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TOM TAT:

‘Trong nghién ctru ndy, nano ddng dugc tong hop bang phuong phap khir hoa hoc Cu?* vai
chat khir NaHB, trong chat 6n dinh chitosan. Pic tinh cia hat nano ddng duoc xac dinh bang
pho UV-Vis, nhleu xa tia X (XRD) va kinh hién vi dién tu’ truyén qua (TEM). Hiéu qua khang
nam cia CuNP duoc dénh giad bang thir nghiém chong nam Fusarium oxysporum ¢ cac nong
d6 khac nhau tir 20 - 100 ppm. Két qua cho thdy, cic miu hat nano dong da trc ché dang ké sy
phat trién ctia Fusarium oxysporum va duong kinh hat cang nho thi higu qua khéng nam cang
cao. Cac hat nano dong c6 kich thudc 26,5 nm cho thay hiéu qua khang nim cao hon cac hat
nano dong 29 nm. Sy trc ché hoan toan dwoc quan sat thiy & ndng do >80 ppm sau 1 ngdy va
tham chi 7 ngay nudi cay d6i véi mau 2.0 CuNP (26.5 nm), trong khi nAm van ton tai trén cac

dia PDA chwira 1.5 CuNP (29 nm).

Tir khéa: hoat tinh khang nam, bénh thuc vat, fusarium oxysporum, nano déng.

1. Pit van dé

Trong nhiéu thap ky, ion Cu** da duoc sir dung
1am thudc diét nAm trong ndng nghiép. Tuy nhién, sy
tich tu ion Cu?* trong hé sinh thai dat s& gy bat loi
cho moi truong. Vi vay, viéc thay thé cac hat nano
ddng cho ion Cu?* 14 can thiét dé phat trién cac loai
thudc diét nAm hiéu qua l4u dai, than thién véi moi
truong va tiét kiém chi phi.

2. Téng quan nghién ctru

Pong 12 mot vi chét dinh dudng thiét yéu dé duy
tri sttc khde va dinh dudng hi€u qua cho cay tréng Né
dong mot vai tro quan trong trong qua trinh tong hop
chat diép luc, sic t6 thuc vat va chuyén hoa protein,
ciing nhu carbohydrat (Rai et al, 2018). Thiéu Cu c6
thé dan dén nhiéu bénh khac nhau & cay trong dan dén
giam ning suat. Sy thiéu hut Cu ciing 4nh huong dén
su phat trién sinh dudng, hinh thanh hat, qua va giam
su phén chia té bao. Hon nita, Cu va cac hop chét cta
n6 c6 hoat tinh diét khuan va diét nAm vuot trdi, do
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d6 ching dugc st dung dé kiém soat cac bénh trén
cay trong. Dung dich Booc-d6 (Bordeaux) da dugc
biét dén trén toan cu, vi né 1a mot loai thude diét
nam hiéu qua bao gdm dong sunfat va nudc voi. Hon
hop nay duoc cac nha khoa hoc Phap phat minh va
phat trién thanh chét bao vé thyuc vat chdng lai bénh
swong mai lay nhiém trén cay nho (Gadi and Jeffrey
G., 2009). Dong sunfat 1a thanh phan chinh trong hau
hét cac loai thude diét nAm co ban trén thi trudng cho
trang trai va vuon tugce. Hién nay, canh tac hitu co
dang duoc ap dung nham tim kiém chét thay thé dong
trong bao vé cdy trong va giam thiéu lugng Cu bén
vao. Tuy nhién, khéng c6 hoat cht, ky thuét hodc
phuong phap nao co thé thay thé hoan toan cho Cu
(Stefan va cong su, 2018).

Viéc sir dung hoa chit nong nghiép dé chdng lai
bénh cdy trong c6 loi ich kinh té truc tiép giam mét
mua. Tuy nhién, viéc sir dung thudng xuyén thudce
trir sdu voi s6 lwong 1on da gay ra téc hai to 1on cho
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con nguodi va mai truong do tich tu du lugng trong
san pham va dat (Elizabeth va cong sy, 2018). Hon
nita, viéc sir dung tac nhan nay da dan dén kha nang
khang thudc cua cac vi sinh vat (Aflag va cong su,
2022). Nhu vay, viéc ting dung cong nghé nano trong
ndng nghiép ngay cang dugc quan tam boi ing dung
bao vé thuc vat, thic déy tang truong thyc vat, hoat
dong khang nam va khang khuan. Pic biét, hat nano
ddng gan day dugc quan tim nhiéu hon, vi tinh hiéu
qua vé mit chi phi, hat nano ddng (CuNP) ré hon
nhiéu so voi hat nano bac hogc vang. Xu Iy CuNP
cho cay trong cho thay higu qua thiic day tang truong
Ve chiéu cao ciy, chleu dai ré, trong luong ré, s6 not
san, trong luong ndt san va s0 luong qua trén moi
cdy trong ca thi nghiém trdng trong chau va dong
rudng (Chunwei va cong su, 2006)

Gan day, qua cac khao sat cho thdy viéc két hop
CuNP vao cac polyme tu nhién, cu thé nhu xenlulo,
tinh bot va chitosan di ting cuong dang ké hoat
tinh khang khuan va khang ndm ciia né (Arjunan va
cong su, 2017, Margarita va cong su, 2017). CuNPs-
Chitosan c6 thé két hop cac dic tinh cia polyme sinh
hoc va dong nano, lam ting cudng hiéu ing cong
hop cua cac thanh phan, do d6, viéc img dung chung
c6 thé hiéu qua hon so véi viée st dung riéng 1é.

Trong nghién ctru ndy, CuNP dugc tong hop bing
phuong phap khir hoa hoc. Dung dich keo CuNP
duoc tao thanh tir dung dich ion Cu?** 20 mM bang
cach khir natri borohydrua (NaBH ) & 80°C. Chitosan
dugc st dung lam tac nhan on dinh cho hat nano
dong. Céac dic tinh hoa 1y va hoat tinh khang ndm
ctia CuNPs-chitosan chdng lai Fusarium oxysporum
da duoc nghién ctru.

3. Vit liéu va phuwong phap

Tét ca cac hoa chit déu thudc loai phan tich. Mudi
pentahydrat ddng (11) sunfat CuSO,,5H,0 ¢6 d¢ tinh
khiét 98,0% (Merck). Sodium borohydrlde (NaBH4,
Reagent Plus 99,0%) tir Sigma-Aldrich duoc su
dung lam chat khu chinh, trong khi axit ascorbic
(99,7%, Prolabo) dugc sir dung lam chit chong oxy
hoa cho keo nano déng. Chét 6n dinh chitosan c6 do
deacetyl khoang 80% va Mw = 1,06 x 105. Nudc cét
duogc st dung cho pha ché dung dich.

3.1. Ché tgo nano dong

Hoa tan 10 mL CuSO,.5H,0 (0,1 M) trong 90 mL
dung dich chitosan & nong do 1.5 va 2.0 % (w/v, g/
mL) bang dung moéi axit lactic. Sau d6, thém 0,5 mL
axit ascorbic - C.H,O, (0,01M) khudy manh & 80°C
trong 15 phut. Tlep theo nho tir tir 0,5 mL thé tich

chat khir NaBH, (4 mM) vao hén hop trén cho dén
khi mau chuyen tir hoi xanh sang tia dam ching té
d3 hinh thanh CuNP. Khudy lién tuc trong 20 phat
cho dén khi phan tmg xay ra hoan toan. Mau nano
dong véi 1.5% va 2.0% chitosan dugc ky hidu lan
luot 12 1.5 CuNP va 2.0 CuNP.

3.2. Dic trung ciia nano dong

Ph6 UV-vis ciia keo CuNP duoc ghi trén may
quang phd Jasco V- 630 budc séng tir 200-600 nm,
anh TEM cua CuNP dugc chup trén kinh hién vi dién
tor JEOL, JEM-2100, gia toc 120 kV. CuNP ran dugc
tach khoi chét keo bang cach ly tam siéu téc 40.000
vong/phiit, sau d6 say kho & 80°C. Mau nhiéu xa tia
X (XRD) cta CuNP tinh thé duoc do trén thiét bi
Shimadzu 5A véi bic xa CuKa (25 kV va 25 mA),
quét & tbe d6 0,5¢/phut tir 5 dén 80° (260). Hat nano
ddng tinh thé da duoc udc tinh bang cach s dung
cong thirc Debey-Scherrer:

D =kA/(p cosb) €))

Trong d6, k = 0,89, A 1a budc song cua tia X
(1,5405 A), B 1a @6 ban rong cuc dai (FWHM), 0 1a
goc nhiéu xa (Bragg) va D 14 kich thudc duong kinh
hat (Muhammad va cong su, 2012).

3.3. Thi nghiém hoat tinh khdng nim

Cic miu nam Fusarium oxysporum (F.
oxysporum) dugc phan lap tir ca chua bi nhiém bénh,
sau d6 dugc nudi trén moi truong thach D-glucose
khoai tiy (PDA). Moi truong nay bao gom 1000 mL
nudce cét, 200 g/L chiét xuat khoai tay, 20 g/L agar va
20 g/L glucose. CuNP keo & néng do 0, 20, 40, 60,
80 va 100 ppm duogc dua vao méi trudng PDA, hip
& 121°C trong 15 phit. Tiép theo, lac hdn hop rdi do
vao dia petri da khu trung (90x15 mm). M6i trudong
chira CuNP dugc u ¢ nhiét d§ phong trong 48 gio.
Sau d6, mdi dia Petri dugc céy vao trung tim mot
dia soi nAm (duong kinh 6 mm) liy & khuén lac F.
oxysporum, dugc trong trén PDA. Sau khi u & 28°C
trong 1,2, 3, 4, 5, 6 va 7 ngay, ghi nhan sy phat trién
cua soi nam. Su uc ché duoc xac dinh khi sy phat
trién ctia soi ndm trong dia ddi chimg dat dén mép
dia petri. Cong thirc dé tinh hiéu tmg trc ché ting
truong (%) dugc Margarita mo ta nhu sau:

dl.’.‘ - dn
d— X 100 (2)

0

Hiéu wng rc ché (%) =

Trong do, d, 13 dudng kinh phat trién ndm trong
cac dia aoi chu’ng vad, 1an luot 1 duong kinh phat
trién ndm trong cac dia c6 CuNP (Margarita va cong
su, 2017).
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Tét ca cac thir nghiém vé su phat trién cua nim
duogc thyc hién 3 1an va dir liéu dugc trinh bay dudi
dang do 1€ch chuan trung binh.

4. Két qua va thao luan

4.1. Ché tao nano dong bang phwong phdp khir
hoa hoc

Trong nghién ciru nay, CuNP dugc diéu ché bang
cach khu m}léi dong - CuSO A bang tac nhﬁr} NaBH,
trong chat on dinh chitosan & 80°C va chat chong
oxy hoa axit ascorbic. Co ché khtr ion Cu2+ thanh
nguyén tir Cu® va keo tu tao nano ddng c6 thé dugc
dé nghi nhu sau:

Cu*+2BH,; — Cu’+BH +H, (3)

nCu’ — Cun (4)

nCu*R — nCu’R — Cu R (R chitosan) (5)

Sy hinh thanh keo CuNP c¢6 thé duoc quan sat
bang mét, boi sy thay ddi mau cua hdn hop tir xanh
lam sang do tia. Su lién két cua Cu va chitosan dat
dugc thong qua su tao phuc ctia cd hai nhom amin
va hydroxyl véi ion Cu?', sau d6 1a nguyén tir Cu.
Ngoai ra, cac nhom amin khac cua chitosan trong
moi trudng axit dugc proton héa dé tao thanh cac
ion -NH?**, do @6 cac hat nano kim loai nhu CuNP ¢6
thé duoc on dinh béi chitosan thong qua luc day tinh
dién, cling nhu lyc can khong gian chelate (Hanh
cong su, 2017). Viéc st dung polyme sinh hoc lam
chat 6n dinh va chat khir 1a mot giai phap than thién
v6i moi truong thay thé cho cac dung méi hiru co
ddc hai (Appu va cong su, 2015).

Trong qua trinh khur Cu?* thanh Cu® va keo tu
thanh ?uNP, qua trinh oxy hoa thanh Cu,O hodc
CuO d¢ dang xay ra, do do6 axit ascorbic dugc thém
vao hon hop ban déu dé ting cudng kha nang khir va
chéng oxy hoa, nham loai bo céc géc tu do va cac
phéan tir oxy phan ting (Hanh cdng su, 2022).

Phén tich quang pho hap thu UV-vis dé x4c nhan

keo nano dong (Hinh 1). Dinh hip thy ctia nano Cu
c6 budc song trong vung 500-600 nm (Alejandro
cong su, 2020). Anh hudng cua nong do chitosan
dugc chimg to qua sy dich chuyén dinh hap thy A =
575,5 nm dén A =574 nm twong tmg dbi véi CuNP
dang keo trong 1.5% va 2.0% chitosan. Diéu nay
c6 nghia kich thudc cua CuNP giam va do phan tan
CuNP t6t hon khi ting nong d6 chit 6n dinh. Nong
d6 chitosan dugc duy tri & dung dich 1.5 va 2%, vi
diéu nay cung cip du chitosan dé on dinh CuNP va
ciing cho phép d6 nhét ctia dung dich chép nhan
duogc & nhiét 46 phong.
Hinh 1: Phé UV-Vis: a) Cu?; (b) 1.5 CuNPs
and (c) 2.0 CuNPs
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4.2. Pic trung ciia hat nano dong

Hinh 2 cho thay cic dinh nhiéu xa ctia CuNP tir
20-80°, cac dinh xudt hién ~ 25° ¢6 thé do cau tric
cua chitosan (Muhammad cdng su, 2013). Cac goc
Bragg 20 = 43,3°, 52,1° va 74,2° lan luot 13 cac mit
phang (111), (200) va (220) cua tinh thé dong. Két
qua nay phu hop véi céac vi tri dinh XDR cua Cu da
dugc cong bd trude day (Vippola cong su, 2016). Do

Hinh 2: Gién dé XRD cta 1.5 CuNP (a) vad FWHM & 2 ~ 43° (b): 1.5 CuNP (b1)

va 2,0 CuNP (b2)
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Hinh 3: Anh TEM: a) 1.5 CuNP and b) 2.0 CuNP
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ban rong cuc dai (FWHM) ctia dinh nhiéu xa (111)
~ 439 trong Hinh 2b dugc st dung dé xac dinh kich
thudc tinh thé trung binh theo cong thitc Debye-
Scherrer (1). Kich thuéc tinh thé cia CuNP duoc xac
dinh 29 nm va 26,5 nm tng véi cac mau 1.5 CuNP
(Hinh 2 (b1)) va 2.0 CuNP (Hinh 2 (b2)). Khi cac
nhan dugc hinh thanh, chung c6 xu hudng tip hop
lai dé¢ lam giam t6ng ning lugng bé mit. Viéc sir
dung chitosan lam chét 6n dinh kich thuéc hat nano
trong nghién ctru nay gitip tranh sy két tu cua cac hat
nano bang hiéu tmg khong gian. Nhu vy, kich thudc
CuNP nho6 hon khi ndng d¢ chitosan cao hon & ciing
diéu kién phan tng. Anh TEM cung cap thong tin vé
hinh thai ctia hat nano (Vippola cong su, 2016). Hinh
3 cho thiy CuNP c6 dang hinh cau va su phan bd hat
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turong dbi dong nhat va khong c6 su két ty.

Thir nghiém khang nam duoc thyc hién véi cac
mau gébm 1.5 CuNP (Hinh 4, diy A) va 2.0 CuNP
(Hinh 4, day B) tuong trng v6i duong kinh cia CuNP
khoang 29 nm va 26,5 nm. Hoat tinh khang nim ctia
CuNP téng hop dugce danh gia bang cach do duong
kinh niAm cua cac dia thuc nghiém. Hinh 4 thé hién
su {rc ché ting truong ctia ndm F. oxysporum trén céc
dia nudi ciy CuNP & cac nong do khac nhau 1a 20,
40, 60, 80 va 100 ppm, sau thoi gian U 7 ngay.

Trong hau hét cac trudng hop, dudng kinh ndm &
cac mau duoc bd sung CuNP déu nhé hon so véi cac
mau ddi chimg khong c6 CuNP (PC), dic biét thé
hién r& & nong do >40 ppm ddi v6i 2.0 CuNPs (day
B) va >60 ppm ddi voi 1.5 CuNP (diy A).

Hinh 4: Anh chup su Gc ché tdng trudng ném F. oxysporum bdi CuNP & cdc ndng dé: 0 ppm
(PC), 20 ppm, 40 ppm, 60 ppm, 80 ppm va 100 ppm sau 7 ngdy U bénh :(A): 1.5 CuNP, and
(B): 2.0 CuNP
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Trong nghién ciru nay, hiéu qua khang nim c6
thé duoc giai thich bang co ché “diét tiép xuc”
ctia hat nano déng di duoc nhiéu tic gia cong bd
(Gregor cong su, 2011; Ma cong su 2022) . Khong
c6 vi sinh vat sdng sot tir bé mat dong sau khi tiép
xtc kéo dai boi sy ton thuong mang té bao, tir su

5. Két luin

Hat nano ddng/chitosan dwoc téng hop bang
phuong phap khir héa hoc bang NaHB, voi Cu*
ion. Céc k¥ thuét phan tich nhu pho UV Vis va anh
TEM da xac nhan su hinh thanh cac hat nano déng
trong chitosan. Két qua thir nghiém in vitro cho thay

truong 16n va bién mat cua khong bao. Sy két hop
gitta CuNP va chitosan mang lai tdc dung “cdng
hop” 18n hoat tinh khang ndm cua céc thanh phan.
Hoat dong truc tiép cua chitosan chéng lai virus, vi
khudn va nim da dugc cho 1a ngimg hoat dong sao
chép va lan rong (Xing cong sy, 2015). Hoat tinh
khang ndm mau 2.0 CuNP hiéu qua hon 1.5 CuNPs
boi 2 yéu t6, d6 1a kich thudc hat nho hon va ndng
do chitosan cao hon.

CuNP tc ché dang ké sy phat trién cia mam bénh
F. oxysporum d6i véi cay trdng nhiét déi theo kich
thudc ciia CuNP. Céc thi nghiém ban dau da ching
minh CuNP ¢6 trién vong st dung lam thude diét
nam theo cach ché tao don gian va tiét kiém chi
phi. Tét nhién, cac thir nghiém in vivo sau hon vé
hiéu qua khang nam, ciing nhu tic dong cia CuNP
dén moi trudng va cac sinh vat c6 lgi khac s€ dugc
nghién ctru trong tuong laim
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ABSTRACT:

In this study, copper nanoparticles (CuNP) were synthesized by chemical reduction of Cu*
with reducing agent NaBH, in a chitosan stabilizer. Characterization of CuNPs was performed
using UV-Vis spectra, X-ray Diffraction (XRD) patterns and Transmission Electron Microscopy
(TEM) images. The ability of CuNP to inhibit the growth of Fusarium oxysporum was investigated
at concentrations between 20 and 100 ppm. The results showed that CuNP samples significantly
inhibited the growth of Fusarium oxysporum, with smaller particle diameter exhibiting a higher
antifungal effect. The 26.5 nm CuNPs displayed greater antifungal efficiency than the 29 nm
CuNPs. Complete inhibition was observed at a concentration of > 80 ppm after 7 days of culture
for the 2.0 CuNP (26.5 nm) sample, while the fungus remained viable on PDA plates containing
1.5 CuNPs (29 nm).

Keywords: antifungal activity, plant pathogen, Fusarium oxysporum, copper nanoparticles.
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