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Green synthesis of metal nanoparticles has received great attention in
nanotechnology due to their antibacterial and biomedical applications.
Among metal nanoparticles, silver nanoparticles (AgNPs) have received
special attention because of their unique properties, such as low toxicity,
high yield, low cost, environmental friendliness, and availability. In this
study, we present a simple and environmentally friendly method for
synthesizing AgNPs through the reduction of Ag"* ions using Artocarpus
heterophyllus shoots extract. The synthesized AgNPs were characterized
using UV-Vis spectroscopy, Fourier transform infrared spectroscopy, X-
ray diffraction, and transmission electron microscopy. The effects of pH,
temperature, reaction time, plant extract, as well as silver nitrate
(AgNO3) concentration on the spectral properties during the green
synthesis of AgNPs will also be presented. The prepared AgNPs
exhibited high antibacterial ability against Staphylococcus aureus and
Bacillus cereus bacteria.
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Tong hop xanh cac hat nano kim loai d3 nhan dwoc sy quan tdm I6n
trong céng nghé nano vi nhitng tng dung khang khuan va y sinh cua
chang. Trong cac hat nano kim loai, nano bac (AgNPs) da nhan duoc su
chu ¥ dang ké do nhiing dic tinh doc déo cua chung nhu doc tinh thap,
nang suét cao, chi phi thap, than thién voi moi trudng va san co. Trong
nghién cru nay, chung tdi trinh bay mot phuong phap don gian va than
thién moi trudng trong viéc tdng hop cac hat nano bac thong qua su khir
ion Ag* boi dich chiét bap cay mit. Cac hat nano bac tdng hop dugc dic
trung bang phuong phap quang phd UV-Vis, quang phd hdng ngoai
bién d6i Fourier, nhidu xa tia X va kinh hién vi dién tu truyén qua. Anh
huong cua do pH, nhiét do, thoi gian phan tng va chiét xuit thuc vat
cling nhu ndng d6 bac nitrat (AgNO;) dén tinh chat quang phd trong
qué trinh tong hop xanh caa AgNPs ciing s& duoc trinh bay. Céc hat
AgNPs ché tao dwoc thé hién kha nang khang khuan cao ddi véi vi
khuan Staphylococcus aureus va Bacillus cereus.
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1. Gigi thigéu

Cong nghé nano 1a linh vuc nghién ciru duge quan tim rat 16n trong nhitng nim gan diy boi
n6 c6 thé tao ra nhidu timg dung cho tit ca cac nganh coéng nghiép vat liéu nhu dién tir, y té, cong
nghé thuc pham, cong nghé sinh hoc, néng nghiép va hang tiéu ding [1] — [4]. Trong nghién ctru
vat liéu nano, cac hat nano kim loai da thu hut dugc su chi y trong cac ing dung y sinh do tinh
chat da chirc ning cua chung. Trong cac hat nano kim loai, hat nano bac (AgNPs) duoc quan tim
nghién ctru hon ca vi n6 c6 ung dung rong rai trong cong nghiép nhu cam bién, dién tu, thiét bi
loc nudc, thiét bi y té, khang khudn va cong nghé thuc pham [5] — [7]. C6 nhiéu phuong phéap dé
tong hop AgNPs gdm phuong phap hoa hoc, vét Iy va sinh hoc. Cac phuong phap hoa hoc va vat
ly thudng duoc boc hodc 6n dinh bang hoa chat doc hai khi tong hop [8], trong khi phuong phap
sinh hoc str dung dich chiét thuc vat t6 ra 1a mot phucrng phap than thlen moi truong voi Chl ph1
thip va d& thuc hién [9] — [11]. Ngoai ra, thuc vat gdm 14, than, qua, ré cay 1a ngudn cung cap d&
dang cac hop chat hoa hoc thuc vét c6 hoat tinh sinh hoc nhu protein, amin, flavonoid, alkaloid,
phenol... dong vai tro vira 1a chat khir, 6n dinh va dinh vi trong qua trinh téng hop hat nano bac.
Hau hét cac loai thuc vat déu c6 tac dung chita cac bénh & cac mirc d6 khac nhau trong y hoc nhu
viém hong, hen suyén, ¢ chua, tiéu chay, loét day day...

Trong phuong phép sinh tong hop hat nano kim loai, viéc sir dung chiét xuit 14/ &/ qua/ vo
cdy ¢4 loi hon so véi str dung cac vi sinh vat vi n6 khéng yéu cau cac qué trinh phan lap, nuoi
cdy va st dung nhiéu budc tinh ché nhu phuong phap st dung vi sinh vat. Cac hop chét hod thuc
vat ¢6 trong dich chiét thuc vat dong mot vai trd quan trong trong qué trinh khir cac ion kim loai
thanh cac hat nano kim loai 6n dinh v6i nhiéu Ung dung tiém niang [12] — [14]. Cay mit cé tén
khoa hoc 13 Artocarpus heterophyllus, mot loai ciy cung cip trai cAy ndi tiéng & Viét Nam va
mot sd quéc gia & Chau A, 1a mot loai thuc vat hat kin, thudc ho Moraceae duoc tréng rong rai va
phat trién & ving nhiét déi trén thé gidi. Theo y hoc ¢ truyén, loai cay nay di duoc st dung rong
r3i nhu mot loai thudc dan gian dé chita bénh mun nhot, tri vét thuong, chéng viém, khang nim,
tri dai thdo duong, khang khuan [15] - [19]... P c6 mot s6 nghién ctru tdng hop cac hat nano bac,
vang bang cac bo phan khac nhau cta cdy mit nhu 14 mit, hat mit, qua mit [20] - [23]. Tuy nhién,
theo hiéu biét tot nhét cia chung t01 chua ¢ b4o cdo nao vé viéc tong hop AgNPs bang cach sir
dung chiét xuat bap mit. Chiét xuét tir 14 va blp mit ndy chira mot sé phan tir sinh hoc, chang han
nhu sapogenin, cycloartenone, cycloartenol, bsitosterol va tannin [23], [24].

Trong nghién ctru ndy, cac hat nano bac dugc tong hop bang phuong phap xanh nhd sir dung
dich chiét bup mit (AHE) nhu mot chat khir sinh hoc. Cac hat AgNPs tong hop dwoc (AH-
AgNPs) dugc dic trung boi sit dung cac phép do quang phd hip thu (UV-Vis), phd hip thu hong
ngoai (FTIR), nhiéu xa tia X (XRD), kinh hién vi dién ti truyén qua (TEM). Hoat tinh khang
khuéan ciia AH-AgNPs dugc khao sat bang phuong phap khuéch tan dia thach chong lai vi khuan
Staphylococcus aureus va Bacillus cereus.

2. Thuc nghiém va phwong phap nghién ciru
2.1. Vit ligu va hod chit

Bup mit (Artocarpus heterophyllus shoots) duge thu lwom & khudn vién Truong Dai hoc
Khoa hoc, Pai hoc Thai Nguyén. Chon cac bap mit tuoi, nho cua canh mit. Bap mit sau thu luom
duoc 1am sach, siy kho & 60°C trong 24h, sau d6 cat nho va xay thanh bot dé sir dung dan trong
cac thi nghiém. Cac hoa chat stt dung trong ché tao nano bac trong nghién ciru nay bao gom:

NaOH, HCI,’HZSO4, nude cat 2 lan, thach agar, cao ndm men, NaCl va C,HsOH déu co6 xuit xu
tir Trung Quoc. Amoxicillin (Oxoid, Anh Quoc) va AgNO;cua hang Merck, Drc.

2.2. Phwong phap

Bup mit sau thu lugm & trong vuon cua truong, duoc lém} sach, siy kho, nghién nho thanh bot.
Can 10 g bot blp mit cho vao 200 ml nude cat trong mot coc thuy tinh 250 ml, dun & 90°C trong
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thoi gian 60 phut. Sau d6 dé ngudi, ly tim ¢ toc do 6000 vong/phut trong 20 phat va duoc loc 2 lan
dé loai bo can ba (Hinh 1). Dich chiét bup mit dugc bao quan & 4°C trong ti lanh dé dung dan.

Can chinh x4c 0,85 g mudi AgNO; pha véi 100 ml nuée cét 2 1an thu duge 100 ml dung dich
AgNO; 0,05 M. Cac ndng do thap hon duoc pha lodng tir dung dich gbc nay. Cac dung dich
AgNO; & cac ndng d6 1 mM, 2 mM, 3 mM, 5 mM va 10 mM duge tron v6i dich chiét bap mit
AHE theo ty 1¢ khac nhau trong mét binh chira. Binh dugc boc bang gidy bac va sau d6 duoc dun
néng trén may khudy tir gia nhiét trong thoi gian 20 phat. Sau d6, dung dich dugc li tim va siy
khé dé thu dugc AH-AgNPs va dé kiém tra hoat tinh khang khuén ciing nhu phan tich cac dic
tinh tiép theo. Qua trinh téng hop AH-AgNPs dugc trinh bay trong Hinh 1.

Bup mit (AH)

Sz"iy kho BT ™
) Cic dic trung
Nghién AHE AgNO,
(. @ =
M1 Li tim —\2@*
( B Loc
= ~ FJ - .
———— » =]
Chiét xuit AH  Dich chiét Ché tao AgNPs AH-AgNPs

Hinh 1. Qud trinh tong hop AH-AgNPs
2.3. Cac dic trung

Céac phép do d6 hap thu UV-Visible (UV-Vis) duoc thuc hién bing may quang phdé UV-Vis
(Jasco- V770, Nhat Ban). Dit liéu hdng ngoai bién dbi Fourier (FTIR) duoc thu thdp bang may
quang phd FTIR (PerkinElmer, Spectrum Two, Hoa Ky) trong dai phd 450 — 4000 cm™. May do
nhidu xa tia X (D2 Rigaku) str dung birc xa tia X Cu Ko dd duoc sir dung dé thu duoc cac mau
nhidu xa cia AH-AgNPs trén phién kinh. Mot kinh hién vi dién tir truyén qua (TEM, JEM 1010-
JEOL) da duogc str dung dé nghién ctru kich thudc va hinh thai cua hat AH-AgNPs.

2.4. Khio sdt tinh khdng khuin

Cac ndng do khac nhau cia AH-AgNPs sinh tong hop di dugce thir nghiém vé hoat tinh sinh
hoc chong lai cac vi khuin Staphylococcus aureus va Bacillus cereus bang phuong phap khuéch
tan giéng thach tiéu chuan. Vi khuan dugc nudi ciy trong moi trudong nudi cdy twoi thuan khiét
trén moi truong thach dinh dudng va i & 37°C trong 24 gid. M6i truong thach dinh dudng va moi
trudng nuodi cdy dinh dudng duoc hip khir trung trong 20 phat & 121°C. Ching vi khuin thuan
ching duoc pha lodng véi nong do 10° vi khudn/ml NaCl 0,9%. Thém dich chiét hoic AH-
AgNPs vio cac giéng c6 duong kinh D = 6 mm, mdi dia giéng c6 thé tich tir 20 - 80 ul. Cac dia
Petri duoc & & 37°C trong 24 gio va sau d6 kiém tra sy xuat hién cta ving trong xung quanh
giéng bang cach do dudng kinh cta ving trc ché bang thudc do theo don vi milimét.

3. Két qua va ban luin

Céc hat AH-AgNPs duoc tong hop mot cach hidu qua bang cach st dung AgNO; lam tién
chit va chiét xuat bap mit (AHE) lam chét khtr va chéat 6n dinh. Su chuyén dbi sinh hoc cua ion
Ag' thanh AgNPs duogc quan sat dua vao su thay d6i mau sic cia hdn hop phan tng. Pong hoc
phan tng dé khir hiéu qua duoc téi uu héa bang cach thay doi cac thong sd phan tng bao gom
ndéng d6 AgNOs, lugng dich chiét, do pH, nhiét d va thoi gian phan tng.

http://jst.tnu.edu.vn 193 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(02): 191 - 199

3.1. T6i wu tham sé tong hop

Quang phd UV-Vis dugc sir dung dé nghién ctru su hinh thanh va 6n dinh cua hat nano bac
trong dung dich. AH-AgNPs dugc tong hop xanh bang cach sir dung mot luong dich chiét bup
mit (AHE) va mubi bac (AgNO3) trong 25 ml thé tich dung dich. Hinh 2a chi ra, phd hap thu UV-
Vis cta dich chiét AHE va dung dich AH-AgNPs. Sau thoi gian phan tmg, dung dich thu duoc ¢
mau ndu sam (Hinh 2b), day 1a mau dic trung ctia nano bac. Su thay doi mau sic nay c6 thé 1a do
su kich thich cta hiéu img cong hudéng plasma bé mit (SPR) va su khir AGNO; [25]. Tuong tu,
tir phd hip thu UV-Vis, c6 thé thay dinh hép thu cuc dai xuat hién & budc song 430 nm (Hinh 2a)
phan anh sy cong hudng plasmon bé mit caa AH-AgNPs, trong khi phd hap thu cia AHE khong
¢6 dinh hip thy ¢ ving budc séng tir 350 - 500 nm.
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Hinh 2. Phé hdp thu UV-Vis cia dich chiét AHE va dung dich AH-AgNPs (a), ciia AH-AgNPs ¢ cdc
nong do khac nhau cia dung dich tién chat AgNO; (c), & cac nong do khac nhau ciia AHE (e), & do pH
khac nhau (g), ¢ cac khodng thoi gian phadn wng khdac nhau (i) va ¢ cdac nhiét dé phan vng khdc nhau (k).
D¢ hdp thu phu thude vao nong do ciia AgNOs (d), thé tich cia AHE (f), do pH (h), thoi gian phan ing (j)
va nhiét do (m).

Khi nong do dung dich AgNO; tang tir 0,5 mM dén 5 mM thi @6 hap thy ting dan (Hinh 2b),
nghia 13 lwong nano bac tao thanh ciing ting 1én [26], [27]. Pong thoi khi ndng d6 dung dich
AgNO; tiang dan thi dinh cuc dai hap thu dich tr 420 nm dén 438 nm. Pay la cac dinh ng voi
cOng hudng plasma bé mat cia hat nano bac. Nhin chung, khi ndong d6 tién chat AgQNO; ting 1én
thi do hap thu cuc dai ciing ting theo, tuy nhién, khi nong do AgNOs ting t6i 10 mM thi d¢ hp
thu lai giam xudng (Hinh 2d). Hién twong nay c6 thé do khi ndng d6 AgNO; tdng qua cao s€ tao
ra mot lugng 16n nano bac, phan b6 day dic trong dung dich, 1am ting x4c suét cac hat tuong tac
nhau va két dinh voi nhau lam giam niang lwong ty do bé mat. Do d6, dung dich AgNOs & nong
d6 5 mM duoc Iyra chon va tbi wu hoa cho cac thi nghiém tiép theo.

Hinh 2e trinh bay phd hép thu UV-Vis cia AH-AgNPs ché tao duoc & cac ndng do AHE tur
0,5 ml d&én 8 ml. Két qua cho thdy, khi luong dich chiét AHE tiang dan tir 0,5 ml dén 8 ml thi do
hép thy ciing ting theo, nghia 13 lrgng nano bac duoc tao thanh ciing ting 1én va dat gid tri 6n
dinh & 5 ml caa AHE. Pinh hip thy cuc dai nim trong khoang tir 425 — 433 nm, day la cac dinh
mg cong hudng plasma bé mdt SPR cua cac hat nano bac (Hinh 2f). Bdi véi lugng dich chiét
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tang 16n hon 5 ml ma do hap thu khong ting c6 thé do & cac hat nano hd tro su phat trién hon la
tao mam tiép theo [28]. Mau chiét xuat AHE & 3 ml dd duogc Iua chon va téi vu hoa dé thyuc hién
cac nghién ctru tiép theo theo do pH va thoi gian phan tng.

Hinh 2g chi ra phd hap thy UV-Vis ciia AH-AgNPs khi thay doi ¢6 pH dung dich tir 2 — 12.
Két qua cho thdy, sy hinh thanh AH- -AgNPs phy thugc manh vao d6 pH cua moéi truong phan ang
[29], [30]. Khi d6 pH cta dung dich tang dan tir 2 - 8 thi d6 hap thu cua dung dich nano bac tang
dan va dat gia trj cuc dai khi ¢ pH 8, nghia 1a luvong nano bac tao thanh nhiéu nhat. Khi tiép tuc
tang gia tri pH cta dung dich Ién thi d¢ hap thy lai c6 xu huéng giam dan. Pinh hap thu cyc dai
nam trong khoang tir 398 — 441 nm, day 1a cac dinh Gng cong hudng plasma bé mit SPR cia cac
hat nano bac. Khi d6 pH ctia dung dich ting tir 2 tdi 4 thi budc song cong hudng SPR ting dan va
dat gia tri 16n nhat & pH 4, tiép tuc ting d6 pH cua dung dich 18n t&i 12 thi bude song cong hudng
SPR lai c6 xu huéng giam dan va dat gia trj nho nhit & pH 12 tng véi bude song SPR 13 398 nm
(Hinh 2h). Sy hinh thanh cac AgNPs xay ra nhanh chéng ¢ pH trung tinh, va & pH co ban, c¢6 thé
1a do su ion hoéa ciia nhom phenolic c6 trong dich chiét [31], [32]. Téc d6 hinh thanh va két tu
cham cua AgNPs & pH axit c6 thé lién quan dén luyc ddy tinh dién cua cac anion c6 trong dung
dich. Qua do, d6 pH 8 dugc lya chon dé thiét ké cho cac thi nghiém tiép theo.

Anh huong cia thoi gian phan tmg dén phd hép thu UV-Vis cia AH-AgNPs duge mo ta nhu
trong Hinh 2i, trong d6 nhiét d6 ché tao 50°C, nong do6 AgNO; 1a 5 mM, thé tich dung dich 1a 25
ml, lvong AHE 14 5 ml, 46 pH 8 trong khi thay ddi thoi gian phan tng tir 1 — 80 phat. Két qua cho
thiy, dinh hip thu cuc dai ¢& 432 nm, day 1a dinh Gng v6i cong hudng SPR cua cac hat nano bac.
D6 hip thy ting 1én khi thoi gian phan tng ting 1én (Hinh 2j). Hinh 2i cho thiy phan 16n cac ion
Ag" da bi khir thanh AgNPs sau 80 phut. Do d6, viéc ting thém thoi gian phan g sé it anh hudng
dén dai hip thu. Khi toi wu hoa cac thong sd téng hop nhu st dung 5 mM AgNOg, 5 ml dich chiét
AHE, d6 pH 8 va thoi gian phan tng 80 phit, mau t6ng hop c6 SPR hep va cuong do cao nhét. Vi
vy, mau & 80 phat duoc coi 1a mau téi wu va duge sir dung cho cac nghién ctru tiép theo.

Hinh 2k chi ra phd hip thu UV-Vis cuia AH-AgNPs duéi anh hudng cua nhiét do phan tng &
30, 40, 50, 70, 80 va 90 °C khi cb dinh cac thong sé khac nhu: ndng dd6 AgNOs 1a 5 mM, thé tich
dung dich 25 ml, lugng dich chiét AHE 5 ml, d6 pH 8. Két qua cho thiy, khi nhiét d6 dung dich
tang lén thi do hép thu ciing ting theo (Hinh 2m), nghia 1a & nhiét d6 cao hon thi sy khir ion Ag”
dién ra nhanh hon [33]. P9 hép thu tang manh (ng voi nhiét d6 dung dich tang tur 30 dén 70 °C,
trong khi né giam tir 80 dén 90 °C. Két qua cho thdy rang nhiét do ting vira phai da day nhanh
qua trinh khir. Hon nira, nhiét do tur 80 den 90 °C khong gy ra bat ky su gia tang nao vé cuong
do6 dinh hap thu dé cho thay su gia tdng sb luong cac hat nano dugc tong hop [34]. Nhu vay, mau
tdi wu duoc lua chon cho cac nghién ctru tiép theo nhu phan tich hinh thai bé mat va kich thudc
hat, ciu truc pha tinh thé, thanh phan hoa hoc, khao sat tinh khang khuan sau ddy ¢ nong do 5
mM ctia AgNOs, thé tich AHE 5 ml, thoi gian phan tmg 80 phut, d6 pH 8 va nhiét do 70°C.

3.2. Phan tich hinh thdi bé mat va kich thwéc hat

‘Céc hat nano bac sau ché tao duoc dem di chup anh TEM béng kinh hién vi dién tir truyén qua
nham dé xac dinh chinh xéc kich thudc, hinh thai va sy phan bo hat.
(a) o ] (0)

[ Thuc nghiém

—fit Gauss

Phan b (%)

e 6 8 10 12 14 16 18 20 22 24 26
— 501m Puang kinh (nm)

Hinh 3. Anh TEM (a) va phdn bé kich thude hat (b) ciia AH-AgNPs dieoc ché tao bang AHE
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Két qua anh TEM va phan bd kich thudc hat ciia AH-AgNPs duoc trinh bay trén Hinh 3.
Quan sat trén Hinh 3 cho théy, hinh anh hat nano bac thu dugc ¢6 kich thudc hat trong khoang 8
— 26 nm va c6 hinh thai dang gan hinh ciu, phéan tan trong d6i dong déu va it két tu hoic bién doi
hinh thai (Hinh 3a). Kich thudc hat trung binh duogc tinh 1a khoang 15 nm (Hinh 3b), phu hop véi
budc séng cong hudng plasmon bé mit trong phd hap thu & trén.

3.3. Phén tich céu triic pha tinh thé

Bot AH-AgNPs thu duge tir dung dich nano bac ché tao dugc bang phuong phap tong hop
xanh nhd chat khir AHE duoc sir dung de phan tich thanh phan céu trac tinh thé qua phuong phap
nhiéu xa tia X (XRD). Hinh 4a chi ra mAu nhifu xa tia X ciia bot AH-AgNPs. Két qua cho thiy,
pho gom bén dinh nhiéu xa & cac gia tri goc 20 1a 38,15°, 44,27°, 64,42° va 77,62°, tuong ting
v6i cac gia tri khoang cach d = 2,359, 2,044, 1,445, 1,231 va 1,180 A ciia AgNPs. Chung duogc
gan cho cac mit phang tinh thé (111), (200), (220) va (311) cta cAu trac tinh thé 1ap phuong tim
mit (fcc) cua bac kim loai twong tng (phtt hop véi phd chuin JCPDS sé 00-004-0783) [34]. Cac
dinh cho thiy thanh phan chinh cta cac hat nano 1a bac va khong co cac dinh rd rang nao khac do
tap chit duoc tim thdy trong cac mau XRD.

(a) !
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38.15
Q
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%0 (220) )
B 64.42 (311) =
= 77.62| =
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Hinh 4. Phé nhiéu xa tia X ciia AH-AgNPs (a) va Phé FTIR ciia AH-AgNPs va dich chiét AHE (b)
3.4. Phén tich thanh phén hod hoc

Céc lién két hoa hoc bé mit ciia cac AgNPs tong hop bang phuong phap xanh nho dich chiét
AHE duoc nghién ciru bang phuong phap quang phd FTIR (Hinh 4b). Két qua cho thay, dinh hap
thy rong & gan 3441 cm™, duoc cho 1a do dao dong kéo dai OH ciia nhém hydroxyl cho thiy su
hién dién cta cac hop chét phenolic va rugu trong dich chiét. Pinh hép thu & 2927 cm™ ¢6 lién
quan dén dao dong kéo dai NH ctia cac nhom amin trong dich chiét [35]. Pinh hap thu dic trung
dugc quan sat & gan 1608 cm™ ¢6 thé do nhém dao dong kéo dai cia C = C. Vi nhém CO trong
cac axit amin c6 xu huéng gén vao cac hat nano, nén dinh nay chi ra r::ing cac hat nano bac duoc
lién két véi cac protein co trong dich chiét. Ngoai ra, dai hap thu & 1047,3 cm™ c¢6 lién quan dén
su kéo dan dao dong ctiia nhom C - C va -O- trong amin thom va chét béo [34]...

Co ché hinh thanh céc hat AH-AgNPs trong dung dich chira AHE ¢6 thé thong qua ba giai
doan: (i) phan tng khir ion dan t6i sy hinh thanh cum nguyén ttr va (i) sau do 1a su phat trién cua
cac hat nano bac. Mdi giai doan c6 nhitng dic tinh riéng tuy thudc vao chat khir, ndong do cua
chat khir, AgNO3, nhiét d6 méi truong va do pH. (iii) Su hién dién cia cac nhém hydroxyl (OH)
trong cac phin t& sinh hoc trong AHE nhu axit amin, protein, sapogenin, cycloartenone,
cycloartenol, bsitosterol va tannin... [23], [24] c6 lién quan téi s 6n dinh va su khir cta cac ion
Ag’ thanh Ago. Chinh sy hién dién ctia cdc nhém chiic nang & trén chi ra réng chiét xuat AHE thé
hién ca dac tinh tai sinh va on dinh cu thé, do do ngan chdn cac hat két dinh va két tu [36], [37].
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3.5. Pdnh gid kha ning khdng khudn ciia nano bac

Hoat tinh khang khudn cta cac hat nano bac tong hop bang phuong phap xanh sir dung dich
chiét AHE duogc danh gia béng phuong phap duc giéng thach voi 2 chung vi khudn gy bénh
dugc phan 1ap tir cac mau bénh phim vi sinh 14m sang gdm Bacillus cereus va Staphylococcus
aureus (TCV). Mau nano bac AH-AgNPs sau tong hop dugc nhod vao cac giéng v6i mot luong
50, 70, va 80 ul AH-AgNPs, lam kho lanh. Dich mdi loai vi khuan duoc trang déu trén dia thach
voi thé tich 100 pl/ 1 dia. Giéng khang sinh dbi chirmg duoc st dung 1a Amoxicillin (Amoxi) véi
ham lwong 1 mg/ mL. Mdi giéng nh6 20 ul Amoxi.

Cac dia thach khao sat tinh khang khuan cua dich chiét AHE va AH-AgNPs dugc u ¢ 37°C
trong 24 gid. Puong kinh cta cac ving tre ché xung quanh mdi giéng (mm) dugc do dé xac dinh
kha ning khang khuan cta mau thir nghiém. Hoat tinh khang khuén cia cac dung dich khac nhau
c6 chira AH-AgNPs di ching minh rang ca hai vi khuin déu bi e ché voi cac mirc do khac
nhau. Két qua cua thir nghiém khang khuan dwoc mé ta trong Hinh 5 va Béang 1.

Staphylococcus ,
— Bing 1. Hoat tinh khdng khudn cia AH-AgNPs va AHE
chong lai cac vi khuan gay bénh

Bacillus
——

Puwong kinh vong khang khuin (mm)

Vi AH-AgNPs AHE _ Amoxi
khuan - “o" T70 0 80wl 50u 20 pl
Bacillus 17 18 19 0 21

TCV 12 13 14 0 22

Hinh S. Ving ic ché cia cac hat nano bac
chong lai cac vi khuan gay bénh Bacillus
cereus va Staphylococcus aureus (TCV)

Nhu dugc trinh bay trong Hinh 5, cac hat nano bac thé hién hoat tinh khang khuan chéng lai
cac vi sinh vat gy bénh Bacillus cereus va Staphylococcus aureus (TCV), v&i cac mire do khac
nhau cta duong kinh ving tc ché, trong khi AHE khong cho thay bét ky hoat tinh khang khudn
nao (Bang 1). Vi khudn Bacillus cereus cho thay ving ¢ che 16n hon so véi vi khudn TCV
(Hinh 5), ¢6 thé do su thay dbi thanh phan thanh té bao. Thanh té bao cua vi khuan TCV bao gém
mdt 16p peptidoglycan day, bao gom cac chudi polysaccharide tuyen tinh lién két chéo v6i nhau
bang cac peptit ngan, do d6 hinh thanh c4u tric cimg hon din dén kho xam nhép cua cac hat nano
bac. Nhiing két qua nay phit hop véi cong bd trude day [38]-[40].

4. Két luan

Trong nghién ctru nay, mot phuong phap tong hop xanh don gian, chi phi thap, nhanh chong
va than thién v&i moi trudng da dugc sir dung dé dicu ché AH- -AgNP nho chiét xuat bup mit
AHE. Cac hat nano AH-AgNPs duoc dic trung bang cach sir dung két hop nhiéu k¥ thuat khac
nhau nhu quang phé UV-Vis, FTIR, XRD va TEM. Sy hinh thanh cac hat AH-AgNPs da duogc
xé4c minh bang phuong phap quang phd UV-Vis (& budc song ¢& 430 nm) voi kich thude hat nam
trong khoang tir 8 dén 26 nm. Hon nita, cac hat AH-AgNPs cho thiy kha ning khang khuan cao
chéng lai vi khuan Bacillus cereus va Staphylococcus aureus & lidu lwong khac nhau. Qua d6 da
chiing minh viéc st dung chiét xuat thuc vat nay nhu mét chét khtr, dinh vi va 6n dinh hiéu qua
trong AgNPs ciing nhu gia tri tiém ning ctia chung trong cac tmg dung y sinh va diéu tri.

Loi cam on

Nghién ctru nay duoc tai tro kinh phi tir dé tai KH&CN cdp Bo Gido duc va Pao tao, mi sd
B2024-TNA-26.
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