Gentile A, La Malfa S. Recent
advances of in vitro culture for the application of new breeding techniques in
citrus. Plants. 2020 Jul 24;9(8):938.

Ruttkay-Nedecky B, Krystofova O, Nejdl L, Adam V. Nanoparticles based on
essential metals and their phytotoxicity. Journal of nanobiotechnology. 2017
Dec;15:1-9.



12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

56

Wang D, Mansisidor A, Prabhakar G, Hochwagen A. Condensin and Hmol
mediate a starvation-induced transcriptional position effect within the ribosomal
DNA array. Cell reports. 2016 Feb 9;14(5):1010-7.

Yusuf Z, Desta M, Mohammed W. Direct Organogenesis of Citrus Cultivars
from Shoot Tip Nodal Segments. Recent Patents on Biotechnology. 2024 Mar
1;18(1):63-70.

Jaffal SM., &Tamimi S. M. Effect of explants types and different plant growth
regulators on callus induction and growth in Citrus sinensis (L.) Asbeck. South
west Journal of Horticulture Biology and Environment. 2022 July 1: 13(1).
Hasan MN, Hasan MR, Foysal SH, Hoque H, Khan MF, Bhuiyan MF, Prodhan
SH. In-vitro regeneration of Citrus sinensis (L.) Osbeck from mature seed
derived embryogenic callus on different solid basal media. American Journal of
Plant Sciences. 2019 Feb 3;10(2):285-97.

Pandey A, Tamta S. Efficient micropropagation of Citrus sinensis (L.) Osbeck
from cotyledonary explants suitable for the development of commercial variety.
African Journal of Biotechnology. 2016 Sep 23;15(34):1806-12.

Azim F, Rahmna MM, Prodham SH, Sikdar SU, Zobayer N, Ashrafuzzaman M.
Development of efficient callus initiation of Malta (Citrus sinensis) through
tissue culture. International Journal of Agricultural Research, Innovation and
Technology (1JARIT). 2011;1:64-8.

Khan EU, Fu XZ, Wang J, Fan QJ, Huang XS, Zhang GN, Shi J, Liu JH.
Regeneration and characterization of plants derived from leaf in vitro culture of
two sweet orange (Citrus sinensis (L.) Osbeck) cultivars. Scientia Horticulturae.
2009 Mar 3;120(1):70-6.

Roy S, Das TK. Plant mediated green synthesis of silver nanoparticles-A. Int. J.
Plant Biol. Res. 2015;3:1044-55.

Ghiuta I. Silver Nanoparticles Synthesized by Orange Peel Extract.

Alaallah NJ, ABD alkareem E, ghaidan A, Imran NA. Eco-friendly approach for
silver nanoparticles synthesis from lemon extract and their anti-oxidant, anti-
bacterial, and anti-cancer activities. Journal of the Turkish Chemical Society
Section A: Chemistry. 2023 Feb 2;10(1):205-16.



22.

23.

24,

25.

26.

27.

28.

29.

57

Chen F, Zheng Q, Li X, Xiong J. Citrus sinensis leaf aqueous extract green-
synthesized silver nanoparticles: characterization and cytotoxicity, antioxidant,
and anti-human lung carcinoma effects. Arabian Journal of Chemistry. 2022 Jun
1;15(6):103845.

Kumar A, Luhach N, Chauhan R, Badgujar H, Soni S, Chhokar V, Parshad J,
Beniwal V, Kumar R, Yogi R, Kumar A. Synthesis and characterization of silver
nanoparticles using citrus fruit juice for evaluation of anticancer activity against
Colo-205 cell lines. Journal of Nanoscience and Nanotechnology. 2021 Jun
1;21(6):3580-7.

Skiba MI, Vorobyova VI. Synthesis of silver nanoparticles using orange peel
extract prepared by plasmochemical extraction method and degradation of
methylene blue under solar irradiation. Advances in Materials Science and
Engineering. 2019 Oct 9;2019:1-8.

Jackson TC, Uwah TO, Ifekpolugo NL, Emmanuel NA. Comparison of
antimicrobial activities of silver nanoparticles biosynthesized from some Citrus
species. American Journal of Nano Research and Applications. 2018;6(2):54-9.
Omran BA, Nassar HN, Fatthallah NA, Hamdy A, El-Shatoury EH, EI-Gendy
NS. Waste upcycling of Citrus sinensis peels as a green route for the synthesis of
silver nanoparticles. Energy Sources, Part A: Recovery, Utilization, and
Environmental Effects. 2018 Jan 17;40(2):227-36.

Hungund BS, Dhulappanavar GR, Ayachit NH. Comparative evaluation of
antibacterial activity of silver nanoparticles biosynthesized using fruit juices.
Journal of Nanomedicine & Nanotechnology. 2015 Mar 1;6(2):1.

Albahadly ZK, Albahrani RM, Hamza AM. Silver Nanoparticles Synthesized
from Citrus aurantium L. &Citrus sinensis L. leaves and Evaluation the
Antimicrobial Activity. J Glob Pharma Technol. 2009;11(3):71-5.

Dawadi S, Katuwal S, Gupta A, Lamichhane U, Thapa R, Jaisi S, Lamichhane
G, Bhattarai DP, Parajuli N. Current research on silver nanoparticles: synthesis,
characterization, and applications. Journal of nanomaterials.
2021;2021(1):6687290.



30.

31.

32.

33.

34.

35.

36.

37.

38.

58

Zhang J, Si G, Zou J, Fan R, Guo A, Wei X. Antimicrobial effects of silver
nanoparticles synthesized by Fatsia japonica leaf extracts for preservation of
citrus fruits. Journal of food science. 2017 Aug;82(8):1861-6.

Chen F, Ageel M, Magsood MF, Khalid N, Irshad MK, Ibrahim M, Akhter N,
Afzaal M, Ma J, Hashem M, Alamri S. Mitigation of lead toxicity in Vigna
radiata genotypes by silver nanoparticles. Environmental Pollution. 2022 Sep
1;308:119606.

Barbasz A, Kreczmer B, O¢wieja M. Effects of exposure of callus cells of two
wheat varieties to silver nanoparticles and silver salt (AgNO 3). Acta
physiologiae plantarum. 2016 Mar;38:1-1.

Mahajan S, Kadam J, Dhawal P, Barve S, Kakodkar S. Application of silver
nanoparticles in in-vitro plant growth and metabolite production: revisiting its
scope and feasibility. Plant Cell, Tissue and Organ Culture (PCTOC). 2022
Jul;150(1):15-39.

Arooj N, Dar N, Samra ZQ. Stable silver nanoparticles synthesis by Citrus
sinensis (orange) and assessing activity against food poisoning microbes.
Biomedical and Environmental Sciences. 2014 Oct 20;10(27):815-8.

Khane Y, Benouis K, Albukhaty S, Sulaiman GM, Abomughaid MM, Al Ali A,
Aouf D, Fenniche F, Khane S, Chaibi W, Henni A. Green synthesis of silver
nanoparticles using aqueous Citrus limon zest extract: Characterization and
evaluation of their antioxidant and antimicrobial properties. Nanomaterials. 2022
Jun 10;12(12):2013.

Tung HT, Bao HG, Cuong DM, Ngan HT, Hien VT, Luan VQ, Vinh BV,
Phuong HT, Nam NB, Trieu LN, Truong NK. Silver nanoparticles as the
sterilant in large-scale micropropagation of chrysanthemum. In Vitro Cellular &
Developmental Biology-Plant. 2021 Mar 15:1-0.

Abdi G, Salehi H, Khosh-Khui M. Nano silver: a novel nanomaterial for removal
of bacterial contaminants in valerian (Valeriana officinalis L.) tissue culture.
Acta Physiologiae Plantarum. 2008 Sep;30:709-14.

HEGAZI ES, Yousef A, ABD ALLATIF AM, Mahmoud TS, Mostafa MK.

Effect of silver nanoparticles, medium composition and growth regulators on in



39.

40.

41.

59

vitro propagation of picual olive cultivar. Egyptian Journal of Chemistry. 2021
Dec 1;64(12):6961-9.

El-Mahdy MT, Radi AA, Shaaban MM. Impacts of exposure of banana to silver
nanoparticles and sliver ions in vitro. Middle East J Appl Sci. 2019 Jul;9(3):727-
40.

Aghdaei M, Salehi H, Sarmast MK. Effects of silver nanoparticles on Tecomella
undulate (Roxh.) Seem. Micropropagation. Advances in Horticultural Science.
2012;26(1):21-4.

Castro-Gonzélez CG, Sanchez-Segura L, Gomez-Merino FC, Bello-Bello JJ.
Exposure of stevia (Stevia rebaudiana B.) to silver nanoparticles in vitro:
Transport and accumulation. Scientific reports. 2019 Jul 17;9(1):10372.



60

APPENDICES

Appendix |

Surface sterilization of culture room, hood bench and working bench:

75% Ethanol | Prepared 125ml 75% solution by adding 98.684ml of 75% ethanol

solution and 26.316ml of water to make volume up to 125ml

4% NaOCl Prepared 4% of sodium hypochlorite solution by adding 40ml NaOCI in
960ml autoclaved water to get volume 1000ml

Appendix 11

Surface sterilization of explants:

4% NaOCl Prepared 4% of sodium hypochlorite solution by adding 40ml NaOCI in

960ml autoclaved water to get volume 1000ml

2% MgCl. Prepared 2% mercuric chloride solution by adding 2g HgCl, ( Sigma
CAS-No. 7487-94-7) in 100ml autoclaved distilled water

Appendix 111

In-Vitro culture of explants:

0.0001g/ml Prepared 1mg/l stock solution of BAP by dissolving 0.0001g BAP
BAP (Sigma Aldrich CAS-No. 1214-39-7) in 100ml autoclaved distilled

water.

0.0002g/ml Prepared 2mg/l stock solution of BAP by dissolving 0.0002g BAP
BAP (Sigma Aldrich CAS-No. 1214-39-7) in 100ml autoclaved distilled
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water.
0.0001g/ml Prepared 1mg/l stock solution of 2, 4 D by dissolving 0.0001g 2,4
24D D(Sigma Aldrich CAS-No. 94-75-7) in 100ml autoclaved distilled
water.
0.0002g/ml Prepared 2mg/l stock solution of 2, 4 D by dissolving 0.0001g 2,4
24D D(Sigma Aldrich CAS-No. 94-75-7) in 100ml autoclaved distilled
water.
Appendix 1V

Preparation of silver nitrate solution:

1% AgNOs

Prepared 1% AgNOs solution by dissolving 0.01AgNO3 in 10ml distilled
water
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