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Tom tit. Nghién cttu nay trinh bay qua trinh t6ng hop hé nano nhii twong tir tinh dau sa
(Cymbopogon spp.) va chitosan, st dung séng siéu am két hop voéi natri tripolyphosphate
(TPP) nham nang cao tinh &n dinh va kha nang khang ndm. Cac mau nhii tuong nano duoc
thiét ké& ¢ va khong c6 bo sung thanh phan TTP dwoc khao sat cac tich chét caa hé nano, do
on dinh sau 90 ngay, cling véi khao sat tinh khang nam. Két qua cho thay, mau khong bo
sung TTP (nanoTDS-Chi3) va cdc mau c6 bd sung TPP (nanoTDS-Chi-TPP3 va nanoTDS-Chi-
TPP4) déu dat kich thudce giot 1ong dudi 200 nm cung voi chi s6 da phan tan (pDi) dwéi 0,3,
cho thdy su déng nhat cao trong cau trac hat. Dac biét, mAu nanoTDS-Chi-TPP3 thé hién kha
nang khang ndm t6t nhat véi hiéu luc te ché dat 100% d6i voi nam Colletotrichum musae QB6
gay bénh than thu trén qua chudi Gia lun (Musa AAA). Viéc b6 sung TPP da tao ra mang ludi
lién két chéo 6n dinh gitta cac hat chitosan, gitip duy tri hoat tinh sinh hoc va ngén ngtra tach
pha trong thoi gian dai, cu th&€ mau nano TDS-Chi-TPP3 van duy tri dic tinh ctia hé nano nhii
twong sau 90 ngay luu trit. Két qua nghién ctru nay mo ra trién vong phét trién cac giai phap
sinh hoc bén vitng va an toan trong noéng nghiép, huéng dén viéc nang cao chat luong san
pham va bao vé méi truong.
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Abstract. This study presents the synthesis of various nanoemulsion systems using
lemongrass essential oil (Cymbopogon spp.) and chitosan, employing ultrasound in
conjunction with sodium tripolyphosphate (TPP) to enhance stability and antifungal
properties. Nanoemulsion samples, both with and without TPP supplementation, were
investigated for their nanosystem properties, stability over a 90-day storage period, and
antifungal efficacy. Results indicate that the sample without TPP supplementation (nano TDS-
Chi3) and the samples with TPP supplementation (nano TDS-Chi-TPP3 and nano TDS-Chi-
TPP4) achieved droplet sizes below 200 nm and polydispersity index (pDi) values below 0.3,
reflecting high homogeneity in particle structure. Notably, the sample nano TDS-Chi-TPPs
demonstrated exceptional antifungal activity, achieving 100% inhibition against
Colletotrichum musae QB6, the pathogen causing anthracnose in post-harvest bananas. The
incorporation of TPP formed a stable cross-linking network among the chitosan particles,
maintaining biological activity and preventing phase separation over time; specifically, the
nano TDS-Chi-TPP3 sample retained its nanoemulsion characteristics after 90 days of storage.
These findings highlight the potential for developing sustainable and safe biological solutions
in agriculture, aimed at improving product quality and environmental protection.

Keywords: Chitosan, Colletotrichum musae, lemongrass essential oil, nano emulsion, sodium
tripolyphosphate

1 Giéi thiéu

Nano nhii twong tir tinh dau thién nhién da va dang thu hat sy quan tam 16n trong cac linh
viee bao quan thuc pham va ndng san do kha nang ngan ngtra vi sinh vat gay hai, giup kéo dai
thoi gian bao quan san pham [1]. Trong s6 cac loai tinh dau dwgc st dung, tinh dau sa
(Cymbopogon spp.) ndi bat nho kha nang khang khuan va khang ndm manh mé, ddc biét hitu ich
trong bao quan va kiém soat bénh trén cac san pham nong nghiép. Tuy nhién, tinh dau sa (TDS)
thuong dé bi bay hoi va phan huy khi gép dnh sang hodc nhiét d6 cao, gay kho khan trong viéc

48



jos.hueuni.edu.vn Tép 134, S6 2A, 2025

bao quan lau dai va duy tri hiéu qua hoat tinh. D& khéc phuc nhitng han ché trén, tinh dau sa c6
thé duoc nhii twong hda ¢ kich thude nano, tao ra mot hé nhii twong c6 kich thudc hat dong déu,
on dinh va gitup tang kha nang kiém soat giai phong hoat chat. Cac hat nhit twong nano nay c6
thé bao vé tinh dau sa khoi su phan huy va bay hoi, dong thoi tao diéu kién thuén 1oi cho kha
nang twong tac voi cac thanh phan khang khuén khac nhu chitosan (Chi). Chitosan, mot polyme
tw nhién voi tinh khang khuan khang ndm cao cting nhw phan huy sinh hoc cao, da dwoc chiing
minh 1& mot chdt mang ly tudng khi két hop voi cac tinh dau thién nhién, gitp tao ra hé nhi
twong nano tinh dau sa-chitosan (nano TDS-Chi) bén vitng va an toan cho mdi truong [2]. Tuy
nhién, nano TDS-Chi cling gap phai mot s6 han ché vé d¢ dn dinh, dac biét la khi luu trik dai han.
Dé nang cao tinh dn dinh, cac nha nghién cttu da 4p dung phuong phap rung siéu am, mot ky
thuét tao hat nano théng qua co ché phan cit manh mé, gitip lam giam kich thudc va dong nhat
kich thudc hat. Séng siéu am khong chi tang cvong kha nang phan tan ma con tao diéu kién toi
wu cho sy twong tac gitra tinh dau sa va chitosan, ttr d6 cai thién tinh bén ctua hé nhii twong nano.
Mot s6 nghién cttu nhw Liu va cs., Bao va cs., Ahari va Nasiri, Liu va Liu, Dat, Huong, cho thdy
rang rung siéu am hd trg tao hat nano c6 kich thude nho va dong déu hon, gitp ting cwong kha
nang bao quan va hoat tinh khang khuan ctia hé nhi twong nano [3-8].

Ngoai ra, d€ cai thién thém d6 on dinh va kha nang khang ndm ctia hé nano TDS-Chi, natri
tripolyphosphate (TPP) duwoc st dung nhu mot chat tao lién két ion trong ciu triic nhi twong.
TPP tao ra mot mang ludi lién két chéo véi chitosan, gitp cac hat nano TDS-Chi ¢ kha nang duy
tri cau tric 6n dinh hon trong thoi gian dai, giam hién tuwong két tu va phan huy do moéi truong
tac dong. Theo nghién ctru ctia Su va cs., viéc két hop TPP véi nano chitosan giup tao ra mot
mang ludi gel bao vé hat nano khoi tac ddng cua nhiét d¢ va anh sang dé hé nhii twong én dinh
[9]. Cung quan diém, Shah va cs. cling dwa ra cong bo vé st két hop hitu hiéu ciia TPP va Chitosan
trong qua trinh tong hop hé nhii twong Pickering (hé phan tan on dinh) ngan can qua trinh tach
pha ttr d6 gia tang tinh on dinh, d€ tng dung trong linh viec nuoéi trong thuy san [10]. Phuong
phép rung siéu am két hop véi TPP trong viéc tong hop nano nhii twong da cho thay hiéu qua
dang ké trong viéc 6n dinh cdu trtc va duy tri kich thudc hat dong déu [11, 12]. Rung siéu am
khong chi gitp tao ra cac hat nano nho hon, dong thoi véi sy hién dién ctia TPP, ma con gitp
tang kha nang bén viing ctia hé nhii twong, tr d6 duy tri hoat tinh sinh hoc cta tinh dau sa va
chitosan trong thoi gian dai. Nghién cttu ctia Travici¢ va cs. cho thdy, hé nano TDS-Chi c6 bd
sung TPP va xtt ly bang rung siéu am c6 kha nang khang ndm cao ddi véi mot loai nAm gay bénh
pho bién trén trai cay, gitp bao vé san pham néng san sau thu hoach [13].

Muc dich ctia nghién cttu nay nham tdng hop hé nano nhi tuong tir tinh dau sa va chitosan,
stt dung phuong phap rung siéu am két hgp vdi natri tripolyphosphate dé€ tao nén mot hé thong
on dinh, kich thudc hat dong déu va tht hiéu qua khang ndm. Cac cong thirc nhii twong nano
duoc danh gia qua cac chi s6 vé kich thudce giot 1ong, chi s6 da phan tan (pDI) va kha nang khang
nam d6i vai Colletotrichum musae trén chudi sau thu hoach. Két qua nghién cttu ky vong sé déng
gop vao linh vuc bao quan nong san, dong thoi mo rong kha nang ting dung ctia cac hé nano nhii
twong tir tinh dau thién nhién trong bao quan thuc pham.
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2 Vatliéu va phuwong phap

21 Vatliéu

Tinh dau sa (Cymbopogon spp.) duoc cung cdp bdi Phong thi nghiém Khoa Co khi va Cong
nghé, truong Pai hoc Nong Lam, Pai hoc Hué. Tinh dau duoc chiét xudt tir 1a va than sa twoi
bang phuong phap chung cat 16i cudn hoi nuée. Qud trinh chung cit dwoc thuc hién trong thoi
gian tir 4 dén 6 gio, 0 nhiét d¢ dao dong tir 100°C dén 105°C, dam bao t6i wu hoa hiéu sudt chiét
xudt va chét luong cta tinh dau. Sau khi thu duoc, tinh dau duoc bao quan trong lo thuy tinh t6i
mau va luu tri & nhiét d6 thdp d€ gitr nguyén cac ddc tinh hda ly. Chitosan c¢6 nguon gdc tir vo
tom cua (trong lwong phan tit 1,86x105 Da, khtt acetyl 85-90%) dwoc mua tir Cong ty TNHH
Chitosan Viét Nam. Acid axetic (Merck 64-19-7, Diic), Tween 80 va natri tripolyphosphate
(Kdchemical, Han Qudc) va cac thude thir hda hoc phan tich khac dugce cung cap boi Phong thi
nghiém Khoa Co khi va Cong nghé, truong Dai hoc Nong Lam va Khoa Hoéa hoc, trieong Dai hoc
Khoa hoc, Dai hoc Hué.

Nam Colletotrichum musae QB6 (C. musae QB6) gay bénh than thu hai chudi dugc cung cap
boi phong thi nghiém Vi sinh, B mén Cong nghé thuc pham, truong Dai hoc Nong Lam, Dai
hoc Hué. Nam duoc nudi cdy trén moi truong PDA (potato dextrose agar) ¢ 28 °C. Mot lit méi
truong c6 chita 20 g dextrose, 20 g agar va nudc ludc ctia 250 g khoai tay trang, bd sung nude cat
vira du.

2.2 Chuan bi nano nhii trong TDS-Chi c6 hd trg séng siéu am

Nano nhii teong TDS-Chi duoc diéu ché tir sy két hop gitta chitosan va tinh dau sa chanh
(TDS) véi su hd tro ctia song siéu am dé€ dat dugc cdu trac hat nano va kich thudce dong déu.
Trwdc tién, dung dich nhii teong TDS duwgc chuan bi bang cach phdi tron tinh dau sa chanh véi
chit nhit hoa Tween 80 6 ty 1€ 1:9 (w/w). Qua trinh trdn dwgc thue hién trén may khudy tir ¢ toc
d6 500 vong/phut trong 2 gio khong can gia nhiét. Sau khi hoan tdt qua trinh nhii twong, dung
dich TDS dugc phéi tron véi dung dich chitosan 1% (w/v). Hon hop nay tiép tuc dugc khudy déu
bang may khuay co hoc ¢ tdc d6 cao 1200 vong/phtit nham phan tan déng déu chitosan trong
pha nhii tuong. Tiép theo, hdn hop duogc xit Iy bing thiét bi siéu am & tan s§ 37 kHz trong thoi
gian 10 phut d€ giam kich thudc giot nhi twong xudng quy mod nano, dong thoi tang do 6n dinh
cta hé nhii twong thong qua hién twong phan tach hat va phan tan hat nho hon dwdi tac dong
cua lyc siéu am. Két qua thu duoc la cac dung dich nano nhi twong véi cac ty 1é phdi tron TDS
va Chitosan (w/w) khac nhau: 1:1, 0,75:1, 0,5:1 va 0,25:1, dwgc ma hda Ian lwot la nanoTDS-Chil,
nanoTDS-Chi2, nanoTDS-Chi3 va nanoTDS-Chi4.

2.3  Chuan bi nano nhii teong TDS-Chi c6 ho trg song siéu 4m va TPP

Nano nhii twong TDS-Chi dugc diéu ché bang phwong phap tao gel nhii tuong ion, gitta
su két hop gifra chitosan, tinh dau sa va natri tripolyphosphate (TPP), ciing s hd trg ctia séng
siéu am d€ tang cuong tinh 6n dinh va dong déu kich thuedc hat nano. Quy trinh diéu ché bit dau
béng viéc chuan bi dung dich nhii twong tinh dau sa (TDS) va ph6i tron véi dung dich chitosan
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1% (w/v) bang may khudy co hoc & t8c d6 1200 vong/phut véi cac ty 1é nhue nhu muc 2.2. Tuy
nhién, & phuong phap nay, nham tao mang lwdi gel va 8n dinh cau tric nano nhii twong, dung
dich TPP 5 mg/mL (w/v) dugc nhd tit tir vao hdn hop TDS-Chi va khudy & t6c do cao (1200
vong/phut) trong 15 phat dé€ dam bao TPP phan tng déu véi chitosan, hinh thanh céc lién két
chéo ion, tir d6 gia ting d6 bén ctia hé thong [14]. Cudi cting, hon hop duoc xtt ly bang thiét bi
siéu am & tan s§ 37 kHz trong thoi gian 10 phat nham giam kich thude giot xudng quy mo nano,
tang do dong nhat va on dinh cua hé nhi tuwong. Két qua thu duoc la cac dung dich nano nhi
tuong vdéi cac cong thitc twong tng dwoc ma héda la nanoTDS-Chi-TPP1, nanoTDS-Chi-TPP2,
nanoTDS-Chi-TPP3 va nanoTDS-Chi-TPP4.

2.4  Khao sat d 6n dinh caa nano nhii twong sau 90 ngay

Dé danh gia mic d6 6n dinh ctia hé nano nhii twong TDS-Chi, cdc mau nhii twong dwoc
theo doi dua trén chi s pDi va kich thudce giot 1ong qua thoi gian bao quan ¢ diéu kién thuong
sau 30, 60 va 90 ngay. Cac thit nghiém duoc 14p lai ba lan.

2.5 Khao sat dac tinh ctia nano nhii twong TDS-Chi

D¢ danh gia dac tinh cua hé nano nhi twong TDS-Chi, cac phép do da dugc tién hanh
thong qua xac dinh kich thude giot long va chi s6 da phan tan (pDi).

Kich thudc giot 1ong va chi sd da phan tan kich thudc hat (Polydispersity Index - pDi) duoc
xéac dinh bang phiong phap tan xa anh sang dong (DLS) trén may Malvern Zetasizer ZS. DPuong
kinh trung binh ctia tiéu phan duoc bidu dién duwdi thong s§ Z-average (d.nm) va dugc goi 1a hat
nano c6 kich thuéc giot 1ong (KTGL). Chi s8 pDi c6 gid tri nam trong khoang 0 dén 1. Khi pDi <
0,3: kich thuéc mau phan bé hep, pDi > 0,3: mau c¢6 khoang phan bg rong. Néu pDi qua 16n, gan
bang 1, kich thudc vurgt qua gisi han do ctia may (ISO 22412:2017) [15]. Tir &6, chon thong s anh
hudng thich hop cho qua trinh tdng hop nano nhii twong.

2.6 Khao sat kha ning khang ndm Colletotrichum musae QB6

Khao sat kha nang khang nam C. musae QB6 ctia nano TDS-Chi duoc tién hanh theo Vo
Van Qudc Bao va cong su [17]. Mau ndm C. musae QB6 duoc nudi cdy trong diéu kién tiéu chudn
0 nhiét d6 28 °C trong 8 ngay dé dam bao sy phat trién dong déu. Sau thoi gian nudi cay, mot
manh nadm c6 kich thude 2 x 2 mm duoc cat tlr ria tan ndm va dat vao trung tam cua cac dia petri
c6 duong kinh 9 cm, trong d6 chtta 15 mL dung dich hon hop gom moi truong PDA (Potato
Dextrose Agar) va nano nhii twuong TDS-Chi theo cac cong thitc can khao sat. Puong kinh tan
nam (PKTN) duoc do sau 8 ngay theo ddi bang thudc kep dién tir nham ghi nhan sy phét trién
cua ndm trong cac diéu kién c6 va khong co6 (ddi chiing) nano nhii twong. Hiéu qua khang ndm
cua hé nano nhii twong TDS-Chi duoc thé hién thong qua phan trdm tc ché sy phét trién cua
nam so véi mau ddi chiing. Cong thikc tinh phan tram e ché sinh treong [16] nhw sau:
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DKTN d6i chirng - PKTN miu

DKTN d6i chirng <100 %

Phéan tram trc ché (%)=

trong d6: DKTN ddi chting 1a duong kinh tan ndm trong mau khong cé nano nhii twong; DKTN mau la
duong kinh tan ndm trong mau chita nano nhii tuong

2.7  Phan tich thong ké

Cac thi nghiém dugc thiét k& theo mo6 hinh hoan toan ngau nhién. Phan tich phuong sai
(ANOVA) duoc thuc hién bang phan mém SPSS phién ban 19.1 d€ xac dinh su khac biét c6 y
nghia gitta cdc nhdm mau. So sanh cac gia tri trung binh duoc tién hanh qua kiém dinh Duncan’s
Multiple Range Test (DMRT) véi mitc y nghia p < 0,05.

3 K&t qua va thao luan

3.1 Tong hgp nano nhii trong TDS-Chi 4nh hwdng dén kich thudc giot long

Két qua cho thay, kich thudc giot long ctia cdc mau chiu anh hudng vao viéc bs sung TPP
cting nhuw ty 1€ phoi tron gitta TDS va Chi. Dac biét, cac mau co ty 1é TDS:Chi la 0,5:1 va 0,25:1 dat
kich thuée giot 1ong dwdi 200 nm, nam trong pham vi kich thwdc ctia hé nhii teong nano va thé
hién su dong nhat t6t, dap ung tiéu chudn ctua ISO 22412:2017 [15]. Sw d6ng déu trong phan bd
kich thwdce hat da dwoc khéng dinh boi Salvia-Trujillo va McClements khi nghién cttu d6 6n dinh
ctia hé nhii trong nano thong qua phuong phap do cau tric vi mo, cho thdy cac hat c6 kich thude
duéi 200 nm dat d6 déng nhat cao [18]. Dong quan diém, Balasubramani va cs. cing ghi nhan
rang viéc kiém soét kich thudc giot long déng vai trd quan trong trong viée cai thién do on dinh
va tinh dong nhat ctia hé nhii twong nano tir tinh dau V. Negundo [19].
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Hinh 1. Biéu d6 thé hién kich thuéc giot 1ong ctia cdc mau nhi twong TDS-Chi
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Hon nita, khi so sanh gitta cac cong thitc c6 va khong c6 TPP (Hinh 1), vai tro caa TPP
duoc thé hién rd rét. Mau nano TDS-Chi-TPP c6 kich thude giot long nho hon va c6 su khac biét
c6 y nghia thdng ké so véi mau nano TDS-Chi. Diéu nay cho thdy TPP déng vai trd quan trong
nhu mot tadc nhan lién két ion, tao ra mot mang lwdi gitip phéan tan cac hat dong déu hon. Cac
nghién ctu trudc day da chitng minh cho diéu nay: Bugnicourt va Ladaviére néu 1o rang viéc str
dung TPP trong cac cong thirc nhil twong nano giap tao ra cic lién két chéo gitra cac hat, tix d6
cai thién tinh d6ng nhat va kha ndng phan tan cta cac giot 1ong [20]. Tuong tu, Abdelgawad va
Hudson ciing khang dinh rang viéc bd sung TPP vao dung dich chtta chitosan da cai thién tinh
chét vat ly cua nano hat, bao gom kich thuwéc hat nho hon va d6 dong nhat cao hon [21]. Tuy
nhién, d€ dat tiéu chuén ctia h¢ nhit tvong nano theo ISO 22412:2017, can phai két hop khao sat
chi s6 pDi (Polydispersity Index) [15].

3.2  Téng hgp nano nhii trong TDS-Chi anh hwéng dén chi s6 pDi

Chi sd pDi (Polydispersity Index) 1a mét yéu t6 quan trong trong viéc danh gia si dong
nhdt cta kich thudc hat trong cac hé nha tuong nano [22]. Két qua cho thay chi s6 pDi cua cac
mau phu thudc vao ty 1& phéi tron gifta tinh dau sa (TDS) va chitosan (Chi), cling nhu sy bd sung
TPP. Cu thé, o tat ca cac ty 1€, khi thanh phan tinh dau sa giam dan, chi s6 pDi cling giam va nho
hon 0,3 khi bd sung 50 % va 25% so véi chitosan (w/w) va c6 khoang phan bd kich thudc hat hep
va dong déu t6t. Quan sat ty 1é TDS:Chi= 0,25:1 (Hinh 2), chi s6 pDi lai tang dan lén ciing nhu
kich thudc giot long da duoc néu ¢ phan trude (Hinh 1). Hién tuong nay cé thé giai thich, ty 1&
nay c6 nong do ctia cac tiéu phan qué loang dan dén mat do cac hat trong mot don vi thé tich
giam. Cac hat ¢6 xu huéng dao dong manh hon va nguoc lai, nong d cua céc tiéu phan qua 16n
6 thé lam giam kha nang nhi hoa, gay tang tinh lwu bién va anh hudng dén phép do tan xa anh
sang dong (DLS). Quan diém nay phu hop véi cong bd cua Panchal va cs., khi xac dinh chi s6 pDi
bang phuong phap DLS [23]. Bén canh d6, nghién ctru ctia Nguyén Thi Lan Hweong khi xac dinh
chi s6 pDi trong qua trinh tong hop nhii twong nano tinh dau buoi két hop nano bac ting dung
lam vat liéu khang khudn, chi ra rang gia tri nho hon 0,3 phan anh su dong nhat t8t ctia hé nhi
tuong [8].
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Hinh 2. Biéu d6 thé hién chi s§ pDi ctia cic mau nhii teong TDS-Chi
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Mau ky hiéu nanoTDS-Chi4 c6 chi s§ pDi béng 0,336 trong khi ¢6 mau nanoTDS-Chi-TPP4
van con duéi 0,3 (0,245). Két qua nay cang khang dinh vai tro ctia TPP trong viéc cai thién d6 6n
dinh va kha ndng phan tan ctia cac hat trong hé nhii tvong. TPP hoat dong nhw mét tac nhan lién
két ion, tao ra mot mang ludi lién két chéo gitra cac hat chitosan, tir d6 cai thién dd dong nhat va
on dinh cua hé nhi twong. Sw bd sung TPP gitp lam giam kha néng tach pha, qua dé ting cuong
tinh 6n dinh cho cac ing dung trong thuc pham va duoc pham, nhu dwge nhan manh trong cac
nghién cttu ctia Balasubramani va cs., Yousefi va cs. va Espinosa-Andrews va cs. [11, 19, 24].

Téng hop cac két qua tir Hinh 1 va Hinh 2 cho thdy cdc mau dugc ky hiéu nanoTDS-Chi3,
nanoTDS-Chi-TPP3 va nanoTDS-Chi-TPP4 déu dat tiéu chuan hé nhii twong nano theo ISO
22412:2017 va sé duoc chon dé€ khao sat tinh 6n dinh cting nhu thit kha nang khang nam C. musa
QB6 trong cac nghién cttu ti€p theo.

3.3 D¢ 6n dinh cta nano nhii twong TDS-Chi

Két qua tr biéu do6 cho thdy sy anh huong cua thoi gian bao quan dén d¢ 6n dinh cua cac
mau nanoTDS-Chi3, nanoTDS-Chi-TPP3 va nanoTDS-Chi-TPP4. Viéc lea chon ba mau nay dé
theo doi ti€p theo dua trén tiéu chi dap ung day du tiéu chudn hé nhi twong nano theo ISO
22412:2017, tao co so khoa hoc vitng chic cho cac nghién ctru mo rong. Chi s8 pDi va su thay ddi
kich thudc giot 1ong duwoc theo doi qua cac thoi diém 0, 30, 60 va 90 ngay da co su bién do6i nhat
dinh. Biéu d6 thit nhat (Hinh 3A) cho thay 16 su thay d6i trong kich thudc giot 10ng ctia cac mau
nhil twong qua thoi gian. Dang chti ¥, mau nanoTDS-Chi3 cé xu hudng ting kich thudc giot long
nhanh chéng, dat gid tri 212,1 nm sau 90 ngay theo ddi. Trong khi d6, cAc mau nanoTDS-Chi-
TPP3 va nanoTDS-Chi-TPP4, duy tri kich thudc giot l1ong 6n dinh hon qua thoi gian, cho thay
viéc bd sung TPP da c6 tac dong tich cyc trong viéc duy tri hé nhit hoa.

Bén canh d6, bi€éu d6 tht 2 (Hinh 3B) ciing cho thdy chi s6 pDi tang nhe tix 0 dén 90 ngay
va cac mau c6 bd sung TPP thé hién chi s pDi thdp hon so véi mau khong ¢ bd sung. Cu thé,
mau nanoTDS-Chi-TPP3 va nanoTDS-Chi-TPP4 van duy tri chi s8 pDi dwéi 0,3, cho thay su dong
nhat cao trong phan b kich thudc giot 1ong. Nguwoc lai, mau nanoTDS-Chi3 c6 gia tri pDi dat
0,312 ¢ ngay thtt 90, phan anh mttc 46 phan tan cao hon va sy khong 6n dinh trong hé nhi tuong.
K&t qua nay cang khang dinh viéc bd sung TPP khong chi gitip cai thién tinh dong nhat ctia hé
nhii twong ma con duy tri d6 on dinh trong thoi gian dai.

Vai tro cua TPP nhu mét chat lién két ion, tao lién két chéo gitra cAc nhém amine proton
héa (-NH3*) cua chitosan véi cac nhom phosphate (-P=0, -P-OH) ctia TPP. Mang ludi lién két
chéo nay giup On dinh cdu tric cac hat nano, han ché hién twgng két tu va duy tri tinh dong nhat
trong phan bd kich thudc. Lién két chéo ion nay khéng chi giam su chuyén dong tu do cua cac
tiéu phan ma con han ché nguy co tach pha trong qua trinh bao quan [25, 26]. Diéu nay cé y nghia
quan trong trong viéc phat trién va bao quan cac san pham nhii twong trong nganh thic pham
va dugc pham, noi ma tinh 6n dinh va hiéu qua la yéu t6 then chét. Cac nghién cttu trude day
cting dong quan diém véi két qua nay. Balasubramani va cs. da cong bé viéc st dung TPP khong
chi tao ra mang luwdi lién két chéo gitra cac hat chitosan ma con lam tang cuong tinh on dinh ctia
hé nhii twong qua thoi gian [19]. Twong tw, nghién clru ctia Yousefi va cs. khang dinh rang TPP
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dong vai tro quan trong trong viéc giam su tach pha va tdng ceong kha nang phan tan cua cac
hat trong hé thong nhii twong [24].
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Hinh 3. Biéu d6 thé hién kich thuéc giot 1ong (A) va chi s8 pDi (B) ctia cdc mau nhii tuong TDS-Chi
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Hinh 4 cho thay sau 90 ngay luu trit, mau nanoTDS-Chi3 (A3, khong bd sung TPP) xuat
hién hién tuong tdch pha va gidm dd trong sudt rd rét so véi cac mau cd bd sung TPP nhu
nanoTDS-Chi-TPP3 (A2) va nanoTDS-Chi-TPP4 (A1). Két qua phan tich kich thudc giot long va
chi s8 pDi ciing khang dinh nanoTDS-Chi-TPP3 va nanoTDS-Chi-TPP4 c6 tinh 6n dinh t&t hon
so v6i nanoTDS-Chi3. Nhiing két qua nay nhan manh vai tro quan trong ctia TPP trong viéc duy
tri d6 On dinh va kha ndng phan tan cta cac hat nhi tuong, tao tién dé cho cac tng dung tiém
nang trong nganh thuc phadm, duoc phdm va cong nghé nano.

Hinh 4. Cac mau sau 90 ngay luu trit: nanoTDS-Chi3 (A3), nanoTDS-Chi-TPP3 (A2) va nanoTDS-Chi-TPP4
(A1)

3.4  Khao sat kha ning khang ndm Colletotrichum musae QB6

Dé danh gid kha nang khang ndm, nghién ctu da st dung cidc mau nanoTDS-Chi3,
nanoTDS-Chi-TPP3 va nanoTDS-Chi-TPP4 sau 90 ngay bao quan trén ndm Colletotrichum musae
QB6 - tac nhan gay bénh than thw nghiém trong trén chudi Gia lun, mot loai chudi pho bién va ¢
gia tri kinh t& cao. N&m duwoc nudi cdy trén moi truong PDA ¢ 28°C. Két qua cho thdy cac mau
nano TDS-Chi, ngay ca khi khong b6 sung TPP, déu thé hién kha nang tic ché sy phat trién ctua
nam rat t6t. Trong khi d6, mau d6i chirng khong c6 dung dich nano cho thdy sw phat trién manh
mé, voi duong kinh tan ndm dat 9 cm sau 8 ngay.

Két qua tir Bang 1 va Hinh 4 cho thady nanoTDS-Chi-TPP3 c6 hiéu luc khang ndm cao nhat,
dat 100%, véi duong kinh tan ndm hoan toan bi tic ché. NanoTDS-Chi-TPP4 ciing dat hiéu qua
tec ché cao (97,02%), trong khi nanoTDS-Chi3 dat murc 89,72% v6i duong kinh tan ndm 1a 0,925
cm sau 8 ngay. Thoi gian theo doi 8 ngay dwgc lwa chon duya trén chu ky sinh treong cia nam
Colletotrichum musae, trong d6 nam thuong dat kich thudc tan t6i da va biéu hién ro rang cac dau
hiéu phét trién, gitip danh gia hiéu qua tic ché ctia cac mau nano mot cch toan dién. Két qua nay
chting minh réng viéc bd sung TPP trong cdng thitc nano TDS-Chi khong chi nang cao tinh 6n
dinh ctia hé nhii twong ma con tang cuong hiéu lwc khang nam déang ké.

56



jos.hueuni.edu.vn

Tap 134, S6 24, 2025

Bang 1. Hiéu lwec tic ch€ va duong kinh tan ndm Colletotrichum musae QB6 clia cac mau nanoTDS-Chi sau 8

ngay theo doi
~ Duong kinh tdn ndm (cm) Hiéu luc ttc ché sau 8
Mau - N N - ngay (%)
2 ngay 4 ngay 6 ngay 8 ngay
. 2,210 3,841b8 6,245¢ 9,000P
Dbai chiing 0,000
(+0,605) (x0412) (+1,117) (+0,000)
) 0,00024 0,0002A 0,00024 0,925b8
nano TDS-Chi3 89,72
(+0,000) (+0,000) (+0,000) (+0,102)
nanoTDS-Chi- 0,00024 0,00024 0,00024 0,00024 100,00
TPP3 (+0,000) (+0,000) (+0,000) (x0,000) ’
nanoTDS-Chi- 0,0004 0,00024 0,0002A 0,268b% 0700
TPP4 (+0,000) (+0,000) (+0,000) (+0,081) ’

Ghi chii: Cic chip cdi thé'hién sy khdc nhau ¢d i nghia thong ké & dg tin cdy p<0,05, trong dé a, b, ¢ theo ¢t va A, B,

C, D theo hang

Déi chiing

4 Két luan

nanoTDS-Chi3

nanoTDS-Chi-TPP3

nanoTDS-Chi-TPP4

Hinh 5. Cac mau ndm Colletotrichum musae QB6 sau 8 ngay theo ddi

Nghién cttu nay da téng hop thanh cong hé nano nhii twong tir tinh dau sa va chitosan, st
dung song siéu am két hop vdi natri tripolyphosphate d€ cai thién tinh 6n dinh va khao sat kha
nang khéang ndm. Két qua cho thay cdc mau nanoTDS-Chi3, nanoTDS-Chi-TPP3 va nanoTDS-
Chi4 c6 kich thudc giot 1ong dwdi 200 nm va chi sd da phan tan (pDi) dudi 0,3, cho thdy sy dong
nhat cao ctia hé nhii trong. Dac biét, cdc mau nay thé hién kha nang khang ndm vuot troi ddi véi
nam C. musae QB6 gay bénh hai qua trén chudi sau thu hoach, véi hiéu luc tee ché dat 100% sau 8
ngay d8i véi mau nanoTDS-Chi-TPP3. Sy bd sung TPP da tao ra mang ludi lién két chéo &n dinh
hon gitta cac hat chitosan, tir d6 giam thi€u sy tach pha va duy tri hoat tinh sinh hoc cta hé nha
tuong trong thoi gian dai. Dang cht y, mau nanoTDS-Chi-TPP3 van duy tri dic tinh ctia hé nano
nhii twong sau 90 ngay luu trit, cho thdy tinh 6n dinh bén vitng ctia san phdm. Nhiing két qua
nay mo ra trién vong cho viéc tng dung cac hé nhii twong nano ttr tinh dau thién nhién trong bao
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quan thye phadm va nong san, goép phan phat trién cdc giai phap sinh hoc an toan va hiéu qua
trong nong nghiép.
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