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SUMMARY

GREEN SYNTHESIS OF SILVER NANOPARTICLES USING TEA LEAF EXTRACT
AND EVALUATION OF ANTIBACTERIAL ACITIVITY

In this study, the silver nanoparticles (AgNPs) were successfully synthesized via a simple, nontoxic and
ecofriendly method by using tea leaf extract. The formation of AgNPs was identified by changing the
color of the reaction medium from light yellow to dark brown and the surface plasma resonance band.
The optimal conditions for the synthesis of silver nanoparticles were determined by changing various
parameters including pH, amount of extract, concentration of AQNO3 solution and time. Furthermore,
the biosynthesized AgNPs were characterized by Fourier transform infrared spectroscopy (FT-IR), X-
ray diffraction (XRD) and scanning electron microscopy (SEM). The AgNPs were nearly spherical in
shape with the crystalline size of about 10 nm. The active compounds in the extract containing
functional groups such as hydroxyl, amine, ether acted as a reducing agent to convert silver ions into
AgNPs and capping agent on the surface of AgNPs. Silver nanoparticles exhibited significant
antibacterial activity against P. aeruginosa and S. aureus with the inhibition zones ranging between
19-26 mm and 22-29 mm, respectively.
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1. MO PAU vat phong phi [18]. Két qua nghién ciu cho
Cong nghé nano la nganh khoa hoc dang phat thiy céc hoat chit c6 trong trong dich chiét
trién nhanh chong va déng mot vai trd quan thuc vat nhu polyphenol, flavonoid, terpenoid,
trong trong nhiéu linh vuc nhu y hoc, nong steroid dong vai trd 1a tac nhan khir va chat 6n
nghiép, thuc pham, my phim. Dac biét, cac hat dinh, 1am bén, ngin su két tu cua cac hat nano
nano kim loai duoc st dung trong y hoc dé bac tao thanh [4, 18].

chan doan va diéu tri bénh [1, 9]. Trong do, hat Cay ché (Camellia sinensis) dugc trdng phd
nano bac thu hit sy quan tdm cua cic nha bién ¢ nhiéu noi trén thé gidi, trong cac khu
nghién ctu do ching cé tinh chat doc déo nhu vuc nhiét dsi va can nhiét dsi. O Viét Nam,
tinh dan dién, dan nhiét tét va hoat tinh sinh cdy ché duoc trong khap ca nudc, nhidu nhat Ia
hoc phong phi gém hoat tinh khang khuan, & céac tinh Thai nguyén, Phii Tho, Ha Giang,
khang nam, chdng viém va gay doc té bao [15, Yén Bai, Quang Nam, Lam Dong [6]. Che la
18]. Trong nhiing nim gan day, phuong phap mot dugc lidu quy dung dé chira tri nhidu cin
téng hop xanh AgNPs tir dich chiét thuc vat bénh nhu chéng viém, chéng xo vita dong
phét trién rit manh m& do c6 wu diém la than mach, phong chéng ung thu, chéng 130 hoa,
thién méi treong, chi phi thip va nguon thyc diét khuan véi hon 4000 hop chat ¢d hoat tinh
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trong d6 phan 16n 1a cac hop chit catechin, mot

polyphenol ~ [12].  Epicatechin  gallate,
epicatechin, epigallocatechin va
epigallocatechin gallate (EGCG) la céac

catechin chinh trong cay cheé trong ¢6 EGCG la
thanh phan phé bién va thé hién nhiéu hoat tinh
nhat [12, 19]. Trong qué trinh ché bién, san
Xuit ché thanh pham, mot luong Ion céc san
pham phu nhu ché vun, 14 ché dem lai hiéu qua
kinh té chua cao va chua dugc khai thac mot
cach triét dé. Nhiéu nghién ciu da st dung
dich chiét 14 che dé tong hop AgNPs [3, 11, 17,
18, 20], tuy nhién chua c6 nghién ctru nao &
Viét Nam sir dung dich chiét 14 ché dé tong
hop AgNPs

Khéng thudc 1a mét trong nhitng vin dé dic
biét nghiém trong hién nay trong linh vyc y té.
Su dé khéang cua vi khuan véi cac thudc khang
khang sinh dang 1a thach thic rat 16n, de doa
dén sinh mang cua hang triéu bénh nhan [2].
Phat trién cac liéu phap méi trong diéu tri vi
khuan khéng thubc dang tro thanh mot yéu cau
cap béach. Kha ning khang khuin cua céc hat
nano phy thudc nhiéu vao cac dic tinh héa Iy
ciia chung nhu d6 6n dinh, kich thuéc, hinh
dang va dién tich bé mit cing nhu cac chét lam
bén [8, 14]. Trong nghién ctu nay, AgNPs
duogc tong hop tir dich chiét cua 14 ché va danh
gid kha ning khang khuan cua ching. Bén
canh d6, t6i wu hoa diéu kién tdng hop AgNPs,
c4u tric va hinh thai ciia AgNPs ciing da duoc
nghién cuu.

2. THU'C NGHIEM

2.1. Vit ligu

Céc hoa chat dugc st dung gom AgNOs,
NaOH va HCI cua hdng Merck véi do tinh
khiét phan tich cao trén 99%. La ché dugc hai
tir cdy ché 5 nam tudi tai Thai Nguyén vao
thang 10 nam 2021.

2.2. Piéu ché dich chiét la che

L4 cheé dugc rira sach bang nudc cat, sy kho &
nhiét d6 50 °C, sau d6 dem nghién nho. 15 g
bot 14 ché va 100 mL nuéc cit 2 lan duogc
chiét sieu am & nhiét do 50 °C trong thoi
gian 2 gio. Dich chiét dugc loc bang giay loc
Whatman sb 1 va duoc bao quan & 4 °C duoc
dung dé tong hgp AgNPs.
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2.3. Téng hep nano bac (AgNPs)

Dich chiét 14 ché duoc nho tir tir vao dung dich
AgNO; va duoc khuidy voi téc do6 800
vong/phut ¢ nhiét 6 50 °C trong thoi gian xac
dinh. pH cua dung dich phan ung duoc diéu
chinh biang NaOH 0,1 M. AgNPs hinh thanh
dugc xac dinh bang su thay d6i mau cia dung
dich phan &ng va do phé héap thu quang (UV-
Vis). Hon hop sau phan tmg duoc ly tdm véi
tbc do6 13 000 vong/phdt trong thoi gian 15
phiit thu dugec AgNPs. AgNPs duoc sdy o nhiét
d6 60 °C, sau d6 nghién min dé danh gia tinh
chat cua vat liéu va hoat tinh khang khuan.

T6i wu hoa qua trinh tong hop AgNPs théng
qua cac thdng s6 gom pH, thé tich dich chiét,
nong do AgNOs va thoi gian phan tng. Anh
huong cua pH duoc theo dbi bang cach thay
dbi cac pH khéc nhau (7-12) véi 0,75 mL thé
tich dich chiét trong 10 mL AgNOs 1,5 mM
trong thoi gian 30 phdt. Anh huéng cua thé
tich dich chiét duogc xac dinh bang cach thém
céc thé tich khéc nhau dich chiét 1a cheé (0,25;
0,5; 0,75; 1,0 va 1,25 mL) vao 10 mL AgNOs
1,5 mM, & pH bang 11 trong thoi gian 30 pht.
Tuong tw, anh huong cua ndng d6 AgNO;
dugc quan sat bang cach thém 0,75 mL dich
chiét vao 10 mL AgNO; véi cac nong do khéc
nhau (0,5; 1,0; 1,5; 2,0 mM) & pH bang 11
trong 30 phat. Hon hop phan wng gdom 0,75
mL dich chiét va 10 mL AgNO3 1,5 mM c6 pH
bang 11 dugc theo ddi bang cach ghi lai phd
UV-Vis sau thoi gian 1, 10, 20 va 30 phat dé
xac dinh thoi gian hoan thanh qué trinh tong
hop AgNPs.

2.4. Phuong phap danh gia tinh chét cia vat
ligu

Tinh chdt ciia AgNPs duwoc danh gid bang phé
FT-IR (Perkin Elmer Spectrum Two), nhiéu xa
tia X (D2-Phaser, Brucker, Japan) va kinh hién
vi dién tir quét (SEM) (Hitachi S-4800).

2.5. Panh gia hoat tinh khang khuin

Hoat tinh khang khuan caa AgNPs va cao nu6c
I4 ché dwoc thir nghiém trén vi khuan Gram am
(P. aeruginosa) va vi khuan Gram duong (S.
aureus) bang phuong phap khuéch tan thach
[7]. Kha ning khang khuan cia AgNPs va cao
nude duge xac dinh dya vao duong kinh vong



khang khuin xung quanh giéng thach chua
AgNPs va cao chiét. AgNPs va cao nudc dugc
pha trong dung dich DMSO 2% thanh cac
ndng d6 tuong ung la 25, 50, 100 ug/mL va
100 pg/mL. 100 pL dich vi khuan véi mat do
106 dugc trai déu trén dia thach Luria Bertani.
Tién hanh duc 15 tao giéng thach c6 dudng
kinh 6 mm va nho 50 pL cao chiét va AgNPs
v6i cac ndng d6 khéc nhau. Cac dia thi
nghiém dugc u ¢ 37 £ 2 °C trong 24 gid va sau
d6 do dwong kinh ving e ché.

3. KET QUA VA THAO LUAN

3.1. Téng hop nano bac (AgNPs)

AgNPs hinh thanh tir dich chiét 1a ché duoc
xac dinh bang sy thay d6i mau cua hdn hop
phan ¢ng tir mau vang nhat thanh mau nau
dam. AgNPs phan tan thé hién cuc dai hap thu
manh & (400 - 450) nm dac trung cho dai cong
huong plasmon bé mat (SPR) cua hat nano bac
[10]. Két qua do phd UV-Vis cho thdy chi c6
mot vi tri SPR duy nhat trong quang phé hap
thy, chang to6 hat nano bac thu dugc ¢ dang
hinh cau [13]. Co ché hinh thanh AgNPs sir
dung dich chiét 14 che (hinh 1) véi hop chit
EGCG la thanh phan chinh chiu trach nhiém
khir Ag* thanh AgP dugc dé nghi nhu sau: Pau
tién EGCG chuyén tir dang enol thanh dang
keto ddng thai giai phong hydrogen nguyén ti,
sau d6 hydrogen nguyén tir khir Ag* thanh Ag°.
Ddng thai, cac hop chat catechin ciing véi cac
thanh phan hoa hoc khéac c6 trong dich chiét 1a
ché c6 tac dung Iam bén céc hat nano bac va
ngin ching két tu lai.

Hinh 1. Co ché dé nghj tong hop AgNPs tir
dich chiét 14 ché
Phuong phap UV-Vis dugc sir dung dé téi uu
hoa cac didu kién phan tng gom pH, ham
luong dich chiét, nong do AgNOs va thoi gian
phan tng. Kich thudc, hinh dang va trang théi
cua hat gay ra sy chuyén dich do hay lam ting
Amax hodc chuyén dich xanh 1am giam Amax. DO
d6, chuyén dich do dugc quan sat thiy trong
qué trinh tdng hop AgNPs duoc cho la do kich
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thudc cua hat nano ting dong thoi cac hat nano
keo tu tao thanh d4m hat I6n hon. Két qua khao
sat t6i wu hoa pH cho qua trinh tong hop
AgNPs (hinh 2a) cho thay khi pH tang tir 7 dén
10 thi ham lugng AgNPs tang tur tir, AgNPs tao
thanh taing manh khi pH bang 11 va giam nhe
khi pH bang 12. Piéu nay c6 thé giai thich do
khi pH ting thi qua trinh khir hod dién ra
nhanh, thuan lgi va cdc hat nanno bac tao ra
nhiéu tuy nhién ¢ pH bang 12 cé4c hat nano bac
bat dau bi keo tu tao thanh cac hat 16n hon nén
d6 hap thu giam. Vi thé, pH bang 11 duogc lya
chon cho cac phan ung tong hop AgNPs tiép
theo. Két qua khao sat toi wu hoa thé tich dich
chiét cho qua trinh tong hop AgNPs duoc chi
ra ¢ hinh 2b.
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Hinh 2. Phé UV-Vis ciia AgNPs: a) & pH khdc
nhau; b) o thé tich dich chiét khdc nhau; co néng
do AgNO:s khdac nhau; d) 6 thoi gian khac nhau
Két qua cho thdy ham luong cua dich chiét
tang tir 0,25 dén 0,75 mL khdng nhitng lam
ting manh cuong d6 tin hiéu SPR ma budc
séng c6 su chuyén dich tir 422 dén 410 nm
dong nghia kich thuéc cua hat s& giam, Khi
ham lugng dich chiét tang tir 1,0 dén 1,25 mL,
cuong do tin hiéu giam do dich chiét du thira
gay ra. Do do6, 0,75 mL Ia thé tich dich chiét tdi
uu dugc lya chon cho cac phan ung tiép theo.
Két qua khao sat anh huéng cua ndng do
AgNO; dén qué trinh tong hop AgNPs (hinh
2c) thé hién rang khi ndng d6 AgNOs tang thi
hi¢u suat hinh thanh va d6 rong peak ting lén
chimg to6 khi ting ndong d6 AgNO3 thi AgNPs
hinh thanh tang nhung kich thudc cta hat bac
ciing tang do d6 ndng d6 AgNO; duogc lya

chon cho céc tong hop tiép theo 1a 1,5 mM.



Cudi cung, két qua khao séat thoi gian téi wu
hoa (hinh 2d) cho thay 1 phdt sau khi nho dich
chiét vao dung dich AgNOs, AgNPs di hinh
thanh nghia 1a phan wng xay ra gan nhu 1ap
tire, sau 10 phdt phan tng, lugng AgNPs tao ra
nhanh va nhiéu va sau 30 phat viéc hinh thanh
AgNPs gan nhu hoan thanh. Do do, diéu kién
t6i wu cho tong hop AgNPs tir dich chiét I4 cheé
la pH bang 11, thé tich dich chiét 1a 0,75 mL,
dung dich AgNOz 1,5 mM trong thoi gian 30
phit & 50 °C. AgNPs tong hop tir dich chiét 1a
ché & diéu kién t6i wu nay dwoc st dung dé
danh gia tinh chét ddc trung va hoat tinh khéng
khuan cua ching.

3.2. Tinh chét dic trung cia AgNPs

Phé FT-IR la cong cu quan trong dugc st dung
dé danh gia sy tham gia cua thanh phan hoé
hoc trong dich chiét l& ché vao qué trinh khu
hod Ag* thanh AgP. Phé FT-IR cua AgNPs
(hinh 3a) cho thdy c6 mét dinh hap thu rong &
budc séng 3217 cm? dic trung cho dao dong
hoa tri cua lién két O-H, cac dinh hip thu &
3774 cm! va 3616 cm™ dic trung cho cac dao
dong hoa tri cua lién két N-H cua amine bac 1,
chang to sy c6 mat cua cac hop chat amine,
phenol va carboxylic acid trong dich chiét thyuc
vit ciing nhu su lién két cua cac hop chit nay
vGi cac hat nano bac hinh thanh. Ngoai ra, cac
dinh hap thu & 1370 cm™ va 1020 cm? dic
trung twong ung cho cac dao déng hoa tri cua
lien két C-N va C-O. Pinh hip thu ¢ 575 cm!
dic trung cho dao dong hoa tri cua lién két Ag-
0. Két qua nay phu hop véi cong bd trude day
vé thanh phan hod hoc cua 14 ché va céc lién
két dic trung ciia nano bac hinh thanh tir dich
chiét 1a ché xanh [5, 20].

Hinh 3. @) Pho FT-IR ciia AgNPs; b) XRD ciia AgNPs;
¢)Hinh anh SEM cua AgNPs
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Phan tich gian db nhidu xa tia X cua hat nano
bac tong hop dugc (hinh 3b) dé danh gia muc
do tinh thé hoa ciing nhu cau tric pha cia cac
hat AgNPs cho thiy mau vt liéu tong hop dic
trung cho tinh thé bac véi cau tric 1ap phuong
tam mat (FCC) gdm cac pic dién hinh tai c4c vi
tri 20 la 38,08°; 44,45°; 64,10° va 77,45° tuong
g voi mat phang tinh thé (111), (200), (220)
va (311). Kich thudc tinh thé cuia AgNPs duoc
tinh toan bang céng thirc Debye-Scherrer:

D kA

~ Pcos8

Trong d6, D 1a kich thugc tinh thé (nm), k 1a
hang s6 Scherrer (k=0,9), A 1a budc séng cua
ngudn tia X (A = 0,15406), A1a d6 bén rong, 6
la g6c nhiéu xa tuong ang.
Kich thudc trung binh cua hat nano bac duoc
tinh theo cdng thuac Deyber-Scherrer khoang
10 nm.
DPé quan sat dwoc hinh théi hoc cua vat liéu,
AgNPs duogc khao sat qua anh hién vi dién tir
quét SEM. Phén tich anh SEM cua AgNPs
t6ng hop dugc (hinh 3c) cho thay cac hat nano
bac c6 dang hinh ciu va chu yéu phan tan &
dang két dam.
Nhu vy, phan tich dit liéu cua phd FT-IR,
XRD, SEM va quan sat su thay d6i mau sic
cua dung dich truéc va sau phan (ng cé thé két
luan AgNPs dugc hinh thanh, tinh thé bac c6
dang hinh ciu véi ciu tric lap phuong tim
mit, phan tan ¢ dang két dam, kich thudc tinh
thé trung binh khoang 10 nm. Két qua nay
gidng véi céc két qua cong bd trude day [5, 16,
17, 20]. Chandra va cac cong su da téng hop
thanh cong nano bac tir dich chiét 14 ché thu
duoc cac hat nano hinh cdu cé kich thudc
khoang 10-20 nm [5]. Nhém nghién ctu cta
Sokmen sir dung 0.5 mL dich chiét 14 ché nhu
tac nhan khir hoa dung dich AgNOs véi nong
d6 6 mM trong thoi gian 30 phit thu duoc cac
hat nano bac c6 dang hinh cau véi cau trac lap
phuong tdm mit va kich thudc tinh thé khoang
15 nm [16].
3.3. Panh gia hoat tinh khang khuén
Két qua thir hoat tinh khéang khuan cua AgNPs
& cac ndng do khac nhau (100, 50 va 25




pg/mL) trén hai chung vi khuin gay bénh gom
P. aeruginosa va S. aureus thé hién trén hinh 4
va bang 1.

Hinh 4. Hinh anh khang khuan cia AgNPs va
cao nwéc Véi ching vi khuan: a) P.
aeruginosa; b) S. aureus
Bang 1. Kha ndng khdng khudn cia AgNPs va
cao nude la ché doi véi céc chung vi khuan

Puime kinh ving khaing khuin (mm)

Min Ning dé (ug/mL)

P asruginosa 5 aursus

Cao mroc Id ché 100 12 14

13 19 2

ApNPs 50 24 24

100 26 29

Két qua chi ra raing AgNPs c6 kha ning trc ché
su phét trién cua 2 chung vi khuan thir nghiém.
Mic do khang khuan phu thugc vao nong do
cia AgNPs trong d6 ¢ ndng d6 100 pg/mL,
AgNPs c6 kha nang khang khuan t6t nhat véi
duong kinh vong khang khuin tc ché sy phat
trién cua 2 chung vi khuan P. aeruginosa va S.
aureus lan luot 14 26 mm va 29 mm. Nhu vay,
AgNPs dugc tong hop tir dich chiét 14 ché co
kha nang khang khuan hiéu qua hon dbi véi 2
chang vi khuan thir nghiém so vai cac két qua
cong bd truée day [11, 20]. Két qua nay co thé
giai thich do céac yéu tb sau: thir nhat, cac hat
nano bac téng hop tir dich chiét 14 ché c6 kich
thuéc nho nén kha ning khang khuan manh
hon; thir hai cac chit lam bén c6 trong dich
chiét 14 ché c6 kha ning khang khuin voi
duong kinh vong khang khuan lan luot la 12
mm va 14 nm, cac hop chét nay lién két trén bé
mat cia cac hat nano bac g6p phan lam ting
kha ning khang khuan caa AgNPs; thir 3 1a do
thanh phan héa hoc ciing nhu ham lwong cua
céc hoat chat c6 trong 14 ché phu thudc vao dia
ly ciing nhu loai 1& ché. Cac két qua nay vo
cung ly thd, mé ra kha nang tdn dung dich
chiét 14 che dé tong hop AgNPs dinh huéng
ung dung trong y hoc.

4. KET LUAN
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Céc hat nano bac dugc tdng hop thanh cong tur
dich chiét 14 ché mot cach don gian, chi phi
thap. Piéu kién t6i wu cho tong hop nano bac
tir dich chiét I ché 12 0,75 mL dich chiét trong
10 mL AgNOs 1,5 mM & pH bang 11 trong
thoi gian 20 phdt va & 50 °C. Tinh chét dic
trung cua hat nano bac duoc tong hop ¢ diéu
kién t6i wu dugc danh gia bang phé FT-IR,
XRD va SEM. Pa sb cé4c hat nano bac c6 dang
hinh cu va & dang két ty. Kich thuéc tinh thé
cua hat nano khoang 10 nm. Cac hat nano bac
thé hién hoat tinh khéng khuan manh véi 2
chang vi khuan thir nghiém P. aeruginosa va
S. aureus véi duong kinh vong khang khuan
lan luot 12 26 va 29 mm & nong do AgNPs 1a
100 pg/mL. Két qua nay cho thdy c6 thé su
dung 14 che dé tong hop AgNPs va ting dung
trong y hoc.
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