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Abstract

In this work, the preparation of cobalt oxide nanoparticles (CoO NPs) was
studied, increasing their effectiveness and improving their performance as
antibacterial and antioxidant through green biosynthesis. Plants and analyze
samples and determine their physical properties using UV-Vis technology,
infrared technology (FTIR) and X-ray technology (XRD). Finally, he studies the
effectiveness of the samples as anti-bacterials (according to the available types of
bacteria) and as antioxidants by one of the methods DPPH - Or method, CAT, or

ABTS method and this is according to the available possibilities
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heat-resistant films with
silicate nanoparticles

o Modified permeation
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# Vitamin sprays dispersing
active molecules mto
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Element Dose Species Major Effects
Nano-Se at 3 g/ kg DM:
Nano-Se 0,03, 3and 6 g /kg DM Sheep (Dorset sheep = e Increased rumen fermentation and

Nano-Se¢ and 55

Nano-Se

Nano-Se and SY

Nano-Se

Nano-Se, S5, and SY

Nano-Se and 5SS

Nano-ZnO and ZnO

Nano-ZnQO

diet fed for 75 days

I mg/kg DM diet
nano-Se and SS for
10 consecutive days

0.5 mg kg DM diet
nano-Se during gestation

4 mg nano-Se and YS with
4 g Se-yeast

0.1 mg/kg DM dict
for 60 days

0.3 mg/ kg DM diet of
nano-Se, SS and SY as
compared to controd
(0.03mg / kg Se¢)

0.1 mg/ kg lve weaght of
nano-Se

30 or 40 s/ kg DM diet of
nano-ZnO or ZnO for
pre-parturmn and
post-partum periods

Small Tail Han x Tan sheep)

Sheep (Lori=-Bakhtiar breed)

Cashmere goat

Sheep

Sheep (neonatal lambs)

Tathang black goats

Sheep (Makuei breed)

Sheep (Khorasan-Kurdish
breed)

Iranian Angora goat

feed digestibility.

Nano-Se
e Exhibited better anti-oxsdative effocts
than SS.

Nano-Se:
e Improved the development of hair fol-
lides and promoted fetal growth.

Nano-Se

e Enhanced rumen fermentation and
feed conversion efficiency as com-
pared with YS

Nano-Se

e Enhanced the body growth and antiox-
idant parameters

ADCG was higher in Nano-Se and SY than
5S or control group.
Nano-Se
e Improved serum antioxidant enzymes
(GSH-Px, SOD, and CAT)
e Improved serum Se contents

Nano-Se:
o Enhanced weight gain
e Reduced the oxidative stress as com-
pared t0 SS

Nano-ZnO.
e Improved DMI, DMD, TAC in the ru-
men flusd
e Increased
Zn contents

leukocvtes and  milk

Nano-ZnO:
e Exhibited no effect on DMI in goat kids
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Element Dose Species Major Effects
o Inclusion of 100 and 200 mg of
0, 50, 100, 200 or - oal nZnO/kg: Increased the OM fermen-
Nano-ZnO 400 g/ kg DM diet e tation and VFA content
s of m?“o fermentability o Decreased the acetate-to-propionate ra-
tio and ammonia-N
Cows exhibiting
subclinical mastitis Nano-Zn0):
supplemented with L v
Nano-ZnQ 60 ppen inonganic 2inc, Dairy cattle o Improved milk production
2ine methionine, Reduce SCC as compared o Zn0
and nano-Zn0
Nano-Zn0:
o Increased the invitro ruminal VFA
Nano-ZnO In vitro contents without affecting number
of protozoa.

izl 5 o] 7] pulasy  hlall giamg ¢ gadl sl e gLl ¢polagl 50 11 T fguad

Element Dose Species Major Effects
2 Nano-Se and SS Similar GSH-Px content in both
NanoSe snd 35 for 63 days Sheep sources of Se
Nano-Se:
Increased serum Se level
0.6 mg/head /d for Y 2
Nano-Se, 5, and Se-Met 4 weeks before Pregnant goats Se-Met
parturition o Improved Se transfer efficacy of pla-
centa and colostrum into kid
2 mg/kg DM nano-Se:
; 0,1and 2my/kg Sheep (male ¢ Improved the sion of liver GSH-
Nano-Se CAPressic
i DM diet Moghani lambs) Px and selenoprotein W1
Nana-Se-
Nano-Se and S5 L ":fik::?' e Dlairy cows . :m:ka Se and serum CSH
NanowSer
g 0055 mg/ kg BW s Increasad plaema, oey:
R S th:": m:nd\a - eep. Coamde throcytes, ;:rt\“u‘:i &H—Px A‘ﬁ::”
Naro-S5e.
2 e Induce So possoning
Nano-Se S me/kgt BW /day R LRt o Reduced the Imiune and aatod-
dant parameters
Nano-Zn:
e Increased the Zn bicavailability in ru.
Nano-Zn. Zo03, Zo-Met 28 eng/ by DM diet Sheep men and blood

o Enhaned serum I3G
. mll“\ll); LN conenits

Nano-Zn

Nano-ZnC.
- Wﬂ\ldd t 300 ”,
Nano-Zn0 and Zn0 B mg kg DM e Sheep(Khorasan-Kurdish o Improved the TAC in the rumen fluid
-SRpOY breed) o Improved milk Zn contents
post-partum peniods
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/ Whole plant/Peel/Latex

Conocarpus erectus Extracts

Raphanus sativus var. Litehy clunensis o

longipinnaius Fchinm edule Celosta argentea

Ziziphora piper migrum Punica granatum

clinopodioides Jam Tamarindus indica / 1’.”“ "’f’!(‘j’ a

Calotropis gigantean termmalia chebula Calotropis procera

Hibiscus cannabinus S Fdule Marihtot escrdenta Craniz

Laraxacum officinale -

Mangifera indica Zingiber officinale

Sageretia thea Withama coagudans

i Catharantus

Euphorbia heterophylla K

= il Seshania seshan

Moringa oleifera \\ J

Moringa Oleifera

Aspallathus lincaris’s \

("ﬁm indica ( Bacterial Strains Used

Camellia sinensis Bau Hus pasteurii

Populus ciliate Bacillus subtilis

Sageretia thea Brevibacterium caser

Helianthus anmyus Micrococcus lylae

Cirsium vulgare Bacillus subtilis

Trigonella foermmgraceum Gﬁlgi/Algne species -ud\ Fscherichia coli

Aspergillus midulans Paracoccus sp
Chromolaena odorata Yeast[86) Haloarcula vallismortis
Aspergillus Brasiliensis
Other biological entities Bacillus thuringiensis
Ovalbumin Nothapodytes foetida Protens mirabills
Fernitin Sargassum Species Micrococens lylae
Starch Enteromorpha flexuosa Bactllus subtilis
Micrococcus lvlae
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Plant scientific mame/ Part NPs Characterization Phytotonstituents present in plant Size (nm} Shape
common name
Conocorpus enectus/buttonwood or  Leaf Caobalt SEM and XRD Tannins, Ravonoids, and phenalic 20-60 Spherical
buiton mangrave extract acids
Celosio orgenfea/plumed Whole Cabalt XRD, SEM, and EDX Flavonoids, tannins, and phenalic 2742
cockscomb or Silver cock's comb plant acids
exiract
Punica gronotum| pomegranate Pesl Cobalt axide NRD, SEM, EDX, AFM, FTIR, Gallic acid, puni8? calagins A and B,  40-80 Spherical
extrart and LY ellagic acid, and gallotanning
Ziziphova chinopodioides Lam/ Leaf Cabalt UN-vis, XRD, EDS, SEM, TEM, Flavonoids, o and B pinen, terpenaids, 28.19 Crystal
kakuti-# kuhi extract and FTIR thymal, piperitenone, sis-isopulegone,
pulegone, and cineal
Rophanus safivus var. Leaf Cabalt UN-vis, FTIR, SEM, and EDX Ferulic acid, gentisic acid, raphanusin, 80 Spherical
langipinnatus/Radish extract erucic acid, sinapate, raphanin, and
sulforaphen
Cilotropis gigentea/giant Leaf Cobalt oxide XRD, U¥-vis, SEM, TEM, and EDX Triterpengids, lavenoids 0 Spherical
milkweed, crown flower, giant extract {polyphenols), steroids, cardenolides,
calatrope, swallow-wort and alkaloids
Mibiscus connobinus/Deccan hemp  Leaf Caobalt HU.vis, XRD, SEM, TEM, Phytosterols, flavonoids, polyphenals, 20,88 Crystalline
and Java jute extract and FTIR tannins, steraids, alkaloids, saponins,
lignans, essential oils, and glucosides
Litchi chimensisMitchi Fruils Fruits Cobalt oxide XRD, SEM, TEM, and FTIR Phenolic acid, Aavonoids condensed KA R like
extract tannins, luteolin, anthocyanin, and
proanthocyanidins.
Sechivm edule/perennial climber Fruit Caobalt oxide XRD, FTIR, TEM, AFM, SEM, Mgcorhic acid 1M Irregular
extrac and WSM
Helfanthus amnuws | sunflower Leaf Cobalt oxide XRD, TGA, SEM MA KA Plate
extract
FPiper nigrum Seeds Cobalt axide U¥-vis, AFM, FTIR i Jo-60 Spongy triamgular
Vitis winifera/commaon grape vine Whole Cobalt axide X¥RD, FT-IR, Raman, TEM, SAED, Phenolic, stilbenoids, anthocyanin, W0-2a Rod shape
plant EDX, DRS, PL, amd Y¥SM and acetylated anthocyanin
extract
Colotrapis procera/Sodom apple Latex Cobalt axide NRD, DSC, TEM, EDX, FTIR, and  Tryptophan, alkaloids, resins, tanning 10 Spherical
Uiavis calotropin, calactin, and calotoxin
Tarazacum officinale/common Leaf Cobalt axide  U¥-vis, FT-IR, SEM, and TEM Mavonoids and phenolic S0-100  Spherical
dandelion extract
Mangifera indica/manga Leaf Caobalt UW-vis, ¥RD, FT-IR, and SEM Polyphenolics, Ravonoids, and 25-40 Irregular shape
extract triterpenoids
Sogeretio thea/Osheck. Leaf Cobalt oxide XRD, ATR-FTIR, HR-SEM, HR- Friedeline, syringic acid, beta- 20003
extracls TEM, SUED, amd EDS sitosterol, daucosteral, gluco-syringic

acid, and taraxerol
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Moringe oleiferadrumstick tree,
horseradich tres, and ben oil tree ar
benzalive tres

Tamarindus indico/tamaring fruit

Eupharbio heteraphyilaffire plant,
painted eupharbia, Japanese
poinsettia, deser painsettia, and
wild poinsettia

Terminalio chebulo/black- ar
chebulic myrobalan

M. oleifera/drumstick

Mspafathis fnearis/Rogibos

Manihiol esculento Cranks/cassava

Zingiber officinole/ginger

Cmana indica/Indian shat, African

armawraod, edible canna
§. edile/chayote

Cinmamamum verum/true dnnamon
tree or Ceylon cinnamon tree
Comeilio sinemsis/tea plant, tea
shrub, and tea treg

Populus ciliate/safaida

Tamarindus indico/Imdian tamarind

5. thea/Dsbeck.

Cirsium wnlgare

Trigoneilo foenumgracewm,
fenugreek

Withamir congulons
Chromotoens odorafa

Cotharantfus rosews/periwinkle

Seshania seshon

Leaf
extracl

Fruit pulp

Leaf
extracl

Fruit

Leaf
exbract

Leaf
powder

Whole
extracl

Whole
plant
Leaf
exbract
Fruit
exbracl
Bark

Leaf
extracl

Leaf
extracl
Fruit
extract

Leaf
exbract
Leaf
extract
Lieaf
exbract
‘Whole
plant
exbract
Leaf
exbract
‘Whole
plant
exbract
‘Whole
exbract

(obalt oxide

(Cobalt
aluminate
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Biological entity NPs Test microorganisms Method
Celosia argentea Cobalt Bacillus subtilis and Escherichia coli Disk diffusion
Ziziphora clinopadioides Lam Cobalt Salmanella typhimurium, E. roli, Streptococcus pneumania, Psevdomanas aeruginosa, Disk diffusion
Staphylococcus aureus, and B. subtilis
Raphanus sativus var. Cobalt Pseud s putida and Klebsiella p i Disk diffusion
longipinnatus
Hibiscus cannabinus Cobalt E. subtilis and E. coli Agar well diffusion
Vitis vinifera Cobalt oxide P. aeruginosa, E. coli, 5. aureus, and B. subtilis Disk diffusion
Calotropis procera Cobalt oxide E. coli, Pseud sp., Alcalig sp., and Enterococcus sp. Disc diffusion
Moringa oleifera Cobalt E. coli and 5. aureus Agar well diffusion
Serhium edule Bimetallic cobalt  B. subtilis and E. roli Disk diffusion
Populus ciliata Cobalt oxide Bacillus licheniformis, B. subtilis, K. pneumonia, and E. coli Well diffusion
Sageretia thea Cobalt oxide P. aerugi , E. coli, K. p ia, Staphylococcus epidermis, 5. aureus, and B. subtilis Disc diffusion
Chromolaena odorota Cobalt E. coli, K. pneumonia, 5. aureus, and Sireplococcus pyogenes Agar well diffusion
Catharanthus roseus/Periwinkle Cobalt B. subtilis and E. coli Disc diffusion
Sesbania sesban Cobalt oxide 5. aureus Disk diffusion
Proteus mirabilis Cobalt P. aeruginosa, Salmonella typhi, E. coli, Clostridium perfringens, Enterococcus faecalis, Bacillus  Well diffusion
cereus, and 5. aureus
Aspergillus brasiliensis Cobalt oxide B. subtilis, 5. aureus, P. seruginosa, and F. coli Agar well diffusion

NPs <l s 30 5 S jall s ¥ clly oS0 L il sabiaal) i) 12 - TV Jgaad)



22l gl jaaaily 4 gl il S anS) Gl juanidal 0wl ) deadll

Y ¥ 1y r 2 - \
P e
,' - ‘,-‘ e 5, p
e
E M imgus BF INPS h' h* h*h* h* h* h* h* h* h?
3 Rl S5’ “a

Valence band

H*+OH'

seil) ahayt)l 2az¥I (b) 1 Syl spiall ddalyy OH ™ jpiamsi (2) ) akass oy 19 - IV A1
NPs byl ST G G2y 0 (58]

BowSY lolias bLis 1-2-IV

sin ol o U3 pag sl ad e WL slad deulsl Lkes g ST Sl L
ZWl a Lo Ae el (penSY slgily 8yl jgdodl s Y Lusladl SBY1 sy L) didesll
¢ paenSaylly ¢ YOI Uit Sloa ¥l es o) Sen 8515 oS el B Byl s9dal o
C gkl gl sanST Gopb e BB Ggls st J] go5y s 2T o9
Ll g5 S bl olles Jo 55 ¢ agdl aendl Sleajily ¢ LSladll gaally
ilil) )l Slas¥l sl gag ¢ Layl alalal e 5008V 555 [130] Golsdl i) sl)
oo Wil glgil 395 . plalall Ldlug L3151 Lendlly melelly &SI s S5 31 SlasSTl
NPs (s gio05 [ 131 130] 5uuSMW dpslod] ,BY1 (0 soe) duslilac¥ly duapdall 508V wilsline
JSEY! w13 955001 cIUeSUl apnSY NPs jiam (o3 50uSW 5lias dyg8 daiil s Uayl
s o3 .S, thea 3hsl Lalivms alassinl gl 20.03 dly pzer bwgies Sl dusSl
5989 ¢ BanS Yl whilag LYl 5,0dlls ¢ 5yl yadadl Sy ¢ BanSY) Slslias wlogod
$330)) Sl e 4515 8,08 (argand (14 (y95l] SILgSUl anST NP opplol . 2IST 15351
Sl blas Uyl Lasg) [132] A1 djased)) 8y08llg LISTT 5081 loling 8)08 Lawsgiag
S olasing 5anSW sliagdl blidlly xSl 593 o] S35 Uarglgus 5l giumed| CONPs J (500!
alageiuls CoNPs s o3 [100] CoNPs 555 85l JI blacdl 83k $55 o syl
oyl 80uSW 83liad! daisY) s § Ziziphora Clinopodioides Lam  5lysl Lalisiuw



22l gl jaaaily 4 gl il S anS) Gl juanidal 0wl ) deadll

5 [105]DPPH Ll ) jgiml) s s gy Bygna gl dakad)] slpiasd! NPs

Al (o @hatd NPs cJbsSUl apnSY DPPHJ il eSOl bLES (s ¢ 5 ¢ Sl
[133] . NPs _uolid| STy 2adll G, ddaid¥] oo Ss¥ sl Sesbania ylowgws

SN PUW| JYCHT- NV | VRV RS PO | PP VIR PRSRCE TUPYU PR SN YO | P e
Y Ay 8l ol £3050a) Gl sk e L) NPs gt ai ¢ bl . dygeand] ddalls
gy oy Bl 2IMeau Y] dayiSy dAlS) Alenl! J) Lyl (Sg &) dpend ! J] Lad (5355
dalies sl [ @BLS e wlilazie plaseisl sl Gk W e cJUgSl anSTy cJLgS!
¥l Gaeg (bl Ut 5 3Y) i glgnd) bzl Ladall Lol LSSl UL o
o Ay ¢ Bl Lipro o Lo Lizdlan o I NPs LSOl anSTy dbsSl . Ladlg

Liger Llgreg ¢ S o 00 Ulady ¢ Sl



Ragladl
,J.Sad_‘s s PM‘)_&B ,a)_&TQ_woLAJ_Q.QJ‘)_ﬁ}g, 4_3LQJ 4_".»» J_i] ‘&&3
s oS 2ale Aaite o 55 g 5y Vg b o ¥ 1y I Lo

larez Lsllo 4 L oSl abl Uiz g, ale



zabuall

: dygyall Lallly prtyall >
374 saall, Juadl sd =l e 930 L 9SS LS (2010) . SlhauiSodl iy p il saoma-s-l [1]
polally (y9dlls 8yles! Aloma . LY e s baly 5Ll 4 (2019) . el ss slonts ,0ohee [6]
.289-268 ,(14)4 , &Ly
B Losstian]! Slgall e S 48 liks 130 193l L ©linlss ¢ dbl s sa) d ae [7]
2017 yaas « 8y lil] dnalr ¢ dsrigd] LS ¢ Lol Loyl il
Flall midl IS aias sale] 3 LgWI slgl j9sShnawa, W. AL (2017) [27]
. Journal of Madenat Alelem University College, 42), 149-176. 55
r9yd JSi Bpaites danke) SUI L8 o b OUS( p 2111 — »1432) , ool ssle 5 [28]
s gad] o)l 8heoll b pllally 201 83f59 - (Aaunsa
JB 55 daslr el STM L sl Wlall ga Joladl wilgsl( 2017-2016 ) Jar o5 5158 [29]
pokall LIS
S Ldd) (S Ades 238! Lndaad] 8,560 daas doside Ll L), 31 JLls, 5l ol [31]
. desize)! Lol
556 Y1 sl sl apeesd Wnls, A39,3S0Y) g5y Soall, S 2206 w3l 59581 [32]
slgedl Ladbs o Llisdl 5 o 5leiSS $WI ai dlad , maler ke, idgind] oluslyo] dima. [26]
359-322 ,-2020 ,7alxel, 3 saall (5 Sl @ pidl B 8513 ) 45154
e ped B ke 1 S oy ko @l eleSOgLl (2009 ) Al wles [68]
pakall Lo yall Il Basidl g yall @Yl gl 9SS!

FWES FHIPNND

[2] Kreyling, W. G., Semmler-Behnke, M., & Chaudhry, Q. (2010). A complementary
definition of nanomaterial. Nano today, 5(3), 165-168.

[3] Bhushan, B. (2017). Introduction to nanotechnology. In Springer handbook of
nanotechnology (pp. 1-19). Springer, Berlin, Heidelberg

[4] Ferrari, M. (2005). Cancer nanotechnology: opportunities and challenges. Nature reviews
cancer, 5(3), 161-171.

[5] Buzea, C., Pacheco, I. I., & Robbie, K. (2007). Nanomaterials and nanoparticles: sources
and toxicity. Biointerphases, 2(4), MR17-MR71.



[8] Singh, V., Yadav, P., & Mishra, V. (2020). Recent advances on classification, properties,
synthesis, and characterization of nanomaterials. Green synthesis of nanomaterials for
bioenergy applications, 83-97.

[9] Parveen, K., Banse, V., & Ledwani, L. (2016, April). Green synthesis of nanoparticles:
their advantages and disadvantages. In AIP conference proceedings (Vol. 1724, No. 1, p.
020048). AIP Publishing LLC.

[10] Yadav, T. P., Yadav, R. M., & Singh, D. P. (2012). Mechanical milling: a top down
approach for the synthesis of nanomaterials and nanocomposites. Nanoscience and
Nanotechnology, 2(3), 22-48.

[11] Amendola, V., & Meneghetti, M. (2009). Laser ablation synthesis in solution and size
manipulation of noble metal nanoparticles. Physical chemistry chemical physics, 11(20),
3805-3821.

[12] Ward, M. B., Brydson, R., & Cochrane, R. F. (2006, February). Mn nanoparticles
produced by inert gas condensation. In Journal of Physics: Conference Series (Vol. 26,
No. 1, p. 071). IOP Publishing.

[13] Raffi, M., Rumaiz, A. K., Hasan, M. M., & Shah, S. I. (2007). Studies of the growth
parameters for silver nanoparticle synthesis by inert gas condensation. Journal of
Materials Research, 22(12), 3378-3384.

[14] Bhardwaj, N., & Kundu, S. C. (2010). Electrospinning: a fascinating fiber fabrication
technique. Biotechnology advances, 28(3), 325-347.

[15] Kammler B H K, Madler L and Pratsinis S E 2001 Flame Synthesis of Nanoparticles
24 583-96.

[16] Amato R D, Falconieri M, Gagliardi S, Popovici E, Serra E, Terranova G and Borsella
E 2013 Journal of Analytical and Applied Pyrolysis Synthesis of ceramic nanoparticles by
laser pyrolysis : From research to applications J. Anal. Appl. Pyrolysis 104 461-9.

[17] Tsai, S. C,, Song, Y. L., Tsai, C. S., Yang, C. C., Chiu, W. Y., & Lin, H. M. (2004).
Ultrasonic spray pyrolysis for nanoparticles synthesis. Journal of materials science,
39(11), 3647-3657.

[18] Bokov, D., Turki Jalil, A., Chupradit, S., Suksatan, W., Javed Ansari, M., Shewael, 1.
H., ... & Kianfar, E. (2021). Nanomaterial by Sol-Gel Method: Synthesis and Application.
Advances in Materials Science and Engineering, 2021.

[19] Choy, K. L. (2003). Chemical vapour deposition of coatings. Progress in materials
science, 48(2), 57-170.

[20] Gersten, B. (2005). Solvothermal synthesis of nanoparticles. Chemfiles, 5, 11-12.

[21] Parveen, K., Banse, V., & Ledwani, L. (2016, April). Green synthesis of nanoparticles:
their advantages and disadvantages. In AIP conference proceedings (Vol. 1724, No. 1, p.
020048). AIP Publishing LLC.

[22] Hulkoti, N. I, & Taranath, T. C. (2014). Biosynthesis of nanoparticles using
microbes—a review. Colloids and Surfaces B: Biointerfaces, 121, 474-483.

[23] He, S., Guo, Z., Zhang, Y., Zhang, S., Wang, J., & Gu, N. (2007). Biosynthesis of gold
nanoparticles using the bacteria Rhodopseudomonas capsulata. Materials Letters, 61(18),
3984-3987.

[24] Mukherjee, P., Ahmad, A., Mandal, D., Senapati, S., Sainkar, S. R., Khan, M. |, ... &
Sastry, M. (2001). Fungus-mediated synthesis of silver nanoparticles and their
immobilization in the mycelial matrix: a novel biological approach to nanoparticle
synthesis. Nano letters, 1(10), 515-5109.



[25] Kowshik, M., Ashtaputre, S., Kharrazi, S., Vogel, W., Urban, J., Kulkarni, S. K., &
Paknikar, K. M. (2002). Extracellular synthesis of silver nanoparticles by a silver-tolerant
yeast strain MKY 3. Nanotechnology, 14(1), 95.

[26] Arumugam, J., Thambidurai, S., Suresh, S., Selvapandiyan, M., Kandasamy, M.,
Pugazhenthiran, N., ... & Quero, F. (2021). Green synthesis of zinc oxide nanoparticles
using Ficus carica leaf extract and their bactericidal and photocatalytic performance
evaluation. Chemical Physics Letters, 783, 139040.

[30] Betzig, E., Lewis, A., Harootunian, A., Isaacson, M., & Kratschmer, E. (1986). Near
field scanning optical microscopy (NSOM): development and biophysical applications.
Biophysical journal, 49(1), 269-279.

[33] Dirig, U., Pohl, D. W., & Rohner, F. (1986). Near-field optical-scanning microscopy.
Journal of applied physics, 59(10), 3318-3327.

[34] Heinzelmann, H., & Pohl, D. W. (1994). Scanning near-field optical microscopy.
Applied Physics A, 59(2), 89-101.

[35] lanoul, A., & Johnston, L. J. (2007). Near-field scanning optical microscopy to
identify membrane microdomains. Methods in Membrane Lipids, 469-480.

[36] Vancso, G. J., Hillborg, H., & Schonherr, H. (2005). Chemical composition of
polymer surfaces imaged by atomic force microscopyand complementary approaches.
Polymer analysis polymer theory, 55-129.

[37] Kohli, R., & Mittal, K. L. (2011). Developments in surface contamination and
cleaning, Volume 4: Detection, characterization, and analysis of contaminants.

[38] Nalwa, H. S. (2004). Encyclopedia of nanoscience and nanotechnology (v. 7. Nano
Me-T). American scientific publishers.

[39] Cantor, C. R., & Schimmel, P. R. (1980). Biophysical Chemistry, Part Il: Techniques
for the Study of Biological Structure and Function WH Freeman and Company, San
Francisco.

[40] Sapsford, K. E., Tyner, K. M., Dair, B. J., Deschamps, J. R., & Medintz, I. L. (2011).
Analyzing nanomaterial bioconjugates: a review of current and emerging purification and
characterization techniques. Analytical chemistry, 83(12), 4453-4488.

[41] Cao, G. (2004). Nanostructures & nanomaterials: synthesis, properties & applications.
Imperial college press.

[42] Chapman, H. N., Fromme, P., Barty, A., White, T. A,, Kirian, R. A., Aquila, A., &
Spence, J. C. (2011). Femtosecond X-ray protein nanocrystallography. Nature, 470(7332),
73-77.

[43] Babick, F. (2020). Dynamic light scattering (DLS). In Characterization of
Nanoparticles (pp. 137-172). Elsevier.

[44] Falke, S., & Betzel, C. (2019). Dynamic Light Scattering (DLS). In Radiation in
Bioanalysis (pp. 173-193). Springer, Cham.

[45] Brar, S. K., & Verma, M. (2011). Measurement of nanoparticles by light-scattering
techniques. TrAC Trends in Analytical Chemistry, 30(1), 4-17.

[46] Pons, T., Uyeda, H. T., Medintz, I. L., & Mattoussi, H. (2006). Hydrodynamic
dimensions, electrophoretic mobility, and stability of hydrophilic quantum dots. The
Journal of Physical Chemistry B, 110(41), 20308-20316.

[47] Lim, J., Yeap, S. P., Che, H. X., & Low, S. C. (2013). Characterization of magnetic
nanoparticle by dynamic light scattering. Nanoscale research letters, 8(1), 1-14.



[48] Bootz, A., Vogel, V., Schubert, D., & Kreuter, J. (2004). Comparison of scanning
electron microscopy, dynamic light scattering and analytical ultracentrifugation for the
sizing of poly (butyl cyanoacrylate) nanoparticles. European journal of pharmaceutics and
biopharmaceutics, 57(2), 369-375.

[49] Uskokovi¢, V. (2012). Dynamic light scattering based microelectrophoresis: main
prospects and limitations. Journal of dispersion science and technology, 33(12), 1762-
1786.

[50] Mie, G. (1908). Sattigungsstrom und Stromkurve einer schlecht leitenden Fllssigkeit.
Annalen der Physik, 331(8), 597-614.

[51] Bhattacharjee, S., Habib, F., Darwish, N., & Shanableh, A. (2021). Iron sulfide
nanoparticles prepared using date seed extract: Green synthesis, characterization and
potential application for removal of ciprofloxacin and chromium. Powder Technology,
380, 219-228.

[52] Jiang, X., Jiang, J., Jin, Y., Wang, E., & Dong, S. (2005). Effect of colloidal gold size
on the conformational changes of adsorbed cytochrome c: Probing by circular dichroism,
UV- Visible, and Infrared Spectroscopy. Biomacromolecules, 6(1), 46-53.

[53] Johal, M. S., & Johnson, L. E. (2011). Understanding nanomaterials (pp. 195-196).
Boca Raton, FL, USA:: CRC Press.

[54] Tom, R. T., Samal, A. K., Sreeprasad, T. S., & Pradeep, T. (2007). Hemoprotein
bioconjugates of gold and silver nanoparticles and gold nanorods: structure— function
correlations. Langmuir, 23(3), 1320-1325.

[55] Baudot, C., Tan, C. M., & Kong, J. C. (2010). FTIR spectroscopy as a tool for nano-
material characterization. Infrared Physics & Technology, 53(6), 434-438.

[56] Hind, A. R., Bhargava, S. K., & McKinnon, A. (2001). At the solid/liquid interface:
FTIR/ATR—the tool of choice. Advances in colloid and interface science, 93(1-3), 91-
114,

[57] Kazarian, S. G., & Chan, K. L. A. (2006). Applications of ATR-FTIR spectroscopic
imaging to biomedical samples. Biochimica et Biophysica Acta (BBA)-Biomembranes,
1758(7), 858-867.

[58] Liu, H., & Webster, T. J. (2007). Nanomedicine for implants: a review of studies and
necessary experimental tools. Biomaterials, 28(2), 354-3609.

[59] Andrade, J. D. (1985). X-ray photoelectron spectroscopy (XPS). Surface and
interfacial aspects of biomedical polymers, 105-195.

[60] Ngo, P. D. (1999). Energy dispersive spectroscopy. In Failure Analysis of Integrated
Circuits (pp. 205-215). Springer, Boston, MA.

[62] Ravichandran, R. (2010). Nanotechnology applications in food and food processing:
innovative  green  approaches, opportunities and uncertainties for  global
market. International Journal of Green Nanotechnology: Physics and Chemistry, 1(2),
P72-P96.

[63] Babu, P. J., & Tingirikari, J. M. R. (2022). A review on polymeric nanomaterials
intervention in food industry. Polymer Bulletin, 1-28

[64] Kuswandi, B. (2017). Environmental friendly food nano-packaging. Environmental
Chemistry Letters, 15(2), 205-221.



[65] Chellaram, C., Murugaboopathi, G., John, A. A., Sivakumar, R., Ganesan, S.,
Krithika, S., & Priya, G. (2014). Significance of nanotechnology in food
industry. APCBEE procedia, 8, 109-113

[66] Duran, N., & Marcato, P. D. (2013). Nanobiotechnology perspectives. Role of
nanotechnology in the food industry: a review. International Journal of Food Science &
Technology, 48(6), 1127-1134.

[67] Dingman, J. (2008). Guest commentary: nanotechnology: its impact on food
safety. Journal of Environmental Health, 70(6), 47-50.

[69] Usman, M., Faroog, M., Wakeel, A., Nawaz, A., Cheema, S. A., ur Rehman, H., ... &
Sanaullah, M. (2020). Nanotechnology in agriculture: Current status, challenges and
future opportunities. Science of the Total Environment, 721, 137778.

[70] Liu, Y., Chen, H., Zhu, N., Zhang, J., Li, Y., Xu, D., ... & Zhao, J. (2022). Detection
and remediation of mercury contaminated environment by nanotechnology: Progress and
challenges. Environmental Pollution, 293, 118557.

[71] Tyagi, S., Rawtani, D., Khatri, N., & Tharmavaram, M. (2018). Strategies for nitrate
removal from aqueous environment using nanotechnology: a review. Journal of Water
Process Engineering, 21, 84-95.

[73] Bhoj, Y., Pandey, G., Bhoj, A., Tharmavaram, M., & Rawtani, D. (2021). Recent
advancements in practices related to desalination by means of nanotechnology. Chemical
Physics Impact, 2, 100025.

[74] Abdelnour, S. A., Alagawany, M., Hashem, N. M., Farag, M. R., Alghamdi, E. S.,
Hassan, F. U., ... & Attia, Y. A. (2021). Nanominerals: fabrication methods, benefits and
hazards, and their applications in ruminants with special reference to selenium and zinc
nanoparticles. Animals, 11(7), 1916.

[75] Cerofolini, G., Amato, P., Masserini, M., & Mauri, G. (2010). A surveillance system
for early-stage diagnosis of endogenous diseases by swarms of nanobots. Advanced
Science Letters, 3(4), 345-352.

[76] Tiwari, A. (2012). Military nanotechnology. International Journal of Engineering
Science and Advanced Technology, 2(4), 825-830.

[77] Boisseau, P., & Loubaton, B. (2011). Nanomedicine, nanotechnology in
medicine. Comptes Rendus Physique, 12(7), 620-636.

[78] Donkuru, M., Badea, I., Wettig, S., Verrall, R., Elsabahy, M., & Foldvari, M. (2010).
Advancing nonviral gene delivery: lipid-and surfactant-based nanoparticle design
strategies. Nanomedicine, 5(7), 1103-1127.

[79] Lavan, D. A., McGuire, T., & Langer, R. (2003). Small-scale systems for in vivo drug
delivery. Nature biotechnology, 21(10), 1184-1191.

[80] Allen, T. M., & Cullis, P. R. (2004). Drug delivery systems: entering the
mainstream. Science, 303(5665), 1818-1822.

[81] Laurance, J. (2012). Scientists develop nanoparticle method to help tackle major
diseases. The Independent, 11, 12.

[82] Getts, D. R., Martin, A. J., McCarthy, D. P., Terry, R. L., Hunter, Z. N., Yap, W. T., ...
& Miller, S. D. (2012). Microparticles bearing encephalitogenic peptides induce T-cell
tolerance and ameliorate experimental autoimmune encephalomyelitis. Nature
biotechnology, 30(12), 1217-1224.



[83] Nie, S., Xing, Y., Kim, G. J., & Simons, J. W. (2007). Nanotechnology applications in
cancer. Annu. Rev. Biomed. Eng., 9, 257-288.

[84] Zheng, G., Patolsky, F., Cui, Y., Wang, W. U., & Lieber, C. M. (2005). Multiplexed
electrical detection of cancer markers with nanowire sensor arrays. Nature
biotechnology, 23(10), 1294-1301.

[85] Loo, C,, Lin, A, Hirsch, L., Lee, M. H., Barton, J., Halas, N., ... & Drezek, R. (2004).
Nanoshell-enabled photonics-based imaging and therapy of cancer. Technology in cancer
research & treatment, 3(1), 33-40.

[86] Nahar, M., Dutta, T., Murugesan, S., Asthana, A., Mishra, D., Rajkumar, V., ... & Jain,
N. K. (2006). Functional polymeric nanoparticles: an efficient and promising tool for
active delivery of bioactives. Critical Reviews™ in Therapeutic Drug Carrier
Systems, 23(4).

[87] Wong, H. L., Wu, X. Y., & Bendayan, R. (2012). Nanotechnological advances for the
delivery of CNS therapeutics. Advanced drug delivery reviews, 64(7), 686-700.

[88] Brambilla, D., Le Droumaguet, B., Nicolas, J., Hashemi, S. H., Wu, L. P., Moghimi,
S. M., ... & Andrieux, K. (2011). Nanotechnologies for Alzheimer's disease: diagnosis,
therapy, and safety issues. Nanomedicine: Nanotechnology, Biology and Medicine, 7(5),
521-540.

[89] Freitas, R. A. (2005). Nanotechnology, nanomedicine and nanosurgery. International
Journal of Surgery, 4(3), 243-246.

[90] Sivaramakrishnan, S. M., & Neelakantan, P. (2014). Nanotechnology in dentistry-what
does the future hold in store. Dentistry, 4(2), 1.

[91] Zarbin, M. A., Montemagno, C., Leary, J. F., & Ritch, R. (2013). Nanomedicine for
the treatment of retinal and optic nerve diseases. Current opinion in pharmacology, 13(1),
134-148.

[92] Zhang, W., Wang, Y., Lee, B. T. K., Liu, C., Wei, G., & Lu, W. (2014). A novel
nanoscale-dispersed eye  ointment for the treatment of dry eye
disease. Nanotechnology, 25(12), 125101.

[93] Manchanda, S., & Sahoo, P. K. (2008). Topical delivery of Acetazolamide by
encapsulating in mucoadhesive. Drug Discov Today, 13, 144-151.

[94] Gobin, A. M., O'Neal, D. P., Watkins, D. M., Halas, N. J., Drezek, R. A., & West, J.
L. (2005). Near infrared laser-tissue welding using nanoshells as an exogenous
absorber. Lasers in Surgery and Medicine: The Official Journal of the American Society
for Laser Medicine and Surgery, 37(2), 123-129.

[95] Chambers, L. D., Stokes, K. R., Walsh, F. C., & Wood, R. J. (2006). Modern
approaches to marine antifouling coatings. Surface and Coatings Technology, 201(6),
3642-3652.

[96] Ko, W. H. (2007). Trends and frontiers of MEMS. Sensors and Actuators A:
Physical, 136(1), 62-67.

[97] Oliveira, M., Neto, V., Fonseca, M., Zhiltsova, T., & Gréacio, J. (2012). Microinjection
Molding of Enhanced Thermoplastics. Thermoplastic Elastomers, 11.

[98] Neto, V. F., Zhiltsova, T. V., Oliveira, M. S. A., Ferreira, J. A., Gréacio, J., Vasco, J. O.
C., ... & Pontes, A. J. (2012). Advanced coating systems towards the analysis of polymer
flow within microcavities



[99] Ahmed, K., Tarig, I., & Mudassir, S. U. S. M. (2021). 11. Green synthesis of cobalt
nanoparticles by using methanol extract of plant leaf as reducing agent. Pure and Applied
Biology (PAB), 5(3), 453-457.

[100] Shahzadi, T., Zaib, M., Riaz, T., Shehzadi, S., Abbasi, M. A., & Shahid, M. (2019).
Synthesis of eco-friendly cobalt nanoparticles using Celosia argentea plant extract and
their efficacy studies as antioxidant, antibacterial, hemolytic and catalytical agent. Arabian
Journal for Science and Engineering, 44(7), 6435-6444.

[101] Hsu, C. M., Huang, Y. H., Chen, H. J., Lee, W. C., Chiu, H. W., Maity, J. P., ... &
Chen, C. Y. (2018). Green synthesis of nano-Co304 by microbial induced precipitation
(MIP) process using Bacillus pasteurii and its application as supercapacitor. Materials
Today Communications, 14, 302-311.

[102] Vaya, D., & Das, B. K. (2019). Green synthesis of cobalt oxide nanoparticles by a
starch-assisted method. Nanoscience & Nanotechnology-Asia, 9(3), 362-370.

[103] Iravani, S., & Varma, R. S. (2020). Sustainable synthesis of cobalt and cobalt oxide
nanoparticles and their catalytic and biomedical applications. Green Chemistry, 22(9),
2643-2661.

[104] Bibi, I., Nazar, N., Igbal, M., Kamal, S., Nawaz, H., Nouren, S., ... & Abbas, M.
(2017). Green and eco-friendly synthesis of cobalt-oxide nanoparticle: characterization
and photo-catalytic activity. Advanced Powder Technology, 28(9), 2035-2043.

[105] Hou, H., Mahdavi, B., Paydarfard, S., Zangeneh, M. M., Zangeneh, A., Sadeghian, N.,
... & Sen, F. (2020). Retracted article: novel green synthesis and antioxidant, cytotoxicity,
antimicrobial, antidiabetic, anticholinergics, and wound healing properties of cobalt
nanoparticles containing Ziziphora clinopodioides Lam leaves extract. Scientific reports,
10(1), 1-19.

[106] Dwivedi, A. D., & Gopal, K. (2010). Biosynthesis of silver and gold nanoparticles
using Chenopodium album leaf extract. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 369(1-3), 27-33.

[107] Koyyati, R., Kudle, K. R., & Padigya, P. R. M. (2016). Evaluation of antibacterial and
cytotoxic activity of green synthesized cobalt nanoparticles using Raphanus sativus var.
longipinnatus leaf extract. International journal of pharmtech research, 9(3), 466-472.

[108] Sharma JK, Srivastava P, Singh G, Akhtar MS, Ameen S. Green synthesis of Co304
nanoparticles and their applications in thermal decomposition of ammonium perchlorate
and dye sensitized solar cells. Mater Sci Eng B. 2015;193:181-8.

[109] Kharade Suvarta, D., Nikam Gurunath, H., Mane Gavade Shubhangi, J., Patil
Sachinkumar, R., & Gaikwad Kishor, V. (2020). Biogenic synthesis of cobalt
nanoparticles using Hibiscus cannabinus leaf extract and their antibacterial activity. Res J
Chem Environ, 24(5), 9-13.

[110] Onwudiwe, D. C., Ravele, M. P., & Elemike, E. E. (2020). Eco-friendly synthesis,
structural properties and morphology of cobalt hydroxide and cobalt oxide nanoparticles
using extract of Litchi chinensis. Nano-Structures & Nano-Objects, 23, 100470.

[111] Vijayanandan, A. S., & Balakrishnan, R. M. (2018). Biosynthesis of cobalt oxide
nanoparticles using endophytic fungus Aspergillus nidulans. Journal of environmental
management, 218, 442-450.

[112] Saeed, M., Akram, N., Naqgvi, S. A. R., Usman, M., Abbas, M. A., Adeel, M., & Nisar,
A. (2019). Green and eco-friendly synthesis of Co304 and Ag-Co304: characterization
and photo-catalytic activity. Green Processing and Synthesis, 8(1), 382-390.



[113] Saravanakumar, P., Muthukumar, M., Muthuchudarkodi, R. R., & Ramkumar, P.
(2018). Piper nigrum mediated green synthesis, characterization of undoped cobalt oxide
and cerium ion doped cobalt oxide nanoparticles. Int J Recent Res Aspects, 918-23.

[114] Kombaiah, K., Vijaya, J. J., Kennedy, L. J., Kaviyarasu, K., Ramalingam, R. J., & Al-
Lohedan, H. A. (2019). Green synthesis of Co304 nanorods for highly efficient catalytic,
photocatalytic, and antibacterial activities. Journal of nanoscience and nanotechnology,
19(5), 2590-2598.

[115] Dubey, S., Kumar, J., Kumar, A., & Sharma, Y. C. (2018). Facile and green synthesis
of highly dispersed cobalt oxide (Co304) nano powder: Characterization and screening of
its eco-toxicity. Advanced Powder Technology, 29(11), 2583-2590.

[116] Song, J. Y., & Kim, B. S. (2009). Rapid biological synthesis of silver nanoparticles
using plant leaf extracts. Bioprocess and biosystems engineering, 32(1), 79-84.

[117] Singaravelu, G., Arockiamary, J. S., Kumar, V. G., & Govindaraju, K. (2007). A novel
extracellular synthesis of monodisperse gold nanoparticles using marine alga, Sargassum
wightii Greville. Colloids and surfaces B: Biointerfaces, 57(1), 97-101.

[118] Rajeshkumar, S., Malarkodi, C., Gnanajobitha, G., Paulkumar, K., Vanaja, M.,
Kannan, C., & Annadurai, G. (2013). Seaweed-mediated synthesis of gold nanoparticles
using Turbinaria conoides and its characterization. Journal of Nanostructure in Chemistry,
3(1), 1-7.

[119] Salem, D. M., Ismail, M. M., & Aly-Eldeen, M. A. (2019). Biogenic synthesis and
antimicrobial potency of iron oxide (Fe304) nanoparticles using algae harvested from the
Mediterranean Sea, Egypt. The Egyptian Journal of Aquatic Research, 45(3), 197-204..

[120] Lu, L., Jiao, X., Fan, J., Lei, W., Ouyang, Y., Xia, X., ... & Hao, Q. (2019). Cobalt
ferrite on honeycomb-like algae-derived nitrogen-doped carbon for electrocatalytic
oxygen reduction and ultra-cycle-stable lithium storage. Electrochimica Acta, 295, 461-
471.

[121] Azevédo, H. V., Raimundo, R. A., Ferreira, L. S., Silva, M. M., Morales, M. A.,
Macedo, D. A., ... & Cavalcante, D. G. (2020). Green synthesis of CoWO4 powders using
agar-agar from red seaweed (Rhodophyta): structure, magnetic properties and battery-like
behavior. Materials Chemistry and Physics, 242, 122544,

[122] Kapil A. The challenge of antibiotic resistance: need to contemplate. Indian J Med
Res. 2005 Feb 1;121(2):83-91.

[123] Kapil, A. (2005). The challenge of antibiotic resistance: need to contemplate. Indian
Journal of Medical Research, 121(2), 83.

[124] Patil Shriniwas, P. (2017). Antioxidant, antibacterial and cytotoxic potential of silver
nanoparticles synthesized using terpenes rich extract of Lantana camara L. leaves.
Biochemistry and biophysics reports, 10, 76.

[125] Mikotajczuk-Szczyrba, A., Kieliszek, M., Giurgiulescu, L., & Sokotowska, B. (2019).
CHARACTERISTICS AND APPLICATION OF SILVER NANOPARTICLES IN THE
FOOD INDUSTRY-REVIEW. Carpathian Journal of Food Science & Technology, 11(4).

[126] Varaprasad, T., Govindh, B., & Rao, B. V. (2017). Green synthesized cobalt
nanoparticles using Asparagus racemosus root extract & evaluation of antibacterial
activity. Int J ChemTech Res, 10(9), 339-45.



[127] Eltarahony, M., Zaki, S., EIKady, M., & Abd-El-Haleem, D. (2018). Biosynthesis,
characterization of some combined nanoparticles, and its biocide potency against a broad
spectrum of pathogens. Journal of Nanomaterials, 2018..

[128] Omran, B. A., Nassar, H. N., Younis, S. A., EI-Salamony, R. A., Fatthallah, N. A.,
Hamdy, A., .. & EI-Gendy, N. S. (2020). Novel mycosynthesis of cobalt oxide
nanoparticles using Aspergillus brasiliensis ATCC 16404—optimization, characterization
and antimicrobial activity. Journal of Applied Microbiology, 128(2), 438-457.

[129] Anuradha, C. T., & Raji, P. (2019). Effect of annealing temperature on antibacterial,
antifungal and structural properties of bio-synthesized Co304 nanoparticles using
Hibiscus Rosa-sinensis. Materials Research Express, 6(9), 095063.

[130] Iravani, S., & Varma, R. S. (2020). Sustainable synthesis of cobalt and cobalt oxide
nanoparticles and their catalytic and biomedical applications. Green Chemistry, 22(9),
2643-2661.

[131] Bauer, V., Sotnikova, R., Machova, J., Matyas, S., Pucovsky, V., & Stefek, M. (1999).
Reactive oxygen species induced smooth muscle responses in the intestine, vessels and
airways and the effect of antioxidants. Life sciences, 65(18-19), 1909-1917.

[132] Antolovich, M., Prenzler, P. D., Patsalides, E., McDonald, S., & Robards, K. (2002).
Methods for testing antioxidant activity. Analyst, 127(1), 183-198.

[133] Khalil, A. T., Ovais, M., Ullah, 1., Ali, M., Shinwari, Z. K., & Maaza, M. (2020).
Physical properties, biological applications and biocompatibility studies on biosynthesized
single phase cobalt oxide (Co304) nanoparticles via Sageretia thea (Osbeck.). Arabian
Journal of Chemistry, 13(1), 606-619.

[134] Ghadi, F. E., Ghara, A. R., & Naeimi, A. (2018). Phytochemical fabrication,
characterization, and antioxidant application of copper and cobalt oxides nanoparticles
using Sesbania sesban plant. Chemical Papers, 72(11), 2859-2869.



