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LOI CAM DOAN

T6i xin cam doan ludn an: “Nghién ciru ché tao va khao sat hiéu qua phong trir
nam Colletotrichum truncatum gy bénh than thu trén cdy dau nanh (glycine max)
cua phtrc oligochitosan-Zn?>* 1a cong trinh nghién ctru ctia chinh minh duéi sy huéng
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an duogc hoan thanh trong thoi gian t61 lam nghién ctru sinh tai Hoc vién Khoa hoc va

Cong ngh¢, Vién Han l1am Khoa hoc va Cong ngh¢ Viét Nam.

Ha Noi, ngay  thang 3 nam 2024

Tac gia luan an

NCS. bang Van Phu
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LOI CAM ON

Luan an nay dugc hoan thanh tai Vién Sinh hoc Nhiét déi - Vién Han 1am
Khoa hoc va Cong nghé Viét Nam. Trong hanh trinh nghién ctru va hoan thanh luan
an, tac gia da nhan duoc nhiéu sy gitip d& quy bau tir cac thay co, cic nha khoa hoc,

cac ddng nghiép, ban bé va gia dinh.

T6i mudn biéu dat 10ng biét on sau sic dén TS. Bui Duy Du va GS.TS. Nguyén
Quéc Hién di tan tinh huéng dan. Nhiing kién thuc sau rong va sy chi dan tan tim
clia cac thly da thuc diy su phat trién cua em trong linh vuc nghién ctru ndy. Em da

hoc duoc rat nhiéu tir cac thay va ludn tran trong nhiing gia tri dy.

T6i xin bay t6 long biét on dén cac thay ¢, cac ddng nghiép va tip thé Vién
Sinh hoc Nhiét déi da truyén thu kién thtrc va tao moi diéu kién t6t nhat cho toi trong
subt qué trinh hoc tap va thuc hi¢n dé tai luan an; cam on Trung tdm Nghién ctru va
Trién khai Cong nghé Birc xa, Trung tim Nghién ciru va Phat trién Nong nghiép Cong
ngh¢ cao da tao diéu kién cho toi téng hop vat li€u va thur hoat tinh cta ché phém; Xin
cam on Trung tim Khao nghiém Cay trong, Hung Loc, Dong Nai da tu van va thuc
hién khao nghiém ché pham; biét on nhitng ngudi di cing tham gia nghién ciru, cac
dong gop do lam cho nghién ctru nay trg nén co6 gia tri va y nghia.

T6i cling xin giri 101 cam on dén Ban Lanh dao Hoc vién Khoa hoc va Cong
nghé va Vién Sinh hoc Nhiét d6i di giup dd, hd tro moi mit tan tinh va tao diéu kién

thuan loi cho t6i dé hoan thanh luan an.

T6i chan thanh cam on gia dinh, ban bé va nhitng nguoi than da luén quan
tam, khich 1¢, dong vién t6i trong sudt qua trinh hoc tap va nghién ctru. Tréan trong

cam on tit ca moi ngudi./.
Ha Noi, ngay  thang 3 nam 2024
Tac gia luan an

///

NCS. bang Van Phu
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MO DAU

1. Dit vin dé

Oligochitosan (OC) la loai polysaccharide ty nhién c6 khdi lwong phan tir
(KLPT) thip duogc ché tao bang phuong phap cit mach chitosan boi cc tac nhan nhu
enzyme, héa hoc va buc xa. OC da duogc nghién ctru va minh chirng 1a khong ddc, c6
kha ning trc ché vi sinh vat gdy bénh, c6 hiéu ung kich khang va phong trir d6i véi
nhiéu loai bénh gay hai trén thuc vat. OC c6 KLPT < 10 kDa thé hién hiéu ung kich
khang bénh hiéu qua.

Ciing nhu chitosan, OC ¢6 kha ning tao phirc v6i nhiéu ion kim loai nhuw Cu?*,
Zn**, Mn?*, Fe¥,... thong qua lién két phdi tri v6i nhom amin (-NHz) va nhém
hydroxyl (-OH) trong phén tir OC, 1am ting cudng kha niang khang khuan, khang
nam. Trong d6, phitc OC-Zn2* dugc quan tim nghién ctiru va sit dung phong trir bénh
cho cdy trong. K&m 13 nguyén t6 vi luong thiét yéu cho su sinh truéng, phat trién va
c6 vai tro trong viée ting cudng cac phan ing phong vé ctia cdy trong. Mot sé nghién
ctru dd minh chimg phtrc OC-Zn?* ¢6 kha ning khang vi khuan, nim bénh cao hon tir
2 — 8 1an so véi OC va 4 — 16 1an so véi Zn>". Ngoai ra, viéc st dung kém trén thuc
vat con lam ting tich ity vi chét dinh dudng thiét yéu trong ndng san ma thudng thiéu
hut trong ché do an uéng cua con ngudi. Vi vay, phirc OC-Zn?* 1a loai vat liéu tiém

nang c6 thé tmg dung trong san xuit nong nghiép an toan.

Trong san xuit néng nghiép tai Viét Nam, dau nanh (Glycine max) 1a cay trong
quan trong vi 13 cdy thyc pham lau doi, 13 ngudn cung cép protein cho ngudi va vat
nuoi. Dién tich tréng dau nanh tai Viét Nam theo théng ké dén nam 2020 1a 166.000
ha véi san luong dat 265.000 tdn nhung chi dii cung cip 8 — 10% cho nhu ciu st
dung trong nudc. Vi viy, phat trién san xuit dau nanh dé dap ing nhu cau 1a hudng
di dtng dan. Xu hudng toan cu trong san xuit nong nghiép an toan ndi chung va dau
nanh noi riéng, viéc kiém soat cac loai bénh hai thuong xuyén do nam Colletotrichum
truncatum, Fusarium solani,... bang ché pham nhu phirc OC-Zn?" 1a can thiét. Tuy
nhién, tac dong cua phirc OC-Zn2* d6i voi mdi loai ciy trong va mdi loai vi sinh vat
gay bénh la khac nhau, trong d6 kha nang phong trir bénh than thu ctua phtre trén cay

dau nanh do nam C. truncatum chua dugc nghién ctru.

Vi céac 1y do trén, chiing t61 chon va thuc hién dé tai “Nghién ciru cheé tao va

khao sat hiéu qua phong trir nAm Colletotrichum truncatum giy bénh than thw

trén ciy dau nanh (Glycine max) cia phire oligochitosan-Zn**”

V6i myc tiéu: Nghién ciru ché tao san pham phtrc oligochitosan-Zn?* ¢ hiéu
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Iic phong trir bénh than thu hiéu qua trén cay ddu nanh dé ing dung 1am chat bao vé

cay trong ngudn gde sinh hoc, phuc vu phat trién néng nghiép an toan, bén virng.

2. Noi dung chinh cida luian an

Nghién ctru ché tao oligochitosan (OC) ¢ khdi lugng phan tir (KLPT) tir 2 —
8 kDa bang phuong phap chiéu xa gamma Co% két hop v6i sir dung tac nhin oxi hoa

H,0, ndng d6 thip va xac dinh cac dic trung tinh chat cua OC.
Nghién ctru ché tao phirc OC-Zn** va x4c dinh dic trung tinh chat cua phirc.

Nghién ctru hiéu luc khang ndm Colletotrichum truncatum cta phitc OC-Zn2*

trong diéu kién phong thi nghiém (in vitro).

Nghién ctru hi€u ting kich tao enzyme chitinase va cac chi ti€u tang trudng cua
cay d4u nanh dugc xir Iy véi phitc OC-Zn2* va gdy nhiém ndm C. truncatum gy bénh

than thu trong thi nghi€ém nha kinh.

Danh gia hiéu qua phong trir bénh va hiéu luc néng hoc cua phirc OC-Zn?* d6i

v6i ciy dau nanh trén thi nghiém dong rudng.
3. Y nghia khoa hoc va thyc tién

3.1. Y nghia khoa hoc

Luan an dong gop dir liéu khoa hoc ddi v6i phuwong phap diéu chinh giam
KLPT chitosan bang chiéu xa gamma Co% két hop v6i H202. Sy két hop giira hai tac
nhan da lam giam liéu xa, tao ra OC c¢6 KLPT thap nhung khong lam thay doi dang
ké céu triic hoa hoc so voi chitosan ban dau. Pa xac dinh duge hiéu suit cit mach
(Gs) dbi v6i cac dung dich: chitosan 4%, chitosan 4% + 0,5% H20,, va chitosan 2%
+ 0,5% H20; tuwong tng 1a 0,40; 0,67; va 0,74 umol/J.

Di ché tao thanh cong dung dich phitc OC-Zn2* véi ty 16 mol —NH,/Zn?" 1a
1/0,25; 1/0,5; 1/1 va khao sat cac tinh chat dic trung cua phtrc. ba thiét 1ap mo hinh
cAu trac lién két phéi tri gitta OC véi Zn?* chii yéu theo dang cu ndi, dang phirc co
do 6n dinh tdt hon so véi cu trac dang treo.

Két qua nghién ctru hiéu luc sinh hoc ctia phitc OC-Zn2* cho thiy phuc thé
hién luc khang ndm C. truncatum va hiéu tng kich tao enzyme chitinase trén ciy dau
nanh theo kiéu tic dong dong vén gitta OC va Zn>*.

Phtrc OC-Zn?" lam giam ty 1€ va chi s6 bénh than thu trén dau nanh, va tang

nang suat dau nanh dat 19,2% so v&i d6i chimg va cao hon so voi OC (11,9%).



3.2. Y nghia thuc tién

Két qua cua luan 4n 1a co so dé xay dung quy trinh san xuat OC va phtc OC-
Zn* véi OC c¢6 KLPT va ty 1é mol —NH2/Zn?" khac nhau bang phuong phap chiéu
xa gamma Co® két hop H,0, nong do thip nhim giam lidu xa va giam gia thanh san

pham, dong thoi co thé trién khai san xuit quy mé 16n trén may chiéu xa cong nghiép.

San phdm OC va phirc OC-Zn*" tao ra tir két qua cta luan an ngoai muc dich
ung dung kiém soat bénh hai thuc vat dé thay thé thudc bao vé thuc vat doc hai, ma

con ¢o tiém nang tng dung trong thirc an chan nuoi, thuc pham va dugc pham,.. .

4. Nhirng dong gop méi cia luan an

1. P ché tao thanh coéng phirec OC-Zn?* véi ty 16 phan mol (-NH2/Zn*") va OC KLPT
khéc nhau va da xac dinh mot sb dic trung tinh chét cua phtrc OC-Zn?*. Phirc OC-
Zn* tir OC 5,1 kDa, ty 18 phan mol 1/0,5 c6 cdu trac phirc chu yéu 13 dang ciu ndi
6n dinh dat hon 92% lugng Zn?* lién két phéi tri vai OC.

2. Pi danh gia phtitc OC-Zn?* ¢ hiéu qua phong trir ndm Colletotrichum truncatum
gy bénh than thu, cai thién chi tiéu sinh truéng va gia ting ning suat doi véi cay
dau nanh. B3 chirng minh duoc hiéu qua phong trir nAm bénh cua phic phy thudce
vao KLPT OC va nong d6 OC-Zn?" str dung.

Két qua dat duoc trong ndi dung ludn 4n goép phan 1am co sé khoa hoc va y
nghia thue tién dé nghién ctru ing dung ché pham néng duoc an toan phuc vu phat

trién néng nghiép bén viing, nang gia tri nong pham, va gia ting hiéu qua kinh té.
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Chuong 1. TONG QUAN NGHIEN CUU

1.1. Nguon goc, dic trung cau truc cia chitosan va oligochitosan

1.1.1. Chitosan

Trong thuc tién, chitosan thudng duoc tach chiét & quy mé 16n tir ngudn chitin
v6 tom, cua, mai muc, ddy 13 nhitng ngudn phé phu pham tir cic nha may ché bién
thuy hai san (Hinh 1.1). Trong tu nhién, chitin tdn tai & ca thuc vat va dong vat, 1a

mot polysaccharide cé trit lugng 16n, xép thir 2 sau cellulose [1].

Nguyén liéu Chitin Chitosan

Hinh 1.1: Ngudn nguyén liéu ché tao chitin va chitosan [2]

Chitin khéng tan trong nudc, axit lodng, kiém lodng va dic, ancol, va hau hét
cac dung mdi hiru co. Chitin tan trong axit vo co dac nhu HCI, H2SO4, H3PO4 va
thuong kém theo sy giam khoi lugng phan tir. Chitin tan trong mot s6 dung mai hiru
co ¢o chua clorua liti nhu: N,N-dimetylacetamid - 5% LiCl va N-etyl pyrrolydon -
LiCl [3, 4]. Tuy nhién, voi dic thu cau triic va dung méi hoa tan chitin 1am han ché
kha nang tung dung, do vdy nhiéu nghién ctru bién tinh chitin da duoc thyuc hién.

Chuyén héa chitin thanh chitosan 1a mot trong nhiing san pham bién tinh pho bién.

Chitosan 1a mot trong nhitng polysaccharide tu nhién c6 pham vi Gng dung
rong rai do c6 nhiing dac tinh nhu khong doc, c6 kha nang phan huy sinh hoc, khang
khuan, khang ndm va c6 tinh trong hop sinh hoc [3].

Chitosan 1 mot copolymer phan huy sinh hoc bao gém cac don vi D—
glucosamine (GluN) va N—acetyl-D-glucosamine (GluNAc), 14 san pham thu dugc tir

qué trinh deacetyl hoda tdch nhém acetyl khéi nhdm amino & vi tri C2 (Hinh 1.2).



II:l-Gln_Z"i n-GluNAc

Hinh 1.2: Cong thirc cdu tao cua chitosan [2, 3]

Chitosan 1a chi nhitng san pham deacetyl cua chitin dat hon 50% [5]. Pon vi
cAu tao trong phan tir chitosan 1a D—glucosamine (Hinh 1.2a), nhung trén thyc té mach
phan tr chitosan van ton tai nhom acetyl, dan xen do sy deacetyl hoa chura hoan toan

(Hinh 1.2b). Trong phan tir chitosan, cac mat xich duoc lién két v6i nhau nhu sau [4]:
- Lién két B-glycoside mdi mit xich 1éch nhau mot goc 180° tao nén mach xodn
- Tuong tac Vander Waals (d = 0,3 — 0,6 um)

- Khi khoang céch giita cac mat xich qua nho (0,3 pum), gitra ching xuat hién

lién két hydro, do twong tac gitta nhém —OH va —NH, trong phan ti.
Chitosan c6 cdu truc tinh thé vé thuc chit khong doi so voi cdu trac cia chitin.

O trang thai ty nhién, chitosan 1a chét rin, xop nhe, hinh vay c6 thé xay nho
v6i kich thude khac nhau. Chitosan c6 mau tring hodc vang nhat, khéng mui, khong

vi va c6 mot s dic trung nhu li¢t ké trén Bang 1.1 [6].

Trong chitin c¢6 nhiéu lién két hydro nén chiing d& bi phan chia nhé & nhiét do
cao. Pac tinh hoa hoc nay lam cho chitin khé hoa tan trong nudc, axit loang, ancol,
hoc trong nhitng dung méi hiru co duéi diéu kién binh thuong. Trai lai, chitosan do
c6 nhom —NH tu do, khong tan trong nude nhung tan t6t trong cac dung méi hitu co
nhu axit formic, axit adipic, axit acetic, axit lactic,.. trong truong hop ndy nhém amin
tu do bat diu hinh thanh nhém —NH3" [6]. Nho dac tinh nay ma chitosan cé gia tri
hon chitin cho nhitng ing dung trong cong nghiép, cé gia tri thwong mai cao va co

thé ché tao thanh nhiéu dang khac nhau nhu mang mong, soi, bdt,.. .
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Bing 1.1: Mot s6 thong sb dic trung cua chitin va chitosan [4, 6]

Thong sb Chitin Chitosan
Tén hoa hoc Polyacetylaminglucoza | Polyaminoglucoza
Cong thirc phan tir (CsH13NOs)n (CeH11NO4)n
Khéi lwong phan tir (203,21), (161,17)n
Ham luong nito 1y thuyét 6,9% 8,7%
Ham luong nito thyc té 6% — 7% 7% — 8,4%
Khéi lwong phan tir trung binh 3x10° — 5x10° 1x10° — 3x10°
D¢ deacetyl hoa 10% — 15% > 50%
D6 am < 10% <10%
Ham luong tro <2% <1%
Ham lugng protein <0,5% <0,3%

Mot thong s rat quan trong cua chitosan 14 d6 deacetyl hoa (BPPA%) hoic do
acetyl hoa (PA% = 100 — DPPA%). Thyc chat 14 sy khac nhau vé ham luong ctia nhém
—NHCOCH3 va nhém —NH> trong chitin va chitosan [3]. Su khéc biét vé ham lugng
ctia cac nhom chuc trén dan t6i sy khac nhau vé tinh chét cta hai loai polymer nay.
Chitosan c6 DPDA% khac nhau dan t6i sy khac nhau vé khéi luong phan tir (KLPT),
dd nhot, kha ndng hoa tan trong axit,.. . Khi deacetyl hoa chitin, do diéu kién khét khe
ctia qua trinh phéan tng deacetyl hoa nhu ndong d6 NaOH, nhiét do, thoi gian deacetyl,..
din dén su cit mach lam cho chitosan tao ra c¢6 d6 dai chudi mach ngén hon so véi
chitin ban dau. P9 deacetyl cang cao thi KLPT va d nhét cang giam. Do nhét cua
chitosan trong axit acetic bi anh huong bdi nhiéu yéu té nhu PPA%, KLPT, pH, nhiét
do,.. . Thuc vay, cac héng s6 vé d6 nhot trong phuong trinh Mark — Houwink 1a K va
a phu thudc vao su thay d6i DPDA%. Khi PPA% ting thi K ting va a giam [3, 7].

Chitosan (CTS) kho khong c6 diém chay. Khi luu trit & nhiét d6 khoang 40°C
trong mot thoi gian twong ddi dai, kha ning hoa tan va do nhét ciia dung dich tao
thanh bi thay ddi. Sy hién dién cta nhom amin tu do (-NHy) trong don vi D-
glucosamine cé thé dugc proton héa trong méi trudng axit, lam cho CTS c6 thé hoa
tan dugc trong moi trudng axit loang tao thanh dung dich ¢6 pH 4,0 — 6,4 [3].

Hang s6 phan ly Ky cia nhom amin dat dugc tir can bang.

[-NH;"][OH ]

-NH; + H,O < -NH;" + OH- K, = (L.1)
[—-NH,]
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Hing s6 thiy phan cua axit lién hop dat duoc tir can bang.

[-NH>][H;0"]

~NH;* + H,O0 < -NH, + H;O" Kao= (1.2)
[-NH3']

Khi sy dién ly x4y ra hoan toan thi hang s6 phan ly cia CTS khong con 13 mot
dai luong khong ddi ma né6 phu thudc vao do phan ly tai thoi diém xac dinh d6. Su
bién d6i cua gia tri pKa duge tinh toan theo phwong trinh Katchalsky [8].

l -« exAyxa

= pKy + ——m— (1.3)
a Kt

pK., = pH+log

Trong d6 AY 1a hiéu dién thé tinh dién giita bé mit cta polyion va dung dich,

o 12 d6 phan ly, Kr 13 hing s6 Boltzman va ¢ 1a dién tich electron.

Ngoai suy gia tri pKa khi cho o = 1, tai d6 polymer khong thay d6i dién tich va
do d6 hiéu dién thé tinh dién bang khong (AY = 0). Khi d6 ta xac dinh duogc gia tri
thuc ctia hing sé phan ly 1a pKa = pKo = 6,5, gia tri nay doc 1ap voi do acetyl (DA%).
Gia tri pKo duoc goi 1a gia tri pKa thuc ciia CTS. Do do6 su hoa tan cua CTS phu thudc
vao do phan ly va phuong phép deacetyl [3, 8].

Tai pH ~3, sy proton héa nhom amin la hoan toan va mach polymer tich dién
duong. Khi c6 mit nhitng ion da héa tri trai ddu nhu ion sulphat hodc phosphat, sy
tuong tac gitta mach polymer tich dién c6 thé xay ra va lam cho d6 nhét cia dung
dich tang 1én. Tuy nhién néu ndéng d6 ion trai ddu cao s& lam két tua CTS. Hau hét
nhirng phan ing dac trung cua chitin cling la nhiing phan ung dac trung cua CTS.
Ngoai ra, do CTS c6 nhém amin bac 1 hién dién doc theo chiéu dai mach phan tr nén
1am cho tinh chit hoa hoc ciia CTS phong pht hon chitin. D6 1 cac phan tGng dic
trung ciia nhom amin bac 1 nhu: su hinh thanh mudi, phan tng khau mang, phan tng

tao chelate,.. nén mo ra nhiéu tmg dung d6i vai loai polymer nay [6, 8].

Khi 1am kho dung dich mudi chitosan/axit hiru co va xir Iy nhiét s& thu dugc
dang mang. Mang nay khong mau, khong mui, khong vi, hoa tan chdm trong nudc va
trong cac dung mdi hitu co. Hau hét cac mang déu mém mai, dai, trong subt, va c6 do
bén kéo dirt cao. Qua trinh xir Iy nhiét dé tao mang co thé 1am cho axit ciia mudi bay
hoi dan dén mang c6 thé truong trong nude, tuy nhién trong moi trudng axit mang s&
tan thanh dung dich. Nhém amin ctia mudi c¢6 thé bi dehydrate hoa (khtr nudc) do anh
hudng cua qué trinh 1am kho va xtr 1y nhiét dé hinh thanh nhom amide khong tan
trong nudc va trong axit. Mang CTS c6 thé try thanh khong tan bang cach xir 1y véi
formaldehyde, acyl chloride, anhydride, mudi ciia kim loai kiém hodc amonium cia
mot vai arenesulfonate dugc akyl hoa [3, 8].
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CTS c6 kha ning phan huy sinh hoc va turong hop sinh hoc thu duoc bang cach
deacetyl hoa mot phan chitin. Polymer ndy ngay cang tré nén phd bién do c6 ngudn
gbc tu nhién, cac dic tinh hoa 1y phi hop va hoat tinh sinh hoc da huéng. Trong nong
nghiép, hy vong 16n duoc dit ra 1 kha ning sir dung CTS 1am chét kich thich sinh
hoc, san phém béo vé thuc vat, chit kich thich hodc tac nhan dé tang tinh bado quan
6n dinh nguyén liéu thuc vét. Cac tinh chat quan trong ctia CTS bao gém cam tGng hé
théng phong vé thuc vat va diéu hoa cic qua trinh trao d6i chat. Ngoai ra, CTS co
hoat tinh khang nam, khang khuan, khang vi rit va chéng oxi hoa. Hiéu qua tac dong
cua CTS duogc xac dinh boi nguén géc, muc d deacetyl hoa, KLPT, néng do va do
hoa tan [5]. Tuy nhién, CTS tu nhién thuong c6 KLPT 16n, d§ nhot cao, muie dd hoa
tan thap ciing gdy han ché pham vi ing dung. Vi vdy, nhiéu nghién ctru tim giai phap
khic phuc cic trd ngai trén dd dugc thuc hién, trong d6 cat mach giam KLPT cua

CTS chuyén thanh dang oligochitosan duoc quan tdm chu yéu.

1.1.2. Oligochitosan va cdc phwong phdp ché tao

1.1.2.1. Oligochitosan

Khong nhu chitosan, cic san pham thiiy phan cua ndé con duoc goi 13
chitooligosaccharide, chitosan oligomer hay oligochitosan (OC) c6 do hoa tan trong
moi trudng pH trung tinh tot hon do chudi phan tir ngin, nhiéu nhom amin ty do va
d6 nhé6t thap. Noi chung, chitosan c6 KLPT trong khoang nhé hon 10.000 g/mol
(Dalton) dugc xem la OC [9].

CHITOSAN
KLPT lén

v A\ 4 \4

Phuong phap héa hoc || Phwong phap vatly || Phwong phap enzyme
- Axit: HCI, HNO,, HF,.. - Tia gamma va dong dién tir [ [ Chitosanase, cellulase, lipase,
- Oxihoa: K;S,0s, H;Oy,.. gia toc glucanase, pepsin,..

- Visong, siéu am,..

OLIGOCHITOSAN
KLPT thap <10 kDa

Hinh 1.3: Cac phuong phap ché tao oligochitosan phd bién [9, 10]
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OC 1a mét trong sb cac dan xuat ciia CTS thu hut duoc nhiéu quan tim nghién
ctru ing dung rong rdi. OC duogc ché tao cha yéu bang phuwong phap hoa hoc (H202,
axit manh), vat 1y (vi séng, tia tr ngoai, song siéu am, burc xa gamma Co®°, chum tia
dién tir gia téc,..), enzyme thuy phan (cellulase, chitinase,..), va phuong phap két hop
(UV + H,0,, chiéu xa tia gamma Co® két hop H,0,..). OC ngudn gdc tir chitosan vo

t6m, cua duoc ché tao va phan tich theo mé ta tom tit trén Hinh 1.3 [10].
1.1.2.2. Ché tao oligochitosan

a) Cit mach bing phwong phdp héa hoc

Cit mach CTS dé ché tao OC bang phuong phap hoa hoc duoc danh gia 1a don
gian. Tuy nhién, khéi lugng phén tir (KLPT) cua san phdm OC phan bé rong (PI 16n),
dan dén kho phan tach va tinh ché, dong thoi do deacetyl (PDA%) c6 thé bi giam
trong truong hop oxi héa manh. Ngoai ra, phuong phap hda hoc thuong phai dung

nhiéu chat phan tng hoa hoc va doi hoi phai xir 1y lugng ton du cac chét nay.

Céc chat hoa hoc dung trong phuong phap nay dé cit mach CTS chu yéu 1a
axit manh va chét oxi h6a manh. Jia va céng su (2002) str dung axit phosphorit 85%
dé thuy phan CTS tao chitosan KLPT thap. San pham thu duoc c6 kha ning hoa tan
t6t hon so CTS ban dau [11]. Trombotto va céng suw (2008) dd bao cdo mot phuwong
phép ché tao OC bang phuong phép thuy phan axit gdbm nhiéu budc: 1) thiy phan
CTS trong HCI ddm dic (~12 M) dé thu nhan oligomer KLPT thap; 2) loai mau dung
dich OC bang than hoat tinh va loai du luong HCI bang k¥ thuat dong bay hoi; 3)
dung dich sau thily phan duogc si€u loc qua mang cellulose acetate loai 500 g/mol va
sau d6 két tiia bang ethanol tuyét d6i & pH dugc diéu chinh ~8 — 9 bang NaOH. Cudi
cung say dong kho, thu duoc lwong OC khoang 7,5% so v6i luong CTS ban dau [12].
Nhom nghién ctru Temmeraas va cong sw (2001) da nghién ctru sir dung axit nitro
(HNO,) dé ciat mach CTS. Két qua thu dugc OC véi hiéu suét cao, tuy nhién c6 san
pham phu ddc hai (5-hydroxymethylfurfural) hinh thanh trong qué trinh phan tng do
phan ung bazd Schiff gitra cdc nhém amino trong phan tir [13].

Hon nita, cic chit oxi hdéa manh nhu natri perborate (NayH4B,Os), kali
persulfate (K2S205s), ozon (O3), va hydrogen peroxide (H202) thudng duoc dung dé
cit mach CTS. Nhom téc gia Xia va céng sw (2013) di nghién ctu cat mach CTS
trong dich bang 2% H»02 két hop 0,1% axit phosphotungstic (H;PW12040) ¢ 65°C.
San pham thu dugc 1a OC c6 d6 polymer hoa (DP) 2 — 9 va ting do hoa tan, tuy nhién
DDA% cta san pham bi suy giam [14].

Gan day hon, Hai va céng s (2019) d3 nghién ctru va ché tao OC bang phuong
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phap cat mach CTS véi 1% H20: trong dung dich dong thé. Két qua nhan dugc OC
c6 KLPT ~4,5 kDa véi cdu trac hoa hoc gan nhu khong thay dbi so voi CTS ban dau
[9]. Phan Gng cit mach xdy ra ¢ nhiét do thuong nén gia tri PBA ~90,5% duoc xac
dinh bang phuong phap cong hudng tir proton ("H NMR) ddi véi CTS ban dau hau
nhu khong thay ddi dbi véi OC (~89,2%). Céc tac gia ciing dwa ra nhan xét 1a quy
trinh cit mach CTS bﬁng H>07 & nhiét @6 thuong 1a than thién voi moi truong, tiét
kiém nang lugng va cé tinh kha thi trién khai san xuét. Tuy nhién, dé nhan duoc OC
thi doi hoi thoi gian phan tmg dién ra trong thoi gian dai (> 360 gid). San pham OC
thu duogc theo phwong phap nay ciing thé hién hiéu Gng kich thich kha nang nay mam
hat dau nanh khi xir Iy ngdm hat v6i dung dich OC ndng d ~100 ppm (mg/1).

Xtr Iy cat mach CTS bang H>O: ciing dugc cac nhdém tac gia nghién ciru danh
gi4 13 hiéu qua do san pham phan huy ctua H>O; 1a nuéc va oxy, khong giy 6 nhiém

moi trudng va du lugng doc hai trong san pham [9, 14].

Co ché cit mach chitosan bang H»O» xdy ra do phan ung cia gbc tu do

hydroxyl ("(OH), ma "OH duoc tao ra tr sy phan ly va phan trng nhu sau [9, 15]:
H,0, —— H' + HOO- (1.4)

H,0, + HOO" —— 'OH + O™ + Hx0 (1.5)

b) Cit mach bang phwong phdp enzyme

Phuong phép cat mach CTS bang enzyme thiy phan duoc danh gia 1a dé thyc
hién va dé kiém soat hon so v&i phuong phap cit mach hoa hoc. Pé thuy phan CTS

c6 thé sur dung nhi€u loai enzyme nhu chitosanase, cellulase, glucanase,.. .

Mic du cac san pham thay phan CTS ¢6 KLPT khéc nhau c6 thé dugc san xuét
bdi nhiéu phuong phap, nhung phuong phap enzyme dang cho thiy dugc tim quan
trong, boi vi enzyme c6 thé phan tmg dé polymer héa (cat mach) chon loc ¢ diéu kién
6n hoa. San pham OC thu duoc khong can cac bude tinh ché phirc tap sau d6. Tuy
nhién, phuong phap enzyme ciing ¢ ton tai nhat dinh nhu gia thanh san xuat, kha
nang ap dung quy mé 16n va tinh dic hiéu cta cac loai enzyme phan cét [16]. Enzyme
thuy phan CTS co thé chia thanh hai loai: 1) loai dac hiéu nhu chitinase, chitosanase,
glucanase,.. va 2) loai khong dac hiéu nhu lysozyme, protease, lipase, amylase,
cellulase,.. . Mot loai enzyme ngoai bao cua vi khuan Bacillus thuringiensis c6 hoat
tinh chitosanase, thuy phan hi¢u qua CTS KLPT ~88 kDa trong dung dich 1% thanh
OC ¢6 KLPT ~5 kDa trong diéu kién 6n hoa (pH 5,5; 37°C) sau 2 gio [17].

OC véi d6 polymer héa (DP) ~2 — 8 ciing ¢ thé tao duoc tir sy thuy phan CTS

bang emzyme a-amylase thuong mai. San pham thu duoc c6 hiéu qua khang khuan
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cao [18]. Enzyme tai to hop chitinase LIChil18A tir vi khuan Lactococcus lactic ciing
d3 duoc st dung ché tao OC tir CTS té bao nam [19]. Sanchez va cdng s (2017) da
nghién ctru cat mach CTS bang enzyme chitosanase tir Streptomyces griseus theo quy
trinh m&t budc va hai budc. Trong quy trinh mot budc (CTS hoa tan trong d€m acetate
0,2 M va thily phan bang chitosanase), san pham oligomer c6 DDA 100% thu duoc
chi dat 27%. Trong khi d6, san pham oligomer c6 DDA 100% chiém ~63% thu duoc
tir quy trinh hai budc gdm: 1) CTS hoa tan trong 0,1 M HCI va thity phan bang HNO,
sau d6 két tia bang ethanol/NH4OH dé thu CTS KLPT thap; va 2) thily phan CTS
KLPT thap theo quy trinh mot budc [20]. Ngoai ra, trén co sé két qua nghién ctru cat
mach CTS bang enzyme cho thay rang sy thity phan CTS bang hdn hop cac enzyme
cho hiéu qua thity phan cao hon so v6i enzyme don 1é. Pién hinh két qua cia nhom
tac gia Xie va cong sw (2011) khi str dung hon hop cac enzyme o-amylase, cellulase
va pectinase dé thuy phan CTS chi trong 2 gid phan tng, san pham OC thu dugc ¢o
KLPT ~4 kDa véi hiéu suat dat hon 90%, san pham OC tan tét trong nudc va gin
nhu khong thay doi cau trac hoa hoc va PDA% [21]. Phuong phap cit mach CTS
bang enzyme c6 tiém ning dé san xuat OC véi cau triic hoan toan xac dinh, diéu nay
c¢6 ¥ nghia quan trong d6i véi viéc kham pha hoat tinh sinh hoc cia chung vé mit co
hoc. Hamer va cong suw (2015) da lya chon hai enzyme chitin deacetylase bao gém
COD tir Vibrio cholera va NodB tir Rhizobium sp. GRH2 dé tao ra cac OC c6 ciu
tric x4c dinh, trong d6 hai monomer dau tién ¢ dau khong khir da dugc deacetyl hoa
[22]. Trén co s6 két qua ndy, c6 thé goi ¥ rang san pham CTS thay phan bang enzyme

la phu hgp d€ nghién ctru cac mai lién hé gitra cau truc va chirc nang cta OC.

Str dung phuong phap enzyme c6 thé cit cac lién két glycoside theo chu dich
ma khong gay ra phan ng phu, thuc hién phan rng ¢ nhiét do gﬁn nhiét d§ phong,
pH gan trung tinh va thu nhan san pham oligomer nhu mong mudn. Phuong phéap nay
cho phép diéu ché cac glucosamine oligosaccharide c6 mirc d polymer hoa thap, voi
hiéu suét cao ma khong kém theo viéc loai bo cdc nhom chirc amin hay hinh thanh
cac hop chat c6 mau. Gan day, Affes va cong su (2020) st dung enzyme chitosanase
cit mach CTS 1% trong dung dich axit axetic 1 M, nhiét do 50°C véi ty 1é enzyme/
CTS = 70 U/lg trong khoang thoi gian 24 gio. Két qua tao ra mot sé phan doan
chitosan KLPT thap (482, 303, 197, va 163 kDa) va phan doan OC nhung khong xac
dinh rd KLPT, chi dwa ra sé liéu la KLPT < 4,4 kDa [23].

Nhin chung, phuong phéap ché tao OC bang enzyme thity phan da duoc st dung
kha pho bién, boi phuong phap niy c6 nhidu wu diém nhu: Hiéu suat thu hoi cac phan
doan co hoat tinh cao; diéu kién dién ra phan (mg thuy phan nhe nhang, nhiét do thap,

pH trung tinh nén chi phi thiét bi thip, khong giy 6 nhiém méi truong. Tuy nhién,
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nhuoce diém cua phuong phap nay 14 chi phi enzyme kha cao va can phai gia nhiét

dung dich CTS sau khi cit mach dé bat hoat enzyme.

¢) Ciit mach bang phwong phdp birc xa ion héa

Cit mach CTS bang cac phuong phép vat 1y duoc xac nhan 1a than thién moi
truong va san pham thu duoc thuong cé do tinh khiét cao do phan Gmg bé gy cac lién
két giita cac monomer trong chudi phan tir CTS xay ra dya vao ngudn ning luong

cao tlr birc xa tia gamma Co®, dong dién tir gia tdc, tia X, tia tr ngoai,.. [24].

Cit mach CTS bang tia gamma Co® tao dugc OC c6 KLPT nho véi hiéu suat
va d6 tinh khiét cao va duy tri cdu triic hoa hoc hay nhom chtic ning ciia CTS ban
dau [25]. Hon nita, toc do cit mach c6 thé gia ting dang ké bang su két hop cac tac
nhan vat ly voi sy kiém soat nhiét d6 hodc bd sung tac nhan héa hoc nhu H,O,, HCI,
FeSOs,.. . Phuong phap ché tao OC bang chiéu tia blrc xa ion hoa cit mach chitosan
1a kha hiéu dung trén quan diém cong nghé than thién véi moi truong va kha ning
san xudt quy mé 16n [26]. Mic du vay, dé thuc hién phuwong phap cit mach vt Iy trén
quy md 16n doi hoi phai trang bj thiét bi chuyén dung dét tién va chi phi nang luong
anh hudng dang ké dén gid thanh san phim. Do vay, xu hudng hién nay 13 xir 1y cit
mach CTS biang phuong phap két hop tia birc xa ning luong cao (tia gamma Co® tir
ngudn ddng vi Co®) véi chét oxi hoa than thién moi truong (phd bién 1a Ho02) dé ché
tao OC c6 KLPT thép va hoat tinh sinh hoc cao [26, 27].

CH.OH
00—
— OH ™
CH.OH
1 ~NE® 00—
» { OH
L ]
CH.OH 2 NP R-R
CH.OH 00— +R,H |[R-H
o —» C OH —_
o— o
OH
~Na®
*CHOH
S .\H_:@ O o0—
»  OH
6 :-\H,@

Hinh 1.4: So d6 phan tng tach hydro trén phan tir chitosan béi gbe tu do *OH [28]
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Co ché cit mach birc xa dd duoc Ulanski va von Sonntag (2000) nghién ctru
kha chi tiét. Theo d6, gdc hydroxyl (‘OH) tao ra trong qua trinh phan ly buc xa 13 tac
nhan chinh gy ra su cit mach CTS thong qua phan tng bat hydro tao thanh gbc tu
do dai phan tir (R°) (Hinh 1.4). Cac gbc R* sau qua trinh chuyén vi va tai két hop tao
thanh CTS c6 KLPT thap hoic 1a OC [28].

Hiéu Gmg dong van (synergistic effect) gitta H,O, véi tia birc xa gamma Co®
trong phan tmg cit mach CTS di duoc mot sd cong trinh nghién ciru trude day ghi
nhan [26, 27, 29]. B6 sung luong nhé H20: (< 2%) vao dung dich CTS di 1am giam
dang ké liéu xa can thiét dé cat mach CTS tao OC, diéu nay rat c6 y nghia trong viéc
tiét kiém chi phi san xuat. Nguyén nhan 1a do su tao thanh va bd sung gdc *OH khi
phan ly buc xa nude va H.O2 nhu sau [26, 27]:

H,0 tay, e, H',"OH, H,0,, Ha, H;O",.. (1.6)
H.0, tiay, 2°OH (1.7)

Trong qua trinh chiéu xa e, vaH co thé phan ting véi HoO» nhur sau:
e, T H202 > "OH + OH~ (1.8)
H" + H,0, - H2O +*OH (1.9)

Chi phi ché tao OC bang phuong phap enzyme thong thuong cao hon so voi
phuong phéap cat mach hoéa hoc [30]. Tuy nhién, phuong phap héa hoc ciing c6 nhuoc
diém 14 1am thay d6i cu tric cua chitosan do tao nhom chirc carboxyl, phan hily nhém
—NH> va tham chi 1a pha v& vong glucoside [31]. Hon nira, phuong phap hoa hoc con

c¢6 han ché vé hiéu suét tao OC thip va co nguy co giy 6 nhiém méi truong [24].

Con dbi voi phuong phap b xa ion hoa dé cit mach CTS ¢6 vu diém ndi bat
la xur ly cat mach CTS & nhiéu trang thai (dang bot, dang huyén phu, va dung dich)
ma phuong phap enzyme hodc hoa hoc kho thuc hién duge dé tao OC. Tuy nhién,
phuong phap nay thudng phai can liéu xa cao va diéu d6 khong thuan loi dé tng dung
san xuét luong 16n. Do vay phuong phép cat mach CTS bang hiéu ing dong van giita
chiéu xa tia gamma Co%° véi H202 duoc xem 1 giai phap c6 ¥ nghia khoa hoc va thuc
tién. Theo két qua nghién ctru cia Duy va cdng sw (2011) va Hien va cdng sw (2012)
vé hiéu trng ddng van cla birc xa tia gamma Co% va H,O, dé cat mach dung dich B-
chitosan 5% thi lidu xa chi khoang < 16 kGy da nhan dugc OC vd61 KLPT < 10.000
Da [26, 27]. Nhu vay st dung hiéu tng ddng van (H20: va tia gamma Co®) di giam

lidu xa ché tao OC dang ké va diéu nay goép phan 1am giam gia thanh san pham.
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OC hoat d6ng nhu 13 mot loai chét kich thich sinh hoc (biostimulant) gdm ting
truong, d& khang [32] va 1a véc xin thyc vat di duge minh ching trén nhiéu loai cay
trong [33]. Gan ddy, Ahmed va cdng s (2020) di trinh bay tong quan vé OC, trong
d6 d3 néu ra mot sb tinh chét sinh hoc dic tha cia OC nhu: hoat tinh khang khuén,
hoat tinh chdng khdi u/ung thu, hoat tinh chdng oxi hoa, hoat tinh gia ting mién dich,..
dic biét dé cap dén kha ning tng dung OC 1am chat ting trudng, kich khang va phong
trir bénh cho cdy trong; va danh gia tiém ning Gmg dung trong phat trién nong nghiép
bén vitng, giam thiéu va kha nang thay thé sir dung céc loai nong dugc doc hai trong
viéc phong va tri bénh cho cay trong [34]. Pong thoi, dd co nhitng cong trinh cong bd
két qua hoat tinh sinh hoc ctia CTS va OC dugc cai thién dang ké khi két hop véi cac
ion kim loai ¢ dang phuc [35-38].

1.2. Ché tao phiic oligochitosan-Zn2*

Ciing nhu nhitng phirc chitosan-ion kim loai khac, phtrc oligochitosan-Zn**
(OC-Zn2") dugc ché tao theo phuong phap khudy tron gitta dung dich OC v&i mudi
k&m [35]. Trén phan tu chitosan (CTS) hodac OC mang cdc nhém chiuc —NH,, —-OH
linh dong va 4i luc cao voi ion kim loai nén dé dang tao phirc véi ion kim loai trong
d6 co Zn2* [36-38]. Dung lugng hap phu cao tir 14 — 118 mg Zn?*/g CTS tuy thudc
vao nong d6 k&m [39]. Phan g tao phuc chiu anh hudng cha yéu 1a pH méi truong,
pH thich hop trong khoang 4,5 — 6,5 [39, 40].

Co ché tao phuc theo thuyét axit — bazd Lewis, trong d6 CTS hodc OC 1a mot
bazd do cho cdp dién tir, nguoc lai Zn** duoc xem 1a mot axit do nhan cap dién tir dé
lién két phdi tri tao phirc. Phan tmg duoc tom tit nhu sau [36, 39, 40]:

CTS-NH, + H;0' —> CTS-NH;* + H,0 (1.10)
CTS-NH;' + Zn** + H,0 —> [CTS-Zn]** + H;0O" (1.11)

Khi Zn2* twong tac v6i CTS hay OC, tuy thudc vao ty 1& phan mol ctua Zn>*
v6i —NHz s& tao ra cdu trac phuc theo kiéu treo (pendant pattern — cac ion Zn2* lién
két v6i mot nhém —NH,) va kiéu cau ndi (bridge pattern — cac ion Zn2* lién két véi
nhiéu nhém —NHz va —OH ciia ciing chudi hodc khac chudi CTS. Trén co so nghién
ctru phitc CTS-Zn?" véi ty 16 mol R = Zn2*/-NH, tir 1/4 dén 4/1, Wang va cdng su
(2004) da dé xuat 3 kiéu cdu trac phire CTS-Zn2* nhu trinh bay trén Hinh 1.5 [36].

Gan day hon, bang k¥ thuat phan tich phd FTIR cta phirc CTS-ion kim loai
(Cu?* va Zn*") tac gia Rogina va cdng s (2019) [38] di goi ¥ cac tuong tac phdi tri
gitra ion kim loai v6i cadc don vi monomer trong phan tir CTS nhu Hinh 1.6.
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Hinh 1.5: Kiéu ciu trac phirc chitosan-Zn?" hay oligochitosan-Zn2* [36, 39]

1- ki€u treo; 2- ki€u cau ndi trén cac chudi mach khéac nhau; va 3- kiéu cau noi trén cung
chuodi mach phan tu CTS hodc OC.

Két qua ché tao phitc CTS-Cu?* ctia Rhazi va céng sw (2002) cho thay, trong
moi truong axit pH < 5,3 thi su tao phirc khong xdy ra. Trong khoang pH cao hon, su
tao phtrc da xay ra thong qua lién két phoi tri gitra nhém amin ciia CTS véi Cu?*. Hon
nira khi tang pH, mau ciia dung dich phirc CTS-Cu?* chuyén tir mau xanh nhat sang
tim dam. Khi pH ~9, dung dich phtc CTS-Cu?* tré nén dic hon. Diéu nay cé thé 1a
do két tiia ciia dong hydroxide hodc 1a CTS tu két tia. Diém pH két tia ciia dung dich
CTS la ~6,5, nhung khi tao phirc voi Cu?*, CTS két tua & pH cao hon ~7,7 [41].

Phan tich gian dd XRD cua phuc CTS véi ion kim loai théy réng, hai dinh dac
trung ctia CTS xuat hién v6i cudng d6 thap hodc bién mat, trong khi c6 dinh nhiéu
xa moi xuat hién. Két qua nay ching t6 rang cé sy tao thanh pha két tinh mai va diéu
nay ciing giai thich nguyén nhan tai sao cac dinh nhifu xa caa CTS bién méat 1a do
lién két hydro trong cdu trac cua CTS bi pha hiy boi cac ion kim loai tao phirc
(chelate) véi nhom —NH, va —OH. Sy giam mat do lién két hydro din téi su gidn cac

chudi mach CTS, va cudi cing 13 giam su tap hop ctia cac phan tir CTS [42].

Khi tao phtrc v6i Zn2*, mét s6 didc trung tinh chét sinh hoa ctua CTS thay d6i
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nhu 13 thay d6i trang thai két tinh va tinh phan hay sinh hoc cua CTS [35, 38], gia
tang hoat lyc khang khuan, khang nim cua CTS [36, 37].

Pong 11

cuzq-

Kém IT

Zn* H OH

O . _,_'_;:_»*.w""’cN"“‘c:H1

Pon vi glucosamine Pon vi N-acetyl-glucosamine

Hinh 1.6: Cac lién két phbi tri gitra ion kim loai (Cu2*, Zn2") vé6i cac don vi cdu triic

cua chitosan [38]

Ngoai ra, Zn*" jons dugc danh gia 1a rit quan trong va can thiét cho nhu cau
dinh dudng ctia nguoi va dong vat [36]. Theo Back (2003), thiéu hut kém di lam cho
tré em gia ting nguy co nhidm bénh va tir vong, hién tuong kha phd bién & cac nudc
c6 thu nhap thap [43]. Hon nita, khi stir dung phire CTS-Zn2* d6i véi ciy trong cu thé
la cay ngd, khong nhitng gia ting kha nang phong trir bénh ma con lam gia tdng nang
suét hat ngd tir 20 — 40%, ddng thoi ham luong k&m vi luong trong hat ngd ciing gia
tang tir ~41,3 pg/g (ddi ching) 1én 62.2 pg/g hat ngd kho [44]. Chinh vi vay viéc ché
tao phtrc CTS-Zn%", hodc OC-Zn?" dung trong ndéng nghiép 1a rat trién vong, va dic

biét c6 thé dung b sung kém vi luong cho ngudi va vat nudi.
1.3. Hiéu trng phong trir bénh bénh thuc vat cua oligochitosan, Zn** va phirc
oligochitosan-Zn2*

1.3.1. Hiéu trng phong trir bénh ciia oligochitosan

Hiéu qua phong trir bénh cho cdy trong, dic biét 1a cac mam bénh ngudn gdc
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vi sinh vat, cta cac hoat chat thuong dugc thé hién qua hai phuong thue: 1) tic dong
tryc tiép 1én té bao vi sinh vat, gay e ché tang sinh hodc tiéu diét mam bénh; 2) tac
dong gian tiép thong qua kich hoat hé thdng phong vé trong co thé thuc vat, ting sinh
téng hop cac thanh phan tham gia khang bénh [34, 45]. Hién tuong kich khang bénh
& thue vat di duge nghién ctru tir nhitng nim dau thé ky 20. Mot trong nhitng nghién
ctru tién phong duogc cong bd vao nam 1940 vé kha ning tu khang nim Phytophthora
infestans cua ct khoai ty sau khi gay nhidm v&i ndm P. infestans (loai ndy da bét
hoat kha ning gy bénh) [44]. Nhitng két qua nghién ctru tiép theo trén cac cdy trong
khac da khéng dinh hi¢n tugng dap ting phan v¢ tu khang bénh ¢ thuc vat [44].

Khong nhu dong vat, gidi thuc vat da sb khong c6 kha ning di chuyén nén
chung phai phat trién nhimg co ché thich Gmg tinh vi v6i cac tac dong bat loi tir moi
truong sdng bao gdm: yéu td sinh hoc (biotic) nhu 13 su tin cong cta con tring, vi
khuan, vi rat, vi nAm; va yéu t6 phi sinh hoc (abiotic) nhu 13 bi sy sat, nhiém min,
kho han, rét budt,.. [44]. Dé chdng choi vdi cac yéu t6 giy bat loi, thuc vat da phat
trién kha ning khoi mao hé thong cac phan tmg dap tng phan vé hay con goi 1a hé
mién dich ty nhién va mién dich hé thdng nhu 13 dap tng siéu man cam, tao khang

thé (phytoalexin), protein khang bénh, gia cudng kha nang chéng chiu,.. [33].

Khi thyc vat tuong tac véi mam bénh, hé thong nhan biét cac tac nhan kich
thich cua té bao thuc vat kich hoat hé théng sinh téng hop cac hoat chét c6 tinh nang
tiéu diét mam bénh. Céc tac nhan gay dap Gmg sinh tong hop chat khang bénh duoc
goi 1a chat kich khang (elicitor) hay 13 khdng nguyén va cac chat do té bao thuc vat
tong hop dé tiéu diét mam bénh duoc goi 13 chat khang bénh (phytoalexin) hay 1a
khéang thé [46]. Chét kich khang thyc vat rat da dang, bao g@)m chét hitu co, vo co va
phirc hitu co voi ion kim loai [46]. Trong d6, chat kich khang dugc tach chiét phan
1ap tr vi sinh vat, dong vat va thuc vat dugc xem la chat kich khang sinh hoc (biotic
elicitor). Nhiéu chit kich khang sinh hoc duogc chiét xuit tr ndm bénh nhu 1a
oligosaccharide, glycoprotein, peptid, phospholipid da dugc minh chiing ¢6 hi¢u qua
kich khang bénh cho cy trong [47].

Chitin va chitosan dugc xép vao loai chat kich khang ngoai bao (exogenous
elicitor) c6 hoat tinh kich khang bénh hiéu qua cao. Chitin va chitosan 13 ngudn
polysaccharide tu nhién c6 trit lugng 16n ~10 ty tin/nim, mang nhiéu hoat tinh sinh
hoc quy gia khac di dugc nghién ctiru tng dung trong nhiéu linh vuc [45, 48].

Cho dén thoi diém gan ddy, co ché hoat dong kich khang bénh ctia CTS hoic
OC ciing chua duoc lam sang té mot cach day du. Tuy nhién, theo két qua thong tin

téng quan ciia mot s6 nhém cac nha khoa hoc di cho thiy rang chitin/chitosan hodc
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cac dan xuét oligomer cua chung di kich thich thyc vét tao nhiéu phan tng dap tng

phan vé theo mot sé con dudng sau day [33, 34]:

Céc thu thé dc hiéu nam trén mang té bao thuc vat: khi xu 1y thyc vat vdi cac
polysaccharide trén co sé chitin/chitosan thi trong cy sé& kich hoat hé théng phan vé.
Té bao thuc vat nhan dién tin hiéu kich thich tir chitin/chitosan cling tuong ty nhu tin
hiéu tir vi sinh vat do ching ciing chira thanh phan polysaccharide nay. Mot protein
thu thé cua chitin/chitosan 13 CEBiP dd dugc phan lap trén nhiéu loai ciy trong khac
nhau. Ngoai ra mot s6 glycoprotein thudc ho lectin (thu thé CTS) trén mang té bao
thuc vat c6 tinh nang lién két dic hiéu v6i dan xuit CTS dé tao ra dong thac truyén

tin hi€u gay biéu hién gen va sinh tong hgp cac san pham trc ché mam bénh.

Chitin/chitosan va cac din xuét ciia chung kich thich thyc vat dap tng phong
vé thong qua hiéu (mg gia tang sinh tong hop cac phytoalexin; protein thuy giai lién
quan mam bénh (PR-protein) nhu 13 glucanase, chitinase,..; chat wc ché proteinase;
hinh thanh cic callose; lignin hoa; va hoat héa gen dap ung diéu kién bét loi.
Chitin/chitosan v cac dAn xuét ctia n6 kich thich thyc vt ting sinh tong hop céc chat
tha cép c6 kha nang truyén tin hi€u hé théng nhu H>O2, ROS, NO, phytohocmon,.. .
Phun cay trong v6i CTS c6 KLPT ~5 kDa (OC) di gia ting dang ké phytoalexin,
enzyme chitinase, glucanase, ROS, thanh phan sterol, phenol,.. & dap Gng phan vé
hé théng. Tong quan co ché kich khang bénh cho cdy trong dugc nhom tac gia Xing
va cong sy (2015) tom lugc nhu sau [49]:

+ Kich thich sinh tong hop PR-protein: Day 1a nhiing hop phan, cac protein,
céc doan peptid KLPT thap c6 hoat tinh khang khuan cao. Mot s6 enzyme quan trong
thudc PR-protein va dugc xem nhu Ia d4u hiéu dién hinh (marker) cta hién tuong
kich khang bénh d¢6 1a glucanase, chitinase. Cac enzyme nay c6 hoat tinh thiy phan
cac polysaccharide didc trung trén mang té bao vi sinh vat, con d6i véi té bao thuc vat
thi khong phai 14 co chit ctia né. Do d6 trong té bao thuc vat, cic enzyme nay ton tai

nhu mdt tac nhan phong vé dac biét.

+ Kich thich sinh téng hop cic enzyme lién quan phan vé (DR-enzyme):
Chitin/chitosan 14 chit kich khang ngoai bao, c6 kha ning kich thich thuc vat san sinh
nhiéu enzyme co vai trd gia cuong stc khang bénh nhu phenylalanine ammonia-
lyase, peroxidase, polyphenol oxidase, catalase, and superoxide dismutase,.. . Céc
enzyme nay tham gia diéu hoa cac qua trinh sinh hoa trong té bao thuc vat.

+ Kich thich su tich lily cac hoat chit trao ddi chat thtr cAp lién quan phan vé
(DR-secondary metabolite): Cac hoat chit nay khéng truc tiép lién quan dén sy sinh

truong va phat trién nhung thudng lién quan dén kha ning khang bénh cua ciy trong.
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Khi duoc xtr Iy voi chitin/chitosan va cac dan xut cia ching thi cay trong s& kich
thich sinh tong hop cac phytoalexin (terpenoids, isoflavonoid, alkaloids,..) c¢6 hiéu
mg chéng oxi hoa va khang nim bénh hiéu qua; kich thich qua trinh lignin hoa dé
gia cuong tinh bén virng té bao; gia ting sy ban hoa té bao (suberization); gia ting
ham luong phenol (thanh phan hoat tinh chéng oxi hoa, khang vi sinh vat gay bénh
va yéu t trung gian cho cac con duong sinh tong hop khac); gia ting thanh phan
callose (thanh phan gia cb cho thanh té bao thyc vat, dong vai trd quan trong trong

vi€c ngan chan sy tan cong cia mam bénh va giam mirc dJ say sat).

+ Kich thich dan truyén tin hiéu: Ciing nhu cac tic nhan kich khang khéc,
chitin/chitosan va cac dan xuit ctia chiing ciing tao ra nhitng dan truyén tin hiéu nhu:
1) tiép nhan tin hidu ngoai bao thong qua cac thu thé dic hiéu trén mang té bao thyc
vat nhu 13 thu thé kinase 2 (CERK 1), thu thé thudc ho lectin; 2) tiép nhén tin hiéu ndi
bao, khi CTS tham nhap vao trong té bao thuc vat s& canh tranh véi protein histone
tuong tac véi DNA dan dén thay d6i nhiéu con dudng sinh héa té bao; va 3) truyén
tin hi¢u thong qua cac phan tir tin hi€u trung gian khac, chitin/chitosan c6 hiéu tng
kich thich dan truyén va khuéch dai tin hiéu trong té bao thong qua céc chét truyén
tin nhu tac nhan oxi hdéa manh (ROS), Ca?*, NO, etylen, jasmonic axit, salicylic axit,

abscisic axit duoc goi 1a con duong truyén tin hiéu qua trung gian CTS [49].

Bén canh hoat dong kich khang, thi hi¢u qua kiém soat bénh trén thuc vat con
thong qua hiéu Gmg khang bénh truc tiép [34]. Tuy nhién, co ché hoat dong khang
khuan, khang ndm cua CTS va OC van chua duoc lam sang t6 hoan toan, nhung nhiéu
tai liéu nghién ctru chi ra rang né co thé lién quan nhiéu dén ban chat polycation cia
chung. Sy twong tac gitra CTS hodc OC vdi cac phan tir tich dién am trén bé mat té
bao vi sinh vat dan dén sy ngung két thanh té bao, 1am ly giai cac thanh phan ndi bao
va gy chét té bao. Mot gia thuyét khac cho rang CTS han ché sy xAm nhap ciia mam
bénh vao té bao thuc vat bé“mg cach giam sy mo khi khéng. Déng thoi, hoat dong
khang ndm cua CTS dugc biéu hién qua kha ning lién két va e ché qua trinh tong
hop doc td cua vi sinh vat; va mirc do kich thich hé théng khang bénh ¢ thuc vat san
xuét nhiéu chét chuyén hoa thu cép c6 hoat tinh diét khuin va nim bénh [45]. Vidu
nhu: phytoalexin, axit abscisic, methyl jasmonate va cac hop chat phenolic, va cac

enzyme nhu B-glucanase, chitinase phan hiy mam bénh.

Ngoai ra, cac nghién ctru khac ciing di chi ra rang CTS hay OC giy nén nhitng
thay d6i vé hinh thai trong té bao nidm & cac giai doan phat trién khac nhau. Céc
polymer ndy con c¢6 tinh ning cing ¢ thanh té bao thyuc vét va tao mot hang rao co
hoc han ché su tiép xuc cua thuc vat voi cac yéu t bat loi bén ngoai. Do do, hi¢u qua

ctia hoat dong chdng lai vi sinh vét gdy bénh cua CTS hay OC c6 lién quan dén hoat
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dong hai hudng: kiém so4t tric tiép mam bénh va gy tao cac dap ung bao vé thuc
vat [5] nhu tom tat trén Hinh 1.7.

Cic co ché kiém soat bénh thirc vt ciia
chitosan/oligochitosan

v v
Gay doc true tiép té bao Kich thich va giy tao cac dap
vi sinh vit gdy bénh ing phan vé cia thuce vat
Twong tac vol mang va Kich tao protein lién quan mim
thanh té bao vi sinh v4t bénh (PR-protein)

Tuwong tac véi nhdm mang - N ]
dién trén DNA/RNA Kich tao enzyme lién quanphéan
ing phan vé (DR-enzyme)

Canh tranh tao phitc vdi ion

. . e . R

kcim loai Tich liy cc sinh chét thi cp
lién quan phaning phan vé

Bao phu bé mat té bao vi (DR-secondary metabolite)

sinh vat . j

Twong tac tinh dién Dan truyén tin hiéu

A vy

Hinh 1.7: Hoat dong kiém soat va kich khang bénh thuc vat ctia
chitosan/oligochitosan [45]

Ngoai ra, CTS va OC dugc minh chirng c6 hoat tinh kich thich tang truong va
tao ra cac phan ng lién quan dén ca chuyén hoa so cap va tht cap & thuc vat. CTS
va OC kich thich ting cudng quang hop bang cach khuéch dai hoat dong cia céac
enzyme chuyén hoa carbon, nito va cic enzyme tham gia phan tng sang va tdi cta
quang hop. Ching dong vai trd quan trong trong viéc kich thich b may quang hop
bang cach diéu chinh qua trinh quang héa so cap. Chiing ciing khac phuc nhiing han
ché cua khi khong va khuéch dai hiéu qua cb dinh carbon trong cac phan tGng ti va
thac day tong hop carbohydrate. CTS va cac OC kich thich cac enzyme va 1am ting
ham luong cac chit chuyén héa thir cap. Diéu nay c6 thé giai thich 1a CTS va cac OC
dong vai trod 1a phdi tir thich hop véi cac thu thé, tao nén cac dan truyén tin hiéu khac
nhau, chang han nhu truyén qua duong GPCR va PLC/PKC, MAPK, H»0», kich thich
cac yéu t6 phién ma trong cay tao ra phan ung toi da c6 thé. CTS va cac OC ciing thé
hién céc hoat dong khang khuan va hoat dong nhu thude trir su sinh hoc, ngan chan

su phat trién cia mam bénh va duy tri ning suat va chét luong cay trong [34].
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Nhu vay, kiém soat bénh thuc vat bang phuong cach gay kich khang bénh 1a
mot giai phap hiéu qua, vira dam bao ning sudt va vira tranh tac dong xau cho méi
treong sinh thai. Mic du dé c6 nhiéu nghién ctru chuyén sau nhung co ché hoat dong
kich thich tang truong va kich khang bénh thuc vat cua chitin/chitosan cling nhu céac
dan xuét ciia polysaccharide nay van ton tai nhiéu diém chua dugc lam sang t6. Tuy
nhién, tir cac cong trinh nghién ciru lién quan da goi ¥ rang cai bién thich hop ddi véi
chitin/chitosan s& 1am gia ting hoat tinh khang khuan, cai thién cac dic trung 1y hoa,

va tao cho céc hoat chat sinh hoc nay phu hop dé tng dung quy mé 16n [50, 51].
1.3.2. Hiéu irng phong trir bénh ciia Zn**

Vai tro vi lugng trong hé théng phong vé thuc vat da dugc dé cap chu yéu doi
v6i Mn, Cu, Fe, va Zn. K&m duong nhu dong vai trd chinh trong ca phan tmg mién
dich cua dong vat va thyc vat. Kém la mdt déng yéu to (cofactor) cua hang tram
protein cdu tric va enzyme xuc tac, va co cac chirc ning cdu tric chinh trong cc tim
protein twong tac véi cac phan tir khac. Dién hinh 1 protein ngén tay kém (Zn finger)
lam trung gian lién két DNA cua cac yéu t6 phién ma va tuong tac protein-protein.
Luong protein chita kém co thé chiém khoang 9% toan bo hé protein ¢ sinh vét nhan
thue va tir 5% dén 6% 6 sinh vét nhan so [52].

[ Cic chién lege thye vit phan vé lién quan dén kém J

Hinh 1.8: Co ché k&m kich thich phan vé ¢ cay trong [53]
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K&m dong vai trd then chdt trong phan tng phong trir bénh cua cay trong doi
v6i mam bénh vi sinh vét. Tuy nhién, cac co ché lién quan dén dap Gng phan vé cia
kém & thuc vat rat khac nhau. Tai néng do kém bao vé ché)ng lai mot s6 mam bénh
nhat dinh nao d6 ciing c6 thé gay ra tinh man cam cao hon d6i véi mam bénh khac
trén cting mot cdy trong. Mot sb nghién ctru di chi ra rang, trong hau hét cac truong
hop, bon k&m lam giam cac tridu ching nhiém bénh cia cdy trong. Protein Zn déng
vai tro kép trong bao vé thuc vat, véi kha nang dong thoi hd tro cho ciy trong va tc

ché mam bénh tham nhép.

Céc con dudng (rc ché mam bénh va kich khang bénh cho cay trong (Hinh 1.8)
dugc tom tat nhu sau [53-55]: Canh tranh ngudn kém, gy doc tryc tiép cho ndm

bénh; va kich hoat cay trong sinh tong hop protein khang bénh.

1.3.3. Hi¢u irng phong trir bénh ciia phirc oligochitosan-M**

Cho dén nay, thong tin lién quan dén hiéu img phong trir bénh trén cay trong

ctia phttc OC-ion kim loai con kha hiém.

Aziz va céng si (2006) nghién ctiru vé hiéu ung kich khang bénh dém tring
(downy mildew) trén 14 cdy nho do ndm Plasmopara viticola gy ra bang xir 1y phun
qua 14 OC (KLPT 1,5 kDa) ndng d6 200 mg/l két hop va khong két hop véi CuSO4
ham luong 50 mg/l, trude khi cho nhidm bénh. Két qua Hinh 1.9 cho thiy ty 18 nhiém
bénh thap nhat 1a 5% ddi véi 16 phun phitc OC-Cu®* so v6i ~12%, ~27% va ~42%
tuong tng dbi voi 16 phun OC, CuSO;4 va dbi ching (phun nudce) [56].
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Nghiém thirc
Hinh 1.9: Ty 1¢ bénh dom trang trén 14 cdy nho xir Iy OC, Cu?*, va phirc OC-Cu?*

Phirc OC-Zn?* ¢6 hiéu quéa phong trir bénh cao ddi véi thuc vat do phuc dugc
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tao nén tir hai thanh phan cung c6 kha niang khang vi sinh vat va kich thich hé thong
phan vé cua cdy trong [37, 38, 44]. Dong thoi, & dang phtrc khong nhirng hoat tinh
ctia OC va ctia Zn?* duogc gia ting ma con ting hiéu qua sir dung kém, gop phan giam

thiéu lwong k&m ly giai ra moi truong [38, 44].

Hon nita, diéu kién ché tao cac phtrc chét nay kha gian tién, dac biét la st dung
OC ché tao bang phuong phép chiéu xa tia gamma Co®. Do viy, san pham phtc OC-
ion kim loai (Cu?*, Zn*") rat trién vong tng dung thuc té dé phat trién san xuit néng
nghiép bén vimg [38, 56]. Str dung san pham phtrtc OC-ion kim loai c6 tiém ning thay
thé hodc 1a giam thiéu st dung nong duogc doc hai, dap ing nhu ciu bao vé moi
truong, gia ting san luong va chat luong nong pham, mang lai hiéu qua kinh té cho

nganh nong nghiép.

1.4. Chitinase trong h¢ thong phong bénh cAy trong

Thyc vat dugc trang bi nhiéu co ché phong vé dé tu bao vé minh trude sy tin
cong ctia mam bénh. Khi twong tac gita thuc vat va mam bénh tao ra nhiéu co ché
bao vé bao gém: gia cuong thanh té bao, ting san xuit mai cac hop chat chéng vi
sinh gdy bénh (protein lién quan mam bénh PR-protein va cic chat chuyén hoa thir
cap) va gay chét té bao cuc bd nhanh chong (hypersensitive),.. . Trong sé d6, cac PR-
protein 1a enzyme glucanase va chitinase c6 vai trd rit quan trong vi ching tan cong

tiéu diét truc tiép té bao ndm va con triung gy hai [57].

Enzyme chitinase (EC 3.2.1.14) xuc tac thuy phan chitin, chitosan,
lipochitooligosaccharide, peptidoglycan, glycoprotein chira N-acetyl-glucosamine.
Day 1a cac thanh phan dic trung ciu tao mang & vi sinh vat. Chitinase duoc coi 14 ¢6
vai tro bao v€ hodc tang cuong kha nang chéng bénh ¢ thuc vat va dong vat bac cao
khong chtra chitin. O thuc vat, chitinase c6 lién quan dén ca phan ung dap Gng céac
yéu t6 sinh hoc va phi sinh hoc trong qué trinh sinh truéng, phat trién. Cac phan tich
v& trinh ty gen cho théy cac gen ma hoa chitinase dugc dai di¢n bdi cac ho 16n va céc
gen thanh vién riéng 1¢, va duoc biéu hién trong cac diéu kién khac nhau. Cac enzyme
chitinase 1a thanh vién trong nhém céc protein 1i€n quan dén sinh bénh hoc dugce tao
ra sb luong 16n khi té bao thuc vat bi tAn cong badi mam bénh, va do d6 chitinase dugc

xem 1a vii khi quan trong cua thuc vat trong phong chdng bénh [58].

Chitinase thyc vat c6 do dai trung binh trong khoang 178 — 479 amino axit,
vo1 KLPT trung binh 30 — 50 kDa. Vung xuc tac dac trung trong chitinase l1a vung
glycosyl hydrolase. Glycosyl hydrolase 1a mét nhém enzyme thuy phéan lién két

glycoside giira hai hodc nhiéu carbohydrate hoic giira carbohydrate va mot nira khong
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carbohydrate. Trén co so tuwong dong trinh tw, gan 85 ho glycosyl hydrolase khac
nhau d3 dugc dé xuit. Dua trén dic diém cua vung xuc tac, chitinase dugc nhom
thanh hai ho sau: ho glycosyl hydrolase 18 (GH18) va ho glycosyl hydrolase 19
(GH19). Chitinase (bao gdém ca chitodextrinase phin huy chitooligosaccharide,
nhung khong phan cét chitin) thuéc GH18 bao gom céc thanh vién chitinase thuc vat
loai III va V. Ho GH19 chi bao gém cac chitinase cua cac thanh vién loai I, IT va IV.
Ving xtc tac cta chitinase bao gdbm khoang 220 dén 230 gdc axit amin. Sy khac biét
gitra chitinase loai [ va Il nam & sy hién dién (loai I) hoac Véng mat (loai IT) cia vung
lién két chitin (CBD) tai ving dau cubi N. Ving CBD bao gém mot ving gidu
cysteine, dugc bao tdn cao voi khoang 40 géc axit amin. Chitinase loai V, 1an dau
tién dugc phan lap tir thude 14, cling twong ty nhu exochitinase ciia vi khuan va
chitinase loai I1I. Ngoai ra, chitinase loai V ¢6 phan mé rong dau C dé nham muc tiéu
khong bao va chira hai CBD. Chitinase loai III va loai V thé hién mot hoat dong
lysozymal b6 sung. Chitinase loai VI twong tu nhu chitinase ct cai dudng va s hitu
1/2 CBD. Cho dén nay, nhiéu loai chitinase dang dugc phét hién va phan tich [59].

Khi cac phan tir chitin hodc OC tir thanh té bao ndm giai phong (do chitinase
thue vat xtc tac thily phan té bao ndm); hodc khi xtr 1y phun chitin hay OC 1én ciy
trong thi té bao cay trong nhan dién nhur bi mam bénh tan cong. Sau d6 tiép nhan va
dan truyén tin hiéu gdy dap ung kich hoat hé miém dich tu nhién hoic sinh tong hop
PR-protein dé loai trir mam bénh, trong d6 gia ting hoat tinh chitinase dugc xem 14

dau hiéu (marker) cta phan tmg mién dich phong vé [58].

1.5. Piu nanh va bénh than thw do nAm Colletotrichum truncatum

1.5.1. Cdy dau nanh

Dau nanh (Glycine max), mot trong nhiing loai cay trong cé gia tri kinh té cao
va 1a cay luong thuc quan trong cung cip protein va dau thuc vt trén thé gidi [60].
Cay thudc ho dau (Fabacea), bd Fabales, c6 ngudn gdc tir Bong Bic A (Trung Quéc)
dugc biét dén tir 5.000 nim nay, cdy co thoi gian sinh trudng, phat trién cho dén thu
hoach trong khoang 3 — 4 thang [61].

Pau nanh c6 gié tri dinh dudng cao dugc cac nha khoa hoc xép vao mat trong
nhirng cay trong thudc dang “thue pham chirc ning” va dong vai tro thiét yéu dé nang
cao tiéu chuan thuc pham cho con ngudi ¢ nhitng nuéc dang phat trién trong tinh
trang thiéu hut protein [62]. Luong dau tir dau nanh ding & vi tri thir nhit trong tong
s6 dau thuc vat duoc tiéu thu trén thé gid1. Hat ddu nanh c6 thanh ph?m dinh dudng

cao, véi luong protein trung binh tir 38 — 40%, lipit 18 — 20%, giau mudi khoang.
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Protein ctia ddu nanh c6 pham chat tot nht trong s cac protein cua thuc vat, cao hon
ca & c4, thit va cao gip hai 1an ham lugng protein cé trong céc loai dau dd khac. Him
luong dau béo cao hon céc loai dau dd khac nén duoc coi la cay cung cép dau thuc
vat dang ké. Lipit cua dau nanh chtra mot ty 1€ cao céc axit béo khong bao hoa c6 hé
s6 ddng hoa cao, mui vi thom ngon; dung dau dau nanh thay m& dong vt c6 thé tranh
dugc xo vira dong mach. Trong hat ddu nanh con co nhiéu loai vitamin, dic biét 1a
ham lugng cta cac vitamin B1 va B2, ngoai ra con ¢6 céc loai vitamin PP, A, E, K,

D, C,.. va cac loai mudi khoang khac.

Trong 3 ngudn thuc pham cho con ngudi va gia stic, ddu nanh 1a ngudn dam
thuc vat ré tién va quan trong nhét, cho dén hién nay dau nanh dugc tréng o 80 quéc
gia khép cac chau luc. Nam 2010, dién tich ddu nanh cta thé gidi ude dat 102,3 tri¢u
ha, san lugng 261,5 triéu tan, nang suat ude dat 25,5 ta/ha. Quéc gia c6 dién tich tréng
dau nanh 16n nhét 1a My (31,1 triéu ha, nang suét 29,2 ta/ha). Chau A chiém vi tri thir
2 vé dién tich véi 19,7 triéu ha, ning suat udc dat 14,1 ta/ha; trong d6 Trung Qudc co
8,5 triéu ha, nang suét 17,7 tatha; An Do 9,2 triéu ha, ning suat 10,6 ta/ha [61, 63].

Pau nanh 12 mot cdy cong nghiép va thuc phadm quan trong trong co ciu ciy
trong nong nghiép & Viét Nam. Mic du vy, dién tich canh tic cay dau nanh van chua
cao tai nudc ta, diéu nay c6 thé dén tir nhiéu nguyén nhan nhung mot trong sd nhing
tr& ngai 16n nhat van 1a nguoi néng dan chua duge trang bi vé ki thuat canh tac va
quan 1y sau, bénh hai. Theo quy hoach ctia Nha nudc, ving san xuat dau nanh sg tap
trung chil yéu & Tay Nguyén, Pong Nam b va Pong bang song Ctru Long. Nhu vy
dé c6 thé thyc hién nhiing chi tiéu ciia Nha nudc dé ra, trong giai doan téi can tap
trung nghién ctru xac dinh tién bd k¥ thuat, giéng thich hop cho cac ving trong diém
no6i trén; xac dinh nhitng yéu t6 gy han ché nang suat dau nanh; va xay dung quy
trinh k§ thuat phu hop ting ving dé tang tinh hiéu qua trong san xuat. Hién nay, dau

nanh dang duoc khuyén khich phat trién trong co cdu 2 lta — 1 mau.

Tai Viét Nam, dau nanh co6 thi truong ti€u thu rong, tuy céd tiém nang dién tich
va diéu kién tréng dugc 3 vu/nam, nhung dién tich san xuét ¢ chiéu huong thu hep
trong cac nim gan ddy. Dién tich trdng ddu nanh ca nude trong ndm 2015 khoang
100,8 nghin ha, san lwong udc dat 148,4 nghin tin, ning suit dat ~1,47 tdn/ha (Niém
giam Théng ké, 2016). Nguyén nhan chil yéu do d4u nanh cua Viét Nam c6 ning suit
thp, hiéu qua kinh té chua cao, chua canh tranh duoc véi cac loai cay trong khac va
so voi cay ddu nanh trén thé giéi.

Mot trong nhitng tré ngai 16n trong canh tic ddu nanh 12 loai ciy trong nay rat

dé bj tan cong boi cac mam bénh do vi sinh vat. Trong s6 d6, bénh than thu do nAm
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Colletotrichum truncatum gy ra 1a mot trong nhitng bénh rat phd bién va gay thiét

hai nghiém trong dén nang suat (giam 30 — 70%) cta cdy dau nanh [62].

Ngoai ra ¢ nudc ta, ton tai 5 nguyén nhan 1am han ché hiéu qua san xuét va
khé khan khi mé rong dién tich dau nanh. Thuo nhét, nong dan van coi dau nanh la
cdy trong phu, it quan tdm dau tu thim canh nhu céc cdy trong khac, kha ning canh
tranh vé hiéu qua san xuit chua cao; thir 2, thoi tiét kho khin giy ra nhiéu rui ro cho
canh tac dau nanh nhu thoi tiét cuc doan, han, ung, gié bdo gy tré ngai khi gieo hat,
anh hudng qué trinh sinh truong va phat trién; thr 3, sdu bénh dic biét 1a cac loai siu
nhu sau khoang, sau cudn 14, sdu duc qua, gioi duc than, bo xit, cac loai bénh hai do
nam ma dic biét 1a bénh than thu do Colletotrichum sp. thudng xuyén xuét hién trén
cac dién tich cach tic dau nanh gay thiét hai nang né; thir 4, nong dan thiéu ngudn
gidng tot, gidng cung tng cho néng dan thudng xuyén cé ty 1& nidy mam thap; va thir
5 1a gia ban chua hop ly. Trong tit ca cac nguyén nhan ké trén, hién nay trén tat ca
céc dién tich trong d4du nanh cua Viét Nam, bénh than thu dang 1a d6i twong gay thiét
hat nghiém trong nhat. Trong cic bd phan ctia cdy chira nhiéu chat dinh dudng dic
biét 1a chat dam nén dau nanh 13 dbi twong hp din cta nhiéu loai siu bénh hai. Piéu
kién nhiét d6i nong 4m 1am cho vong doi ciia sau bénh twong ddi ngan, mic dd pha
hoai rat nghiém trong néu khong b tri ciy trong va thoi vy hop 1y [61].

1.5.2. Niam Colletotrichum truncatum gdy bénh thdn thw trén ddu nanh

Nam Colletotrichum xuat hién va gy bénh trén tit ca cac giai doan sinh
truong, phat trién ctia cay dau nanh nhu giai doan nay mam, cay con, cac by phan 14,
qua va vo. Loai Colletotrichum truncatum (C. truncatum) c6 thé lan truyén qua hat
giong nhiém bénh sau d6 phat trién & vo qua. Nhiéu thi nghiém déu ching té nam C.
truncatum gay bénh than thu c6 kha nang lay tir cdy me sang cay con. Theo Nagaraj
va céng sir (2014), ndm C. truncatum giy bénh than thu va giy hai ¢ tit ca cac giai
doan cta cay trong, gdy thdi hat, chét rap cdy con khi méi ndy mam. Trén 14 mam bi
nhiém bénh thuong cé vét 16m xuéng, vét bénh mau tbi, lan dan trén tru 14 mam hoac
huéng xudng duéi ré. Hat bi kho quit, ban dau bi mdc sau chuyén mau nau, c6 cac
ving x4m nho bét thuong véi cac ddm mau den. Cac giai doan tiép theo va cudi giai
doan sinh san cua cay, cac mo té bao bénh bj bao phu boi cac dia canh mau den, bao
tr moc ra cac 16ng gai nhd mau den c6 thé quan sat bang mit thuong. Cay bi nhiém
bénh & giai doan som thudng khong dau qua, néu dau qua thi hat khéng phat trién
hozc phét trién véi s luong it. La khi bi nhiém bénh thudng c6 triéu ching théi gan
14, 14 xodn va loét cudng, cac vét bénh xuét hién & 14 non, ciy bénh lun hon ciy khoe

va hoa gia sém hon vi anh hudng két hop vai cac ton thuong trén than va cudng. Dia
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canh ctia ndm co6 thé moc don 1& hodc moc tap trung thanh dam dang hinh ban cau
hodc non cut, cac 16ng gai trén dia canh ¢c6 mau nau hodac nau den thuong thon va dai,
moc nhod 1én trén ddm bao tr phan sinh. Bao tir phan sinh khong mau, don bao, co
dang 6 van, thon dai, nhon va udn cong, trong subt, co kich thudce khoang 17-31 x 3-
4 um. Long cung trén dia canh c6 kich thude khoang 60-300 x 3-8 um dan xen day
dic, mau den va c6 dang hinh 14 lua. Bao tir lan truyén qua gié, mua, nuée tudi, xam
nhap truc tiép vao ciy hodc thong qua cac vét thuong co gidi. Bao tir ndy mam va
hinh thanh giac bam trong ~6 gid. Chu ky phat trién ciia nAm can 60 — 65 gio dé bicu

hién triéu chtng va biéu hién nhiém cham phat [64].

Mot sé két qua nghién ctru in vitro tai An Do cho thiy nhiét do tdi thich cho
bao tir ndy mam va kéo dai dng mam 1 20°C, nhiém trén vo dau 1a 25°C. Thoi gian
chiéu sang tbi thich cho ndy mam 1a 3 gio sang va 9 gio toi, nhiém bénh cho v hat
13 12 gio sang va 12 gio toi, su nhiém va phat trién bao tir & hat ddu nanh doi hoi thoi
gian chiéu sang dai hon va 4m d6 dat 100%. Khi phan lap va nudi cdy nam C.
truncatum voi cac giong khac nhau thi kha ning gdy bénh khac nhau. Nam C.

truncatum cé pham vi ky chi rdng trén nhicu loai cay trong trong d6 c6 dau nanh.

Bénh than thu trén cay dau nanh chu yéu do loai nAm C. truncatum va nim C.
gloeosporioides, bénh thudng lan rong & cac ving trong chuyén canh dau nanh va
gay ton that 16n, nhat 1a cac vung trong c6 nén nhiét 4m va d6 am cao. Tai Alabama
nang suit dau nanh giam 19,4% trén 3 vu so voi cac ving trong da dung thudc trir
nam. Tai Nigeria nam 1975, nAm Colletotrichum xuét hién va 1am giam 30% ning
suat dau nanh. Két qua diéu tra & hai bang cua Brazil cho thay nim Colletotrichum
gay bénh than thu da xuét hién trén 57% dién tich tré)ng dau nanh [64]. O Viét Nam,
theo nghién ctru diéu tra thanh phan ndm hai d4u nanh trén dong rudng ving Ha Noi
trong vu dong 2010 - 2012 gém ¢4 9 loai nAm thudc 7 ho trong 5 bo, xuét hién véi
mirc d6 khac nhau va gay hai tir luc ddu nanh nay mam dén khi thu hoach. Trong d6
bénh than thu do ndm C. fruncatum va bénh ddm 14 do ndm Alternaria alternate c
mirc d6 phd bién nhit. Ty 1& bénh than thu cao nht 1én t&i 19,87% [61].

Bénh than thu cha yéu do ndm C. truncatum ton tai trén hat giéng va truyén
sang cdy con, kha ning xuét hién ctia chiing ngoai déng ruéng con phu thudc vao diéu
kién méi trudng. Theo Kumar va cdng sw (2000), khi nghién ciru anh hudng cua didu
ki€n moi truong dén su phat trién cua bénh than thu & dau nanh trén déng rudng & An
Do cho thay triéu chimg xuit hién nhiéu nhit & tuan thir 2 va thir 3 cta thang 9 va
tuan dau tién vao thang 10. Trong giai doan nay, nhiét d6 trung binh, am d6 va luong

mua tuong ung 28,4°C, 76% va 92,5 mm. Bénh xuat hién it trong diéu kién nhiét do
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cao, am d6 va luong mua twong d6i thap. Ty 186 nhiém ndm C. truncatum cao khi mat
do tréng day. Tai An Do, triéu chirng 14 nhiém bénh trén dau nanh tréng sGm xuat
hién nhiéu hon so véi tré)ng muon. Hat gié)ng thu hoach tir dau nanh tréng som co suc
nay mam thap va ty 1& cdy nhiém bénh cao. Viéc xuét hién c6 dai khong anh huéng
hay 1am ting ty 1& nhiém bénh. Ngoai ra, bénh con phu thudc vao thoi gian gieo trong
va khoang cach ludng. Trong diéu kién nha kinh, bén canxi cho dit lam giam sy phat
trién cta bénh trén hat. Qua nhiéu tai liéu khoa hoc cong b6 cho théy cac yéu td thoi
vy, khi hau, phan bén déu c6 anh huong dén su sinh truong va phat trién cua bénh,

nhung nguyén nhan cht yéu van 1 ngudn nam bénh ton tai trén hat giéng [3].

Cho dén nay, bién phap kiém soat bénh than thu trén cdy dau nanh chu yéu sir
dung cac san pham thubc diét nim héa hoc truyén thdng nhu: carbendazim,
mancozeb, copper oxychloride, tebuconazole, bencomyl,.. ¢ nguy co anh hudong dén
suc khoe con nguoi va sinh thai [63, 65]. Do vay, nhiéu cong trinh nghién ctru da va
dang thyc hién theo hudng: cai tao gidng, phuong phap canh tac, va tao ché pham
kiém soat bénh than thu an toan, hiéu qua. Nghién ctru va khai thac st dung cac hoat
chat tu nhién va cac din suat cua ching dang duoc quan tdm 16n va budc dau ghi

nhan dugc két qua theo ky vong.

1.6. Tinh hinh nghién ctru ngoai nuwéc

Hoat tinh sinh hoc cta chitosan (CTS) phu thudc chu yéu vao khdi lugng phan
to (KLPT) va do deacetyl (BPDA%) cua ching. Thong thuong CTS nguyén liéu co
KLPT cao, do két tinh cao va nhiéu lién két hydro chong chéo trong chudi phan tur

1am cho CTS khé tan, d6 nhdt cao nén han ché kha ning Gmg dung.

Nhiéu phuong phap cit mach diéu chinh giam KLPT ctia CTS di duoc ap dung
nhu hoa hoc, sinh hoc va véat ly. Trong do, sit dung phuong phép vat 1y 1a dung birc
xa tia gamma Co® hay burc xa dong dién tir gia téc (EB) dé cit mach CTS da duoc
danh gia 13 hiéu qua cao do tinh than thién méi trudng, dé dang diéu chinh KLPT cia
san pham theo mong mudn, san pham tinh sach va kha ning ché tao quy mé 16n. Két
qua nghién ctru cua Hien va céng sw (2012) cho thiy rang KLPT ctia CTS ban dau
~100 kDa da giam xudng nho hon 10 kDa khi xtr I chiéu xa dung dich 5% CTS trong
axit lactic lodng c6 bd sung ~1% H»0; chi véi liéu xa ~4 kGy [26]. Nhom tac gia Zou
va cong si (2015) da diéu chinh PDA% cta CTS thanh cong bang phuong phap
acetyl hoa CTS béi anhydric acetic. San phdm CTS acetyl hoa c6 kha ning hoa tan

trong nudc nén dugc quan tdm nghién clru rng dung [66].

Hoat chat CTS véi KLPT thap (< 100 kDa) di dugc nghién ciru ing dung
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trong linh vuc sinh y, my pham va chin nuéi, nudi tréng thiy san,.. do CTS c6 hoat
tinh chdng oxi hoa va kich thich mién dich. Nhom tac gia Nghiep va cdng su (2012)
d3 nghién ctu kha toan dién vé kha ning chdng oxi hoa, bt gbc tu do cua
oligochitosan (OC) ¢6 KLPT ~3 kDa trén té bao dong vat va té bao nguoi. Két qua
nhan dugc cho thiy OC c6 hoat tinh trung hoa hiéu qua cac chat oxi hoa gitip cin
bang 6n dinh ndi mdi cua té bao, va OC bao vé su ton thuong DNA gitp té bao chong
lai cac yéu t6 tac dong c6 hai [67]. Hiéu qua ting cudng kha ning mién dich cia OC
d6i voi dong vat ciing da dugce Luo va céng sw (2009) minh ching. Két qua nghién
ctru cho thay khi cho c4 hoi 4n thirc dn c6 bo sung 0,4% OC di lam ting cudng hé
mién dich va tang kha nang sng sot sau khi cho cé 1y nhiém véi vi khuan Aeromonas
hydrophila [68]. Ngoai ra, hiéu tng khang khuan [69], khang ndm [70], khang vi rat
[71], khang tuyén tring [72] va hiéu ung ting cudng kha ning ¢ dinh dam trén cay
ho dau [73] cta CTS va OC da dugc chirng minh.

Hiéu tmg kich thich ting truéng va kich khang bénh ctua CTS va OC d6i voi
ciy trong ciing dd duoc nhiéu tac gia cong bd. Theo Dzung va cdng sw (2011) xtt Iy
phun qua 14 dung dich OC (KLPT ~2 kDa) v&i ndng do 60 ppm di lam gia ting déng
ké céac chi tiéu ting trudong va gia ting do chiu han cho cay ca phé [74]. El-Sawy va
cong s (2010) cong bo rang xir 1y phun qua 14 cay dau tim (Faba beam) dung dich
OC (cat mach bang birc xa) nong d6 100 ppm d3 lam ting kha ning sinh trudng va
nang suit thu hoach [75]. Luan va c¢dng sw (2005) da nghién ctru hiéu Gng kich thich
tang trudng va tang sinh phytoalexin ciia md hoa cuc, mé cay nho va moé hoa tulip
ctia OC ché tao bang phuong phap cat mach birc xa gamma Co%. Két qua cho thay
b6 sung CTS KLPT thap hodc OC vao mdi trudng nudi cdy mo da kich thich gia ting
céc chi s6 sinh truéng va kich tao PR-protein (protein do cdy tao ra khi cay tiép xiic

v6i mam bénh — gidng khang thé) khang bénh cta mé thuc vat [76].

Gan day hon, Zou va céng s (2015) cong bd két qua ting kha ning chiu min
cua cay lua mi khi dugc xtr Iy OC, do OC kich thich sinh truéng va kich thich hé¢
théng enzyme chdng oxi hoa cua té bao [66]. Muley va céng s (2019) da nghién ctiru
hiéu quéa xtr Iy phun dung dich CTS KLPT thip va OC dugc ché tao bang phuong
phap cit mach bang butrc xa tia gamma Co® trén cay khoai tiy [77]. Khi phun qua l4
dung dich CTS cit mach v6i ndong do 50 — 75 ppm 1én cay khoai tiy (Solanum
tuberosum L.) ba 1an vao thoi diém 20, 30, va 40 ngay sau ra cdy, két qua cho thay
san pham CTS cit mach buc xa c6 hiéu ung kich thich sinh truéng, ting kha ning
chdng chiu tac dong moéi trudng, ting cac chi s ting trudng va dic biét gia ting biéu
hién cac enzyme chdng oxi héa va enzyme dap tmg phan vé nhu CAT, POD, SOD,

chitosanase va chitinase. Hon nita, trong cong trinh ndy cling ghi nhdn muc d6 cai
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thién cac thong sb di ké trén ciia OC 1a tot hon so v6i CTS [77]. Hiéu tng kich khang
bénh dao 6n chay 14 do ndm Pyricularia grisea ciia CTS va OC dbi véi cay laa da
duoc thyc hi¢n va cong bd [78]. Két qua ghi nhan duoc cho théy, OC thé hién hoat
tinh kich khang bénh tdt hon so v6i CTS dua trén ham luong PR-protein tao ra sau
khi xtr Iy hat laa véi CTS hodc OC r6i cho nhim bénh. Theo bao cio téng hop cla
Yin va séng sw (2010) vé hiéu tng kich khang bénh ctia OC ddi véi cdy trong cho
théy, OC thé hién hiéu ung kich khang bénh cho hon 30 loai bénh do vi sinh vat gay
ra trén 24 loai cdy trong, va nhom tac tac gia ciing khang dinh rang OC 1a mot loai

véc xin thue vat [33].

Pbi voi cay dau nanh (Glycine max), mot trong nhirng loai cay trong co gié tri
kinh té cao va 1a cay luong thuc quan trong nhung cdy dau nanh rat dé bi tan cong
boi cac mam bénh do vi sinh vat. Trong sb do, bénh than thu do ndm Colletotrichum
truncatum giy ra 1a mot trong nhing bénh rat pho bién va gay thiét hai nghiém trong
dén nang suét (giam 30 — 70%) dau nanh [62]. Mic du vdy cho dén nay, chua c6 cong
trinh nghién ctru ndo vé hiéu tmg kich khang bénh than thu cia OC trén cdy dau nanh
duoc cong bd. Tuy nhién theo két qua nghién ctru ctia Prapagdee va cdng suw (2007)
cho thay khi phun qua 14 dung dich CTS (loai ¢c6 KLPT 200 kDa, PPA 85%) d3 giam
ty 16 bénh chét nhanh (do ndm Fusarium solani gy ra) trén cdy dau nanh [79]. Hon
nita, Hirano va cdng sw (2001) ciing da cong bd két qua xur 1y hat ddu nanh véi
oligochitin hay oligochitosan d4 lam gia ting dang ké ham lugng chitinase, mot loai

PR-protein do cdy sinh ra dé chéng mam bénh do vi sinh vat [80].

Theo mot s6 két qua nghién ctru gan day cho thiy rang CTS hodc OC & dang
phirc chelate v6i ion kim loai nhu Cu?*, Zn?* d3 thé hién mot s6 hiéu ng sinh hoc
manh hon so véi dang khong chelate. Dién hinh nhu hoat tinh khang khuan va khang
nam cua phic CTS-Zn2* cao hon 2 — 8 1an so v&i CTS (788 kDa) va 4 — 16 lan so véi
Zn* (mubi kém sulphat), nguyén do duoc giai thich 1a mat do dién tich dwong cao

lam gia ting kha ning twong tac ctia phirc CTS-Zn%" voi té bao vi sinh vat [36].

K&m 12 mot nguyén t vi lugng c6 vai tro rat quan trong cho strc khoe ciia con
ngudi, dong vat, va thuc vat do chung 1a thanh phan coenzyme cta nhiéu enzyme
quan trong cta t& bao dong thuc vat [36, 43]. K&m co vai trd quan trong trong hé

théng mién dich va c6 kha nang khang khuan.

Nam 2006, nhom tac gia Aziz va c¢éng s (2006) di cong bd két qua nghién
ctru hiéu ung kich khang bénh théi xam (do nAm Botrytis cinerea) va bénh suong mai
(do ndm Plasmopara viticola) cta phitc chelate CTS-Cu?* va cia OC-Cu®" trén cay
nho [56]. Két qua cho thiy hiéu tng kich khang bénh ctia phirc OC-Cu?* tét hon so
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v6i phitc CTS-Cu?* thong qua su ting ham lugng phytoalexin, ham lugng PR-protein
va muc do gidm ty 1€ bénh. Nhoém tac gia Ibrahim va cong sw (2015) da minh ching
hiéu mg kich thich tdng truéng cua phicc CTS-Zn?" trén ciy dau ve (Phaseolus
vulgaris) [81]. Két qua nhan duoc cho thy, phun dung dich phirc CTS-Zn?*" qua 14
d3 lam ting cuong sinh trudng, ting hiéu qua hap thu dudng chét, ting ning suit ciy
dau tir 25 — 33%, va giam anh hudng bat loi do nhiét d6 méi truong. Nhom tac gia da
giai thich hiéu Gng kich thich ting truéng 1a do cay dau duoc bd sung nguyén td vi
lugng Zn?>" thuong bi thiéu hut trong dat; va do vai tro cua kém, CTS lam gia tang
kha nang hap thu dudng chat, ting cudng sy phan chia té bao va ting ham luong
chlorophyll trong 1a. Mic du vay, cho dén nay chua c6 cong trinh nghién ctru tong
thé nao vé hiéu qua phong trir bénh thong qua hiéu tmg kich khang bénh ctia phirc
OC-Zn*" trén cay trong.

1.7. Tinh hinh nghién ctru trong nuéc

Hiéu tng phong trir bénh va kich thich tang trudng cua CTS va OC trén cay
tréng cling da duoc thyc hién nghién cuu tai nhiéu co s& nghién ctru khoa hoc trong
nuéc. Nhém nghién ctru Diing va ¢dng sir, Pai hoc Tay nguyén di cong bd két qua
hiéu ung kich thich tang truong va gia ting kha nang chéng chiu han trén cay ca phé
cua OC [74]. Nhom tac gia Luan va cong sy (2005), Trung tdim Hat nhan — TP. HCM
cling ¢3 minh chig hiéu tng kich thich ting truéng mé thuc vat caa OC [76]. Hién
va c¢éng sir, Trung tim Nghién ctru va Trién khai Cong nghé Birc xa — TP. HCM da
nghién ctru hi¢u tng kich khang bénh va tang trudng cua OC trén cay lua va cay mia
[82], va nhom tac gia nay ciing dong thdi nghién ciru so bd hiéu Gng kich thich ting
truong va chong bénh cia hdn hop CTS cit mach birc xa voi ion Zn2*. Két qua nhan
dugc cho thay, khi phun qua 1a dung dich 40 ppm chitosan — 40 ppm Zn?* ba lan &
giai doan mia non, nang suét mia tang ~12% va ty 1¢ bénh 14 giam ~36%, ty 1€ bénh

than mia giam ~66% so v6i d6i ching [83].

Gan day hon, hiéu tng kich khang bénh than thu ctia ché pham OC/nanosilica
trén cay 6t da dugc nghién ctru boi1 Hiét va cong sy (2015), Trung tdm Nghién ctru
va Phat Trién Nong nghiép Cong nghé cao — TP. HCM [84]. Nam 2017, vat liéu lai
gitra OC va nanosilica (OCS/nSiO2) cling dugc cac nhom tac gid Dlng va cong su
(2017) [32]; Thuy va cong su (2017) [85] nghién ctru hi¢u tng kich thich tang trudéng
va kich khang bénh than thu trén cay ot. Két qua cho thdy OCS/nSiO2 (50 mg/l — 50
mg/1) c6 hiéu ung ting sinh khéi khé, sinh khéi tuoi, chibu cao cdy va ham luong
chlorophyll a va b. Bén canh dé ty 1& bénh than thu trén cay 6t khong xuét hién khi

tién hanh gay nhiém nam Colletotrichum sp., trong khi d6 & 16 d6i chung ty 1& bénh
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13 100%. Hiéu tng khang ndm Colletotrichum gloeosporioides giy bénh than thu trén
cay xoai cua CTS (KLPT ~350 kDa) cling dugc nhém nghién ctru Duy va cong su
(2014) thyc hién va cong bd. Két qua cho thdy CTS c6 hiéu Gmg trc ché truc tiép ndm
C. gloeosporioides trong diéu kién in vitro va giam mirc d6 bénh than thu trén qua
x0ai Hoa Loc [86]. Gan day hon, Tuin va cdng sw (2019), Vién Khoa hoc Vat liéu
Ung dung, d3 cong bd két qua nghién ctru hiéu g kich khang bénh théi nau trén ciy
thanh long ctia phttc OC-nanosilica vo trdu [87]. Két qua thu duoc cho thiy tiém ning

mg dung ché pham phirc 1am chét bao vé cay thanh long va cay trong khac.

Nhin chung, theo cac két qua nghién ciru ghi nhan duoc cho thiy CTS hoic
OC c6 hiéu ung kich thich ting truéng, giam ty 1¢ bénh va ting ning suét trén cac
cdy trong khac nhau. Mic du vdy cho dén nay, hiéu tng phong trir bénh than thu trén
cdy dau nanh cuia phirc OC-Zn*" van chua dugce don vi nghién ciru nao trong nudc
cong bd. Vi vay dé tai nghién ciru vé hiéu qua phong trir bénh théng qua hiéu ung
kich khang bénh ctia ché pham OC-Zn*" trén cdy dau nanh can dugc xay dung va
thuc hién nham ché tao ché pham c6 ngudn gdc sinh hoc an toan (phttc OC-Zn>") tng
dung 1am chat phong trir bénh cho cdy d4u nanh va tiém ning mo rong cho cac d6i

tugng cay trong khac, gop phan phat trién san xuat nong pham an toan bén viing.

Theo thong tin két qua thu thap tir cdc ngudn tai liéu da dé cap & trén cho thay,
hoat tinh sinh hoc ctia CTS phu thudc chu yéu vao KLPT. Hiéu qua phong trir bénh
va kich thich ting trudéng cua CTS, OC, va phirc cta ching voi Zn?* dd duge minh
chting trén nhiéu loai cdy trong. Tuy nhién, dbi véi hiéu tng kich khang bénh than
thu trén dau nanh cua phic OC-Zn?* thi chua dugc nghién ciru. Vi vay, trong pham
vi dé tai luan 4n ndy, ching toi thuc hién mot s6 ndi dung nghién ciru méi nhu sau:

Xéc 1ap diéu kién thich hop dé ché tao OC va phic OC-Zn%* ¢6 dic trung tinh
chat 6n dinh va hoat tinh sinh hoc hiéu qué theo dinh hudng trién khai san xuét va
ung dung quy mo 16n.

Khao sat anh hudng khdi lwong phan tir (2000 — 8000 Da) ciia OC va ty 1&
phan mol (-NH2/Zn?") dén hiéu qua phong trir bénh than thu ctia phitc OC-Zn?".

Luya chon ndng d6 thich hop ctia phitc OC-Zn>" phong trir bénh than thu hiéu
qua trén cay dau nanh.

Panh gia hiéu qua phong trir bénh va tac dong sinh truéng phat trién cta phirc

OC-Zn*" d6i v6i cay dau nanh trén rudng thi nghiém.
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Chuong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1.NGUYEN VAT LIEU VA THIET BI

2.1.1. Nguyén vat liéu va héa chit

Chitosan ngudn gdc tir chitin vo tdm, dang vay, khdi lwong phan tir ~171 kDa, 1a

san pham cua Doanh nghiép Tu Nhan Phan Bui, TP. Viing Tau.

Hat giéng d4u nanh: HL 07-15, ngudn gdc tir td hop lai HL 203 x HL 92, c6 thoi
gian sinh truéng 78 — 85 ngay; duoc B6 Nong nghi€p va PTNT cong nhan san
xuit thir cho viung Pong Nam B, Tay Nguyén va Pong bang song Ctru Long
theo Quyét dinh s6 333/QD-TT-CNN ngay 05/08/2013. Hat giéng dugc Trung
tam Nghién ctru Thuc nghiém Nong nghiép Hung Loc, Pong Nai cung cip.

Chung nim gy bénh than thu Colletotrichum truncatum: Puoc cung cip boi
Trung tim Nghién ctru va Phat trién Nong nghiép Cong nghé cao (AHRD), Cu
Chi, TP. HCM. Chung nidm duoc phan 1ap tir cdy dau nanh nhiém bénh than thu,
dinh danh theo hinh thai va nhan nuéi, lwu gii gidng tai Phong Nghién ciru bénh
hoc Cay trong va Vat nudi, Trung tim AHRD.

Moi trudong nudi céy nam: Potato Dextrose Agar (PDA), Hang Himedia, An Dd.
Mudi kém nitrate: Zn(NO3)-6H,0, tinh khiét >99%, Trung Qudc; Hydrogen
peroxide: H202, ndng d6 30%, khdi luong riéng 1,11 g/ml, Merck, Ptic; Axit
lactic: C3HeO3, néng do 88%, Trung Quéc.

N-acetyl-D-glucosamine (GluNAc): CsHis0s, 221,21 g/mol, tinh khiét >99%,
Sigma-Aldrich; 3,5 dinitrosalicylic axit (DNS): C;H4N20O7, 228,12 g/mol, tinh
khiét >98%, Merck, Dirc.

B6 chit chuan pullulan (khdi lugng phan tir Mw 780 — 380.000 Da): Sigma, M¥.

Deuterate oxide (D20) va deuterated acetic axit (CD;COOD): tinh khiét phan
tich, Cambridge Isotope Laboratories, Anh; Potassium bromide: KBr, tinh khiét
>99,8%, Merck, Purc; Acetol: C3HgO, tinh khiét phan tich, Trung Quéc; Ethanol
absolute: C:HsOH 99,5°, CEMACO, Viét Nam.

Cac hoa chét khac dé pha dém va thudc thir: NaH2POa, Na;HPO4, mudi Rochell,
NaHSOs3, phenol, NaOH, HCI, NH3, NaCl,.. dang tinh khiét phan tich, san phém
ctia Trung Qudc.

Nudc tinh khiét gdm: nudc cat 01 1an dung tao mau ché phim va nudc siéu tinh

khiét (Merck, Pirc) dung pha dém, dung mdi va tao thude thir.



34

2.1.2. Thiét bj va dung cu

May chiéu xa tia gamma cong nghiép, ngudn birc xa dong vi Co®, SVST Co-
60/B, Hungary, suat lidu ~1,1 kGy/gid, tai Trung tim VINAGAMMA, TP. HCM.

May quang phd hdng ngoai bién d6i Fourier, FTIR 8400s, Shimadzu, Nhat; May
quang phd UV-Vis, Jasco V630, Nhat, tai Trung tim VINAGAMMA, TP. HCM.

May sic ky gel thim qua (GPC): HPLC, LC-20AB Shimadzu, Nhat, sit dung
detector RID - 10A va cdt Ultrahydrogel 250 ctia hang Waters, My, tai Trung tam
VINAGAMMA, TP. HCM.

M4y nghién bi Fritsch, Puc; Ta sdy quat gié, DNF 410, Yamaro, Nhat; May
khudy tir gia nhiét: AGIMATIC-ED, Tdy Ban Nha; M4y khudy canh inox IKA-
RW20, Malaysia, tai Trung tam VINAGAMMA, TP. HCM.

Bé lic 6n nhiét: CERTOMAT-WR, Puc; Nbi h?ip ti¢t trung: Yamato, SM200,
Nhat; Ta 4m nudi U vi sinh vat: Incubator, Memmert, Pirc; T cdy vi sinh:
LABCONCO, My, tai Trung tam VINAGAMMA, TP. HCM.

May siéu ly tim (max 50.000 rpm): Ultra 5.0, hing HANIL, Han Qudc, tai
Trung tam VINAGAMMA, TP. HCM.

May do pH cam tay: Seven2Go pH S8-Std-Kit, METTLER TOLEDO, Trung
Quéc, tai Trung tam VINAGAMMA, TP. HCM.

May do pho phat xa nguyén tir cam tng plasma (ICP-AES), PerkinElmer, Optima
5300DV, My, tai Trung tdm Phan tich Thi nghiém, Q. 3, TP. HCM.

May do phd cong hudng tir hat nhan proton (‘"H-NMR): Bruker AVANCE III
500 spectrometer, Brucker BioSpin AG, Thai Lan, tai Trudong Pai hoc Khoa hoc
Ty nhién, TP. HCM.

May do tan sic nang luong tia X (EDX): JEOL 6610 LA, Nhat gin cung thiét bi
FE-SEM, S-4800, Hitachi, Nhat, tai Trung tam Nghién cuu Trién khai — Khu
Cong ngh¢ cao, TP. HCM.

May do nhiéu xa tia X (XRD): Siemens D5000, Dirc, tai Trung tdm Phan tich
Hoa 1y, Vién Khoa hoc Vat liéu Ung dung, TP. HCM.

Mot sb trang thiét bi can thiét khac dung cho thi nghi€ém nhu: thiét bi dung cu
thuy tinh, bd chay cbi st chay c6i ma ndo, chiu nhua tréng cay, nha kinh va hé
thdng tudi nho giot, budng dém hong cau Neubauer haemocytometer, .. tai Phong
thi nghiém Trung tdm VINAGAMMA va Trung tam AHRD, TP. HCM.
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2.2. PHUONG PHAP NGHIEN CcUU

2.2.1. Ché tao oligochitosan, phirc oligochitosan-Zn2* va x4c dinh cac diic trung

a) Ché tao chitosan khoi lwong phdn tir thap bang H>0> cdt mach oxi héa di thé

chitosan:

Pé thuan loi cho qué trinh hoa tan chitosan ban dau c6 khdi luong phén ti
(KLPT) 16n, trong nghién ctru nay, thuc hién xur ly chitosan ban dau c6 KLPT ~171
kDa tao chitosan KLPT thap bang phwong phap cit mach oxi héa di thé chitosan
(CTS) bai H20: theo nhu cac cong bd trudce day [15, 31, 88].

Can mét luong xac dinh CTS, cho vao dung dich 1% H>O», theo ti 1€ CTS/dung
dich 1a 1/10 (g/ml), diéu chinh pH ~10 — 11 biang NaOH 2M. Khudy tron déu bang
que khudy va cach ~2 gio khudy ddo mot 1an. Phan Gmg thyuc hién & nhiét d6 phong
~28 — 35°C. Sau 24 gi phan tmg, mau CTS duoc rira sach bang nuéc cho dén pH
~7, 16i 1am kho bang ti say quat gié & 60°C trong khoang 2 gio. Két qua thu duoc
CTS c6 KLPT thap, dang vay mau vang nhat.

b) Ché tao oligochitosan bang phwong phdp chiéu xa tia gamma Co® két hop H>0>
cat mach dong thé dung dich chitosan KLPT thdp:

Pé thu duoc dung dich oligochitosan (OC) c6 KPLT 2,5 kDa; 5,1 kDa va 7,8
kDa. Tién hanh thuc hién cit mach CTS KLPT thép trong dung dich c6 chira H,0

theo phan tng cit mach déng van [26, 27, 89] v&i diéu kién cat mach cu thé nhu sau:

+ Mau dung dich 4% CTS/2% axit lactic: Hoa tan 40 g CTS KLPT thap trong
1.000 ml dung dich axit lactic 2% (v/v) (20 ml axit lactic dam dac 88% trong 980 ml
nuéc), khudy tan & nhiét do thuong va dé yén qua dém. Loc lay dung dich CTS qua

luéi thép khong ri, loai 100 mesh, chuyén mau di chiéu xa gamma Co®.

+ Mau dung dich 4% CTS/2% axit lactic/0,5% H20,: Hoa tan 40 g CTS KLPT
thap trong 985 ml dung dich axit lactic 2% (v/v) (20 ml axit lactic ddm dac 88% trong
965 ml nuéc), khudy tan & nhiét d6 thuong va dé yén qua dém. Loc ldy dich loc qua
luéi thép khong ri, loai 100 mesh. B6 sung 15 ml H>O loai 30% vao dich loc, khudy

déu ¢ nhiét d6 phong, ~10 phat. Chuyén miu di chiéu xa gamma Co®.

+ Mau dung dich 2% CTS/1% axit lactic/0,5% H20,: Hoa tan 20 g CTS KLPT
thap trong 985 ml dung dich axit lactic 1% (v/v) (10 ml axit lactic ddm dac 88% trong
975 ml nuéc), khudy tan & nhiét d6 thuong va dé yén qua dém. Loc ldy dich loc qua
luéi thép khong ri, loai 100 mesh. B6 sung 15 ml H>O loai 30% vao dich loc, khudy

déu ¢ nhiét d6 phong, ~10 phat. Chuyén miu di chiéu xa gamma Co%.
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Cac dung dich mau duoc chiéu xa theo liéu cho dén 21 kGy, suit lidu ~1,1
kGy/gio, & diéu kién thuong trén may chiéu xa gamma Co® SVST Co-60/B. Liéu
hap thu (kGy) duogc xac dinh béi hé do liéu dichromate theo ISO/ASTM
51401:2003(E) [90].

¢) Ché tao phike oligochitosan-Zn>* bang phirong phép phdi trén:

Dung dich phtrc oligochitosan-Zn?* (OC-Zn?") tir cac oligochitosan (OC) c6
KLPT khac nhau (2,5 kDa; 5,1 kDa; 7,8 kDa) va ty 1& phan mol (-NH,/Zn?") khéc
nhau (1/0,25; 1/0,5; 1/1) dugc ché tao bang phwong phap phdi tron, phan ng tao
phurc thuc hién trong diéu kién thuong [36, 37, 42, 91, 92].

Dung dich OC néng dd 2% va 4% sau chiéu xa dugc diéu chinh pH ~5,5 béng
dung dich NH4OH 5%. Can lugng chinh x4c kém nitrate loai Zn(NO3)2-6H20 (297,51
g/mol) cho vao dung dich OC (Bang 2.1), khuay trén may khudy tir & diéu kién thuong
dé phan tmg tao phtrc. Thoi gian phan tng 4 gio.

Bing 2.1: S6 lugng mudi kém Zn(NO3)2-6H,0 (g) can thiét bd sung vao 100
ml dung dich OC dé tao phirc dat ty 18 phan mol (-NHa/Zn?") theo yéu cau

Loai phitc [Ty 1é mol | Nong d6 OC| PPA | n(-NHy)| n(Zn?)| S lugng
(-NH2/Zn*")| (g/100 ml) % | (mmol) | (mmol)| Zn(NO3),-6H,0
0C2,5-Zn** | 1/0,5 2 71,57 | 827 | 4,14 1,23
0C5,1-Zn?" | 1/0,5 4 87,24 | 20,95 | 10,48 3,12
0C7,8-Zn?* | 1/0,5 4 88,35 | 21,28 | 10,64 3,17
0C5,1-Zn** | 1/0,25 4 87,24 | 20,95 | 524 1,56
0C5,1-Zn?" | 1/1 4 87,24 | 20,95 | 10,48 6,23

0C2,5; OC5,1; va OC7,8 tuong tng la OC c6 KLPT 2,5; 5,1; va 7,8 kDa. PBA% la
do deactyl cua OC.

S6 mol (-NHz) phu thudc vao sb luong (gam) va do deacetyl (PPA%) cua
OC, duoc tinh toan nhu sau:

n(—NHz) = bbA% x n(OC) (2.1)

n(OC) =0C (g)/[DPA% x 161,17 + (1 - DDA%) x 203,21] (2.2)

Trong d6: n 1a sb mol; 161,17 va 203,21 1a khéi luong phan tir mol (g/mol)
tuong Ung cuia monomer D-glucosamine (GluN) va N-acetyl-D-glucosamine
(GIuNAc) lién két trong chudi phan tir OC [93].
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+ Tao méu bot kho OC va bot phirc OC-Zn?* dé phan tich cac dic trung: Bing
phuong phap tia dung dich mau véi ethanol tuyét dbi [31, 94-96].

Dung dich OC hoic phitc OC-Zn*" duoc diéu chinh pH ~9 bang NH4OH 5%.
Sau d6 cho ethanol vao dung dich miu véi ty 1& thé tich: 1v mau/8v ethanol, khudy
déu 10 phut. Chuyén mau vao ngin déng ti lanh, giit yén qua dém. Loc l4y tia bang
mang loc soi thuy tinh whatman va rira tia bang ethanol tuyét d6i dén pH trung tinh.
Say tua trong ti siy quat gié & 60°C dén khdi luong khong doi. Nghién tia trén may
nghién bi Fritsch. Thu duoc mau OC hoic phirc OC-Zn?" dang bot min.

d) Po phé hdp thu danh sang viing tir ngoai - kha kién — UV-Vis:

2+

Pic trung hap thu anh sang quang hoc cta dung dich OC va phtc OC-Zn
duoc do trén may quang phd UV-Vis, Jasco V630. Trude khi do, cac mau dugc pha
loang béng nudce dat néng do OC 0,1% [41, 89, 97, 98], dung cuvett thach anh, s
dung dung dich axit lactic 0,05% lam dung méi tham chiéu, quét pho trong khoang
budc song 200 — 800 nm.

e) Po pho sdc ky gel tham qua — GPC:

Cho dén nay, dung k¥ thuat do phé GPC dé xac dinh KLPT cua CTS va cac
dan xuat duoc ap dung phd bién. KLPT cua CTS va OC trong nghién ctru ndy dugc
xac dinh trén may GPC, LC — 20AB Shimadzu, stir dung detector RID —10A va cot
Ultrahydrogel 250 hing Waters, kich thudc cot 7,8 x 300 mm. Dung chat chuan 1a
pullulan v6i KLPT biét trude, st dung dung mdi hoa tan 1 dém acetate CH;COOH
0,25M/CH3COONa 0,25M, pH 4 [26, 27, 99, 100], cac budc tién hanh nhu sau:

+ Lap dudng chuan: Hoa tan hoan toan 0,01 g cac miu chuan pullulan c6 Mw
738 — 380.000 Da trong 2 ml dung m61 CH3COOH 0,25M/CH3COONa 0,25M. Loc
qua mang millipore PTFE 0,45 pm. Tiém 50 pl mau vao cot sic ky, hoat dong trong
diéu kién nhiét do 16 cot 1a 40°C, téc do dong chay 1a 1 ml/phut, pha dong 1a dung
moi CH;COOH 0,25M/CH3;COONa 0,25M. Tir cac két qua thoi gian luu (t, phut)
clia cac mau chuén trén gian dd6 GPC, 1ap dugc duong chun tir mdi twong quan gitra

thoi gian luu (t;) va KLPT (logMw) ctia chat chuan pullulan twong tmg.

+ Po mau: Hoa tan hoan toan 0,25 g mau bot CTS hoidc OC vao 50 ml dém
CH3COOH 0,25M/CH3COONa 0,25M, dé 6n dinh khoang 4 gid, loc qua mang
millipore PTFE 0,45 pm. Tién hanh tiém dung dich mau v&i thé tich va cac diéu kién
khéc nhu da thue hién d6i véi mau chuan pullulan. X4c dinh thoi gian luu va dua vao
duong chuan dé xac dinh KLPT ctia mAu can do bao gébm KLPT trung binh khéi
lwrong (Mw) va KLPT trung binh s luong (Mn).
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Tir cac gia tri KLPT thu duogc va sy thay d6i KLPT cua mau CTS sau xu 1y cét
mach, chi s da phan tan KLPT (PI) va hiéu suét cit mach birc xa (Gs) duoc tinh toan
nhu sau [9, 26, 27, 101]:

PI = Mw/Mn, PI cang gan 1 thi phan bd KLPT cang hep (2.3)
(1/Mw — 1/Mwo) = GsxDxdx1000/2xC (2.4)

Trong d6: Mwo, Mw lan luot 1a KLPT cua CTS ban dau va CTS sau cit mach;
D 1a lidu xa (kGy); d 1a khdi luong riéng cta dung dich CTS (g/ml), C 1a ndng do
dung dich CTS (g/1); va Gs (mol/J) 13 hiéu suét cat mach birc xa (gia tri Gs cang 16n

thi hiéu qua cit mach cang cao).

/) Po phé hdp thu hong ngoai — FTIR:

Quang pho hong ngoai bién d6i Fourier (FTIR) 1a cong cu hitu ich dung phan
tich cdu tric hoa hoc cua chit hitu co. Dya trén hién tuong hép thu anh sang vung
hdng ngoai chuyén thanh cac dao dong phan tir, cac dao dong nay phan anh dic trung
ban chét cia cac lién két héa hoc trong mau. Phd FTIR duge st dung phd bién dé
danh gia cu trac hoa hoc cua chitosan, cac dan xuét va ciia phtrc [102-104], dong
thoi qua do con tinh duogc gia tri d§ deacetyl (BPDA%) cia chung [7, 27].

Nghién tron déu 3 — 5 mg bot CTS, OC hodc bot phirc OC-Zn?* véi 200 mg
KBr bing b cdi — chay ma nio, ép tao vién trén may thuy luc trong 10 phit dudi ap
suat nén 3000 Psi. Phd FTIR duoc ghi tén may FT-IR 84008, trong dai s6 song 800
— 4000 cm, thyc hién quét 40 1an véi d6 phan giai 4 cm™, dung vién KBr dé can
bang tin hiéu nén (balance) trude khi ghi phd mau.

Duya vao cuong do cua cac dinh hép thu dac trung tai 1420 cm! (ddc trung dao
dong lién két C—H ciia —CH> va —CH3) va 1320 cm! (dic trung dao dong ctia amide
I trén don vi N-acetyl-D-glucosamine), gia tri DPDA% duogc tinh theo phuong trinh
cua Brugnerotto va cong su (2001) [7] nhu sau:

A1320/A1420 = 0,3822 + 0,0313 % (100 — DPDA%) (2.5)

Trong d6: A1320 va A1420 13 cuong d6 hap thu twong tng tai dinh 1320 va 1420 cm™.

@) Do phé céng hwdng tir proton — 'H NMR:
St dung ph6 'H NMR dé xac dinh PPA% hay ham luong phéan trim cta D-

glucosamine trong phan tid CTS, OC dugc danh gia 1a mdt k¥ thuat c6 do chinh xac

cao va da duoc su dung rong rai [105-107].

Tién hanh, hoa tan 50 mg bot OC trong 0,5 ml dung dich 2% CD;COOD/D;0,
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dua dung dich vao 6ng do duong kinh 5 mm & nhiét do 70°C. Pho proton dugc ghi
lai trén may Bruker AVANCE III 500 spectrometer, Brucker BioSpin AG, dau do
BBO. Dya vao dién tich tich phan cuong do tin hi¢u cong hudng cua cac proton, gia
tri PPA% ctia cac mau OC dugc tinh theo phuong trinh sau [9, 100, 105, 108]:

DDA(%) = [1 — (Icus % 1/3) : (I ¥ 1/6)] x 100 (2.6)

Trong do: Icns 1a dién tich tich phan cudong dd cac proton cua nhém —CH3 trén
monomer N-acetyl-D-glucosamine, - ue tong dién tich tich phan cuong do cua cac
proton Hoz, Hs, H4, Hs, He, He'.

h) Do gian do nhiéu xa tia X — XRD:

Gian d6 nhiéu xa tia X dugc stir dung pho bién dé phan tich trang thai cau tric
két tinh ctia CTS, OC va phrc clia chiing véi ion kim loai [37, 75, 96, 108]. Gian d6
XRD cua cac mau bot min CTS, OC va phirc OC-Zn?" sau khi ép thanh dang mang
hinh tron, d¢ day ~0,5 mm, dugc do trén may XRD Siemens D5000, btrc, st dung
ong phat tia X Cu-Ka (1,54 A), dién ap 40 kV, cuong d6 dong dng phat 40 mA, goc
quét 20 thay doi tir 0 — 80°, tbe dd quét 2°/phut.

i) Do phd tan sdc nang heong tia X — EDX:

Pho tan sic nang luong tia X (EDX) 1a k§y thuat thuong dugc sir dung dé phan
tich dinh tinh va ban dinh luong thanh phan nguyén t trong mau. Nguyén 1y cia
phuong phap 14 khi chum dién tir nang luong cao bin vao vat rin sé tuong tic voi cac
dién tir & 16p trong clia cac nguyén tir, twong tac nay din dén phat xa tia X vé6i tan sb
dic trung cho mdi nguyén td. Ghi nhan phd phat xa tia X cho biét thong tin vé thanh
phan nguyén té va ty 1é phan trim cua cac nguyén td c6 mit trong mau [109]. Céc
mau bot OC va phirc OC-Zn?* dugc nén thanh dang mang hinh tron, d6 day ~0,1 mm
va dugc phu 16p platin nhim ting do dan [96, 110]. Thanh phin nguyén t6 va ty 18
khéi luong trong mau duoc xac dinh trén may do EDX, JEOL 6610 LA gin cung
thiét bi FE-SEM, S-4800, Hitachi, ghi dir liéu trong dai dién thé 0 — 20 keV.

J) Po quang phé phat xa nguyén tir cam iing plasma — ICP-AES:

Pho phat xa nguyén tr cong huong plasma (Inductively coupled plasma -
atomic emission spectroscopy) 1a mot cong cu phan tich thanh phan kim loai trong
hdn hop co d6 nhay cao [91, 96], ddi véi kém gidi han phat hién 2,5 ppm. Bot phirc
OC-Zn*" dugc hoa tan trong dung dich HNO; rdi bom vao may dé ion hoa két hop
khi plasma argon, dudi truong nhi€t do cao ~8.000°C, nguyén tir kém bi kich thich

va phat xa 4nh sang dic trung. Him luong kém (mg/g) trong phirc OC-Zn** dugc xac
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dinh trén may ICP-AES, hang PerkinElmer, model Optima 5300DV, My, theo
phuong phap AOAC 2016 (990.08). Két qua thu duoc so sanh véi tinh toan 1y thuyét
dé danh gia hiéu suit tao phuc [42, 96]. Toan b qua trinh ché tao mau OC, phirc OC-

Zn*" va xé4c dinh cac dic trung tinh chit hoa 1y dugc tém tat trén Hinh 2.1.

Chitosan KI.PT cao
ELPT ~175 kDa, DB A ~91_7%

H;0, 1%, pH 10-11
A. Oxihéa cit mach di thé Ty 181210 ml
Nhiét 46 phong, 24 gidy.

Chitosan KLPT thap
KLPT ~45 kDa. DBA ~91.1%
Chitosan: 2 va 4%
B. Pdng vin cit mach ddng thé H,0,0,5%
+ Chiéu xa tia gamma: 21 kGy.

Dung dich Oligochitosan - Do GPC:KLPT, PL Gs
KLPT~25-7.8kDa, { FTIR, 'HNMR. UV-Vis

DDA ~71.6-884% - Po XRD,EDX
Phéi trén vdi oligochitosan
C. Tao phitc Oligochitosan-Zn** Zn(NO;),-6H,0

pH ~5.5; nhiét 46 phong, 4 zii.

Phiic oligochitosan-Zn**
Ty 1& phén mol (-NH2/Zn2*) khac nhau

Tia bang etanol, pH ~9
Ty 1&: 1v mau/8v etanol, 0°C, 16 gidy

Loc, sdy khé.
Bot oligochitosan-Zn** Dung dich oligochitosan-Zn**
- Bo FTIE, XED,EDX - Do phé UV-Vis _
- Phin tich ICP-AES: danh - Banh m1a higu ing khang nam. kich
o142 hiéu suit tao phic. khang bénh_ ting trudng.

Hinh 2.1: So 6 mb ta tom tit phuwong phap ché tao va danh gia cac dic trung tinh

chét cua oligochitosan va phuc oligochitosan-Zn2*
2.2.2. Xac dinh hiéu lwc e ché ndm Colletotrichum truncatum trong diéu kién
phong thi nghiém (in vitro)

Hiéu lyc trc ché (AE%) nam C. truncatum cua cac mau Zn2*, OC, va phirc OC-

Zn*" duoc danh gia theo phuong phap gy doc mdi truong [37, 111-114].
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Hoa tan 39 g moi truong PDA trong 800 ml nuée. Bb sung cac dung dich OC,
phtc OC-Zn?* vao dung dich méi trudng PDA dé dat duoc nong do OC cubi cung 1a
250, 500 va 1000 mg OC/lit (~ppm) va mdt mau bd sung mudi kém nitrate dat ndng
d6 Zn?* trong duong v6i lugng Zn?* trong phitc OC-Zn?* pha lodng. Diéu chinh pH
5,5 — 6 bang NaOH 1N, lam day dung dich méi truong bang nude dén thé tich 1 lit.
Sau d6, cac dung dich méi truong PDA c6 va khong c6 chit thir nghiém dwgc hip
khir tring trong 15 phut ¢ 121°C. Poi khi nhiét d6 méi trudng giam con ~50°C, tién
hanh rét 15 ml cac dung dich méi truong vao mdi dia petri c6 duong kinh 90 mm va
giit cho dong rin. Dung dung cu chuyén dung hinh tron c6 duong kinh 6 mm 14y miu
gidng soi ndm C. truncatum phat trién trén dia PDA. Dt mau nim ¢ giira tm cac dia
thach PDA chua céc chét thr nghiém khac nhau. Mdi 1 nghiém thtrc bao gdm 5 dia.
Céc dia nay duoc nudi 0 & 28 + 2°C trong 5 — 10 ngay cho dén khi soi nim C.
truncatum cham tGi cac canh thanh cua dia d6i chimg (PDA khong bo sung chit thr).
Do duong kinh clia cac tang sgi ndm trén cac dia thach, va hiéu luc e ché nim (AE%)
duoc tinh nhu sau [111, 114-116]:

AE% = (Dc — Ds) x 100/Dc (2.7)
Trong d6: Dc va Ds lan luot 1a duong kinh tang soi ndm (mm) twong tng cla

mau doi chirng va mau thu.

2.2.3. Danh gia hiéu qua phong trir bénh than thw va cac chi tiéu sinh truwéng

ciia phite oligochitosan-Zn?* trén ciy dau nanh trong diéu kién nha kinh

Hinh 2.2: Cay dau nanh thi nghiém trong nha kinh

Hat gidng dau nanh HL 07-15 duogc xir Iy vo trung bé mit bang cach ngdm 5
phut trong dung dich 0,1% HgCla, rdi rira sach bang nudc vo tring [65]. Sau d6 gieo
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9 hat trong cac chau nhua, dudng kinh 30 cm chta gia thé hitu co gdm xo dira, tro
trau, phan trun qué. Cay dau nanh 1 tuan tudi, c6 2 14 mam, tia bo va gitr lai 4 ciy/chau
¢6 chiéu cao va kich thudc dong déu. Cay con duoc trong trong nha kinh v6i hé thong
tudi nho giot ty dong tai Trung tam AHRD. Thoi diém thuc hién thi nghi¢m tr ndm
2017 —2020. Céac nghiém thtc duoc bd tri theo kiéu hoan toan ngau nhién (CRD) voi

3 1an 13p lai va mdi lan 1ap gém 10 chdu dit cach nhau 30 cm (Hinh 2.2).

Cay dau nanh duoc phun qua 14 cac dung dich mau thir gdm mubi k&m nitrate,
OC, phttc OC-Zn*" dugc pha lodng v6i nudc dén ndng do thiét 1ap (tinh trén co s
ndéng d6 cua OC). Phun qua 14 bang binh phun cam tay duoc thyc hién 3 1an vao céac
ngay thar 15, 25 va 35 sau khi gieo hat vdi lugng dung dich phun tuong tmg véi ting
thoi diém lan luot 1 0,5; 0,75; va 1 lit/nghiém thirc. Sau 1an phun tht ba 24 gid, cay
dau nanh duoc phun dung dich huyén phu bao tir nAm C. truncatum voi mat do ~10°
bao t/ml va lugng phun 1 lit/nghiém thirc dé chung bénh than thu cho ciy dau nanh.

Dung dich huyén phu bao tor ndm C. truncatum dugc chuan bi nhu sau [65,
78]: Cho ~10 ml nudc cit vo trung vao dia nam C. truncatum da nudi 10 ngay trén
moi truong PDA, dung lam kinh v6 tring gan iy bao tir ndm, loc qua vai v tring,
thu dich chira bao tir nAm. Pém s6 luong bao tir bang budng dém hong cau Neubauer
haemocytometer, ding nudc cat vo tring dé pha lodng va diéu chinh mat do bao tur
dat ~10° bao tir/ml [32, 113, 115]. Trong cdng trinh nghién ctru nay thuc hién 03 thi

nghiém cy thé nhu sau:

+ Thi nghiém I: Khao sat anh huéng cua phic OC-Zn?* theo KLPT cta OC. Bao
gém 05 nghiém thtrc, phun phirc & ndong d6 50 mg/lit (~ppm) (tink trén co sé nong
dé OC) — dua trén co sé két qua cong bd ctia Zhao va cdng sir (2016) [117].

1. Péi chimg: Phun nuéc — Khong phun bénh.
2. Déi ching (+): Phun nuéc — Phun bénh.
3. Phun phirc OC7,8-Zn*" — Phun bénh.
4. Phun phic OC5,1-Zn?*" — Phun bénh.
5. Phun phirc OC2,5-Zn*" — Phun bénh.
+ Thi nghiém 2: Khao sat anh huéng cua phitc OC-Zn?* theo nong do. Bao gdm 05

nghiém thirc véi ndng 46 (tinh trén co sé nong dé OC) khac nhau

Déi ching: Phun nude — Khong phun bénh.

Pbi ching (+): Phun nude — Phun bénh.

Phun phttc OC5,1-Zn?" (25 ppm) — Phun bénh.
Phun phitc OC5,1-Zn*" (50 ppm) — Phun bénh.
Phun phitc OC5,1-Zn?" (100 ppm) — Phun bénh.

A
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+ Thi nghiém 3: Panh gia hiéu luc tac dong dong van (synergistic effect) cua phurc
OC-Zn?*. Bao gdm 05 nghiém thtrc

1. Déi ching: Phun nuée — Khong phun bénh.

2. Dbi chung (+): Phun nuée — Phun bénh.

3. Phun Zn** (8,75 ppm) — Phun bénh.

4. Phun OC5,1 (50 ppm) — Phun bénh.

5. Phun phttc OC5,1-Zn?" (50 ppm) — Phun bénh.

Ghi chii: Nghiém thirc ddi ching (+) dung dé danh gia mirc d6 min cam cua
gidng dau nanh H 07-15 d6i v6i ndm C. truncatum thong qua chi sb bénh, ty 18 bénh

than thu va hoat tinh enzyme chitinase sau khi gy nhiém bénh nhan tao.
Cdc chi tiéu theo doi:
a) Po ham lwong chlorophyll tong sé:

Téng ham luong chlorophyll ctia 14 cdy dau nanh tai thoi diém sau ngay thir
36 sau gieo (sau phun thudc thtr 1an 3 va trude khi phun bénh) dwgc xac dinh theo
phuong phap Arnon — 1949. Cu thé, 14y ngdu nhién 3 14 that/cdy va 1dy mau 14 trén 3
cay cua mdi nghiém thirc, cit nho, tron déu. Can 5 g md 14, nghién trong cbi st, chiét
bang 50 ml dung méi acetol 80% dé lanh (4°C). Ly tdm 5.000 vong/phut, trong 10
phut, thu dich chiét. Bé dich chiét 6n dinh & diéu kién phong trong 5 phit, do mat do
quang trén may UV-Vis tai budc séng 663 nm (dac trung cho chlorophyll @) va 645
nm (dic trung cho chlorophyll b), str dung dung méi acetol 80% lam d6i chimg tham
chiéu. Ham lugng chlorophyll tong s6 duoc tinh theo phuong trinh sau [74, 118-120]:

Chlorophyll tong (mg/g) = [20,2 x(AAgss) — 8,02 x(AAss3)] xV/(1000 xW) (2.8)
Trong d6: AA 1a d6 hip thu quang hoc tai budc séng twong Gmg; V (ml) 1a
thé tich dich chiét; W (g) 1a khdi lvong mé 14 twoi dung dé chiét.
b) Po chiéu cao ciy:

Chiéu cao cdy dau nanh thi nghiém tai thoi diém 36 ngay sau gieo dugc do
bang thudc day c6 do chia nhé 1 mm, do ngau nhién 5 cay/nghiém thuc, do tir phan
gbc trén mit dat dén dinh 14 cao nhét cua cay [121].

¢) Po ham lwong tich Liy chat khé:

Lay 5 cdy dau nanh thi nghiém trong cung nghiém thuec tai thoi diém 36 ngay
sau gieo, cit bo phan 1&, sdy kho trong ti siy quat gio DNF 410, Yamaro, & 65°C dén
khéi lwong khong doi, can tinh ham luong tich ity chat kho (g/cay) [118, 121].
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d) Do hoat tinh enzyme chitinase:

Ddi vé6i thue vat, chitinase dugc xép vao loai protein lién quan sinh 1y bénh
(PR-protein) c6 vai trd quan trong tham gia vao co ché phong vé chéng lai mam bénh
c6 chira chitin. Chitinase thuc vét co thé duogc kich tao bdi nhiéu tac nhan va nd co
kha nang thuy phan chitin thanh chitooligomer va monomer N-acetyl-D-glucosamine
(GluNACc) [122]. Hoat tinh enzyme chitinase cta l4 cdy dau nanh thi nghiém duoc
xac dinh bang phuong phap do mau dung dich phan tng dudng khir v6i thube thir
DNS tai budc song 540 nm [51, 123-125].

Mot don vi hoat tinh chitinase (1U) dugc dinh nghia 1a lugng enzyme chitinase
can thiét dé chuyén hoa co chat huyén phu chitin thanh 1 pmol dudng khir GluNAc
trong 1 phut phan tng [80, 122].

+ Tao huyén phu chitin 1%: Theo phuong phap dugc mo ta boi Zhang va cong
s (2013) véi mot s6 thay doi nho. Cu thé, hoa tan 5 g chitin trong 50 ml HC1 dam
dac, khuéy trong 4 gio, nhiét dd phong. Sau do6, cho 450 ml ethanol dugc l1am lanh
4°C vao dung dich chitin, xuat hién taa tring. Gitt hdn dich tia trong ti lanh 4°C qua
dém. Ly tam 5.000 vong/phut, trong 10 phtt dé thu tua chitin, tiép tuc bd sung nuée
lanh 4°C va ly tdm rira tia cho dén pH trung tinh. Phan tn chitin va dinh mic dén
500 ml véi dém natri phosphat 0,1 M (pH 7), thu duoc huyén phu chitin 1% [122].

+ Tao thude thir DNS: Theo md ta Miller 1959 [123], chuan bi nhu sau:

e Dung dich A: Hoa tan 300 g mudi Na-K tartrat (Rochell) vao 500 ml nudc ct.
e Dung dich B: Hoa tan 10 g 3,5- Dinitrosalicylic acid + 200 ml NaOH 2M.
e Dung dich C: Hoa tan 2 g phenol + 0,5 g sodium bisulfit vao 100 ml nudc cat.
Thubc thir DNS dung trong phan mg: Tron dung dich A vao B rdi vao C,
khuay tron ¢ nhi¢t 70°C trong 1 giod, khong dé hoéa nau, dinh mic bang nude dén 1
lit. Chi pha dung dich thudc thr DNS dung cho phan ung trude khi st dung, bao quan
khong qua 4 thang trong chai nau va tranh khong khi.

Bing 2.2: Thanh phan tic nhan tao phan ung duong khir theo nong do chét
chuan GluNAc (umol/ml)

Nong d9 GluNAc (umol/ml)

Dung dich Stock GluNAc (ml)

Dbém natri phosphat 0,1M, pH 7 (ml)
Dung dich NaOH 2M (ml)

01020406 |08 1,0

02|04 (08|12 1,6/ 2

38 |36 3228 |24 2
20 2 1221|212

N Ao @
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+ Lap duong chuan N-acetyl-D-glucosamine (GluNAc): Can chinh xac 4,424 mg
chét chuan N-acetyl-D-glucosamine hoa tan trong 10 ml dém natri phosphat 0,1M pH
7 tao dung dich cai (stock) ndng d6 2 pmol/ml. Dung lai dudng chuin mdi khi pha
lai thubc thir DNS. Tir dung dich stock, pha cac dung dich GluNAc theo ddy ndng do
tir 0 — 1 pmol/ml va thyc hién phan img dudng khir cu thé nhu Bang 2.2.

Léc tron déu, tai mdi ndéng do rat dung dich chia déu cho 2 éng nghiém (3
ml/6ng nghiém); thém 1 ml thudc thir DNS vao mdi éng, lic déu, dun soi cach thuy
trong 10 phat. Lam ngudi, do OD trén may UV-Vis, Jasco V630 tai budc song 540
nm. Lap dudng chuén theo gia tri twvong quan gitra ndng d6 GluNAc va AODsuo.

+ Chiét mau enzyme chitinase: Dich enzyme chitinase tho tir 14 cdy d4u nanh thi
nghiém chiét bang dém natri phosphat 0,1 M (pH 7) duoc thuc hién dya theo cac cong
bd trude day [78,79, 87, 125], véi mot $b thay ddi nho. Cu thé, léy la ngﬁu nhién trén
3 cay trong cung nghiém thic (mdi cay 14y 3 14 thit & cac ting khac nhau), cit nho,
tron déu. Can 5 g mo 14 cho vao bd chay cdi sir dé nghién mé, bod sung bot thuy tinh
nhim ting hiéu qua nghién. Sau d6 cho thém 30 ml dém vao cdi, tiép tuc dung chay
nghién nat mé trong 30 phit, chuyén toan bd mau mo nghién sang cdc thiy tinh, dung
thém 20 ml dém d¢é trang sach phan dich nghién trén bo chay cbi sir. Bé yén dich mo
trong 1 gio nham trich ly protein enzyme, sau d6 ly tim 10.000 vong/phat & 4°C,
trong 10 phut trén may siéu ly tim Ultra 5.0 dé 1dy toan bo dich chiét 14. Tua toan bd
dich chiét 14 v6i ethanol lanh voi ty 16 thé tich 1v dich chiét/5v ethanol, ly tim 10.000
vong/phiit & nhiét dd 4°C trong 10 phit dé loai phan dudng hoa tan trong dém. Lay
toan bo phan protein tia sau ly tAm cho phan tan va dinh muc trong 10 ml dém natri
phosphat pH 7 [125]. Nhu viy, két qua thu duoc 10 ml dich enzyme chitinase tho

duogc chiét tir 5 g mo 14 dé tién hanh thir hoat tinh enzyme.

+ Po miu: Ly 2 ml dich enzyme thd vao dng nghiém chira sin 2 ml dich huyén
phu chitin 1%. Hn hop nay duoc u lic & 45°C trong 3 gio. Mau ddi ching chira 2 ml
dich huyén phu chitin 1% va 2 ml dich enzyme tho d3 bi dun so6i cach thuy trong 10
phut trude d6 (dé bat hoat enzyme). Sau 3 gid 1, cac dng nghiém duogc dun sbi cach
thity trong 5 phat dé dimng phan Ung enzyme, 1am ngudi nhanh va thém 2 ml dung
dich NaOH 2M vao mdi 6ng. Tién hanh ly tim 10.000 vong/phut trong 10 phut & 4°C
dé loai can, thu dich chta duong khur. Sau d6, hat tir mdi 6ng 3 ml dich ly tam, thém
1 ml thudc thar DNS, dun s6i cach thity trong 10 phat dé phan Gng duong khir tao
mau. Sau 10 phat dé ngudi, cac 6ng nghiém chira mau duoc do mat 6 quang (OD)

trén may UV-Vis ¢ budc song 540 nm, st dung cuvett thach anh 1x1 cm.

Tinh AODss = ODs4o mau thir — ODsso mau dbi chimg, va xac dinh s6 pmol
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GIluNAc theo phuong trinh dudng chuan. Xéac dinh hoat tinh enzyme chitinase (CA,
U/g 14 tuoi) theo cac phuong trinh sau [87, 125]:

Hoat tinh chung (U) = (X x a x V)/(v X t) (2.9)

CA (U/gla tuoi) = U/k (2.10)

Trong d6: X 1a s6 pmol GIuNAc suy ra tir dudng chuan; V 13 tong thé tich hdn
hop phan tmg enzyme (4 ml); v 13 thé tich dich enzyme thé dem phén tich (2 ml); a
13 hé sb pha lodng mau enzyme thé (1); t 1a thoi gian phan tng (180 phut); k 1a luong
mo 14 dung dé chiét trong 1 ml dich enzyme thé (5 g 14/10 ml).

e) Do ty I¢ bénh va chi 56 bénh:

Céc cdy dau nanh thi nghiém tai thoi diém 21 ngay sau chung bénh (ngay thir
56 sau gieo - giai doan hoa nd r9). Tién hanh diéu tra theo ddi ty 1¢ bénh (DI1%) va
chi s6 bénh (DS%) cua 30 cdy/nghiém thirc. Xac dinh gia tri DI% va DS% theo cac
phuong trinh sau [65, 112, 126, 127]:

Téng s6 ciy bi bénh

DI% = 100 2.11)

Téng so ciy theo doi

(N1 x1)+(N2 x2)+ ... +(Nn xn)]
N xn

DSY% = |

x 100 (2.12)

Trong d6:  + Ni, No, ... Ni: S6 14 nhiém bénh ¢ mdi cép 1, 2,...n;

+ N: Téng s 14 diéu tra;

+ n: Cap bénh cao nhat; V&i Cap 0: khong ¢6 14 bénh; Cap 1: >0 %
dén 10 % dién tich 14 bi bénh; Cép 2: > 10 % dén 20 % dién tich 14 bi bénh; Cap 3: > 20 %
dén 60 % dién tich 14 bi bénh; Cép 4: > 60 % dén 80 % dién tich 14 bi bénh; Cép 5: > 80 %
dién tich 14 bi bénh.

Tit ca cac s6 lidu thu dugc tir phan tich va thuc nghiém khéo sat higu lyc sinh
hoc trong in vitro, va nha kinh dugc xur 1y théng ké bang phuong phéap phan tich khac
biét phuong sai (ANOVA). Céc gia tri dugc trinh bay dudi dang gié tri trung binh +
d6 1éch chuan (SD) cta it nhat 3 1an ldp [77] va tric nghiém phan hang LSD véi mirc
X4c suat tin cay p <0,05 tur phﬁn mém MSTATC, version 1.2, Pai hoc bang Michigan
(MSU), My phat hanh 1989.

2.2.4. Danh gia hiéu qua phong trir bénh va hi¢u luc noéng hgoc cia phirc
oligochitosan-Zn>* d6i véi cAy ddu nanh trén rudng thi nghi¢m

Thuc hién theo quy trinh k§y thuat, phuong phap danh gia va tu van cta don
vi thyc nghiém 1a Trung tam Nghién ctru Thuc nghiém Nong nghiép Hung Loc, xa
Hung Thinh, huyén Trang Bom, tinh Déng Nai.
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+ Vit liéu nghién ciru

- Dat nghién ctru: Dt d6 Bazan.

- Gidng dau nanh: HL 07-15

- Phan bon gdc (Nén): Urea: 46% N; Super lan: 16% P»0s; KCI: 60% K20

- San pham thir nghiém: Dung dich Oligochitosan (OC 5,1 kDa) va phtc
Oligochitosan-Zn?" (OC 5,1 kDa, ty 1& phan mol 1/0,5) dung phun qua I4.

- Pia diém thi nghiém: Tai rudng thi nghiém, Trung tdm Nghién ctru Thyc nghiém

Nong nghiép Hung Loc, xi Hung Thinh, huyén Trang Bom, tinh Png Nai.

THI NGHIEM

P KnAo NGHIEM CHE PHAM OLIGOCHITOSAN |,
VA PHUC HOP OLIGOCHITOSAN - KEM |
DOI VO1 CAY DAU TUONG TREN DAT DO

DIA DIEM : XA HUNG THINK - HUYEN TRANG BOM - TINH DONG NA| | S8 3
LOAI BAT : DAT DO

B | THOIVU  : DONG XUAN 2020 - 2021
GIONG DAU: HLO7-15

Hinh 2.3: Cay dau nanh trong trén rudng thi nghiém

+ Phwong phap nghién ciru
- Phuong phap b tri thi nghiém: Thi nghiém duoc bo tri theo thé thirc khdi dy du
hoan toan ngiu nhién (RCBD), mdi khao nghiém gém 3 nghiém thirc, véi 3 1an
13p lai, dién tich 6 thi nghiém 13 30 m?/6. (Hinh 2.3)
- Cong thirc thi nghiém
1. Phun nuéc (BC)
2. Phun oligochitosan

3. Phun phirc oligochitosan-Zn**

Nén: (30 kg N + 50 kg P:0s + 40 kg K>0)/ha/vu
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- Thoi gian nghién ctru: tir thang 12/2020 dén thang 03 nam 2021.
- Mat d6 gieo: 40 cm x 20 cm (gieo 3 hat trén mot hdc)

- Phuong phéap xir Iy: Dung dich oligochitosan va phirc oligochitosan-Zn>" duoc
phun véi ndng d6 50 ppm (mg/lit) tinh trén co sé ndng d6 cua oligochitosan, phun

03 14n vao cac thoi diém sau:
+ Lan 1: 15 ngdy sau gieo
+ Lan 2: 25 ngdy sau gieo
+ Lan 3: 35 ngdy sau gieo
Céc bién phap k¥ thudt khac (lam dat, tudi nude, bon phan khoang, gidng,
phong trir sdu bénh, 1am co, ap dung theo quy trinh phd bién tai dia phuong noi thi
nghiém va thdng nhit cho cac nghiém thirc khao nghiém.
- Chi tiéu va phuong phap theo doi
+ Hoat tinh enzyme chitinase trong 14 cdy dau nanh. Liy mau chuyén dén Phong

thi nghiém, Trung tam VINAGAMMA, TP. HCM dé phan tich.

+ Nhan xét vé tinh hinh sinh truong, phat trién cta cdy trong khao nghiém va mirc
d6 nhiém sau bénh hai. Theo QCVN 01 - 168: 2014/BNNPTNT [128]. Trong do,

Téng so ciy bi sdu cudn 14

Ty 1é cay bi bénh sdu cudn 14 = x 100 (2.13)

Téng s6 cay diéu tra
+ Theo ddi cac yéu td cau thanh ning suit va nang suat thyc thu [129].
+ Tinh ning suat, hiéu suat st dung ché pham, hiéu qua kinh té [130].
o B0i thu ning suét (ta/ha) = Niang suat cong thirc ché pham khao nghiém —
Nang suat cong thire ddi chimg.

o Hiéu qua kinh té: Loi nhuan = (Nang suét x gia néng san) — Tong chi phi.

- Phuong phéap xur Iy s6 liéu: Cac s liéu thu duoc tir thi nghiém trén dong rudng
dugc phan tich bang phuong phap phan tich phuong sai (ANOVA) va tric nghiém
phan hang LSD bang phan mém MSTATC, version 1.2, Pai hoc bang Michigan
(MSU), M¥ phat hanh 1989.

Céc ndi dung nghién ctru danh gia hiéu ing sinh hoc vé hiéu luc e ché nAm
C. truncatum, hi¢u qua kich tao chitinase va phong trir bénh than thu; va khao nghiém
hiéu qua phong trir bénh hai, tic dong ning suit ddu nanh cta OC, phic OC-Zn%*

duoc mo ta trén Hinh 2.4.



.\;' -J l; _-I lr- -II
OC-Za'"

—

D-E Zn*”

theo mal
{-NH:Zn ICL.PT

IeH) L@ 3]
Hiéu luc khing ndm Hiéu qua phong trir bénh Hiéu qua phong trir
(in vitro) than thu (nha kinh) bénh va nang suat
(rudng khdo nghigm)
l l ;
Phuong phap: Phuong phap: Phunqua ld | | Phuong phap: Phun qua 13

Gay doc mo treong
nudi cay nam C,

1) phun méu thi
2) phun ndm C. truncatum

Phun méiu thir 3 lan trong
giai doan smh tnrong

truncatum giy nhiém bénh than the
Mau thi- Mau thir Mau thir

Phirec OC-Zn** theo
- Ty 1& phan mol

Phirc OC-Zn** theo
- KLPTOC

Phire OC-Zni* v
KLPT OC va Néng d6 duoc
chon tir thiec nghiém (2)

- Néng 48 - Néng 48

Chi tiéu theo do1: Chi tiéu theo doéi: Chi t1éu theo dé1:

- Hiéu hec khang nam - Chi tiéu sinh tneong -Hiéu ng kich tao chitinase
- Tac dong dérng van - Higu 1ng kich tao chitinase - Tinh hinh bénh hai

- Ty 18 va chi sb bénh

-Téc déng ddng van

- Chu tiéu smh tneong va

Lua chon két qua:
- T¥ 1é phin mol

- Tac dong dérng van

.

Ning suat

Lua chon két qua:

- KLPT OC

- Noéng d6 phirc

- Tac dong déng van

Danh gia két qua:

Hiéu qua phong tnr bénh
va néng suat cua phic
trén difu kien thuc te.

Hinh 2.4: So @6 tom tat thuc nghiém dénh gia hiéu Gng sinh hoc cta phtic

oligochitosan-Zn**
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Chuwong 3. KET QUA VA THAO LUAN

3.1. Ché tao oligochitosan khdi hrgng phén tir 2 — 8 kDa

3.1.1. Oxi héa cit mach dj thé giam khoi lwong phén tir chitosan

Thong thuong din xuét chitosan thu dugc tir phan tmg deacetyl cta chitin vo
t6m, cua,.. trong kiém dic nong, c6 khdi lugng phan tir (KLPT) 16n hon 100 kDa va
do nhot cao [100] nén khé hoa tan trong dung dich cac axit hiru co (acetic, lactic,..)
dé tao dung dich chitosan v6i nong do cao hon 3% (w/v) [27]. Theo cac két qua
nghién ciru trude day cho thiy rang, sir dung H>O» v6i nong do thap < 2% (w/v) dé
oxi hoa cit mach chitosan & dang di thé (bot hodc vay chitosan phn tan trong nudc
chtra H>0:) khong 1am thay d6i dang ké do deacetyl (PPA%), cdu triic hoa hoc cia
don phan nhung lam giam dang ké KLPT cua chitosan [15, 88, 95].

Hinh 3.1: Hinh dang vay chitosan ban dau (bén trdi) va chitosan oxi hoa (bén phdi)

Xuét phat tir ngudn chitosan nguyén liéu sir dung trong cong trinh nghién ctru
nay, c6 khdi lwong phan tir cao; va ké thira két qua tir cac cong trinh nghién ctru trude
day, trong ndi dung céng viée nay thyc hién xir Iy giam KLPT chitosan bang phuong
phap oxi hoa cit manh di thé voi dung dich 1% H2O, ty 18 1 g chitosan/10 ml dung
dich H20», pH ~10 — 11 dugc diéu chinh bang NaOH, phan tng thuc hién trong 24
gi0 ¢ nhiét d§ phong. Sau thoi gian phan ng, loc léiy bot, rira voi nudce va lam kho,
thu duogc bot chitosan c6 cac dac trung nhu sau:

Ttr hinh anh cua chitosan ban dau va chitosan sau xur 1y oxi héa cit mach di

thé bang H202 nhu trén Hinh 3.1 cho thay sau qua trinh oxi hoa cat mach, chitosan

thu dugc dang vdy min c6 mau vang sang so vdi chitosan ban dau (mau trang nga).



Bdng 3.1: KLPT (Mw), thoi
gian luu (t;) va chi s6 phan tan KLPT

(PI) ctia cac chat chuan pullulan

STT | Mw, kDa | t,phut | PI
1 0,78 | 6,067 | 1,00
2 1220 | 6,998 | 1,06
3 23,70 | 7,499 | 1,07
4 48,00 | 8,116 | 1,09
5 100,00 | 8,638 | 1,10
6 380,00 | 10,518 | 1,12
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Log (Mw)

Standard curve: Pullulans

| y=-0.60248x + 9.23511
R?>=0.99848

6 8 10 12

Thei gian lwu, phut

Hinh 3.2: Puong chuan tuong quan giira

log(Mw) vdi t;: cua pullulan

Duya vao thoi gian luu va dién tich tich phan cta dinh rira giai trén phd GPC

clia cac mau chitosan, so véi dit liéu GPC ctia chat chuan pullulan da dugc thiét 1ap
(Bang 3.1, Hinh 3.2), dé xac dinh KLPT va do phan tan KLPT (PI) cua chitosan.
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Hinh 3.3: Phd GPC cua chitosan ban dau (bén trdi) va chitosan oxi hoa (bén phdi)

Két qua nhan duoc nhu mo ta ¢ Hinh 3.3 cho thy sau qua trinh oxi hoa di thé
chitosan trong dung dich 1% H>0,, KLPT ciia chitosan da giam dang ké tir ~171 kDa

(chitosan ban dau) giam xudng con ~45 kDa (chitosan oxi hoa) twong Gng voi mirc

d6 giam ~73,8%. Két qua vé murc d6 giam KLPT nay 13 cao hon so v&i két qua cia

Thuy va céng sir (2017) [85], giam tir 103 kDa xudng con 45 kDa, tuong duong giam
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~55,8%. Su khac biét nay co thé giai thich 1a do khac nhau vé KLPT chitosan ban
dau va pH ctia méi truong phan Gmg. Nhu di biét, HoOa 1a chét oxi hda manh nhung
than thién moi truong [26], ¢ gia tri pKa ~11,6 [31]. H20, khong 6n dinh va d& phan
ly tao gbc tir do oxi hoa manh trong méi trudng kiém hon so v6i méi trudng axit. Cac
gdc tur do oxi hoa (chi yéu 1a hydroxyl *OH) tan cong va tach lay hydro trong cac lién
két carbon-hydro, tao céac géc tu do dai phan tur (R®) va trai qua cac qua trinh chuyén
vi, tai sap xép dan dén cat lién két glycoside trén chudi polymer dé hinh thanh cac
chudi polymer ¢6 KLPT nho hon. Dbi v6i truong hop oxi hoa cit mach chitosan di
thé, phan tg cit mach dugc cho 1 dién ra tir ngoai vao trong va wu tién & cic ving
v6 dinh hinh cua chitosan [15, 31].

Co ché phan ly va oxi hoa cit mach chitosan bang H,O, duoc trinh bay tom
tat nhu sau [9, 15]:

H,0, > H* + HOO" (3.1)
H>0; + HOO™ - HO*®* + O2* + H,0 (3.2)
Ri—-O-R; + HO* & R;*-O-R: + H,0 (3.3)
Ri"-~O-R; + H,0 © R;*~OH + HO-R; (3.4)

Chudi phan tit HO-R» va gbc ty do dai phan tr R1*—OH tiép tuc bi oxi hod cat
mach tao chitosan c6 KLPT thép hon.

Thém vao d6, theo két qua do phd sic ky gel thim qua (GPC) ctia cac mau
chitosan & Hinh 3.3 ciing cho thay chi s6 da phan tan KLPT PI = Mw/Mn ctia chitosan
oxi héa 14 ~2,78 so v&i cia chitosan ban dau 1a ~3,26, co nghia rﬁng chitosan sau khi
oxi hoa cit mach c6 phan bé KLPT ddng déu hon. Xu hudng giam PI cua chitosan

cit mach ciing duoc cong trinh khac cong b [31].

Tuy nhién, két qua ciia Thuy va c¢dng sw (2017) [85] thi nguoc lai, cu thé PI =
1,71 va PI = 3,37 tuong tng dbi v&i chitosan ban dau va chitosan oxi hoa cat mach
di thé véi 1% H20o. Nguyén nhan ctia sy khac biét ndy van chwa dugce rd, nhung diéu
nay c6 thé suy doan 1 do sy khac nhau vé gia tri PI ban dau va vé kich thudc hat cua
vay bot chitosan din dén khac nhau x4c suit va muc do tuong tac gitra tac nhan H,O,
v6i chudi phan tir chitosan.

Tir cac két qua trén, nhan thy rang H,O2 13 tac nhan oxi hoa cit mach giam
KLPT chitosan hiéu qua. Tuy nhién, khi dung ndng do H202 cao (>2%) thi qua trinh
cit mach chitosan thudng kém theo phan img deamin (mat nhém —NH>) va c¢6 thé mé

vong glucopyranose lam thay ddi ciu triic hoa hoc ctia phan tir chitosan [15, 31].
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Hinh 3.4: Pho FTIR cua chitosan ban dau ~171 kDa va chitosan oxi hoa ~45 kDa

Sy thay ddi cdu trac phéan tir chitosan thudng dugce phéan tich dya trén phd
FITR. So sanh két qua pho FTIR cta cac mau chitosan nhu trén Hinh 3.4 cho théy,
cac dinh hap thy dic trung cta chitosan gan nhu khong thay d6i d6i véi chitosan sau
oxi hoa cit mach v6i 1% H0, dic biét khong xuat hién dinh ~1735 cm™! dic trung
cho dao ddng cuia nhém —COOH [31], chimg to san pham chitosan cit mach khong
bi oxi hoa mé vong glucopyranose. Ngoai ra, két qua xac dinh DDA cua cac mau dat
duoc 1a 91,72% va 91,11% tuong ing ddi véi chitosan ban du va chitosan oxi hoa,
ching té & diéu kién phan ng nay hau nhu khong xay ra phan tmg deamin.
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Két qua nhan duoc tir cong trinh ndy ciing pht hop nhu két qua cua Qin va
céng sir (2002) khi thyc hién nghién ctru cit mach dj thé chitosan véi KLPT ban dau
498 kDa bang 1% H»0: ¢ nhiét do 60°C thu dugc chitosan 50 kDa véi ciu triac hoa
hoc cua chitosan gan nhu khéng thay d6i. Nhom tac gia nay da két ludn rang chitosan
oxi hoa cit mach dj thé c6 KLPT >51 kDa thi khong bi thay ddi cAu trac hoa hoc,
nguoc lai nhirng chitosan cat mach dén KLPT 1,2 — 3,5 kDa thi bi deamin tir 15%
dén 40% va bi m& vong tao san pham carboxyl tir 1,71 dén 2,86 mmol/g [31].

Nhu vy, ndi dung xir Iy diéu chinh giam KLPT cua chitosan bang phuong
phap oxi hoa cat mach dj thé da dugc thuc hién thanh cong, san phém thu duoc la
chitosan c6 KLPT ~45 kDa, PI ~2,78 va PDA ~91,1% dugc sir dung lam nguyén li¢u

dé thyc hién cac ndi dung nghién ciru tiép theo.

3.1.2. Cit mach dong thé bang birc xa gamma Co® két hop H:0: ché tao

oligochitosan

Btrc xa tia gamma Co®® duoc danh gia 12 mot trong nhitng phuong phap hitu
hiéu dé cit mach chitosan & ca trang thai ran, trang thai trrong nudc va trang thai hoa
tan trong dung dich. Trong d6, mirc d6 cit mach chitosan trong dung dich thi cao hon
dang ké so v6i trang thai chitosan ran. Diéu nay 1a do twong tac cua cac gdc tu do
hydroxyl (*OH) c¢6 tinh oxi héa manh dugc hinh thanh trong qua trinh xa ly nudc.
Cac gbc tu do *OH tan cong cac lién két 1-4 glycoside dan dén cit nho chudi phan tir
chitosan [89]. Hon thé nita, khi xt 1y két hop gitra buc xa gamma Co® véi H,0, da
lam gia ting hiéu qua cit mach chitosan trong dung dich [88]. Nguyén nhan cia sy
gia ting murc do cit mach da duoc 1y giai 1a do hiéu tng ddéng vén (synergistic effect)
giita btrc xa gamma Co®® va H,O, trong dung dich chitosan. Duéi diéu kién chiéu xa
tia gamma Co®, ngoai san pham géc tu do *OH tir xa ly nudc con ¢ goc tu do *OH

tir xa ly HoO» cling tham gia phan tmg cat mach chitosan nhu dugc sau [26, 27]:
H,O + tia gamma Co® = H°, e7q, "OH, H30" (3.5)
H,0; + tia gamma Co®® - 2°0OH (3.6)
Va tuong tac cia H2O2 v6i H®, e7aq:
H*+ H20; 2 H20 + *OH (3.7)
€ aq + H202 2 OH™ + *OH (3.8)

Do vy c6 thé thiy luong *OH sinh ra trong hé gia ting, ma *OH 1a mot tac

nhan oxi hoéa manh gy cit mach chitosan thong qua phan tng tach 1ay cac nguyén
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tir hydro trong lién két C—H véi hang s6 phan tmg k > 10° 1/mol/gidy, két qua tao cac
gbc tu do dai phan tir chitosan (R*®). Tiép dén 1a qua trinh chuyén vi va tai sap xép cac
gbc R* @é hinh thanh cac chudi chitosan c6 KLPT thap hon chitosan ban dau [28].

Mic du, cat mach chitosan & trang thai dung dich bang phuong phap két hop
giita birc xa gamma Co® v&i H20» duoc danh gia 1 hiéu qua, dic biét xem xét vé
gbc do tac dong moi trudong va tiét kiém nang lwong [131]. Tuy nhién, mot trong
nhiing thach thirc ciia phuong phap nay 1a thiét 1ap duoc diéu kién phan ing ciat mach
dung dich chitosan pht hop dé tao dugc oligochitosan (OC) c6 KLPT thap <10 kDa,
dac biét 1a tao loai OC voi KLPT trong khoang nho hon 5 kDa, ma ti thiéu sy thay
d6i cau trac hoa hoc cuia phan tir chitosan (d¢ deacetyl, mé vong glucoside) [26, 29].
Dé kiém soat chat lwvong san pham OC cit mach buc xa gamma Co® két hop véi
H>0,, thong thuong diéu chinh cac yéu té cha yéu sau: lidu xa, ndong d6 H»0», nong
do va dac trung KLPT, d6 deacetyl cua chitosan ban dau.

50 04
® 4% CTS A 2% CTS +0,5% H,0,
10 ® 4% CTS +0,5% H,0, % [ & 4% CTS +0,5% H-0,
é A 2% CTS +0.5% H,0, R 03} @ 4%CTS
= y=10.0183x
z 30} z
= =
o : 0.2 B
(=¥ 20k |
Q é b) v =0.0087x
=01F
101 = y = 0.0052x
O 1 1 1 1 0.0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25
Liéu xa, kGy Liéu xa, kGy

Hinh 3.5: KLPT cua chitosan theo liéu xa (a) va mbi lién hé giita (1/Mw — 1/Mwo)

theo liéu xa cua cac mau chitosan cat mach trong di€u kién khéc nhau (b)

Cung voi muc dich khic phuc thach thire trén, dong thoi hudng dén ché tao
céc loai OC ¢6 KLPT < 10 kDa dé d4nh gi4 hiéu tng sinh hoc, trong ndi dung nghién
cuu nay thyc hién cit mach dung dich chitosan (ddc trung ban dau nhu di mo ta &
ndi dung 3.1.1) trong 03 diéu kién khac nhau. Cuy thé 13 chiéu xa tia gamma Co® theo
lidu xa khac nhau d6i v6i 03 hon hop dung dich: 01) dung dich chitosan 4%/trong
axit lactic 2% (4% CTS); 02) dung dich chitosan 4%/trong axit lactic 2% + 0,5%
H>02 (4% CTS + 0,5% H20.); va 03) dung dich chitosan 2%/trong axit lactic 1% +
0,5% H202 (2% CTS + 0,5% H0,). Két qua mirc d6 giam KLPT chitosan theo liéu

xa tir cac diéu kién cit mach khac nhau duoc trinh bay trén Hinh 3.5.
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Tir két qua sy thay d6i KLPT cua chitosan theo liéu xa & Hinh 3.5a cho thiy
KLPT cta chitosan ¢ 03 diéu kién cit mach déu giam theo hudng ting liéu xa xir 1y.
Trong d6, & khoang liéu xa xr Iy nho hon 10,5 kGy thi mirc d6 giam KLPT chitosan
din ra nhanh. Cu thé tai liéu xa 10,5 kGy, KLPT chitosan ban dau ~45 kGy di giam
Xué)ng con 12,3 kDa; 9,0 kDa; va 4,4 kDa tuong ing ddi vai cac dung dich cit mach
4% CTS; 4% CTS + 0,5% H202; va 2% CTS + 0,5% H20:.

Trong khi d6, trong khoang liéu xa xtr 1y 16n hon 10,5 kGy thi mirc do giam
KLPT chitosan tiép theo dién ra cham lai. Cu thé tai liéu xa 21 kGy, KLPT cua cac
mau chitosan tai liéu xa 10,5 kGy chi giam xuéng con 7,8 kDa; 5,1 kDa; va 2,5 kDa
tuong ng ddi véi cac dung dich cat mach 4% CTS; 4% CTS + 0,5% H>02; va 2%
CTS + 0,5% H>0O>. Hién tugng nay cting da dugc ghi nhan trong cac nghién ctru khac
khi cit mach dung dich chitosan bﬁng buc xa [27, 29, 89, 132, 133]. Theo d6 KLPT
clia chitosan giam manh & giai doan dau ciia qua trinh chiéu xa, sau d6 mirc do cit

mach gidm cham dan khi tdng lidu xa.

Nguyén nhan cta hién twong ndy cho dén nay vén tiép tuc nghién ctru lam 3.
Tuy nhién, d4 c6 nhitng lap luan vé van dé nay duya trén nhiing co sé sau: i) Goc tur
do *OH wu tién tan cong cit mach chudi phan tir chitosan c6 do linh dong thap, dan
dén khi cat mach dén mot mirc d6 nao d6 thi tdc d6 cit mach cham lai. Nguyén nhan
c6 thé 1a do khi chudi mach chitosan cang ngan thi d6 linh dong cang cao, su twong
tac cta goc tu do *OH 1én mach chitosan giam, dong thoi phan Gng tai két hop gitra
géc tu do *OH voi H® tao thanh nudc s€ canh tranh v6i phan ung cit mach chitosan
nén murc d6 cit mach gidm so v&i giai doan dau [133]; i1) Qua trinh cit mach sau c6
thé gy mat nhom amin lam anh huéng dén mirc do tuong tac véi gbe ty do *OH din
dén han ché cat mach [88]; va iii) Khi tiép tuc gia tang tac nhan va kéo dai phan ting
cit mach sé& ting mat d6 phan tir chitosan (tong nong do chitosan khong doi nhung
tang s6 lwong phan tir chitosan) va gia tang tinh linh dong ciia gdc tu do dai phan tir
(do KLPT thap) din dén tang xac suat tai két hop giita cac goc tu do dai phan tir, diéu
nay lam giam murc d cat mach [31, 88, 95].

Két qua trong Hinh 3.5a ciing chi ra rang KLPT cua chitosan tir dung dich 4%
CTS + 0,5% H,0, dugc chiéu xa thép hon so v6i dung dich 4% CTS dugc chiéu xa
ma khong chira H2O», cu thé KLPT (Mw) dat dugc twong tmg 14 5,1 kDa va 7,8 kDa
tai liéu xa 21 kGy. Két qua nay chtng to rang cit mach chitosan trong dung dich bang
phuong phéap két hop chiéu xa gamma Co® véi H2O2 ¢6 hiéu qua cao hon, do hiéu
tmg dong van xuc tién gia ting mic do phan Gng, két qua lam giam KLPT cua

chitosan hi¢u qua hon so véi cit mach chi br?mg buc xa [26, 27, 89].
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Ddi voi su cat mach chitosan bﬁng birc xa thi mirc dd cat mach duoc ghi nhan
1a phy thudc vao do deacetyl [134], KLPT ban dau [29], va nong do chitosan trong
dung dich [27]. Két qua Hinh 3.5a ciing thiy rang KLPT OC c6 sy phu thudc ndng
d6 chitosan ban dau, ndng do cang cao thi OC c¢6 KLPT 16n hon so v6i mau c6 ndng
d0 thap. Cu thé tai liéu xa 21 kGy, KLPT ctia OC 1a 2,5 kDa ddi vi mau 2% CTS +
0,5% H202 so v6i 5,1 kDa ctia mau 4% CTS + 0,5% H20..

Két qua nhan dugc twong tu nhu cac cong bd trude day [26, 100]. Nguyén
nhan duogc cho 1a trong dung dich chitosan c6 ndng do thap thi ty 16 nong d6 gbc *OH
s0 v6i s phén tir chitosan cao hon so véi dung dich chitosan nong do cao, din dén
mirc do cat mach cao hon [100, 134]. El-Sawy va céng sir (2010) nghién ctru cit
mach chitosan b'fmg cach tron bt chitosan vdi H>O» tao dang bt nhado (paste). Sau
d6 miu nay duoc chiéu xa véi liéu tir 20 dén 200 kGy. Duya trén két qua muc do giam
KLPT, tac gia bién luan rang tinh linh dong ctia gbc tw do *OH trong dung dich huyén
phu (suspension) thi cao hon so véi trong dang bot nhido. Két qua 1a hiéu tmg cit
mach ddng van trong dung dich chitosan c6 ndng d6 thap thi hiéu qua cao hon so voi

dung dich chitosan ndng d6 cao [75].

Tir phuong trinh méi lién hé gitra (1/Mw — 1/Mwo) theo liéu xa ctia cac mau
chitosan cit mach trong diéu kién khac nhau nhu mé ta trén Hinh 3.5b, céc gia tri
hiéu suét cat mach birc xa (Gs) xac dinh duoc 1a 0,4 umol/J; 0,67 pmol/J; va 0,72
umol/J twong tmg ddi v6i dung dich chitosan 4% CTS; 4% CTS + 0,5% H202; va 2%
CTS + 0,5% H20,. Két qua gi4 tri Gs nhan dugc trong nghién ctru nay 1a cao hon so
v6i cong trinh ctia Wasikiewicz va céng sur (2005) (dat 0,35 pmol/J khi chiéu xa dung
dich 1% chitosan) [134] va cao hon két qua ctia Duy va cdng sir (2011) (dat ~0,53
umol/J khi chiéu xa 20 kGy dung dich 3% CTS + 0,5 H202) [27]. Nguyén do c6 thé
1a su khac nhau vé KLPT chitosan ban ddu. Chitosan st dung trong cong trinh cta
Wasikiewicz va cong sy (2005) [134] 1a ~400 kDa va 110 kDa trong cong trinh ctua
Duy va cdng sw (2011) [27] so v6i ~45 kDa trong nghién ctru nay. Do viy, co thé
nhan xét rang phuong phap cit mach két hop chiéu xa véi HaO, ddi véi dung dich
chitosan c6 KLPT ban dau thap thi hiéu qua sir dung ning luong biic xa s& cao hon.

Theo Das va cdng sir (2015), thach thie 16n nhét trong viée ap dung OC dé
bao vé thyc vat ndm & viéc phat trién cac phuong phap hiéu qua dé san xuat OC quy
mo 16n [135]. Nhu vay, phuong phap cat mach dung dich chitosan bang chiéu xa tia
gamma Co% két hop H»0» c6 thé ap dung trong sin xuit quy md 16n cac

oligosaccharide trong d6 c6 OC.

Nhiam dé phuc vu cho ndi dung nghién ctru hiéu tng sinh hoc cta phirc
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oligochitosan-Zn** dugc tao tir OC c6 KLPT khac nhau. Trong cong trinh nghién ctru
nay lya chon 03 loai OC ¢6 KLPT 1an luoc 1a 7,8 kDa; 5,1 kDa; va 2,5 kDa dugc ché

tao bang phuong phap chiéu xa trong cac diéu kién khac nhau [32] véi cac dic trung
tinh cht cu thé nhu sau:
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Hinh 3.6: Mau sic cla cic dung dich chitosan cat mach ¢6 KLPT khac nhau
Tu trai qua phai 14n luot 1a: Chitosan 45 kDa, OC 7,8 kDa; OC 5,1 kDa; va OC 2,5 kDa.
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Hinh 3.7: Mau sic bot sau tia — lam kho cta chitosan 45 kDa va oligochitosan ¢6
KLPT khac nhau

Tu trai qua phai 14n luot 1a: Chitosan 45 kDa, OC 7,8 kDa; OC 5,1 kDa; va OC 2,5 kDa.

Mau sic cua céc dung dich OC va dang bdt déu c6 su thay ddi so véi chitosan
ban dau (Hinh 3.6 va Hinh 3.7). Chuyén tir mau vang nhat (chitosan ban dau) sang

mau nau nhat cho dén nau sAm theo chiéu giam KLPT cta OC. Su thay d6i mau cia
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cac OC c6 thé 1a do trong qua trinh ¢t mach sau hinh thanh cac san phim phu bét
mau nhu ion oxazolinium [136], san pham héa nau cua phan tng Maillard [137] va

cac dang glucoside mé vong [138].

Hién tuong thay doi mau cua chitosan cit mach ciing dugc quan sat trén phd
UV-Vis lién quan dén cac thay ddi héa hoc ctia phan tir chitosan sau cit mach. Sy
thay d6i mau dugc cho 1a két qua hinh thanh ciu trac vong glucopyranose chua bio
hoa (chtra nhom carbonyl hay nhém carboxyl) va san phim trung gian vong ion
carbonium khi cac gdc tu do tai két hgp v6i nhau [97]. Ngoai ra, ciing cé gia thuyét
cho rang sy thay d6i mau sac cta chitosan cat mach con do sy hinh thanh lién két d6i
N=C tir phan Ung Maillard giita nhém —CHO (nhém cubi cta 2,5-anhydro-D-

mannose) va nhom —NH> cua chitosan [28].
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Hinh 3.8: Pho UV-Vis cua chitosan 45 kDa va oligochitosan ¢6 KLPT khac nhau

Két qua do phd UV-Vis cua cac dung dich chitosan va OC véi KLPT khac
nhau nhu trinh bay trén Hinh 3.8. DPdi véi dung dich chitosan 45 kDa ban déu, chi co
01 dinh hap thy trong viing ~206 nm, dinh nay dugc cho 1a do trang thai chuyén dich
dién tir trung gian trong lién két n — o* ctia nhém amido trén phan tir chitosan [42].
Trong khi, trén phé) UV-Vis cua cac OC cit mach birc xa xuét hién thém cac dinh
moi trong ving 265 — 281 nm véi cudng do ting dan theo chiéu giam KLPT cua OC,
nghia la chitosan bi cat mach buc xa cang sau thi cuong do cua cac dinh hép thu tai

cac budc song nay cang tang.

Dinh hap thy trong khoang budc séng 240 — 265 nm 1a su chuyén doi dinh hap

phu dic trung cua dién tir trung gian trong lién két n — o* nhom amido [42], va ciing
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1a dinh hip thu dic trung cua lién két C=0 ctia nhém carboxyl [139]. Pinh trong viing
gifra 270 — 300 nm duoc cho 13 hip thu dic trung cia nhom carbonyl trén cac don vi

glucoside cudi mach phan tir chitosan sau cit mach [29].

Su gia ting cudng do cua cac dinh hap thu trén, c6 thé x4c nhan 1a két qua hinh
thanh lién két d6i C=0 va m& vong glucoside trong qua trinh phan tng cit mach va
phan tng tach 1ay hydrogen [89]. Tir nhiing 14p ludn trén va két qua Hinh 3.8 c6 thé
nhan dinh mau OC 5,1 kDa va OC 2,5 kDa ché tao bang phuong phap chiéu xa 21
kGy céc dung dich twong ung 1a 4% CTS + 0,5% H20; va 2% CTS + 0,5% H20., co
su thay d6i cdu triic hda hoc nhiéu hon so véi OC 7,8 kDa. Dé 1am 16 hon sy thay d6i
nay, tiép tuc phén tich két qua do phd FTIR cua cac mau OC c6 KLPT khéac nhau
duoc tao ra trong cac diéu kién cit mach khac nhau.

3.0

—_ 1T

L] 1 I r I ¥ L] ] ] I I L} || L L] Ll L | ¥ L L] L] [ ] L] I L] L |} L] w 1 1 |

4000 3500 1000 2500 2000 1500 1000
So song

Hinh 3.9: Phd FTIR cua oligochitosan ¢6 KLPT khac nhau

Phé FTIR duoc xem 13 cong cu hitu ich dé phan tich cac dic trung hoa 1y cua
polysaccharide. Két qua phd d6 FTIR va cudng do dao dong lién két hoa hoc cua céc
OC cit mach buc xa ¢6 KLPT 7,8 kDa; 5,1 kDa; va 2,5 kDa dugc trinh bay trén Hinh
3.9. Cac dinh hap thu FTIR dic trung cia chitosan: & 3200 — 3420 cm™ (dao dong
cang cua lién két O—H va N-H); 2850 — 2900 cm™ (dao dong cing cua C—H); 1598
cm’! (dic trung cia —NHa); 1421 cm™! (dao dong bién dang dbi xtung ctia —CHa va —

CH3); 1322 cm™! (dao dong ctia amid IT1 (c-n) trong-NncocH3); 1251 em™ (dao dong xodn
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cua O-H); va 1000 — 1200 cm™! dugc cho dao dong cang cua lién két C—-O-C [15, 89,
136], déu xuét hién trong phd FTIR cta cac OC. Piéu nay ching t6 rang ciu tric hoa

hoc (nhém chirc) chinh ctia chitosan gan nhu duoc duy tri trén cac phan tir OC.

Tuy nhién, trén phd FITR cua cac OC, dinh dic trung cho dao dong cua lién
két O—H va N—H c6 xu huéng dich chuyén vé sb song thip hon; cuong do dinh 775
cm’!, dinh dao dong dic trung cua lién két N=C trong nhém N=CHCOO" cia san
pham Maillard [15] ting 1én trong cac mau OC KLPT thip; dong thoi ¢6 xuét hién
dinh hap thu moi tai 1718 cm™ vé6i cuong d6 ting dan lan luot trong cac mau OC 7,8
kDa, 5,1 kDa va 2,5 kDa, dinh nay dugc cho la dao dong dac trung cia nhom carboxyl
[31, 139]. Hon nita, cudng do dao dong ciia —NH, ciing giam theo chiéu giam KLPT
OC (dinh kém ¢ phan phu luc), két qua ciing twong ty nhu céng bd cia Mahmud va
cong sy (2014) [88].

Tir nhitng thong tin thay doi trén phd FTIR ctua OC nhan duoc bing phuong
phap chiéu xa cit mach trong cac diéu kién khac nhau, c6 thé két luan rang trong qua
trinh cit mach thi ngoai phan tmg chinh 1a cit cac lién két glycoside ciia chudi phan
tir chitosan con c6 xut hién phan tmg mé vong glucoside va hity nhom amin v6i muc
do khac nhau tuy thudc vao diéu kién chiéu xa. Muc do hily nhém amin dugc xac
dinh cu thé hon tir két qua do phd cong hudng tir hat nhan (‘H NMR).
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Hinh 3.10: Ph6 'H NMR cua oligochitosan c6 KLPT khac nhau

Cho dén nay, xac dinh do deacetyl (PPA%) hay ham luong phan trim ciia D-



62

glucosamine trong phan tir chitosan, OC bang phd 'H NMR duoc danh gia c6 do
chinh x4c cao va di dugc sir dung rong rai [105-107]. Trong phuong phap 'H NMR,
khong can biét chinh xac luong chitosan hay OC st dung. Hon nita, viéc chuan bi
mau don gian, chi can vai miligam mau va khong can bat ky duong chuan hoic miu
tham chiéu nao c6 DDA di biét. Cac dinh cong hudng proton duoc sir dung dé xac
dinh DDA trong phuong phap nay c6 d6 phan giai tot va viéc 14y dién tich tich phan
cac dinh nay don gian. Phuong phap '"H NMR da dugc chirmg minh 1a ¢6 kha nang
xac dinh dinh lugng chinh xac PPA tham chi ddi véi cac mau c6 PPA thép, ma
thuong kho do bang cac k¥ thuat thong thuong nhu FTIR hodc chuan do.

Céc tin hi¢u cong huong proton cia OC c6 KLPT khac nhau nhu duogc trinh
bay trén Hinh 3.10. Tin hi¢u cong hudng dac trung cia chitosan tai 2,02 — 2,10 ppm
tuong ung vdi cong hudng cua cac proton thudc nhom acetyl trén cac don vi N-acetyl-
D-glucosamine [136], cac tin hi€u trong vung 3,30 — 4,30 ppm la dac trung cua cac
proton H3, H4, H5, H6 va H6’ [140], tin hi€u tai ~3,20 ppm la dac trung proton H2
cua don vi D-glucosamine [107] va tin hi¢u tai 4,75 — 4,90 ppm la cta proton dung
moi va H1 cua dong phan B-anomer [107, 140]. Tat ca cac tin hiéu cong hudng proton
dac trung cua chitosan déu xuét hién trong phé "H NMR cuia cac OC ché tao duoc
nhung khac nhau dién tich tich phan cudng do cua cac dinh cong hudng. Piéu nay
phan anh sy khic nhau vé gia tri PPA% ciia cac OC. T dién tich tich phan cudong
dd cua cac dinh cong hudng tinh toan duogc gia tri PPA cua cic mau OC nhu duoc

trinh ndy cu thé trong Bang 3.2.

Bing 3.2: Dién tich tich phan cuong do (I) ciia cac proton va két qua do
deacetyl (PDA) cua cac oligochitosan c6 KLPT khéac nhau

Mau oligochitosan I, H3,4,5.6,6° L, n2 DDA, %
OC 7,8 kDa 6,769 1,363 88,35
OC 5,1 kDa 7,012 1,162 87,24
OC 2,5 kDa 8,311 1,216 71,57

Két qua vé PPA cta OC nhin dugc bang phuong phap chiéu xa cit mach
ddng thé nhu trén Bang 3.2 cho thiy rang, cac OC dat KLPT thip, nghia 1a bi cit
mach sau thi c6 xu huong giam BDPA. Cu thé 1a gia tri DDA dat lan luot 1a ~88,4%;
87,2%; va 71,6% tuong ing ddi voi OC ¢6 KLPT 1a 7,8 kDa; 5,1 kDa; va 2,5 kDa.
So v6i gid tri DDA ~91% cua chitosan ban dau KLPT ~45 kDa thi cac miu OC > 5
kDa gan nhu khong giam DDA dang ké, trong khi d6 mau OC 2,5 kDa c6 gia tri DDA
thip hon ~21% so v&i chitosan ban dau. Su suy giam DDA cua OC khi bi cat mach
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sdu ciing phu hop voi théng tin phd FTIR. Hién tuong twong tu ciing di duoc ghi

nhan trong cac nghién ctru trudc day [26, 27].

Két qua trong cong trinh ctia Duy va céng su (2011) cho thdy DPDA% cua OC
giam tir 84% (chitosan ban dau 110 kDa) xudng con 77,5 — 74,4% d6i v6i OC cit
mach birc xa dat KLPT tir 9,3 kDa dén 5,1 kDa [27]. Trong cong trinh nghién ctru
cia Mahmud va ¢éng s (2014) ciing cho thdy DDA ~97% cua chitosan ban dau vai
KLPT 173 kDa giam xudng con ~78% d6i v6i OC 7,9 kDa thu duoc sau cit mach
bang birc xa két hop H.0, [88]. Gia tri DDA thap cua cac OC chimg to ring, trong
diéu kién cat mach sau s& xuét hién phan tng khong mong mudn d6 1a phan tmg khu
nhom amin cta chitosan. Ngoai ra, theo két qua nghién ctru ctia Chokradjaroen vd
céng sir (2017) cat mach chitosan bang phuong phap xu Iy plasma két hop v6i HO2
cling xac nhan c6 sy gidam DDA cua chitosan. Cu thé 1a DDA 91,5% cua chitosan ban
dau (KLPT ~440 kDa) sau xtr Iy cit mach thu dugc chitosan KLPT thip c6 DDA
87,8%. Tac gia két ludn rang, qua trinh cit mach chitosan bang xir 1y plasma + H20»
c6 thé gay ra sy phan cit mot s nhom amin cia chitosan dan dén giam DDA cua
chitosan [100]. Shen va cdng s (2011) bao cao rang DDA cia chitosan giam khi ting
liéu xa va suy luan réng khi chiéu xa, mot s6 nhém —NH; cta chitosan s& bi loai bo

va chuyén thanh khi amoniac sau khi tuong tac voi cac gdc tu do H* [101].

Tir cac két qua trén, c6 thé nhan dinh rang sir dung phuong phép két hop tac
nhan vat 1y (birc xa gamma Co®, plasma) véi H>O» dé ché tao OC véi KLPT < 5 kDa
s& gay anh hudng it nhiéu dén DDA cua san pham. Van dé han ché nay can duoc tiép
tuc nghién ctru cai thién.

Tuy nhién, Vander va cdng su (1998) thong bao rang OC véi DDA trung gian
(70 — 80%) ciing c6 hiéu tng phong trir bénh hiéu qué cho cay trong. OC thu dugc
trong nghién ctru nay vira khang ndm Pyricularia grisea va vira kich thich sinh truéng
trén lua [141]. Két qua nghién ctru cia El-Sawy va cdng s (2010) ciing minh chimg
rang OC ché tao bang phuong phap cit mach birc xa ¢6 KLPT < 10 kDa va co su
hinh thanh cdc nhém carboxyl va bi loai bé mdt phﬁn cadc nhém amin cling thé hién

hiéu tng kich thich ting trudng va gia ning suit trén cdy dau tam [75].

Gan day hon, Dzung vd céng si (2017) d3 minh chimg OC KPLT 2.5 kDa
duoc ché tao bang phuong phap chiéu xa gamma Co® két hop H202 c6 hoat tinh kich
thich tang trudng va kich khang bénh hi€u qua trén cay 6t [32]. Theo Stasinska-
Jakubas va cong s (2022) di tong két rang, hiéu ing sinh hoc cia chitosan phu thudc
vao nhiéu yéu t6 nhung trong sé d6 thi dic trung KLPT c6 anh hudng quyét dinh hon

ca dén hoat tinh cta chitosan [5].
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Hinh 3.11: Ph GPC cuia oligochitosan c6 KLPT khéac nhau

Hinh 3.11 mé ta cac dudng cong rira giai GPC cta cac mau OC chiéu xa cat
mach ddng thé tai lidu xa 21 kGy trong cac diéu kién khac nhau. Két qua cho thay
rang cac mau chitosan cat mach cang sdu thi c6 thoi gian luu cang 16n. Két qua nay
tuong ty nhu trudng hop chitosan dang thanh (rod) cat mach birc xa [101] va alginate
cit mach birc xa duge cong bd boi EI-Mohdy (2017) [142]. Tir két qua thoi gian luu
va dién tich dinh rira giai trén duong cong GPC, x4c dinh duge KLPT trung binh khéi
lwong (Mw), KLPT trung binh s6 (Mn) va chi sb da phan tan KLPT (PI) cta chitosan
cit mach. Dic trung KLPT va PI ctia cac OC duoc trinh bay trong Bang 3.3.

Bing 3.3: KLPT (Mw, Mn) va chi s6 phan tan KLPT (PI) cua cic miu

oligochitosan cit mach buc xa véi lidu xa 21 kGy

Dung dich chitosan Mw, kDa Mn, kDa PI, Mw/Mn
4% chitosan 7,793 4,378 1,782
4% chitosan + 0,5% H20: 5,098 3,272 1,558
2% chitosan + 0,5% H20:2 2,502 1,173 1,412

Két qua vé chi s phan tan KLPT (PI) cua chitosan cit mach burc xa ghi nhan
duoc cho thay ring, phan Gmg cit mach cang sdu thi OC thu dugc c6 KLPT cang thip
va PI cang nho, nghia 1a OC c6 chiéu dai chudi phén tir ddng déu hon. Cu thé 13, gia
tri PI dat lan luot 1a ~1,78; 1,56; va 1,41 twong Gng d6i véi OC KLPT 7,8 kDa (tir
dung dich 4% CTS chiéu xa); 5,1 kDa (dung dich 4% CTS + 0,5% H20: chiéu xa);
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va 2,5 kDa (dung dich 2% CTS 0,5% H>0> chiéu xa). Céc gia tri PI trén déu thap hon
so voi chitosan ban dau (45 kDa) 1a 2,78.

Xu huéng giam PI cia chitosan khi gia ting mirc d6 cit mach ciing da duoc
ghi nhén trong nhiéu coéng trinh nghién ctru khac. Dién hinh nhu Feng va cdng su
(2008) nghién ctru chiéu xa cit mach chitosan trong dung dich, két qua PI 7,32 cta
chitosan 219 kDa ban dau d3 giam xudng con 1,53 d6i v6i OC 2,1 kDa [132]. Shen
va céng sw (2011) nghién ctru cit mach chitosan di thé cling nhdn thy sy giam PI
ctia chitosan cat mach, cu thé 13 tir PT = 5,1 cua chitosan ban dau véi KLPT ~500 kDa
d3 giam xudng con 3,0 dbi vai chitosan sau cat mach buc xa ¢6 KLPT ~100 kDa
[101]. Hai va cdng sw (2019) da cong bd két qua giam PI cua chitosan theo thoi gian
phan tmg khi cat mach bang H»O», PI = 2,49 cua chitosan ban dau 91 kDa giam xubng
con 1,52 dbi voi OC 3,8 kDa nhan duoc sau 720 gi0 phan tng [9]. Hon nira, Duy va
céng sw (2011) nghién ctru cat mach chitosan dong thé bang phuong phap két hop
chiéu xa + H>0, két qua cho thay PI cua chitosan giam theo chiéu ting lidu xa, PI =
2,26 ctia chitosan 110 kDa trudc chiéu xa da giam xudng con 1,42 dbi véi mau chiéu
xa 20 kGy (OC 5,4 kDa) [27]. Céc tac gia trén cling da két luan khi tang liéu xa cit
mach s& giam KLPT, giam PI va giam d¢ két tinh cua chitosan. Mirc do két tinh cua

polysaccharide thuong dugc dénh gia thong qua gian d6 nhiéu xa tia X (XRD).
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Hinh 3.12: Gian 46 XRD cua chitosan 45 kDa va oligochitosan c¢6 KLPT khéac nhau

Chitosan c6 trang thai cdu triic ban két tinh (ving két tinh dan xen véi ving

vo dinh hinh. Do két tinh cta chitosan duoc quyét dinh chu yéu boi mure d6 lién két
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hydro néi phan tir va lién két hydro ngoai phan tir & hinh thanh vung tap hop céc
chudi phan tir chitosan c6 trat ty sip xép chit ché. Lién két hydro ndi phan tir dugc
hinh thanh gitta cic nguyén tir oxy O3(n) va O5(n+1) bét qua cac lién két glycoside
trén cing chudi phan tir chitosan; va cac lién két hydro ngoai phén tir dugc hinh thanh
nguyén tir oxy ctia nhom hydroxymetyl (O6) ctia mot chudi vdi nguyén tir nito amin

(N2) ctia don vi D-glucosamine ctia mot chudi khac [143].

Két qua gian d6 XRD cuia chitosan ban dau (45 kDa) va cac OC c6 KLPT khéc
nhau thu duge sau chiéu xa cit mach duoc trinh bay ¢ Hinh 3.12. Chitosan 45 kDa
c6 02 dinh nhiéu xa rd nét tai cac goc nhiéu xa 26 10,2° va 19,8°. Kiéu nhidu xa nay
duogc cho 1a dic trung cdu tric ban tinh thé cua chitosan tir vo tom [31]. Trong khi d6
gian d6 XRD ctia cac OC c¢6 su thay ddi, cudong do tai dinh 10,2° giam dan va d6 rong
tai dinh ~20° tang 1én theo chiéu giam KLPT cta OC cit mach. Piéu nay dong nghia
v6i sy giam mat do lién két hydro dan dén giam do két tinh, ting ving ciu tric vo
dinh hinh va tang kha ning hoa tan ctia san pham OC cat mach [15, 89, 139, 143].

Két qua nhan duoc ciing phu hop véi két qua ctia Muley va cdng sw (2019)
[77]. Do két tinh cua chitosan tir vo tdm dugc tinh tir gian d6 XRD 13 ~80% [109],
trong khi d6 OC chi trong khoang 8% — 20% tuy thudc vao KLPT [15]. Hien va cong
sw (2012) da thong bao rang OC 2,7 kDa (ché tao bang chiéu xa + H205) thi tan hoan
toan trong nude [26]. Hon nita, hién twong ting cau trac vo dinh hinh va ting kha
niang hoa tan con dugc ghi nhan trong trudng hop cat mach alginate (mot
polysaccharide chiét xuét tir rong bién) nhu di duoc béo cio bai EI-Mohdy (2017).
Tac gia nay da ban luan rang, khi chiéu xa cit mach cac polysaccharide s& gay ra sy
pha hily hé thong trat tu cua cac lién két hydro ngoai phén tir. Do d6, d6 linh dong
ctia chudi phan tir chi con bi anh hudng bai lién két hydro ndi phan tir, mirc do két

tinh giam va dan dén tang do tan cua vat liéu [ 142].

Hoat tinh sinh hoc cua chitosan nhu da duoc xac nhan 1a cé su phu thude vao
d6 hoa tan trong nudc [4]. Song vd cdng sw (2022) cling dd xac nhan viéc xu 1y cit
mach chitosan bang birc xa ion hoa (tia gamma Co®, chum dién tir gia toc — EB) da
lam gia tang d4ng ké hoat tinh sinh hoc va cac tinh chat hoa 1y cia chitosan, trong d6
¢6 kha nang hap thy va tao phtrc véi ion kim loai [131]. Cho dén nay, d4 c6 cac nghién
ctru hidu img sinh hoc ctia OC ¢6 KLPT khac nhau, nhung hau nhur ¢ két qua nghién
ctru cong bd vé anh hudng KLPT OC tao phuc v6i ion kém. Do d6, nghién ctru ché
tao phirc OC-Zn** tir OC c¢6 KLPT khac nhau va khdo sat dic trung tinh chat cia

phtc dugce thue hién trong ndi dung tiép theo.
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3.2. Ché tao phitc oligochitosan-Zn?* va xic dinh dic trung tinh chit

Chitosan va OC c6 chua nhom amin (—NH>) trén céc don vi D-glucosamine
v6i pKa ~6,3 — 6,5 1a cac tim tao phirc quan trong d6i véi cac ion kim loai trong diéu
kién moi trudng trung tinh dén kiém; va tao phirc 6n dinh véi cac anion bang twong
tac tinh dién trong diéu kién axit. Khong gidng nhu chitin, chitosan tich dién duong
trong moi truong axit dén trung tinh v6i mat d6 dién tich toan hé, va do d6 kha ning
hép phu ctia n6 phu thudc vao d6 pH va PPA. Céc ion kim loai chuyén tiép nhu dong
va k€m ¢6 ai lyc cao voi cac nhdm chire va kha nang tao phtrc manh véi chitosan
hoic OC [104]. Chitosan c6 DDA thap thi kha ning tao phirc kho xay ra [92].

Ngoai ra, kha ning lién két phirc v&i kim loai ion va anion cta cac polymer
nay con chiu anh hudng béi nhiéu yéu t6 khac, dién hinh 1 ban chét kim loai, do két
tinh, khbi lwong phan tir, va ty 1& phan mol [143, 144]. Két qua nghién ciru tao phirc
chitosan v&i dong (chitosan-Cu?*) cho thay pH méi trudng phan tng nho hon 5 va
chudi phan tir c6 s6 don vi monomer glucosamine nho hon 6 (twong dwong KLPT ~
1,1 kDa) thi phan tng tao phirc khong dang ké. Do & pH thap thi cac nhém amin wu
tién phan ung proton héa tao dang (-NH;3") va chudi qué ngan sé& thuan loi cho t6
chtrc khong gian cac phan tir OC bao quanh ion kim loai hay tao dang lién két treo
(pendant model) c6 do on dinh thap [41].

Khi chitosan cit mach c6 KLPT thap, ting tinh hoa tan va do d6 viéc diéu
chinh pH dung dich OC dat khoang 5 — 6 thuan lgi hon so vdi dung dich chitosan
KLPT 16n. Tuy nhién theo tim hiéu tir nhiéu ngudn tai liéu thi cho dén thoi diém nay
c6 kha it két qua nghién ctru ché tao phuc oligochitosan-Zn?* (OC-Zn?") dugc cong
bd. Tir thong tin trén, trong nghién ciru nay sir dung loai OC ¢6 KLPT tir 2,5 kDa dén
7,8 kDa dé phan tmg tao phirc véi ion kém trong diéu kién pH diéu chinh dén ~5.5.

Két qua Hinh 3.13 cho thiy cac phirc OC-Zn**, & dang dung dich va dang bot
duoc ché tao tir cac OC c6 KLPT khac nhau nhung cung ty 1& phan mol (-NHa/Zn*")
13 1/0,5, c6 mau sic vang niu cho dén niu den va c6 v& dam hon so véi dang twong
tur cta cac OC twong ng. Tuy nhién, sy khac biét vé mutc do thay d6i mau nay thi
kho phat hién bang mat thuong. Két qua nhan dugc vé su thay d6i mau cia phirc OC-
Zn?* ciing twong ty nhu két qua ciia cac cong trinh trude day, nghién ciru ché tao vat

liéu phurc carboxymethyl chitosan véi kém [91, 98].

Theo bao cdo cua Nagasawa va cong sy (2000), mau nau cua cac
oligosaccharide hinh thanh sau chiéu xa cit mach 13 do hinh thanh cac san pham phu
chtra lién két doi tao nén. Nhom tac gia nay thyc hién xtr Iy mau nau cta oligoalginate

bang suc khi ozon (O3), sau qua trinh oxi hoa bang O3, mau nau va dinh hap thu UV-
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Vis tai budc 265 nm dic trung cua lién két C=0 di khong con [145]. Rhazi va cong
s (2002) suy luan rang do su xuit hién cip dién tir dung chung (electron doublet)
trong lién két cta ion kim loai v6i nhém chirc ning cta chitosan dan dén dich chuyén
dic trung hip thu budc séng anh sang sang ving kha kién tao nén su thay d6i mau

ctia san pham phuc [41].

OCIBE/2-1:05  OCSAMa-d:08 0C45/2-4: 08

Hinh 3.13: Hinh anh dung dich va bdt ctia phtrc oligochitosan-Zn?* theo KLPT
oligochitosan khac nhau, tai cing ty 1é phan mol 1/0,5
Tur tri qua phai: phitc OC-Zn?" tir tao OC 7,8 kDa; 5,1 kDa; 2,5 kDa tai cung ty 1& phﬁn
mol (-NH2/Zn?") 14 1/0,5.

Hon nira, quan sét trén phé UV-Vis ctia phitc OC-Zn?* cho thy c6 su thay doi
1d rang phd UV-Vis ctia OC ban dau khi so sanh két qua phd UV-Vis caa phirc ¢
Hinh 3.14 véi két qua UV-Vis ctia OC c¢6 KLPT khéc nhau nhu ¢ Hinh 3.8. Kém ion
khong c6 dinh hip thu quang phd UV-Vis [91]. Tuy nhién sau phdi tron v6i dung
dich OC dé tao phirc, két qua cho thiy dinh hap thu quang phd UV-Vis cuc dai (Amax)
ctia cac OC trong khoang Amax ~207 nm — 211 nm d4 dich chuyén sang ving c6 budc

SONG Amax 16n hon, cu thé 18 Amax 230,5 nm; 227,0 nm; va 219,5 nm twong tng ddi voi
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cac dung dich phirc OC-Zn2* (ty 18 mol 1/0,5) ¢6 KLPT OC lan luot 1a 2,5 kDa; 5,1
kDa; va 7,8 kDa. Pong thoi cuong do tai Amax ~207 nm — 211 nm va ving Amax ~265
nm — 280 nm ciing ting cao so Vi Amax ctia OC tuong tng. Su dich chuyén Amax va
thay d6i tang cuong do duoc giai thich 1a do khi twong tac gitta ion kim loai véi cac
nhom chure nang nhu amido, amin, OH va C=0 s& lam chuyén dich dién tir ctia cac
lién két gitra orbital n - ©*, - n*, d - d, va orbital o ctia phéi tir (chitosan hay OC)
v6i orbital 3d cua ion chelate (Cu?*, Zn?*) [41].

52305

-0C 2,5-Zn*" 1/0,5
-0OC 7,8-Zn*" 1/0,5
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Hinh 3.14: Pho UV-Vis cua phirc oligochitosan-Zn?>* vdi OC KLPT khac nhau,
cung ty 1¢ phan mol 1/0,5

Tuy nhién, trong phirc OC2,5-Zn’" tao tir OC 2,5 kDa, chi dinh Amax ~265 nm
xuét hién rd nét voi cuong do cao va khac biét so v4i phirc OC5,1-Zn?" va OC7,8-
Zn?* (ting cudng d6 272 nm — 290 nm), ma kiéu thay d6i nay dugc cho 1a hap thu
dic trung ctia phirc dang treo (pendant) c6 do 6n dinh kém. Nguyén nhén c6 thé 1a do
lién quan dén giGi han d6 dai cua chudi OC [41] va khac nhau vé d6 deacetyl (DDA
cua OC 2,5 kDa 1a ~72% so voi OC 7,8 kDa va OC 5,1 kDa 1a ~88%) [39].

KLPT caa OC ¢ day la gia tri trung binh, do vay trong dung dich OC sau cit
mach s€ chira phﬁn c6 do dai phan tr nho hon gia tri KLPT do dugc. Mac du vay, cac
két qua su thay doi dic trung hip thu quang hoc trong cac dung dich phirc OC-Zn%*
néu trén chirg to phan g tao phtrc dién ra gitta Zn>* v6i OC, twong tu nhu truong
hop tao phire chitosan hoic OC v&i dong [39, 41]. Tir phan tich két qua phé UV-Vis
Hinh 3.14 ¢c6 thé x4c nhan rang cac phirc OC-Zn?" (ty 1& mol 1/0,5) dugc tao tir OC
KLPT 5,1 kDa hoic 7,8 kDa c6 ciu tric dang cau ndi (bridge) 6n dinh chiém uu thé.
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Do d6, lya chon loai OC 5,1 kDa tao phitc OC-Zn?* dé danh gid anh huong cua ty 1€
phan mol khac nhau dén dic trung tinh chét cua phirc.
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Hinh 3.15: Hinh anh dung dich va bt cia phirc oligochitosan-Zn>" theo ty 1é phan
mol khac nhau, tai cing KLPT OC 5,1 kDa
Tir trai qua phai: phitc OC-Zn?" tir OC 5,1 kDa va Zn>" véi ty 1¢ phan mol (-NH»/Zn?") 1a
1/0,25; 1/0,5; va 1/1.

Sy thay d6i mau sac va phd UV-Vis cling dugc quan sat dbi voi cac mau phirc
OC5,1-Zn?* véi ty 18 phan mol (-NH2/Zn?*) khac nhau. Két qua Hinh 3.15 cho thay
mau dung dich va bot cta cac phitc OC5,1-Zn?" chuyén tir vang niu sang nau sim va

nau dam khi ting nong d6 Zn?* hay 1a giam theo chiéu giam ty 1é phan mol.

Hon nita, két qua phé UV-Vis trong Hinh 3.16 cho thdy dinh dic trung cia
cac don vi N-acetyl-glucosamine va D-glucosamine trén cac phan tr OC & khoang
208 nm [146] bi dich chuyén sang 227,5 nm trong trudng hop cac phirc OC5,1-Zn?".
binh Amax quanh 227,5 nm dugc cho 1a do sy kich thich ctua céc phan tor OC béi su
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c6 mit cia cac ion Zn*", theo Mekahlia va céng su (2009) cho ddy 1a do cac lién két
ion kim loai vé&i oxy (-O-M?") [103].

Quan sat Hinh 3. 16 ciing cho thdy cudng d6 cta dinh tai Amax ~272 nm dugc
cho 14 lién két C=0 trong cac nhém carbonyl va hodc 1a carboxyl [146] di ting 1én
khi ting ham lwong Zn®". Tuy nhién, quan sat két qua phd UV-Vis ctia cac mau phuc
0C5,1-Zn? ¢6 ham luong Zn?" khic nhau con thdy ring: so v6i phic OC-Zn2*
(1/0,25) c¢6 ham luong k&m thap thi cac phirc 6 ham lugng kém cao hon nhu 1a OC-
Zn* (1/0,5) va OC-Zn*" (1/1) xuét hién thém dinh nho (dinh vai) tai viing Amax ~280
— 295 nm véi cudng do thap. Kiéu hap thy quang phd nay duoc cho dic trung cia
phirc ¢6 cau trac dang cau ndi (bridge model) [38, 41]. Moi su thay d6i vé mau sic
va d6 hap thu UV-Vis ctia phirc OC5,1-Zn>" déu c6 thé cho rang twong tac giita cac
phan tir OC 5,1 kDa va Zn*" trong dung dich d3 xay ra thong qua cac lién két cong
két phéi tri voi nhau. Nhu vay, qua cac két qua phan tich vé kiéu hap phu quang phd
UV-Vis cua cac phirc OC-Zn** khac nhau vé KLPT ctia OC (7,8 kDa; 5,1 kDa; va
2,5 kDa) va khac nhau vé ty 1& phan mol cua giita OC véi Zn®* (ty 1é phan mol
—NH2/Zn?* 14 1/1; 1/0,5; va 1/0,25) cho thdy rang KLPT cia OC va ty 1& phan mol ¢6
anh hudng dén cau tric cta phirc. Cac phirc ché tao tir OC KLPT cao va ham luong
kém cao thi vu tién tao phirc cau tric dang cau ndi 6n dinh hon.

22275
-0C 5,1-Zn*" 111
o -0C 5,1-Z0%" 1/0,5
- -0C 5,1-Zn*" 1/0,25
g" 3 / -0C5,1kDa
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Hinh 3.16: Ph UV-Vis cua phirc oligochitosan 5,1 kDa véi Zn** ¢6 ty 1¢ phan mol

khac nhau (1/1; 1/0,5; va 1/0,25)

Theo nhu két qua nghién ciru thuc nghiém mo phong tuwong tac giita OC véi

ion kim loai chuyén tiép (Mg?*, Fe**, Zn®") da két luan rang ciu tric cia phic tao
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duoc phu thude chil yéu vao do deacetyl, KLPT cua phdi tir OC, va ty 1 phan mol
cua nhom amin véi ion kim loai; ty 1€ mol 1/0,5 va 1/1 uu tién tao phuc bén ¢6 chu
trac cau ndi [38, 147]. Su tuong tic giita ion k&m véi OC ciing duoc minh ching

thong qua phan tich dao dong ctia cac nhém chire hoa hoc bang ky thuat FTIR.
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Hinh 3.17: Phd FTIR cua phirc oligochitosan-Zn" véi OC KLPT khac nhau, cling
ty 1& phan mol 1/0,5

So sanh v6i phd FTIR cua cac OC c6 KLPT khac nhau twong tmg nhu trinh
bay & Hinh 3.9 thi trén phd FTIR cua cac miu phitc OC-Zn?* (Hinh 3.17) gan nhu
cac ving dao dong dic trung cia cac nhém chirc chinh cua OC déu hién dién. Tuy
nhién, trong phd FTIR cua cac phirc OC-Zn?* ¢6 cac thay doi nhu sau: dinh & sé séng
3419 cm! dic trung cho cac dao dong lién két N—H, O—H va cac lién két hydro hinh
thanh gitta chung trén phan tir OC [38] d3 dich chuyén sang s séng 16n hon tai 3440
cm’!, va ddng thoi xuét hién dinh méi ¢ 3220 cm™'. Theo Mekahlia va céng su (2009),
dinh méi nay 1a két qua cta su phan tach dinh dao dong cia O—H von bi chong 1én

dao dong cang cua N—H khi OC hodc chitosan tuong tac véi cac ion kim loai [103].

Dinh c¢6 cudng d6 cao tai 1598 cm™! dugc cho la dao dong dic trung ctia nhom
amin ty do (—-NHz) [148] va dao dong cua lién két C—O trong carbonyl trén cac phan
tir OC [27] da dich chuyén sang s6 séng 16n hon ~1602 cm™! trong mau phirc OC-

Zn?*. Bén canh d6, dinh & muc ~1420 cm™ dic truong cho dao dong uén cia —OH
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va dao dong C—H ciia ~CH, va —CHj3 bi chuyén dich sang s6 song thap hon tai ving
1380 cm™, sy thay d6i nay dan dén tang cudng d6 dao dong ctia —CHj tai cac amide
khi cdc nhém —OH, —NH> tham gia tuong tac vdi ion kim loai [148]. Pinh tai viung
s6 song ~1064 cm™ dic trung cho dao dong ctia —OH (bac 2 tai vi tri C3) va ~1037
cm’! ddc trung dao dong ctia —OH bac mot (tai vi tri C6) [38, 103] chuyén sang vung

c6 sb song 16n hon twong tmg 1a ~1090 cm™ va 1047 cm™.

Ngoai ra, cac dinh mé&i 6 536 cm! va 478 cm™!, duoc cho 1a cac dao dong dac
trung cua lién két N—Zn va lién két O—Zn [36, 37] ciing dd quan sat thdy trong cac
phirc OC-Zn?". Hon thé nita, dinh ~1718 cm™ dic trung cho dao dong C=0 ctia nhoém
carboxyl hay carbonyl trén OC hoan toan bién mét trong phd FTIR cua cac phirc OC-

Zn**, két qua nay gan nhu chua c6 cong trinh nghién clru nao cong bo.

Tur tat ca nhitng thay d6i trén pho FTIR ctia cac mau phirc OC-Zn?* da ching
t6 rang ion k&m tao phirc voi cac OC thong qua lién két voi nhém amin (-NHy),
hydroxyl (~OH), va carboxyl hodc carbonyl néu c6 trén phan tir OC. Cau trac cia
phttc OC-Zn** ciing c6 thé ton tai dudi hai dang: cau ndi va dang treo nhu duoc cong
bd rong rai bdi cac tac gia khac [36, 38, 147, 148].

Dua trén két qua phan tich va dé nghi caa Rhazi va cdng sir (2002) vé co ché
tao phirc OC-Cu?* [41] va ctia Wang va céng si (2004) vé co ché tao phirc chitosan-
Zn?* [36] cung véi cac két qua thu duoc trong nghién ctru ndy, c6 thé néu ra co ché

tao phirc OC-Zn>" dién ra theo cic phan ng sau:

OC-NH; + H;0* — OC-NH;5" + H,0 (3.9)
OC-NHs" + Zn?* + H,0 — (OC-Zn)** + H;0" (3.10)
OC-NH; + Zn?* — (OC-Zn)** (3.11)

Trong d6 OC la phdi tir dong vai trd 12 mot bazd hay chat cho dién dién tir,

Zn2* d6ng vai tro 1a mot axit hay chat nhan dién tir theo thuyét axit—bazd cia Lewis.

Nhu vay, trong qua trinh phdn ing tao phtrc c6 sy canh tranh gitra phan ing
proton héa (phan tng 3.9) véi phan tng tao phirc (phan ung 3.11) [92], dong thoi
trong qué trinh tao phirc ciing ly giai H* (phan ung 3.10) din dén pH thién vé axit.
Ma khi pH giam dén nho hon 5 thi can tré phan tmg tao phirc hodc tao phirc ciu triic
dang treo c6 do bén thép (nhu da duoc dé cap trude day). Do d6 viéc lya chon ty 1€
phan mol cta oligochitosan/Zn?* ¢c6 ¥ nghia quan trong dé tao phitc OC-Zn?" ¢6 ciu

tric 6n dinh dang cau ndi chi€ém uu the.
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Patale va céng si (2011) di cong bd két qua rat dang dé tham khao 1a khi ting
ham luong k&m vuot qua ty 18 tdi wu thi hiéu suét tao phirc carboxymethyl-Zn?* giam
manh, dong thoi ting ty 16 phirc khong bén dang treo trong hé phan tmg [98]. Wang
va cong sw (2004, 2005) da két luan ty 16 mol chitosan/Zn2* 1/0,5 dén 1/1 1a thich hop
tao cdu truc dang cau ndi [36, 148]. Zhang va cdng s (2018) bang thuc nghiém mo
phong ciing xac nhan ty 1& phan mol ctia -NH»/Zn?* tir 1/0,5 dén 1/1 1a thuan loi dé
tao phirc cAu triic dang cau ndi [147]. Hon nita, két qua nghién ctru cia Khan va céng
sw (2013) ciing cho thiy rang cac phirc chitosan-Zn?* sau tinh toan chuyén doi thanh
ty 16 mol 1a 1/0,5 dén 1/1, c6 hiéu tmg diét khuan hiéu qua [37]. Trén co s& d6 co thé
suy luéin ring cac phic OC-Zn2* ché tao duoc nhu trong nghién ctru ndy c6 ciu trac

chu yéu 1a dang cau ndi (Hinh 3.18) va ky vong thé hién hoat tinh sinh hoc cao.

a) NH, CH,OH

b) cH,0H

CH.OH HO NH, CH.OH

HO; NH, HO NH,
» “a . - CH,OH AN -
Zn~+ " Zn2+
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HO NH; SHOH HO — NH» \E\:
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CH,OH HO NH, CH,OH OH

Hinh 3.18: Mo hinh kiéu céu trac lién két phdi tri cua phuc oligochitosan-Zn2*
a) dang cau ndi trén cing mot chudi phan tir OC, b) dang cau ndi trén cac chudi phan tir
OC khéc nhau, ¢) dang cau ndi trén cac chudi phan tir OC khéac nhau c6 phéi tri ctia Zn>"

v6i nhom carbonyl

Pé c6 thém co s& xac nhan phuc OC-Zn?* ché tao dugc, thuc hién phan tich

thanh phan nguyén té bang phuwong phap do pho tan sic nang lugng tia X (EDX) cila
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OC va phtrc OC-Zn** dang b6t thu duoc sau khi tia v6i ethanol, lam kho va nghién
min. Két qua thanh phan nguyén t6 theo phan traim khéi lvong va phan trim s6 nguyén
t6 duoc trinh bay trong Hinh 3.19. Két qua cho thdy mau OC chira 3 loai nguyén td
1a C, N, va O véi phan tram khdi luong tuwong tng 14 46,6; 12,0; va 41,4%. Trén phd
EDX ctia OC 5,1 kDa khong phat hién thanh phan tap nhidm. Trong khi d6, trén phd
EDX cuia phitc OC-Zn** tao tir cac OC c6 KLPT khac nhau, tai cing ty 1& phan mol
1/0,5 thi ngoai cac thanh phan nguyén té caa OC con phat hién duoc nguyén té kém.

Két qua thu duoc ciing twong ty nhu cong bd ciia Huang va cong sie (2022) [96].

2
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Hinh 3.19: Ph EDX cua oligochitosan 5,1 kDa va phirc oligochitosan-Zn** ¢c6 OC
KLPT khéc nhau, tai cing ty 1& phan mol 1/0,5

K&m c6 burc xa tan sic nang luong tia X dac trung la Ko tai 1,01 keV va La

tai 8,67 keV. Két qua trén cac bang chén trong Hinh 3.19 tuong tmg cho thiy phan
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tram khéi luong kém (weight%) trong phtrc c6 xu hudng giam theo chiéu giam KLPT
ciia OC, cu thé 1a 9,21%, 7,96%, va 1,15% twong tmg dbi véi phirc OC7,8-Zn*",
0C5,1-Zn?*, va 0C2,5-Zn*". Nguyén nhan c6 thé 13 do khac nhau vé ham luong gitra
cac dang cdu truc trong cac phirc. Két qua ham lwong k&m ctia cac OC-Zn?" phan tich
bang EDX nhan duoc trong nghién ctru ndy thi cao hon so v6i bao cdo cia Mutlu vad
cong sw (2022) 14 0,3% [110]. Nguyén nhan c6 thé dén tir sy khac nhau vé KLPT

chitosan va ham luong Zn?*.

Pé xé4c dinh chinh x4c hon vé ham lugng kém trong phtrc thi thuong sir dung
cac k¥ thuat phan tich c6 do nhay cao nhu: phén tich nguyén t6 (elemental analysis)
[36], phd hap thu nguyén tir (atomic absorption spectroscopy) [103], phd phét xa
nguyén to cong hudng plasma (inductively coupled plasma - atomic emission
spectroscopy — ICP-AES) [91, 96]. Két qua phén tich bang k§ thuit ICP-AES vé ham
lwong k&m trong cac phirc OC-Zn2* (theo KLPT OC va ty 1& phan mol khac nhau)

ché tao dugc trong nghién ciru nay nhu trinh bay chi tiét trén Bang 3.4.

Bing 3.4: Ham luong k&m trong cac phirc OC-Zn?" ¢6 hop phan khac nhau

OC, | Ty lémol, | Zn*', | Lugng Zn*'/OC-Zn**, (mg/g) | So véily
Miu phurc m ; thuyét,

&) (-NH>/Zn®") (mg) Theo ly thuyét | Phan tich- ICP y

(%)

0C2,5-Zn*"| 2 1/0,5 271 119,3 105,1 £5,8 88,1
0C7,8-Zn*"| 4 1/0,5 696 148,2 139,9+ 9,7 94,4
0C5,1-Zn*"| 4 1/0,25 343 78.9 71,1 £4,4 90,1
0C5,1-Zn*"| 4 1/0,5 686 146,3 134,2+49 91,7
0C5,1-Zn*"| 4 1/1 1370 2552 235,6 +£12,5 92,3

Két qua phan tich ham lwong kém trong cac phirc OC-Zn?" tir cac OC c6 KLPT
khac nhau (7,8 kDa; 5,1 kDa; va 2,5 kDa) tai cung ty 1& phan mol (-NH2/Zn?") 1a
1/0,5 cho thiy ham lwong k&m phan tich dugc so véi ham lugng kém cho vao phan
g theo tinh toan 1y thuyét (hay con goi 13 hiéu suit tao phirc) cta cac phirc c6 xu
hudng giam theo chiéu giam KLPT cua OC. Cuy thé, hiéu suit dat 94,4%; 91,7%; va
88,1% tuong ung véi KLPT OC cua phuc 1a 7,8 kDa; 5,1 kDa; va 2,5 kDa.

Két qua phan tich ham luong k&m trong cac phitc OC-Zn2* véi OC c6 cing
KLPT 5,1 kDa nhung khac nhau vé ty 1& phan mol cho thay hiéu suit tao phirc gan
nhu khong khéc biét. Cu thé hiéu suat dat 92,3%; 91,7%; va 90,1% tuong tng vdi ty
1€ ph?ln mol cua phitc OC-Zn?* 14 1/1; 1/0,5; va 1/0,25.
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Két qua hiéu suit tao phirc dat thip hon & cac mau OC KLPT 2.5 kDa va méu
c6 ty 18 phan mol 1/0,25 ¢6 thé do cac nguyén nhan lién quan: i) s6 lugng cac phan
tr OC c6 d6 dai nho hon 6 don vi glucoside (46 dai phan tir giéi han dé tao phirc)
trong mau OC 2,5 kDa nhiéu hon so véi cac mau OC khac; ii) tao phirc dang treo it
bén trong trudng hop ham lwong mol Zn?* thap so voi mol OC; va iii) phuong phap
thu hdi bang tia — rira v6i ethanol co thé khong thu dugce phan phirc khong bén va
phan OC ¢4 KLPT nhé. Két qua nhin duoc & trén ciing c6 xu hudng twong tu cac
cong bd khac vé tao phirc chitosan-Cu®* [41, 103] va phtic chitosan-Zn>* [36, 98,
110]. Thém vao d6, cac phitc OC-Zn>* dang bot ché tao duwoc nhu trong nghién ctiru

nay déu dé hoa tan trong nudc, didu nay c6 thé 1a do sy thay doi cu truc két tinh.
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Hinh 3.20: Pho XRD cua mubi k&m va cua phirc oligochitosan-Zn** vgi OC KLPT
khéc nhau, tai cung ty 1€ phén mol 1/0,5

Két qua pho dd XRD cila Zn(NOs),-6H»0 va cua cac phirc OC-Zn>" tir OC ¢6
KLPT khéc nhau voi Zn?" nhu trinh bay trén Hinh 3.20. Tinh thé Zn(NO3),-6H20 ¢
hai dinh nhiéu xa rd nét tai goc 20 1a 17,4° va 18,0°, dic trung cho loai tinh thé don
ta ciia mudi kém nitrate (COD 9008175 trong co s& dit liéu XRD). So sanh vai phd
XRD cua cac OC c6 KLPT tuong tng ¢ Hinh 3.12, cac OC c6 mét dinh cuong do
cao & 20 ~21,0° va mot dinh cudng do thap & ving 260 ~10,0° dic trung cho cau tric
v6 dinh hinh ctia OC [27, 75]; thi phd d6 XRD ciia cac phitc hop OC-Zn?* thé hién
ba dinh chinh & 20 1a 20,4°, 28,8° va 40,8° va cuong do tai vang 260 ~10,0° giam so
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v6i OC tuong tng. Két qua nay c6 thé minh ching cho su xay ra twong tac giita Zn*
v6i OC din dén hinh thanh pha tinh thé méi trong phirc hgp OC-Zn?*. Pong thoi
giam cuong do dinh 20 ~10,0° 13 minh chimg cho sy giam d6 két tinh ctia OC. Khi
Zn>* tham gia lién két véi nhom —OH va —NH, trén phan tir OC dan dén giam mat do
lién két hydro trong cau tric OC. Két qua nhan duoc ciing twong tu nhu truong hop
phtec chitosan hodc OC vé6i Zn?" di duogc cong bd trude day [37, 96, 148].

Nhu di biét, d6 hoa tan cta chitosan hodc OC phu thudc chu yéu vao muc do
proton héa nhom amin va mat d6 lién két hydro trong phan tir hay do két tinh cua
chung [92]. Rinaudo va c¢éng s (2006) thong bao rang dé hoa tan chitosan thi can
lugng proton (HY) v6i lwong téi thiéu it nhat phai bang ham lugng nhém amin (-NHa)
co trén phan tir chitosan hodac OC [144]. Khi nhém amin & vi tri C2 bi proton héa
(-NH3") dan dén tang kha ning 4i nudc ciia O3 (oxy tai vi tri C3) gdy phé v lién két
hydro va lam tang kha ning solvate hoa, két qua 1a lam tiang d6 hoa tan cua chitosan
[145]. Do véy, chitosan hodc OC kho hoa tan trong nude ¢6 [H*] thap. Tuy nhién, dbi
v6i truong hop phitc OC-Zn?* thi kha ning hoa tan trong nude duoc cai thién, co thé
la do mat dg dién tich duong cia nhom amin dugc tang cuong va lam gia tang tinh
phan cyc, dong thoi khi Zn?* twong tac véi cac nhom chirc nang ctia OC s& gy giam
mat d9 lién két hydro dan dén phirc OC-Zn?* dé tan trong nudc hon so véi OC. Tang
kha ning hoa tan cia OC ciing gop phan cai thién hoat tinh va ¢6 ¥ nghia quan trong

cho muc dich mé rong pham vi tng dung.

3.3. Hiéu lwc khiang nAm Colletotrichum truncatum trong diéu kién phong thi

nghi€ém (in vitro)

Trén co so két qua di duoc cong bd trong nhitng nghién ctru trude day [8, 32,
85, 87, 149] cho thiy, OC c6 KLPT trong khoang 3 — 5 kDa thé hién hiéu tng wrc ché
nam bénh, kich thich ting trudong va kich khang bénh hiéu qua trén cay trong. Pién
hinh, két qua nghién ctru ctia Vasyukova va c¢dng s (2001) cho thdy rang OC 5 kDa
thu duoc bang phuong phap cit mach bai enzyme c6 hoat tinh manh nhét so voi cac
OC hoic chitosan KLPT khac vé kha ning kich khang bénh méc swong (do nim
Phytophthora infestans gay ra) trén cay khoai tdy. OC 5 kDa kich thich cay khoai tay
ting cuong tong hop va tich lity phytoalexin (Rishitin) chéng ndm trong mo; hoat héa
hé thdng phan vé; ting hoat tinh enzyme B-glucanase, lipoxygenase va chitinase
chdng su tham nhap va loai trir nAm bénh hiéu qua [149]. Két qua cta Tuan va cdng
s (2019) d3 minh chimg OC 3 — 5 kDa thé hién kha ning kiém soat bénh va kich
khang bénh (kich tao enzyme chitinase) hiéu qua dbi véi bénh ddm néu trén cdy thanh
long [87]. Hai va cac cong (2019) su da chirng minh OC ~5 kDa c¢6 hi¢u tng kich



79

thich ting ndy mam hat dau nanh hiéu qua [9]. Nhém tac gia Dzung va cdng sir (2017)
[32], Thuy va cdng sw (2017) [85] dd minh ching OC ~5 kDa duogc ché tao bang
phuong phéap chiéu xa dong van (gamma Co® + Hy02) c6 hiéu tng kich thich ting
truong va hoat tinh kich khang bénh than thu (do nidm Colletotrichum sp.) hiéu qua
trén cdy 6t, dong thoi hoat tinh ciia OC duge gia ting rd rét khi tao phic v6i nanosilica

(nSi02) véi ndng do str dung thap (< 100 ppm).

Dua vao két qua dic trung tinh chit ciia OC va phitc OC-Zn*" & cac ndi dung
trén ciing cho thdy, OC 5,1 kDa ché tao duoc c6 DDA ~87 % khong giam dang ké so
voi chitosan ban dau, va dat hiéu suit tao phtric véi kém cao (~92 %) nén trong nodi
dung nay Iya chon phirc OC5,1-Zn>" dé thyc hién danh gia kha ning {rc ché nam C.
truncatum gay bénh than thu trén ddu nanh (trong diéu kién in vitro) theo néng do va

ty 1& phan mol khac nhau.

Bing 3.5: Hoat lyc khang ndm C. truncatum (AE%) theo ndng do cua
oligochitosan 5,1 kDa; Zn2*; va phitc OC35,1-Zn>" véi ty 1é phan mol khac nhau

be 250 ppm 500 ppm 1000 ppm
Nghiém thie | (0 ppm)
D, mm D,mm |AE,%| D,mm |AE,%| D,mm |AE,%
0Cs,1 75,3* £ 1,5 0,4|74,7* £ 1,5 1,3167,00+1,7| 11,5
Zn?* — - - —  |443*+1,5| 41,4
OC-Zn*" 1/0,25(75,7+2,1|61,7°£2,1| 18,5(56,7°+1,5| 251(18,7°+2,5| 753
OC-Zn** 1/0,5 58,7+ 1,2 22,5(54,3*+2,1| 2820634+ 1,5 91,6
0C-Zn*" 1/1 52,3+2,5| 30,409,325 87,7 <5 ~100
CV% 3,05 4,02 5,49
LSDo,s0 3,56 3,69 3,52

* Cdc gid tri trung binh trong cing 1 cét mang ky ti giong nhau thi khéng khdc biét Y nghia thong
ké voi mirc xdc sudt tin cdy p < 0,05. OC-Zn>" 1a phttc OC5,1-Zn>" véi ty 1é phan mol 1/0,25;
1/0,5; va 1/1. D (mm) la duong kinh cum khuédn ty nim, AE% 1a phan trim tc ché sinh
trudng nim. Nong do ppm (~mg/l) dugce tinh trén co s& ndng d6 cia OC 5,1 kDa.

Hoat luc e ché ndm C. fruncatum gay bénh than thu trén cdy dau nanh cua
OC 5,1 kDa va caa phitc OC5,1-Zn?" véi cac ndng do khac nhau (250 ppm, 500 ppm,
va 1.000 ppm) va mot mau thir nghiém Zn(NOs),-6H>0 ndng d6 390 mg/l (twong
duong vé6i lugng Zn®* trong phic hop OC5,1-Zn?* ty 1& phan mol 1/0,25 sau pha
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lodng dat ndng d6 1.000 mg OC/lit hay ~1.000 ppm OC) duoc danh gia dwa trén sy
phat trién duong kinh hé khuan ty cia C. fruncatum trén méi trudng thach dia PDA.
Cac két qua thu duoc nhu trinh bay trong Bang 3.5 va Hinh 3.21 cho thdy hoat tinh
khang nim gia ting khi ting ndng do OC va ndng d6 phirc OC-Zn>".

OC-Zn?* 1/0,25 * , | SN OC;Z«_HZ*"UI%

y/ N

1/
/f

Hinh 3.21: Sy phat trién ctia soi nAm C. fruncatum trén cac dia thach PDA c6 bd
sung cac chat thir nghiém OC 5,1 kDa; Zn?*; va phtc OC5,1-Zn>* véi ty 18 phan
mol khac nhau (1/0,25; 1/0,5; 1/1)

Xu huéng ting hiéu liwc khang ndm theo chiéu ting ndng do cuia OC ciing duoc
Kewsuwan vd c¢éng sir (2014) ghi nhan két qua tuong tu khi thie nghiém véi chung
nam Colletotrichum gloeosporioides gy than thu trén ciy 6t nudi cdy trén moi trudng
thach dia PDA c6 b6 sung OC cit mach buc xa. Cu thé 13, & néng do OC tuir 0,001
dén 0,01% (~10 — 100 ppm) trong PDA khéng cho thiy bat ky hoat dong trc ché nao
d6i voi ndm C. gloeosporioides. Dai ndng d6 OC 0,05 va 0,1% (~500 — 1.000 ppm)
¢6 hoat tinh trc ché thip (twong tng khoang 11,3% — 12,7%). Bdi v&i ndong do cao tir
0,5% va 1% (5.000 — 10.000 ppm) thi hi¢u lyc uc ché ndm dat cao trong khoang
42,9% — 65,2%. Tac gia két luan rang su phat trién nim ctia C. gloeosporioides bi tc
ché hodc cham lai khi méi trudong nudi cdy nim duoc bo sung 0,05% (~500 ppm) OC
chiéu xa trd 1én, va OC cét mach bé“mg chiéu xa c6 tiém nang st dung nhu mot chét
thay thé dé kiém soat bénh than thu ¢ cay 6t [111]. Két qua thu duoc cling tuong tu
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nhu bao céo cta Li va cdng sir (2016) vé hiéu qua e ché ndm Fusarium sambucinum
gay bénh théi kho trén cay tiéu T Xuyén (Zanthoxylum bungeanum) béi OC, va hiéu
luc trc ché ndm theo kiéu phy thudc nong do trong khoang khao sat 200 — 1.000 ppm.
Hiéu ung trc ché ndm bai OC duoc tac gia nhan dinh 1a do két qua cua su tuong tac

tryc tiép cua ching v6i nAm gay bénh thdi kho & than cay Z. bungeanum [150].

Ngoai ra, két qua Bang 3.5 ciing cho thdy phirc OC5,1-Zn?* v6i ham lugng
Zn*" cang cao thi thé hién hoat tinh khang nam cang manh. Cu thé, cac gia tri AE lan
luot 1a 75,1%; 91,7%; va ~100% tuong ung ddi vai phtcc OC5,1-Zn*" ¢6 ty 1é€ mol
(-NH2/Zn?") lan luot 1a 1/0,25; 1/0,5; va 1/1.

Khi so sanh giita cac mau thir nghiém nhu trong Bang 3.5, hoat tinh khang
nam cua phirec OC5,1-Zn?* cao hon so v6i hoat tinh khang nim cta chi OC va hoic
1a Zn%". Cu thé, cac gia tri AE dat 1an luot 12 11,6%; 44,1%; va 75,1% twong tng véi
OC 5,1 kDa, Zn2* va phirc OC5,1-Zn?" ty 1& phan mol 1/0,25. Nhitng két qua nay
cling chi ra rang gia trj AE ctia phitc OC-Zn2* dat cao hon tong gia tri AE ctia OC va
Zn?*. Theo Duy va céng s (2011) va Guibal va céng s (2014) di néu rang hiéu ting
ddng van 1a hiéu Gmg tac dong dong thoi cua hai tic nhan (hodc chit phan Gng) 16n
hon tong hiéu Gng cla cc tac nhan tic dong riéng ré [27, 92]. Dua vao khai niém
trén va két qua hoat tinh khang ndm thu dugc cho thay tac dung dong van trong hiéu
qua khang nim d6i véi ndm C. truncatum cta OC va Zn?* da dién ra khi ca hai dugc
két hop thanh dang phirc OC-Zn?".

Hoat tinh khang nim déng van cta chitosan va Cu®" d6i voi nim Botrytis
cinerea gy bénh mbc xam va nim Plasmopara viticola giy bénh swong mai trén cay
nho cling da duoc Aziz va cong sy (2006) ghi nhan [56]. Wang va cong su (2004)
cling dd bao cdo rang hoat tinh khang khuan cua phtc chitosan-Zn* cao hon so véi
chitosan tir 2 — 8 1an va so véi Zn®" tir 4 —16 1an [36]. Ngoai ra, Khan va cdng su
(2013) ciling théng bao rang phirc chitosan-Zn®" thé hién hoat tinh khang khuan,
khang nidm phd rong va hiéu Gng cta chitosan dugc ting cuong khi tao phirc véi kém
(hiéu Gmg ddng van). Ddng thoi phirc chitosan-Zn?* ty 16 mol 1/1 thé hién hiéu qua
khang khuan, khang nim cao hon so v6i phuc chitosan-Zn2* ty 1& mol 2/1, nghia 1a

ndng do k&m trong phirc cang cao thi hiéu ing khang vi sinh vat cang manh [37].

Nguyén nhan x4y ra hiéu ing déng van cia phirc c6 thé duoc giai thich 1a do
khi chitosan hodc OC tao phtrc chelate véi Cu?* hay véi Zn?*, mat do dién tich duong
trén phan tu cua chung duoc tdng cudong. Do do, cac phtrc thuan lgi hon cho sy tuong
tac vdi cac thanh ph?ln anion cta té bao vi sinh vat va thé hién hoat tinh khang khuén,

khang nim cao hon so véi chitosan hodc OC [36, 37, 56].
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Nhu d duoc cong bd rong rai, hoat tinh khang khuan, khang nim cta chitosan
hozc OC bét ngudn tir ban chét polycation (polymer tich dién duong) cua né. Tuong
tac tinh dién giita chitosan mang dién tich duong va céc thanh phan chu yéu 1a anion
mang dién tich 4m trén bé mit té bao vi sinh vat (chiang han nhu lipopolysaccharide
va protein bé mit té bao) dong vai trd chinh trong hoat dong khang khuan. Nhimng
tuong tac nay lam thay doi hodc pha v& ciu tric mang, tir d6 ly giai thanh phan noi
bao va sau cung dan dén gy chét t& bao. Hon nita, chitosan c6 KLPT thip hoic 1a
OC dugc cho 1a c6 thé dé dang tham nhap vao té bao vi sinh vat, tao twong tac voi
DNA, trc ché tong hop mRNA va dich ma tong hop protein [57, 150, 151].

Trén co sé két qua thu duoc ¢ Bang 3.5 va Hinh 3.21, cac phitc OC-Zn** voi
ty 16 phan mol (-NH2/Zn?") 14 1/0,5 duoc lira chon dé tiép tuc khao sat.

3.4. Hiéu wng sinh hoc ciia phirc oligochitosan-Zn?* trén cdy diu nanh trong

trong nha kinh

Chitosan, dugc phat hién 1an dau tién nim 1859 bai Rouget - nha sinh 1y hoc
ngudi Phap, 1 polymer sinh hoc ¢6 nhiéu dic tinh hiru ich nén thu hit nhidu sy quan
tam nghién ctu. OC, mot san phém tir chitosan cét mach, ¢ hoat tinh sinh hoc (bao
v&, kich thich sinh truéng, kich khang bénh cho ciy trong) di dugc minh ching 1a
cao hon so véi chitosan [4, 116]. Tuy nhién, vi muu cau khai thac t6i da céc tinh
ning quy gia cua loai polysaccharide tw nhién ndy, cic nha nghién ciru ludn tiép tuc
thuc hién cai bién tao ché phém c6 hoat tinh sinh hoc vuot trdi hon. Tao phirc chét
gitta chitosan/OC v6i ion kim loai (Cu?*, Zn?") dugc xem la mot trong nhitng giai
phép mang lai hi¢u qua cao do dam bdo va gia tang tinh nang cua polymer va cta ion
kim loai, dong thoi tang hiéu qua sir dung ion kim loai va han ché muc ly giai kim
loai ra moi truong [38, 96]. Phitc chitosan-Cu?" d3 dugc minh ching c6 hoat tinh
khang bénh cay trong theo tic dong dong van (synergistic effect) [151]. Phirc
chitosan-Zn®" hodc OC-Zn>* thé hién hoat tinh khang khuan, khang ndm hiéu qué cao
[36, 37]. Tuy nhién, cho dén nay thong tin vé hiéu mg kich thich sinh hoc
(biostimulating) trén cay trong ciia phirc OC-Zn>" con rat han ché. Trong nghién ciru
nay da thyc hién va trinh bay két qua hiéu g kich thich sinh hoc (sinh truéng, phong

trir bénh) cua cac phitc OC-Zn?* trén cay dau nanh, véi cac két qua thu dugc nhu sau:
3.4.1. Hiéu qud kich tao chitinase, kich thich sinh truwéng va kiém sodt bénh trén
cdy dau nanh ciia phirc oligochitosan-Zn*" véi oligochitosan KLPT khdc nhau

Pé xéac dinh dugc hoat tinh enzyme chitinase tir miu 14 ddu nanh bang phuong

phap so mau, trudc hét can 1ap dudng chuan cia san pham thay phan co chat dic hiéu
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ctia enzyme (huyén phu chitin). Két qua méi twong quan giita ndng do duong khir N-
acetyl-D-glucosamine (GluNAc) vé6i gid tri mat do quang (ODs40) hap thy UV-Vis do
tai budc song 540 nm cua dung dich duong khir sau phan ing tao mau véi DNS (Hinh
3.22). Trong khoang néng do GluNAc 0,1 — 1,0 pmol/ml ¢6 hé sb twong quan cao (R
=0,9993) va phuong trinh dudng chuan thiét 1ap duoc 1a: ODsao = 1,3563X — 0,1209
(v6i X 12 ndng d6 pmol/ml ciia GluNAc). Dura vao dudng chuin nay dé tinh toan gia

tri hoat tinh enzyme chitinase trén tat ca mau 14 dau nanh thi nghiém.

L3 N-acetyl-D-glucosamine calibration curve Nfillg db
i ’ ODssp | AODS40
12 } (umol/ml)
< 0o | ¥=13563x-0,1209 00 100696 ) 0
E ' R2=0,9986 0,1 0,0885 | 0,0189
o6 02 | 02077 | 0.1381

0,4 04890 | 04193
03

0,6 0,7669 | 0.6973
0,8 1,0623 | 0,9927

0 02 04 0.6 0.8 1

. 1,0 12824 | 12128
Nong d§ GluNAc, pmol/ml

Hinh 3.22: Puong chuan N-acetyl-D-glucosamine (GluNAc) theo méi twong quan
ndng do (umol/ml) véi mat d6 quang (AODs40)

Céc thong s ting truong (tong ham luong chlorophyll, chiéu cao cdy, ham
luong tich lily chat kho) dugce ghi nhan tai thoi diém 36 ngay sau gieo cia cdy dau
nanh xtr 1y phun phirc OC-Zn?** véi OC KLPT khac nhau nhu trinh bay trén Bang 3.6.
Két qua cho thiy, cac nghiém thirc xtr Iy phun phirc OC-Zn?" thi thong s6 sinh truéng
ciy dau nanh déu cao va khac biét y nghia théng ké so véi nghiém thuc dbi chimg
(phun nudce), ngoai trir phitc OC-Zn?* voi OC KLPT 7,8 kDa.

Tuy nhién, so sanh két qua d6 giita cac phirc OC-Zn?" thi thong s6 ting trudng
gan nhu khong khac biét ¥ nghia. Két qua nay chimg t6 rang OC c6 KLPT trong
khoang 2,5 — 7.8 kDa, khi tao phtrc véi kém thi gan nhu khong thay ddi hiéu qua kich
thich ting trudng trén cdy dau nanh. Pidu ndy co thé xuat phat tir cac 1y do sau: thoi
gian khao sat chua du dai va tai ndng d6 50 ppm; phan doan OC KLPT thép hién dién
trong dung dich OC; hiéu qué cta hiéu mg dong van giita Zn>" véi OC trong khoang
KLPT 2,5 — 7,8 kDa khong khéac biét 1 rang. Tuy nhién, theo két qua nghién ctru ctia
Dzung va céng sw (2017) khi xir Iy 50 ppm OC 2,5 kDa trén cay 6t cho két qua vé
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sinh khéi tuoi, sinh khéi khé c6 su khac biét thong ké so v6i OC 5,0 kDa va 7,8 kDa
nhung tong ham luong chlorophyll thi khong khac biét [32]. Két qua cia Luan vd
cong sw (2006) cho thiy chitosan chiéu xa 100 kGy (KLPT trung binh 16 kDa) kich
thich gia tang sinh khdi twoi cia lua dai mach cao hon cac loai chitosan chiéu xa 25,
50, 75 va 200 kGy nhung hau nhu su khac biét khéng dat ¥ nghia thong ké. Tuy
nhién, nhom tac gia nay thuc hién tach phan doan KLPT cuia mau chitosan chiéu xa
100 kGy, két qua thtr nghiém trén cay dai mach va cay ddu nanh di xac dinh khoang
KLPT OC < 3 kDa d kich thich gia tang sinh khdi tuoi dat cao va khac biét y nghia
thdng ké so v&i cac loai phan doan KLPT 16n hon [152].

Bing 3.6: Tong ham luong chlorophyll, chiéu cao cdy va ham luong tich liy
chat khé cua cay dau nanh dugc xir Iy phun cac dung dich phire oligochitosan-Zn?*
v6i OC KLPT khac nhau, cing ty 1¢ phan mol 1/0,5 (tai thoi diém ngay thir 36 sau gieo)

Nghiém thie Tong chlorophyll, | Chiéu cao cay, HﬁmAllrQ’ngAché"lt

(mg/g 14 tuoi) (cm) kho, (g/cay)

DC (phun nuéc) 1,79° +£0,18 37,2° +1,53 5,11° £0,22

0C2,5-Zn* 2,53% £0,31 43,8* £2,75 5,77* £0,33

0C5,1-Zn* 2,32* £0,27 42,3* £5,57 5,86* +0,30

0C7,8-Zn* 2,15%+£0,24 40,8% £ 2,75 5,42+ 0,29
Clr% 11,68 5,98 5,19
LSDo,05 0,48 4,62 0,54

* Cdc gid tri trung binh trong cing 1 cdt mang ky ti giong nhau thi khéng khdc biét y nghia thong

ké voi mirc xdc suat tin cay p < 0,05.

Muley va céng s (2019) cling ghi nhan khong c6 sy khac biét vé ham luong
chlorophyll trén cdy khoai tay gitta nghi€ém thirc xtr Iy chitosan va OC trong khoang
ndng 25 — 100 ppm [77]. Ngoai ra, két qua nghién ctru ctia Zou va cdng sir (2015)
cling cho thiy ring DDA ctia OC c6 anh huong dang ké dén sinh trudong va kha ning

chdng chiu min cua cay laa my [66].

Cung véi hiéu tng kich thich ting truéng cua OC thi kém 1a mot thanh phan
chinh cta cac enzyme khéac nhau nhu oxidoreductase, transferase va hydrolase,.. tham
gia vao qua trinh hinh thanh carbohydrate va diép luc t6. Dong thoi kém ciling 13 mot
thanh phan cua protein ngén tay k&m, dugc biét 1a lién két véi DNA va RNA dé diéu
hoa gen trong qua trinh sinh trudng phat trién ciy trong [153]. Hiéu tng gia ting 1d

rét vé kich thich ting trudng, ting quang hop, ting hoat tinh enzyme khang oxi hoa
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trong cai bap khi xir Iy phun kém da dugc Hajiboland va céng s (2010) minh chimg
[154]. Cong thuc chitosan-Zn2* dd dwoc danh gia vé kha ning sinh trudng va phat
trién hiéu qua trén cdy dau [81]. Hon thé nita, khi xur Iy phun k&m va cac phuc
chitosan-Zn?" ngoai hiéu tng kich thich ting trudng, kich khang bénh thi con lam
tang tich lily kém trong san phdm ndng pham, diéu ndy c6 ¥ nghia rit quan trong 1a

ngudn bd sung k&m cho vat nudi va con ngudi tiéu thu [44, 113].

14
| A 0C2,5-Zn*
= ® 0C5,1-Zn?t a
12
2 B OC 7,8-Zn%*
nﬂ B
— --
o 0 | @® DC (+) .
=
£ a
g 87
o~
£
= 67 b
[*]
=
= 4t
-4
[—]
= 5|
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7
Thoi diém sau chiing bénh, (ngay)

Hinh 3.23: Hoat tinh chitinase tai cac thoi diém (ngdy) sau chung bénh trén ciy dau
nanh da dugc xir 1y phun cac dung dich phtrc oligochitosan-Zn?* véi OC ¢6 KLPT
khéac nhau, cung ty 1¢ phén mol 1/0,5. Thanh sai sé (error bar) biéu thi cho do léch chudn
(standard deviation) ciia cdc gid tri trung binh véi it nhat 3 lan lap; Céc gid tri trén ciing 1 thoi

diém cé ky tw giong nhau thi khong khdc biét y nghia thong ké véi mirc xdc sudt tin cdy p <0,05.

Két qua hiéu tng kich tao hoat tinh enzyme chitinase (CA) trén dau nanh theo
thoi gian sau khi phun nim C. truncatum giy nhiém bénh cta cac phitc OC-Zn2* véi
OC c6 KLPT khac nhau dugc trinh bay trong Hinh 3.23. Két qua cho thay gia tri CA
clia cdy dau nanh dugc xtr 1y bang cac phitc OC-Zn2* khac nhau déu cao hon dang ké
so voi nghiém thiic ddi chimg + (phun nuéc — phun bénh). Hon nita, trong s cac
phire khao sat, thi phitc OC5,1-Zn>" va phitc OC2,5-Zn?* da kich tao CA dat lan luot
1a 12,04 va 11,22 mU/g 1 twoi 1a cao hon dang ké so v&i CA cua phitc OC7,8-Zn>*
(8,43 mU/g 14 tuoi) va d6i chimg + (2,79 mU/g 14 twoi) vao ngay thir 3 sau phun bénh.
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Qua két qua thu duoc nhu trén, ching t6 rang hiéu qua kich tao chitinase trén
dau nanh cua phitc OC-Zn?* ¢6 su phu thudc vao KLPT cua OC. Cy thé, KLPT cua
OC cang thép thi hiéu tng kich tao CA cang cao. Két qua cua tac gia Rodriguez va
céng sw (2007) vé hiéu ung kich khang bénh dao 6n (do ndm Pyricularia grisea
(Cooke) Sacc.) trén cdy lta ciing minh chimg rang hiéu qua kich tao enzyme chitinase
bo1 OC cao va nhanh hon so véi chitosan [78]. Xu hudng tuong tu cling dugc ghi
nhan dbi voi OC va phitc OC-SiO; trén ciy thanh long [87].

Tuy nhién, két qua & Hinh 3.23 cho thay hiéu tng kich tao chitinase trén cay
dau nanh cua phtrc OC35,1-Zn?" va phitc OC2,5-Zn>* gan nhu khong co su khac biét
dang ké, miac du KLPT cua OC khéac nhau. Nguyén do van chua duogc lam sang to.
Tuy nhién trong trudng hop ndy, cé thé 1a do anh hudng baoi su khac biét vé do
deacetyl (PPA) ctia OC, cu thé 1a PPA ~72% d6i voi OC 2,5 kDa so v6i ~87% clia
OC 5,1 kDa.

Theo két qua nghién ctru ctia Younes va cdng s (2014), hiéu luc khang ndm
trong diéu kién in vitro cia OC ciing phy thudc vao DDA [155]. OC c6 PPA cao thi
chtra nhiéu nhém amin (-NH>) hon va s& lam ting kha ning lién két v6i Zn2*, dong
nghia lam ting mat d6 dién tich dwong. Két qua 13 1am ting su twong tac cua OC-
Zn* véi cac té bao nam, dan dén gay Grc ché hodc tiét trir sy phat trién ctia ndm [37,
148]. Két qua thu dugc vé hiéu qua kich tao enzyme chitinase gay ra trén dau nanh
ctia phtrc OCS5,1-Zn*" ciing tuong tu nhu két qua cua phitc OC-Cu?* trén cay nho nhu
da dugc cong bd boi Aziz va cong sw (2006). Mac du céc tac gia chua giai thich rd
rang vé co ché, nhung két qua thu duoc cho thay rd rang 1 hidu qua kich tao enzyme
chitinase chu yéu phu thugc vao KLPT, DPPA va ndng d6 ctia OC [56].

Hon nita, can xem xét thém sy khac biét vé ciu tric cta cac OC cbd cung bbA
nhung khac nhau kiéu phan bd cua cac don vi D-glucosamine va N-acetyl-D-
glucosamine trong phan tir OC [156]. Theo Pusztahelyi (2018) da tom tit hiéu Gmg
kich thich phan vé & cay trong boi chitosan hodc OC thong qua cac hoat dong: thay
d6i thong lugng ion, axit hoa té bao chat, phan cuc mang té bao, phosphoryl hoa
protein, kich tao chitinase va glucanase, lignin hoa, tao ROS, sinh téng hop jasmonic,
tao phytoalexin va hoat héa biéu hién gen lién quan phan vé, kich tao chét trc ché
proteinase ciia vi sinh vat, hinh thanh callose,.. . Khong gidng nhu céc tac nhan kich
thich khac, dan xuit polysaccharide khong gdy phan Ung ting man cam quéa muc
(hypersensitive reaction — c6 thé gay chét té vao ky chu), dong thoi chitosan hodc OC
kich hoat dap (mg phong vé mang tinh hé théng (systemic acquired resistance-SAR)
va muc d6 phy thudc chu yéu vao PPA va KLPT cua ching [157].
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Hiéu qua kich tao chitinase cta phirc OC-Zn?" dugc xem la tin hiéu hé théng

phan vé duoc kich hoat 1am gia ting kha nang phong trir nAm bénh cho ciy d4u nanh.
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Hinh 3.24: Ty 1& bénh (DI%) va chi s bénh (DS%) than thu tai thoi diém 21 ngay
sau chung bénh trén cac cady dau nanh da dugc xur phun cac dung dich phuc
oligochitosan-Zn?* véi OC KLPT khac nhau, cing ty 1& phan mol 1/0,5
Cdc gid tri trén cing 1 hinh mang ky tw giong nhau thi khéng khac biét y nghia thong ké véi mire

xdc sudt tin cdy p <0,05.

Két qua ty 1& bénh (DI) va chi s bénh (DS) ciia cay dau nanh duogc xt Iy phun
cac dung dich phirc OC-Zn** véi OC KLPT khéac nhau (2,5 kDa; 5,1 kDa; va 7,8 kDa)
nhu trinh bay trén Hinh 3.24. Céac nghiém thirc xir Iy v&i phitc OC-Zn?" déu thé hién
hiéu lyc kiém soat bénh than thu thong qua gia tri cac chi s DI, DS thap hon so véi
nghiém thirc ddi chtng + (phun nudc — phun nhiém bénh).

Hon nita, qua két qua trén cho thiy cac phirc OC-Zn** véi OC KLPT thap thi
hiéu qua kiém soét bénh than thu t6t hon so voi OC KLPT cao. Cu thé, gia tri DI chi
tir 36,7% dén 41,3% va DS tir 18,3% dén 19,7% ddi v6i nghiém thic OC-Zn%" ¢
KLPT ctia OC 2,5 kDa va 5,1 kDa 1a thap hon so véi trudong hop 7,8 kDa (DI 46,7%
va DS 29,3%). Nguyén nhan su khac nhau vé hiéu luc e ché bénh cuia phitc OC-
Zn?* tir OC KLPT khéc nhau c6 thé dugc giai thich chi yéu 1a do hiéu Gmg tac dong
gian tiép [45] v6i mire d6 khac nhau xuét phét tir OC KLPT khac nhau. Hiéu qua kich
khang bénh cta phitc OC-Zn2* (liéu xtr Iy 50 ppm) dat dwgc trong nghién ciru nay 1a
cao hon so v&i két qua nghién ciru ctia Prapagdee va c¢éng s (2007) vé hiéu tng kich
khang bénh chét nhanh do ndm Fusarium solani f.sp. glycines gy ra trén cdy dau
nanh boi chitosan KLPT 200 kDa. Dé dat dugc hiéu qua khang bénh va kich tao
chitinase dat t6i da thi lidu xtr Iy chitosan 1a 3 mg/ml (~3.000 ppm) [79].
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Két qua nghién ctru cua Tuan va céng s (2019) di cho thay OC véi KLPT 3
kDa 1a hiéu qua nhit trong viéc bao vé cdy thanh long truéc sy nhim nim
Neoscytalidium dimidiatum gy bénh ddm nau (chi s6 bénh dat thap nhat) va kich tao
cao nhit hoat tinh enzyme chitinase so véi cac mau OC c6 KLPT cao hon 1a 5 kDa
va 7 kDa [87]. Mit khac, Aziz va cong si (2006) thong bao rang xt Iy phun OC véi
KLPT 1,5 kDa s& kich thich gdy tao manh nhat phytoalexin, enzyme glucanase va
chitinase trong 14 nho so vd1 OC KLPT 3,0 kDa va 10 kDa [56].

Hiéu qua kich tao cc san pham trao ddi chat thir cap c6 hoat tinh khang bénh
trong cdy trong boi tac dong ciia chitosan, OC duoc nhidu nghién ciru xac nhan 1a
phu thudc vao tinh chat hoa 1y, phuong phap ap dung, dic biét 1a nong do xir Iy, PPA
va KLPT. Két qua nghién ctru ciia Falcon-Rodriguez va céng sw (2011) di béo céo
réng néng dd OC can thiét dé kich tao hoat tinh enzyme dat mirc ti da thi thép hon
10 14n so véi néng dd chitosan. Ly do cua sy khac biét dugc cho 1a OC linh dong cé
thé dé dang tiép can, vuot qua hé thong ngan can vat 1y, lién két v6i thy thé mang té

bao va tham nhap vao ndi bao thyc vat hon so véi chitosan KLPT 16n [158].

Yang va céng s (2012) ciing dd cong bd két qua vé hiéu qua khang ndm
Monilinia fructicola giy bénh thdi nau trén qua dao cua chitosan (360 kDa) va OC (6
kDa). Két qua minh chting OC hiéu qua cao hon so vdi chitosan. Nhom tac gia da
bién luan réng, ngoai hiéu g trc ché nim truc tiép con ¢o co ché tac dong gian tiép
chiém uu thé trong hiéu luc kiém soat bénh [115]. Hon nita, két qua nghién ctru cta
Zahid va cong si (2015) vé hiéu qua kich khang bénh than thu trén dau nanh boi dung
dich vi nhii chitosan ciing d& minh chtng rang kich thudc hat vi nhii 200 nm thé hién
hiéu ung kich tao hé thong enzyme phan vé khang bénh manh hon so véi kich thudc
hat 16n hon 1a 400 nm va 600 nm [112]. Do vay, khi nghién ctru hi€u lyc phong trur
bénh cdy trong cia phire chitosan hodc OC vdi chat chelate thi thong s6 vé KLPT va
ndng do ludn ludn vu tién khao sat. Tir cac qua thu dugc & trén vé hiéu ting kich thich
tang truong, hiéu luc kich tao chitinase khang bénh va mtc do kiém soat bénh than

thu, phttc OC5,1-Zn*" duoc Iya chon dé thuc hién cac noi dung nghién ctru tiép theo.

3.4.2. Hiéu qud kich tao chitinase, kich thich sinh truwéng va kiém sodt bénh trén

cdy diu nanh ciia phirc oligochitosan-Zn** theo nong d

Chitosan, OC da duoc xac nhan 1a hoat chit ty nhién ¢ hoat tinh dinh dudng
sinh hoc (bioferitilizer), trr bénh sinh hoc (biopesticide), kich thich sinh hoc
(biostimulant). Ché pham chitosan hodc OC thé hién hoat tinh khang khuén, khang
nam, khang vi rat phd rong, hd tro tich cuc cho ciy trong chéng lai bénh hai hiéu qua

va dong thoi chitosan, OC ciing thé hién hiéu tng kich thich ting trudng va ning suit
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cay trong. Hoat tinh ctia chung c6 su phu thudc vao cach thirc ap dung (bén goc, phun
14,..) va néng do [77, 159, 160]. Hon ntra, chitosan hoac OC khi két hop voi mubi
k&m d3 thé hién hiéu tng kich thich sinh hoc hiéu qua trén cay trong theo kiéu phu
thudc nong do [81, 160].

Két qua tong ham luong chlorophyll, chidu cao cdy, ham lwong tich liy chét
khé ctia ciy dau nanh duoc xtr 1y phun 14 dung dich phitc OC5,1-Zn*" theo ndng do
khac nhau, tai thoi diém 36 ngay sau gieo nhu dd duogc trinh bay trén Bang 3.7. Co
thé thy rang, cac thong s ting trudng ciia cdy dau nanh & cac nghiém thirc ¢ xir Iy
phun phttc OC5,1-Zn2* déu cao hon so véi nghiém thirc ddi ching (phun nudc). Tuy
nhién, xtr Iy phun phtc OC5,1-Zn2* v4i ndng d6 16n hon 50 ppm (tinh theo ndéng do
OC 5,1 kDa) thi cac chi s6 trén dat cao hon va khac biét y nghia thong ké so véi
nghiém thtrc ddi chimg. Mic du vay, khi 4p dung phun phic OC5,1-Zn*" véi nong
d6 100 ppm thi cac thong sd ting truong cla cdy dau nanh dat dugc gan nhu khong
cao hon so véi nghiém thirc phun phirc OC5,1-Zn?" 50 ppm. Két qua thu duoc nhu &
Bang 3.7, ciing chi ra rang ndng d6 xir 1y phun 14 dung dich phic OCS5,1-Zn" tai 50
ppm 1a pht hop nhét trong cac nghiém thirc khao sat.

Bing 3.7: Téng ham luong chlorophyll, chiéu cao cdy va ham luong tich liy
chat kho cua cdy dau nanh dugc xur Iy phun céc dung dich phtic oligochitosan-Zn2*

ty 1€ phén mol 1/0,5 theo n@)ng d6 khéc nhau (tai thoi diém ngay tht 36 sau gieo)

Nghiém thite Téng Chloropl?yll, Chiéu cao ciy, Hi‘lmAlll’Q’ngAChf,lt

(mg/g 14 tuoti) (cm) kho, (g/cay)

bC (nuoc) 1,99* +£ 0,12 36,00 £ 2,50 5,08"+0,15

OC-Zn*" - 25ppm 2,153+ 0,20 37,832 £ 2,52 5,8220 £ 0,30

OC-Zn?* - 50ppm 2312+0,15 ALITA+ 1,53 6,46 + 0,60

OC-Zn?" - 100ppm 2,41*+£0,12 42,502+ 3,12 6,302+ 0,78
Cr% 6,85 6,31 8,83
LSDy,05 0,29 4,68 0,98

* Cdc gid tri trén cing 1 ¢ét c6 chiva ky tw giong nhau thi khéng khdc biét y nghia thong ké véi mire

xdc sudt tin cdy p <0,05. Phirc Oligochitosan 5,1 kDa — Zn?*, ciing ty 1é phan mol 1/0,5.

Két qua nhin dugc ciing pht hop véi cong bd cua Luan va cdng s (2006) vé
hiéu tng kich thich ting trudng ctia OC cit mach bang birc xa trén lia my va cay dau
nanh [152] va cong bd ctia Dzung (2005) trén cay dau nanh va cdy dau phong [161].
Ngoai ra, két qua anh hudng ctia ndng do phun phirc OC35,1-Zn?" nhan dugc ciing co
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xu huong tuong tu nhu bao cao cua Palacio-Marquez va cong sy (2021), khi phun
dung dich chitosan-Zn?" néng d6 50 ppm cho hiéu tng ting trudng, ning suit trén
d4au co ve dat tot nhat [162]. Phun dung dich chitosan-Zn?* 1am gia ting hiéu qua sinh
khéi, hiéu sudt quang hop va d6 din khi khong, enzyme chuyén héa dam nitrate

reductase, san lugng, chlorophyll, ham lugng amino axit va protein trong cay dau.

Hiéu tng kich thich ting trudng cAy dau nanh cua phirc OC5,1-Zn?" dat duogc
gan nhu déu cao hon khi so sanh véi két qua xir Iy cobalt nano ctia nhom tac gia Hong
va cong sw (2019) [130]. Nguyén nhan c6 thé 1a do vai trd quan trong ctia kém trong
hoat dong sinh 1y — sinh hoa d6i véi cdy trong, dong thoi ca mudi kém nitrate va OC

con dugce xem 14 ngudn cung cip dam bo sung cho cdy trong [162].

Hiéu qua kich thich ting truéng cdy trong thong qua kha ning cai thién cac
qué trinh sinh ly sinh hoa cua ké€m [154] va chitosan hoac OC da dugc nghién ctru
chi tiét va duogc thira nhan trude dy [74, 163]. Khi xir Iy cay trong ¢ nong do thich
hop thi kém, OC kich thich gia ting hiéu suit quang hop, can bang hormone, ting
phién ma mRNA, kich thich ting sinh tong hop protein va dudng, ting tong hop
enzyme khang oxi hoa, khang bénh, ting kha ning ¢ dinh dam [164].

Gan day, Patel va céng sw (2020) da cong bd két qua xtr Iy phire chitosan-ZnO
nano trén cum md chdi (callus) cdy thudc 14 cho thdy hiéu g ctia phirc 1am gia ting
céc chi tiéu sinh trudng va ting kha ning chéng chiu v6i diéu kién gay hai cho callus,
nhd vao hiéu tng cung cip ngudn dam bo sung, giam tdc do thoat hoi nude, ting kha
nang héip thu nudc va dudng chat, kich hoat hé enzyme khang oxi hoa, va dac biét 1a
dang phtrc 1am tang hi¢u qua su dung kém, duy tri hi¢u ung do tinh nang ly giai kém
thich hop [119]. Tuy nhién, khi st dung ndng do cao thi c6 kha ning gay tc ché sy
sinh truong phat trién va gay hai cho ciy trong do c6 thé pha v& can bang ndi moi
[112, 153, 165, 166] va kich tao qua murc cac tdc nhan oxi hoa manh (ROS) [119].

Ngoai hiéu tng kich thich gia ting cac chi sb ting trudong, phun phirc OC5, 1-
Zn** con thé hién hiéu qua kich tao hoat tinh enzyme chitinase trén cay nanh theo
kiéu phu thudc ndng d6 (Bang 3.8). Két qua nhan duoc cho thdy rang hoat tinh
chitinase trong cy dau nanh & cac nghiém thirc xtr Iy voi phitc OC5,1-Zn?" déu cao
hon va khac biét théng ké so voi nghiém thirc ddi chirng +. Tuy nhién, nghiém thirc
xtt Iy phitc OC5,1-Zn*" & ndng do thap (25 ppm) thi thoi gian kich tao chitinase dat
gia tri toi da (CA~8,7 mU/g 14 tuoi) 1a 5 ngdy (tinh tir thoi diém phun chung bénh).
Trong khi d6, cac nghiém thirc xtr Iy phun OC5,1-Zn*" véi ndng d6 cao hon (50 ppm
va 100 ppm) thi thoi gian kich tao chitinase dat toi da (twong tng 1a CA~13,2 va 14,3

mU/g 14 tuoi) tai ngdy thir 3 sau phun ching bénh. Hon nira, quan sat két qua hiéu
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lyc kich tao chitinase gitta nghiém thirc phun OC5,1-Zn?*" 50 ppm va nghiém thirc
phun OC5,1-Zn2* 100 ppm thi gia tri CA khong c6 su khac biét ¥ nghia thdng ké.

Bing 3.8: Hoat tinh chitinase (mU/g 14 twoi) tai cac thoi diém (ngay) sau
chung bénh trén cay dau nanh da dugc xtr phun cac dung dich phuc oligochitosan-
Zn2* véi OC 5,1 kDa, ty 16 phan mol 1/0,5 theo ndng do khac nhau (tinh trén co so
ndng do ciia OC)

Nghiém thirc 0 ngay 1 ngay 3 ngay 5 ngay 7 ngay
bC (nudce) 0,59¢+0,05/0,66¢+0,09| 0,72¢+0,10| 0,559+0,08| 0,699+ 0,07
bC (+) 0,63+ 0,10/ 1,82+ 0,52| 2,11°+0,35| 3,42¢+0,54| 2,64+ 0,60

OC-Zn*" -25ppm  |4,14° +0,85/5,93>+ 0,86| 8,08"+1,02| 8,69 +0,62| 7,67°+0,74

OC-Zn*" -50ppm |6,25*+0,78|8,73*+ 1,50(13,16* + 1,04 /11,222 £ 0,88| 9,57+ 0,92

OC-Zn*" -100ppm | 6,112 +0,91|8,95* +0,95[14,332 + 0,94 /10,512 = 1,08|10,81* £ 0,95

Clr% 18,60 17,50 10,270 10,54 11,60

LSDo,05 1,20 1,66 1,44 1,32 1,32

* Cdc gid tri trén cing 1 thoi diém cé chira 1 ky tir giong nhau thi khéong khdc biét y nghia thong ké
Véi mike xdc sudt tin cdy p <0,05. BC (+): Phun nuéc — phun bénh; OC-Zn?*: Phirc oligochitosan
5,1 kDa — Zn*". Nong d6 tinh trén co so nong d6 cua OC 5,1 kDa.

Két qua thu nhan duoc nhu trén Bang 3.8 chimg to rang khi xtr Iy phun cdy
dau nanh véi phirc OC5,1-Zn*" ndéng d6 50 ppm 1a thich hop (hoat luc kich tao
chitinase cao va dap mg nhanh). Két qua anh hudng ctia nong d6 phirc OC5,1-Zn?*
dén hiéu qua kich tao enzyme chitinase trén cay dau nanh ciing c6 xu hudng tuong
tu nhu két qua duoc cong bd bai Adamuchio-Oliveira va céng sw (2020) vé nghién
ctru hiéu tng kich tao enzyme khang bénh (chitinase, glucanase) trén cay ca chua ctua
phtrc chitosan-Cu?* chelate. Nhom tac gia ndy ciing ghi nhan xt Iy phtrc chitosan-
Cu?* chelate véi nong do chitosan ~50 ppm va Cu®" chelate 150 ppm - 200 ppm thi
gia ting mirc d9 sinh trudong, phat trién va kha niang kich hoat hé¢ thong phong vé,
tang hoat tinh chitnase, ddng thoi trc ché hiéu qua muac do nhiém bénh phan tring do

nam Leveillula taurica giy ra trén cdy ca chua [121].

Hiéu qua trc ché bénh than thu trén ciy dau nanh duoc xtr Iy phun phirc OC5,1-
Zn*" véi ndng do khac nhau tai thoi diém 21 ngay sau ching bénh nhu trinh bay trén
Hinh 3.25. Két qua cho thay rang, hiéu qua kiém so4t bénh than thu c6 su phu thudc

vao nong do cua phirc OC5,1-Zn?*". Nong do cang cao, hiéu qua rc ché bénh cang
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cao. Cu thé, ty 18 bénh DI 68,3%; 36,7%:; 28.3% va chi s6 bénh DS 45,7%; 12,7%;
11,3% tuong tmg d6i v6i ndng d6 phun phirc OC5,1-Zn?* 1a 25 ppm, 50 ppm, 100
ppm; két qua nay déu thap hon so v6i nghiém thic ddi chimg + (DI 89,7% va DS
75,3%). Tuy nhién, so sanh két qua trc ché bénh than thu giita 2 nghiém thirc xtr 1y
phun phirc OC5,1-Zn** 50 ppm va 100 ppm thi cac gia tri thu dugc khong cé su khac
biét ¥ nghia thdng ké. Gia tri DI va DS ctia 2 nghiém thtic nay giam twong tng 59 —
69%; va 83 — 85% so v6i ddi chung +.

100 100
89_i_7 a DI, % _ DS, %
T 753a
80 | 68,3 b 80 T
=
S I S L[
= i =
3 60 <§- 60 45,7b
= 36,7 ¢ <
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20 L 20 j 127¢  113¢
PC(+) OCZ-25 OCZ-50 OCZ-100 PC(+) OCZ25 OCZ50 OCZ-100
Nghiém thire xir ly Nghi¢m thirce xir ly

Hinh 3.25: Ty 1& bénh (DI%) va chi s6 bénh (DS%) than thu tai thoi diém 21 ngay
sau chung bénh trén céc cay dau nanh da dugc xur phun cac dung dich phuc
oligochitosan-Zn?" véi ndng do khac nhau (OC 5,1 kDa - Zn?*, ty 1& phdn mol 1/0,5)
DBC (+): Phun nudc — phun bénh; OCZ-25, -50, -100: tuong tng la phite OC5,1-Zn*" véi
ndng do 25ppm, 50ppm, va 100ppm. Cdc gid tri trén cimg 1 hinh mang ky tw gidng nhau thi
khéng khéc biét y nghia thong ké véi mike xdc sudt tin cdy p <0,05.

Tir két qua nay cé thé thdy rang, xir Iy phun phirc OC5,1-Zn*" noéng do 50
ppm 14 thich hop ca vé mit sinh trudng phat trién va kha niang phong trir bénh than
thu cho cay dau nanh.

Két qua nhan dugc cling trong tu nhu cong bd ctia Dzung va cdng su (2017)
[32] va Thuy va cdng sw (2017) [85] vé hiéu luc kiém soat bénh than thu trén ciy 6t
ciia phitc OC-nSiO2. Cho dén nay, co ché rc ndm bénh trén cdy trong cta phirc
OC35,1-Zn?* van chua duogc giai thich ddy da. Tuy nhién, hiéu lyc phong trir nAm bénh
cta chitosan hoic OC chiéu xa duoc gia ting dang ké khi két hop voi kém & dang
phtc [37, 110]. Co ché khang nidm bénh cua chitosan hoic OC va kém di dugc ly

giai theo hai cach: tac dong truc tiép (tuong tac va giy doc truc tiép té bao nim bénh,
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ngin can su tiép xuc ciia mam bénh véi té bao thuc vat) va gian tiép (kich hoat hé
théng phong vé clia cy trong bao gdm ting sinh téng hop cac enzyme phan giai mam
bénh nhu glucanase, chitinase) [47, 55, 153]. Murc do kich khang bénh cua chitosan,
OC va dang phtrc véi kim loai cling da dugc cong nhan 1a cé sy phu thude vao KLPT
ctia chung va nong dé str dung. D& 1am rd hon vé mirc do tac dong cua phiac OC voéi

Zn?*, cic két qua lién quan duoc trinh bay trong ndi dung nghién ctru tiép sau.

3.4.3. Higu qud tic dong kich tao chitinase, kich thich sinh truwéng va kiém sodt

bénh trén cdy dgu nanh ciia phirc oligochitosan-Zn** so véi OC va Zn**

Trude khi phun ndm bénh (tai ngay thir 36 sau gieo hat hay 01 ngay sau phun
chat thir nghiém 1an thtr 03) dé khao sat hiéu tng kich tao chitinase, tién hanh lay

mau do mot so chi tiéu sinh trudng ctua cay dau nanh.

Bing 3.9: Téng ham luong chlorophyll, chiéu cao cdy va ham luong tich liy
chat kho cua cdy ddu nanh duoc xir Iy phun cac dung dich OC 5,1 kDa; phirc

oligochitosan-Zn?" ty 1é mol 1/0,5; va Zn>" (tai thoi diém ngay thir 36 sau gieo)

Nghiém thire Téng chloroplTyll, Chiéu cao ciy, Ham lwong chit

(mg/g 14 tuoti) (cm) kho, (g/cay)

DC (phun nudce) 1,84 +£0,15 34,7° +£2.25 4.96* + 0,20

Zn* 1,89 £0,13 35,8° £2.75 5,12 +£ 0,36

OC 5,1 2,03% + 0,20 38,58+ 3,77 5,34 + 0,56

OC 5,1-Zn** 2,26 +0,11 42,3* £1,26 5,96 +0,31
Clr% 7,57 7,06 7,05
LSD,05 0,29 5,23 0,71

* Cdc gid tri trung binh trong cung 1 cét mang ky tr giong nhau thi khéng khdc biét Y nghia thong
ké véi mire xdc sudt tin cdy p < 0,05. Nong d6 phun: OC5,1 - 50 ppm; Zn>'- 8,75 ppm; OC5,1-
Zn*" - (50 ppm OC + 8,75 ppm Zn*").

Két qua Bang 3.9 va Hinh 3.26 cho thiy rang cdy dau nanh & nghiém thirc xtr
1y phun phirc OC5,1-Zn>" tai ndng d6 50 ppm (tinh theo ndng d6 OC) c6 ham lugng
chlorophyll, chiéu cao cay, va ham luong tich lity chat kho dat cao nhat trong cac
nghiém thirc khao sat. Cu thé, ham lugng chlorophyll tong sb dat 2,26 mg/g 14 tuoi,
chiéu cao cay dat 42,3 cm, va ham lugng chit kho dat 5,96 g/cay la cao hon c6 nghia
thdng ké so v6i nghiém thirc d6i ching (phun nudc) va nghiém thire phun kém (ndng

d6 phun 8,75 ppm Zn*"). Tuy nhién, cac két qua dat duoc ¢ nghiém thitc phun phirc
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OC35,1-Zn?* thi khong c6 khac biét ¥ nghia thong ké so v6i nghiém thirc OC 5,1 kDa
tai thoi diém khéo sat. So sanh cac thong sb trén cling cho thay ring cac két qua thu
duoc & nghiém thirc phun OC 5,1 kDa khong du khac biét ¥ nghia thong ké so véi
nghiém thirc phun k&m. Tir cac két qua nhan dugc nhu trén, c6 thé thiy ring & ndng
d6 Zn*" ~8,75 ppm gan nhu khong thé hién hiéu qua kich thich sinh trudng phat trién
ciy dau nanh. Tuy nhién khi k8m két hop v6i OC trong dang phitc OC-Zn?* thi hiéu

g kich thich ting trudong duoc ting 1én dang ké.

o

a4 nanh: 36" DSA
Cay ddu nanh: 36™ DSA Cay dju nanh: 367D

Cay agu nanh: 36" pg / Ciy ddu nanh: 36" DSA
2+
NT4: Zn

| NT1: BC (phun nuec) NT2: OC5.1k NT3: OC5.1-Zn™*
Hinh 3.26: Cay dau nanh tai thoi diém ngdy tht 36 sau gieo dugc phun cac dung dich

OC 5,1 kDa; phirc oligochitosan-Zn?* (ty 1& phan mol 1/0,5); va Zn2*

Két qua nhan dugc twong tu nhu coéng trinh nghién ctru cta Palacio-Marquez
va cong sy (2021). Nhom tac gia nghién ctru phun qua 14 cay dau cd ve (Phaseolus
vulgaris L.), két qua hiéu qua ting trudng t6t nhat dbi véi mudi k&m nitrate 1a 50 ppm
Zn?*, nhung khi két hop mudi kém véi chitosan thi ham lwong Zn?" chi can 25 ppm
la dat hiéu qua cao tuong tu [162]. Do vay, su két hop Zn** v4i OC hodc chitosan &
dang phurc chelate c6 ¥ nghia 16n, khong chi ting cudong va kéo dai hoat tinh sinh hoc
cho OC va hoic 1a chitosan ma con gdp phan giam liéu st dung va han ché lang phi

nguyén t6 k&m vi lugng [53].

Thuc vat ¢6 kha ning kich hoat hé théng phong vé cua ching chdng lai mam
bénh va nhiing tac dong bat loi (stress), trong d6 bao g("im ca viéc kich tao va tich liiy
enzyme chitinase khi bi mam bénh tdn cong. Chitinase 12 mot trong nhitng nhan t6

quan trong trong hé thng bao vé cua thuc vat do kha ning lam phan hiy cdu trac
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mang cua t& bao vi sinh vat [57]. Bén canh d6, phan ung kich tao va gia ting hoat
tinh enzyme chitinase trong thuc vat c6 thé duoc tao ra boi cac tac nhan phi sinh hoc
(abiotic agent) nhu axit salicylic, mudi, ozone, kim loai,.. v cac tac nhan sinh hoc
(biotic agent) nhu vi sinh vat va oligosaccharide [151]. Hi€u qua kich khang bénh
than thu trén cay dau nanh thong qua danh hoat tinh kich tao enzyme chitinase ctia

phttc OC-Zn?* duoc trinh bay nhu sau:

Bing 3.10: Hoat tinh chitinase (mU/g 14 twoi) tai cac thdi diém (ngay) sau
ching bénh trén cac cady dau nanh da dugc xt Iy phun cac dung dich OC 5,1 kDa;
phtrc oligochitosan-Zn?* véi ty 1€ phén mol 1/0,5; va Zn*".

Nghiém thirc| 0 ngay 1 ngay 3 ngay 5 ngay 7 ngay

DC (nudce) 0,65+ 0,10 [0,76%+ 0,08 | 0,74°+0,12 | 0,63*+0,11|0,679+ 0,15

bC (+) 0,679+ 0,09 | 1,94+ 0,25 | 2,739+0,36 | 3,18°+0,38|2,51°+£ 0,29

Zn* 2,29+ 0,54 | 2,65+ 0,56 | 3,94°9+£0,74 | 3,69°+0,51 |2,31°+ 0,32

OC5,1kDa |3,85*+0,23|5,38°+0,65| 6,69°+1,07 | 5,79*+0,67 |5,67" + 1,09

0C5,1-Zn** | 6,31*£1,54 |8,79*+ 1,43 | 11,56 + 1,12 [10,59*+0,95|9,77* + 1,03

Clr% 16,74 15,14 13,98 12,43 14,07

LSDo,05 0,84 1,08 1,18 1,08 1,07

* Cdc gid tri trén cing 1 thoi diém cé ky tw giong nhau thi khéng khdc biét y nghia thong ké véi mire
xdc sudt tin cdy p <0,05. Mau DC (+): Phun nuéc — phun bénh.

Céc két qua trong Bang 3.10 cho thy cay dau nanh (d6i chimg-chi phun nudc)
c6 hoat tinh chitinase (CA) dat ~0,7 mU/g 14 tuoi, gi4 tri nay gan nhu twong ty véi
CA ciia mé seo dau nanh duoc nudi cdy trong méi truong thach Murashige-Skoog,
theo bao c4o cua Hirano va céng sir (2001) [80]. Sau khi ching ndm C. truncatum dé
gy bénh than thu, CA cta cdy dau nanh (d6i chung +) ting 1én va dat gi tri cao nhat
~3,18 mU/g 14 twoi vao ngdy tht 5. Mirc d6 kich tao chitinase trén cdy dau nanh (d6i
chtng +) sau khi gay nhiém ndm C. truncatum 13 gan giéng vé6i trudong hop gy nhiém
nam Fusarium solani giy hoi chimg chét nhanh trén cdy dau nanh [79]. Gupta vd
cong sy (2017) cling ghi nhan hoat tinh enzyme chitinase trén cai xoan (Eruca sativa)
tang 1én va dat tdi da sau ~2 ngdy chung nim bénh Alternaria brassicicola [167)].

Gia tri CA & céac cAy dau nanh sau phun OC 5,1 kDa (OC5,1), Zn?* va phirc
OC35,1-Zn?* 1an tht 3 cao hon dang ké so v6i miu dbi chimg (phun nuéc). Cu thé,

ngay trude khi phun mam bénh (0 ngdy), gia tri CA & cay dugc xir 1y bang Zn", OC
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5,1 kDa, va phic OC5,1-Zn?" dat lan luot 1a 2,29; 3,85; va 6,31 mU/g 14 tuoi, tang
tuong tng 13 3,52; 5,92; va 9,71 1an so vé6i cdy ddi chung (0,65 mU/g). Bén ngay thi
3 sau khi phun mam bénh, CA cua cac cay dau nanh duoc xir Iy véi Zn®*, OC 5,1
kDa, va phirc OC5,1-Zn*" dat gi4 tri cao nhat 1an luot 14 3,94; 6,96; va 11,56 mU/g 1a

tuoi so v6i 2,73 mU/g 14 tuoi cia mau d6i chimg + (phun nuéce — phun nhiém bénh).

Két qua nhan duoc ciing cho thay rang k&m thé hién hiéu ing kich khang bénh
trén cay ddu nanh thong qua gia tri CA ting cao hon so véi cac cay ddi ching. Hiéu
g kich tao enzyme lién quan dén phong vé trén cdy trong (Superoxide Dismutase -
SOD, Phenylalanine ammonia lyase - PAL) va khang thé thuc vat (phytoalexin) nhu
camalexin (1a mét alkaloid indole dugc tim thiy trong cdy ho cai, chat chuyén hoa
thr cap co chirc ning ngin chin vi khuan vat gy bénh) cta kém da dugc xac nhan
[55]. Ngoai ra, su tich tu kém & 14 véi nong d6 < 300 mg/kg ciling da duoc ghi nhan
1a gay doc truc tiép cho vi sinh vét gay bénh nhung khong gay doc cho cay trong [53].

Két qua trén Bang 3.10 ciing cho thdy OC KLPT 5,1 kDa thé hién hiéu ting
kich tao enzyme chitinase hi¢u qua hon so voi kém. Hi€u qua kich tao enzyme khang
bénh trén cdy tréng boi OC da duge nhiéu cong trinh nghién ctru minh ching [77,
150, 152]. Hiéu ung kich khang cia OC chu yéu lién quan dén kha ning kich thich
hé mién dich ti nhién ctia thuc vat va ting stc dé khang cta thuc vt dbi voi tac dong
bat 1oi (stress). Diéu ndy c6 lién quan dén nhiéu loai thay doi sinh 1y va sinh hoa trong
cdy trong. Chang han nhu dap tmg véi tac nhan oxi héa: kich hoat tich tu H>O», tong
hop céc chéat chuyén hoa thir cap (hop chét polyphenolic, phytoalexin, flavonoid,
alkaloid), tong hop enzyme phan giai mam bénh (chitinase, glucanase, protease) va
chat trc ché tang trudng (axit abscisic, axit jasmonic, axit salicylic); va tich lity lignin
va callose. Tac dung ciia OC d6i véi thuc vat duge phan anh trong nhiing thay dbi
trong cAu trac chromatin, (¢ ché hoat dong H'-ATPase trong mang té bao, kich hoat
MAP kinase va ting ndng do Ca?" trong té bao [3, 51].

Ngoai ra, két qua trén Bang 3.10 ciing cho thdy CA duoc kich tao bai phic
OCS5,1-Zn?* trén cdy dau nanh (11,56 mU/g 14 twoi) dat cao hon so véi tong gié tri
CA (10,63 mU/g 14 twoi) cua cac mau xur Iy OC 5,1 kDa (6,69 mU/g 14 tuoi) va Zn?*
(3,94 mU/g 14 tuoi). Két qua nay chi ra rang phirc OC5,1-Zn*" da thé hién hiéu tng
ddng van (synergistic effect) kich tao CA 1am ting kha ning khang bénh than thu.
Hiéu qua kich tao enzyme chitinase trén ciy dau nanh cao bdi phirc OC5,1-Zn*" ¢6

thé 1a do tac dong dong thoi va ting cuong hiéu qua cho nhau gitta OC va Zn*".

Theo Mejia-Teniente va céng sir (2010), OC thude vé chit kich thich sinh hoc

ngoai sinh (exogenously biogenic elicitor), con Zn** thudc vé chat kich thich phi sinh
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hoc (abiogenic elicitor), va ca hai déu c6 thé gay ra phan tng phong vé cua thuc vat
[168]. Hiéu tng ddng van kich khang bénh than thu (kich tao enzyme chitinase) ca
phttc OC-ZnZ*c6 thé duogc giai thich nhu sau:

Pau tién, cic nhém amin (-NH,) tich dién duong cta cac phéan tir OC twong
tac v6i cac thanh phan bé mit tich dién Am cua té bao ndm, dan dén nhing thay d6i
16n vé tinh chit bé mit té bao, 1am ro ri chit ndi bao, va cudi cung 13 giy chét té bao
nam. Sau d6, cic manh v& tir cac té bao ndm bi phan huy s& hoat dong nhu ngudn tin
hiéu (khang nguyén) gay kich hoat hé théng phong vé cia ciy tréng. Mit khac, cac
nhom acetyl (-NHCOCH3) trén phan tir OC ¢6 4i luc cao v6i mot sb protein thu thé
(receptor) trén mang té bao thuc vat (dién hinh 1a CEBIP & cay lua). Va mot khi cac
tuong tac dugc thiét lap, n6 tao ra dong thac céc tin hi¢u kich hoat hé théng mién dich

cua thuc vat va kich tao ra enzyme chitinase [169].

Tht hai, Zn?* d3 dugce coi 1a chét kich khang nam cho thyuc vat do tac dung
gy doc truc tiép ddi voi té bao nAm bénh va tac dong gian tiép thong qua kich hoat

cac con duong diéu hoa va sinh tong hop ctia hé théng phan vé cua thuc vat [55].

Két qua thu duogc vé tac dong dé)ng van kich tao enzyme chitinase trén dau
nanh cta phirc OC5,1-Zn*" twong tr nhu két qua cua hdn hop OC-Cu?* trén cy nho
[56] va phurc chitosan-Cu?" trén cdy dua chuot [151]. C4c tac gia nay cling nhan dinh
rang: mic du chi riéng chitosan hoic OC di co tac dung kich khang nhung khi tao
phtrc v6i dong thi cho phép giam lidu luong sir dung dé bao vé thuc vat. Hiéu ung
ddng van bao gém i) hiéu qua cta phirc t6t hon so voi chitosan hodc OC riéng 18, if)
ddng (Cu?") ting cudng tac dung kich thich truc tiép cta chitosan. Ngoai ra, dic tinh
bam dinh cua chitosan trén 14 c6 1& gbp phan cb dinh va ly giai dong 6n dinh trén 14

trong thoi gian tiép xtac 14u hon hay hiéu tng duoc kéo dai.

Gan day hon, Tuan va cdng sy (2019) cong bd két qua vé hiéu luc khang bénh
d6m nau trén cdy thanh long dugc danh gia bing cach do hoat tinh enzyme chitinase
va muc do bénh sau khi phun OC 3,0 kDa, nSiO», phtrc nSiO2-OC3,0 va giy nhiém
nam bénh dém nau Neoscytalidium dimidiatum [87]. Két qua cho thay sau 120 gio
gy nhiém tro di, phirc nSi02-OC ciing thé hién tac dung dong van (CA dat ~6,32
mU/g mb tuoi) voi hidu qua cao hon so véi OC hodc nSiOs riéng ré. So véi két qua
nay, thi phitc OC-Zn?" trén cay dau nanh dat (CA ~11,56 mU/g 14 tuoi) cao hon so
v6i phitc nSi02-OC. Nguyén nhan c6 thé do khac nhau vé thanh phan tao phirc va vé
loai cay (cdy thanh long ¢ 16p sap va 16p vo cutin diy nén han ché tiép xuc). Hiéu
tg kich tao chitinase ctia phirc OC-Zn>" trén cdy d4u nanh dat muc cao di gop phan

tich cyc giup cdy khang hi¢u qua bénh than thu do ndm C. truncatum gay ra.



98

Nhu duoc biét, da s6 gidng cdy ddu nanh man cam véi ndm C. truncatum & tit
ca cac giai doan sinh trudng phat trién, dic biét 13 tir khi né hoa dén khi dau qua.
Triéu ching rd nét nhat xudt hién trén tan 14 13 cAc mang mau ndu voi tAim mau xam
& mat trén va mau nhu vét chay sém ¢ mat duoi 14. Bénh gay thi¢t hai dang ké do 1am
giam thé viing cua cdy, giam chit lvong hat gidng, giam kha ning ndy mam va giam
nang suit. Cac triéu chimg trén 14 bao gom hoai tir gin 14, cudng 14, thdi cudng 14 va
rung 14 sém. Tuy nhién, giai doan bénh trén qua la giy hai ning nhat. Triéu ching
cua bénh thuong xuét hién & giai doan sinh san sém trén than, vo qua va cuéng la la
cic vét bénh mau nau sdm, 1dm va c6 hinh dang khong déu. Céac triéu chung co thé

tién trién thanh bénh théi qua, ryng qua non va giam hat chic [63, 65].

Hinh 3.27: Biéu hién bénh than thu trén cdy d4u nanh sau 07 ngay ching nim C.
truncatum. A) Biéu hién 14 bj bénh; B) BC (phun nudc); C) PC (+) phun nudc — phun
bénh; D: Phun phic OC5 ,1-Zn*" va phun bénh

Két qua Hinh 3.27 cho thy ring sau 07 ngdy phun bénh, cac cdy ddu nanh
nghiém thirc di chimg + (phun nuéc — phun bénh) da xuat hién triéu ching bénh 1

rang thong qua cac ddm nau sam phan bo trén cac bé mat 1a. Trong khi do, cac dau
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hiéu ctia bénh than thu gan nhu khéng dang ké trén cac ciy dau nanh & nghiém thirc
xtt Iy phun phitc OC-Zn?*. Piéu nay ching t0, cdy ddu nanh thi nghiém nhay voi
chung ndm C. truncatum; va phic OC-Zn>* ¢6 hiéu tng kich khang va phong trir

bénh than thu hi¢u qua trén cay dau nanh.

Bing 3.11: Ty 18 bénh (DI%) va chi s6 bénh (DS%) than thu tai thoi diém 21
ngay sau chung bénh trén céc cay dau nanh da dugc xtr phun cac dung dich OC 5,1

kDa; phirc oligochitosan-Zn2* ty 1& phan mol 1/0,5; va Zn**

Nghié¢m thirc Ty 1& bénh (DI, %) | Chi s6 bénh (DS, %)
bC (nudce) KPH KPH
PC (+) 91,332+ 4,73 79,67 + 8,50
Zn** 88,67 + 4,73 74,33% + 6,66
0C 5,1 63,67" + 10,02 47,67° + 9,02
OC 5,1-Zn** 38,67¢ + 7,02 17,67¢ + 3,79
Cr% 9,88 13,29
LSDy,05 13,12 13,72

* Cdc gid tri trén cing 1 cot ¢6 ky ti giong nhau thi khéng khdc biét Y nghia thong ké véi
mirc xdc sudt tin cdy p <0,05. KPH: Khong phat hién. Mau BC (+): Phun nuéc — phun bénh.

Tai thoi diém 3 tuin sau phun nhiém bénh (thoi diém 56 — 57 ngay sau gieo —
cay dang ¢ giai doan hoa nd rg), ty I¢ bénh va chi s6 bénh than thu trén cay dau nanh
& cac nghiém thirc duoc xac dinh va trinh bay trén Bang 3.11. Két qua nhan duoc cho
thay, nghiém thirc xir Iy phun dung dich mudi k&m nitrate v6i nong do 8,75 ppm Zn?*
thi ty 18 bénh va chi s6 bénh c¢6 xu hudng giam nhung khong cé sy khac biét y nghia
thong ké so véi nghiém thirc ddi ching + (phun nuéc — phun bénh). Nguyén nhan co
thé & néng d6 Zn*" thap khong du giy doc truc tiép cho té bao ndm ciing nhu lugng
enzyme chitinase kich tao dugc va muc tich lity khong du cao dé gy uc ché nim
bénh gian tiép [53]. C6 gia thuyét vé hiéu Gmg phan vé bdi tac nhan kim loai cho rang
mot sd loai thuc vat c6 kha ning siéu tich lity kim loai va duoc xem nhu mot chién
lugc tu vé dé ngan chan sy tAn cong cua mam bénh. Do vay, gitta thyc vat va vi sinh
vat lubn co sy canh tranh vé cac nguyén t kim loai thiét yéu, dong thoi thiét 1ap duoc
nong do ti thich. Nhu truong hop ddi voi kém thi ndng do Zn>* khong vuot quéa 300
ppm, vi trén ndng d6 nay s& gy doc cho té bao thyc vat dong thoi giam kha ning

khang ciing nhu diét mam bénh [54].
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Két qua Bang 3.11 ciing cho thdy nghiém thirc OC 5,1 kDa va nghiém thirc xtr
1y voi phitc OC5,1-Zn?* thé hién hiéu tng trc ché bénh than thu rt rd rang. Trong d6
nghiém thitc xur Iy v6i phitc OCS5,1-Zn*" dat hiéu qua Gc ché bénh cao nhét. Cu thé
gid tri DI ~38,7% va DS~17,7% 1a thap hon so vdi nghiém thire xir Iy OC (DI ~63,7%
va DS~47,7%) va nghiém thirc ddi ching + (DI ~91,3% va DS~79,7%). Két qua nay
cling 6 lién quan thuan véi két qua kich tao hoat tinh chitinase & Bang 3.10. Hoat

tinh chitinase cang cao thi hiéu qua &rc ché bénh than thu cang manh.

Két qua nhan duoc & day ciing c6 xu hudng tuong tu nhu bao cdo cua cac
nhom tac gia khac [32, 56, 87, 152]. Hon ntra, hi¢u luc kiém soét bénh than thu so
v6i ddi chung cua phitc OC5,1-Zn?" 1a DI giam ~58% va DS giam ~78%. Két qua
nay twong tu nhu két qua thyc nghiém hiéu lyc e ché bénh than thu trén cay dau
nanh tréng trong chau dugc xu ly voi céac thudc héa hoc tri bénh thong dung
(carbendazim, propiconazole, difenconazole,..), giam so d6i ching trong khoang 41%
— 77% [65]. Do vdy, phitc OC-Zn?* rat c6 tiém nang 4p dung 1am ché pham nong

duogc trir bénh than thu cho cay dau nanh.

Tir cac két qua thu duoc trong cac ndi dung nghién ciru nhu trén cho thay rang
hoat Iyc trc ché ndm C. truncatum gy bénh than thu va hiéu qua phong trir bénh than
thu (kich tao enzyme chitinase, giam chi sd va ty 1¢ bénh) trén cdy dau nanh cta phirc
OC-Zn?* ¢6 thé duoc diéu chinh béi ham lugng Zn?* (thong qua ty 1é phan mol), OC
hodc boi KLPT cua OC.

Trén co s& két qua thu duoc tir cac ndi dung nghién ciru trén, trong cong trinh
nghién ctru nay Iya chon cong thirc phitc OC-Zn?* dugc ché tao tir OC cat mach birc
xa c6 KLPT ~5,1 kDa tao phuc v6i Zn?* theo ty 18 phan mol (-NH2/Zn?") 1/0,5 dé
khao sat hiéu qua kich khang, phong trir bénh va hiéu luc ndng hoc cia ché pham trén
ciy dau nanh trong & rudng khao nghiém.

3.5. Hiéu qua phong trir bénh va hiéu lue néng hoc cia phire oligochitosan-Zn**

doi vdi cay dau nanh trong trén rugng thi nghiém

Trén co s& két qua phan tich cac dic trung tinh chét hoa 1y cua OC 5,1 kDa;
két qua hoat tinh sinh hoc (chi tiéu sinh truéng, hiéu qua phong trir bénh than thu)
ctia phitc OC35,1-Zn?* (ty 1& mol 1/0,5) va ndng do sir dung phun phirc OC5,1-Zn?*
(50 ppm) trén cay dau nanh tréng trong nha kinh; déng thoi didu kién dé thuc hién
trén rudng thi nghiém c6 mot s6 han ché, nén trong ndi dung nghién ctru nay chi thuc
hién khao sat trén 3 mau la dbi chimg, OC 5,1 kDa va mau phtrc OCS5,1-Zn?". Hon

nira, trong diéu kién rudng thi nghiém, do nguy co phat tdn bénh dich nén khong duoc
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phép phun ndm C. truncatum dé giy nhiém bénh than thu cho cdy dau nanh. Do viy,
n6i dung nghién ctru ndy chi thuc hién khao sat tic dong cua phirc OC-Zn?* dén kha
ning phong trir bénh hai va ning suit dau nanh trong diéu kién cach tac ty nhién.
Muc tiéu nghién cu ciia ndi dung nay: Panh gid anh hudng cua 02 ché
pham dung dich OC 5,1 kDa va phttc OC5,1-Zn?" phun qua 14 dén hiéu tung kich
khang bénh (kich tao enzyme chitinase), sinh truéng phat trién, tinh hinh nAm bénh
hai, nang suét va hiéu qua kinh té cay dau nanh trong diéu kién canh tac thuc té trén

ddng rudng nham lam co so dinh huéng phat trién ing dung ché pham vao thuc tién.

Két qua khao nghiém
3.5.1. Anh hwéng ciia oligochitosan va oligochitosan-Zn** dén hiéu qud phong triv

bénh hai trén cdy ddu nanh thoi diém ra hoa (36 - 39 ngay)

Bdng 3.12: Hoat tinh chitinase, chi sb sau cudn 14 va bénh hai trén cay dau
nanh duoc xtr Iy phun OC 5,1 kDa va phttc OC5,1-Zn?" (tai thoi diém 38 ngay sau gieo)

Hoat tinh i . Bénh hai, (cap)
Neghiém thir antnase, | St
(mU/g 14 tuoi) nau mai
1. Phun nuée (BC) 0,88¢+ 0,18 9,43 2,67* 1,63
2. Phun OC 5,1 4,15 £ 0,57 8,53 2,612 1,40
3. Phun OC5,1-Zn?* 7,93* £ 0,63 7,67 1,170 1,10
CV% 13,45 14,22 11,58 10,07
LSDo,0s 1,32 NS 0,68 NS

*Cdc s6 trung binh trong ciing mot cot mang ky tw giong nhau thi khéng khdc biét y nghia thong ké;
va NS: Khéng cé suw khdc biét y nghia thong ké véi mike xdc sudt tin cdy p <0,05.

Sau bénh 1a mot trong nhirng yéu t anh huong 1én dén ning suit va chit luong
hat dau nanh. Gibng t6t, ngoai nhitng tiéu chuan vé sinh trudng, phat trién va ning
suét con phai c6 kha nang ché)ng chju sau bénh tot. Piéu kién khi hau Déng Nai thuan
loi cho dau nanh sinh truéng phat trién, déng thoi cling tao diéu kién cho mét sb loai
sdu bénh hai phat trién va giy hai. Theo két qua diéu tra, ¢ giai doan ra hoa, cy thi
nghiém bj gay hai cha yéu 13 sau cudn 14 (Lamprosema indicata) tuy nhién & mirc d6
thip. Két qua trinh bay & Bang 3.12 cho thiy sau cudn 14 gdy hai cao nhét 1a nghiém
thirc d6i chimg 13 9,4%, cac nghiém thirc phun OC 5,1 kDa va phttc OC5,1-Zn*" véi
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murc do gdy hai dao dong tir 7,6 — 8,5% nhung khong khéac biét y nghia théng ké.

Hi¢u qua kich tao enzyme chitinase khang bénh c6 su khac biét y nghia gitia
cac nghiém thirc. Cu thé tai thoi diém 3 ngay sau phun 1an 03, gia trj CA dat cao nhat
13 7,93 mU/g 14 twoi d6i v6i nghiém thirc phun phttc OC5,1-Zn?*, so v6i 4,15 mU/g
14 tuoi khi xir Iy v6i OC 5,1 kDa, trong khi mau déi chimg 1a 0,88 mU/g 14 tuoi.

V& két qua bénh gay hai cho thiy cac nghiém thirc thi nghiém déu bi dém 14
(Septoria glycines), va suong mai (Peronospora manshurica) nhung chu yéu gay hai
tang 14 gia bén dudi va & mirc do nhe khong gay anh hudng 16n dén sinh trudng cia
cdy dau nanh. Martos vd cdng s (2016) d3 minh chimg hiéu luc kich khang nim
bénh va tang trudng cay rau hi€u qua cao cua kém thong qua tac dong gay doc truc
tiép 1én té bao nim bénh va hiéu tmg gian tiép théng qua kich tng hé thong phan vé
té bao thuc vat [55]. Cabot va cdng s (2019) ciing da cong bd hiéu qua e ché nAm
bénh cua phirc kém nhd vao hi€u ung tdc dong thich hop va duy tri [53]. Palacio-
Marquez va cong su (2021) cling minh chirng hi¢u qua kich thich ting trudng, ting
nang suit ndi troi ciia phirc chitosan-Zn?* trén cay ddu do gia ting kha ning déng hoa

dam va tang hiéu suit quang hop [162].

3.5.2. Anh hwéng ciia oligochitosan va oligochitosan-Zn** dén cdc chi tiéu sinh

truwdng va cdc yéu to cdu thanh ndang sudt ciua ddu nanh

Bing 3.13: Cc chi tiéu sinh trudng va cac yéu t6 cau thanh ning suat ciia dau
nanh dugc xir Iy phun OC 5,1 kDa va phirc OC5,1-Zn?*

Chiéu cao cdy | Trong lwong Trong lugng
Nghiém thirc R A
(cm) kho, (g/5 cay) 1.000 hat, (g)
1. Phun nude (BC) 44,43 109,33P 152,1
2. Phun OC 5,1 kDa 47,67 131,172 150,7
3. Phun OC5,1-Zn?** 48,67 140,932 154,8
CV(%) 8,63 11,16 8,61
LSDo,05 NS 10,42 NS

*NS: Khong c6 suw khdc biét y nghia thong ké véi mire xdc sudt tin cdy p <0,05.

Qua s6 liéu trinh bay ¢ Bang 3.13 va Hinh 3.28 cho thiy khi st dung OC 5,1
kDa va phttc OC5,1-Zn2* phun b sung qua 14 03 1an trong sudt thoi gian sinh truong
clia cdy dau nanh tréng trén dat d6 bazan cho thay: chiéu cao cdy khac biét khong co
¥y nghia thong ké, voi chiéu hudng cao hon khi phun OC 5,1 kDa va phtic OC5,1-
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Zn*", chiéu cao dat tir 47,6 — 48,8 cm so v&i chiéu cao 44,4 cm khi phun nudc. Trong
lwong 1.000 hat khac biét khong c6 ¥ nghia thong ké so v6i ddi ching tuy nhién ciing

¢6 chiéu huéng 16n hon khi st ché pham phun 14 OC va OC-Zn2*,

Chi tiéu trong lwong khé c6 su khac biét c6 y nghia thong ké so véi dbi chimg,
dao dong tur 131,2 — 143,9 g/5cay so vdi 105,3 g/5cay khi phun nudce, chung té khi
phun OC 5,1 kDa va phirc OC5,1-Zn*" da thiic day qua trinh trao dbi chat t6t hon
gitip ciy tong hop va tich lily dudng chat tt hon nén tao sinh khéi 16n hon. Két qua
cua Costales va cong sy (2016) cting da ghi nhan hi¢u qua kich thich tang trudng trén
ciy d4u nanh dugc xtr Iy phun OC ¢6 xu hudng ting chiéu cao cdy, sd 14, s qua, ham
luong chat kho va ting lwong ndt san. Phun 14 OC lam tang ham lugng chlorophyll,
tang ham Iugng phospho va nito trong 14, tang hoat tinh enzyme nitrate reductase va
cac yéu t6 khac tham gia thiic ddy quang tong hop va ting hip thu dinh dudng cua
cay dau nanh [129].

THI NGHIEM

KHAO NGHIEM CHE PHAM OLIGOCHITOSAN
VA PHU'C HQP OLIGOCHITOSAN - KEM
DOI V01 CAY DAU TVONG TREN DAT B0 1

DIADIEM : XA HUNG THINH - HUYEN TRANG BOM - TiNH DONG NAI
LOAI BAT : DAT DO
s THOI VU : DONG XUAN 2020 - 2021

e =" | GIONG DAU: HLO7-15

ousoarmosm
ity

CT3: NEN (NPK) +
OLIGOCHITOSAN - KEM

(NEN: 30-5040)

RN CRY SAUTUONG

CT1: NEN (NPK) + ) X <
PHUN NUOC LA (BC) CT2: NEN (NPK) +
3 OLIGOCHITOSAN
(NEN: 30-50-40)
(NEN: 30-50-40)

Hinh 3.28: Cay dau nanh giai doan qua chic xanh

3.5.3. Anh hwéng ciia oligochitosan va oligochitosan-Zn** dén yéu t6 céu thanh

ndng sudt va nang sudt cua dau nanh

Két qua trinh bay & Bang 3.14 va Hinh 3.29 cho thiy khi phun OC 5,1 kDa va
phtc OC5,1-Zn?* d3 lam ting chi tiéu sé qua chic/ciy va ting ning suét thyuc thu tir

11,9% dén 19,2% tuong tng so véi nghiém thirc ddi ching.
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Tuy nhién, sau 03 1an phun OC 5,1 kDa thi chi tiéu qua chéc ciing nhu ning
suat thue thu ctia dau nanh chua dat murc khac biét ¥ nghia thong ké so v6i ddi ching.
Trong khi d6, nghiém thtc phun phitc OC5,1-Zn2* thi chi tiéu s qua chic trén ciy
va ning suit thue thu déu ting khac biét so voi ddi chimg. Cu thé 1a khi phun 3 lan
dung dich phirc OC5,1-Zn?*, chi tiéu qua chic dat 45,5 qué/ciy, ning suit thuc thu
dat 2,61 tin/ha so v6i nghiém thirc ddi chimg dat gia tri twong tng 13 35,25 qué/cay
va 2,19 tan/ha.

So sanh hiéu qua tang ning suét thuc thu giita 2 nghién thire phun OC 5,1 kDa
va phirc OCS5,1-Zn?", tir két qua Bang 3.14 nhan thiy rang su khac biét vé ning suat
giita cac nghiém thirc khong c6 ¥ nghia thong ké. Mic du vay, khi phun phtrcc OC5,1-
Zn*" ning suét tang so véi doi chung dat 0,42 tdn/ha, cao hon so voi nghiém thirc
phun OC 5,1 kDa (chi tang 0,26 tan/ha).

Bing 3.14: Cac yéu t6 cAu thanh ning suit va ning sudt cua cdy dau nanh
duoc xur 1y phun OC 5,1 kDa va phitc OC5,1-Zn*"

) ] Ning suit ting so
<A . S0 qua chac NSTT T
Nghiém thirc o ) voi doi chirng
(qué/cay) (tan/ha) -
Tan/ha %
1. Phun nuédc (BC) 35,25 2,19b - .
2. Phun OC 5,1 kDa 40,25 2,45%b 0,26 11,9
3. Phun OC5,1-Zn* 45,502 2,612 0,42 19,2
CV(%) 10,12 9,35
LSDy,05 6,36 0,33

* NSTT: Néng sudt thuc thu.

Két hop két qua Bang 3.14 v6i Bang 3.13, ¢ thé luan ra rang hiéu qua ting
nang suit dau nanh cua 2 ché pham OC 5,1 kDa va phttc OC5,1-Zn*" chu yéu 1a ting
s6 luong hat chic trén cay. Két qua ndy ciing ghi nhn trén cdy 6t [32] xtt Iy phun 13
v6i OC. Dua trén két qua thu dugc trong nghién ctru nay va cac két qua khac [32], co
thé suy ra rang viéc ap dung cac ché pham OC 5,1 kDa va phtcc OC5,1-Zn*" phun
qua 14 cho cdy dau nanh da kich thich nd hoa tét hon. Diéu d6 ¢ nghia 1a c¢6 nhiéu

hoa hon dé két trai tao hat chic trén mdi cy so v6i doi chimg.
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Hinh 3.29: Pau nanh giai doan qua chin trudc khi thu hoanh

3.5.4. Anh hwéng ciia phun oligochitosan va phirc oligochitosan-Zn** dén ning

suat ddu nanh va hiéu qudad kinh té

Bing 3.15: Niang suat ddu nanh va hiéu qua kinh té.

NSTT Tang thu Ting chi| Lai rong
Nghiém thire P -

(tan/ha) | TAn/ha | 1.000 @ [(1.000 @) | (1.000 &)
1. Phun nude (DC) 2,19 - - - -
2. Phun OC 5,1 kDa 2,45 0,26 4.160 1.110 3.050
3. Phun OCS5,1-Zn** 2,61 0,42 6.720 | 1.170 5.550
Ghi chu

- Gia dau nanh: 16.000 d/kg

- Oligochitosan: 70.000 d/lit

- Oligochitosan-Zn**: 90.000 d/lit
- Cong phun: 300.000 d/ha
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Két qua trinh bay & Bang 3.15 cho thiy khi str dung ché pham OC 5,1 kDa va
phttc OC5,1-Zn?" phun b6 sung trén cay dau nanh cho ning suit ting so v6i ddi ching
chi phun nuéc tir 0,26 — 0,42 tin/ha. Lai rong thu dugce cho ngudi trong dau nanh tir
3.050.000 — 5.550.000 d/ha/vuy.

Hiéu qua ting ning suat ngd dang ké trén rudng thi nghiém xir Iy phun Zn2*,
chitosan, va chitosan-Zn*" nano ciing d3 duoc Choudhary va céng s (2019) cong bd
[44]. Theo Dar va cdng sw (2013) d3 néu rang, mot trong nhitng thach thirc 16n dé
trién khai img dung OC va cac dan xuat cia chung trong bao vé cdy trong 1a thiét 1ap
phuong phép ché tao lwong 16n ché pham c6 hiéu Gmg cao nhung gia thanh phai ching
[170]. Phuong phap chiéu xa dung dich chitosan két hgp lugng nhé H,O» dé ché tao
OC, va phbi tron voi mubi kém dé tao ché pham phirc OC-Zn2* ¢6 hiéu Gng kich tao
enzyme chitinase khang bénh hi¢u qua, dong thoi khong anh huong bét loi cho sinh
trudng phat trién va ting ning suit cua cdy dau nanh nén duoc danh gia 1a kha thi dé

thuc hién phat trién tng dung vao thyc tién.

K&t luan va kién nghi tir thwe nghiém trén rudng

Céc nghiém thirc str dung ché pham OC 5,1 kDa va phic OC5,1-Zn?" thé hién
hiéu g kich khang va phong trir bénh hi€u qua thong qua hoat tinh enzyme chitinase
tang rd rét so voi nghiém thirc dbi chimg.

Cac nghiém thirc thi nghiém déu bi dom 14 (Septoria glycines) va suong mai
(Peronospora manshurica); tuy nhién bénh xuat hién muon, vao giai doan 50 — 60
ngay sau gieo, chi yéu gy hai ¢ ting 14 gia bén dudi va & mirc d6 nhe khong gay anh
hudng 16n dén sinh truéng va ning suét ciia ctia cy.

Céac nghiém thtrc st dung ché phim OC 5,1 kDa va phitc OC5,1-Zn?* phun
qua 14, cac chi tiéu sinh trudng va ning suit c6 chiéu hudng cao hon so véi dbi chimg
phun nudc. Pic biét phun phitc OC5,1-Zn*" di 1am gia ting nang suét dat ~19% va
khac biét so véi d6i chimg. Qua dé, so bd 13i rong thu dugc cho ngudi trong dau nanh
tang thém tir 3.050.000 — 5.550.000 d/ha/vu. Mic du vay, ddi véi 4p dung ché pham
OC phun 03 1an d4 thé hién hiéu tng kich thich ting truong (ham luong tich lity chat
kho) va kich khang bénh (ting hoat tinh enzyme chitinase) rd rét nhung vé ting ning
sudt chura dat murc khac biét co ¥ nghia so véi dbi chimg. Nguyén nhan c6 thé 1 phun
3 1an chua du gdy tao ting ning suit khac biét.

2+

Can tiép tuc thyc hién khao nghiém dong ruong ché pham phircc OC5,1-Zn
v6i 56 1an phun nhiéu hon 3 1an trén cay dau nanh nham t6i wu hiéu qua sir dung ché
pham dé trién khai ing dung thuc tién gép phan canh tac ndng nghiép bén viing, ting

hiéu qua kinh té.
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KET LUAN VA KIEN NGHI

KET LUAN

Trén co s& két qua thu duge vé nghién ctru ché tao oligochitosan (OC), phirc

oligochitosan-Zn** (OC-Zn**) va hiéu ung sinh hoc trong phong trir bénh than thu,

kich tao enzyme chitinase, kich thich ting trudng va ting ning suat ctia ciy dau nanh,

mot sO két luan chinh dugc dua ra nhu sau:

1.

D3 xac dinh diéu kién thich hop (ndng d6 chitosan, ndng do H,O», lidu xa) dé cit
mach chitosan tao OC c¢6 KLPT 2,5 — 7,8 kDa.

. Pi ché tao thanh cong phitc OC-Zn2* véi ty 16 mol —~NH/Zn2* va OC ¢6 KLPT

khéac nhau. Phirc OC-Zn?* ché tao tir OC 5,1 kDa va ty 1€ mol 1/0,5 co cAu trac

phirc theo kiéu cau ndi 6n dinh, dat hon 92% lwong Zn>* lién két phdi tri voi OC.

. Phic OC-Zn?* ¢6 hiéu luc trc ché hiéu qua ddi véi nAm C. truncatum dat tix 75,1 -

100% phuy thudc ndng do va ty 16 mol —~NH2/Zn2* trong thi nghiém in vitro.

. Phitc OC-Zn?" thé hién hiéu tng kich tao enzyme chitinase theo kiéu dong van va

dong thoi gia tang cac chi tiéu sinh truéng ctia dau nanh trong thi nghiém nha kinh.
Phitc OC-Zn** ché tao tir OC 5,1 kDa, ty 1& mol 1/0,5, véi ndng do xir 1y phun 1a

50 ppm dat hiéu qua cao nhat trong sb cac nghiém thuc khao sat.

. Két qua thi nghiém d6ng ruong phun 03 lan qua 1a dung dich phirc OC5,1-Zn2* véi

ndng do 50 ppm trong giai doan cdy sinh truéng di 1am ting hoat tinh enzyme
chitinase, giam ty 1é va chi sb bénh, dam bao cac chi tiéu ting truéng va gia ting
nang suat ddu nanh ~19% (2,61 tdn/ha) so v&i ddi chung (2,19 tin/ha).

Phtic lai hitu co-v6 co OC-Zn*" phong trir bénh hiéu qua va ting nang suat dau

nanh nén c6 tiém nang ung dung trong san xuat nong san an toan, bén virng.

KIEN NGHI

Pé co thé phat trién tng dung thuc tién phirc OC-Zn?* kiém soat bénh hai trén

cay dau nanh, mot s6 ndi dung can ti€p tuc nghién ctru dugc kién nghi nhu sau:

1.

Nghién ctru danh gia hiéu qua kich khang va kiém soat mot sb loai bénh khac trén

cdy dau nanh cua phirc OC-Zn?".

. Phoi hop voi cac don vi c6 tiem luc t6 chirc san xuat, trién khai khao nghiém dién

rong, hop chudn hop quy, thuc hién thi tuc cip phép luu hanh, va thwong mai héa

san pham goép phan phat trién san xuit ndng nghiép an toan bén viing.
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PHU LUC KET QUA

Ddac trung cua chitosan nguyén liéu

Pho GPC cua cac oligochitosan

Ph6 FTIR ciia oligochitosan va phirc oligochitosan-Zn2*

Phé 'H NMR ciia oligochitosan

Két qua phan tich ham luong kém trong phirc oligochitosan-Zn?" bang
phuong phap ICP-AES

Hinh anh khao nghiém hi€u ung sinh hoc cua oligochitosan va phirc

oligochitosan-Zn*" doi véi dau nanh trong trén rudng thi nghiém.
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Phu luc 1. Dic trung tinh chit cta chitosan nguyén liéu

TGNG CUC TIEU CHUAN BO LUGNG CHAT LUONG
Q TRUNG TAM KY THUAT TIEU CHUAN DO LUGNG CHAT LUQNG 3
QUATEST3 QUALITY ASSURANCE & TESTING CENTER 3
; 5 | .5 " 3 - 7 ” !
PHIEU KET QUA THU NGHIEM |
KT3-04338TP9/1 TEST REPORT |

Page 01/01

1. Tén miw/Name of sample: CHITOSAN

2. Mé ta miu (Sample description): Dang bot, ving nhat/as received sample is yellowish powder
3. $6 hwong/Quantity: 500 g

4. Ngay nhan miwDate of receiving: 17/09/2011

5. Thai gian thir nghiém/Testing duration: 18/09/2011-30/09/2011

6. Noi giti maw/Customer: Cty TNHH Phan Bui, Viing tau

7. Két qua thir nghiém/Test results:

Chi tiéw/Specification Phuong phap/Test method Két qua/Test result
7.1. Cam quan/Appearance - Bét ving nhat/Yellowish powder
7.2. C& hat/Particle size Sieve of 100 mesh < 100 mesh (90%)
|| 7.3. D6 tro/dsh content FAO FNP 14/7 - 1986 0,3 %
| 7.4. D6 am/Moisture content AQAC 2002 (925.10) 6,6 %
7.5. Bo dé axetyl/Deacetylation degree IR method = 90%
7.6. Ham luong cét san/Sand & silica FAO ENP 5/Rev.1 - 1983 0,7 %
content
7.7. Khéi luong phiin to/Molecular GPC 171,3 kDa
weight
7.8. Ham luong chi/Lead content AOAC 2002 (999.11) 0,7 mg/kg
7.9. Ham lugng asen/Arsenic content AOAC 2002 (986.15) <0,01 mg/kg
7.10. Ham luong kim loai ning qui ra JSFA I <2 mg/kg
_ chitHeavy metal as lead
| 7.11. Téng vi khuan hiéu khi/Total AOAC 2002 (966.22) 1,2 x 10° CFU/g
aerobic plate count
7.12. E.coli CFU/g SDP07/1 — 1993 Not detected
7.13. Coliform CFU/g BS5763:1991 Not detected
7.14. Salmonellal25 g AOQAC 2002 (967.27) Not detected
7.15. Nim men & méc/Yeast & mould FAO FNP 14/4 - 1992 <100 CFU/g
TRUGNG PTN THU'C PHAM PHO GIAM DOC

HEAD OF FOOD TESTING LAB.
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NGUYEN THI LE

I Céc kt qud thif ngh exniis are valid for the nomely subminted samples(s) oaly.

tim K thude 3.

cia Trung NIiA: khiy
j .u.ul
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-H n:r_r.QI,1ﬁ.['_l1|'Mir_':l(iity_\."ll_\_'l'_‘\_-\_\’l Tel: (Rd-8) E;S."'.'-]l_??-l k A-8) 38203012 Website: www,quatestd.com.vn
7 Road 1, Bién Hba 1 Industrial Zone, Béng Mai  Tel: (84-61) 3836212 Faxi (84 61) 3836298 [E-mail: qt-dichvutn(z 4un|hth.u-u.\'n

MO3/1 - TTTNGS BHT (05/2008)



127

Phu luc 2. Gian d6 GPC ctia mau oligochitosan

GPC Gruph
Chdat e\ PHUNO 50 IR HROMACH. iy led
aRIl
L froeenenns
2-5- ;;;;;;;;;;; E ;;;;;;;;;;
0 : ,
LT PRPSRR : ..........
i
0o a5
De B Chl s
GPC Susimary
Chrmomatogmm Det B Chl
Mo | Mw Mz Mwihin hibvitn MeMw
4378 1] 13768 ] L.7816d 000000 1. 76665 |
PeakTabie
Detector B Chl
[PeaicF | Fet Tme Arem Helght Ara % Height %
1 Ba60 827038 T045 100.000 100000
Total BIT028 7045 100.000 100.

Gian dd GPC ciia miu Oligochitosan KLPT 7,8 kDa
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“1LC Postrun Analysis (Admin) - [Report - Ketqua.lcr |

GPC Graph
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Gian d6 GPC ciia mau Oligochitosan KLPT 5,1 kDa
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FTIR ctia mau Oligochitosan v

2

Phu luc 3. Pho

a phirc oligochitosan-Zn**
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Phu luc 5. Ham luong kém trong mau phuc Oligochitosan-Zn>*
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	Kết quả trình bày ở Bảng 3.15 cho thấy khi sử dụng chế phẩm OC 5,1 kDa và phức OC5,1-Zn2+ phun bổ sung trên cây đậu nành cho năng suất tăng so với đối chứng chỉ phun nước từ 0,26 – 0,42 tấn/ha. Lãi ròng thu được cho người trồng đậu nành từ 3.050.000 –...
	Hiệu quả tăng năng suất ngô đáng kể trên ruộng thí nghiệm xử lý phun Zn2+, chitosan, và chitosan-Zn2+ nano cũng đã được Choudhary và cộng sự (2019) công bố [44]. Theo Dar và cộng sự (2013) đã nêu rằng, một trong những thách thức lớn để triển khai ứng ...
	Các nghiệm thức sử dụng chế phẩm OC 5,1 kDa và phức OC5,1-Zn2+ phun qua lá, các chỉ tiêu sinh trưởng và năng suất có chiều hướng cao hơn so với đối chứng phun nước. Đặc biệt phun phức OC5,1-Zn2+ đã làm gia tăng năng suất đạt ~19% và khác biệt so với đ...
	Cần tiếp tục thực hiện khảo nghiệm đồng ruộng chế phẩm phức OC5,1-Zn2+ với số lần phun nhiều hơn 3 lần trên cây đậu nành nhằm tối ưu hiệu quả sử dụng chế phẩm để triển khai ứng dụng thực tiễn góp phần canh tác nông nghiệp bền vững, tăng hiệu quả kinh tế.
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