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Tém tit. Trong bai nghién ctru nay, chung toi d téng hop cac hat nano bac (AgNPs) va nano vang (AuNPs)
bang cach sir dung dich chiét cia 14 cay Callisia fragrans (Lindl.) Woodson nhu 13 tac nhan oxi héa khur
va tac nhan bao v€ hat nano tao thanh. Cac thong s6 chinh anh hudng dén sy hinh thanh CF-AgNPs va CF-
AuNPs, bao gdm ndng d6 ion kim loai, thoi gian phan tmg va nhiét d6 phan tmg duogc t6i vu hoa bing cach
sir dung phuong phap quang phd hap thu tir ngoai va kha kién (UV-Vis) ¢ d6 hap thu cuc dai dic trung
tuong Gmg ¢ 420 va 560 nm. Sy hinh thanh cua cac hat nano dugc xdac dinh thong qua phuong phap UV-
Vis. Anh hién vi dién tir quét (SEM) cho thiy CF-AgNPs va CF-AUNPs c6 dang gan nhu hinh céu véi sy
phan bb kich thuéc khong dong déu. Phd XRD cho phép xac dinh cu tric cua cac pha tinh thé. Quang phd
hdng ngoai bién doi Fourrier (FT-IR) x4c dinh cac nhom chirc ¢6 kha nang khir tir dich chiét cua la cay
Callisia fragrans hinh thanh cac AgNPs , AuNPs. Phé EDX x4c dinh su ¢6 mit ctia cac nguyén t6 vang va
bac trong mau vat lidu nano. Ddi v6i khao sat khang khudn, cac hat CF-AgNPs cho thay kha ning khang
khuan chéng lai cac loai vi khuan Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Escherichia
coli, Salmonella typhi va Pseudomonas aeruginosa véi dudng kinh vong khang khudn dao dong tir 7,2+0,2
mm dén 11,2+0,2 mm. C4c hat CF-AuNPs khong c6 kha nang khang khuén véi céac loai vi khuén ké trén.
Két qua thé hién rang, Callisia fragrans 1a mot ngudn tai nguyén sinh hoc tiém ning dé tong hop AgNPs
cho ung dung khang khuén, va AUNPS cho cac img dung vuc khéc.

Tir khéa. Nano bac, nano vang, tong hop xanh, Callisia fragrans, hoat tinh sinh hoc, khang khuén.

GREEN SYNTHESIS AND STUDY ON ANTIBACTERIAL ACTIVITY OF SILVER AND
GOLD NANOPARTICLES OBTAINED FROM Callisia fragrans LEAF EXTRACT

Abstract. Biogenic silver annoparticles (AgNPs) and gold nanoparticles (AuNPs) were successfully
synthesized by a simple single-step method using extract from Callisia fragrans (Lindl.) Woodson (CF)
leaves as reducing as well as stabilizing agents. Major parameters affecting the formation of CF-AgNPs
and CF-AuNPs, including metal ions concentration, reaction time, and reaction temperature were optimized
using ultraviolet-visible (UV-Vis) measurements at characteristic maximum absorbance of about 420 and
560 nm, respectively. The formation of the nanoparticles was determined through the UV-Vis method.
Scanning electron microscopy (SEM) images show that CF-AgNPs and CF-AuNPs are nearly spherical in
shape with unequal size distribution. X-ray diffraction (XRD) method determined the structure of the
crystalline phases. Fourrier transform infrared spectroscopy (FT-IR) identified functional groups present in
the leaf extract of Callisia fragrans to stabilize AgNPs, AuNPs. EDX spectra confirmed the presence of
gold and silver elements in the nanomaterials. For the antibacterial investigation, the CF-AgNPs particles
showed antibacterial activity against Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Escherichia
coli, Salmonella typhi and Pseudomonas aeruginosa with antibacterial ring diameters ranging from 7.2+0.2
mm to 11.240.2 mm. Meanwhile, CF-AuNPs have no antibacterial ability against the above bacterial
strains. The results showed that, Callisia fragrans is a potential biological resource in synthesizing AgNPs
for antibacterial application, and AuNPs for other applications.

Keywords. Silver nanoparticles, gold nanoparticles, biosynthesis, Callisia fragrans, biological activity,
antibacterial activity.

1. GIOI THIEU
Sy ra doi cua cong ngh¢ nano trong nhitng thap ky gan déy da tao ra mét bude tien vuet bac trong khoa
hoc vat liéu, bang cach tao ra cac vt liéu c6 kich thudc nano (10° m) véi cac dic tinh hoa 1y doc ddo. Vat
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liéu nano thé hién céc dac tinh méi, c6 thé hoan toan khac véi vat lidu dang khéi do ty 1¢ dién tich bé mat
vuot troi va kha ning xuét hién cua cac hiéu Gmg luong tir do kich thude hat bé [1]. Pac biét, cac hat nano
kim loai quy nhu nano bac (AgNPs) va nano vang (AuNPs) gan day di nhan duoc sy quan tim 16n tir gidi
khoa hoc nhd céc tinh ning hap din cta ching nhu cac hoat tinh xtc tic va khang khuan tuyét voi, kha
nang tuong thich sinh hoc, hoat tinh quang dién hoda cao, tinh tro héa hoc va téng hop don gian [2]. Véi
nhiing dic tinh dic biét nay, MNPs d trd nén hitu ich trong nhiéu linh vyre nhu y hoc, nong nghiép, dién
tir, k¥ thuat sinh hoc, xuc tac, cam bién sinh hoc, xur Iy nude va kiém soét su phat trién cta vi sinh vat [3].
Mot trong nhitng trng dung thyc té nbi bat nhat ctia hat nano kim loai quy (MPs) 1a viéc sir dung ching nhu
mdt chit khang khuan hiéu qua [4]. Kich thude nho va dién tich bé mit 16n hon ciia MNPs ¢6 thé nang cao
d6 bén lién két ciia mang vi khudn véi cac hat nano, gy ra hién tuong quang hoa mang vi khuan Su bam
dinh cia MNPs trén mang vi khudn c6 thé dan dén tang tinh thdm, dan dén ro ri cdc chat trong té bao chét
va 1am chét t& bao thong qua hiéu tng Donnan [5]. Mic di cho dén nay co ché chinh x4c vé tac dung khang
khudn cia MNPs van chua dugc kham phé dy du, nhung kha ning khang khuén vuot troi cua chung 1a
khong thé ban cai.

Hién nay, cac hat nano kim loai quy da dugc san xuét rong rai dé dap tmg nhu cau ngay cang tang trong
mot sO linh vue ing dung quan trong. Co nhiéu cach tiép can dé tong hop MNP, bao gbm céc phuong phap
vat 1y, héa hoc va sinh hoc. Tuy nhién, tong hop vat ly va héa hoc c6 nhiing nhuoc diém dang chu y, chang
han nhu st dung cac hoa chat nguy hiém, tiéu tén ning luong, dleu kién tong hop phurc tap va chi phi cao
[6]. Do do, viéc tng hop MNPs bang vat liéu sinh hoc c6 ngudn gdc thyue vat duoc wa chudng hon vi tlnh
don gian, than thién voi méi trudng, tiét kiém chi phi va khong chira bat ky hoa chat doc hai nao. Mot sb
loai thye vat nhu Eriobotrya japonica (thunb.) [7], Bauhinia variegate [8], Lactuca indica [9], Siraitia
grosvenorii [3], v.v., da dugc sir dung dé ché tao MNPs. Pang chii y, MNPs duoc tao ra bang cach tong
hop sur dung chiét xuat thuc vat dugc bao cdo 1a c6 hoat tinh khang khuén tang cuong va do on dinh cao do
su hién dién cua mét 16p hiru co bao quanh cac hat nano nay. Ngoai ra, sy da dang ctia cac hop chét hiru co
c6 trong chiét xuit cua céac loai thuc vat khac nhau c6 thé dan dén céc dic tinh khac nhau cia MNPs téng
hop duoc [5]. Do d6, hién nay cac loai thuc vat méi van dang dugce kham pha dé tong hop MNPs.

Trong nghién ctru ndy, chung t6i 1an dau tién sir dung 14 cay Callisia fragrans (Lindl.) Woodson (cay luoc
vang) - mot duoce liéu trong bongy, dé ché tao thanh cong AuNPs va AgNPs. O Viét Nam, Callisia fragrans
thuong sinh trudng t6t noi c6 nhiéu bong ram. bay 1a loai cdy than thao, cao khoang 15-40 cm va c6 thé
phat trién t6i 1 mét. Than cdy phan thanh nhidu dbt va nhiéu nhanh khac nhau, mdi ddt khoang 1-2 cm. L&
cay Callisia fragrans thudc la sap, 1a don hoac moc so le nhau, phién c6 hinh ngon gido. L& Callisia fragrans
duogc nhiéu nguoi biét dén nhu mot vi thude cd truyén ctia cac nude Chau A, c6 tac dung giai doc, thanh
nhiét, cAm mau, hoa dom va tiéu viém [10]. Thanh phan hoa hoc cua loai nay gdm glycosides, photpholipid,
carotionit, ascorbic axit, va anthycyans. L4 ciia Callisia fragrans chira nhidu hop chit polyphenol, flavonoid
hoat dong sinh hoc, glycol, photpholipid trung tinh va cac thanh phan acid béo [11]. Do do, viéc sir dung
chiét suat tir 14 Callisia fragrans dé tong hop AuNPs va AgNPs c6 the s€ lam tang tinh twong hop sinh hoc
va hoat tinh sinh hoc ctia cac MNPs. Céc thong sb tong hop, bao gdm ndng do ion kim loai, thoi gian phan
mg va nhiét do, dugc tdi vu hoa dé tim ra diéu kién tong hop t6i wu. Cac MNPs sau khi tong hop & cac
diéu kién téi wu (ky hiéu 1a CF-AgNPs va CF-AuNPs) dugc dic trung bai cac ki thuat thiét bi phan tich
hién dai, gom SEM, XRD, FTIR, EDX va sau d6 duoc khao sat hoat tinh khang khuin d6i voi
Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Escherichia coli, Salmonella typhi va
Pseudomonas aeruginosa.

2.NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Hydrogen tetrachloroaurate (I11) hydrat (HAuUCls. 3H,0) dugc dit tir cong ty hoa chat Acros Organics
(Belgium). Silver nitrate (AgNOs) duoc cung cp boi cong ty Cemaco (Viét Nam). Mueller Hinton Agar
(MHA) dugc dat tir cong ty HiMedia (AnDo). Bia khang sinh Gentamycin dugc mua tir cong ty Nam Khoa
Bio Tek. (Viét Nam). Tat ca dung cu thiy tinh dugc trang rira sach s& bang nudéc cét truée khi s dung dé
tranh hién tuong keo tu dung dich nano gy ra bai cac chat dién ly. 6 chung vi khuan Escherichia coli,
Salmonella typhi, Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Pseudomonas aeruginosa lay
tir bo suu tap giong phong Cong nghé Vi sinh, Vién Cong ngh¢ Sinh hoc va Thuc pham, Truong Pai hoc
Cong nghiép Thanh phé H6 Chi Minh.
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2.2 Piéu ché dich chiét

L4 Callisia fragrans duoc thu thap trong khu vuc TP. HCM. L4 sau khi 1iy vé, tuyén chon nhiing 14 gia
16m, tuoi, sam mau, khong bi dap. La dugc rira sach béng nudce voi dé loai bo cht ban, sau d6 trang lai bﬁng
nude cat. Tién hanh cit nho 14, kich thudc khoang 3x5 cm. Can 5 g 14 da cit nho cho vao 200 mL nudc cét,
dun héi luu trong 1 gio. Hon hop duge dé ngudi ty nhién dén nhiét do phong, va loc dé loai bé can. Phan
dich chiét duge cho vao binh bao quan trong ngan mat t lanh, nhiét do trong khoang 2-8°C va duoc day
kin. Khuyén nghi sir dung dich chiét trong 1 tuan.

2.3 Tong hop CF-AgNPs va CF-AuNPs

Qua trinh tong hop CF-AgNPs va CF-AuNPs dugc thuc hién véi dung dich AgNOs, HAUCI, va dich chiét
theo ti 18 1:1 theo so @6 Hinh 1. Su thay d6i mau ctia dung dich sau phan (mg ching té CF-AgNPs va CF-
AUNPs di dugc tong hop thanh cong. Cac yéu té anh huéng dén qué trinh tong hop nhu ndng do ion kim
loai, nhiét do va thoi gian ciing duoc khao sat. Cac yéu té anh hudng dugc téi wu héa théng qua phép do
UV-Vis véi do ha"ip thu cuc dai dac trung cia AgNPs ¢ 420 nm, va AuNPs ¢ 540 nm. Cac hat CF-AgNPs
va CF-AuNPs sau khi tong hop & ba diéu kién t6i wu duoc dung dé nghién ctru dic tinh hoa Iy va tng dung
cua chung.

AgNO, CF-AgNPs
=7 t=75 min
15
10 e
- C=15mM
> T=90°C

B 50200 mL
1.5
100 °C, 1h 5 +

Callisia fiagrans CF extract o t =20 min
(CF) m‘ —_—
C=1.0mM
T=170°C
HAuCl, CF-AuNPs

Hinh 1: So d6 tong hop CF-AgNPs va CF-AuNPs tir dich chiét 14 Callisia fragrans

2.4 Phwong phép phan tich cac dac tinh héa ly ciia CF-AgNPs va CF-AuNPs

Sy hi¢n dién cua cac nhom chirc c6 trong MAu nano vang va mau cao dich chiét khé dugc phan tich bang
phuong phap phd hdng ngoai blen ddi Fourie (FTIR) trén may quang pho 27 Brucker Tensor (Pirc) trong
pham vi s6 séng 4000-500 cmL. Cu trac tinh thé ciia mau nano vang dugc phan tich bang phuong phap
nhiéu xa tia X trén may Shimadzu 6100 diffractometer (Nhat Ban), hoat dong & dién ap 40 kV, dong dién
30 mA v6i bic xa CuKa c6 budc song 1,5406 nm voi tde do quét 0,05 °/s, buac nhay 0,02° trong pham vi
20 tir 10° dén 80°. Hinh thai va kich thudc clia cac hat nano vang duge xéc dinh boi kinh hién vi dién tir
quét (FE-SEM) trén may may FE-SEM S4800 (Nhat Ban). Thanh phan cac nguyén t6 c6 trong mau CF-
AgNPs va CF-AuNPs duoc phan tich bang phuong phap phd tan xa ning luong tia X, tich hop trén may
FE-SEM S4800.

2.5 Hoat tinh khang khuin ciia CF-AgNPs va CF-AuNPs

Hoat tinh khang khuén cua cac miu CF-AgNPs va CF-AuNPs duogc khao sat dua trén kha ning khang 6
chung vi khuan, trong d6 c¢6 3 ching vi khuan Gram (+) gom Bacillus subtillis, B. cereus va Staphylococcus
aureus va 3 ching vi khuan Gram (-) gdbm Salmonella typhi, Pseudomonas aeruginosa va Escherichia coli.
Céc ching vi sinh vat thir nghiém duoc ting sinh trén moi truong LB Broth trong 12-18 gio ¢ 37°C, lac
150 vong/phit. Sau d6 dich nudi cdy vi khuan dugc pha loang bang nudc mudi sinh 1y v tring dén do duc
tuong duong 0,5 MCFarland. Gi4 tri nay nam ¢ khoang tir 1-2x108 CFU/ml. Huyén phu vi khuan s& duoc
sir dung trong khéo sat hoat tinh khang khuédn [12].
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Mau nano bac, vang duoc tong hop tir dich chiét 1a cay Callisia fragrans dugc pha loang thanh cac nong
d6 khac nhau (10 ppm, 20 ppm, 40 ppm, 80 ppm). Mau d6i chiing dwong sir dung khang sinh Gentamicin.
Mau dbi chtng am 1a dich chiét I4 lugc vang. Hoat tinh khang khuan ctia cac miu CF-AgNPs va CF-AuNPs
dugc x4c dinh bang phuong phap khuéch tan trén dia thach [13]. Cay trai 0,1 mL dich vi khuan kiém dinh
mat d6 1 x 108 CFU/mL da chuan bi 1én dia moi truong MHA. Trén mdi dia petri dat mot dia khang sinh
lam dbi chimg dwong va duc 5 16 thach véi dudng kinh (d=6 mm). Sau d6, bom vao 4 16 thach lan luot 30
uL dich chiét nano di pha lodng ¢ 4 ndng do khac nhau va 1 16 thach con lai 30 pL dich chiét & cay lam
dbi chimg 4m. Céc dia thach dugc 0 ¢ 37°C trong 18-24 gid. Pudng kinh vong khang khuan duge do bang
thude do don vi mm. Puong kinh vong khang khuan trong phan két qua 1a duong kinh vong khang bao
gém kich thuéc 16 thach. Thi nghiém duoc lap lai 3 lan. Két qua dugc xu ly bﬁng phén mém Statgraphicsi18.

3.KET QUA VA THAO LUAN

3.1. Téi wu héa tong hop CF- -AgNPs va CF-AuNPs
Céc thong s6 tong hop bao gobm ndng d¢ ion kim loai, thoi gian phan ng va nhiét do phan (g da anh

huéng manh mé dén kich thudc cia cac hat nano vang thu duoc. Qua trinh t6i wu hod cac théng sb nay s&

gitp thu dugc cac hat c6 kich thudce hop 1y, dung dich c6 4o bén virng nhiét dong cao va kho bi keo tu hon

theo thoi gian.
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Hinh 2: Phé UV-Vis cua dung dich CF-AgNPs theo ndng dé (a), thoi gian (b) va nhiét do (c)

Trong cong trinh nay, thoi gian phu hop cho phan (g duoc khao sat bang cach mang dung dich nano di
do quang mét lan sau mdi 15 phut trong khi néng d va nhiét d dugc gitr cb dinh (Hlnh 2a). Két qua quan
sat & hinh 2a cho thay thoi gian tdi wu dé tong hop nano vang la 75 phut. Vi thoi gian tdng hop 16n hon
75 phut thi d6 hap thu quang hoc hau nhu khong thay dbi, cho thay lwong lugng AgNPs sinh ra la cuc dai.

Nong d¢ ion bac dugc khao sat béng cach thay doi néng d6 dung dich AgNO; trong khoang 0,5-2 mM,

nhiét d¢ va thoi gian duge gitr ¢6 dinh (Hinh 2b). Két qua cho thiy nong do i ion anh huong nhiédu dén su
hinh thanh cua hat nano, nong d¢ cang tang d hap thu quang hoc cang cao, s6 lugng nano sinh ra cang
nhiéu. Khi dén nong d6 nhit dinh nao d6 thi do hap thu quang hoc hau nhur khong dbi, cho thay luong nano
sinh ra 14 t6i wu. Qua thuc nghiém xac dinh duogc ndng do thich hop ciia AGNO3 dé téng hop CF-AgNPs la
1,5 mM. Cudi cung, nhiét do phan tmg duoc khao sat trong khoang 70-100° C, ndng dé va thoi gian duoc
giit ¢b dinh (Hinh 2¢). Két qua chi ra rang, nhiét d6 cang cao thi do hip thu quang hoc ciing ting theo, sau
d6 dat ti wu. O nhiét d6 cao hon, cac phéan tu chuyén dong nhanh, s6 va cham hiéu qua tang nhanh dan dén
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hat’ nano tao thanh nhanh, d& bi keo tu, hat c6 kich thudc 16n gdy gidm mat d§ quang. Nhu vy, nhiét do tdt
nhat dé tong hgp CF-AgNPs 14 90 °C.
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Hinh 3: Pho UV-Vis cta dung dich CF-AuNPs theo ndng d¢ (a), thoi gian (b) va nhiét do (c)

Thoi gian téng hop AuNPs dugce khdo sat trong khoang 10 — 40 phat (Hinh 3a), ndng dé ion vang duoc
khao sat bang cach thay doi nong d6 dung dich HAUCI, trong khoang 0,5-2 mM (Hinh 3b), va nhi¢t d6
dugc khao sat trong khoang 40 — 90 °C (Hinh 3c). Khi mdt thong so dugc khao sat, hai thong s6 con lai
dugc giit khong doi, thong sd t6i uu s& duoc sir dung cho cac khao sat tiép theo. Qua thuc nghiém, xac dinh
duoc thoi gian, néng dd, va nhiét do thich hop téng hop CF-AuNPs lan luot 12 20 phut, 1,5 mM va 70 °C.
3.2. Pac trung hoa ly cia CF-AgNPs va CF-AuNPs

Két qud phén tich nhiéu xa tia X va FT-IR

Céc dic diém ciu tric tinh thé ciia mau CF-AgNPs va CF-AuNPs dugc xac dinh boi gian ¢6 XRD, trinh
bay trong Hinh 4a. Gian d6 XRD ctia mau CF-AuNPs hién thi cac peak & cic goc nhidu xa 20 lan luot la
38,2°, 44,4°, 64,58° va 77,6°, dac trung cho cac mat phang (111), (200), (220) va (311) cua tinh thé lap
phuong tim dién Au tuong tng véi gian d6 XRD chuan PDF ICDD 00-004-0784. Mau XRD ciia CF-
AgNPs cho thiy cac peak 20 gi tri 38,32°, 44,42°, 64,82° va 77,82° dic trung cho cac mit phing (111),
(200), (220) va (311) trong tinh thé 1ap phuong tam dién ctia AgNPs, tuong tng thé XRD chuén s6 00-004-
0783[4] Cac dinh manh ¢ 27,84°, 32,28°, 46,24°, 54,80°, 57,44° va 67, 30° turong ung voi phan xa tir cac
mat phang (111), (200), (220), (311), (222) va (420) tinh thé AgCl (thé s6 00-001-1013). Su hién dién cta
tinh thé AgCl trong CF-AgNPs c6 thé 1a do phan tmg ctia ion Ag* véi ion clorua co trong dich chiét CF
[14]. C6 thé thay, dinh cao nhét trong gian d0 XRD cta CF-AgNPs va CF-AuNPs 1a & mit (111), cho thay
cac tinh thé nano phat trién wu tién theo mat (111) ndy. Nhu vy, khi xdc dinh chiéu rong ban dinh & mat
(111), c6 thé tinh ra kich thudc trung binh cua tinh thé. Kich thudc trung binh cua tinh thé dugc xac dinh
theo phuong trinh Debye-Scherrer d = 0,9A/pcos0, vai d 1a dudng kinh trung binh cta tinh thé (nm), ‘B’ 1a
(n/180) x FWHM (full width at half maximum - chiéu réng ban dinh); ‘A’ 1a ngudn birc xa tia X (1.540 nm)
and ‘0’ 1a goc Bragg. Theo d6, kich thude trung binh cua tinh thé CF-AgNPs va CF-AuNPs 1an luot 14 8,52
val3,6 nm.
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Hinh 4: Gian @5 XRD va phd FTIR ctia mau CF-AgNPs va CF-AuNPs

Két qua phén tich FTIR ciia mau CF-AgNPs va CF-AuNPs cho thiy sy xuit hién cac dai phd & cac dinh
478,717, 885, 1065, 1161, 1243, 1354, 1443, 1523, 2864 va 3697 cm™ (Hinh 4b). Dic trung cho dao dong
kéo dai cia nhém —OH 1a sy xuat hién dinh pho tai 3697 cm™ [15]. Cac dinh phd nay c6 cuong do khong
16n, chimg t6 lwong -OH ¢6 trong mau khong nhiéu. Dinh pho & vi tri khoang 2864 cm™ dic trung cho lién
két nhém C-H. Dinh phd tai vi tri 1523 cm™ 1a do dao dong hoa tri bat ddi xing ciia nhém chire (COO-).
Cac dinh & khoang 1443 va 1065 cm™ dic trung cho dao dong ciia lién két N-H va C-N. Céc dinh pho tai
s6 song 1354 cm™ va 1065 cm* twong tmg véi cac lién két C-O va C-O-C [16]. Tét ca cac dinh pho trong
phd FTIR cua ca hai mau CF-AgNPs va CF-AuNPs c6 d6 hip thu kha twong tw nhau. Cac nhém chirc niy
1a ctia cac hop chat hitu co c6 trong dich chiét, bam vao cac hat nano sau khi két thuc phan tmg giita dich
chiét va ion kim loai. Chinh cac hop chit hitu co nay di dong vai trd 1a chat 6n dinh, ngin can sy két tu
cac hat nano.

Anh SEM va phan tich thanh phan nguyén té
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Hinh thai bé mat va kich thudc cua cac hat CF-AgNPs va CF-AuNPs dugc xéac dinh bang anh chup SEM.
Thanh phan nguyén t6 hoa hoc cia mau CF-AgNPs va CF-AuNPs duoc phan tich biang phuong phap quang
phé tan sic ning luong tia X. Két qua phén tich dugc trinh bay trong Hinh 5. Hinh anh SEM cho thy rang
cac hat CF-AgNPs c6 dang hinh cau kich thudc khoang 20-50 nm, phén tan khong ddng nhat va hinh thanh
cac cum (Hinh 5a). Déi v6i phan tich EDX, tin hiéu nguyén t6 manh & 3.0 keV x4c nhan sy hién dién cua
bac trong mau (Hinh 5b). Su hién dién cua cac nguyén t6 cacbon va oxy trong quang phd cho thiy rang cac
phén tir hitu co cla chiét xut CF da bi hap phu trén bé mit cua AgNPs. Sy xuét hién cua dinh clorua 6 2,6
keV cho thay thanh phin AgCl phi hop véi dit liéu XRD. Tir dit liéu phé EDX vé ham luong trung binh
clia cac nguyén t trong CF-AgNPs cho thiy mau chira khoang 61,8% bac, 17,1% carbon, 7,1% oxy, 11,1%
clorua, va 2.8% kali. Hinh anh SEM cta miu CF-AuNsP cho thiy cac hat nano vang cé kich thudc trong
khoang 20-100 nm, phén tan tot hon trén bé mit so véi nano bac (Hinh 5¢). Phé EDX cta mau CF-AuNsP
xuit hién cac dinh twong tu nhu trong mau CF-AgNPs (Hinh 5C). Dit liéu EDX cho thiy vang c6 ba tin
hiéu manh 1an luot tai 2,1, 8,5 va 9,7 keV. Ham luong vang trong mau CF-AuNsP khoang 49,5%, carbon
(36,1%) va oxy (12,4). Ham luong carbon va oxy trong CF-AuNPs cao hon so vi CF-AgNPs ¢6 thé 1a do
ion Au®* ¢6 dién tich cao hon Ag* di twong tac manh hon v&i cac nhét hitu co. Sy hién dién ciia nguyén t6
K trong ca hai mau CF-AgNPs va CF-AuNPs la do suu tdn tai ctia cac khoang chét co trong chiét xuét thuc
vat, tuong tu mot ) cong trinh da dugc bdo cédo trudc day.
3.3. Kha niing khang khuan

Két qua thir nghiém kha ning khang khuén cta dung dich nano dugc tong hop tir 1a cay Callisia fragrans
v6i 6 loai vi khuén, trong d6 c6 3 ching Gr (+) gdm: Bacillus subtili, Staphylococcus aureus va Bacillus
cereus; 3 chung vi khuan Gr (-) gdm Salmonella typhi, Pseudomonas aeruginosa va Escherichia coli duoc
thé hién trén hinh 6 va bang 1.

Gr (+) Staphylococcus Gr (+) Bacillus cereiis

aureus

Gr (-) Pseudomonas Gr (-) Escherichia coli Gr (-) Salmonella typhi
aeruginosa

Hinh 6: Két qua khang khuan ctia CF-AgNPs
(+): Déi chimg duong (Gentamicin); (-): Dbi ching 4m (dich chiét); N1: Dung dich CF-AgNPs ban dau voi nong do
80 ppm; N2: Dung dich CF-AgNPs v&i ndng d6 40 ppm; N3: Dung dich CF-AgNPs véi nong d6 20 ppm; N4: Dung
dich CF-AgNPs véi nong d6 10 ppm
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Bang 1. Két qua duong kinh vong khang khuan (mm) ciia CF-AgNPs ¢ cac nong d¢ khac nhau

Puong kinh vong khang khuin (mm)

Vi khuin Poi chl.'r.ng dwong Nong dd ciia CF-AgNPs
Gentamicin (C=10
1g) N1 N2 N3 N4
(80 ppm) (40 ppm) (20 ppm) (10 ppm)

Staphylococeus 12,3:40,3 8,20+0,2 8,2940,2 8,2940,2 7,340,2
aureus
Bacillus cereus 14.5240,3 9,0°40,0 8,7°+0,3 8,2+0,2 8,0°+0,0
Bacillus subtilis 19,32+0,3 11,240,2 10,3%40,2 10,1°40,2 9,5°4+0,3
Pseudomonas 17,8:40,2 101402 97403  93°403  9,0°400
aeruginosa
Escherichia coli 13,524-0,3 7,8240,2 7,8°40,2 7,7°40,2 7,2°40,2
Salmonella typhi 13,5%4-0,3 8,24+0,2 8,2°40,2 7,7°40,2 7,3°4+0,2

% Trong cing mdt hang cac so co chir so6 mii khac nhau thi khac nhau & muc y nghia a = 0,05.

Tir dit liéu thu duge c6 thé thay nano bac dugc tong hop tir 14 cay Callisia fragrans c6 kha nang khang rd
rét 3 chung vi khuan B. subtilis, B. cereus va P. aeruginosa voi dudng kinh vong khang khuéan dao dong tir
8,0+0,0 mm dén 11,2+0,2 mm. Trong céc chuing vi sinh vat nghién ctru, dung dich CF-AgNPs thé hién kha
nang khang manh nhat ddi voi chiing B. subtilis khi duong kinh vong khang dao dong tir 9,54+0,3 mm dén
11,240,2 mm. Kha ning khang yéu d6i voi 3 chung S. aureus, S. typhi va E. coli v6i duong kinh vong
khang khuan dao dong tir 7,240,2 mm dén 8,24+0,2 mm. Nhu vay, kha ning khang 2 ching vi khuan B.
subtilis va P. aeruginosa cta dung dich nano bac duoc tong hop bang dich chiét 14 Callisia fragrans twong
duong voi dung dich nano bac duoc tong hop tir dich chiét Thevetia peruviana trong nghién ciru cia
Omolara O. Oluwaniyi va cs. (2015) [17]. Pbi véi 3 ching S. aureus, S. typhi va E. coli dung dich nano
bac dugc tong hop bang dich chiét Thevetia peruviana thé hién tinh khang manh hon [17]. Con trong nghién
ctru ctia S. Rashid va cs. (2019), nano bac duoc tong hop tir dich chiét ré ciy Bergenia ciliate, Bergenia
stracheyi khong co6 kha ning khang 2 ching vi khudn B. cereus va E. coli, con nano bac dugc tong hop tir
dich chiét tir r& cdy Rumex hastatus khang B. cereus yéu hon so v6i nano bac duoc tong hop tir dich chiét
14 Callisia fragrans [18]. Nhin chung, giita 3 ndng do nghién ctru cia dung dich nano bac (80, 40, 20 ppm),
chung t61 khong nhén thay su khéc biét s6 lidu thong ké vé do 16n vong khang khuan déi vdi cac chung vi
khuén nghién ctru. Su khac biét dugc nhan thay khi pha loang dung dich nano bac tGi nong d6 10 ppm. Do
do, dé dat duoc hiéu qua khang khuan cao nhat cé thé Iya chon nong d¢ 20 ppm nham tiét kiém nguyén
liéu va chi phi.
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Gr (+) Staphylococcus Gr (+) Bacillus cereus

aureus

Gr (-) Pseudomonas Gr (-) Escherichia coli Gr (-) Salmonella typhi

Hinh 7: Két qua khang khuan ctia CF-AuNPs
(+): Ddi chimg duong (Gentamicin); (-): Dbi ching am (dich chiét 1a Callisia fragrans); N1: Dung dich CF-AuNPs

ban dau 100 ppm; N2: Dung dich CF-AuNPs v6i nong d6 50 ppm; N3: Dung dich CF-AuNPs v6i nong do 25 ppm;
N4: Dung dich CF-AuNPs véi nong d§ 12,5 ppm

Tir két qua nghién ctru kha niang khang khuan cua CF-AuNPS cho thdy, mau CF-AuNPs dugc tong hop tir
14 Callisia fragrans khong co hoat tinh khang d6i voi cac ching vi khuan nghién ctru Bacillus subtilis,
Staphylococcus aureus, Bacillus cereus, Salmonella typhy, Pseudomonas aeruginosa va Escherichia coli.
Két qua thuc nghiém nay tuong déng v6i nghién ciru tong hop AuNPs tir Codonopsis pilosula va 18i bip
cua cong trinh [19].

4. KET LUAN

Cac hat CF-AgNPs va CF-AuNPs hinh cau c6 kich thude hat nho trong khoang tir 20 dén 100 nm da duoc
sinh tong hop thanh cong bang phuong phap tong hop xanh ma khong str dung bat ky chét khir va chét on
dinh thuong mai dat tién nao. Cong trinh nay da ching minh tinh hiéu qua cua dich chiét Callisia fragrans
trong viéc khir c4c ion bac, vang thanh cac hat nano tuong (mg va lam bén cac hat nano tao thanh. Céc hat
nano CF-AgNPs va CF-AuNPs phan tan tét trong méi truong nude va 6n dinh trong dung dich hon mét
tuan. D4i voi khao sat khang khuan, cac hat CF-AgNPs cho thay kha nang khang khuan chong lai cac loai
vi khuan Staphylococcus aureus, Bacillus cereus, Bacillus subtilis, Escherichia coli, Salmonella typhi va
Pseudomonas aeruginosa. Cac hat CF-AuNPs khong c6 kha nang khang khuan véi cac loai vi khuan ké
trén. Két qua thé hién rang, Callisia fragrans 1a mot ngudn nguyén liéu tiém nang dé tong hop AgNPs cho
mg dung khang khuan, va AuNPs cho cac tmg dung vuc khac, nhu dan truyén thudc.
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