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Tém tit: Sir dung ky thuat chiéu xa chum tia dién tu (EB) dé ché tao nanocomposite - bac
nano (AgNPs)/Diatomite (DA) tir hdn hop huyén phiit AgNOs/chitosan/DA 1a mot phuong phap
wu viét. AgNPs dugc tao thanh boi sy khir in situ ion Ag' tao Ag” ddng thoi keo tu ngay trén
DA trong vai gidy, tranh duoc su sa ling. Anh TEM chiing minh AgNPs c6 hinh cau véi kich
thudc <10 nm, phan tan déu trén chat nén DA. Hoat tinh khang khuén cua vat liéu nay véi cac
vi khudn giy bénh cho ca Tra (Pangasianodon hypophthalmus) nhu Aeromonas hydrophila va
Edwardsiella ictaluri da dugc khao sat. Hon nira, hiéu (mg khang khuén cao véi vi khuan tong
sd tir bé nudi ca Tra cling chirng minh nanocomposite AgNPs/DA 1a vat liéu c6 trién vong dé
xtr 1y vi khuan trong méi trudng hd nudi ca Tra.

Tw !(héa: Bac nano, chitosan, chum tia dién tu, diatomite, nanocomposite, hoat tinh khang
khudn

1. MO PAU

Ché tao vat liéu composite gdm hop phan cao phéan tir va hat nano vo co 1a mot trong
nhirng hudng nghién ciru méi dang duoc quan tam [1]. Vat liéu nay hién thi cac dic trung boi
hiéu mg “cong hop” tlr sy twong tic cia cac hat nano va chat nén trong nanocomposite [2].
Xuét phat tir hoat tinh khang khuén va doc tinh thép voi dong vat bac cao, bac nano 1a vat liéu
duoc pha tron trong san phém hang tiéu dung vo khuan [3]. Bac bigt, silica (Si0;) hoac vat
lidu chua silica 1a chét nén gén bac nano dang duoc ung dung lam tinh nudc voi vai tro diét
khuan, khir mui, xtc tac... Sy phét trién nhanh chéng cac ching vi sinh khang thubc da tre
thanh vn dé nghiém trong trong doi sdng con ngudi, dong vat ciing nhu cac loai thuy san [4].
Nhitng vi khuan nhu: Aeromonas salmonicida, Photobacterium damselae, Yersinia ruckeri,
Listeria sp, Vibrio sp, Pseudomonas sp va Edwardsiella sp da nhiém bénh cho c4 va anh
hudng dén ning suat nudi trong thuy hai san [5].

Tai Viét nam, nu6i trong thity hai san dugc xac dinh 1a mot nganh kinh té mili nhon véi
kim ngach xuat khau cao. Tuy nhién khir nhiém ao nudi bang héa chat thong thuong dan dén
tinh trang du thwra va khong an toan cho nguoi st dung. Ca Tra (Pangasianodon
hypophthalmus) 13 mot trong nhitng loai ¢4 nudi quan trong cho xuat khau & Viét Nam. Hién
tai, thach thirc cho ngudi nudi ¢4 tham canh 1a dich bénh bing phat gay thiét hai vé kinh té. Vi
khuan va ky sinh tring dugc cong bd 1a tic nhan giy bénh chinh trén c4 Tra Viét Nam [6].
Dic biét, vi khuan Aeromonas hydrophila va Edwardsiella ictaluri 13 nhig vi khuan thuong
gay chét cho ca Tra nudi. Nhiém khuan Aeromonas hay con goi bénh xuat huyét hoic bénh
dém do vai biéu hién xuat huyét dau, miéng hodc do vay. Va ton thuong than, gan xay ra khi
c4 bi nhiém Edwardsiella ictaluri [7]. Bénh xuat hién hau nhu quanh nam, dic biét 1a khi ca
bi sb¢c, moi trudng ao nudi khong dam bao. Chiing ngira vic-xin cho ci 1a mot bién phap kho
thuc hién tai Viét Nam va rdi khang sinh van dugc sir dung pho bién dé xtr 1y vi khuan. Tuy
nhién, xir Iy theo phuong phap nay kém hiéu qua boi sy khang thudc ciia nhidu ching vi sinh.
Aeromonas hydrophila va Edwardsiella ictaluri khang tetracycline, florfenicol va khang cao
hon véi trimethoprim, sulfamethoxazole, ampicillin, amoxicillin va cefalexine [7]. bé giai
quyét van dé nay, nhiing nghién ctru ché tao vat litu moi kiém soat tic nhan gy bénh cho
mai trudng 14 can thiét nham thay thé cho viée s dung khang sinh. Cong ngh¢ nano c6 vai tro
quan trong trong viéc lam tinh nudc, va tién toi khir tic nhan gy bénh cho ca hodc tom trong
hé thdng nudi trdng thiy hai san [8]. Bac nano dugc xac nhan nhu chat mién nhiém “xanh”
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chéng vi khuan gdy bénh cho c4 hdi nudi [5]. Ngoai ra, nanocomposite chira AgNPs da thu
nghlem ¢6 hoat tinh khang khuan cao ké ca vi khuan da khang thude [9, 10]. Vi vay, nghién
“gan” AgNPs 1én diatomite tu nhién chira 60% silica dé tong hop vat liéu khang khuan
cho moi truong 13 mot giai phap hitu ich cho sy phat trién bén viing ctia hé sinh thai.
Trong nghién ctru nay, ching t61 str dung nanocomposite AgNPs/DA ché tao boi chiéu
xa EB dé thir nghiém hoat tinh khang khuan d6i v6i Aeromonas hydrophila va Edwardsiella
ictaluri tac nhan gay bénh cho ca Tra nuoi tai Viét nam.

2. NOI DUNG
2.1. D6i twong nghién ciru va phwong phap

- Diatomite dugc mua tir cong ty diatomite Phu Yén véi ham lugng SiO; ~ 63%_ kich
thude hat trung binh 70 pm. Chitosan sir dung v6i d6 deacetyl (DD) ~ 80% va Mw =
1,06 x 10%. Cac hoa chat nhu bac nitrate (AgNOs3), (S)-lactic acid (90%), sodium
hydroxide (NaOH) la nhiing hoa chét tinh khiét.

- Chiéu xa huyen phu AgNOs3/DA/Chitosan voi cac néng do AgNO; ban daulal,3,5,7,
10 mM. Péng goi mau trong tii PE day lem, rdi chiéu xa EB tai 20 kGy véi clng suat
litu 5 kGy/s. Tach nanocomposite khoi dung dich huyén phu, rira rdi siy 80°C. Thu
nanocomposite - AgNP/DA dang bot.

- Péac trung cia nanocomposite - AgNPs/DA duogc thé hién qua anh TEM duoc chup véi
kinh hién vi dién tir JEM-1400 ¢ 100 kV (JEOL, Nhat Ban). Kich thudc hat duoc xac
dinh dya vao anh TEM. Ham lugng AgNPs trong nanocomposite dugc xac dinh qua
phé phat xa nguyén tir cam tUng plasma (ICP-AES, Perkin Elmer Optima
5300 DV, USA).

- Hoat tinh khang khuan ctia nanocomposite AgNPs/DA:

v'Vi khuan tong s6 (tir nudc bé nudi cd)

Nghiém thirc thur nghiém:

Nudce thu nghiém dugce léy o bé composite nuoi ca Tra mat do 2000 con/bé 2 m3, trong
lugng ca & thoi diém 1y nude 13 15-20 g/con. Thu 10 ml nudc vao dng nghiém, kiém
tra mat do vi khuan ban dau. Sau d6 bd sung 0,2 g bot AgNPs/DA. Lic déu.

Poi chirng:

Thu 10ml nuéc trong ciing bé composite véi nghiém thirc thir nghiém trén cho vao ong

nghiém. T4t ca cic mau thir nghiém va ddi chimg déu G & nhiét d6 phong. Thu mau sau

mdi 3h va 24h, trai mau trén moi truong thach, 0 & 30°C. Pém mat do vi khuén.

Hiéu tmg khang khuan (R%) dugc xac dinh dya trén sd khuan lac séng sot trén dia tir

nhitng mau c6 thoi gian tiép xtc 0 gio, 3 gio va 24 gid (A) so véi ddi chung (B) [11]:
R(%) = (B-A)/B x 100 (1)

v’ Vi khuan Aeromonas hydrophila va Edwardsiella ictaluri

Nghiém thirc thir nghiém:

Vi khuan dugc nudi trén moi trudng thach mau (Blood Agar- BA), sau d6 duoc pha dé
dat néng d6 10° CFU/ml (6ng chuan 0.5 McFarland). Tiép tuc pha lodng trong moi
truong LB (Luria Bertani Broth) dé dat nong d6 vi khuan 10* va 10° CFU/ml. B6 sung
AgNPs/DA ndng d6 0,2g /10ml LB, lic déu.

DPoi chitng:

Mbi truong LB chira mét d6 vi khudn 10°-10* CFU/ml, khong bd sung chat khang
khuéan. T4t ca mau U ¢ nhiét d6 phong. Thu mau sau mdi 3 gio va 24 gio, trai mau trén
moi truong BHIA, @ ¢ 30°C. Sau 24 gio, dém mat d6 vi khuan. Hiéu ung khang khuan
duoc xac dinh dya trén s6 khuén lac séng sot trén dia cho cac mau co thoi diém tiép xuc
0 gid, 3 gio va 24 gio twong tng so v6i d6i chimg (cong thuc 1).



2.2. Két qua

- Kich thudc hat AgNPs ting tir 6-9 nm khi nong d6 AgNO; ban dau ting tir 3-10
mM

- Hat AgNPs hinh ciu phan b déu trén chit nén diatomite, ham luong tir 350-1300
mg/kg khi ndng d6 AgNO; ban dau tir 1-10 mM.

- Hiéu ung khang khuan phu thudc vao ham lwong AgNPs trong nanocomposite
AgNPs/DA; dat 100% v6&i A. hydrophila, E. ictaluri va >99% vi khuén tong sb
(10°-10* CFU/ml), khi ¢6 0,13% AgNPs trong thanh phan.

2.3. Ban luan

2.3.1. Sw hinh thanh hat bac nano trén chat nén diatomite theo phwong phap chiéu xa
(EB)

Theo co ché khir va tao hat keo AgNPs trén DA, trude tién nhitng ion Ag* dugce hap phu
boi nhom nucleophin SiO— trén bé mit va trong ving vo dinh hinh ciia SiO,, thanh phan
chinh ctua DA, trong khi khudy tao huyén phu [12]. Electron solvate hoa (e7aq) va gbc 'H duogc
phat sinh béi su xa ly nude c6 thé khir ion Ag™ dén Ag’ rdi keo tu tao AgNPs trén DA, theo
phuong phép khtr in situ béng btrc xa EB. Vi vdy, ham lugng cia bac nano trén DA phu thudc
vao nong d0 AgNO; ban dau. Két qua trong bang 1 cho thdy ham luong AgNPs trong
nanocomposite da ting tir 350-1300 mg/kg twong tng theo chiéu ting ciia AgNO; tir 1-10 mM.

o . Cogs a
e

Hinh 1: Anh TEM cta miu nanocomposite AgNPs/DA: o) DA; a) DA/3mM AgNO;; b) DA/5 mM
AgNO;s; ¢) DA/TmM AgNO;; d) DA/9 mM AgNO; vae) DA/10 mM AgNOs

Béng 1: Ham luong va kich thudc hat AgNPs trong nanocomposite theo ndng do AgNO;

Mau Nong do AgNO; Ham luong Kich thudce hat
(mM) AgNPs (mg/kg) AgNPs (nm)

Ag’-DA1 1 3537

Ag’-DA3 3 579+ 13 6,0 1,0
Ag’-DAS5 5 792 + 20 6,5 +1,1
Ag’-DA7 7 1276 + 36 7,1+0,9
Ag’-DA9 9 1298 + 40 9,0+1,2
Ag’-DA10 10 1307 £ 42 92+1,3

Kich thuQc hat ciing tang theo n6ng dd, hat AgNPs nhan dién 10 trén chét nén DA dua vao
anh TEM khi nong d¢ dung dich AgNOs; >3mM (Hinh 1). Kich thudc hat da tang tir 6-9 nm
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khi ndng d6 AgNO; ting tuong tmg tir 3 dén 10 mM nhu trong bang 1. Kich thudc hat <10 nm
tuong tu cac két qua khao sat duong kinh AgNPs trong silica boi Egger va cong su [13]. S6 luong
ion Ag" tang, kha ning két hop tao hat 16n trén bé mat silica (SiO—) ctia DA thuén loi. Sy va
cham ting khi d6 nhét ting theo ndng do dung dich vi vay kha ning keo tu giita cac hat nhod
d& dang hon. Ngoai ra, sy tich tu cang nhiéu nguyén tor Ag’ trén bé mit hat nano khi ndng do
Ag’ ting lam giam ning lwong bé mit, vi vdy giam kha ning lién két v6i phan tir polyme 6n
dinh kich thudc hat, vi vay hat 16n khi ndng d6 ion ban dau ting [14].

2.3.2. Hoat tinh khang khuén ciia nanocomposite — AgNPs/DA

Cung voi xu hudéng nghién cuu tim vat liéu maéi tri bénh thiy san thay thé khang sinh,
bado cdo nay trinh bay thir nghiém hoat tinh khang khuan ctia nanocomposite AgNPs/DA doi
V61 A. hydrophila va E. ictaluri gy bénh cho cé Tra nuoi.

Két qua trong bang 2 cho thay hiéu ing khang khuan, phu thudc vao ham luong AgNPs
trong thanh phan. Vi khuin kho séng sot khi tiép xac véi méi truong nong do 26 pg/ml
AgNPs, ng voi ti 1¢ AgNPs (1300 mg/kg) 0,2 g: 10 ml dich khuan, thoi gian tiép xtc 3 va 24
gi0. Nguoc lai, vi khuén phat trién nhanh trong miu ddi ching sau 24 £10, khong chat khang
khuén tir 10° 16n 10° va 107, Gng v6i A. hydrophila va Ed. ictaluri. Két qua nay cho thay st
dung AgNO; nong d6 10 mM dé ché tao nanocomposite 13 pht hop dé wc ché vi khuan nhiém
bénh cho ca. Xt 1y khang khuan bang AgNPs duoc cong nhan béi nhiéu chuyén gia trén thé
gidi, Swain va cong su ciing di ché tao AgNPs 10 mM bén héa trong axit citric khang khudn
cao va dac biét voi A. hydrophila gay bénh cho ca [15]. Tuy nhién, khi lugng AgNPs trong
nanocompostie thap 790 mg/kg (0,079%) voi noéng do Ag ban dau 1a 5 mM (AgNPs/DA-I),
vat liéu chua e ché hoan toan su phat trién cia vi khuan A. hydrophila va E. ictalure (Bang
2).

Bang 2: Két qua hoat tinh khang khuan véi Aeromonas hydrophila va Edwardsiella ictaluri

Aeromonas hydrophila (CFU/ml) Hiéu ting khang khuan (%)
Mau 0 gio 3 gid 24 gioy 3 gio 24 gio
Dbi ching 1,52x 10° 30x10* | 12x10° i i
NT1: AgNPs/DA-10° 1,52x 10’ 0 7 100 >99,9
NT2: AgNPs/DA-10* 1,52 x 10 0 0 100 100
NT3: AgNPs/DA-I-10° 494x10° | 1,55x10° | 5,7x 107 96,86 0
NT4: AgNPs/DA-I-10° 128x10° | 848x10° | 1,02x 10° 33,75 f)

Edwardsiella ictaluri (CFU/ml) Higu vimg khang khuan (%)

Mau 0 gio 3 gid 24 giv 3 gio 24 gio
Dbi ching 2,26x10° | 2,66x10° | 4,19x 10’ i i
NT1: AgNPs/DA-10° 2,26 x 10° 0 0 100 100
NT2: AgNPs/DA-10* 2,26 x 10 0 0 100 100
NT3: AgNPs/DA-I-10° 222x10° | 8,70x 10 0 60,81 100
NT4: AgNPs/DA-I-10° 120x 10° | 8,19x 10° 0 31,75 100

10°-10* Nong d6 vi khuan (CFU/ml)
DA: Diatomite khong AgNPs
AgNPs/DA: Nanocomposite bac nano/diatomite, 1300 mg/kg (0,13%) bac nano
AgNPs/DA-I: Nanocomposite bac nano/diatomite, 790 mg/kg (0,079%) bac nano




Hpat tinh khang khu\én voi téng Vg khuén hiéu khi dugc thuc nghiém véi nudce nudi ca
trong bé composite. Vi néng do vi khuan ban dau trong moi truong la 2,42 x 10*, ham luong
AgNPs trong composite 1300 mg/kg (0,13%), hi¢u ing khang khuan tong s6 ~100 %.

Hinh 2: Két qua hoat tinh khéng khyén V61 2A) Aeromonas hydrophila va 2B) Edwardsiella
ictaluri trén moi truong BHIA cta mau doi ching - PC (c6 khuan lac) va AgNPs/DAP (khong
khuén lac).

Hinh 2A va 2B biéu thi su phat trién vi khuén véi néng do 10* va 10* trén cac dia moi
truong BHIA. S6 khuén lac ting trudng nhanh (over growth) trén cac dia mau di chimg (BC,
ky hiéu O) khong chat khang khuan. Nguoc lai, cac dia c6 nanocomposite AgNPs/DA (ky
hiéu a, b) hdu nhu khong c6 sy sdng sot cua vi khuan, hiéu tng khang khuén ~100%.

Tir két qua trén chimg t6 nanocomposite AgNPs/DA di wre ché hiéu qua su phat trién vi
khuan trong mdi trudng nudc nudi cd Tra, dac biét doi voi A. hydrophila va Ed. ictaluri. Cac
yéu t0 khac lién quan dén h¢ sinh thai cling dugc quan tdm & cac nghién ctru tiép theo.

3. KET LUAN

v' Luong AgNPs trong nanocomposite di ting theo nong do dung dich AgNO; str dung
ban dau, dat 1300 ppm & néng d6 10 mM AgNOs3, kich thude hat tir 6-9 nm tng véi
nong d6 AgNO; tir 3-10 mM.

v' Hiéu ung khang cic ching vi khuan gdy bénh cho ca Tra Aeromonas hydrophila va
Edwardsiella ictaluri (10°-10* CFU/ml) dat 100%, hiéu ung khu vi khuén tong sb
(10°-10* CFU/ml) trong méi truong nudce nudi ca Tra >99%, v6i mdu AgNPs/DA co
ham lugng bac nano1300 ppm.

v/ Vit liéu nay phu hop cho hudng tng dung méi, kiém soat dich bénh do nhiém khuan
trong moi truong thiy san.

TAI LIEU THAM KHAO

[1] Hussain F., Hojjati M., Okamoto M., Gorga R.E. “Polymer-matrix nanocomposites, processing,
manufacturing and application: An overview”, J. Compos. Mater. 40, 1511-1575, 2006.

[2] Jeon LY., Back J.B. “Nanocomposites derived from polymers and inorganic nanoparticles”,
Materials 3, 3654-3674, 2010.

[3] Jone C.M., Hoek EEM.V. “A review of the antibacterial effects of silver nanomaterials and
potential implications for human health and the environment”, J. Nanopart. Res. 12, 1531-1551,
2010.



Swain, P., Nayak, S.K., Sasmal, A., Behera, T., Barik, S.K. , Swain, S.K. “Antimicrobial
activity of metal based nanoparticles against microbes associated with diseases in aquaculture”,
World J. Microbiol. Biotechnol. 30(9), 2491-2502, 2014. .

Raissy M., Ansari M. In vitro antimicrobial effect of silver nanoparticles on Latococcus
garvieae and Streptococcus iniae., J. Microbiol. Res. 5(25), 4442-4445, 2011.

Son L.T., Hien Ng. T., Phuong V. H., Cuong D.V., Hong Ng. H., Trung Tr. M., Tuan
Tr.T., Southgate P.C., Kurtboke D.I. “Protective effects of bacteriophages against Aeromonas
hydrophila causing Motile Aeromonas Septicemia (MAS) in Striped Catfish”, Antibiotics (Basel)
7(1): 16,2018.

Bullock G.L., Herman R. L. “Edwardsiella infections of fishes”, US Fish & Wildlife
Publication 132, 1985.

Julio CM.N., Aida H.P., Maria C.M.D., Jorge C.M., Jaime A.B.M. “Silver nanoparticles
application in aquaculture”, Int. J. Fish. Aquat. Stud. 6 (2), 5-11, 2018.

Rai MK., Deshmukh S.D., Ingle A.P., Gade A.K. “Silver nanoparticles: the
powerfulnanoweapon against multidrug-resistant bacteria”, J. Appl. Microbiol. 112, 841-852,
2012.

Hanh T.T., Thu N.T., Hien N.Q., An P.N.,, Loan T.T.K., Hoa P.T. “Preparation of silver
nanoparticles fabrics against multidrug-resistant bacteria”, Rad. Phys. Chem. 121, 87-92, 2016.
AATCC Test Method 100, The American Association of Textile Chemists and Colorists USA
142, 2009.

Truong Thi Hanh, Nguyen Thi Thu, Le Anh Quoc, Nguyen Quoc Hien. “Synthesis and
characterization of silver/diatomite nanocomposite by electron beam irradiation”, Rad. Phys.
Chem. 139, 141-146, 2017.

Egger S., Lehmann R.P., Height M.J., Loessner M.J., Schuppler M., “Antimicrobial properties
of a novel silver-silica nanocomposite”, Appl. Environ. Microbiol. 75(9), 2973-2976, 2009.
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 Res.
Lett. 13: 8(1), 474,2013.

Swain P., Nayak S. K., Sasmal A., Behera T., Barik S. K., Swain S. K., Mishra S. S, Sen A.
K., Das J. K., Jayasankar P. “Antimicrobial activity of metal based nanoparticles against
microbes associated with diseases in aquaculture”, World J. Microbiol Biotechnol. 30, 2491—
2502, 2014.

PROSPECT FOR APPLICATION OF
SILVER NANO/DIATOMITE NANOCOMPOSITE FROM THEIR
CHARACTERISTICS
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Abstract: The use of electron beam (EB) irradiation technique for preparation of silver
nanoparticles (AgNPs)/Diatomite (DA) nanocomposite from suspension mixture including
AgNOs/chitosan/DA is a superior method. The AgNPs were formed by in situ reduction and
aggregation on DA simultaneously for some seconds avoiding precipitation. TEM images
proved the AgNPs in nanocomposite were spherical with an average diameter of <10 nm and
well dispersed on the surface of DA, in case of 10 mM AgNOj; precursor and absorbed dose of
20 kGy. The antibacterial activity of these materials against infectious pathogens for Tra catfish
(Pangasianodon hypophthalmus) such as Aeromonas hydrophila and Edwardsiella ictaluri was
evaluated. Moreover, the high antibacterial effect with total bacteria in culture water of Tra
catfish also proved that nanocomposite of AgNPs/DA is a promising material to treat bacteria
in the environment of Tra catfish farming,.

Keywords:  Antibacterial activity, chitosan, diatomite, electron  beam,
nanocomposite, silver nanoparticles.
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