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CHAPTER 3

Plant extracts: Nanoparticle sources

Gaanty Pragas Maniam, Natanamurugaraj Govindan, Mohd Hasbi Ab. Rahim,
Mashitah M. Yusoff

Faculty of Industrial Sciences and Technology, Universiti Malaysia Pahang, Lebuhraya Tun Razak, Kuantan, Pahang, Malaysia

3.1 Introduction

Nanoparticles (NPs) (usually in dimensions of 1-100 nm) have been proven, through
numerous research findings, to have excellent properties in term of physiochemical, anti-
fungal, chemical, catalytic, thermal conduction, mechanical, electrical, optical, and many
more [1,2]. NPs have vital roles in agro-production and protecting crops from diseases,
both directly and indirectly, and they go even further to influence the soil microbial
population. At the nanoscale, the elementary understanding of chemical and physical
properties is very distinctive. As such, research outputs at different scales will have dif-
ferent interpretations that in turn radiate different properties, even for the same element.
Owing to the superior qualities of NPs, research on them is intense, as many researchers
are intensively working in the area. Nanoparticle utilization is glaring in many areas,
including healthcare and cosmetics, food and feed, drug delivery systems, the space indus-
try, electronics, optoelectronics, biomedical science, and many more [3,4].

Plant-based NPs are in the limelight due to their environmentally friendly nature, abil-
ity to be scaled up, operation under mild conditions, and possible to extract under nontoxic
chemicals. Using harmful chemical precursors, external stabilizing and capping agents will
definitely cause adverse consequences to humans and nature in general. This green syn-
thesis route (plant-based NPs) that evades the use of synthetic reductants and stabilizing
agents can readily serve for the medical and pharmaceutical applications such as the diag-
nosis and treating of acute and chronic diseases. The major issues associated with these
plant-based NPs are that the choice of NP cannot be custom-made as well as the presence
of NPs in minute quantities. The limited quantity of NPs produced in the bio-route as
compared to other routes is one of the bigger challenges that needs to be tackled.
Plant-based nanoparticle synthesis methods can be broadly categorized into three routes:
physical, chemical, and biological. However, there are many more methods such as ther-
mal reduction, the polyol method, vacuum vapor deposition, solvothermal, microwave
irradiation and heating, microemulsion, and sonochemical reduction (Table 3.1).

The chemical route is seen as an easy and cost-eftective one that operates at lower
temperatures, but the issue of utilizing toxic reducing agents needs to be addressed.

Phytonanotechnology © 2020 Elsevier Inc.
https://doi.org/10.1016/B978-0-12-822348-2.00003-6 All rights reserved.

41



322

Phytonanotechnology

[124]

[125]
[126]
[127]
[128]

[129]

Y. Tang, R. He, J. Zhao, G. Nie, L. Xu, B. Xing, Oxidative stress-induced toxicity of CuO nano-
particles and related toxicogenomic responses in Arabidopsis thaliana, Environ. Pollut. 212 (2016)
605-614.

Y. Ma, L. Kuang, X. He, W. Bai, Y. Ding, Z. Zhang, et al., Effects of rare earth oxide nanoparticles on
root elongation of plants, Chemosphere 78 (3) (2010) 273-279.

A.O. Govorov, I. Carmeli, Hybrid structures composed of photosynthetic system and metal nanopar-
ticles: plasmon enhancement eftect, Nano Lett. 7 (3) (2007) 620-625.

S. Berkner, K. Schwirn, D. Voelker, Nanopharmaceuticals: tiny challenges for the environmental risk
assessment of pharmaceuticals, Environ. Toxicol. Chem. 35 (4) (2016) 780-787.

F.H. Khan, Chemical hazards of nanoparticles to human and environment (a review), Orient. J.
Chem. 29 (4) (2014) 1399-1408.

E. Andronescu, J.M. Brown, F.N. Oktar, S. Agathopoulos, ]J. Chou, A. Obata, Nanomaterials for
medical applications: benefits and risks, J. Nanomater. (2016).

[130] J.Jampilek, K. Kralova, Benefits and potential risks of nanotechnology applications in crop protection,

in: Nanobiotechnology Applications in Plant Protection, Springer, Cham, 2018, pp. 189-246.

[131] J.Jampilek, K. Zaruba, M. Oravec, M. Kunes, P. Babula, P. Ulbrich, et al., Preparation of silica nano-

[132]
[133]

[134]

[135]

particles loaded with nootropics and their in vivo permeation through blood-brain barrier, BioMed
Res. Int. (2015).

H. Nehoff, N.N. Parayath, L. Domanovitch, S. Taurin, K. Greish, Nanomedicine for drug targeting:
strategies beyond the enhanced permeability and retention effect, Int. J. Nanomed. 9 (2014) 2539.
K.K. Janrao, M.V. Gadhave, S.K. Banerjee, D.D. Gaikwad, Nanoparticle induced nanotoxicity: an
overview, Asian J. Biomed. Pharm. Sci. 4 (32) (2014) 1.

M. Auffan, J. Rose, J.Y. Bottero, G.V. Lowry, J.P. Jolivet, M.R. Wiesner, Towards a definition of
inorganic nanoparticles from an environmental, health and safety perspective, Nat. Nanotechnol.
4 (10) (2009) 634.

C.L. Ventola, The nanomedicine revolution. Part 3. Regulatory and safety challenges, Pharm.
Therap. 37 (11) (2012) 631.

[136] J. Vestel, D.J. Caldwell, L. Constantine, J.D. Vincent, T. Davidson, D.G. Dolan, et al., Use of acute

[137]

[138]

and chronic ecotoxicity data in environmental risk assessment of pharmaceuticals, Environ. Toxicol.
Chem. 35 (5) (2016) 1201-1212.

E. Navarro, A. Baun, R. Behra, N.B. Hartmann, J. Filser, A.J. Miao, et al., Environmental behavior
and ecotoxicity of engineered nanoparticles to algae, plants, and fungi, Ecotoxicology 17 (5) (2008)
372-386.

R.D. Handy, R. Owen, E. Valsami-Jones, The ecotoxicology of nanoparticles and nanomaterials:
current status, knowledge gaps, challenges, and future needs, Ecotoxicology 17 (5) (2008) 315-325.



Index

Note: Page numbers followed by findicate figures, f indicate tables, and s indicate schemes.

A
Abelmoschus esculentus seed extract, 62
Abiotic factors, 297
ABTS radical scavenging assay, 37
Acalypha indica leaf extract, 61, 98-101¢, 104—107
Active packaging, 236
Adiantum
A. philippense, 59
A. raddianum, 60
Aegle marmelos Correa (AmC), 98-101¢, 104,
110-111
Aegle marmelos fruit extract, 45—46
AFB1, 166-167
Aflatoxin, 166167, 169-170¢
adsorption by CulNPs, 116
Ag-cellulose nanomatrix, 90
Aglaia elaeagnoidea mediated CulNPs,
98-101¢, 108
Ag-metal oxide nanocomposites, 89-90
AgNPs. See Silver nanoparticles (AgNPs)
Agricultural applications, 151, 153¢
Agricultural revolution, 14
Agricultural nanotechnology
applications, 290-293, 291¢, 291f
challenges, 289-290
chemical fertilizers, 293—294
conventional vs. nanofertilizers, 293—295
metal nanoparticles as pesticides, 295-296
nanobiotechnology, 293
nanofertilizers, 290-292, 294-295
nanoherbicides, 292-293, 297
nanopesticides, 295-296
nanoremediation, 290
nanosensors, 292
risk governance, 298
Agrochemical delivery, nanoparticles as
vectors for, 308-312
Agroecosystem, 163—-164
Agronanobiotechnology, 171
Ag,S, 72-73
Ag/TiO,/cellulose composite, 90
Ag@TiO, nanocomposite, 90
Algae-mediated synthesis, 52-53

AuNPs, 53-56

CdS nanoparticles, 54

copper nanoparticles, 53

Fe;O4-NPs, 58

iron nanoparticles, 55

palladium nanocrystals, 55-56

silver nanoparticles, 53, 56

types, 53

ZnO NPs, 55
Allium cepa, 60

extract-mediated AgNP, 85-86
Aloe vera

CuONP synthesis, 11

ZnO NP synthesis, 124-125
a-amylase, 32-33
o-glucosidase, 32-33
Alternariol, 169-170¢
Alumina fibers, 225-226
Alumina NPs, 313
American Physical Society meeting, 266
Ammonium-charged zeolites, 295
Amoxicillin, 32
Amphora sp., 53-54
Anacardium occidentale mediated AgNPs, 9
Andean blackberry, 98-101¢, 107
ANE-AgNPs

antibacterial activities, 35, 36f

antidiabetic activity, 32—33
Angiosperms mediated nanoparticles, 63
Aniline blue (AB) dye degradation, 201-202
Annona muricata, 80t
Anthemis nobilis mediated CuNPs, 98-101¢, 108
Antibacterial activity

AgNPs, 32, 33f

Ag@TiO; nanocomposite, 90

Azadirachta indica mediated AgNPs, 32, 33f

of bacterial organisms, 86, 87¢

copper nanoparticles, 108-110
Anticancer properties

copper nanoparticles, 111-112

silver nanoparticles, 84—86
Antidiabetic activity

ANE-AgNPs, 32-33

323



	Phytonanotechnology-Challenges and Prospects1
	Phytonanotechnology-Challenges and Prospects2
	Phytonanotechnology-Challenges and Prospects3

