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Toém tiat: Chiéu xa chum tia dién tr (EB) huyén phu diatomite (DA) trong
dung dich AgNOg/chitosan, bac nano (AgNPs) duoc tao thanh boi su khir in
situ ion Ag* tao Ag nguyén tir va keo tu trén diatomite. Hat bac nano hinh cau
¢6 duong kinh 5-10 nm dat dugc khi chiéu lidu xa tir 5 dén 25 kGy nhu quan
sat thay trén anh TEM. Nanocomposite - AgNPs/DA thé hién nhiing dic trung
qua phd UV-Vis véi dinh phd ¢ budc song 417- 422 nm. Ph tan sic ning
luong tia X (EDX) cuia DA va nanocomposite AgNPs/DA xac nhan hop phan
nguyén t DA va AgNPs. Hoat tinh khang khuan cua vat liéu véi cac chung vi
khuan gdy bénh trén ca Tra nhu Aeromonas hydrophila va Edwardsiella
ictaluri da duoc khao sat.

Tw khoa: Chum tia dién tur, bac nano, diatomite, nanocomposite, chitosan, hogat tinh
khang khudn
I. MO PAU

Vit liéu nano va nanocomposite di va dang dugc quan tdm boi nhimg tmg dung tiém
nang cua chung trong thiét bi dién tir, sinh y, my pham, trg loc thyc pham, quang xuc tac va
xu ly khang khuédn trong méi truong. .. [1, 2]. Hon nita, ching dong thoi da dat dugc nhing
cai tién vé tinh chat vat ly, twong tac hoa hoc va cac hi¢u ng sinh hoc [3]. Su phat trién cua
vat liéu nano bang cach két hop véi cac polyme hodc véi cac hat vo co d tro thanh mot trong
nhitng hudng nghién ctru maéi [4]. Nhitng vat liéu nay co6 ca dac tinh ctua cac thanh phén cau
thanh cting nhu cac hiéu tmg cong hop phat sinh tir sy twong tac cua cac hop phan trong
nanocomposite [5]. Do tinh chat khang khuan hiéu qua va doc tinh thap dbi véi té bao dong
vat, bac nano (AgNPs) da tro thanh mét trong nhirng vat liéu nano dugc sir dung phd blen
trong cac san pham tiéu dung [6]. Pic biét, AgNPs lién két véi silica x6p nhu gbm,
montmorillonite, zeolite, diatomite... dd duoc sir dung nhu chat diét khuan trong loc nudc,
chat chéng gi, chfit xuc tac va chat khfr trung...[7]. Hon hop chira AgNPs ¢6 hoat tinh khang
khuén cao ké ca vi khuan da khéng thudc nhu d duoc cong bd bdi mot s6 nha khoa hoc [8,
9]. Hién nay, AgNPs duoc coi 1a chat diét khuan “xanh” chdng lai vi khuan trong méi trudng
thiiy sinh nhu Lactococcus garvieae, Streptococuss iniaea dugc phan 1ap tir ca hdi nhiém
bénh trong ao nudi [8]. Néu duoc 6n dinh bai mot polyme nhu chitosan thi s& tao duoc mot
vat liéu vu viét boi hoat tinh khang khuén va than thién méi trudng ciia chitosan. Nhiing dic
diém nay xuat phat tir nhom amin da proton hoa R-NH3" cua chitosan trong moi truong pH 5-
6 [9, 10]. Ngoai ra, chitosan con 1a chét két dinh - “binder” cua AgNPs V01 cac chat nén nhu
silica trong diatomite hoac zeolite [11]. Nghién ctru, ché tao composite gdm AgNPs/chitosan
co dinh trén chit nén nhu silica kiém soat tac nhan gy nhiém trong moéi truong 1a sy thay doi
can thiét thay thé cho viéc str dung héa chét [12].

O nudc ta, nudi trong thity hai san duoc xac dinh 1a mot nganh kinh té mili nhon, dat
kim ngach xuat khau cao. Tuy nhién, thiét hai do dich bénh gay ra tir méi truong 1a mot trong
nhirng bat 1gi. Hién nay cac bénh do cac vi khuan nhu Edwardsiella ictaluri (gay bénh gan

1


mailto:truongthihanh05@yahoo.com

than mu trén c4), Edwardsiella tarda (gay bénh nhiém khuan mau), Aeromonas hydrophila
(gdy bénh dém do) da va dang gay thiét hai 16n cho nguoi nudi ca tham canh. Ty 16 ca chét do
nhiém bénh rét cao. Viéc phat hién va xir Iy sém moéi trudng nude bi nhiém khuédn 13 v6 ciing
can thiét tranh gay thiét hai vé kinh té. Tuy nhién, sy lam dung khang sinh trong nuéi trong
thuy, hai san dan dén su khang thudc cta vi khuan, su ton du trong méi trudng va khong an
toan cho nguoi st dung [13]. Vi vay, trong cong trinh nay, chiing t6i da st dung k¥ thuat
chiéu xa chum tia dién tu (EB) dé ché tao vat liéu nanocomposite (bac nano/diatomite) tur
ngudn nguyén lidu ty nhién 1a diatomite (DA) chira 63% silica. Hoat tinh khang khudn cua vt
liéu duoc thuc nghiém in vitro dbi v6i 2 hai ching vi khuan gy bénh gdm Edwardsiella
ictaluri (gdy bénh gan thdn mu trén c4) va Aeromonas hydrophila (giy bénh dém do) trén ca
Tra.

11.NQI DUNG
I1.1. Pdi twong va phuwong phap

Diatomite dugc mua tur cong ty diatomite Phu Yen véi ham lugng SiO, ~ 63%, kich
thudc hat trung binh 70 um.Chitosan st dung vai d6 deacetyl (DD) ~ 80% and Mw = 1,06 x
10°. Céc héa chit nhu bac nitrate (AgNOs), (S)-lactic acid (90%), sodium hydroxide (NaOH)
la nhitng hda chat tinh khiét. Nugc cit dugc st dung cho cac thi nghiém.

Trong nghién ciru ndy, bac nano ¢é dinh trén silica cua diatomite dat dugc bang phuong
phép tdng hop in-situ. O day,nhitng ion Ag*da hip phu trén silica dugc khir tao thanh AgP
nguyén tir boi cac dién tir solvate hda (€7,) hodc goc tu do *H sinh ra khi chiéu xa, dong thoi
lién két trén silica.

Nanocomposite AgNPs/DA duoc ché tao tir hon hop huyén phu géom AgNO; 10
mM/DA/chitosan 1% véi ti 16 DA/Ag™= 1:5 (m/v, g/ml) bang céach chiéu xa. Mau duoc dong
g6i trong tui PE va dugc chiéu xa trén may gia toc UELR-10-15S2.

Céc dic trung cua vat lieu AgNPs/DA dugc danh gia tir cac két qua ghi do phé UV-Vis,
anh chup kinh hién vi dién tu truyén qua TEM (Transmission Electron Micrography), phd tan
sic nang luong tia X- EDX (Energy dispersive X-ray). Xac dinh ham luong bac nano trén DA
qua phép phan tich phd phat xa nguyén tir cam ¢ng plasma (Inductively couple plasma atomic
emission spectroscopy, ICP-AES).

Danh gia hoat tinh khdng khuan qua su giam s6 khuan lac séng sot trén moi truong
BHIA (Brain Heart Infusion Agar) ciia mau AgNPs/DA so voi mau ddi chimg (nuéc khir
tring) nhu cong thirc trong chuan AATCC Test Method 100-2004 [14]. Dich nudi cay vi
khuan Edwardsiella ictaluri va Aeromonas hydrophila dugc pha lodng trong méi truong LB
dén mat d6 10* va 10°CFU/ml, twong tng. Cho lugng méau vao dich khuan véi ti 1¢ 0,2 g/10
ml, lic déu, sau 3 gio va 24 gio tiép xuc, hdn dich duoc trai dia va u. Pém s vi khuan trén
moi truong BHIA sau 24 gio. Hi€u ung khang khuén duogc xac dinh dua trén sb khuén lac
song sot trén dia sau thoi diém tiép xtc 0 gio, 3 gid va 24 gid trong Ung.

11.2. Két qua

- Pi ché tao dugc nanocomposite AGNPs/DA, véi kich thudc hat AgNPs tir 5-10 nm tng Véi
lidu xa hap thy tir 5-25 kGy bang phuong phap chiéu xa chum tia dién tir huyén phd gom
AgNO3;10mM/DA/dung dich chitosan 1%.

- Bac trung cua AgNPs trong nanocomposite dugc biéu thi qua két qua cac phép do UV-Vis,
anh chyp TEM va pho EDX.

- Hiéu tng khang khuan Edwardsiella ictaluriva Aeromonas hydrophila gay bénh cho ca Tra
trén moi trudng BHIA c6 AgNPs/DA so véi dbi ching (nuée khir trung) 13 100 % & didu kién
thuc nghiém trén.



I1.3. Ban luan

11.3.1. Hi¢u suit khir xa ly(G) ciia ion Ag” tao Ag nano trong hé di thé silic - dioxite
/mwée:

Tru6e khi chiéu xa dung dich AgNOjs trong diatomite, hdn hop duoc khudy manh dé
hép phu cac ion Ag® trén bé mit va gin trén ving vo dinh hinh cua silic dioxit (SiO5) trong

diatomite. Nhing san pham xa ly ctia nudc nhu sau:
H,O (EB) — ‘OH + e'aq +'H + HO, + Hy, +...

(1

Electron hydrate (€ ) v6i E°(H,0/e )= - 2.87 Vnwe va gbe "H v6i E°(H/'H) = - 2.3 Vue
duoc phat sinh boi sy xa ly cia nude ¢ thé khir ion Ag* hap phu trong DA tao Ag nguyén tir
réi keo tu tao Ag nano boi hi€u tmg burc xa trong dung dich huyén phu [15]. Nguoc lai, cac
g6c'OH 1a cac chit oxy héa rat manh véi E°COH/H,0) = + 2.7 Vype c6 thé oxy hoa céac
nguyén tir Ag, tuy nhién trong hén hop huyén phu,cic phan tir chitosan ciing ¢6 thé bat cac
gbc "OH tao gdc tu do [16]. Phan tir nay ciing dong gop vao su khur Ag" trong chitosan thanh

AgP. Vi viy, chitosan ngoai vai tro la chéat 6n dinh con 1a mot chét bit gbc’OH thay ethanol.

Ph6 UV-vis cia dung dich keo AgNPs tir huyén phit AgNO3/DA di chiéu xa duogc thé
hién trong hinh la. Cac dung dich keo AgNP da hién thi cuc dai pic (Amax) trong khoang tir

417- 422 nm véi d6 hap thu ting twong tmg véi liéu xa EB tir 6,5 dén 20,2 kGy. Tuy nhién,
tai liéu cao hon 20,2 kGy (25, 9 va 30,8 kGy), hép thu quang thay d6i khong dang ké. Do do,

liéu 20,2 kGy ¢6 thé xem 1a toi uu dé chuyén hoa hoan toan 10 mM AgNO; thanh AgNPs
theo ty 18 hdn hop ban dau DA/Ag® = 1: 5 (m/v, g/ml. Ham luong AgNPs trén DA duoc xac

dinh 0,13% bang phuong phap phén tich ICP-AES.
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Hinh 1: a) Ph6é UV-Vis cua keo AgNPs: a) 6,5 kGy, b) 13,4 kGy, c) 20,2 kGy va 25,9 kGy
b) Méi lién quan gitta d6 hap thu quang cuc dai va liéu xa
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M&i lién quan giita hap thu quang va liéu xa dugc thé hién trong hinh 1b. Hé s tit phan
tir ciia keo bac nano tai A = 420 nm suy tir do hap thu quang 6n dinh va nong do nguyén tir Ag
la 10 mM (10 M) tai 20,2 kGy: €202 (Agr) = 3,4 x 10° | mol*cm™. Néu hé sé tit phan tu
duoc st dung & bat ky liéu nao thi hiéu suat khir xa ly (Greq) ¢ 20,2 kGy duoc xac dinh 12 Greg
= 0,49 umol.J™. Gi4 tri nay thdp hon Gyeq = 0,57 pmol.J™ cua 10 mM AgNO; trong dung dich
chitosan 1% khéng c6 diatomite tai 17,6 kGy [16]. Su chénh Iéch nay cé thé duoc giai thich
rang, trong mot hé di thé chiéu xa, khi hai pha thanh phan la dang ké vé khéi lugng thi nang
luong ion hoa s& duoc hap thu boi hai pha. Do d6, Geq Clia nuéc hap phu trong hé di thé gom
silica/nudc thap hon Greg ciia nude “tyr do”. Le Caér dd nghién ciru birc xa nuée hap phu trén
nhiing oxit khac nhau va cho thay rang, su khac nhau vé ning luong gan két va niang luong
truyén gitra pha ran va dung dich hap phu c6 thé tuong tng véi su thay doi lidu hip thy ciing

nhu hiéu suat khir bic xa [17 1.



I1.3.2. Nhirng dic trung hoa ly ciia nanocomposite AgNPs/DA

Trong qua trmh chiéu xa EB cua dung dich huyén phu AgNOg/chitosan trong diatomite,
cac nguyeén tu Ag duoc hinh thanh bai sy khir ion Ag* ctia dién tir solvat hoa (e ag) Va cac gbc
"H. Su khir lién tuc ctia cac ion Ag” keo tu thanh nhom hat“cluster” AgNPs dong thoi gan 1én
silic dioxit (SiOy) trong DA theo phuong phap khir in-situ. O day, liéu hap thu dong mot vai
trd quan trong trong sy hinh thanh va phat trién kich thudc hat AgNPs. Céc hat bac nano ting
kich thude voi sy gia tang liéu hap thu, khi cac thong sé nhu ning luong chum tia, cuong do
dong va ndng do ban dau cia dung dich chiéu xa 1a tuong ty. Mat do e aqva "H ting theo liéu
xa do d6 phan ung khir Ag* va keo tu tao AgNPs & liéu cao ¢6 wu thé hon so voi liéu thip
[18].

CHI[TEM)) e A [

120172013

Hinh 2: Anh TEM cuaa nanocomposite - AgNPs/DA tai liéu xa a) 6,5; b) 13,4; ) 20,2 va d) 25,9 kGy
ung vai kich thudc hat: 5,5; 6,9; 9,3 va 8,9 nm

Anh TEM cuia nanocomposites - AgNPs/DA dugc hinh thanh tir 10mM AgNO3 & céc
lidu xa EB khac nhau. Két qua cho thiy ring AgNPs c6 dang hinh ciu duoc phan tan t6t
khong keo tu trén bé mat diatomite, kich thudc hat ddng déu. Puong kinh trung binh cua
AgNPs dugc xac dinh tir anh TEM la: 55+ 1,0nm; 6,9+ 1,2nm; 9,3+1,3nmvag89+ 1,0
nm tuong tng véi cac lidu xa: 6,5; 13,4; 20,2 va 25,9 kGy. O liéu cao (25,9 kGy), chiéu xa cit
mach chitosan da tang s6 chudi mach chitosan va di tc ché su keo tu. Hon nita, hat AgNPs
trong DA (silica) phan tan tot, vi vay duong kinh hat duoc xac dinh <10nm [19].
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Hinh 3: Phé tan sdc ning luong tia X cta cac mau DA (O), nanocomposite -AgNPs/DA:
a) 6,5;b)13,4; c) 20,2 vad) 25,9 kGy.

Phd EDX ctia DA ¢6 nhitng dinh cua cac nguyén t6 O, Na, Alva Si tai 0,5;1,1; 1,5 va
1,8 keV tuong tng (Hinh 30). Ngoai ra, phd EDX cta nanocomposite AgNPs/DA duoc ché
tao & cac lidu xa 6,5; 13,4; 20,2 va 25,9 kKGy c6 thém dinh méi tai 3 keV, dic trung cho Ag
ngoai hgp phan nguyén t6 nhu DA (Hinh 3a, b, ¢, d).

11.3.3. Hoat tinh khang khuin cia nanocomposite AgNPs/DA

Trong cong trinh trudc, chung toi da danh gia hoat tinh khang khuan ciia nanocomposite
AgNPs/DA dbi véi cac chung vi khuén E. coli va S. aureus vé6i ndng do 108 CFU/mI. Hiéu
tng khang E. coli va S. aureus dugc thé hién qua duong kinh ving tc ché va su giam sé
khuan lac sdng sot trén mdi truong cay dich khuan [20]. Theo nhiéu tac gia, vat liéu silica rat
phl hop dé lam gia thé cho tac nhan khang khuan hoic phan phdi thude nhu véac-xin ngira
bénh cho ca trong moi truong thay san [21, 22].
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Hinh 4: Tha nghiém khéang k~hu5r1 vei a) Aeromonas hydrophila va b) Edwardsiella ictaluri trén moi
truong BHIA ctia mau doi ching (c6 khuan lac) va AgNPs/DA (khdng khuan lac).

Trong nghién ctu nay, DA chira ~ 63% silica c6 dinh 0,13% AgNPs dugc sir dung cho
thir nghiém déi vai cac chung Aeromonas hydrophila va Edwardsiella ictaluri gay bénh trén
ca Tra tir mdi trudng nude. Hinh 4 biéu thi sy phét trién vi khuan véi nong do 10° va 10 trén
cac dia moi truong BHIA. S6 khuan lac tiang truong nhanh (overgrowth) trén cac mau doi
chimg (PC) khong chat khéng khuan. Nguoc lai, cac dia c6 nanocomposite AgNPs/DA hau
nhu khong co su SOng s6t cua vi khuan, hiéu ung khang khuan 1a 100%. Nanocomposite
AgNPs/DA di tc ché hiéu qua sy phat trién cua vi khuan Edwardsiella ictaluri va Aeromonas
hydrophila. Két qua nay cho thay sir dung AgNOs nong d6 10 mM, chiéu xa 20 kGy la phu
hop cho sir dung vt liéu e ché vi khuan nhiém bénh cho ca. X ly khang khuan bang AgNPs
da dugc coéng nhan bai nhiéu chuyén gia trén thé gioi, Swain va cong sy ciing da ché tao
AgNPs 10 mM bén héa trong axit chanh khang khuan cao va dic biét véi A. hydrophila gay
bénh cho cé [23]. Vat liéu nanocomposite AgNPs/DA trong c6ng trinh nay phu hop cho
huéng tng dung méi dé xir Iy méi trudng thity san bi nhiém khuan nhu ca Tra.

I1l. KET LUAN

Pia ché tao dugc vat lieu nanocomposite - AgNPs/DA bang phuong phéap chiéu xa
chum tia dién tir. AgNPs trong nanocomposite dugc xac nhan boi phé UV-Vis, anh chup
TEM va phd EDX. Pic tinh khang khuan caa AgNPs/DA dwoc minh chimng bai su tc ché qua
trinh phét trién cac vi khuan Aeromonas hydrophila va Edwardsiella ictaluri gay bénh trén ca
Tra.
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INVESTIGATION OF CHARACTERIZATIONS OF
NANOCOMPOSITE-SILVER NANOPARTICLES/DIATOMITE
PREPARED BY ELECTRON BEAM IRRADIATION METHOD
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Abstract: Electron beam (EB) irradiation of suspension including diatomite (DA) in
AgNOgz/chitosan solution, silver nanoparticles (AgNPs) were formed by in situ
reduction of Ag” ions to Ag’ atoms and aggregation on DA. The AgNPs were spherical
with an average diameter of 5-10 nm obtained by EB iradiation with absorbed doses
ranging from 5 to 25 kGy as observed from TEM images. Nanocomposites —
AgNPs/DA were characterized by UV-Vis spectra with the maximal peak at around
417- 422 nm. Energy dispersive X-ray (EDX) spectra for DA and AgNPs/DA
nanocomposites confirmed the presence of elemental compounds in DA and AgNPs.
The antibacterial activity of the AgNPs/diatomite against pathogens in Tra catfish such
as Aeromonas hydrophila and Edwardsiella ictaluri was evaluated.

Keywords: Electron beam, silver nanoparticles, diatomite, nanocomposite,
chitosan, antibacterial activity
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