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ABSTRACT

In recent years, compared to chemical and physical methods, the biosynthesis of
metal nanoparticles has been of interest to many researchers due to its easy, clean,
cheap, accessible, and biocompatible preparation process. Different parts of plants
such as leaves, roots, stems, flowers, fruits, seeds, skin, and waste contain various
compounds such as polyphenols, flavonoids, tannins, alkaloids, sugars,
carbohydrates, proteins, and terpenoids, which are used for the biosynthesis of
nanoparticles. The efficiency of nanoparticle synthesis, their amount, shape, and size
depend on compounds' reducing and stabilizing power in plant extracts. The main
role of biological compounds is the reduction of metal ions and their conversion to
metal (M°), as well as stabilization by creating a protective layer on the synthesized
nanoparticles to prevent their accumulation. In this review paper, recent advances in
synthesizing silver nanoparticles and their coating on textiles using different parts of
plants in two general methods, in situ and ex situ, have been reviewed. Factors
affecting silver nanoparticles' efficiency, shape, and size, such as metal precursor
concentration, plant extract concentration, temperature, etc., have been reviewed and
summarized. In addition, the multifunctional properties of textiles coated with silver
nanoparticles, such as color properties, antibacterial, antifungal, antioxidant,
ultraviolet protection, etc., have also been discussed.
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Figure 1: Synthesis of nanomaterials (NPs) via top-down and bottom-up approaches [21].
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Table 1: Specifications and characteristics of silver nanoparticles synthesized using plant leaves.

Used Reducing/capping Synthesis Size o
Plant Morphology Substrate Application Ref.
part agents method (nm)

Curcuma Antimicrobial,
longa Curcumin Ex-situ Spherical 15-40 Cotton Wound [8]
healing

Moringa poly phenols,

oliefiera Protein, Alkaloid In-situ Spherical 90 cotton Antibacterial  [75]

Leaves

Citrus

Flavones, Terpenoids,

. i . heterogeneously- 8-15 i .
limon Polysaccharides, Ex-situ Cotton and silk Antifungal [77]
shape 15-30

essential oil
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Used | Reducing/ i Synthesi
Plant *¢ educingeapping YNENESIS Morphology Size (nm) Substrate Application Ref.
part agents method

Aegle
marmelos Tannins In-situ
Tamarindus
indica Linn Flavonoids In-situ
Alkaloids,
flavonoids,
Terpenoids,Poly
Aloe vera phenols, Proteins, .
. In-situ
Alcoholic
compounds,
Anthraquinone,
Polysaccharides
Aloe Vera poly phenols In-situ
Tea Flavonoids In-situ
Eucalyptus
citriodora and . .
. Polysaccharides Ex-situ
Ficus
bengalensis
Clerodendron Tannins, Organic .
. . . Ex-situ
infortunatum acids, Flavonoids
Gallic acid,
Sumac Myricetin, In-situ
Quercetin
Sumac Gallic acid In-situ
Dodonaea olyphenols, .
e pobp . In-situ
aungustifolia Flavonoids
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73+12 Silk Antimicrobial [79]
50-120 Polyester Antibacterial [80]
Antibacterial, UV
. cotton . [81]
protective
80-90 cotton Antibacterial [82]

Polyacrylonitrile . .
Antibacterial,

10-26 (PAN) Catalytic properties [83]
nanofiber prop
Antibacterial
Thermal stability,
~21 cotton . [84]
Elongation
properties
2-6 cotton Antibacterial [85]
Colorant,
- cotton Antibacterial, [86]
UV protective
Antibacterial,
52-105 cotton ) [87]
UV protective
~10 cotton Antibacterial [88]
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Figure 4: FESEM image of the textile fabric surface, with (A) 100% cotton before binded AgNPs, and (b) 100% cotton after binded AgNPs at 30K
magnification [78].
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Figure 5: FESEM image of the textile fabric surface, with (A) 100% polyester before binded AgNPs and (B)100% polyester after binded AgNPs at
30K magnification [78]
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Figure 6: Schematic illustration of silver nanoparticles loaded cotton fibres preparative method consisting of 3 steps. (1) Cotton fibres immersed in
silver nitrate containing extracted leaves solution, (2) The reduction process of silver nitrate into silver nanoparticles takes place by the extracted
leaves solution, (3) The formed particles on fibres are stabilized by hydroxyl/carboxyl functional groups of extract solution deposited on nanoparticles
and washing with water leads to leach out of few nanoparticles because of poor binding [84].
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Table 2: Specifications and characteristics of silver nanoparticles synthesized using palnt roots and rhizomes.

Reducing/ Synthesis Size -

Polyphenolic
Baicalin compounds, Carboxylic
acid
Turmeric powder Curcumin
Curcuma lon Root Terpenoids / Proteins
Madder Alizarin
Beta vulgaris Nitrogrnous compounds,
Sugars
Solanum tuberosom Rhizome Melanin

In-situ

Ex-situ

Ex-situ

In-situ

Ex-situ

Ex-situ

Colorant,
Spherical 60 Silk Antioxidant, [89]
Antibacterial
Spherical 41-130 cotton Antibacterial [90]
gufar, 71, for cotton Antibacterial [91]
Spherical,
N CLPE 80
Ellipsoidal
Spherical 375 Wool Antibacterial [92]
35-80 cotton Antibacterial [73]
Spherical 35-50 Wool Antimicrobial [93]
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Table 3: Specifications and characteristics of silver nanoparticles synthesized using plant flowers and aerial parts.

Synthes
Plant Used part Reducing/ is
capping agents method

Safflower Luteolin, Glucoside Ex-situ
I Ex-situ
pterocarpum —

ST Flavonoids Ex-situ
annuus (L.)

Flowers
Honey suckle Chlorogenic acid Ex-situ

Fraxm'us i
excelsior —

Malva L L .
sylvestris Delphinidin, Malvidin In-situ
Lythrum Aerial and Tannins, Triterpenoids, s

. . : n-situ
salicaria flower Anthocyanins, Flavonoids

Spherical 20-70 Wool Antibacterial [94]
Antibacterial,
; Tensile
Cubic 86 Cotton strength [95]
properties
Spherical, 10-20 Cotton, tanned Antibacterial [96]
Hexagonal leather
Colorant,
Spherical 20-90 Silk Antibacterial, [10]
Antioxidant
. Woowen glass
Spherical o fabric Colorant [97]
Colorant,
- 50-80 Cotton Antibacterial, [98]
Antioxidant
Cellulose, chitosan
Spherical 40-65 and Lignocellulose  Antimicrobial [99]

nanofibers
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Figure 7: Incorporation of the AgNPs synthesized by honeysuckle extract onto silk [10].
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Table 4: Specifications and characteristics of silver nanoparticles synthesized using plant fruits and seeds.

Reducing/capping Synthesis S|ze

Black rice Anthocyanin In-situ
Carotenoid, Iridoid
Gardenia SEELS flavonoids, In-situ
yellow Monoterpenoids,
glycosides
Zanthoxylum Polyphenols/Oleic In-situ
rhesta and Stearic acid
Carotenoids,
Phenolics,
. Alkaloids, Pectins,
mg;?g;?os Fruits Tannins, EX-situ
Coumarins,
Flavonoids, and
Terpenoids
Allium cepa L Flavonoids In-situ

spherical,
hexagonal
with smooth
edges

0 Cotton Antibacterial [102]
Colorant,
Antibacterial,
Spherical ~22.5 Cotton uv [103]
Protective,
Antibacterial
Cubic 37 Cotton Antimicrobial [104]
Cotton, .
10-75 silk leather Fastness properties, [105]
Spherical 36-98 Cotton Antimicrobial [106]
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Figure 8: Photographs of color changes of colorful cotton fabrics containing black rice extract assited biosynthesized silver nanoparticles at different
pH values and washing cycles [102]
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Table 5: Specifications and characteristics of silver nanoparticles synthesized using fruits skin and other plant wastes.

Reducing/ Synthesis ) Size L

Aldehydes,
Mango ST, Ex-situ Spherical 7-27 Cotton Antibacterial [107]
Carboxyl and
Hydroxyl
Peel .-

Pomegranate Polyphenols Ex-situ Spherical 17-30 Wool S EREETE [109]

Arachis Flavonoid 1323 Colorant, Antioxidant,
hypogaea L Red skin /Phenolic In-situ Spherical Py Viscose Antimicrobial, UV [112]

(peanut ) compound

Spherical

phenolic
compounds

Stem waste Ex-situ

e protective

[114]

Antibacterial, UV

AU protective

Silk

Sequoiadendron
giganteum

Bark (tree) In-situ

Hemp
Colorant, Fastness and
Sl atntgn Tensile strength properties [116]

Taxus baccata Heart wood In-situ

— — properties

Colorant, Fastness

Cotton [118]

=0-17 ¥ (V&Y /55 sl ) wlalloe (Sele &y puins



v © 3385 <l 393L by chla gausio 053D (SR yinbigy H3 (599 )0/ a3l Anbold 9 Hgaliuo ol

O Jgaz aalsh)

Reducing/ Synthesis Size A

Seidlitzia Sodium and
rosmarinus Potassium it

carbonate
Seidlitzia Sgggsﬂf;d In-situ
rosmarinus Leaf and carbonate

stem ash

Seidlitzia SF?thTif:qd In-situ
rosmarinus carbonate

el oo 00ly s Ul gy 0 lac b o ,a5 &l 3450

as o, Oly3eil Ul cawgy 1 eolawl b S0 aline axlllas o
bl wand cnis Ul cngy b g Lol s 0y 009,90 SaS
a0 YO-AD (slwod ;o 0,85 lhdgl as ol lias calizes iulos]
adale mal58l b acsl oo sl PH =Y-1Y sg0me 4o g o5 ile
aS wb oo ialidl 0 ,a Ol 3el ol e i Ul Cewgy o las
mls S e ISz sS slaojlil b i S35 adgs sl
o)lac s oads 3w 0,8 Ol 35l as ol las s SLas iulesl
G oS A o5 s (55l oled 51 sy
0,85 &350 (6,55 bors el e o oS o Lac oo lile
Dol sl oo pralS s e

ksl a5 il (5)5liS wilowy S5 (e plol dgy
ol oslas 3 lSan 5 oVl apals ail oo apb clo i
ObginS L ool 2ol 4y a4z )b 55 2 0,8 Shdel ziw sl
oy Joome yo iy az b el a8 s 5 oy wais S ool
ﬁ.éu&gdij‘w.sﬂk}&uuvf Sde a4y GlegnS S
ey plols disgy o lac g Yoo o VIO-+/0 0,8 &l s i
4 0ad ploul eSS ol plosl ool ol dy (59, 350 5
4zl OBaSTas 5 (55 hans Cools g Sl (g0 920
gy oylas | liisne 3 alise aslllas ,o [V ] wi glay
ooldiwl j5ug a3k (53, 0,8 39l fw (sl (o) plol 58
VE ol (s plol 0,8 gy a5 olo ()Lis o gy gl i ,S
S3b 00h (65,5 555 bl e dSgig M V g (b 0ole
28l Azl Al o wcnls (sloggd an ble o) S5, D390
Comols o 4y Solas ol aS iy 0,5 sl S5 0,85 &, 3430
B sy ($1355, el b S5 40 o 33 0,8 3l 8 S,
0,85 3536 gl sloaz )b .aS e ool Sglate K5y s plols
l) e Sk (Rl 8 55 -l o Bdlwe 5 (g5 has cdled
sy las ol jdgil wdld ouls (65,5, loaz b 4 cos

% Shahid-ul-Islam

Spherical 16

Antibacterial,

Cotton ensile strength properties

[119]
Antibacteria,
Tensile strength,
properties « soft handle,
flexibility
Antibacterial, Tensile
strength properties,
self cleaning
wettability,whiteness
properties

Polyester [120]

Star 13 Cotton [121]
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Figure 9: Proposed mechanism of the green synthesis of AgNPs with punicalin compound present in pomegranate peel extract [108].
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Figure 10: Mechanism of in situ synthesis on chitosan treated linen
fabric Silver using Tamarindus Indica L. seed coat extract [115]
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