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Tom tat. Vat lieu két hop giira cellulose vi khuan va nano bac (AgNPs) dugc nghién citu tdng hop bing
phuong phap in situ véi muc dich tao vat liéu cd kha niang khang khuan. Chat khu Natri Borohydrua
(NaBH.) va Ethylene Glycol (EG) duoc sir dung dé khir truc tiép ion Ag* thanh hat nano bac gin trén nén
soi cellulose tao composite. Sau d6 kha nang khang khuan caa composite duoc khao sat trén 4 vi khuan dai
dién cho Gram am Ia E. coli, P. aeruginosa va Gram dwong 13 S. aureus va S. epidermidis. Két qua cho
thay ca vat liéu duoc téng hop bang chat khir NaBHs4 va EG déu c6 kha nang khang ca 4 chang vi khuan.
Vit liéu composite giir cellulose vi khuan (BC) va nano bac (BC/AgNPs) kha ning c6 thé tng dung trong
viéc hd trg diéu tri cac vét thuong tranh nhiém khuén.

Tir khéa. Composite, cellulose vi khuan, hiéu suat diét khuan, in situ, nano bac.

SYNTHESIS OF BACTERIAL CELLULOSE AND SILVER NANOPARTICLES
COMPOSITE AND INVESTIGATE ITS ANTIBACTERIAL ACTIVITY

Abstracts. Composite of bacterial cellulose and silver nanoparticles (BC/AgNPs) that synthesized by in
situ method is aimed to produce an antibacterial material. Reducing agents Natri Borohydrua (NaBH4) and
Ethylene Glycol (EG) were used to synthesis composite by directly reducing ion Ag* to silver nanoparticles
that integrated to cellulose fibers. The composites were then investigated for their bactericidal performance
to two Gram negative bacteria (E. coli and P. aeruginosa) and two Gram positive bacteria (S. aureus and
S. epidermidis). The results of this study demonstrated that both composites synthesized by NaBHsand EG
could eliminate all 4 bacteria strains. The composite BC/AgNPs has potential application for wound
treatment and prevention from bacterial infection.

Keywords. Composite, bacterial cellulose, bactericidal performance, in situ, silver nanoparticles.

1 GIOI THIEU

Composite hay con goi la vat liéu té)ng hop, dugc tao ra béng cach két hop hai hodc nhiéu vat liéu co cac
tinh chét khac nhau, nhaim muc dich ting thudc tinh cia vét liéu duoc tong hop. Cellulose dugce tao ra boi
qué trinh 1én men ctia vi khuan Gram am Acetobacter xylinum, c6 thé tao ra cac sgi nano ty 1& khung hinh
cao, véi mang ludi xbp ba chiéu (3D) [1]. Cellulose vi khuén (bacterial cellulose — BC) ¢6 tinh tuong thich
sinh hoc, khong gay di img, khong doc hai va c6 thé san xuat & cc kich ¢& va hinh dang khéac nhau [2]. Do
c4u triic mang soi nano 3D ddc d4o cua no, BC cho thdy cac tinh chét co hoc tuyét voi va kha ning tao
khudn, dic biét & dang udt, khién n6 phu hop dé duoc san xuét theo hinh dang mong mudn. Hé théng soi
ctia mang BC duoc hinh thanh tir cic soi nano sap xép chit ché trong khong gian ba chiéu, tao thanh céac
tam hydrogel c6 bé miat va do x6p cao. Do tinh chat wa nudc ctia n6 (99% thanh phan 1a nuéc), tinh linh
hoat, khong doc hai, tinh tuong thich sinh hoc tbt va tinh sin 0 rong rai, nd da dugc sir dung rong rai trong
cac linh vyc khac nhau tir nganh cong nghiép thuc pham va gidy [3], [4] dén cac ‘ung dung y sinh, nhu li¢u
phép da, van chuyen thudc, thudc tai tao, mach mau nhan tao va cic san pham chim soc vét thuong.
Cellulose dugc tong hop co bé mit chira rat nhiéu nhém hydroxyl nén c6 dic tinh giit nudc, phan ra sinh
hoc va kha niang bién doi héa hoc. Cellulose vi khuin giéng nhu mdt ma tran nano ty nhién, dugc st dung
1am khuén miu dé tdng hop tai chd cac hat nano bac (AgNPs) bang cach khir hoa hoc [5].

Nano bac ¢6 dic tinh khang khuan do c6 kha ning bam vao thanh té bao vi khuin va xam nhap vao bén
trong vi khuan. Viéc bam 1én thanh té bao cua nano bac s& gdy ra nhiing thay d6i vat 1y trong mang vi
khuén, nhu ton thuong mang, 1am thing mang dan dén chét vi khudn [6]. Nano bac c6 dic tinh khang khuén
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va ngan ngira vi khuan phat sinh t&i 99,99 %, loi ich hon gap nhiéu 1an so véi cac san pham khang khuan
khac [7]. Nano bac s& két hop v6i mang té bao ctia vi khudn gy bénh, sau do s& truc tiép di vao bén trong
vi khuan va nhanh chong két hop v6i sulphydryl (-SH) cua enzyme chuyen hoa oxi dé diét ching, dé chan
duong ho hap va qua trinh trao doi chat ctia vi khuan. Ngoai ra, mang té bao cia vi khuan co dién tich am
do sy hién dién cta cac nhom carboxyl, phosphate va amino [8]. Dién tich duong tao ra lyc hit tinh dién
gilia nano bac va mang té bao tich dién 4m cua vi sinh vat, do d6 tao diéu kién gén nano bac vao mang té
bao [9].

Composite két hop gitra BC va nano bac (BC/AgNPs) ¢6 thé dugc tao ra bang cac phuong phap khac nhau.
Phuong phap vat 1y hay con goi 1a phuong phap ex situ 1a phuong phap st dung vat liéu cellulose dugc
ngim voi nano bac. Trong d6, nano bac duoc ché tao bang nhidu phuong phap khac nhau (khtr hoa hoc,
quang hoa, dién hoa hoc [10],[11]. Day la phuong phdp khong c6 phan ung héa hoc dién ra giira vat liéu
cellulose va nano bac. Doi v6i phuong phap ndy, cellulose dong vai tro la chat mang. Phuong phap vat 1i
tao ra composite ma khong can sir dung chat khir doc hai khong mong mudn, than thién voi moi truong,
phu hop voi nhu cau séan xudt cong nghiép. Tuy nhién, do lién két hap phu turong d6i yéu, cac nano bac hép
phu trén bé mit vat liéu cellulose c6 thé bi mat mot phén trong qua trinh st dung. Noi cach khac, cac san
pham duoc diéu ché bang phuong phap nay c6 do bén kém [12]. Phuong phéap khir hoa hoc hay con dugce
biét toi 1a phuong phép in situ. Pay 1a phuong phap ma cac hat nano bac duoc tong hop true tiép trén BC
bang phuong phap khur hoa hoc. Phuong phap nay s dung mudi kim loai hoa tan lam tién chat, chét khur
va chat dong 6n dinh dé tranh sy két tu. Tuy nhién, phuong phap in situ c6 thé dugc st dung ma khéng can
thém chit khtr bén ngoai, boi vi sy hap phu cua cac ion kim loai trén bé mit cellulose, sau d6 khir thanh
nano bac bdi cac hop chét hiru co nhu aldehyd hodc nhom carboxylic. CAu truc doc d4o va su hién dién cua
so0i cellulose ether va hydroxyl nhom tao thanh mot nanoreactor hiéu qua dé tong hop nano bac. Cac nhom
ether va hydroxyl khéng chi c6 chirc ndng neo chat cc ion kim loai vao soi thong qua cdc twong tac ludng
cuc ion, ma con khir mudi bac thong qua tuwong tac tinh dién trén bé mat [13], [14]. Chudi polymer dong
vai tro quan trong dan dén phan b kich thudc hep va hinh dang duge xac dinh rd cho cac cau tric nano
kim loai.

Kha ning khang khuan ctia composite BC/AgNPs dugc hinh thanh tir mdi lién két ctia cac AgNPs trén nén
BC da dugc béo cao dé tao ra vat liéu tong hop tur tinh va khang khuan. Cac ion bac tuong tic v6i nhom
thiol cua protein trén thanh té bao, pha v& ho hip cua vi khuin va ngin can qua trinh van chuyén cac chét
qua mang té bao [7].

Composite BC/AGNPs dugc ché tao bang phuong phap in situ voi chat khur triethanolamine (TEA) cho
thiy kha ning (rc ché manh mé& vi khuén E. coli, S. aureus va P. aeruginosa [15]. Nghién ctru khac vdi myc
tiéu tranh st dung chat khir doc hai ma thay bang D-gluconic acid cho thiy composite nano bac két hop
cellulose c6 kha ning trc ché S. aureus va E. coli [16]. Nghién ctru nay sir dung chét khir natri borohydrua
(NaBH,) va ethylene glycol dé téng hop nano bac in situ tao composite va khao sat kha ning khang khuan
cua vat liéu tao thanh tir viéc stir dung 2 chét khir nay. NaBH4 1a mot chét c6 tinh khtt manh thuong duogc
sir dung. Trong khi EG 1a chéat khir yéu hon nhung lai it doc tinh, than thién v6i mdi truong hon so voi
NaBHs.

2 VAT LIEU - PHUONG PHAP

2.1. Vi khuan

Céc chung vi khudn duoc str dung trong nghién ciru nay gdm 2 chiing Gram am la Pseudomonas aeruginosa
ATCC 10145, Escherichia coli ATCC 25922 va 2 chung Gram duong la Staphylococcus epidermidis
ATCC 12228, Staphylococcus aureus ATCC 25923.

2.2. Cellulose vi khu4n

Cellulose vi khuin (BC) do chung vi khuan Acetobacter xylinum tong hop duoc cung cip tir Phong thi
nghiém Cong nghé sinh hoc thudc Trung tdm Nghién ctru trién khai, Khu Cong nghé cao Thanh phd HO
Chi Minh.

2.3. Téng hep nano bac (AgNPs) géin véi BC bing phuong phap in situ

Phuong phap in situ ché tao composite BC/AgNPs gom 2 giai doan: (1) Giai doan 1: Vit licu cellulose
dugc ngdm trong dung dich mubi bac dé hap thu ion Ag*va sau d6 cac ion Ag* khong gin két duge véi soi
cellulose sé& dugc rira troi boi nurde khir ion. (2). Giai doan 2: Vit liéu Cellulose da ngdm ion Ag* dugc cho
vao dung dich chét khir dé khir Ag* thanh Ag.
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Hinh 1. Qua trinh khtr mudi bac tao thanh composite trén nén cellulose [17]

2.3.1. Ché tao composite sir dung chat khir EG/t°

Mang BC ¢ kich thudc 1x1cm ngam trong dung dich AgNOs trong 24 gid, sau d6 tha BC vao cbc cd chira
EG va chat bao vé polyvinyl pyrrolidone (PVP), gia nhi¢t tir 150°C dén 200°C, khudy tir 500- -700vong/phut
trong 40 phut, sau do tién hanh 1am lanh nhanh trong 20 phat. Vét mang bao quan lanh tir 2°C dén 4°C.
2.3.2. Ché tao composite sir dung chat khir NaBH4

Mang BC c6 kich thuéc 1x1ecm ngam trong dung dich AgNO3 trong 24 gio, sau d6 tha BC vao céc ¢6 chira
dung dich NaBH4 (7 mL NaBH4 1% + 100ml H,0) da dugc 1am lanh. Tién hanh khuay tir 500-700v/p trong
60 phat. Vot mang va bao quan lanh ¢ nhiét do tir 2°C dén 4°C.

2.4. Kiém tra dic tinh cia composite BC/AgNPs

Tién hanh déng kho chan khéng mau mang BC va mau mang BC/AgNPs & nhiét d6 -50°C, sau khi da kho
trai mau trén thanh nap mau chup SEM (F4800, Hitachi, Japan) va tién hanh quan sét cau trdc, hinh dang,
su phan bé cua hat nano bac cung nhu cac soi cellulose.

2. 4.1. Khao sat kha niing khang khuan cia composite BC/AgNPs bang phwong phap dit mang trén
dia thach

Vi khuan ting sinh trong méi trudng long thich hop (P. aeruginosa, S. aureus sir dung méi truong LB; C.
diptheria sir dung méi trudng BHI broth) cho dén khi dat dén mat 6 10° CFU/ml nudi cay. Hat 100ul ciy
trai trén moi trudng thach dinh dudng thich hop. Dung kep gap cac mang BC/AgNPs va dat mang lén bé
mat moi trudng, mau déi chiing am 1a mang BC. U 37°C trong thoi gian thich hop. Panh gia hoat tinh
khang khuan bang cach do ban kinh vong khang khuan.

2.4.2. Khao sat kha ning khing khuan cia composite BC/AgNPs sir dung phwong phap dém khuan
lac

Cho cac composite BC/AgNPs tiép xuc truc tiép voi vi khuan & mat do 10° CFU/mI. Sau cac mdc thoi gian
khao sat, hat 100pl dich khuan dem cdy trai trén méi trudng thach dinh dudng thich hop, u cac dia & 370C
trong thoi gian thich hop tir 24-48 gio cho tirng chang vi khuan. Véi dbi chimg am 1a mang BC. Panh gia
higu suat diét khuan cua composite bang cach dém s6 khuan lac trén dia.

Phuong phap dém khuan lac nham x4c dinh s lugng khuan lac con lai & cac moc thoi gian sau khi cho vi
khuan tiép xuc truc tiép véi composite BC/AgNPs. Tur d6 tinh duoc hiéu suat diét khuan ciia composite
BC/AgNPs d6i véi vi khuan dya trén mat d¢ khuan & timg mdc thoi gian (CFU/ml).

Cong thizc tinh mér dg khuan (1):

N (CFU/ml) = V—Df (1)

Trong do: N 12 mat do lghuén m?tu dem phan tich (CFU/ml); A la s6 khuén lac trén~m5i dia petri & d0 pha
long nhat dinh; V 1a th€ tich mau cay trén moi dia petri (ml); Df la do pha loang mau [18]
Cong thzc tinh higu suat diét khuan (2) nhw sau:
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H, (%) = %+ 100% 2)
Trong d6: Hy 12 hiéu suat diét khuan theo thoi gian n (%) N la mat do khuan cua mau d6i chung (CFU/m);
Nn 1a mat 6 khuan theo mdc thai gian n (CFU/mI) [19].
2.5. Phwong phap xir Ii s6 liéu
Két qua dugc phan tich bing phdn mém Statgraphics. S6 liéu ban kinh vong khang khuin dugc tinh trung
binh cua 3 1an lip lai. ANOVA dugc st dung dé so sanh su khac biét gilra cac nhom.
3 KET QUA VA THAO LUAN
3.1. Ché tao nano bac gin trén mang BC bang phwong phap khir in situ
Composite giita cellulse vi khuan va nano bac (BC/AgNPs) duoc tong hop bang phuong phép in situ véi
hai chét khir EG va NaBH, & 2 nong d6 nano bac 10 ppm va 25 ppm duoc thé hién ¢ hinh 2.

Hinh 2. Vat ligu BC duoc gin nano bac bang phuong phap tong hop truc tiép in situ. a) BC doi chung, b,c)
Composite BC/AgNPs sur dung chat khir NaBH4, d,e) Composite BC/AgNPs str dung chat khir EG,t°

Mau sic cua BC/AgNPs 10ppm, 25ppm st dung chat khir EG va BC/AgNPs 10ppm str dung chat khir
NaBH, c6 mau tring duc giéng voi mau BC déi chirng ban dau. Tuy nhién BC/AgNPs 25ppm st dung chat
khir NaBH4 c6 mau vang nhat.

Composite BC/AgNPs sau khi ché tao dugc kiém tra hinh thai bang kinh hién vi dién ta quét (Scanning
Electron Microscope, SEM) (Hinh 3). Hinh th&i bé mat cia mang BC dic trung boi mot mang ludi day dac,
gom céc soi cellulose nam lién ké, dan xen va chong 18n nhau. Hinh 3b va 3c thé hién hinh thai bé mat cua
BC/AgNPs 10 ppm va 25 ppm sir dung chat khir EG, c&c hat nano bac hinh ciu c6 kich (tir 40 dén 69 nm)
6n dinh, ddng déu, va phan bb déu va bam chic vao mang BC. Hinh 3d va 3e thé hién hinh théi bé mat cua
BC/AgNPs 10 ppm va 25 ppm sir dung chat khir NaBHs, cAc hat nano bac hinh cau c6 kich thudc ( tir 19
dén 25 nm) 6n dinh va dong déu. O composite BC/AgNPs st dung chét khir NaBH, cho kich thugc cac hat
nano bac nhé hon so véi BC/AgNPs sir dung chat khir EG vi Cac Ag* lién két vi nhém -OH trong cau
mang luéi BC, NaBH, 1a mot chat khir manh, khir Ag* thanh Ag®, tdc do tao thanh cac hat bac nhanh va
tao ra mot sb luong 16n cac hat bac khi d6 do giau mat do dién tich ty do nén cac AgP lién két chat chg voi
ciu trac BC va dugc bao vé khong trong gian cau tric 3 chiéu cia cac soi BC tir d6 1am giam su két tu cac
nano bac. C4c hat nano bac phan bé déu va bam chic vao mang BC thé hién manh 4i luc giita nano bac va
BC, mang BC cho phép cac phan tir khuéch tan vao, hinh thanh cic soi nano BC ¢6 ciu tric lién két bén
chit [20].
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Hinh 3. Két qua mau chyup SEM a) BC; b, ¢) Composite BC/AgNPs 10 ppm, 25 ppm su dung
chat khir EG; d, e) Compiste BC/AgNPs 10 ppm, 25ppm st dung chat khir NaBHa.

3.2. Kha ning khang khuan ciia mang BC/AgNPs trén dia thach

Dit composite BC/AgNPs sir dung chat khir NaBH, trén dia thach da cdy trai vi khuan khong thay xut
hién vong tic ché vi khuan ddi véi ca 4 vi khuan. Trong khi d6, composite BC/AgNPs sir dung chat khir EG
c6 kha ning tc ché vi khuan va tao vong khang khuan ddi vai 4 vi khuan. Ban kinh vong trc ché vi khuan
ctia cac composite ¢ su khac biét déi véi ting loai vi khuan (p<0,05). Ban kinh vong khang khuan 16n
nhét 1a dbi voi P. aeruginosa, tiép dén 1a E. coli, S. epidermidis va cudi cung 1a S. aureus. Thi nghiém caa
Tiana va cs (2017) [21], Indrianingsih va cs (2017) [22] cho thay composite cho vong khang khuan dbi véi
P. aeruginosa lon hon vong khang E. coli. Trong 2 nghién ctu trén con c6 két qua tao vong uc ché S.
aureus nho hon E. coli, trong tu nhu két qua ciia nghién ciu nay.
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Hinh 4. Khao sat kha nang khang khuan ciia composite BC/AgNPs d6i vai 4 chung vi khuan P.aeruginosa,
E.coli, S.epidermidis, S.aureus.

Composite BC/AgNPs st dung chit khir EG tao vong khang khuan d6i v6i 4 chung vi khuén nhu sau: Ban
kinh vong khang khuan ctia composite BC/AgNPs 10 ppm sir dung chat khir EG dbi véi P. aeruginosa la
0,27+0,06 cm, E. coli 14 0,25+0,09 cm, S. epidermidis va S. aureus la 0,17+0,06 cm. Ban kinh vong khang
khuan ciia composite BC/AgNPs 25 ppm st dung chat khir EG dbi v6i P. aeruginosa 1a 0,62+0,07 cm, E.
coli 12 0,43+0,12 cm, S. epidermidis 12 0,4+0,09 cm va S. aureus 1a 0,37+0,06 cm. Vong khang khuan dbi
v6i vi khuan P. aeruginosa cé ban kinh 16n hon so vi vong khang khuén cta vi khuén E. coli (p<0,05) va
16n hon hin vong khang khuén cua vi khudn S. epidermidis va S. aureus (p<0,05).
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3.3.Kiém tra kha ning diét khuan cia BC/AgNPs tiép xuc truc tiép véi dich khuan

3.3.1. Hiéu suit diét khuin ciia BC/AgNPs khir bang NaBH,

Vit liéu BC c6 nano bac dugc tong hop truc tiép tir mudi bac khi s dung chit khir NaBH,4 cho thdy kha
nang diét khuan ddi vai ca 4 loai vi khuan khao séat. Tuy nhién, thoi gian dat hiéu suat diét khuan ¢ timng
chung vi khuan 1a khac nhau (Hinh 5).

Hiéu suat diét khudn cua composite BC/AgNPs str dung chat khir

NaBH,
100 1 - J_ =T = - = - = -
O\\‘i 80 I
g 60 I I
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2 40
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Thoi gian
u E. coli BC/AgNPs 10ppm NaBH4 E. coli BC/AgNPs 25ppm NaBH4

P. aeruginosa BC/AgNPs 10ppm NaBH4 = P. aeruginosa BC/AgNPs 25ppm NaBH4
u S, aureus BC/AgNPs 10ppm NaBH4 u S, aureus BC/AgNPs 25ppm NaBH4
u S. epidermidis BC/AgNPs 10ppm NaBH4 m S. epidermidis BC/AgNPs 25ppm NaBH4

Hinh 5. Hiéu suit diét khuan caa composite BC/AgNPs sir dung chat khir NaBH, vai E.coli, P.aeruginosa,
S.areus va S.epidermidis.

Vi khuan E. coli khi tiép xtc véi composite chi 5 phut da bi tiéu diét toi 87% va 92% tuong ng Vi 2 ndng
d6 AgNPs 1 10ppm va 25ppm. Cung dé dai thoi gian tiép xtc sau 5 phat, 3 vi khuan gdbm P. aeruginosa,
S. epidermidis va S. aureus bi diét véi hiéu suat thip, dao dong khoang 31-45%. Hiéu suat diét khuan cua
BC/AgNPs dat 100% ddi vai E. coli sau 15 phut tiép xdc va kéo dai toi 30 phat dbi véi P. aeruginosa khi
sir dung NaBH4 & nong do 25ppm. Hai vi khuin Gram (+) S. epidermidis va S.aureus chi bi diét 100% sau
thoi gian tiép xuc 60 phat véi vat lieu BC/AgNPs dugc tong hop vai chat khir NaBH4 ¢ ndng do 25ppm.

E. coli la mot vi khuan Gram am nén c6 mang ngoali cau tao tir lipopolysaccharide, phan tir nay cua E. coli
gém 3 ving riéng biét vé ciu trac: lipid A (hydrophobic), mét oligosacarit 16i, khang nguyén O (O
polysaccharide) [23]. Khi AgNPs cta composite tiép xdc véi E. coli thi khang nguyén O 1a noi dau tién tiép
xuc vai AgNPs, vi hang rao bao vé mong nén E. coli sém bi diét. Hiéu suat diét khuan ddi vai E. coli cua
composite BC/AgNPs 25 ppm cao hon composite BC/AgNPs 10 ppm ¢ méc thoi gian 5 phat (p<0,05) va
diét khuan hoan toan & cac mébc thoi gian sau. Hiéu suét diét khuan E. coli ciia comp03|te BC/AgNPs 10
ppm va 25 ppm sir dung chat khir NaBH, ¢ cac mdc thoi gian khao sat ¢ su khac nhau va sy khac biét co
¥ nghia théng ké (p<0,05).

Theo nghién ctu cua Tatiana va cs (2017) [21], composite BC/AgNPs dwoc ché tao bang phuong phap khir
sir dung NaBH; di cho duoc hiéu qua khang khuan va diét khuan tét. Nong do AgNPs trong composite
BC/AgNPs thap nhat 12 0,0001M. Sau 24 gio tiép xc tryc tiép vai dich khuan thi cho hi¢u suat diét khuan
99,8-100 %. So voi thi nghiém cua Tatiana va cs thi & thi nghiém nay, composite BC/AgNPs da cho thdy
dugc kha nang diét khuan hiéu qua & ndng do thap trong vong thoi gian 30 phat déi véi mat do khuan 10°
CFU/mI. Tir d6 c6 thé thiy dugc kha ning diét khuan tot cia composite BC/AgNPs sir dung chét khir
NaBH, dbi vai vi khuan E. coli, composite c6 thé diét khuan ngay ca khi véi ndng do AgNPs thap.

Thoi gian diét khuan hiéu qua ddi véi P. aeruginosa cua composite BC/AgNPs 25 ppm sém hon composite
BC/AgNPs 10 ppm (p<0,05).

Kha ning diét khuan S. aureus d6i véi composite BC/AgNPs str dung chat khir NaBH; khi tang nong do
Ag* tir 10 ppm 1én 25 ppm thi ¢6 su khéc biét (p< 0.05) & mbc thoi gian diét khuan 15 khi ting nong do thi
hiéu suit diét khuan ciing tang. Tir 30 phut dén 120 phat khong c6 su khac biét nhiéu gitra ndng d6 10ppm
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va 25ppm. Hiéu suat diét khuan caa composite BC/AgNPs 10 ppm va 25 ppm sir dung chat khir NaBH, &
cac moc thoi gian khao sat co sy khac nhau, sy khac biét c6 y nghia théng ké (p<0,05). Hi¢u suat diét khuan
dbi voi vi khuan S. epidermidis ciia composite BC/AgNPs 25 ppm cao hon composite BC/AgNPs 10 ppm
& mdc thoi gian 5 phat, 15 phat (p<0,05) va diét khuan hiéu qua tir sau 30 phat ddi voi ca 2 ndng do
composite BC/AgNPs ¢ cac mdc thoi gian sau. Theo nghién ctiu caa Kalishwaralal va cs (2010) thi AgNPs
dugc ché tao tir AgNOs str dung chat khir NaBH4 c6 kha niang tc ché vi khuan S. epidermidis & nong do
dudi 50 mg/ml. O ndng d6 100 pM, vi khuan S. epidermidis bi tc ché 95 % kha ning tao mang sinh hoc
ddng thoi diét vi khuan dén 90 % sau 1 ngay tiép xuc [24].

3.3.2. Hiéu suit diét khuan cia BC/AgNPs khir biang EG

Tuong ty véi vat lidu duoc tdng hop nano bac trén nén soi cellulose bang chat khir NaBH, ¢ trén, vt liéu
st dung chét khtr Ethylene Glycol téng hop nano bac gin véi BC ciing cho kha ning diét khuan véi ca 4
chung khao sat. Vi khuéan E. coli bj diét voi hiéu suat dat hon 90% sau khi tiép xtc v6i composite chi 5
ph(t va bi diét hoan toan sau 15 phut tiép xtc. Khac vai composite duoc khir bang NaBHs, khi tiép xdc véi
vat liéu dugc khir bang EG vi khuan P. aeruginosa sau khi tiép xuc 15 phut chi bj diét voi hiéu suat thip
va chi dat hiéu suat 99% sau khi tiép x(c véi vat liéu 45 phat. Hai vi khuan G(+) S. aureus va S. epidermidis
bi tiéu diét hoan toan véi thoi gian tiép xtc 45 phat. Nhu vay VAt liéu tao nao bac trén BC khi sir dung chat
khir EG cho hiéu qua diét khuan G(+) véi thoi gian tiép xdc ngan hon so véi vat liéu duoc téng hop bing
chit khir NaBH,.

Hiéu suat diét khudn cua composite BC/AgNPs sir dung chat khir
Ethylene Glycol

2% & I l ;
~<§ 60
N
T il
5’ 15’ ’ 45’ 60’
Thoi gian (phut)
m E. coli BC/AgNPs 10ppm EG E. coli BC/AgNPs 25ppm EG

P. aeruginosa BC/AgNPs 10ppm EG = P. aeruginosa BC/AgNPs 25ppm EG
m S. aureus BC/AgNPs 10ppm EG m S. aureus BC/AgNPs 25ppm EG
m S, epidermidis BC/AgNPs 10ppm EG m S. epidermidis BC/AgNPs 25ppm EG

Hinh 6. Hiéu suét diét khuan cua composite BC/AgNPs sir dung chit khir EG véi E. coli, P. aeruginosa, S.
areus va S. epidermidis.

Hiéu suat diét khuan ciia composite BC/AgNPs 10 ppm va 25 ppm sir dung chét khir EG ¢ cac méc thoi
gian khao sét c6 su khac nhau va su khac biét c6 y nghia thong ké (p<0,05). Hiéu suét diét khuan dbi voi
vi khuan E. coli caa composite BC/AgNPs 25 ppm va composite BC/AgNPs 10 ppm gan nhu bang nhau &
cac méc thoi gian (p<0,05) (Hinh 6).

Lee va cs (2017) [25] da nghién ciru co ché tac dung khang khuan trén E. coli. Mot co ché méi cho tac dung
khang khuan ciia cac hat nano bac, cu thé Ia gay ra phan ing gidng nhu apoptosis ciia vi khuan, da duoc
mo ta. Ho quan sat thay sy tich tu cua céc loai oxy phan tng (ROS), tang nong d6 canxi trong té bao, phoi
nhiém phosphatldylserme ¢ mang ngoai cho thdy apoptosis sém, pha 0y tiém ning mang té bao, kich hoat
su thodi hda protein va DNA gidng nhu caspase. Apoptosis trong cac té bao vi khuin dwoc xir ly bang hat
nano bac. Vi vdy, AgNPs dugc khtr trén nén BC c6 kich thudc 10-20 nm diét khuan tét ngay tir méc thoi
gian 5 phut.

Hiéu suat diét khuan déi v6i vi khuan P. aeruginosa cia composite BC/AgNPs 25 ppm cao hon composite
BC/AgNPs 10 ppm & mdc thoi gian 5 phit, 15 phut, 30 phut (p<0,05) va diét khuan hiéu qua tir sau 30 phut
dbi véi ca 2 ndng do composite BC/AgNPs ¢ cac mdc thoi gian sau.
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Xueting va cs (2010) [26] da nghién ctru thanh cong co ché tac dong cua AgNPs trén P. aeruginosa ATCC
10145. Nhém nghién ctru da tim ra dugc su thay dbi trong sb luong proteln khi P. aeruginosa tiép xdc véi
AgNPs. Cu thé, c6 43 protein trong P. aeruginosa dugc bién d6i bao gébm 19 protein dugc diéu chinh ting
sb luong nucleic acid va 24 protein bi giam sé lwong nucleic acid sau qué trinh tiép xtc vai AgNPs. Sau
khi tién hanh phan tich, nhém nghién ctru da xac dinh dugc cac protein dugc diéu tiét boi AgNPs trén P.
aeruginosa mang chirc ning lién két, hoat dong xuc tac, hoat dong van chuyén, hoat dong cia yéu té phién
ma lién két axit nucleic, hoat dong chdng oxy hda, hoat dong cua bo chuyén doi phan tir va hoat dong mang
dién tu.

Hoat tinh diét khuan ddi véi vi khuan S. aureus dién ra trong 5 phut du tién khi tiép xtc. D6i véi composite
BC/AgNPs st dung chét khir EG khi tang ndng do Ag* tir 10 ppm I&n 25 ppm thi c6 su khéc biét (p< 0.05)
& méc thoi gian diét khuan 15 khi tang nong do thi hi¢u suat diét khuan ciing tang. Tir 30 phat ¢én 120 phut
khéng co su khac biét nhiéu gitta nong do 10ppm va 25ppm.

Hiéu suét diét khuan S. epidermidis cua composite BC/AgNPs 10 ppm sir dung chét khir EG & cac méc thoi
gian khao sat c6 su khac nhau nhung d6 léch chuan ¢ tirng méc thoi gian cua 3 lan lap lai thi nghiém bang
nhau. p<0,05 khéc biét c6 ¥ nghia théng ké giira hiéu suat diét khuan cua composite BC/AgNPs 10 ppm &
cac moc thoi gian khac nhau véi mirc d6 tin cay 95%. Twong tu, hidu suat diét khuan cua composite
BC/AgNPs 25 ppm sir dung chét khir EG & cac mdc thoi gian khao sét ¢ su khac nhau, sy khac biét c6 y
nghia thong ké (p<0,05).

4 KET LUAN

Viéc str dung chit khir NaBH4 va EG khtr mudi bac tao hat nano bac gén trén BC di tao duoc vat liéu
composite BC/AgNPs c6 kha ning diét ca vi khuan dai dién nhém Gram &m va Gram duong duoc khao sat
trong nghién ctru, gdm E. coli, P. aeruginosa, S. aureus, S. epidermidis. Tac dung diét khuan nho nano bac
clia composite gitp cho vt liéu vn di mang nhitng dic tinh tot cua BC, lai ¢ thém kha ning diét khuén,
tir d6 san pham cua nghién ciru ndy ¢ thé mang lai tiém nang ing dung l1am vat liéu hd trg dap vét thuong
chéng nhiém khuan.
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