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TU VIET TAT, KY HIEU VA THUAT NGU KHOA HQC

e Licu hip thu D = dE/dm 1a ning lwong bic xa duoc hap thu bsi mot don vi
khoi lugng vat chat. Pon vi liéu hap thu trong hé S la Gray (ky hiéu la Gy); 1
Gy = 1J/kg

e EB (Electron beam): chum tia dién tr

e TEM (Transmission electron microscopy): Kinh hién vi dién tu truyén qua
e SEM ( Scanning Electron Microscopy): Kinh hién vi dién tir quét

e EDX: Energy Dispersive X-ray: Tan sic ning lugng tia X

e ICP-AES (Inductively Coupled Plasma - Atomic Emission Spectroscopy): Phd
phat xa nguyén tir - Plasma cam wrng

e nm: Nano mét = 10"® mét; ppm: Nong d6 mot phan triéu (part per million)
e 1mM (milimol) = 10 M: Néong d6 mol
e AgNPs/DA: Bac nano/diatomite (Cong ty diatomite Phu Yén)

e E. coli: Escherchia coli, A. Hydrophila: Aeromonas hydrophila va E. Ictaluri:
Edwardsiella ictaluri
e Nanocomposite: La vat ligu ma hgp phan véi it nhat mot “pha” c¢6 kich thudc
nano (1 nm = 10° m) trong polyme hoac chat nén vo co [1].
e Cac ky hiéu trong céc bang 3, 4, 5, 6:
- Ag’-DAIS, AgP-DA3S, AgP-DASS, AgP-DATS, Ag’-DA10S: Nanocomposite
va4i 100, 300, 500, 700, 1000 ppm Ag nano (Diatomite Pha yén).
- Ag’-DA1, Ag’-DA3, Ag’-DA5, AgP-DA7, Ag’-DA10: Nanocomposite tir
huyén phtt AgNO3/DA 1, 3, 5, 7, 10 mM Ag* twong ung (Diatomite Ph(i Yén).
- NT1, NT2, NT3, NT4: Viét tt nghiém thuc thir nghiém 1, 2, 3, 4 twong ¢ng
- AgNPs/DAT3: Nanocomposite bac nano va diatomite trén thi truong (Trung
Quoc -TQ) — Thir nghiém dot 1
- AgNPs/DAP3: Nanocomposite bac nano va diatomite Phi Yén — Thu
nghiém dot 1
- AgNPs/DAP: Nanocomposite bac nano va diatomite Phd Yén — Dot 2
- 2% (w/v): Ti I¢ gifra nanocomposite va nuéc nudi ca (vi khuan tong so)
hoac dich khuan (thur vi khuan Aeromonas hydrophila va Edwardsiella
ictaluri)

- 103-10% Mat do vi khuan (CFU/mlI)
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DIEN TU BE XU LY VI SINH VAT GAY BENH NHIEM TRONG NUGC
NUOI CA TRA

TOM TAT

Chiéu xa chum tia dién t¢ hdn hop AgNOa/chitosan/diatomite dé tong
nanocomposite bac nano (AgNPs)/diatomite (DA) da duogc khao sat. lon Ag* tir dung
dich AgNOs 10 mM ban dau dugc khir thanh Ag® va keo tu trén DA tao
nanocomposite AgNPs/DA. Anh TEM d3 chitng minh AgNPs hinh cau véi duong
kinh 5-10 nm dat duoc tng véi lidu hap thy tir 5 dén 25 kGy. AgNPs duoc tach tir
huyén phit AGNOs/DA di chiéu xa c6 dinh dic trung ¢ ving budc song 417- 422 nm.
Phé tan sic ning luong tia X (EDX) cua DA so véi nanocomposite AgNPs/DA xéc
nhan su c6 mat cia nguyén tir AgP trong DA. Hoat tinh khang khuan caa AgNPs/DA
dbi véi E coli va vi khuan gay bénh cho ca Tra ((Pangasianodon hypophthalmus) nhu
Aeromonas hydrophila va Edwardsiella ictaluri da dugc danh gia.

STUDY ON PREPARATION OF SILVER
NANOPARTICLES/DIATOMITE NANOCOMPOSITE BY ELECTRON
BEAM IRRADIATION METHOD FOR TREATMENT OF
PATHOGENOUS BACRERIA IN CULTURE WATER OF TRA
CATFISH

ABSTRACT

Electron beam (EB) irradiation of  suspension mixture of
AgNOz/chitosan/diatomite to synthesise the silver nanoparticles (AgNPs)/diatomite
(DA) nanocomposite was investigated. The Ag* ions of 10 mM AgNOs precursor
were reduced to Ag® atoms and aggregated on DA forming AgNPs/DA
nanocomposite. The TEM images demonstrated the AgNPs were spherical with an
average diameter of 5-10 nm obtained by EB irradiation in the range of doses from 5
to 25 kGy. The AgNPs which were separated from irradiated AgNOs/DA suspension
were characterized by UV-Vis spectra with a maximal peak at around 417- 422 nm.
Energy dispersive X-ray (EDX) spectra for DA and AgNPs/DA nanocomposites
confirmed the presence of atomic Ag in DA. The antibacterial activity of the
AgNPs/DA against bacteria of E. coli and infectious pathogens for Tra
(Pangasianodon hypophthalmus) catfish such as Aeromonas hydrophila and
Edwardsiella ictaluri was evaluated.



Phan I- MO DAU

1. Nhu cau, ly do din @én viéc thwc hiégn nhiém va KHCN:

Viéc phét hién va xur ly sém moéi trudng nudc ao nudi ca bi nhidm khuén 1a vé cung
can thiét va lién quan dén san luong tranh gay thiét hai vé kinh té.

Str dung céac hoa chat nhu voi bot (CaCOs), Chlorine hodc Formadehyde. .. dé xt Iy
moi truong nudc hd d& bi ton du khong an toan cho ngudi. Ngoai ra, cac ché pham
sinh hoc ¢6 hiéu qua chua thuyét phuc, d6 ciing 1a mot rao can trong xuat khau thuy
san. Hién tai, diatomite tu nhién da dwoc sir dung dé 1am sach méi truong hd ca, hap
phu c4c khi NHs, CO2, H2S, lam giau lugng 6- xy trong nuéc. Néu vt lidu duoc bién
tinh két hop thém tac nhan khang khuan nhu bac nano tao nanocomposite: bac
nano/diatomite thi gia tri sir dung duoc s& ting gap boi. D¢ tai nay 1a mot nghién ciau
méi st dung k¥ thuat bizc xa ché tao vat liéu nanocomposite, hon nita san pham cua dé
tai dap tng nhu cau can thiét cua nganh nudi trong thay hai san.

2. Tom tit thong tin lién quan dén nhiém vu KHCN:

+ Muc tiéu:

C6 dinh bac nano trén chit mang diatomite dé ché tao vat liéu c6 kha ning
giam nhiém vi sinh gay bénh d6m do (Aeromonas hydrophila) va gan than ma
(Edwardsiella ictaluri) 1ay lan trong nuéc nudi ca Tra.

+ Ngi dung nghién ciru chinh:

v" Noi dung 1: Ché tao nanocomposite AgNPs/DA bang phuong phép chiéu xa chiim
tia dién tur:

- Khao sat anh huéng cua néng d6 Ag* (1-10 mM)/dung dich chitosan 1% dén

kich thudc hat AgNPs, khi chiéu xa huyén pht AgNOs/DA
- Lua chon liéu xa dé dat kich thuéc hat AgNPs tir 5-30 nm.
- Xac dinh ham lugng AgNPs khi chiéu xa huyén phti AgNO3/DA (in-situ) va khi
chiéu xa tao Ag nano trudc (ex-situ)

v" Nbi dung 2: Khao sat cac dac trung cua vat lieu (UV-Vis, TEM, SEM, EDX,
ICP-AES...)

v" Noi dung 3: Hoat tinh khang khuan caa AgNPs/DA ddi véi ching Escherichia
coli (E. coli)

v' Noi dung 4: Hoat tinh khang khuan cuaa vat liéu AgNPs/DA ddi véi:
7



- Visinh téng sé
- Vi khuan: Aeromonas hydrophila (A. Hydrophila) - gay bénh dém do
Edwardsiella ictaluri (E. ictaluri) - gay bénh gan than mu trén cé Tra (in
(vitro)
+ Két qud chinh:
v/ Ché tao nanocomposite:
- Nong d6 Ag* (1-10 mM) kich thudc hat trung binh 5— 10 nm
- Liéu hap thu: 6,5; 13,4; 20,2 va 25,9 kGy kich thuéc hat twong tng: 5,5;
6,9;9,3va 8,9 nm
- Nbng d6 1-10 mM AgNO3 ban dau ham luong AgNPs trong DA 201-
1210 mg/kg tong hop ex-situ; dat 353-1300 mg/kg tong hop in - situ
v Dic trung cta vat liéu nanocomposite:
Ph6 UV-Vis c6 dinh hap thu cuc dai tai 417- 422 nm
Anh TEM thé hién su hién dién cua Ag nano hinh cau va xac dinh dugc kich
thudc hat AgNPs < 10 nm.
Anh SEM ciing chtrng minh AgNPs trong cac héc rong ciia cau tric x6p DA,
phd EDX xé&c nhan thanh phan nanocomposite AgNPs/DA ¢ thém Ag°
nguyén tir so vai DA.
v Hoat tinh khang khuan:
- Hiéu ung khang khuan E coli cua vat liéu nanocomposite AgNPs/DA
(0,5 pg/ml) 1a 100%
- Hiéu tng khang Aeromonas hydrophila va Edwardsiella ictaluri tang
theo nong do AgNPs trong thanh phan nanocomposite dat 100 % khi c6
0,13 % AgNPs trong thanh phan.

+ Kinh phi dwoc cap: 80 triéu dong



PHAN II. LY THUYET TONG QUAN

I1.1. Tinh hinh nghién ciru trong va ngoai nwéc

Nanocomposite 12 vat liéu ma hop phan ¢ it nhat mot “pha” véi kich thuéc nano (1
nm = 10 m) trong polyme hoic chit nén vé co [1].

Vit liéu nanocomposite cai tién duoc nhitng dic trung von ¢é caa hat nano va chat
nén. Hat nano nhan duoc su quan tim trong linh vuc vt liéu ciing nhu hoa hoc nhd
kha nang phan tng bé mit cao va nhiing tinh chat hoa Iy déng nhat [2]. Bac biét, bac
nano c6 hoat tinh khang khuan cao ngoai nhiing dic trung khac. N6 han ché su phéat
trién cua vi khuan, tin cong va pha v mang té bao caa nhiéu loai vi khuan don bao
gady hai nhu: Staphylococcus aureus (S. aureus), Klebsiella pneumoniae, (K.
pneumoniae), Escherichia coli (E. coli) ... [3]. Cling nhu cac kim loai nano khéc, bac
nano c6 thé ché tao bang nhiéu phuong phap nhu khir héa hoc, quang héa, dién hoa,
bic Xa ... [4, 5, 6]. Tuy nhién, sir dung birc xa gamma hay electron beam (EB) dé ché
tao kim loai nano duoc danh gid 1a phuong phdp mdi va than thién moi trudng. Uu
diém caa phuong phap khir hda bic xa 1a qui trinh don gian, san pham c6 do tinh khiét
cao va kich thuéc hat 6n dinh dong thoi khong tao san pham phu. Nhiéu nha khoa hoc
da st dung chat bén hoa Ia polyme tu nhién nhu alginate, tinh bot va dac biét 1a
chitosan dé 6n dinh kich thudc hat keo [6, 7, 8]. Vo boc chitosan caa hat keo mang
dién tich duong c6 kha ning lién két vaoi cac nhom chic khac thdng qua luc hap dan
tinh dién hozc lién két hydro [8]. Hon nita su c6 mit chitosan ting cuong hoat tinh
khang khuan cua vat liéu.

He va cong su (2014) da cong bd rang khi ngam silica (SiO2) trong Ag® nano cé
chitosan thi lugng Ag® dugc “gin” trén silica s& cao hon trong trudng hop khong co
chitosan. Nhitng nhém —NH: c6 thé lién két voi Ag* tao ra phtc “chelate” trudc khi
khir Ag* tao Ag® bang tac nhan sodium borohydride (NaBH.). Tac gia ciing da tim
thay su bat hoat E. coli d3 ting theo lugng chitosan trong nanocomposite va san pham
c6 trién vong cho myc dich xu 1y nuéce [9].

So véi cac chat nén vo co khac (Titan oxit - TiO2, alumina - Al,Os), vt liéu SiO2
hoac hop chit chira SiO2 (Zeolite, montmorillonite, diatomite...) dwoc st dung phd

bién 1am gi4 thé cb dinh bac nano. Xuat phéat do SiO, c6 tinh bén nhiét, bén hda hoc va



c6 cau tric dé& phan tan...[10]. Diatomite — silica 1a mot vat liéu hap din cho nhiing
tng dung cong nghiép bai gia thanh thap, 6 xbp cao, kich thudc hat nho va dung
lwong hap phu 16n [11]. Vat liéu c6 mat DA trong thanh phan c6 thé sir dung 1am chat
trg loc, chat cach nhiét, chat hap phu va chat mang [12]. Nhitng nhém hydroxyl hoat

h6a ¢ ving vo dinh hinh lién quan dén nhiéu dic tinh cia DA-silica (Hinh 1).
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Hinh 1: Cdu trdc cia DA va qud trinh dehydrate hoa cia DA-silica [11].

Tai Viét Nam, nhiéu nha khoa hoc ciing di va dang quan tim dén véan dé ché tao va
g dung cua vat liéu nano, nanocomposite. V&i cac chat khir nhu formaldehyt, dudng
gluco hoic hydroxylamin ciing c6 thé khir cAc mubi nhu bac nitrat tao bac nano kich
thudc ~ 10 nm véi chat on dinh polyvinylalcol (PVA). Néu phi vat liéu nano nay trén
silicagel thi kha nang diét khuan rat t6t [13]. Tai Trung tdm Nghién ciru va Trién khai
Cong nghé Buc xa da co dé tai 4p dung phuong phap chiéu xa ché tao bac nano gan
1&n vat liéu st xop nhu phéu loc vi sinh. Nuéc loc qua st x6p ¢d Ag nano khong bi
nhiém E. coli so v&i mau d6i chitng ¢ nong do vi khuan nay 3x10* CFU/100 ml [14].
I1.2. Co s& ly luan, phwong phap luan, cong cu ki thuat, bién phap thuc hién dé
tai:

Co ché khang khuan bac nano dwogc dé nghi rang, khi thAm nhap vao mang vach té
bao bac nano s& tang tinh thAm va lam réi loan qua trinh hd hap. Bong thoi, no ciing
xuc tac phan tng véi oxy tao nhitng san pham dang oxy hoat hda (reactive oxygen

species - ROS) pha v& cau tric ADN, protein va mang vach té bao. X(c tac bac nano
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c6 thé pha v& cau ndi disunfua 1am mat tac dung tong hop té bao vi khuan (Hinh 2).
Nhitng ion bac duoc tao thanh bai si oxi héa bac nano cé thé bé gay san pham ATP
(adenosine triphosphate) &c ché su hap phu phot-phat cta protein [3]. D6 13 nhitng ly

do ma dan dén hoat tinh khang khuan hiéu qua cua bac nano.

. = @H_f b @ Silverion

Membrane protein

Hinh 2: Phan ing cia bac nano véi té bao vi khudn

Tong hop vat liéu Ag nanocomposite 1a mot phuwong phéap thich hop dé khai thac
tinh ning cua bac. Pac biét, st dung ning luong buc xa dé ché tao vat liéu nano va
nanocomposite dam bao ca vé luong va chat, vira 1a ky thuat moi vé khoa hoc vira
mang tinh thyc tién cao. Chung t6i da ché tao dwoc vai cotton va peco gan bac nano va
da duogc Vién kiém nghiém thudc Trung Uong thir nghiém khdng gay kich ¢ng da, c6
kha ning khang khuan d6i véi hai chung S.aureus va E.coli ~100% sau 60 lan giit.
Hoat tinh khang khuan >95% vai cac chung vi sinh khang thude khi thir nghiém 1am
sang tai Bénh vién [15, 16]. Nhitng két qua chang minh rang vai phii bac nano 1a mot
vat liéu an toan va khang khuan hiéu qua c6 thé st dung trong méi truong lay nhiém
cao. San pham budc dau da dugc thi truong chap nhan, chung toi da dap (ng yéu cau
pht nano bac I&n vai cho mot sé cong ty c6 nhu cau dé may khau trang, quan 4o bao
ho....

Tiép tuc huéng nghién ceu trén, ching tdi mudn téng hop san pham
nanocomposite cho nganh nudi trong thay hai san dugc xac dinh 1a mot nganh kinh té
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mili nhon. Hién nay, cac bénh do céc vi khuan nhu Aeromonas hydrophila (gay bénh
dém do), Edwardsiella ictaluri (gay bénh gan than mu trén c4) hoic Edwardsiella
tarda (gay bénh nhidm khuan mau) di va dang giy thiét hai Ién cho ngudi nudi cé
tham canh. Ty Ié ca chét do nhidm bénh tir méi truong 1a rat cao. Viéc phét hién va xur
ly sém mdi truong nuéc bi nhidm khuan 1a vo cing can thiét tranh gay thiét hai vé
kinh té. Sir dung cac hda chat nhu voi bot (CaCOs), Chlorine hoic Formadehyde,
H205...dé xir Iy mdi truong nudc hd thiry san dé bj ton du va khong an toan cho ngudi
st dung [17]. Ngoai ra, cac ché pham sinh hoc va men vi sinh ¢6 hiéu qua chua thuyét
phuc, d6 ciing 1a mot rao can trong xuat khau thay san. Nghién ctiru ché tao vat liéu
mai than thién moi truong thay thé hoa chat truyén thdng va dat ti 16 khang khuan cao
la mot hudng nghién ciu thiét thuc.

Aeromonas hydrophila gay bénh xuit huyét con dugc goi 12 bénh dém do hoic
bénh nhiém tring mau [18]. Pay 1a mot trong nhitng bénh xuat hién tan sb cao nhat
trén ca Tra ¢ dong bang sdéng Cau Long (Hinh 3). Bénh thuong xuét hién hau nhu
quanh nam, dac biét 1 khi ca bi séc, moi trudng ao nudi khong dam bao.

Vi khuan Edwardsiella ictaluri 1a tdc nhan chinh gay ra bénh gan than ma [19]. Vi
khuén E. ictaluri giy bénh chu yéu ¢ ca da tron nudi tham canh va trén mot s6 loai ca
da tron khac (Hinh 4). Diéu tri bénh s& c6 hiéy qua hon néu phat hién & giai doan som.
Tuy nhién, theo cac két qua nghién ctru gan ddy cho thdy vi khuan gay bénh nay da co
hién twong khang thudc. Xir Iy méi trudng ao nudi bang nhitng san phiam “xanh” c6
ngudn gdc tu nhién dé phong bénh cho ca, tranh ton du hoa chit doc hai 1a yéu té phat
trién bén vitng cho hé sinh thai.

Theo Handy (2012), gia tri nong do gay chét (LC50) trong 48 - 96 giod ctia nano kim
loai (NP) ¢ ca va dong vat khong xuong séng chu yéu & 1-10 mg/l [20]. Nhiing gié tri
nay biéu thi doc tinh cap tinh thip d6i voi nhiéu NP nhu Ag, Cu, Zn, do d6 mdi de doa
dbi voi hé théng nudi trong thiy san va nghé ca ctia NP rat nho. Arora va cong su
(2009) d3 nghién ctru phan Gng cia AgNP véi cac té bao dong vat c6 va, két qua cho
thiy hinh thai nguyén bao soi so cap va té bao gan van khong thay d6i khi c6 sy hién
dién cia AgNP véi nong do 1an lugt 1a 25 pg/ml va 100 pg/ml [21]. St dung AgNP
duong udng véi lidu gidi han 5.000 mg/kg khong cd dau hiéu doc tinh cap doi véi
chudt, cac chit c6 gia tri LD50 16n hon 5.000 mg/kg trong lugng co thé duoc coi la ¢d
doc tinh thap [22]. Kiém soat nong do AgNP phi hop dé xu Iy vi khuan gay bénh
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trong ao nudi ca, dya trén dit liéu doc tinh sinh thai moi truong nudi trdng thay san va
dé dam bao an toan cho té bao dong vat, & mic do cao hon cho sic khoe nguoi tiéu
dung 1a quan trong nhat.

Hién tai, diatomite (SiO2.nH20) ty nhién da dwoc sir dung dé 1am sach mai trudng
hd c&, hap phu cac khi NH4, CO2, H,S, 1am giau 6- xy trong nudc, 6n dinh luong thic
an c6 trong ao. Néu diatomite (DA) duoc bién tinh két hop thém tac nhan khang khuan
nhu bac nano (AgNPs) tao composite: bac nano/diatomite (AgNPs/DA) thi gia tri sur
dung sé ting gap boi.

Trén co s d6, chung t6i mo dé tai: “Nghién ciru ché tao vat liéu nanocomposite -
bac nano/diatomite bang phwong phap chiéu xa chum tia dién tir dé xir 1y vi sinh

vat gay bénh nhiém trong nwéc nudi ca Tra”.
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Hinh 4: Ca Tra bj bénh gan, than mu
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PHAN 111. NGHIEN CUU THUC NGHIEM - THAO LUAN KET QUA

I11.1. NGHIEN CUU THUC NGHIEM
I11.1.1. Ché tao nanocomposite bac nano diatomite AgNPs/DA

1. Khw in-situ

H Diatomite-DA “

1

V

Khir khoang DA “

2

Huyén phu AgNO3/Chitosan/DA

Ag*/DA =5:1 (v/iw, ml/g)

“ Keo bac nano/DA - AgNPs/DA “

V

Nanocomposite: AgNPs/DA

So do 1: So do khéi cac cong doan thuc hién quy trinh ché tgo nanocomposite
AgNPs/DA theo phwong phdp khir in situ bang bic xa chiim tia dién tie

M0 ta cac cong doan:
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Céng doan 1: Mau DA duoc ngam trong dung dich 3% HCI d loai khoang, roi ria
cho dén trung tinh bang nuéc cat va siy & 110°C.

Céng dogn 2: Khuay dung dich huyén pht AgNOs/chitosan 1%/DA ti 1 5:1 = 50 ml
Ag*/chitosan:10 g DA (2).

Céng doan 3: Pong goi mau trong tdi PE day 1cm, rdi chiéu xa trén may EB tir 5-25
kGy véi cung sut lidu 5 kKGyss.

Céng doan 4: Téch nanocomposite khoi dung dich huyén pha, rira roi say 80°C. Thu

san pham nanocomposite: AgNP/DA dang bot.

2. Phwong phap ex-situ (Tao bac nano trudc)

Chiéu xa dung dich AgNOs véi cac nong d6 1, 3, 5, 7, 10 mM tai 20 kGy. Ngam
DA trong dung dich chat “gin két” amino silan: 3-amino propyl triethoxysilan
(APTES) 1% trong ethanol. Roi siy DA di xir Iy trudc khi khudy véi dung dich keo
bac nano da chiéu xa ciing véi ti ¢ Ag*/DA = 5:1 (viw, ml/g).

111.1.2. Khao sat cac dac treng cia hanocomposite AgNPs/DA

Pho UV-Vis ciia AgNPs duoc tach ra tir huyén phi AgNOs/DA di chiéu xa duoc
ghi do trén may quang pho V-630 (Jasco V-630, Nhat Ban) trong viing budc song tir
200-600 nm. Pho EDX va anh SEM duoc thuc hién trén thiét bi SEM S4800 (Hitachi,
Nhat Ban) tich hop vai dung cu phan tich X-ray (H7593 (Horiba, England). Anh TEM
dugc chup vai kinh hién vi dién tir JEM-1400 & 100 kV (JEOL, Nhat Ban). Kich
thudc hat va tan sé duoc xac dinh dya vao anh TEM, bang phuong phap dém, st dung
phan mém Adobe Photoshop CS2 phién ban 9.0. Ham lwong AgNPs trong
nanocomposite dugc xac dinh qua pho phét xa nguyén tir cam ung plasma (ICP-AES,
Perkin Elmer Optima 5300 DV, USA).

111.1.3. Hoat tinh khang khuan cia nanocomposite AgNPs/DA
v Ecoli:

- Thir nghiém khuéch tan dia duoc thuc hién bing cach dat cac mau gidy hinh cau
c6 tam nudc cat khir tring (mau trang) va mau AgNPs/DA trén nhimng dia agar
c6 cdy vi khuan E. coli. Hiéu (ng khang E. coli dua vao duong kinh viing @c ché
vi khuan sau 24 gio nudi cay & 37°C.

- Hiéu &ng khang khuan cia nanocomposite AgNPs/DA dbi véi E. coli (ATCC
6538) duoc xac dinh theo phuong phap trai trén dia agar c6 mot vai cai bién [23].

Huyén phi dich khuan dugc chuan bi & nong d6 108 CFU/mI. Roi 500 mg chat
16



thir AgNPs/DA cho vao 10 ml dich khuan, u trong 3 gio. Ly tam thu dich ndi,
pha lodng ¢ cac ndng d6 thich hop. Tir mdi hdn dich pha lodng ldy 0,1 ml cdy
trai trén cac dia thach LB, 1 tai nhiét d6 37°C, roi dém sau 24 gio. Phan tram khir
khuan duoc xac dinh dya trén sé dém khuan lac trén dia mau thi nghiém so Véi
dbi ching (nudc khir tring).
Vi sinh téng sé (tir nwéc bé nudi cd)
Nghiém thec thez nghiém:
Nudc thir nghiém duoc l1ay & bé composite nudi ca Tra mat do 2000 con/bé 2 m3,
trong lwong cé ¢ thoi diém lay nudc la 15-20 g/con.
Thu 10 ml nuéc vao 6ng nghiém, kiém tra mat do vi khuan ban dau. Sau d6 bd
sung 0,2 g chat khang khuan nanocomposite — Bac nano/Diatomite, ky hiéu:
AgNPs/DAT3 hoic AgNPs/DAP3, lac déu.
Poi chitng:
Thu 10ml nuéc trong cung bé composite véi nghiém thirc thir nghiém trén cho
vao dng nghiém, khong bo sung AgNPs/DAT3 hodc AgNPs/DAP3.
Tat ca cac mau thir nghiém va dbi chting déu u ¢ nhiét do phong.
Thu mau sau mdi 3h va 24h, trdi mau trén modi truong BHIA (Brain Heart
Infusion Agar), i & 30°C. Bém mat d¢ vi khuén.
Hiéu tng khang khuan (R%) duoc xac dinh dya trén sé khuan lac sbng sot trén
dia tir nhitng mau cé thoi gian tiép xdc 0 gio, 3 gio va 24 gio (A) so vai doi
chung (B) — Chuan AATCC Test Method 100-2004 [24]:

R(%) = (B-A)/B x 100 (1)
Vi khuan Aeromonas hydrophila va Edwardsiella ictaluri
Nghiém thurc thir nghiém:
Vi khuan dugc nudi trén mdi trudng thach méau (Blood Agar- BA), sau d6 dugc
pha véi nuéc mudi 0,85% dé dat ndng d6 102 CFU/ml (6ng chuin 0.5
McFarland). Tiép tuc pha loang trong méi truong LB (Luria Bertani Broth) dé
dat ndng do vi khuan 10* va 10% CFU/m.
Bo sung chat khang khuan AgNPs/DAT3 hoic AgNPs/DAP3, nong d6 0,2g chat
khang khuan/10ml LB, lic déu.

Poéi ching:
1/



Méi truong LB chira mat do vi khuan 10%-10* CFU/ml, khong bd sung chat
khang khuén.
T4t ca mau 0 ¢ nhiét d6 phong. Thu miu sau mdi 3 gio va 24 gio, trai mau trén
moi truong BHIA, ¢ & 30°C. Sau 24 gid, dém mat do vi khuan.
Hi¢u ung khang khuan duoc xac dinh dya trén sb khuan lac séng sot trén dia cho
cac mau co thoi diém tiép xuc 0 gio, 3 gid va 24 gid twong tmg so v6i dbi ching
(cong thuc 1).
I11.2. THAO LUAN KET QUA
111.2.1. Ché tao nanocomposite AgNPs/DA
Huyén phu AgNOs/dung dich chitosan 1%/DA duoc chinh bing dung dich amoni
dén pH 5-6 trudc khi chiéu xa. Reyad (2003) va Caliskan (2011) da xac dinh pHzpc —
diém dang dién cua diatomite ~ 4, vi vay bé mit cua diatomite s& mang dién tich am
véi pH trén [25]. lon Ag* duoc hap phu trén bé mat va trong ving vo dinh hinh cua
SiO2 boéi nhém nucleophin SiO— trong khi khudy tao huyén phu [26]. Electron solvate
hoa (e7aq) Va goc "H dugc phat sinh bai sy xa ly nuéc b thé khir ion Agt dén AgP roi
keo tu tao “cluster” bac nano AgNPs. Nhitng nhdm ‘OH xa ly c6 thé két hop véi H
tach ra tir phan tir chitosan tao goc thir cip R'1 ciing 1a tac nhan khir. Co ché phan tng
cho qua trinh khit Ag* da hap phu trén silica tao AgNPs trong huyén phu
AgNOgs/chitosan/DA dugc dé nghi nhu sau:

Ag* + (Si0—) — Si-OeeeAg? (1)
HO(EB) — 'OH + €5 +'H + HO2 + Hy +... 2
€aq + HsO* — ‘H + H0 3
Si-OeeeAg* + g (‘H) — Si-OeeeAg® (4)
R(chitosan) + ‘OH (‘H) — R"1 (Habstraction) + H>0 (H>) (5)
Si-OeecAg* + R"1 — Si-O eseAg'R; (6)
nSi-OsesAg’Ri  —  Si-OsssAgR; —  Si-OeesAgiR, )

Chitosan dong vai tro 1 chat 6n dinh kich thudc hat keo do NH2 bi proton héa (R-
NHs*) tao xung day tinh dién [27].
111.2.1.1. Khdo st anh hwong cua nong dé AgNOs ban dau dén kich thwdéc hat

AgNPs trong nanocomposite
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Hinh 5: 4Anh TEM cia mau nanocomposite AgNPs/DA: 0) DA; a) DA/3mMAgNO3; b)
DA/5SmM AgNQOs; ¢) DA/7TmM AgNOs; d) DA/9 mM AgNOsvae) DA/10 mM AgNOs
Trong thi nghiém nay, hat AgNPs dugc nhan dién rd trén chat nén silica dya vao anh
TEM, khi nong 6 dung dich AgNO3 > 3mM (Hinh 5). Kich thuéc hat da ting tir 6-9
nm khi nong d6 AgNOs tang tuong tng tir 3 dén 10 mM nhu trong bang 1. S6 luong
ion Ag* ting kha ning két hop tao hat I6n trén bé mat silica (SiO—) thuan loi. Sy va
cham ting khi do nhét ting theo nong d6 dung dich vi vay kha ning keo
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tu giita cac hat nho d& dang hon. Ngoai ra, su tich tu cang nhiéu nguyén tir Ag® trén bé
mat hat nano khi nong d6 Ag* ting lam giam ning luong bé mat, vi vay giam kha
ning “capping” ctia phan tir polyme 6n dinh kich thuéc, vi vay hat 16n khi ndng do ion
ban dau tang [28, 29].

Bdng 1: Kich thuéc hat bac nano theo nong dé AgNO3 ban dau

STT Nong do AgNOs (mM) Kich thudc hat AgNPs
(nm)

6,0 £1,0

65 +1,1

71+09

90+12

10 92+13

O (N |01 W

a1l | wWwIN (-

Két qua trong bang 1 cho thay khi str dung nong do AgNOs ban dau tir 3-10 mM, kich

thudc hat tang twong tng trong khoang tir 6 nm dén 9 nm.

11.2.1.2. Méi twong quan giira liéu Xa va kich thuéc hat
Trong phuong phap ché tao kim loai nano bang bic xa, liéu hap thu dong vai trd
quan trong trong viéc hinh thanh va phat trién hat keo. Néu liéu xa qué thap hat nano
chua duoc hinh thanh, véi lidu xa qué cao sé tao hat keo qué I6n tham chi tao két taa.
Theo D. Long hat bac nano chua duoc tao thanh tai liéu EB <5 kGy, tuy nhién vdi liéu
hap thu >25 kGy c6 hién tuong két tua, khi chiéu xa dung dich AgNOs ciing nong do
1,2 10* M trong 0,04% chitosan [8].
Khi chiéu xa dung dich huyén phi AgNOs/chitosan/DA, nanocomposite
AgNPs/DA duoc tao thanh bai su tong hop in situ, trong d6 Ag* caa AgNOs bi khir va
ddng thoi tao AgNPs dang hinh cau, khdng keo tu trén bé mit silica. Buong kinh

trung binh cua hat nano dugc xac dinh dya vao anh TEM 1a 5,5 + 1,0 nm;
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Hinh 6: 4Anh TEM va s phan bé kich thuwdéc
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hat cua AgNPs trong nanocomposite

AgNPs/DA tgi liéu xa a) 6,5; b) 13,4; ¢) 20,2 va d) 25,9 kGy
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6,9 +1,2nm; 9,2+ 1,3 nmva 8,9 + 1,0 nm tuwong trng Vi Cac lidu xa: 6,5; 13,4; 20,2
va 25,9 kGy tai ciing suét liéu 5 kGy/s. Cac hat bac nano tang kich thuéc véi

su gia tang liéu hap thu, khi céc thdng s6 nhu nang lugng chum tia, cudng o6 dong va
nong d6 ban dau cua dung dich chiéu xa 1a twong tu. S6 luong eava ‘H ting theo
licu xa do d6 phan ung khir Ag* va keo tu tao AgNPs & liéu cao c6 vu thé hon so voi
lidu thap. Trong nghién ctru nay, kich thuéc hat c6 thay ddi ting tir 5,5 + 1 nm dén 9,2
+ 1,3 nm ung vai liéu hap thy tir 6,5 kGy dén 20,2 kGy, nhung c6 suy giam & liéu
cao hon (8,9 £ 0,1 nm) tai 25,9 kGy, khi hau hét cac ion Ag* da duogc chuyén hoa tao
Ag° nano. Ngoai ra, tai liéu cao c6 sy phan manh cua chéat on dinh kich thudc hat —
Chitosan ciing 12 nguyén nhan tc ché tao hat 16n. Sy phan bd kich thudc hat véi tan
sb chu yéu trong khoang 4-12 nm, biéu thi kich thuéc hat nho va dong déu. Sy thuan
loi khi gan AgNPs trén silica 1a sy phan tan caa hat nano qua gia thé nay tranh dwoc
su keo tu, kich thudc AgNPs nho véi duong kinh dac trung <10 nm duoc tao thanh
[30].

Bang 2: Mai lién quan giiza liéu xa va kich thwéc hat

STT Liéu xa hap thu (kGy) Kich thuéc hat AgNPs (nm)
+1.
1 6,5 55 0
5 134 6,9+1,2
3 20,2 92+13
4 25,9 89+1,0

I1.2.1.3. Ham lwong AgNPs trong nanocomposite khi chiéu xa huyén phit AgNOs/DA
(in situ) va khi chiéu xa tao AgNPs trieéc (ex situ)

Két qua trong bang 3 cho thdy ham luong cua AgNPs trong composite di ting theo
nong d6 AgNOs. Kha ning lién két cua Ag® hoic Ag* (do oxi hda AgP) véi SiO— ting
theo ndng dd AgNPs duoc sir dung phdi tron ban dau véi SiO2 trong DA. Hon nita,
chat 6n dinh kich thudc hat AgNPs chitosan véi nhdm chizc —NHa c6 thé tao lién két
hydro véi nhitng nhdm —OH hoat hoa cua DA.

Theo phuwong phap chiéu xa in-situ, co ché tao va lién két bac nano trong chat nén
diatomite ¢ SiO2 dd duoc trinh bay & trén, theo d6 nong do Ag® keo tu tao bac nano phu
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thudc vao luong ion Ag* ban dau hap phu trén silica trong diatomite. Do vay két qua
trong bang 3 cho thay ham luong AgNPs trong composite di ting theo chiéu ting cua
nong d6 AgNO3 ban dau. Tai cing mot liéu hap thy, voi cac mau c6 nong do Ag* cao:
AgP-DA7 va AgP-DA10 ham lugng AgNPs lan Iuot 13 1276 va 1307 mg/kg da khong co
su thay doi nhiéu, khi hau hét san pham xa ly eaq hodc "H da dugc sir dung cho phan
ung khir Ag™.

Bdng 3: Ham lwong AgNPS theo néng dé véi phuong phdp in-situ va ex-situ

STT Mau Chi tiéu kiém nghiém | Pon vi Két qua
L Ag°-DA1 Ag mg/kg 353+7
) E Ag’-DA3 Ag mg/kg 579+ 13

£
o Ag°-DA5 Ag mg/kg 792 +20
3 &
(@)
4 = Ag-DAT7 Ag mg/kg 1276 + 36
|_
. Ag°’-DA10 Ag mg/kg 1307 + 42
6 Ag’-DA1S Ag mg/kg 2016
. 5 AgP’-DA3S Ag mg/kg 350+ 10
G
g s | Ag’-DA5S Ag mg/kg 367 + 14
g.
= | Ag-DAT7S Ag mg/kg 787 20
9 OI(S
10 Ag’-DA10S Ag mg/kg 1210 + 40

Sy twong tac tinh dién giita nhitng ion Ag* va bé mat mang dién tich (—) cua silica
& pH 5-6, ddn dén két qua ham lwong AgNPs trong DA c6 cao hon trudng hop ché
tao nanocomposite AgNPs/DA theo phuong phap ex-situ. Mac du, DA xt 1y trudc
trong APTES ¢6 nhém amino NH> 1am cau ndi giita nguyén tr Ag véi Si-O-Si (silic
dioxide) trong DA [31].

111.2.2. Nhirng dac trung ciia nanocomposite AgNPs/DA
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Hinh 7 hién thi phd UV-Vis cua dung dich keo bac nano duoc tach ra tir huyén phu
AgNPs/DA. Phé c6 dinh hap thu cuc dai (A max) tir 417 - 422 nm ting twong (ng theo
lidu xa tir 6,5 dén 20,2 kGy. Tai liéu xa cao hon (25,9 kGy) cudng d6 hap thu thay doi
khong dang ké. Nhu vay, lidu xa 20,2 kGy la tdi wu dé chuyén héa hoan toan 10 mM
AgNO3 thanh AgNPs trong huyén phi DA chta 1% dung dich chitosan. Vai tro
chitosan khong chi 1a chit 6n dinh (stabilizer) kich thuéc hat ma con la chat gin két
(binder) AgP véi DA théng qua lién két hydro giira cac phan tir, tao cau ndi trung gian

gitta Ag® va DA.

200 300 400 300 600
Warvelength (nm)

Hinh 7a: Phé UV-Vis cia AgNPs: a) 6,5 kGy, b) 13,4 kGy, c) 20,2 kGy va d)25,9 kGy.

Méi lién quan giira hap thu quang cuc dai va liéu xa dugc thé hién trong hinh 7b.
Hé s6 tat phan tir cua keo bac nano tai A = 420 nm suy tir &6 hap thu quang on dinh va
ndng d6 nguyén tir Ag 1a 10 mM (102 M) tai 20,2 kGy: € 202 (Agn) = 3,4 x 10% | mol"
lem™. Néu hé s6 tat phan tir dugc st dung ¢ bat ky lidu nao thi hiéu suat khir xa ly
(Gred) ¢ 20,2 kGy duoc xac dinh 14 Grea = 0,49 pmol.J™. Gia tri nay thip hon Gred =
0,57 umol.J ! ctia 10 mM AgNOs trong dung dich chitosan 1% khong c6 diatomite tai
17,6 kGy [16]. Su chénh léch nay c6 thé dugc giai thich rang, trong mot hé di thé
chiéu xa, khi hai pha thanh phan 1a dang ké vé khdi luong thi nang lugng ion hoa s&
dugc hap thu boi hai pha. Do d6, Gred ctia nuwéc hap phu trong hé di thé gom
silica/nudc thip hon Gres ciia nude “tu do”. Le Caér da nghién ciru birc xa nude hip
phu trén nhitng oxit khac nhau va cho thay rang, sy khac nhau vé nang luong lién két
va ning luong truyén giita pha ran va dung dich hip phu c6 thé tuong tmg véi su thay
d6i liéu hap thu cling nhu hiéu suat khir bire xa [32].
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Hinh 7b: Mgi lién quan gia dé hdp thu quang cue dai va liéu xq

Phé EDX ctia DA c¢6 nhitng dinh cua cac nguyén to O, Na, Al va Si tai 0,5; 1,1;
1,5 va 1,8 keV twong tng (Hinh 30). Ngoai ra, ph6 EDX cta nanocomposite
AgNPs/DA duoc ché tao & céc lidu xa 6,5; 13,4; 20,2 va 25,9 kGy c6 thém dinh moi
tai 3 keV, dic trung cho Ag ngoai hop phan nguyén té nhu DA (Hinh 8a, b, ¢, d)

Anh SEM cua c4c mau DA trong hinh 9a biéu hién hinh thai c4u tric xp rdng cua
DA, trong khi mau AgNPs/DA cé4c héc rong dugc “nap” day cd thé 1a AgNPs (hinh
9b). Két qua nay phu hop véi anh chup TEM vé sy hién dién ciaa Ag nano trén DA
cling nhu phé EDX vé thanh phan nguyén t6 cua Ag trong mau AgNPs/DA. Két qua
phan tich hop phan nguyén té ciia Ag nano 1a 0,13% trong mau téng hop in situ tir 10
mM AgNO3/DA chiéu xa 20 kGy (Bang 4). Két qua nay phi hop véi phan tich AES-
ICP mau Ag®-DA10 trong bang 3.
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Hinh 8: Phé tan sdc ndng lwong tia X cia cac mdu DA (O), nanocomposite -
AgNPs/DA:a) 6,5; b) 13,4; c) 20,2 va d) 25,9 kGy.
Bang 4: Thanh phan nguyén to ciia AGNPs/DA nanocomposite

Vit liéu Nguyén t6 o) Na Al Si Ag | Total
(%)
Diatomite Trong lugng 57.63 1.76 1.63 | 38.98 100
(%)
Nguyénte | 7025 | 149 | 1.18 | 27.08 100
(%)

AgNPs/diatomite | Trongluong | 57.68 | 1.64 | 1.95 | 38.60 | 0.13 | 100
(20.2 kGy) %

Nguyénte | 71.07 | 1.38 | 1.38 | 2587 | 0.3 | 100
%
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Mic di trong thanh phan cua DA van con Al va Na duéi dang Al2Os va Na2O sau qué
trinh loai khodng véi ham luwong thap. Vi viy, cac hop chat nay c6 thé khéng anh

hudng dén quéa trinh khir va tao keo bac nano trén DA.

S00pm T Elechon image 1 JoCum Cwivon moage

Hinh 9: Anh SEM: a) DA; b) AgNPs/DA
11.3.3. Hoat tinh khang khuan ciia nanocomposite AgNPs/DA

Hinh 10: Thi nghiém dinh tinh vé hoat tinh khang khudn ciia AQNPs/DA véi E. coli

Hinh 10 biéu thi két qua thi nghiém dinh tinh vé hiéu tmg khang E coli cia
nanocomposite AgNPs/DA. Mau ddi chimg (10a va 10b) khong c¢6 kha ning tc ché
chung E. coli. Trong khi cdc mau trong hinh 10c va 10d c6 tim nanocomposite thanh
phan AgNPs lan luot 13 0,13% va 0,079% trong nanocomposite ¢ hiéu tmg khang E.
coli, dudong kinh ving wrc ché 16n hon va lan rong hon trén dia petri mg v6i miu co
ndéng do AgNPs cao hon (10c).

Hinh 11A chi sy ting truong nhanh cua vi khuan E. coli trén moéi truong dinh
dudng LB. Nguoc lai, khéng mot khuan lac nao xuat hién trén moéi truong co

nanocomposite AgNPs/DA véi thai gian u cua vat liéu va dich khuan 1a 3 gid, nong d6
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vi khuan <10°. Két qua hiéu tng khang E. coli caia AgNPs/DA (0,5 pg/ml) 12 100%.
Néu thoi gian tiép xdc caa nanocomposite va dich khuan 1a 30 phut thi hiéu tng 1a 60
% & cung diéu kién thuc nghiém [33]. Theo nhiéu tac gia, vat liéu silica rat phi hop dé

lam gia thé cho tac nhan khang khuan hoic phan phdi thuéc nhu vac-xin ngira bénh

cho ca trong méi truong thuy san [34].

Hinh 11: Két qua thi nghiém khéng khudn E. coli nong d¢ 103-108 CFU/ml véi nhém
A: moi truong LB, nhom B: co mdu AgNPs/DA

Trong dé tai nay, nanocomposite chira 0,13% AgNPs thir nghiém hoat tinh khang
khuan d6i véi Aeromonas hydrophila va Edwardsiella ictaluri gay bénh trén ca Tra tir
mdi trudong nudc. Hinh 12 biéu thi sy phat trién vi khuan véi ndng d6 10% va 10* trén
cac dia moi truong BHIA. Sé khuan lac tang truong nhanh (over growth) trén céc dia
mau ddi chang (PC) khong chat khang khuan. Nguoc lai, cac dia c6 nanocomposite
AgNPs/DA hau nhu khéng c6 su séng sét cua vi khuan, hiéu tng khang khuan 1a
100%. Nanocomposite AgNPs/DA dd wc ché hiéu qua su phét trién vi khuan
Edwardsiella ictaluri va Aeromonas hydrophila. Két qua nay cho thiy st dung
AgNO; nong d6 10 mM, chiéu xa 20 kGy la phu hop dé wc ché vi khuan nhiém bénh
cho ca. Xir ly khang khuan bang AgNPs dugc céng nhan boi nhiéu chuyén gia trén thé
gidi, Swain va cong su ciing da ché tao AgNPs 10 mM bén héa trong axit chanh khang
khuan cao va dic biét véi A. hydrophila gay bénh cho ca [35]. Tuy nhién, khi luong
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AgNPs trong nanocompostie thap (0,079%) @ng voi nong d¢6 Ag* ban dau 1a 5 mM,
hiéu (g khang A. hydrophila nong d6 10%va 10* CFU/ml 1a ~ 97 va 34% {ng véi thoi
gian tiép xuc 1a 3 gio. Nhitng vi khuan sdng s6t phat trién nhanh trong méi truong
dinh dudng thich hop, ting sinh dén 107-108, khi kéo dai thoi gian tiép xac dén 24 gio
(Bang 1-phu lyc). Trong khi vi khuan E. ictalure & cung diéu kién thuc nghiém co6
hiéu ung khang 100% khi kéo dai thoi gian phan tng 24 gio (Bang 2-phu luc). Mau
AgNPs/DAT3 c6 ham lugng AgNPs ~ 0,13% trong DA (TQ) cling c6 hiéu trng khang
khuan cao tuong tw DA Phi Yén.

Hinh 12: Thi nghiém khang khudn voi a) Aeromonas hydrophila va b) Edwardsiella
ictaluri trén moi trwong BHIA cua mau doi chimg - DC (c6 khuan lac) va AQNPs/DAP
(khdéng khudn lac).

Hoat tinh khang khuan vaéi tong vi khuan hiéu khi dugc thuc nghiém véi nuée nudi cé
trong bé composite. Vi nong d6 vi khuan ban dau trong méi truong 1a 2,42 x 104,
ham lugng AgNPs trong composite 0,13%, hiéu tng khang khuan véi vi khuan tong
50 >99% (Bang 3-Phu lyc).

v Tir cac s6 liu trén ching to nanocomposite AgNPs/DA c6 hiéu ting khang khuan

cao Véi cac chung gay bénh cho ca Tra da thir nghiém. Vat liéu nanocomposite
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trong dé tai nay phi hop cho huéng ung dung méi, xir Iy mdi trudng thity san nhu

hd nuéi ca Tra bi nhiém khuan.
PHAN IV. KET LUAN

Bac nano duoc tao thanh tir dung dich huyén phi AgNO310 mM/DA theo phuong
phap khir in situ bang btc xa EB ¢6 kich thuéc hat tir 5-10 nm, ¢ng vai liéu hap thy
5-25 kGy nhu quy trinh mo ta. Liéu xa t6i vu duoc lra chon 1a 20,2 kGy.

Pic trung ctua nanocomposite AgNPs/DA thé hién qua anh chup TEM, phé EDX va
anh SEM. Bac nano hién dién trong nanocomposite 12 hinh cau, phan bé déu trén
chat nén diatomite.

Luong AgNPs trong nanocomposite da ting theo nong d6 dung dich AgNOs st
dung ban dau, dat 1300 va 1200 ppm cho mau tong hop in-situ va ex-situ twong tng
tr 10 mM AgNOs

Hiéu tng khang E. coli cua AgNPs/DA (0,5 pg /ml) 100%

Hiéu ung khang cac ching vi khuan gay bénh cho ca Tra Aeromonas hydrophila va
Edwardsiella ictaluri (103-10* CFU/ml) dat 100% v&i mau AgNPS/DAP c6 ham
luong bac nano1300 ppm.

Hiéu &ng khtr vi khuan tong s6 (10%-10* CFU/ml) trong méi trudng nudc nudi ca
Tra >99% v&i ciing mau thi nghiém trén.

Vit lieu nanocomposite AgNPs/DA thich hgp cho xir Iy nhiém khuan trong hd nudi

caTra.

Kién nghi:

- Can khao sat thém veé lugng Ag nano phong thich ra méi truong theo thoi gian

- Panh gia doc tinh cap cua nanocomposite AgNPs/DA d6i véi dong vat

- Tht nghiém hoat tinh khang khuan d6i véi cac chang Aeromonas hydrophila va
Edwardsiella ictaluri trong diéu kién in vivo tir méi trudng bé nudi cé Tra.

- Anh huéng ctia nanocomposite AgNPs/DA dén hé sinh thai

30



TAI LIEU THAM KHAO

[1]

[2]

[3]

[4]

[5]

[6]

[8]

[9]

[10]

Camargo P. H. C., Satyanarayana K. G., Wypych F., Nanocomposites: Synthesis,
Structure, Properties and New Application Opportunities, Materials Research 12
(1), pp. 1-39, 20009.

Hussain F., Hojjati M., Okamoto M., Gorga R. E., Polymer-matrix

nanocomposites, processing, manufacturing and application: An overview,
Journal of Composite Materials 40, pp. 1511-1575, 2006.

Jone C.M. & Hoek E.M.V, A review of the antibacterial effects of silver
nanomaterials and potential implications for human health and the environment,
Journal of Nanoparticle Research 12, pp.1531-1551, 2010.

Szczepanowics K., Stefanska J., Socha R.P., Warszynski P., Preparation of
silvernanoparticles via chemical reduction and their antimicrobial activity,

Physicochemical Problems of Mineral Processing 45, pp. 85-98, 2010.

Hannan N. & Subbalaxmi S., Green synthesis of silver nanoparticles using
Bacillus Subtillus IA751 and its antibacterial activity, Journal of Nanoscience
and Nanotechnology 1 (2), pp. 87-94, 2011.

Liu Y. et al., Preparation of high-stable silver nanoparticle dispersion by using
sodium alginate as a stabilizer under gamma radiation, Radiation Physics and
Chemistry 78 (4), pp. 251-255, 2009.

Kassaee M.Z. et al., y-Ray synthesis of starch- stabilized silver nano particles
with antibacterial activities, Radiation Physics and Chemistry 77 (9), pp. 1074-
1078, 2008.

Long D. et al., Preparation of oligochitosan stabilized silver nano particles by

gamma irradiation, Radiation Physics and Chemistry 76, pp. 1126-1131, 2007.
He D., Kacopeiros M., Ikeda-Ohno A., Waite T.D., Optimizing the Design and

Synthesis of Supported Silver Nanoparticles for Low Cost Water Disinfection,
Environmental Science & Technology 48 (20), 12320-12326, 2014.

Hornebecg V., Antonietti M., Cardinal T., Treguer-Delapierre M., Stable silver
nanoparticles immobilized in mesoporous silica, Chemistry of Materials 15

(10), pp. 1993-1999, 2003.
31



[11] Yuan, P., Wu, D.Q., He, H.P., Lin, Z.Y, The hydroxyl species and acid sites on
diatomite surface: a combined IR and Raman study. Applied Surface Science
227, pp. 30-39, 2004.

[12] Reza A.P.S., Hasan A.M., Ahmad J.J., Zohreh F., Jafar T., The effect of acid
and thermal treatment on a natural diatomite, Chemistry Journal 2(4), 144-150,
2015.

[13] Tran Hong Coén, Pong Kim Loan, Pham Phuong Thao, Diéu ché bac kim loai
kich thuéc nanomet va ing dung lam vat liéu khir trung nudc, Tap chi Khoa
hoc va Céng nghé 47 (2), pp. 83-89, 2009.

[14] Nguyén Qudc Hién va cong su, Nghién ctu 4p dung phuong phap chiéu xa ché
tao bac nano gan lén vat liéu st x6p ng dung xtr Iy nudc, Béo céo tong kér dé
tai khoa hoc céng nghé cap B¢ PTCB/11/07-01, 2013.

[15] Truong Thi Hanh et al., Gamma irradiation of cotton fabrics in AgNO3 solution
for preparation of antibacterial fabrics, Carbohydrate Polymers 101, 2014, 101,
pp. 1243-1248, 2014.

[16] Truong Thi Hanh et al., Preparation of silver nanoparticles fabrics against
multidrug-resistant bacteria, Radiation Physics and Chemistry 121, pp. 87-92,
2016.

[17] Mitchell A.J., Collins C., Review of the therapeutic uses of hydrogen peroxide in
fish production. Aquaculture Magazine 23(3):74-79, 1997.

[18] Laith A.R. and Najiah M., Aeromonas hydrophila: Antimicrobial Susceptibility
and Histopathology of Isolates from Diseased Catfish, Clarias gariepinus
(Burchell), Journal of Aquaculture Research & Development 5:2, 2013.

[19] Crumlish M., Dung T.T., Turnbull J.F., Ngoc N.T.N., Ferguson, Identification
of Edwardsiella ictaluri from diseased freshwater catfish, Pangasius
hypophthalmus (Sauvage), cultured in the Mekong Delta, Vietnam, Journal of
Fish Diseases 25 (12), 733-736, 2002.

[20] Handy R.D., FSBI Briefing paper: Nanotechnology in fisheries and aquaculture,
©2012 Fisheries Society of the British Isles.

32



[21] Arora, S., Jain, J., Rajwade, J.M., Paknikar, K.M., Interactions of silver
nanoparticles with primary mouse fibroblasts and live cells, Toxicol. Appl.
Pharmacol. 236, 310-318, 2009.

[22] Maneewattanapinyo, P., Banlunara, W., Thammachareon, C., Ekgasit, S.,
Kaewamatawong, An evaluation of acute toxicity of colloidal silver
nanoparticles. J. Vet. Med. Sci. 73(11), 1417-1423, 2011.

[23] Ma J., Guo S., Guo X., Ge H., Modified photodepotion of uniform Ag
nanoparticles on TiO2 with superior catalytic and antibacterial activities, Journal
of Sol-Gel Science Technology 75 (2), pp. 366-373, 2015.

[24] AATCC Test Method 100-2004, The American Association of Textile Chemists
and Colorists USA 142, 20009.

[25] Reyad A.S., Maha F.T., Experimental study and modeling of basic dye sorption
by diatomaceous clay, Applied Clay Science 24, pp.111 — 120, 2003.

[26] Caliskan N., Kul A.R., Alkan S., Sogut E.G., Alacabey I., Adsorption of zinc (II)
on diatomite and manganese-oxide-modified diatomite: A Kkinetic and

equilibrium study, Journal of Hazardous Materials 193, pp. 27-36, 2011.
[27] Chen P., Song L., Liu Y., Fang Y., Synthesis of silver nanoparticles by y-ray

irradiation in acetic water solution containing chitosan. Radiation. Physics and
Chemistry 76(7), 1165-116, 2007.

[28] Lawless D., Kapoor S., Kennepohl P., Meisel D., Serpone N., 1994. Reduction
and aggregation of silver ions at the surface of colloidal silica, Journal Physics
and Chemistry 98(38), pp. 9619-9625, 1994.

[29] Lv.Y. LiuH. Wang Z., Liu S., Hao. L., Sang Y., Liu D., Wang J., Boughton
R.l., Silver nanoparticle-decorated porous ceramic composite for water
treatment. Journal of Membrane Science 331, 50-56, 2009.

[30] Abedini A., Daud A.R., Abdul Hamid M.A., Kamil Othman N., Saion E., A

review on irradiation-induced nucleation and growth of colloidal metallic

nanoparticles, Nanoscale Reasearch Letter 13: 8(1), p. 474, 2013.
[31] Egger S., Lehmann R.P., Height M.J., Loessner M.J., Schuppler M.,
Antimicrobial properties of a novel silver-silica nanocomposite, Applied and

Environmental Microbiology 75(9), pp. 2973-2976, 20009.
33


https://www.ncbi.nlm.nih.gov/pubmed/?term=Abedini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24225302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daud%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=24225302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdul%20Hamid%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24225302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamil%20Othman%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24225302
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saion%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24225302

[32]

[33]

[34]

[35]

Le Caér S., Review Water Radiolysis: Influence of Oxide Surfaces on H>
Production under lonizing Radiation, Water 3, pp. 235-253, 2011.

Truong Thi Hanh et al., Synthesis and characterization of silver/diatomite
nanocomposite by electron beam irradiation, Radiation Physics and Chemistry
139, 141-146, 2017.

Stromme M., Brohede U., Atluri R., Garcia-Bennetts A.E. “Mesoporous silica
base nanomaterials for drug delivery: Evaluation of structural prpperties
associated with release rate”, Wiley Interdisciplinary Reviews: Nanomedicine
and Nanobiotechnology 1, pp. 140-148, 2009.

Swain P., Nayak S. K., Sasmal A., Behera T., Barik S. K., Swain S. K., Mi
shra S. S, Sen A. K., Das J. K., Jayasankar P., Antimicrobial activity of metal
based nanoparticles against microbes associated with diseases in aquaculture,
World Journal of Microbiology and Biotechnology 30, pp. 2491-2502, 2014.

34



DANH MUC CAC BAI BAO VA BAO CAO LIEN QUAN PEN PE TAI

1. Truong Thi Hanh et al., Synthesis and characterization of silver/diatomite
nanocomposite bang cach chiéu xa EB, Radiation Physics and Chemistry 139,
141-146, 2017.

2. Truong Thi Hanh va cong su, Ché tao vat liéu nanocomposite — Bac
nano/diatomite bang phuong phap chiéu xa chum tia dién tir, Hgi nghi Khoa
hoc va Cong nghé hat nhan toan quac lan thiz 12, Nha Trang 02-04/8/2017

3. Truwong Thi Hanh, Nguyén Thi Thu, L& Anh Quéc (can bo tré), Khao séat cac
dic trung cua vat liéu nanocomposite-bac nano/diatomite ché tao bang phuong
phap chiéu xa chum tia dién ttr, Héi nghi Khoa hoc va Coéng nghé hat nhan can

bé tré nganh ning lwong nguyén tiz lan the nam, 03-04/10/2018.

35



