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AND THEIR ANTIBACTERIAL POTENTIAL FOR AGRICULTURAL APPLICATION
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Tém tat — Var lidu nano ra doi va phdt trién
Vi nhiéu iing dung trong nong nghiép bén viing
nhw phong tri bénh, xit Ii méi truong canh tdc
va chudn dodn bénh trén cdy trong. Hé nano bac
(AgNPs) duoc trién khai thiét ké va ché tao bang
phuwong phdp mdi mang didc tinh khdng khudn
dem lai tiém ndng iing dung cao trong nong
nghiép. Trong nghién citu nay, AgNPs duoc tong
hop théng qua sw két hop cdc chdt hoat déng
bé mqt sinh hoc khong ion vdi chdt hoat dong
bé mqt ion ¢ 65°C trong 1 gio. Cdc ddc tinh
quang hoc va hinh thdi AgNPs duoc xdc dinh
bdng quang phd hdp thu UV-Vis va kinh hién vi
dién it quét (SEM). AgNPs tong hop duoc co su
phdn bé dong nhdt dat kich thudc 6242,8 nm va
phé hdp thu UV-Vis thu nhdn véi dinh thdp thu
& ~420 nm. Pong thoi, cdc hat AgNPs biéu hién
ddc tinh khdng khudn déi véi Staphylococcus
aureus & cdc nong do 80, 8 va 0,8 ppm véi vong
tron duong kinh khdng khudn tuong iing la 12,
10 va 8 mm. Cdc thit nghiém ban ddu cho thdy
hé AgNPs tong hop duoc khong gdy doc cho
cdy, co khd ndng ving dung trong phong va tri
bénh cho cdy trong.
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Tir khoa: chdt hoat dong bé mdt, khdng khudn,
nano bac.

Abstract — The development of nanomaterials
has led to numerous applications in sustain-
able agriculture including disease prevention and
treatment, cultivation environment management,
and crop disease diagnostics. As-prepared silver
nanoparticles have been designed and synthe-
sized using a novel method, showcasing antibac-
terial properties that hold significant potential for
agricultural use. In this study, silver nanoparti-
cles were synthesized through the combination
of non-ionic biological surfactants with ionic
surfactants at 65°C for 1 hour. The optical
properties and morphology of silver nanoparti-
cles were characterized by UV-Vis absorbance
and scanning electron microscope (SEM), re-
spectively. The results showed that AgNPs had a
high-homogeneity of size distribution of 6242.8
nm and a single UV-vis absorbance band was
obtained at ~420 nm. Moreover, as-prepared
silver nanoparticles showed antibacterial activity
with Staphylococcus aureus with diameters zones
of 12, 10, and 8 mm in silver nanoparticles
concentrations range of 80, 8, and 0.8 ppm,
respectively. Initial tests indicate that the synthe-
sized silver nanoparticles are non-toxic to plants
and have potential applications in the prevention
and treatment of plant diseases.

Keywords: anti-bacteria, co-surfactant, silver
nanoparticle.
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I. GIOI THIEU

Vit li€u nano ngay cang dugc quan tam nghién
ctiu d€ cung cip cic gidi phdp trong nhiéu linh
viic khdc nhau va dem lai tiém ning ing dung
cao trong nong nghiép, thuc pham, ning lugng
va thuy san [1-3]. O linh vuc ndng nghiép, cong
nghé nano mang lai nhiéu budc tién dot pha trong
cong tic quan li, phan bén nano, chin doan va
liéu phap diéu tri bénh, xt 1i mdi truong. Trong
nhém vat liéu nano khang khuin, nano bac dugc
danh gia 1a vat liéu c6 kha ning diéu tri va bao
vé cay trong khéi cic tidc nhan gdy bénh nhu
vi khudn, nim, va virus [4]. Do d6, cac nghién
ciu cd ban va chuyén sau trong viéc thiét ké va
tong hop vat liéu nano néi chung va nano bac néi
riéng can dugc trién khai thuc hién d€ lam chi
cong nghé va khai thic tiém niing dng dung mot
cach hiéu qua. Chién luge dugc dit ra trong tong
hop AgNPs 1a c6 hoat tinh cao, chi phi thip va
an toan. Tai Viét Nam, nhiéu phuong phdp tong
hop st dung cac phan ti sinh hoc va dich chiét
céc hoat chit dugc liéu trong tdng hop nano bac
dang ngay cang cho thiy nhiéu tiém ning va uu
thé v6i hoat tinh sinh hoc cao, quy trinh tdng
hgp don gidn va than thién v6i moi truong [5].
Céc hoat chit thién nhién thudng dugc thiét ké
v6i vai tro tap trung lam chét khit nhu cic chat
chuyén héa thi cip thuc vat [6]. C4c nghién ctiu
hién nay chii yéu st dung dich chiét va cic hoat
chit sinh hoc v6i vai trd hoat chit chinh trong
cAu tric bang chat khi trong qua trinh téng hop
nano bac. Phuong phap nay con gip mot sé han
ché trong tng dung sdn xuit nano bac & quy mo
16n do ham lugng bac thudng thip. Trong bai
bdo nay, saponin tif ba hat cay dau tra (Camellia
oleifera) dudc chiét tich va st dung véi vai tro
chit hoat dong bé mit (CHPBM) khong ion sinh
hoc trong qua trinh téng hdp nano bac dudi phan
ting héa hoc két hop véi CHDBM ion dé sinh
tong hop nano bac v6i ham ludng cao.

. TONG QUAN NGHIEN CUU

AgNPs dugc danh gid c6 hoat luc khang khuéan
cao va it gdy doc cho con ngudi so véi cac kim
loai khdc. V6i phd khang khuan rong, AgNPs
mang lai trién vong cai thién quén li chét lugng
trong nong pham, xay dung cic liéu phdp trong
thiét bi chin doan va phong tri bénh trén cay
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trong, ciing nhu kiém soat cic loai dich bénh
[7]. Ngoai ra, AgNPs con c6 khd ning thic day
su 16n 1én ctia nhiéu loai thyc vat thong qua cic
co ché vé sinh héa, sinh li va phan ti khac nhau.
Krishnrraj et al. [8] thong tin ban dau vé AgNPs
c6 vai trd trong sinh tdng hop cic chat chuyén héa
quan trong nhu carbohydrate, protein va lam giam
hoat ddng ctia cac enzyme catalase va peroxidase
dbi Bacopa monnieri trong giai doan nidy mam.
AgNPs kich thich sy ndy mam va phat trién ctia
cdy con trén Boswellia ovaliofoliolata [9], thuc
ddy cac chi sb ting truong thuc vat bao gom
chiéu dai ré, choi, 14, chét diép luc, carbohydrate,
protein va enzyme chdng oxy héa & Brassica
juncea, Phaseolus Vulgaris va Zea mays [7, 10].
Tiém niing ting dung AgNPs trong nong nghiép
doi héi cac nghién citu méi vé phuong phap tong
hop nano bac véi chi phi thip, an toan va c6 dng
dung cao. AgNPs c6 thé dudc tao ra bang nhiéu ki
thuét bao gém ‘top-down’ va ‘bottom-up’. AgNPs
tong hop tir vat liéu thién nhién hodc Kkét hop
cho thiy céc tic dong giam thai anh hudng véi
mdi truong. Trong nhém cac nguyén vat liéu sinh
hoc, ba hat dau tra (Camellia oleifera) dudc st
dung trong nong nghiép véi thanh phan chinh
1a saponin. Pay la mot trong nhitng nguyén liéu
thdo mdc phong phu, cé gia thanh ré. Trong qua
trinh san xuét tru6c day, ba hat dau tra thudng
dugc bd di cung véi banh dau hoic dung 1am
phan bén c6 gid tri hdp theo phuong phéap ché
bién dau truyén théng va khong tin dung dudc
cic hoat chit trong ba diu trd trd gdy nén su
lang phi trong san xuit ndng nghiép. Saponin
trong Camellia oleifera dugc nghién ctiu khong
chi 1a CHPBM khong ion sinh hoc ma con ¢6 kha
nang tao bot manh, nhi hoa, phan tan va lam udt,
khang khudn, chéng ung thu, chéng viém [11].
Ngoai ra, né con dugc ap dung trong y hoc, thudc
tri sau, thuc phdm va cac khia canh khac. Tu
nhiing co sé d6, viéc diéu ché AgNPs st dung
ciach méi c6 su két hop saponin tif ba hat dau
tra nhu mét CHPDBM khoéng ion v6i CHDBM
ion dam bdo dic tinh khing khuin dugc tién
hanh thuc hién. AgNPs dugc tao ra bi€u hién
khé ning khang khuan va cic khéao sit ban dau
cho thdy tiém ning tng dung ctia AgNPs trong
ndng nghiép cay trong.
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III. PHUONG PHAP NGHIEN CUU

Silver nitrate (AgNO3, 99%) dudc cung cip bdi
Sigma-Aldrich, cetylmethylammonium bromine
(CTAB, 90%). L-asorbic acid (C¢HgOg, 99%)
va amonium hydroxide (NH4OH, 25-28%) dugc
cung cip bdi Daejung. Bot ba hat diu tra ham
luong 30% saponin dang thuong mai xult xid
Trung Qudc. Mueller Hinton Agar (MHA) dudc
cung cip bdi Himedia.

Pau tién, bot ba hat dau tra dudc tién hanh
tach chiét theo quy trinh cong bd bdi Yu et al.
[12]. Sau d6, hdn hop dich chiét saponin (0,5 g)
va CTAB (0,5 g) dudc khudy déu trong 20 mL
nuéc cat hai 1an trong 05 phit cho dong nhét.
Tiép tuc cho vao hén hop AgNO3 (0,075 M) va
NH40H (0,1 M) trong nuéc cat va khudy lién
tuc trong 10 phidt. Sau do, thém 10 mL dung
dich chat kht ascorbic acid (0,1 M) tif tif vao
dén khi thu dugc hon hgp dong nhit. Qué trinh
gia nhiét phan tng & téc do chim 3-5°C/phiit
va duy tri Ol gio sau khi dat 65°C. Hinh thai
AgNPs dugc xac dinh bang SEM. Pic tinh quang
hoc AgNPs dudc ghi nhin bing médy do Cary
60 UV-vis (Agilent). Cdc khéo sat khang khuéan
dugc tién hanh trén Staphylococcus aureus bing
ki thuat khuéch tan dia thach (Kirby Bauer) trén
MHA véi nong d6 AgNPs 1a 80, 8, 0,8 va 0,08
ppm [13]. Vi khuin & mat s6 tuong duong 1-2
x 108 CFU/mL dudc trai déu. Sau d6, cac dia
gidly da dugc tim 20 uL AgNPs dudc dit 1én dia
va U & nhiét do 37°C trong 24 git. Mbi ndng do
AgNPs dugc thuc hién lip lai ba 1an. Kha ning
khang khudn cta vat liéu dugc xdc dinh thong
qua vong tic ché xung quanh dia gidy.

IV. KET QUA VA THAO LUAN

Kich thudc clia AgNPs dudc bi€u thi trong
Béng 1. AgNPs téng hop dugc c6 dudng kinh
hat phan b6 dong déu (min: 53,7 nm; max: 68,7
nm) v6i dudng kinh trung binh dat 62,1£2,8 nm
(Hinh 1). Dung dich AgNPs phan tan tot trong
nudc va c6 mau vang dnh kim. Phd UV-vis dugc
ghi nhan v6i dinh hip thu tai vi tri ~420 nm.
Trong nghién ctiu nay, sy hinh thanh AgNPs véi
qué trinh khit dién ra chi yéu bdi tic nhan khir
héa hoc glucose, dich chiét saponin véi vai tro
la. CHDPBM sinh hoc két hgp cong hudng véi
CTAB hé trg 6n dinh cic hat AgNPs. Su két
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hop CHPBM c6 céc tac dong dén tinh chit nhiét
dong hoc, sic cing bé mit va sy phan bd clia
cdc phan td trén bé mit phan 16n 1a do cdc
dic tinh cia CHPBM ion nhu chiéu dai chudi
alkyl va ti 1é gita caic CHPBM [14]. Cac nhém
chiic niing 4i nuéc ctia hop chit bao quanh gitip
on dinh ciu tric hat trong moi trudng phan tin
[15]. Vai tro CHPBM ctia hoat chét sinh hoc nhu
saponin va glycoside vita dudgc danh gia c6 tinh
dic trung va hiéu qué trong 6n dinh cu tric hat
[16], vita c¢6 cic bd tro kép dén cdc hoat tinh
sinh hoc [17, 18]. Thanh phan chinh saponin bot
ba dau trd gdm sapogenins, saccharides va cic
acid httu cd. Saponin ciling c¢6 dic tinh sinh hoc
trong khang khuin va chbéng oxy héa [19-22].
biéc tinh CHPBM va tao CMC (critical micelle
concentration) ctia saponin cho thiy khi este hoa,
este saponin trong tra c¢6 hoat dong bé mit tot.
Do tao bot, dd 6n dinh va nhi héa cla saponin
ciing tuong d6i 6n dinh [23].

Bang 1: Thong ké duong kinh cic hat AgNPs

TT Pwing kinh hat (nm) Mit 86 (%)
1 53-55 2
2 36-58 13
3 59-61 32
4 62-64 39
3 65-68 14
Puréne kinh trung binh: 62,1 nm Min: 337 nm; Max 68,7 nm

=
&
&

Mt d6 (%)
5 8 8

o

Kich thuée (nm)

Hinh 1: (A) Biéu d6 phan b6 dudng kinh
cac hat AgNPs téng hop dudc, duong kinh
trung binh dat 62,1+ 2,8 nm;

(B) Hinh anh SEM cua cac hat AgNPs

Hoat tinh khang khuin ctia AgNPs dudc thé
hién thong qua phuong phdp khuéch tin dia
thach. Két qua AgNPs khang vi khuin Staphy-
lococcus aureus dudc trinh bay trong Hinh 3(A).
Dung dich AgNPs dugc thyc hién thitr nghiém
& day nong do 1a 80, 8, 0,8, 0,08 ppm. Hoat
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Hinh 2: Ph UV-vis hip thu ctia AgNPs
(~420 nm) va anh chyp mau vang anh kim
ciia AgNPs phéan tan trong nuée

Bwéng kinh (mm)

0.8 a8 8o

Néng d§ AgNPs (ppm)

Hinh 3: (A) Khdo sét dic tinh khang khuéin
ctia AgNPs d6i véi Staphylococcus aureus;
(B) Hinh 4nh cdy mudp dang riing sau 14 ngay
tudi dung dich AgNPs (tan suit 02 1an/tuan)
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luc khang khuan Staphylococcus aureus & diéu
kién nuoi l6ng (0,08 ppm) trong mdi trudng
Nutrient Broth t6t hon so véi nudi trén dia cly
(0,8 ppm). Vong tron ctia khiang khuén v6i dudng
kinh dat 12 mm, 10 mm, va § mm tudng Gng
v6i nong d6 AgNPs 1a 80 ppm, 8 ppm va 0,8
pmm. Thi nghiém ban dau trén mudp dang ring
(Momordica charantia) v6i n6ng do tu6i dim hai
mit 14 trong 14 ngy (tAn suét tudi 02 1an/tuin)
cho thiy dung dich AgNPs tong hop dudc khong
lam néng cdy. Sau 02 tuan st dung, cdy sinh
trudng va 16n tét, 14 c6 mau xanh mudt, khong
bi chdy va chua xuét hién bénh trén ciy (Hinh
3(B)). Két qua ban du cho thiy AgNPs tdng hop
dudc trong nghién citu nay cé thé dng dung tao
ra cdc san phim phong tri bénh ciy trong trong
ndng nghiép. Tuy nhién, cic nghién ciu tiép theo
dé€ khio sit va thd nghiém 1én nhiéu d6i tugng
gibng cay trong, cic giai doan khic nhau ctda
cdy va trén dbi tuong cdy bénh cin dudgc thuc
hién. Pdng thdi, viéc hiéu biét vé anh hudng moi
trudng, cac anh hudng d6i véi 1am sang va cin
lam sang AgNPs ciing can quan tim nghién ciu.

Hién nay, nhiéu nghién ctiu chi ra céc co ché
khang khuin ctia AgNPs dugc dé xuét. Tuy nhién,
co ché chinh x4c van chua dudc 1am ro [24]. Céc
hat AgNPs gidi phong Ag™ c6 kha ning bam,
xuyén qua mang va té bao chét cta t& bao vi
khuin thdng qua cdc 4i Ivc tinh dién va Ivc hut
ddi v6i cac phan ti cia sinh hoc 1am ting tinh
thAm va c6 thé 1am phd vd ctia 16p vo vi khudn
[25]. Ngoai ra, cac taic nhan nhu Agt va ROS
c6 kha ning lam bién d6i DNA giy cic bat 1gi
trong su sao chép, tang sinh va thdm chi tiéu diét
truc tiép t& bao vi khuin. Trong mot sd trudng
hop, AgNPs c6 kha ning tich tu & thanh véch té
bao gay bién tinh mang, din dén su xuyén mang,
pha v3 cAu tric va li gidi té bao vi khudn [26].
AgNPs c6 thé 1am gian doan cic qu4 trinh truyén
tin hiéu cta té€ bao, din dén hién tuong té bao
chét theo chuong trinh (apoptosis) va ngin cin
qué trinh ting sinh ctia té bao [27]. Tu nhiing
co s§ d6, AgNPs hién nay dugc quan tdm va su
dung trong phong tri bénh cdy trong. Cac dic
tinh khang khuan cta AgNPs anh hudng bdi cac
yéu td kich thudc, hinh dang, dic tinh bé miit
va li héa, cho phép cac mic do tuong tac véi
té bao vi khuan. AgNPs da dudc chiing minh c6
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tiém ning dng dung hiéu qua trong ndng nghiép, [5]
trong cong tac chdng lai con tring va vi sinh vat
gay bénh.

V. KET LUAN VA KHUYEN NGHI

AgNPs dugc ché tao thanh cong thong qua viéc
két hop CHPBM tu nhién v6i CHPBM héa hoc
va dinh hudng ting cudng cac dic tinh CHDMB, (61
tif d6 1am ting su tuong tac va dc ché mam bénh
bing nhiéu co ché khac nhau. AgNPs dudgc tao ra
c6 kich thu6c va hinh dang dong déu véi duong
kinh trung binh dat 62,1£2,8 nm. Cac danh gia [7]
ban dau biéu thi ring AgNPs tong hop dudc cé
thé khang khuén, hifa hen tiém niing trién khai
cdc ting dung trong san xut san phim phong tri
bénh cy trong. Tuy nhién, nhiéu nghién ctu tiép
theo can dudc thuc hién trén nhiéu ddi tugng vi (8]
khuén khéc nhau; dong thoi, cc tinh chét vé doc
tinh ctia AgNPs ciing can dudc nghién ctiu song
song dé c6 cac chién lugc st dung AgNPs mot
cach bén viing, an toan va hiéu qua.

N , (9]
LOI CAM ON

Nghién ciu nay dugc tai tr¢ bdi Truong
Pai hoc Tra Vinh thong qua Hop dong sb
09/2024/HD.HDKH&DT-DHTV. [10]

TAI LIEU THAM KHAO -
[1] Nguyen Nhat Nam, Do Hoang Dang Khoa,
Trinh Kieu The Loan, Nae YL. Recent progress
in nanotechnology-based approaches for food
monitoring. Nanomaterials. 2022;12(23): 4116.
https://doi.org/10.3390/nano12234116. [12]

[2] Nguyen Nhat Nam, Nguyen Thanh Tung, Nguyen
Thuy An, Ngo Hai Dang, Nguyen Thi Hai Yen,
Tran Van Man et al. Hydrothermal fabrication of
Sn/SnO/SnO2 hybrid nanocomposites as highly re-
liable anodes for advanced lithium-ion batteries. [13]
New Journal of Chemistry. 2023;47: 14675-14683.
https://doi.org/10.1039/D3NJ01752D.

[3] Nguyen Nhat Nam. Engineering the NaYFy: [14]
Yb3*+/Tm3+ upconversion nanoparticle luminescence
energy transfer for a ratiometric pH indicator.
Dalat University Journal of Science. 2023;1: 71-82.
https://doi.org/10.37569/DalatUniversity.13.1.1044(2023).

[4] Sajad K, Muhammad Z, Raham SK, Muhammad [15]
I, Noor Ul The impact of silver nanoparticles
on the growth of plants: The agriculture
applications. Heliyon. 2023;9(6): e16928.
https://doi.org/10.1016/j.heliyon.2023.e16928.

66

SINH HOC UNG DUNG

Hoang Dbuc Thuan, Ngé Van Cuong, Lé Thi Thu
Hong, Tran Thach Thao, Nguyén Thi Nhu Quynh,
Cao Vin Du. Téng hgp xanh nano bac tir dich chiét
dugc lidu (trau khong, tring ca). Tap chi Khoa hoc
Truong Dai hoc Lac Hong. 2021;12: 79-84. [Hoang
Duc Thuan, Ngo Van Cuong, Le Thi Thu Hong, Tran
Thach Thao, Nguyen Thi Nhu Quynh, Cao Van Du.
Green synthesis of silver nanoparticles using herbal
extract (piper betle, muntingia calabura. Journal of
Science of Lac Hong University. 2021;12: 79-84].

Jahanzeb K, Irsa N, Saiqa B, Shakeel A, Faizah
A, Muhammad H, et al. Green synthesis of silver
nanoparticles (Ag-NPs) using debregeasia salicifolia
for biological applications. Materials. 2023;16: 129.
https://doi.org/10.3390/mal16010129.

Priyadarshini S, Deepesh B, Zaidi MGH, Pardha
S, Khanna PK, Sandeep A. Silver nanoparticle-
mediated enhancement in growth and antioxi-
dant status of brassica juncea. Applied Biochem-
istry and Biotechnology. 2012;167: 2225-2233.
https://doi.org/10.1007/s12010-012-9759-8.

Krishnaraj C, Jagan EG, Ramachandran R, Abi-
rami SM, Mohan N, Kalaichelvan PT. Effect
of biologically synthesized silver nanoparticles on
Bacopa monnieri (Linn.) Wettst. Plant growth
metabolism. Process Biochemistry. 2012;47: 651-
658. https://doi.org/10.1016/j.procbio.2012.01.006.

Savithramma N, Ankanna S, Bhumi G. Effect of
nanoparticles on seed germination and seedling
growth of Boswellia ovalifoliolata an endemic and
endangered medicinal tree taxon. Nano Vision.
2012;2(1,2&3): 61-68.

Salama HMH. Effects of silver nanoparticles in some
crop plants, common bean (Phaseolus vulgaris L.)
and corn (Zea mays L.). International Research Jour-
nal of Biotechnology. 2012;3(10): 190-197.

Ying Z, Ruigi S, Wenting Z, Yao GL, Jian C.
Antibacterial activity of tea saponin from Camellia
oleifera shell by novel extraction method. Indus-
trial Crops and Products. 2020;153: 112604-112613.
https://doi.org/10.1016/j.indcrop.2020.112604.

Yu XL, He Y. Optimization of tea-leaf saponins
water extraction and relationships between their
contents and tea (Camellia sinensis) tree varieties.
Food Science and Nutrition. 2018;6(6): 1734-1740.
https://doi.org/10.1002/fsn3.724.

Kirby B. Disk diffusion susceptibility test protocol.
Washington. DC, USA: American Society for Micro-
biology; 2009.

PAhmad B, Paresa K. Synergism between non-
ionic and cationic surfactants in a concentra-
tion range of mixed monolayers at an air-water
interface. RSC Advance. 2017;7: 18151-18161.
https://doi.org/10.1039/C6RA27382C.

Alireza E, Saeed T, Ghasemi Y. Green synthesis of
silver nanoparticles using mediterranean cypress (Cu-
pressus sempervirens) leaf extract. American Journal
of Biochemistry and Biotechnology. 2017;13: 1-6.
https://doi.org/10.3844/ajbbsp.2017.1.6.



Nguyén Nhu Khai, Pang Thi Oanh Yén, Nguyén Ngoc Thanh va cong su

[16]

(17]

(18]

[19]

[20]

[21]

Ekaterina OM. Silver nanoparticles: Mechanism
of action and probable bio-application. Journal
of Functional Biomaterial. 2020;11(4): 84-110.
https://doi.org/10.3390/jfb11040084.

Mashwani ZR, Tariq K, Khan MA, Akhtar N.
Synthesis in plants and plant extracts of silver
nanoparticles with potent antimicrobial properties:
current status and future prospects. Applied Mi-
crobiology and Biotechnology. 2015;99: 9923-9934.
https://doi.org/10.1007/s00253-015-6987-1.

Bharathi A, Vigneshwaran K, Loganathan K. Green
synthesis of silver nanoparticles from Ficus racemosa
L. extract and their antifungal activity. Nano Biomed-
ical Engineering. 2014;10: 93-96.

Sur P, Chaudhuri T, Vedasiromoni JR, Gomes A,
Ganguly DK. Antiinflammatory and antioxidant prop-
erty of saponins of tea [Camellia sinensis (L)
0. Kuntze] root extract. Phytotherapy Research.
2001;15(2): 174-176. https://doi.org/10.1002/ptr.696.
Xiaoyan L, Liya C, Qian W, Xinying Z, Xi-
aoxin H. Effect of tea saponin on phytoreme-
diation of Cd and pyrene in contaminated soils
by Lolium multiflorum. Environmental Science
and Pollution Research. 2017;24(23): 18946-18952.
https://doi.org/10.1007/s11356-017-9515-2.v.

Huilong X, Xiaoya C, Zhijun Y, Wenwei C.
Enhancing plant uptake of polychlorinated
biphenyls and cadmium using tea saponin.
Bioresource Technology. 2009;100(20): 4649-4653.
https://doi.org/10.1016/j.biortech.2009.04.069.

[22]

(23]

(24]

[25]

[26]

(27]

SINH HOC UNG DUNG

Jie H, Jinshao Y, Jiawen M, Jiong G, Siqin C,
Xiaoling W. Triphenyltin biosorption, dephenylation
pathway and cellular responses during triphenyltin
biodegradation by Bacillus thuringiensis and tea
saponin. Chemical Engineering Journal. 2014;249:
167-173. https://doi.org/10.1016/j.cej.2014.03.110.
Jin F, Ying C, Xin L, Songbai L. Efficient
improvement of surface activity of tea saponin
through Gemini-like modification by straightforward
esterification. Food Chemistry. 2015;171: 272-279.
https://doi.org/10.1016/j.foodchem.2014.08.125.

Iris XY, Jing Z, Irene SZ, May LM, Quanli L,
Chun HC. The antibacterial mechanism of silver
nanoparticles and its application in dentistry. Inter-
national Journal of Nanomedicine. 2020;15: 2555-
2562. https://doi.org/10.2147/1IN.S246764.

Ranjeet AB, Tanay VC, Chaitanya PJ, Prachi RB,
Hira C, Manisha P, et al. An overview of application
of silver nanoparticles for biomaterials in dentistry.
Materials Science and Engineering: C.2018;91: 881-
898. https://doi.org/10.1016/j.msec.2018.05.069.

Chengzhu L, Yuchao L, Sie CT. Bactericidal and
cytotoxic properties of silver nanoparticles. Interna-
tional Journal of Molecular Sciences. 2019;20(2):
449-496. https://doi.org/10.3390/ijms20020449.

Lin L, Lu L, Xuejiao Z, Yang Y, Zengqgiang L, Daiy-
ing Z, et al. Silver nanoparticles induce protective

autophagy ~ via  Ca?+/CaMKKB/AMPK/mTOR
pathway in SH-SY5Y cells and rat brains.
Nanotoxicology. 2019;13(3): 369-391.

https://doi.org/10.1080/17435390.2018.1550226.

Creative Commons Attribution-NonCommercial 4.0 International License.

67



