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Nghién ciru sang loc do cac hop chat di vong thiazole hlr()’ng fc ché enzyme 3CLpro
cita virus Corona nham phat trién edc thude diéu trj COVID-19

Lwong Thi Thanh Huyén'", Nguyén Thi Hong Pirc!, Nguyén Huy Hoang?, Nguyén Vin Ha?

"Truong Pai hoc Duoc Ha Noi, 13-15 Lé Thanh Tong, phuong Phan Chu Trinh, qudn Hoan Kiém, Ha Néi, Viét Nam
2Truong Pai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi, 334 Nguyén Trdi, phuwong Thanh Xudn Trung, quédn Thanh Xudn, Ha Ngi, Viét Nam

Ngay nhén bai 14/5/2025; ngay chuyén phan bién 18/5/2025; ngay nhan phan bién 2/6/2025; ngay chap nhan ding 5/6/2025
Tom tit:

Enzyme 3-chymotrypsin-like protease (3CLpro) dong vai tro quan trong trong qua trinh sao chép ctia virus Corona

va la dich tac dung cia nhiéu nghién ciu _phat trién thuéc méi diéu tri COVID-19. Tuy nhién, cic chit e ché
3CLpro dugc bao cao cho dén nay con nhiéu han ché nhuw sw khang thudce, kém hiéu qua khi sir dung don 1é. Mat
khac, di vong thiazole 13 mgt ciu tric wu viét véi nhiéu hoat tinh sinh hoc tiém ning. Nhim tim kiém céc chit trc ché
3CLpro moi, chung t6i da ap dung phuong phap docking phan tir dé danh gia tuong tac giira 40 din chét thiazole,
gom cac manh phan tir nhé va cac thude dwgc Cuc quan ly Thuc pham va Duge pham Hoa Ky (FDA) phé duyet luu
hanh, véi 3CLpro ctia SARS-CoV, MERS-CoV va dac biét SARS-CoV-2. Két qua mo phéng nghién ciru cho thay, co
8 hop chét c6 kha nang lién két truc tlep véi vi tri xic tac cia 3CLpro, trong do Edoxaban, Ixabepilone, Dabrafenib,
Ceftaroline fosamil cé luc lién két véi 3CLpro SARS-CoV-2 1an lwot 1a -8,6, -8,7, -8,8 va -8,9 kcal/mol. Nghién ciru
niy cung cAp mdt md hinh sang loc ding tin ciy dé xic dinh cac chit &c ché 3CLpro méi mang khung thiazole,
hwéng phat trién cac thude khang virus tiém ning trong diéu tri SARS-CoV-2.

Tir khoa: di vong thiazole, docking phan tir, SARS-CoV-2, 3CLpro.
Chi s6 phan loai: 1.4, 1.6, 3.4

Virtual screening of thiazole-based heterocyclic derivatives as inhibitors
of Coronavirus 3CLpro enzymes for the development of COVID-19 therapeutics

Thi Thanh Huyen Luong', Thi Hong Duc Nguyen', Huy Hoang Nguyen?, Van Ha Nguyen’

'Hanoi University of Pharmacy, 13-15 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam
2University of Science, Vietnam National University - Hanoi, 334 Nguyen Trai Street, Thanh Xuan Trung Ward, Thanh Xuan District, Hanoi, Vietnam

Received 14 May 2025; revised 2 June 2025; accepted 5 June 2025
Abstract:

The enzyme 3-chymotrypsin-like protease (3CLpro) of Coronavirus plays a crucial role in viral replication and is a
validated target in the development of new drugs for the treatment of COVID-19. However, till now, most reported
3CLpro inhibitors are raising concerns regarding drug resistance, low efficacy when used as monotherapy. On the
other hand, the thiazole scaffold is a privileged structure with potential biological activities. With the aim of finding
compounds that can inhibit new 3CLpro enzymatic activity, we applied molecular docking simulations to investigate
the interactions between 40 thiazole-based derivatives, including small molecules and Food and Drug Administration
(FDA) - approved drugs, with the 3CLpro enzymes of SARS-CoV, MERS-CoV, and particularly SARS-CoV-2. The
simulation results revealed that 8 potential compounds are capable of binding directly to the catalytic site of 3CLpro,
including edoxaban, ixabepilone, dabrafenib, and ceftaroline fosamil, which exhibited binding affinities to SARS-
CoV-2 3CLpro of -8.6, -8.7, -8.8, and -8.9 kcal/mol, respectively. This study presents a reliable in silico screening
model for the identification of novel 3CLpro inhibitors bearing thiazole scaffolds, contributing to the development
of potential antiviral drugs against SARS-CoV-2.

Keywords: SARS-CoV-2, thiazole scaffold, 3CLpro, 3D molecular docking.
Classification numbers: 1.4, 1.6, 3.4

“Tac gia lién hé: Email: luonghuyen@gmail.com
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1. Dt van de

Virus Corona (ho Coronaviridae) 1a mam bénh phé bién
& con ngudi va dong vat, thuong lay nhiém qua duong ho
hép, giy ra céc triéu chimg cam lanh thong thuong. Trong
thoi gian qua, ba ching virus Corona da dugc ghi nhén Ia
¢6 kha nang truyén tir dong vat sang nguoi, bao gdm: virus
Corona gy hoi chimg hé hip cép tinh ning (SARS-CoV),
virus Corona gay hoi chimg ho hap Trung Pong (MERS-
CoV) va SARS-CoV-2, déu lay nhidm sang nguoi sau khi
lan truyén tor dong vat [1, 2]. Pac biét, SARS-CoV-2 la tac
nhéan gay ra dai dich toan cau COVID-19 va la nguyén nhan
gdy tir vong cho hang triéu nguoi trén toan thé gisi trong
thoi gian rat ngan. Thém nita, dich bénh do SARS-CoV-2
gdy ra c6 thé bung phat manh mé tr lai trong tuong lai gan.
Enzyme 3CLpro, hay con dugc goi la Mpro (Main protease)
la mdt enzyme co cAu tric dic hiéu chi ¢6 & virus Corona,
enzyme dong vai tro quan trong trong qua trinh phién ma va
nhan ban virus SARS-CoV-2 [3-5]. Do d6, 3CLpro duogc coi
1a dich tac dung hang dau trong nghién ciru va phat trién cac
thudc khéang virus SARS-CoV-2. Céc protein 3CLpro cia 3
loai virus Corona la 6Y2F (SARS-CoV-2 3CLpro), 3TNT
(SARS-CoV 3CLpro) va SWKK (MERS-CoV 3CLpro)
da duoc phan lap va xac dinh cAu trac déy dua, tuy nhién
trong qua trinh bién thé ciia virus, viéc bién ddi cia enzyme
nay con chua duogc nghién ciru chi tiét, vi vay hién chua co
danh gia rd rang vé hiéu qua cua cac thude e ché 3CLpro
trén dong virus c6 khang thuc. Pén nay, mot sb chat wc
ché protease 3CLpro dd duogc thiét ké, phat trién va thir
nghiém 1am sang dé diéu tri COVID-19, tuy nhién chi co
Nirmatrelvir dugc FDA va Co quan Quéan 1y Duoc phdm
chau Au cip phép sir dung khan cip diéu tri COVID-19 ¢
nguoi 16n (hiép dong véi Ritonavir - tén thuong mai cua
Norvir) [6, 7]. Thém vao d6, mot s tac dung phu, su khang
thudc cing chi phi diéu tri cao ciing 14 mot trong nhiing
nguyén nhan khién viéc str dung phac dd nay con nhiéu han
ché. Chinh vi vay, nghién ctru sang loc 4o cac chat co kha
nang trc ché 3CLpro 1a rat can thiét dé phat trién cac chat
tiém ning diéu tri SARS-CoV. Mit khac, cac hop chét di
vong chira thiazole v&i nhiing tinh chét dic biét vé hoat tinh
sinh hoc da dugc nhiéu nha khoa hoc nghién ctru tir rat 1au.
Qua cac nghién ctru di duoc cong bd cho thiy, cac hop chat
di vong thiazole va dan xuét ctia ching c¢6 kha niang khang
Khuén, chéng ndm [8], khang viém [9], chéng hién tuong
co giat [10], chéng ung thu [11], khang virus [12]. Trong
d6, Ritonavir 1a mot hop chat mang khung di vong thiazole,
¢6 kha ning chdng HIV nho tac dung e ché protease cua
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HIV, mét loai enzyme cung ho v4i 3CLpro cua virus Corona
[12, 13]. Chinh vi vay, nghién ciru sang loc 4o cac thube di
lwu hanh hay cac din chét dang duoc thir nghiém 14m sang
mang khung thiazole nham tim ra cac chit c6 kha ning trc
ché 3CLpro 1a rat can thiét dé phat trién nhanh cac thude
tiém nang diéu tri SARS-CoV. Cic tic gia nghién ciru st
dung 1y thuyét va cac cong cu tinh toan nham tim kiém cac
hop chit mang khung thiazole c6 kha ning tuong tac véi
enzyme SARS-CoV-2" véi muc tiéu: (i) Nghién ctru cu
tric ctia mot sd hop chat va thude chira phdi tir thiazole
va (ii) Nghién ctru 1y thuyét kha ning tuong tic ciia mot
s6 thiazole véi cac enzyme SARS-CoV dé lam tién dé cho
nghién ctru thue nghiém sau nay.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

3CLpro la mot trong nhiing protein chiu trach nhiém
vé vong doi cua SARS-CoV, SAR-CoV-2, MERS-CoV-2.
Enzyme nay rit quan trong trong viéc hinh thanh virus
RNA méi bang cach diéu chinh chudi polypeptide cua virus,
dugc goi la qué trinh phan gidi protein PP1a va PPlab. Cac
polypeptid nay bao gdm 11 vi tri phan cit xtic tic bao ton,
sir dung mot tai ky nudc 1on chira acid glutamic va cac gbe
acid amin nho khac. Protein ndy dugc coi la muc ti€éu chon
loc vi cho dén nay, khong cé protease nao ciia con nguoi
dugc biét dén c6 cau triic twong dong va tinh dic hidu phan
cit co chét vai SARS-CoV 3CLpro.

Chudn bi cdu triic protein: Céac ciu tric cia 3 protein
SARS-CoV-2 3CLpro; SARS-CoV 3CLpro; MERS-CoV
3CLpro lan lugt dwoc 1y xudng tir ngan hang protein véi ID
tuong tng 1a: 6Y2F; 3TNT va SWKK. Sau d6 cac cdu tric
protein dugc loai bo phan tir nudc, thém nguyén tor hydro
va dién tich sau d6 dugc xac dinh lai ving hoat dong cta
enzyme qua phan mém MGL Autodock tools 1.5.7. Céu triic
3D cuia ba loai enzyme 3CLpro dugc thé hién trong hinh 1.

MERS-CoV 3CLpro

SAR-CoV-23CL pro SAR-CoV 3CLpro

Hinh 1. C4u tric 3D enzyme 3CLpro cuia virus SARS-CoV, SARS-
CoV-2, MERS-CoV.
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Chudn bi cdu triic hop chat: Cac dan xuét di vong
thiazole dugc biét dén 1a cac hop chét 6 hoat tinh sinh hoc
t6t nhur hoat tinh khang vi khuén, khang virus, khang té bao
ung thu, chit chng oxi hoa... [14]. Nhom nghién ciru da
lIvrra chon ra 20 manh phéi tir khac nhau déu 1a dan xuét cua
thiazole ¢ hoat tinh sinh hoc tot [15] dé danh gid twong
tac gitta vong thiazole va 3 loai enzyme SARS-CoV-2
3CLpro; SARS-CoV 3CLpro; MERS-CoV 3CLpro. Céu
trac cua cac phdi tir mang khung thiazole nay dugc thé hién
& hinh 2. Thém vao d9, trén danh sach céc loai thude duge
FDA ban hanh hang nam, 20 thudc c6 mang khung di vong
thiazole c6 cu trac nhu hinh 3 da duge chon ra dé thuc hién
nghién ctru. Céu triic héa hoc ctia cac hop chit mang khung
thiazole duoc léy tr co s& dit liéu PubChem hoac duoc vé
bang phan mém ChemBio Office 2010 va duoc chuyén
thanh ciu tric 3D nhd phin mém Avogadro. Sau do, tit ca
cac hop chét duoc gén truong luc Merck Molecular Force
Field (MMFF94) va t6i wu héa mirc nang luong.

2.2. Phwong phap nghién ciru

Phuwong phap 3D docking phdn tu: Phuong phap 3D
docking phén tu in silico duoc sir dung dé danh gia sang
loc 4o twong tac giita cac phdi tir mang khung thiazole va
enzyme 3CLpro. Kha ning lién két cua cac hop chit can
docking dugc danh gia thong qua sy tuong tac cia ching
v6i cac acid amin trong hdc phan tmg cling nhu ning luong
twong tac tinh boi ham tinh diém (scoring function) ciia
Autodock Vina.

Trung tdm hoat dong va Grid box cho docking duoc
thiét 1ap cac thong sb cua toa do trung tam X, Y va Z voi
dd rong tuong ung cung vdi khoang cach giira cac 6 ludi
[13] dwoc mo ta ¢ bang 1. Kich thudc Grid box du 16n dé
bao phii toan b trung tim hoat dong va dam bao phdi tur di
chuyén ty do trong trung tim hoat dong ciia enzyme. Cac
thong sb nay dugc xac dinh dya trén kich thudc phéi tor du
kién st dung.

Bang 1. Cac théng s6 mang lwéi dé nghién civu 1dp ghép phan tie.

R . Toa do trung Kich thwée do rong ~ Khoang cach

Tén protein 1D . ) o
tim(x,y,z)  twong img giira cdc 0 lwdi
x=10,9372;

SARS-CoV-23CLpro  6Y2F  y=2,0146; 25AX25AX25A 1A
7=18,2692
x=25,1486;

SARS-CoV3CLpro ~ 3TNT  y=44,1145; 25AX25AX25A 1A
7=-5,0121
x=-21,9860;

MERS-CoV 3CLpro  SWKK  y=25,6036; 25AX25AX25A 1A
7=4,0045
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Trong mo hinh docking nay, anh hudng ctia phan tir nude
dd duoc giam thiéu dé két qua nghién ctru tap trung vao
tuong tac giita phdi tir di vong thiazole véi trung tim hoat
dong cua enzyme. Céc tuong tac dugc quan tdm nhiéu nhat
1a lién két hydro gitra di vong thiazole véi cac acid amin c6
mat trong trung tdm hoat dong cua protein, cling nhu céac
tuong tac giita cac nhom chire khéc trong cau trac phdi tir
v6i enzyme. Cdu dang c6 twong tac v6i trung tdm hoat dong
ctia protein dong thoi ¢6 nang luong lién két nho nhét s&
duoc uu tién lua chon. Két qua cia qua trinh sang loc duoc
béo céo dudi don vi keal/mol (ning lwong lién két).

Théam dinh lgi mé hinh docking phan tir: Dé tham dinh lai
mo hinh 3D docking phan tir trong nghién ctru nay va kiém tra
thudt toan cung voi do tin cay khi lp ghép phdi tir v6i protein,
nhom nghién ciru da thyc hién st dung mo hinh docking nay
dé re-dock Levofloxacin véi trung tdm hoat dong ciia phan tir
FABP4 (FABP4 1a mot protein voi ID:3FR5 dugc tai xudng tir
thu vién protein (Protein Data Bank). Hinh anh cdu trac 2D va
3D thu dugc vé twong tac giita levofloxacin trong hdc phan tmg
ctia FABP4 cho thay, phéi tir lién két chinh xac véi vi tri trung
tam hoat dong va c6 do chénh 1éch khong dang ké v6i hinh anh
twong tac cua phéi tir Levofloxacin va FABP4 trong bao cdo
trude do6 cua Y. Wang va cs (2014) [16].

3. Két qua va ban luan

3.1. Nghién ciru sang loc cdc phoi tie thiazole phén tiv
nho

Nhom nghién ciru di tién hanh sang loc ao danh gia
tuong tac gitra protein 3CLpro v6i 20 manh phdi tir mang
khung di vong thiazole ¢6 ciu truc phan tir nhé (hinh 2).
Pay déu la cac khung dan chat thiazole da va dang duoc
danh gia c6 hoat tinh sinh hoc tdt nhu (e ché hoat dong
ctia mot sé enzyme MurA, 3CLpro, MetaAPla va DdIB...
[14-19]. Két qua docking cac hop chit nay vao trung tim
hoat dong ciia enzyme 3CLpro duoc tong hop & bang 2
dwa trén nang luong lién két cac dan chét di vong thiazole
voi cac enzyme SARS-CoV-2 3CLpro(E,), SARS-CoV
3CLpro(E,), MERS-CoV 3CLpro(E)).

Két qua nghién ctru twong tac clia cic hop chit mang
khung di vong thiazole voi cac enzyme SARS-CoV-2
3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro cho thiy,
céc thiazole c6 thé chia thénh 2 nhém: Nhom 1 bao gém 15
chu trac co tuong tac yéu hon T-T,; va nhom 2 c6 twong
tac manh gém céc chét T, Nhom T,-T,; c6 nang luong
lién két voi 3 enzyme trong khoang tur 5 den -7 (kcal/mol).
Céc thiazole tir T T, v6i nang lugng lién két manh hon
trai dai trong khoang 7 dén -9 (kcal/mol). CAu truc cua 5
thiazole nay trong vung hoat dong cua enzyme voi muc
nang lugng lién két cao nhat dugc thé hién trén hinh 4.

Két qua phan tich cho thay, phdi tir T16 c¢6 ning luong
tuong tac voi SARS-CoV-2 3CLpro 1a -7,6 kcal/mol. Cau
triic cua phan tu cling nhu sy ¢ mat cia mot so nhém c6 kha
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Bang 2. Twong tac giira cac phdi i thiazole véi cac enzyme virus
Corona.

STT Thiazole E, (kcal/mol) E, (kcal/mol) E, (kcal/mol)
1 T1 -6,7 -5,3 -6,3
2 T2 -6,1 -4,7 -6,6
3 T3 -6,0 -4,3 -6,0
4 T4 -6,0 -5,6 -6,5
5 TS -6,2 -5,1 -7,2
6 T6 -6,9 -5,9 -7,9
7 T7 -5,6 -5,1 -6,6
8 T8 -5,9 -5,2 -6,5
9 T9 -5,7 -5,3 -6,7
10 T10 -6,1 -5,5 -6,8
11 T11 -6,1 -5,3 -7,1
12 T12 -6,1 -5,4 -7,2
13 T13 -7,0 -5,7 -7,8
14 T14 -7,0 -6,0 -7,6
15 T1S -6,9 -5,7 -7,9
16 T16 -7,6 -7,9 -9,2
17 T17 -1,3 -1,5 -8,6
18 TI8 -1,7 -8,5 -8,4
19 T19 -7.4 -8,3 -8,3
20 T20 -7,3 -7,4 -8,4

T17

T19 T20

Hinh 4. C4u tric 3D cuia dan chét thiazole trong trung tam hoat
dong cuia SARS-CoV-2 3CLpro.

ning tao lién két hydro tir d6 lam tang ning luong lién két
v6i enzyme (hinh 5). Pang cha ¥ 1 hai lién két hydro gitra
nguyén tir [uu huynh va nito trong khung di vong thiazole
voi nguyén tir oxy trong HIS163 va CYS145. Ngoai ra con
¢6 thém hai lién két hydro giita nhom -S=O véi H trong
CYS145 va SER144.

Hop chat T17 va T20 déu c6 ning luong tuong tac véi
enzyme SARS-CoV-2 3CLpro 1a -7,3 kcal/mol. Sy tuong
tac phu thudc chu yéu vao luc hut tinh dién gitra T17 va T20
v6i cac acid amin trong cAu triic ciia enzyme nhu asparagine,
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T16

(8)

PHE
A:140

T T

o—w

Hinh 5. T16, T19 twong tac (A), (B) trong tam hoat dong ciia SARS-CoV-2 3CLpro (C).

serine. V4i T19, két qua md phong cho thay, ning luong
tuong tac la -7,4 kcal/mol. Céac tuong tdc manh gitta T16,
T19 va SAR-CoV-2 3CLpro duoc thé hién rd trong hinh 5.
Céc tuong tac bao gom lién két hydro giira nguyén tir N cta
vong thiazole voi GLY 143, SER144 va lién két hydro giira
nhom carbonyl cta hop chat T19 v6i SER144, CYS145 va
THR26.

Trong cac dan chét thiazole dugc thir nghiém, T18 co
ning luong tuong tic manh nhét trong diy véi enzyme
SARS-CoV-2 3CLpro. Véi cau tric cta phan tir ciing nhu
su c6 mit cia mot sé6 nhom c¢6 kha nang lién két tot lam
tang nang luong lién két cua T18 voi enzyme (-7,7 keal/
mol, hinh 6). Bén canh céc lién két yéu nhu m-alkyl; ©-S
con c6 cac tuong tac, lién két manh nhu cac lién két hydro
cua CYS145, SER144, HIS172, THR26. Ngoai ra, Flo ¢o 1
electron doc than va c6 thé tao thanh lién két cho nhan véi
mot trong ba acid amin GLU166, PHE140 va HIS 172.

T18

Sa

Hinh 6. T18 twong tac (A), (B) trong tam hoat dong cua SARS-
CoV-2 3CLpro(C).

JHOAHOC | -

3.2. Sang loc do cdc thudc c6 ciu tric di vong thiazole di
dwoc FDA cap phép luu hanh

Trong qua trinh sang loc 4o, 20 thudc da duge luu hanh ¢o
mang khung di vong thiazole dugc dua vao trung tam hoat dong
cta 3 enzyme 3CLpro. Nang lugng tuong tac gitta khung di
vong thiazole va trung tdm hoat dong cla protein giup tim ra
dugc cac hop chit co kha ning trc ché hoat dong cua enzyme
thong qua co ché gin két tryc tiép vao tam xic tic (vi tri canh
tranh voi co chit cta enzyme). Nang luong lién két cia timg
thude voi cac enzyme SARS-Cov-2 3CLpro(E1), SARS-CoV
3CLpro(E2), MERS-CoV 3CLpro(E3) dugc tong hop ¢ bang 3.
Bang 3. Twong tac gira cac thudc cé khung thiazole déi vé&i
enzyme 3CLpro.

STT Tén thude E, (kcal/mol) E,(kcal/mol) E, (kcal/mol)

1 Mirabegron -6,0 -6,8 -7,8
2 Alpelisib -1,7 -7,2 -6,4
3 Cefiderocol -6,5 -6,5 -4.9
4 Isavuconazole -6,8 -7,1 -9,0
5 Edoxaban -8,6 -8,8 -9,7
6 Dabrafenib -8,7 -9,0 -9,8
7 Febuxostat -7,1 -8,6 -8,0
8 Ixabepilone -8,8 -8,7 -8,7
9 Dasatinib -7,4 -8,8 -8,5
10 Nitazoxanide -7,2 -7,7 -8,8
11 Pramipexole -5,2 -6,3 -6,9
12 Ritonavir =53 -4,1 -43
13 Aztreonam -8,4 -8,5 -7,7
14 Famotidine -7,1 -7,5 -83
15 Ceftaroline fosamil -8,9 -8,5 -9,7
16  Cefotiam -6,1 -7,7 -8,7
17  Ceftibuten -7,3 -7,8 -8,8
18  Cefdinir -7,4 -8,1 -8,3
19 Cefotaxime -7,1 -84 -9,3
20  Ceftizoxime -8,0 -8,3 -9,6




Két qua nghién ciu véi cac enzyme SARS-CoV-2
3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro c6 4
thudc cho thay nhiing ning lugng lién két thap nhat do la:
Edoxaban, Ixabepilone, Dabrafenib, Ceftaroline fosamil.
So sanh v&i cac hop chat co cdu tric phan tir nho & trén,
ca 4 thudc ndy déu cho thiy kha ning tuong tac tot hon
v6i enzyme 3CLpro. Trén dit liéu nghién ciru, két qua phan
tich cho thiy Edoxaban - mot thudc chong dong mau duong
ubng c6 niang luong twong tac véi SARS-CoV-2 3CLpro,
SARS-CoV 3CLpro, MERS-CoV 3CLpro lan luot 13 -8,6;
-8,8; -9,7 (kcal/mol), Su tuong tac phu thudc chu yéu vao
luc hut tinh dién gitta Edoxaban va cac acid amin trong cAu
tric cua enzyme nhu Asparagine va Serine (hinh 7).

Trong s6 cac thude co twong tac tdt v6i enzyme 3CLPro,
Dabrafenib cé nang lugng tuwong tac voi enzyme SARS-
CoV-2 3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro
lan luot 1a -8,7; -9,0; -9,8 kcal/mol. Cau triic cua phan t

Edoxaban

Hinh 8. Ixabepilone twong tac (A), (B) trong trung tam hoat dong
protein SARS-CoV-2 3CLpro (C).
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cling nhu sy ¢6 mat ciia mot s6 nhom c6 kha nang tao lién
két hydro ciing 1am ting ning luong lién két v6i enzyme
SARS-CoV-2 3CLpro (-8,7 kcal/mol trong hinh 7). Bén
canh céc tuong tic yéu nhu 77, 7-c, w-alkyl cht ¥ hon ca
1a lién két hydro giita NH proton v&i O trong Asn142 ngoai
ra c6 lién két gitra nguyén tir halogen flo véi acid amin
threonin 26.

Trong nghién cuu tuong tic cuia Ixabepilone voi 3
loai enzyme SARS-CoV-2 3CLpro, SARS-CoV 3CLpro,
MERS-CoV 3CLpro, két qua mé phong cho thiy, ning
luong lién két lan luot 1a -8,8; -8,7; -8,7 kcal/mol. Nhur
vay, Ixabepilone tuong tac tot voi ca 3 loai enzyme Corona
protease nay. Cac tuwong tdc manh cua Ixabepilone voi
enzyme SARS-CoV-2 3CLpro dugc thé hién trén hinh 8.
Trong d6 co lién két hydro giita oxy trong nhém CHO va
cystein 145, bén canh d6 con ¢6 3 lién két hydro ciia Glu166,
Gly143 va Cys145.

Dabrafenib

Hinh 9. Ceftaroline fosamil twong tac (A), (B) trong trung tam hoat
dong protein SARS-CoV-2 3CLpro (C).
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Ceftaroline fosamil, mot thudc khang sinh nhoém
cephalosporin cho thiy kha ning tuong tac manh voi
protein 3CLpro. Nang luong lién két véi 3 enzyme SARS-
CoV-2 3CLpro, SARS-CoV 3CLpro, MERS-CoV 3CLpro
lan luot 1a: -8,9; -8,5; -9,7 kcal/mol. Véi nang lugng lién
két -8,9 kcal/mol, Ceftaroline fosamil 1a thudc c6 tuong tac
t6t nhat trong tat ca cac thude dwoc sang loc ddi véi enzyme
SARS-CoV-2 3CLpro gy bénh COVID-19. Trong cau tric
ctia Ceftaroline fosamil vong 1,3-thiazole gan vao vi tri 3
ctia nhan cephalosporin va nhom oxime trong gdc acyl C7
chiu trach nhiém cho cac hoat tinh. Tuong tac manh cua
Ceftaroline fosamil dwoc thé hién 16 bang lién két hydro
gitia PO v&i H cia NH cua cystein 145. Nguyén tir oxy cua
asparagine 142 tao lién két hydro véi hydro ciia Ceftaroline
fosamil. Ngoai ra con c6 céc lién két hydro vai leucine 141
va serine 144 (hinh 9).

Két qua phan tich cho thiy, bang cach sang loc cac thudc
chira thiazole dugc FDA cép phép luu hanh, ching toi da
xdy dung dugc mot sé thude co kha ning tuong tac tot véi
SARS-CoV-2 3CLpro. Mot sé cau trac c6 nang lugng lién
két trong khoang -8,6 dén -8,9 kcal/mol. Nang lugng nay 16n
hon so v&i mot sé cau trac duge cong bd gan day, cho thiy
tiém nang st dung cac hop chat c6 khung di vong thiazole
v6i tac dung tre ché enzyme 3CLpro ciia SARS-CoV-2. Céc
thudc duge FDA cip phép luu hanh trén thi trudng cho thiy,
ai lyc v6i enzyme SARS-CoV-2 3CLpro tét hon cic manh
phan tir nho din chét cta thiazole dugc nghién ciru, c6 1& do
cac thude nay ngoai cac lién két twong tac ndi bat giira di
vong thiazole voi trung tam hoat dong cua protein, con co
su hd tro tuong tac ciia mot s6 nhom chire khac trong ciu
trac. Mat khac, enzyme 3CLpro 1a mdt protease chi c6 &
virus va khong twong ddng voi protease nao ctia ngudi nén
cac hop chat hudng e ché enzyme 3CLpro vira dugce danh
gia trong nghién ctu nay duoc ky vong s€ c6 tic dung chon
loc ddc hiéu, giam tac dung khong mong muén khi st dung.
Mo hinh docking phén tir dy doan dugc xay dung cho thay,
d6 chinh xac cao trong kha ning phan loai cac hop chét co
“hoat tinh” trc ché va khong cé hoat tinh rc ché enzyme nay,
1a tién dé cho cac nghién ctru sau hon trong viée thiét ké cac
hop cht 1am thuéc diéu tri COVID-19, cling nhu cac bénh
lién quan dén cac dong virus Corona khac.

4. Két luan

Nghién ctu sang loc 40 md phong tuong tac giita cac
dan chét c6 khung di vong thiazole v6i 3 enzyme 3CLpro
cua virus Corona, thong qua phuong phap 3D docking phan
tr 3 duge thuc hién, v6i 40 dan chat khac nhau, bao gém
cac thudc dd duoc luu hanh ciing nhu cac hop chit dang
trong qué trinh nghién ciru tién 1am sang. Nhém nghién
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ctru da xay dung duoc mot s6 khung thiazole cé kha ning
tuong tac t6t voi SARS-CoV-2 3CLpro, trong d6 mot s cau
trac ¢6 nang lugng lién két trong khoang -7,3 dén -9 kcal/
mol. Cac hop chét di vong thiazole T, -T, va ddc biét la cac
thude c6 khung thiazole da dwgc FDA cép phép luu hanh
la Edoxaban, Ixabepilone, Dabrafenib, Ceftaroline fosamil
thé hién tuong tic manh nhit v6i enzyme 3CLpro cua 3
loai virus Corona dugc nghién ctru, gop phan khing dinh
khung di vong thiazole la mét trong cac khung di vong c6
tuong tac tdt, co i lwc manh, kha nang gén két 6n dinh vao
vi trf xtic tac ciia protein. Nghién ctru cho thiy, tiém niang dé
phat trién cac dan chat mang khung di vong thiazole hudng
trc ché 3CLpro va e ché su phat trién cua virus Corona.
Két qua nay déng vai trd quan trong trong viéc nghién ciru
va phat trién cac thudc khang virus va diéu tri COVID-19
thong qua tc ché enzyme 3CLpro cta virus. Tuy nhién,
nghién ctru docking phan tir con mét sé han ché, nhu viéc
chua danh gia dugc tuong tac gitta cac hop chét cé tiém
nang voi trung tm hoat dong cua protein khi protein ¢ dang
linh dong. Do vy, can tién hanh thém céc nghién ctru mo
phong ADMET in silico, nghién ctu thtr nghiém moé phong
dong luc hoc phan tir (molecular dynamics simulations) va
cac nghién ctru thuc nghiém in vitro, in vivo dé danh gia
lai két qua sang loc, chiing minh hoat tinh mot cach chinh
xac hon. Pong thoi nhom nghién ciru dé xuit nghién ciru,
phat trién cac dan xudt mang khung di vong thiazole v&i cac
nhém chire khac nhau dé tang cuong hoat tinh, véi muc dich
phat trién thudc méi diéu tri COVID-19 trong twong lai.
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Nghién ctru 1y thuyét sw hap phu
cac phan tir hiru co' dé€ bay hoi trén bé mat MoSe,
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Tom tit:

Viéc hiéu co ché hip phu cic phén tir trén bé mit vt liéu nhu dichalcogenide kim loai chuyén tiép ¢é ¥ nghia quan
trong dé danh gia diy di cac hién twong bé mit ciing nhw tinh chét dién tir ciia vat liéu. Trong nghién ciru nay, tic
gia str dung cac tinh toan héa hoc lwgng tir dé khao sat chi tiét su twong tac giira cac hop chit hiru co dé bay hoi
(VOC) trén bé mit MoSe,. Cac cau hinh héip phu dwoc lam bén béi twong tac Se- - - H/C/O. Két qua cho thiy, sy hip
phu cac phén tir trén bé mat MoSe, dugc danh gid l1a hap phu vat ly yéu. Kha ning hap phu ciia cac phén tir trén
MoSe, giam din theo thit ty C.H OH>C H >C,H,CHO>H,COCH>C,HNH,. Cac phan tich nguyén tir trong phén
tir (AIM) va orbital lién két thlch hop (NBO) chl ra riang, cac tu'(rng tac ngoal phéan tir Se* - - H/C/O déu thudc loai
tuong tac yeu va c6 ban chét khong cong hoa tri. Két qué dat dugc cho thay, MoSe, dang don l(rp c6 kha nang cam
bién tét ddi véi cac VOC. Thoi gian tai tao bé mat MoSe, trong cac hé khao sat & nhlet do phong rat nhanh. Nhir vy,
MoSe, don 16p dwgc mong dgi co tiém nang trong ung dung cam bién céc hop chit VOC.

Tir khéa: hop chit hiru co dé bay hoi, Iy thuyét phiém ham mat do, MoSe,, sw hip phu, twong tac bé mit.
Chi 56 phdn logi: 1.4,2.4,2.5

Theoretical study on the adsorption
of volatile organic compounds on MoSe, surface
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Abstract:

Understanding the adsorption mechanism of molecules on material surfaces, such as transition metal
dichalcogenides, is of great significance for fully evaluating insights into phenomena and electronic properties on
material surfaces. In this work, we conducted quantum chemical calculations to investigate the interaction between
volatile organic compounds (VOC) and MoSe, surface in detail. The Se---H/C/O intermolecular interactions
contribute to stable adsorption configurations. Results indicate that the process of molecules adsorbed onto MoSe,
is evaluated as weak physical adsorption. The adsorption ability of molecules on MoSe, decreases in the order of
C,H OH>CH >C H,CHO>H,COCH,>C HNH,. The atoms in molecules (AIM) and natural bond orbital (NBO)
analyses reveal that the Se- - - H/C/O intermolecular contacts are weak interactions and are non-covalent in nature.
The obtained results indicate that the MoSe, monolayer has good sensitivity for volatile organic compounds. The
recovery time for the MoSe, surface in the investigated systems is speedy after adsorption at room temperature.
Therefore, monolayer MoSe; is anticipated to be a promising candidate for sensing applications involving VOC.

Keywords: adsorption, density functional theory, MoSe,, surface interaction, volatile organic compounds.
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1. it van de

Viéc phat hién, loai bo cac VOC hoac chuyén ching thanh
mot s6 hop chat than thién moi truong 1a mot trong nhing chu
dé quan trong dwoc cac nha khoa hoc quan tim sau séc, boi
nhimg tic hai ctia ching ddi véi sitc khoe con ngudi va hé
sinh thai [1]. Nhiéu nghién ctru voi muc dich tim kiém vat lidu
xtic tac, vt liéu hap phu hay cim bién thich hop dé loai bo
khi doc hai hay VOC da duoc thyc hién [2, 3]. Cac hé vat li¢u
khéc nhau da dugc khdo sat, ddnh gia trén ca hai khia canh ly
thuyét mo phong va thuc nghiém. Trong s6 do, cac vat lidu
chalcogenlde kim loai chuyén tiép noi Ién nhu nhiing tmg ctr
vién day hira hen trong cac img dung vé quang xuc tic, cim
bién khi.

Gén day, cac nghién ctru vé vat liéu MoSe, - mét trong
nhimg chalcogen kim loai dién hinh, cho thay bé mit pha
2H-MoSe, c6 khd nang twong tic t6t voi phéan tir dextran chira
nhom chuc -OH [4]. Cac don 16p MoSe, dang thuan khiét va
pha tap kim loai dugc dénh gia c6 kha nang hap phu va cam
bién t6t cac khi gdy hai nhu CO,, NH,, SO,, H,S hay cac hop
chét hitu co d& bay hoi: CH, COCH CH ,OH, C,H,OH [5-
9]. Tuy nhién, trong cac nghlen cliu tru(’fc dﬁy, su tuong tac
gitta céc phan tir VOC trén cac bé mat vat lieu noi chung va
MoSe, ndi riéng chua duge phan tich chi tlet Cu thé, su hap
phu methanol va ethanol 1én MoSe, kha yéu va dugc lam bén
boi lién két hydrogen H---Se, tuy nhién sy hinh thanh va do
bén cua lién két nay chua dugc bio céo day du [8]. Tuong
tu, sy cO mat twong tac ngoai phan tir Se---C/N/O dugc xac
dinh dua vao su chuyén mat do dién tich gitra cac vi tri ¢ phan
tir acetone va bé mat MoSe, [5]. Déi v6i khao sat vé su hap
phu NH,, SO,, H,S trén MoSe cac tuong tac Se---N, Se---H
hinh thanh va dong gbp vao viéc 1am bén cic cdu hinh hép
phu chua dugc danh gia twong minh [6, 7, 9]. Viéc phén tich
lam rd ban chat twong tac hap phu c6 y nghia thiét thuc trong
viéc hiéu cac qué trinh dién ra trén bé mat vat liéu. Hon nita,
cac két qua tir tinh toan mo phong gitip dinh hudng cho cac
nghién cuu thuc nghiém xa hon trong viéc lya chon céc bé
mit vat liéu phu hop dé img dung hiéu qua trong cam bién hay
xuc tac [10]. Do vay, nghién ctru hién tai st dung cac tinh toan
1y thuyét phiém ham mat do co sy bd sung cac hiéu chinh vé
twong tac van der Waals dé khao sat sy hap phu cac phén tur
VOC véi cac nhom chirc khac nhau trén cac bé mit MoSe,, tur
d6 hiéu r& hon vé su hinh thanh va vai tro cac tuong tac bé mat
trong qua trinh hap phy.

2. Phucng phap nghién ciu

Bé mit MoSe, va cic phan tr VOC gdm isopentane
((CH,),CHCH,CH,), propan-1-ol (CH,CH,CH,OH),
propenal (C, H CHO) acetone (CH,COCH,) va ethylamme
(C,H\NH,) duoc ti wu bang chuong trinh VASP st dung
phlem ham vdW-DF2 [11-13]. Bbi voi MoSe, dang don 16p
(2H-MoSe,, P6,/mmc [14]), md hinh tinh toan dugc thiét ké
véi kich thu0’c 4><4X1 g v6i do 16n cac chiéu: a=12,66 A;
b=12,66 A; c=2544 A. O day, chiéu ¢ (truc z) dwoc xem
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xét voi khoang khong gian trong (16n hon 15 A) du 16n de
bo qua cac tuong tic bién khong can thiét trong qua trinh toi
uu héa hinh hoc. Nang luong phén tach song phing (B,
duoc lya chon ¢ 450 eV va cac diém mang ludi mo ta truong
Brillouin dugc thiét lap voi kich thude 2x2x1. Mot s6 dic
trung cla qua trinh t6i wu hoa hinh hoc nhu sy hoi tu vé luc va
nang lugng dugc xem xét twong Gtng ¢ mirc nho hon 0,01 va
1x10% eV. Céc gié tri nang lugng dic trung nhu nang luong hip
phu (E ), nang luong twong tac (E, ), nang luong bién dang
be mat (ED p va bién dang phén t (E ) dugc tinh theo cac
biéu thirc sau:

E,=E,_.-E_-E

conf surf

E =E -E *-E *

int conf surf mol

mol®

ED-surf - Esurf* - Esurt’.
ED-mol =E 1* -E mol
trong do: Ecmp Esm, E . 1a gia tri nang luong tinh cho cdc hinh

hoc t6i wu cua cau hinh hip phu, bé mit va phén tu; E_* va

E " la gia tri nang luong diém don cia céc cau tric bé mat va

phan tir duoc tach ra tir cu hinh hap phu bén va khong tdi wu lai.

Thém vao do, dé hiéu rd hon vé do bén va ban chat tuong
tac giita phan tir va bé mat vat liéu, cac tinh toan vé hinh hoc
topo, cac diém toi han lién két (BCP) dugc thuc hién béng
chuong trinh AIMAII & mirc 1y thuyét BILYP/LANL2DZ [15].
Su hinh thanh cac tuong tic ngoai phan t, su chuyén mat do
electron tai céc vi tri trong tac trong cac cau hinh hip phy bén
dugc xem xét thém boi phan tich duya trén céch tiép can orbital
lién két thich hop (NBO) tai ciing mirc 1y thuyét trén [16]. Cac
tinh todn nay dugc thuc hién bdi chuong trinh Gaussian 09,
twong tu nhu cac h¢ nghién cuu trudce day [10, 17].

3. Két qua va ban luan
3.1. Céiu tritc hinh hoc bén

Thyec hién t6i wu héa cac cdu trac cua sy hip phu céc phan
tir VOC bao gdbm isopentane, propan-1-ol, propenal, acetone va
ethylamine 1én bé mat MoSe, sir dung phlem ham vdW-DF2,
chiing t6i thu duoc cac cau hlnh hap phu bén d6i voi m01 hé vat
liéu-phan tr (MoSe,-VOC) nhu chi ra ¢ hinh 1. Céc cau hinh
hap phu dugc ky hiéu Se-Pent, Se-Propa, Se-Prope, Se-Acet,
Se-Ethyl twong ung vdi cac phan tu isopentane, propan-1-ol,
propenal, acetone va ethylamine.

Két qua toi wu hinh hoc thay, & cac cdu hinh hap phu bén
xuat hién nhiéu tuong tac ngoai phan tu Se--H/C/O gitra
cac vi tri Se (trén bé mat MoSe ,) V6i cac nguyén ta H, C, O
trong cac phén tir hop chét hitu co. Bang chu y, cac phén tu
¢6 xu hudng sip xép theo kiéu ndm ngang, song song voi bé
mét MoSe, trong sy hinh thanh cac tuong tac bé mit trong
céc cau hlnh hip phu. Nhu dugc chi ra ¢ hinh 1, cac khoang
cach Se---H va Se---C/O trong cic cu hinh hap phu co gia
tri twong Ung trong khoang 2,41-3,01 A va 3,01-3,19 A.
Cac gi tri nay déu nho hon téng ban kinh van der Waals cua
cac nguyén tir tham gia twong tic. Cu thé, ban kinh van der
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Se-Acet

Se-Ethyl

Hinh 1. Cac cAu tric bén déi véi sw hap phu cac phan tie hivu co’ trén bé mét vat liéu MoSe, (khoang cach don vi A, cac nguyén tir Mo,
Se, C, H, O, N twong (rng véi cac hinh cAu mau tim, xanh 14, xam, trang, dé, xanh lo).

Waals cua cac nguyén tu H, C, O, Se lan luot 1a 1,20, 1,70,
1,50 va 1,90 A. Thém vao d6, do 16n cac khoang cach lién
két hydrogen trong cac hé khao sat xdp xi va hoi 16n hon
s0 voi cdc hé¢ RCHZ --RCHZ véi R 1a cac nhém thé, Z 1a
cac nguyén tb chalcogen nhu S, Se [18]. Do dé, cac tac gia
nhan dinh, budc dau c6 sy hinh thanh cac tuong tac yéu
nhur lién két hydrogen kiéu Se---H va twong tac chalcogen
Se---C/O trong qué trinh hip phu cac phan tir VOC trén bé
mat MoSe,.

3.2. Cac gia tri nang lwong ciia qua trinh hd’p phu

Dé danh gia kha niang hip phu cua cac phan tir hop chat
hitu co 1én trén bé mit MoSe,, tac gia xem xét cac dai luong
dac trung nhu nang luong hap phu (E ), ndng luong tuong
tac (E, ) cua céac ciu hinh héap phu nang hmng bién dang
dbi v6i bé mat va phan tir (E Damol)” Tat ca cac gia tri
nay dugc lict ké trong bang 1.

D- surf’

Bang 1. Nang lwong hap phu, ning lwong twong tac va ning
lwgng bién dang (don vi kcal.mol"') déi v&i cac hé MoSe, - hop
chat hiru co’ dé bay hoi.

Céu hinh E,, E,, E ... E, ..
Se-Pent -2,8 -4,6 1,4 0,4
Se-Propa -4,8 -5,5 0,7 0,0
Se-Prope -1,2 2,3 1,2 0,0
Se-Acet -0.9 -4 0,5 0,0
Se-Ethyl -0,2 -4 1,2 0,0

Két qua tinh toan cho thay, ning lugng hap phu ddi véi
cac h¢ khao sat trong khoang -0,2 dén -4,8 kcal.mol! va
tang theo thir tyr Se-Propa<Se-Pent<Se-Prope<Se-Acet<Se-
Ethyl (bang 1). Do do, su héap phu cac phan tir VOC trén
bé mat MoSe, kha yéu va giam theo trinh tu cc phan tir
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propan-1-ol>isopentane>propenal>acetone>ethylamine.
Thém vao do, nang lugng tuong tac d6i v6i cac cau hinh
hap phu trong khoang tir -1,4 dén -5,5 kcal.mol"! va bién
doi tuong tu nang luong hap phu. Pang chu ¥, ning luong
tuong tac va hip phu doi voi Se-Propa c6 gia tri 4m hon so
véi cac phan tt VOC con lai, chiing t6 propan-1-ol twong
tac tot vi bé mat MoSe,.

Bén canh do, su bién dang phan tir va bé mat 1a mot dic
trung quan trong trong qua trinh hap phu. Tt bang 1 cho
thiy, gia tri nang lugng bién dang ciia cac céu tric bé mat
MoSe, va phén tr VOC déu kha nho, trong khoang 0,0-1,4
kcal. mol I. Do d6, cdu triic bé mit va cic phan tir b1en doi
khong dang ké trong qua trinh hap phy. Trong d6, cau tric
bé mit MoSe, (E,  trong khoang 0,5-1,4 kcal.mol") bi
bién dang nhleu hon so vOi ¢ cac phan tt VOC (E | trong
khoang 0,0-0,4 kcal.mol"). B1eu ndy tuong tu nhu nhan
dinh truéc day vé su thay dbi cau truc bé mat TiO, so v6i
cac phan tir hitu co trong qué trinh hip phu [19].

_3.3. Phan tich nguyén tir trong phdn tir va orbital lién
ket thich hop

Dé hiéu 13 hon ban chat, 6 bén cua ‘cac tuong tac bé
mat trong qué trinh hip phuy, ching t6i tién hanh phén tich
AIM va NBO cho céc cau triic bén dbi voi mdi hé MoSe,-
VOC tai muc 1y thuyét B3LYP/LANL2DZ. Theo do, h1nh
hoc topo thé hién & hinh 2. Mot sb thong sb dic trung tai
cac BCP bao gdm mat do electron (p(r)), Laplacian ciia mat
d6 electron (V(p(r)) va téng ning luong (thé nang va dong
nang) mat do electron (H(r)) duoc liét ké trong bang 2. Bén
canh do, su chuyén mat do electron téng (EDT) va nang
luong bén hoa bac 2 - nang lugng siéu lién hop ngoai phan
tr (E@) duoc phén tich theo cach tiép can NBO va duoc chi
ra trong bang 2.

1n



Se-Pent Se-Propa

Se-Acet

Se-Ethyl

Hinh 2. Hinh hoc topo va gian dé mat dé electron tdng ctia cac cau tric bén déi véi cac hé MoSe2-

VOC khao sat (isovalue=0,005 au).

Bang 2. Cac dai lwgng dac trweng cua hinh hoc topo (V2(p(r)), p(r),
H(r) don vj au) va phan tich NBO (EDT don vj e, E? don vi kcal.mol")
céc ciu truc bén véi MoSe, & mirc Iy thuyét B3LYP/LANL2DZ.

CAu hinh  BCP p(r)  Vipr)) H(r) E® EDT
Sge o olal 0,019 0,057 0,001  -2,6
Se-Pent 0,008
Sge o olal 0,021 0,061 0,001  -2,5
Se:-+H(C) 0,010 0,031 0,001  -1,7
Se-Propa  Se---H(C) 0,013 0,040 0,002 -0,5 0,003
Se--+H(O) 0,012 0,036 0,001  -1,9
Se---H 0,008 0,027 0,001  ---
SgoeeC 0,016 0,053 0,000 -44
Se-Prope -0,019
Sgoee@ 0,014 0,044 0,001  -3,2
SEEEL®) 0,009 0,034 0,001  -0,7
Sgo e olal 0,019 0,058 0,001  -3,1
Se-Acet -0,007
Sge o olal 0,021 0,062 0,001 -4.2
Sige e ol8l 0,015 0,051 0,002 -1,8
Se-Ethyl 0,006
Sgo o oIl 0,018 0,056 0,001 -5,5

Phén tich hinh hoc topo cuia cac cau trac hip phu bén
(hinh 2) thay rang, c6 sy xuat hién cac BCP giita cac su
tuong tac Se---H/C/O. Thém vao do, cac gia tri p(r) va
V3(p(r)) tai cac BCP Se---H/C/O tuong tng trong khoang
0,008-0,021 va 0,027-0,062 au (bang 2), déu nam trong gidi
han cho sy hinh thanh tuong tic yéu khong cong hoéa tri
[20, 21]. Do d6, cac twong tic ngoai phan tir kiéu Se---H 1a
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cac lién két hydrogen, Se---C/O
la cac tuong tac chalcogen.
Trong d6, cac lién két hydrogen
kiéu Se---H c6 gia tri p(r) trong
khoang 0,008-0,021 au khac
nhau khéng dang ké so véi cac
tuong tac Se---C/O (p(r) trong
khoang 0,009-0,016 au). Ngoai
ra, cac gia tri H(r) tinh dwoc déu
duong nhd, ching té cac tuong
tac ngoai phan tir trong cac hé
khao sat déu co ban chét khong
cong hoa tri. Nhu vay, cac lién
két hydrogen Se---H va tuong
tac chalcogen Se---C/O déu la
cac tuong tac yéu, co ban chat
khong cong hoa tri va dong gép
bd tro nhau trong viéc lam bén
cac cau hinh hip phu. Sy hinh
thanh nhiéu lién két hydrogen
C-H---Se, dic biét su c6 mat
lién két O-H---Se lam cho cdu
hinh Se-Propa trd nén bén hon
50 voi cac cau hinh hap phy con
lai.

Se-Prope

Bén canh do, su xuét hién
cac vung xen phu mat do
electron gitta cac vi tri trén phan ti voi bé mit vat liéu, minh
chung thém cho sy hinh thanh cac tuwong tac ngoai phan tir &
cac h¢ MoSe,-VOC. O day, sy xen phi mat do electron tap
trung ¢ cac vi tri cac nguyén tir H, C, O vdi Se trén bé mat
MoSe, dé hinh thanh cac twong tac Se---H/C/O. Céc vung
tiép xuc 16n gilta cdc vi tri trén cac phén tr VOC va bé mat
MoSe, dan dén sy hinh thanh cac tuong tac bén ciing nhu
tang cuong do bén cac cau hinh hap phu thu dugc. Bang 2
chi ra cac gia tri EDT & cac c4u hinh hdp phu kha nho (trong
khoang 0,003-0,019 ¢). Pbi v6i cac cau hinh Se-Pent, Se-
Propa va Se-Ethyl, gia tri EDT déu duong, thé hién rang su
chuyen mat do electron tir phan tir VOC dén bé mat MoSe,
chiém uu thé hon sy chuyén electron nguoc lai tir bé mat Vat
lidu dén cac phan tir. Nguoc lai, dbi voi Se- -Prope, Se-Acet,
su chuyen mat do electron tir cac phan tir dén MoSe, chiém
uu thé hon tir MoSe, dén cac phan tir, thé hién ¢ gia tr1 EDT
am nho (-0,007 va - O 019 e).

Dbi véi cac hé MoSe -VOC, sy hinh thanh cac tuong
tac kiéu Se--H/C duogc xem xét dya vao sy chuyén mat
dd electron tr cdp electron riéng cua Se (LP(Se)) trén
cac bé mit MoSe, dén orbital phén lién ke‘::t BD*(H-C/0O),
BD*(C-C/H/O) trong céac phan tit VOC. O céc tuong tac
Se---0, su chuyén mat do electron dugc xac dinh tir LP(O)
dén BD*(Mo-Se). Két qua tinh toan cho thay, ning luong
siéu lién hop ngoai phén tir (E?) trong khoang tir -0,5 dén
-5,5 kcal.mol! ddi véi cac lién két hydrogen Se---H va tir
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-0,7 dén -4,4 kcal.mol”! ddi voi cac twong tac chalcogen
Se---C/O. Nhin chung, cic gia tri E? déu kha nho, do d6
cac tuong tac ngoai phan tir déu kha yéu. Didu nay dan dén
cdc cau hinh hép phu & cdc hé MoSe,-VOC thu duogc trd
nén kém bén. Nhén dinh nay hoan toan phu hop véi cac
gié tri nang lugng hp phu va ning lugng tuong tc ciia cic
hé MoSe,-VOC & bang 1. Hon nita, cdc lién két hydrogen
kiéu Se---H c6 gia tri E® hoi 16n hon so véi cac gia tri E®
& cac tuong tac chalcogen Se---C/O. Do d6, dbi véi cac hé

Mat do trang thai (au) MoSe;

T T T T T T
—— Total _
— Mo (s, p, d)
—— Se (s, p)

60.0 [—

0.0
-6.0

|
he

4.0 -2.0 0.0 2.0 4.0 6.0

Nang Iu@ng (eV)

Mat do trang thai (au)

Se-Propa
T -

— Total

— Mo (s, p, d)

—— Se(s,p)

— C(s. p) _
O (s, p)

» H (s) i

-2.0 0.0 2.0 4.0 6.0

Nang lwong (eV)

Mat do trang thai (au) Se-Acet
T T T T T T T
60.0| —— Total 1
— Mo (s, p, d)
Se (s, p)
— C(s. p)
O (s, p)
H (s) 1

A 1 i I I A 1
-6.0 a0 20 0.0 2.0 2.0 6.0

Nang lwong (eV)

MoSe,-VOC, cac lién két hydrogen kiéu Se:--H duoc uu
tién hinh thanh, déng gop nhiéu hon vao d6 bén cic cau
hinh hap phu so vdi cac tuong tac chalcogen kiéu Se---C/O.

3.4. Tinh chit di¢n tir va khd ning nhay cim véi cic
phén tir khi ciia don lop MoSe,

Su thay dbi cac tinh chat dién tir trong qué trinh hap phu
cling nhu tinh nhay cam céc phan tir khi duoc khao sat trong
nghién ciru nay. Céac gian d6 mat do trang thai (DOS) cia
cac cAu hinh hép phu bén dwgc minh hoa & hinh 3.

Mat dé trang thai (au) Se-Pent
s0ol T T T T T T T T
) — Total
[ — Mo (s, p.d) |
—— Se(s.p)
50.0 - — C(s.p) —
H(s)

10.0 —

\
| .
-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0

Nang lwong (eV)

Mat do trang thai (au)
T T T

Se-Prope
T T T
- — Total .
— Mo (s, p. d)
—— Se (s, p) -
— C(s.p)
B O (s. p) N
H (s)

oy _
-2.0 0.0

Nang lwong (eV)

Mat do trang thai (au)
T T T

Se-Ethyl
T

T
Total -
Mo (s, p, d)
Se (s, p)
C (s, p)
N (s, p)
H(s)

LTI

-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0
Nang lwong (eV)

Hinh 3. Gian dé mat dé trang thai déi véi MoSe, va cac cau hinh hap phu bén.
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Két qua phan tich DOS cho cac cdu hinh hdp phu bén
thiy rang, nhin chung c6 sy xen phii nho giira cac orbital 4s,
4p & Se vobi cac orbital 2s, 2p cua C/N/O va 1s cia H. Cu
thé hon, cac sy xen phii ndy cha yéu tap trung & cac ving
nang luong -1,0 dén 0,0 va -3,0 dén -5,0 eV. Nhin chung,
cac vung xen phu mat do trang thai gitia cac nguyén tir trong
phan tir VOC va bé mit MoSe, khé nho, dac biét ¢ cac ving
lan can 0,0 va 1,0 eV. Do d6, su hap phu cac phan tot VOC
it 1am thay d6i nang lugng ving hoa tri ciing nhu ving dan
ciia bé mat don 16p MoSe,. Tuy vay, su dich chuyén nho
cac dai nang luong s€ dan dén thay doi tinh chat dién tu,
dd nhay cam cuia bé mat MoSe, ddi véi cac phéan tt VOC
khao sat.

Dé danh gia kha ning cam bién cac phan tir ctia bé mit
don 16p MoSe,, cac dai lugng dic trung nhu do nhay cam
(S), thoi gian tai tao bé mat (t) dugc tinh theo biéu thic sau
va tap hop ¢ bang 3 [22, 23].

R S
S= Feont I ot ;0= et BT ;1=A" e D
trong d6: o, o . tuwong ung la do dan dién ctia bé mat vat

liéu trude va sau khi hép phu cac phan tir; A 13 hing s6, E, la
ndng lugng ving cam twong Ung voi cac gid tric_  vac,
T 14 nhiét d Kelvin; A 14 tan sé thir (A=10"2s), k, a hang
s0 Boltzmann (k,=8,318 x 10° kJ.mol"" K™'), E_la ning luong
giai hap, co gia tri bang voi nang lugng hap phu (E, ).

Két qua chi ra rang, ning luong ving cdm tinh toan cua
don 16p MoSe, khoang 1,15 eV, kha g?m véi két qua thuc
nghiém do duoc (1,50 eV [24]). Su hap phu cac phan tu
khi VOC dan dén dich chuyén cac dai ning luong (gian
d6 DOS) ¢ cac ving dan va ving hoa tri, do d6 lam thay
ddi nang lugng vung cAm cua vt liéu. Tuy nhién, su thay
doi céc gid tri E_ khong dang ke (khoang 0,02-0,04 eV).
Nhu mot h¢ qua, do nhay cam S tinh dugc trong khoang
32,2-54,1% ddi v6i cac phan tir VOC khao sat. Tur két qua
tinh toan thay rang, MoSe, don 16p c6 tinh nhay cam tuong
doi tot doi voi cac phan tr VOC, dac biét la propenal va
isopentane.

Bang 3. Ning lweng ving cam (E,, don vi eV), do ‘nhz_ay cam cua
cac phan tt khi (S, don vi %) va théi gian phuc hoi (1, don vi s)

doéi v&i sw hap phu cac phan tir hep chat hiru co’ dé bay hoi trén
don I&6p MoSe,,.

Se-Pent  Se-Propa  Se-Prope Se-Acet Se-Ethyl
E (eV) 1,11 1,12 1,11 1,13 1,13
S (%) 54,1 44,2 54,1 32,2 32,2
T(s,298K) 5,1.10"°  3,5.107 7,0.10"2  4,7.10"  1,5.10"2
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Bén canh do, thoi gian phuc hoi hay tai tao bé mit vat
liéu MoSe, sau qua trinh hap phu 1a mot dic trung quan
trong cho viéc tai su dung vat liéu trong cam bién khi. Két
qua tinh toan cho thy, gia tri T & 298 K kha nho, trong
khoang 102 dén 10 s. Do vay, su phuc hoi bé mat vat liéu
rat nhanh sau qua trinh hap phu cac phan tir khi ¢ nhiét do
phong (298 K). Piéu niy c6 duoc nhu 1 hé qua cta su hap
phu hay twong tac yéu gitra cac phén tir voi bé mat MoSe,.

4. Két luan

Str dung céc tinh toan dya vao 1y thuyét phiém ham mat
do, tai phiém ham vdW-DF2, tac gia thu dugc cac cAu hinh
hap phu bén tng voi cac hé phan tu VOC-MoSe,. Nang
luong hap phu cua cac cau hinh bén trong khoang -0,01
dén -0,21 eV. Két qua cho thiy, kha nang hép phu cac
phéan tt VOC trén bé mat MoSe, déu thuoc loai hép phu
vat Iy yéu, giam dan theo thtr ty propan-1-ol (Se-Propa)>
isopentane (Se-Pent)>propenal (Se-Prope)>acetone (Se-
Acet)>ethylamine (Se-Ethyl). Cac cdu hinh hap phu dugc
lam bén cha yéu boi cac lién két hydrogen Se---H va su
cong két boi cac tuong tac chalcogen Se---C/O. Phan tich
AIM cho thdy, cac twong tac Se---H/C/O déu thudc loai
tuong tac yéu va c6 ban chat khong cong héa tri. Thém vao
do6, phan tich NBO da chiing minh sy hinh thanh cac tuong
tac ngoai phén tir Se---H/C/O va dong gop vao do bén cac
cau hinh hap phu d6i voi hé MoSe,-VOC. Két qua tinh toan
cho thay, su thay d6i nang lugng ving cam & céc cau hinh
hap phu khéng déng ké so voi bé mat MoSe, ban dau. Do
n}}ay ,cém voi cac phéan tr VOC trén bé mat MoSe, tuong
doi tot, trong khoang 32,2-54,1%. Bén canh do, thoi gian
giai hap phu hay tai tao bé mat MoSe, () kha nhanh, trong
khoang 10° s dén 102 s tai nhiét d6 298 K. Nhu vy, MoSe,
don 16p dugc mong dgi co6 tiém nang trong Gng dung cam
bién cac hop chét hitu co d& bay hoi.

Nghién ctru nay dugc tai trg boi Chuong trinh hoc bong
sau tién sy ciia Quy ddi méi sang tao Vingroup (mi sb
VINIF.2022.STS.19). Céc tac gia xin chan thanh cam on.
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Nghién ctru cdc ddc trung cia cam bién khi NH,
dira trén cac mang nhay polypyrrole pha tap FeCl, o nhi¢t do phong

Hoang Thi Hién", Chu Vin Tuin', Trin Thanh Binh"2, P§ Huy Hoang?, Ho Trudong Giang®
"Trieong Pai hoc Sie pham Ky thudt Hung Yén, xd Dén Tién, huyén Khodi Chéu, tinh Hing Yén, Viét Nam
*Truomg Cao ding nghé Cong nghiép Ha Néi, 131 Thai Thinh, phiong Trung Liét, quin Dong Da, Ha Néi, Viét Nam
‘Khoa Héa hoc, Truong Dai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi, 19 Lé Thanh Tong, phwong Phan Chu Trinh, qudn Hoan Kiém, Ha Ngi, Viét Nam
*Hoc vién Khoa hoc va Cong nghé, Vién Han ldm Khoa hoc va Cong nghé Viét Nam, 18 Hoang Quéc Viét, phwong Nghia Do, qudn Cau Giéy, Ha Noi, Viét Nam
Ngay nhén bai 13/9/2023; ngdy chuyén phan bién 15/9/2023; ngdy nhan phan bién 18/10/2023; ngay chip nhan dang 23/10/2023
Tom tat:

Cac mang polymer din (PPy) duwgc pha tap FeCl, thu dwgc cac hinh thai dang dam hat nano va tAm moéng nano
moc truc tlep trén bé mit dién cwe Pt/Al , theo mot cach don gidn bang cach két hop giira phun phu va trung hop
pha hoi. Cac dic trung hinh thai va ciu truc ciia mang PPy dwge phan tich thong qua anh kinh hién vi dién tir quét
(SEM), phd tin sic ning lugng tia X (EDS) va phé hong ngoai bién d6i Fourier (FTIR). Két - qué do nhay khi cho
thiy, tit ca cac ‘mang PPy déu dap ung tot véi khi NH, 6 nhiét d§ phong va dj dap tng cao nhit khoing 135% dwgc
tim thiy khi tiép xiic véi 400 ppm khi NH, cuaa miu mang PPy@30. Cac cam bién PPy ché tao dwoc khong nhirng
cho thoi gian dap u'ng/h01 phuc nhanh, dac biét 1a thoi glan dap Gng chl ¢0 vai gidy ma con cho do chon loc tot nhat
v6i khi NH, ¢ nhi¢t d) phong. Két qua thu dwge chirng t6 rang, hiéu suét ciia cam bién khi NH, ¢ nhiét d§ phong bi
anh huwéng dang Kké béi pha tap va hinh thai bé mat cia cic mang PPy. Ngoai ra, co ché nhay khl ciia cam bién dua
trén cac mang PPy ciing da dwgc thdo ludn trong nghién ctru nay.

Tir khéa: cim bién khi NH,, nhiét d§ phong, PPy.
Chi 56 phin logi: 1.4,2.4,2.5

Room-temperature fabrication and characterisation of ammonia gas sensors
based on FeCl,-doped polypyrrole thin films

Thi Hien Hoang!", Van Tuan Chu!, Thanh Binh Tran" 2, Huy Hoang Do? Truong Giang Ho*

'Hung Yen University of Technology and Education, Dan Tien Commune, Khoai Chau District, Hung Yen Province, Vietnam
’Ha Noi Vocational College of Industry, 131 Thai Thinh Street, Trung Liet Ward, Dong Da District, Hanoi, Vietnam
*Faculty of Chemistry, University of Science, Vietham National University - Hanoi, 19 Le Thanh Tong Street, Phan Chu Trinh Ward, Hoan Kiem District, Hanoi, Vietnam
‘Graduate University of Science and Technology, Vietham Academy of Science and Technology, 18 Hoang Quoc Viet Street, Nghia Do Ward, Cau Giay District, Hanoi, Vietnam

Received 13 September 2023; revised 18 October 2023; accepted 23 October 2023
Abstract:

The FeCl,-doped conductive polymer (PPy) films exhibited nanoparticle clusters and nanosheet structures that were
grown directly on the surface of the Pt/Al,O, electrodes in a simple way using a combination of spray coating and
vapour phase polymerisation. The morphological and structural characteristics of PPy film are analysed through
scanning electron microscopy (SEM) images, energy-dispersive X-ray spectroscopy (EDS), and Fourier transform
infrared (FTIR) spectroscopy. The results of the gas sensitivity measurement show that all PPy films respond well to
NH, gas at room temperature and the highest response of 135% was found when the PPy@30 sample was exposed to
400 ppm NH, gas. The fabricated PPy sensors not only exhibit fast response/recovery times, especially with response
times of only a few seconds, but also show excellent selectivity toward NH, gas at room temperature. The obtained
results demonstrate that the performance of NH, gas sensors at room temperature is significantly affected by the
doping and surface morphology of the PPy films. Additionally, the gas sensing mechanism of the sensor based on PPy
films has also been discussed in this study.

Keywords: NH, gas sensor, PPy, room temperature.
Classification numbers: 1.4, 2.4, 2.5
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1. Dt van dé

O nhiém khong khi 1a mot trong nhiing van dé chinh dbi
voi su phat trién cua xa hoi ngdy nay. Viéc phat hién cac khi
doc gy 0 nhiém moi truong nhu NO,, CO, H,S, NH,... 1a
rat can thiét [1]. Trong s6 d6, NH, la mot khi rat dé thoat ra
ngoai va khuéch tan manh trong khong khi, gdy anh huong
nghiém trong dén strc khoe con ngudi va dong vat. Sau khi hit
phai mét lugng lon NH, trong thoi gian ngan, nguoi ta co thé
bi chay nudc mat, dau hong, khan giong, ho, khé tho, chong
mit, nhirc ddu, budn nén... Tham chi, gdy ton thuong dén
nhiéu bo phan nhu phdi, gan, than, tim [2, 3]. Giéi han phoi
nhiém cho phép ddi v6i con ngudi 1a 25 ppm trong 8 gio [4].
Déi véi cac vat nudi nhu gla stic, gia cam khi tlep xuc voi NH,
trong thoi gian dai, ngoai viéc gay t6n thuong dén cac bo phan
(mét, mii, hong) con anh huong tidu cuc dén sy ting trudng,
chirc nang sinh 1y va kha nang mién dich [5]. Mot vi du dién
hinh la con lon khi bi tiép xtic v6i 100 ppm NH, trong 4 dén s
tuan s& bi giam tang trong va kha ning tiéu thu thae an dugce
[6]. Tuy nhi€n, khi NH, lai dugc Gng dung rat nhiéu trong cac
nganh cong nghiép. V1 vy, viéc giam sat khi NH, trong méi
trudng dua trén cac cam bién khi 1a diéu rat quan trong Trong
linh vuc cam bién khi, cac vat lidu polymer din thu hut sy
quan tdm cua rat nhiéu nha khoa hoc trén toan thé gidi trong
hai thap nién gan ddy, boi cac tinh chat hoa Iy phong phu, linh
hoat trong ché tao ciu tric linh kién, gia thanh ré, bén, than
thién v6i méi trudng va c6 wu diém rat 16n 1a hoat dong dugc
& nhiét do phong [7, 8]. Trong do, PPy 1a mot trong s nhiing
polymer dan dwoc nghién ciru rat phé bién cho cam bién khi
NH, ¢ nhiét d6 phong [9]. Hinh thai bé mat cua cac 16p mang
polymer dan c6 cau trac nano dugc xem 1a mot trong nhirng
yéu té then chét anh hudng 16n dén hiéu sudt cua cam bién khi
[10, 11]. Trong thoi gian gin ddy, cic mang polymer co cau
trac nano véi dién tich bé mat riéng 16n, bao gém cac dang
nhu hat nano, soi nano va tim nano da thu hat su quan tam
dang ké trong nhiéu nghién ctru khoa hoc. Y.J. Hong va cs
(2010) [12] da chi ra nhiing hat nano PPy cho d¢ dap tng c&
1,12 khi tiép xtc véi 200 ppm khi NH,. Bén canh d6, mot s0
cu tric khac cua PPy nhu 6ng nano cho do dap tmg la 1,11
g v6i ndng do 100 ppm khi NH, [13], s¢i nano cho do dap
tng la 1,53 v6i 150 ppm khi NH, [14] va ddm day nano c6 do
dap ting 1a 1,26 Gng véi 77 ppm khi NH, [15]. Ngoai ra, do
dap tng ciia cac cam bién khi NH, ngay cang dugc cai thién
thong qua ky thuét pha tap bang phuorng phap dién hoa hodc
oxy hoa hoa hoc dé lam thay ddi do dan ciia cac 16p mang
PPy. Gan day, A. Jain va cs (2023) [16] da st dung FeCl, dong
vai tro 14 chat pha tap rat tot cho qua trinh tong hop cac mang
PPy dé phat hién khi NH, ¢ nhiét d phong.

Tuy nhién, nhirng nghién ctru trén chi yéu tap trung vao
tung hinh thai riéng 1¢ ma chua c6 hé thong va do dap ung
van con ¢ mirc thap. Do d6, trong nghién ciru nay nhom tac
gia tap trung vao viéc ché tao ra cac mang PPy c6 ciu trac
nano véi cac hinh thai bé mat khac nhau (dam hat nano, tAm
nano), chtra ndng d¢ pha tap khac nhau, gop phan cai thién
o dap tmg cho cam bién khi NH, ¢ nhiét d phong.
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2. Vat liéu va phuong phap nghién ciu

Trong nghién ctu nay, cac hoa chat dugc st dung cho
tong hgp mang PPy bao gom: monome pyrrole (Merck, ¢
do tinh khiét cao >99%); mudi st (III) clorua (FeCl,.6H,0)
va ethanol déu xuat xur tr Trung Quoc. Dign cuc PY/ALO,
(tir Hang AdValue Technology - M¥) co kich thudc dé 1a
6,3x6,3x0,25 mm cung voi 2 day Pt nhu mo ta chi tiét &
trong tai li€u [17]. Pién cuc dugc lam sach b?mg con va
nude cat hai lan truée khi dem st dung. Dung dich mudi
FeCl,.6H,O co ndng d6 0,02 M dugc pha nhu mé ta trong
tai liéu [17]. Sau do6, cac dé Al O, dugc phu mot 16p mong
FeCl, 1én trén bé mat bang ky thudt phun phu dya trén thiet
bi Electrospinning - NTEC, vdi dién thé st dung 1a 13 kV,
luu luong phun 14 0,2 ml/gid, thoi gian phun thay doi 30, 50
va 100 pht. Cac dé Al O, sau khi dugc phun phu FeCl, voi
thoi gian khac nhau, dugc tién hanh polymer hoa dong thoi
trong mot buéng kin c6 chtra mot nguén monome pyrrole.
Qua trinh polyme héa dugc thuc hién trong thoi gian 60 phit,
& nhiét d6 5°C va ap suit khi quyén. Phuong trinh phan tmg
tong hop mang polypyrrole xay ra nhu sau:

nC,H\N + (2+y)nFeCl, — [(C,H,N) ¥ nyCI] + (2+y)
nFeCl, + 2nHCI (1)

San phém thu duoc dem rira sach, séy kho va goi tén
theo thoi gian phun phu lan luot 1a PPy@30, PPy@50 va
PPy@100.

Pac trung nhay khi cua cam bién duoc khao sat b?mg dién
trg dap ng thong qua thiét bi Keithley, model 2700 véi cac
ndng do khi NH, khac nhau (100, 200 va 400 ppm) trong
moi truong khi mang la khong khi kho (80% N, +20% O,) &
nhiét d6 phong theo phuong phap théi tron ty dong. Do dap
(g ciia cam bién khi dugc tinh toan theo cong thirc:

S = Rgas—Rair | 100% 2)

air
trong do: R R, lﬁn luot 1a dién trd trong moi truong khi
can do va trong khong khi.

£ 2 < < ~
3. Ket qua va ban luan
3.1. Hinh thdi va cau tric ciua cic mang PPy

Hinh 1A-C 13 anh SEM bé mit cta cac miu mang PPy
dugc tong hop voi 0,02 M F eCl, theo thoi gian phun phu
khac nhau (30, 50 va 100 phat). Quan sat thdy, khi duoc
phun pht trong thoi gian 30 phut, mau mang PPy thu duoc 1a
nhitng dam hat kha dong déu va c6 duong kinh kha nho (hinh
1A) dugc ude luong trung binh ¢& 50 nm. Diéu nay gop phan
lam tang dién tich bé mat riéng cua mang, s¢ rat thuan loi cho
qué trinh tuong tac khi trén bé mit.

1



Hinh 1. Anh kinh hién vi dién t&r quét clia cac mau mang. (A)
PPy@30, (B) PPy@50, (C) PPy@100, (D) Phé tan sac néng lwong cla
mau PPy@30.

Tang thoi gian phun phu [én 50 phat, mang PPy quan sat
dugc 13 cac tim mong duoc sap xep mot cach ngau nhién
(hinh 1B). Khi tiép tyc ting thoi gian phun phi 1én toi 100
phut thi mang PPy nhan dugc nhu ¢ hinh 1C, 1a nhitng cum
dam hat xép chat ch€ vdi nhau.

Thanh phan cic nguyén té trong mau mang PPy tong
hop duoc phén tich thong qua EDS cho mét mau dién hinh
PPy@30 nhu trén hinh 1D. EDS cua mang PPy chi ra céc
dinh déc trung cho cac nguyén t C, N, Cl, Fe, Al va O.
Trong d6, C, N, Fe va ClI 1a nhitng nguyén t6 cua mang PPy,
con Al va O 1a nhimg nguyén t6 thé hién cho dé ALO,

Céc nhom lién két dac trung cho mang PPy da téng hop
dugc nghién cuu dua trén phé FTIR (hmh 2) v6i pham vi
dai song khao sat tir 500 dén 2000 cm' cho mau PPy@30.
Tt ca cac dao dong ctia cac nhom lién két didc trung cho ciu
triic cia mang PPy déu xudt hién. Cu thé: cac dinh & vi tri
1540 va 1486 cm' duoc cho 1a cac lién két kéo cang C=C
va C-C trong céc chudi chinh ctia PPy [18].

Cuong do (d.v.ty)

1187

T
1500
S8 séng (cm?)

T
500 1000 2000

Hinh 2. Phé hdng ngoai bién dbi Fourier ctia mau mang PPy@30.
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bang chu y, dinh ¢ xung quanh vi tri 1096 cm™ duge quy
cho dao dong ubn cong trong mit phing cta cic nhom bat
ngudn tir chudi PPy duoc proton héa [19], diéu d6 cho thay
su ton tai cia cac trang thai polaron trong mang PPy duogc
téng hop ciing nhu cac proton xdy ra & cic nguyén tir nito
trong cac vong pyrrole. Cac dinh & vi tri s6 song ¢& 1040
va 923 cm! 1an luot dic trung cho cac dao dong C-H bén
trong mit phang va cac dao dong C-H bén ngoai mit phang.
Céc dao dong rung lic dugc tim thiy & s6 song 784 cm! va
cac dinh & 1306 va 1187 cm! thé hién cho cac dao dong kéo
cang cua lién két C-N [20]. Sy xuat hién cua dinh 675 cm’!
dugc gan cho cac dao dong cua Fe*” hoac C-H [21]. Piéu
nay goi y rang, su khir Fe¥* thanh Fe** da xay ra trong qué
trinh oxy hoa cac monome pyrrole bang tring hop pha hoi
va sau d6 tao ra cac trang thai pha tap. Nhu vay, cac mang
PPy di duoc tong hop thanh cong vai su pha tap ctia Fe va
Cl vao trong mang.

3.2. Ddc trung nhay khi NH, 6 nhi¢t dp phong

O nhiét d6 phong, 16p phu FeCl, trén bé mat dé ALO
khi dugc tiép xuc véi khi NH, khong c6 su thay doi dién tro
Kiém tra dic trung /- V cho tat ca cac 16p mang PPy téng hop
duoc déu cho dic tuyen cua tlep xuc Ohmic. Hinh 3 1a dién
tr& dap tmg theo thoi gian ciia cac mau PPy@30, PPy@50 va
PPy@100 khi tiép xtic véi cac nong d6 khi NH, & 400, 200
va 100 ppm trong mdi truong khi mang la khong khi kho,
tai nhiét do phong. Cac két qua chira rﬁng, dién tro ban dau
clia cac mau giam theo sy tang thoi gian phun phu tir 30 dén
100 phut, nghia Ia tinh dan dién cua cac mang PPy ting. Diéu
nay goi ¥ rang, ndng do pha tap vao trong cac 16p mang PPy
tang theo sy tang cua thoi gian phun phu. Mat khac, cac 16p
mang PPy déu cho déap tmg thuan nghich véi khi NH,, cu thé
la dién tro dap ing tang khi co mat khi NH, va tr& 1a1 trang
thai ban dau khi ngat khi NH,. Hon nira, khl NH, lai 1a khi
khir, vi vay PPy 1a ban dan loal p.
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Hinh 3. Dién tr& dap rng theo thi gian ctia cac mau. (A) PPy@30,
(B) PPy@50 va (C) PPy@100 khi tiép xuc véi cac noéng do khi NH,
khac nhau 100, 200 va 400 ppm.
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Do dap mg cua cac mau PPy@30, PPy@50 va PPy@100
theo cac nong d6 100, 200 va 400 ppm khi NH, dugc chi
ra trong hinh 4A. C6 thé thiy rang, khi nong do khi NH,
tang tir 100 dén 400 ppm thi d6 dap Umg cua tat ca cac mau
déu ting, cu thé 1a mau PPy@30 tang tr 94-160%; PPy@50
tang tur 49-87; PPy@100 tang tur hong ngoai bién d6i Fourier
37-70%. Trong d6, mau PPy@30 cho do dap tmg voi khi
NH, vuot troi hon cac mau khac ¢ tat ca cac nong do duoc
khao sat va do dap tmg cao nhat dat duoc khoang 160% khi
tiép xtc v6i 400 ppm khi NH,.

Thoi gian dap ung va thoi gian hf)i phuc ciia cic mau
PPy@30, PPy@50 va PPy@100 khi tlep xuc véi 400 ppm
khi NH, dugc chi ra trén hinh 4B. C6 thé thiy, cac cam bién
khi NH 0 nhi¢t d phong dua trén cac 16p mang PPy déu cho
thoi glan dap tmg va thoi gian h01 phuc kha t6t. Trong do,
thoi gian dap tmg cua tit ca cac miu mang PPy 1a rat nhanh
va dao dong trong khoang tir 2 dén 6 gidy; thoi gian hoi phuc
tang tir 37 dén 62 giay khi ting thoi gian phun phu tir 30 dén
100 phat va mau PPy@30 cho thoi gian hdi phyc t6t nhat
khoang 37 giay.
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Hinh 4. D6 dap rng (A) ctia cac mau PPy@30; PPy@50; PPy@100
theo cac néng dé khi NH, khac nhau: 100, 200 va 400 ppm. Thoi
gian dap trng va thoi gian hdi phuc (B) clia cac mau PPy@30, PPy@50,
PPy@100 khi tiép xuc véi 400 ppm khi NH,.

Céc thong sb dic trung cho cam bién khi NH, ¢ nhiét do
phong trong nghién ctru nay dugc so sanh voi nhung cong bo
qudc té (bang 1). Tir bang tong hop cho thay, cac tham s vé
déc trung nhay khi cua mang PPy ¢ trong nghién ctru nay
1a kha tot (do dap ung cao, thoi gian dap ng va hoi phuc
ngin) so véi két qua cong bd gan day. Piéu nay cho thay,
nhiing 16p mang PPy cau trac dang dam hat nano thua va
tam nano 13 nhiing vat liéu htra hen nhiéu tiém nang cho Umg
dung phat hi¢n khi NH, ¢ nhi€t do phong.

Bang 1. Téng hop cac dic trweng nhay khi NH, & nhiét dé6 phong
dwa trén cac mang PPy c6 hinh thai khac nhau.

Hinh hiicia g;’;'{il B . Thifgian dip ::l";ﬁz" x:;:eu
TR )RR 37 A @ iy khio
Hat nano 200 1,12 12 1 - [12]
Day nano 300 1,25 25 900 - [9]

Soi nano 150 1,53 53 15 - [14]
Hat nano 100-400  1,94-2,60 94-160 4(400 ppm) 37 (400 ppm) Nghign
Tém nano 100-400  1,49-187  49-87 2(400ppm) 60 (400 ppm) CUu ndy
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Do chon loc ciia cam bién dua trén 16p mang PPy duoc
xem xét thong qua do dap ing ctia mau véi 1an lugt cac khi
NH,@100 ppm; NO,@100 ppm; H,S@100 ppm; H,@1000
ppm; CO@IOOO ppm va do am RH@94% o nhiét do phong
(hinh 5). Két qua cho thiy, ca hai mau PPy@30 va PPy@50
déu cho do dap umg cao nhét vé6i khi NH, ¢ nhi¢t do phong.
Tuy nhién, mau dang dam hat nano thua (PPy@30) cho do
chon loc voi khi NH, t6t hon nhiéu so v6i mau dang tim
nano (PPy@50) & cung diéu kién khao sat nhu nhau.

100 - T T 5 N T

[ no,@100ppm
B H,s@100ppm | |
228 co@1000ppm
B8 v, @1000ppm
Bl RH@o4%

50

D6 dap ung (%)

PPy@50

PPy@30

Hinh 5. D6 dap trng ctia cac mau PPy@30 va PPy@50 véi cac loai
khi khac nhau NH,, NO,, H,S, H,, CO va d¢ am.

3.3. Co ché nhay khi

Vé co ché nhay khi, cic cam bién mang PPy do déng gop
ctia pha tap CI- ¢6 thé xem nhu 1a ban dan loai p khi tuong
tc vdi cac khi oxy hoéa/khu. Vi vay, khi twong tic vdi khi
khir NH, thi PPy co6 thé nhan dién tr tir phan tir khi NH,,
diéu nay lam trung hoa tam tap (CI') hay la giam tam tap nhu
& phuong trinh (3). Mot co ché khéc co thé lién quan boi su
dich chuyén proton (H") giita PPy va NH, thong qua anion
NH," va tam tap (CI), nhu dugc chi ra trong phuong trinh
(4). Co ché nhay khi cia mau PPy c6 thé dugc mo ta theo
nhu tai li€u [18].

PPy"/Cl-+NH, < PPy"/NH,", CI
PPy*/Cl +NH, < PPy (-H)’+NH, CI"

)
“)

Vi vdy, 40 dan dién cia mau PPy bi giam (hay dién tro
tang) khi tuong tac voi khi khur NH; va s€ tang doi v6i khi
oxy hoéa nhu NO,. Hon nita, mau mang PPy@30 co céu triic
dam hat nano phan b6 thura s& ¢6 dién tich bé mat riéng 16m,
didu nay mang lai nhiéu vi tri twong tac khi va do dan dién
ph hop, din dén d6 nhay khi ctia mang cao vuot bac so véi
cdc mau dang tim nano va dam hat nano phan b chit. Dong
thoi, dién tich bé mat riéng 16n lam cho khi dé dang khuéch
tan va giai phong nhanh trong qua trinh hdi phuc, do d6 thoi
gian hoi phuc ctia mau PPy@30 1a tot nhat.

4. Két luan

Mang nhay khi dya trén vat liu PPy da dugc tong hop
thanh cong bang viéc sir dung mudi FeCl,, vira dong vai tro
1a chét 6xy hoa, vira dong vai tro 1a chat pha tap, dé thu dugc
cac hinh thai dang dam hat nano va tAm nano. T4t ca cic mau
déu cho do dap tmg tot véi khi NH, ¢ nhi¢t d¢ phong, trong
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d6 mau dang dam hat (PPy@?30) véi do dan dién phu hop
va dién tich bé mat riéng 16n cho do dép tmg tot nhat; thoi
gian d4p Gmg ngin dao dong tir 2 dén 6 gidy va thoi gian hoi
phuc nhanh tir 37 dén 62 gidy. Ngoai ra, cac mau mang PPy
tong hop dugc déu cho do chon loc tot v6i khi NH, ¢ nhiét
d6 phong. Két qua thu duge chimg minh rang, thoi glan phun
pht da anh huong dén hinh thai bé miat va nong do pha tap
vao trong cac 16p mang PPy va tinh chat nay dong gop nhiéu
vao cac ddc trung nhay khi NH, ¢ nhi¢t do phong.

Nghién ctru nay duoc hd tro boi d& tai khoa hoc va cong
ngh¢ ma s6 UTEHY.L.2023.21. Nhom t4c gid xin trin trong
cam on.
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Nario bac ning cao hiéu qua tai sinh choi tir mAu cdy cinh hoa Thu hai duong
(Begoniax tuberhybrida Voss) thong qua con dwong tong hop carbohydrate
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Tom tit:

Nghién ciru nay dwgc thuc hi¢n nhiam t6i wu hoéa hiéu qua tai sinh chdi tir miu cdy canh hoa Thu hai dudng trén
méi trudng bd sung nano bac (AgNPs). Két qua cho thiy, cac miu canh hoa dwge nudi ciy trén mai trudng bod sung
0,8 mg/l Thidiazuron (TDZ) cho hi¢u qua tai sinh chdi cao hon dang ké so véi cac loai cytokinin khac dwoc sir dung.
Trong khi dé, bd sung 1,5 mg/l AgNPs két hop 0,8 mg/l TDZ da gia tang 56 lwgng chdi tai sinh cao gép 1,67 14n so véi
déi chlrng khong b sung AgNPs. Su hi¢n di¢n cia 1,5 mg/l AgNPs trong moi trudng nudi cay da kich thich gia tang
sinh khéi twoi va khé cia cum chdi (421,49 va 24,73 mg, twong wng) cao hon dang ké so véi nghiém thirc dbi chtrng
(241,92 va 12,49 mg, twong trng). Phan tich ham luwgng carbohydrate trong miu ciy bang UV-Vis cho thay, trong hiu
hét cac giai doan tai sinh in vitro cay Thu hai du’ﬂng, AgNPs da kich thich gia tang sy tich lily tinh bot (ngay 5, 10,
20 va 25) va duwong (ngay 15, 20 va 25) trong mau cay Cac Kkét qua hién tai chi ra rang, AgNPs thic day qua trinh
tlch lity tinh bot va chuyen ho6a thanh dwong trong mau cay canh hoa ciy Thu hai dwong, tao ra nguon nang lwong
can thiét cho qua trinh tai sinh chdi in vitro.

Tir khéa: nano bac, Thu hdi duwdng, tinh bt, vi nhan giéng.

Chi s6 phén loai: 1.4, 4.6

Silver nanoparticles enhanced shoot regeneration from Begonia x tuberhybrida Voss

petal explants via carbohydrate synthesis pathway
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Abstract:

This study was carried out to optimise the shoot regeneration efficiency from Begonia x tuberhybrida Voss petals on
medium supplemented with silver nanoparticles (AgNPs). The results showed that the petal explants cultured on the
medium supplemented with 0.8 mg/l Thidiazuron (TDZ) had significantly higher bud regeneration efficiency than
other cytokinins investigated. Meanwhile, the addition of 1.5 mg/l AgNPs combined with 0.8 mg/l TDZ increased
the number of regenerated shoots 1.67-fold higher than the control without adding AgNPs. The presence of 1.5
mg/l AgNPs in the culture medium stimulated a significantly higher increase in the fresh and dry biomass of shoot
clusters (421.49 and 24.73 mg, respectively) compared to the control (241.92 and 12.49 mg, respectively). Analysis of
the carbohydrate content in explants by UV-Vis showed that during most of the in vitro regeneration stages, AgNPs
stimulated the accumulation of starch (days 5, 10, 20 and 25) and sugars (days 15, 20 and 25) in the explants. The present
results indicate that AgNPs promote starch accumulation and conversion to sugar in Begonia X tuberhybrida Voss
petal explants, which provide the necessary energy source for in vitro shoot regeneration.

Keywords: Begonia x tuberhybrida Voss, micropropagation, silver nanoparticles, starch.

Classification numbers: 1.4, 4.6
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1. it van de

Thu hai duong (Begonia) 1a mot trong nhiing chi thuc
vat da dang nhét trong gidi thuc vat [1, 2]. Hién nay, hon
1800 loai da dugc cong nhan va theo du doan, téng s6 loai
thuc su trén thé gidi c6 thé 1én dén 2500 loai [2]. Duya trén
s da dang v& mau sic, hinh dang va kich thuéc cia hoa
va 1a, nhiéu loai Thu hai dudng tir 1au di dugc nhan trong
rong rai nhu mot loai hoa chau canh mang lai gia tri kinh
té cao. Cho dén nay, nudi cdy thuc vat in vitro da tré thanh
phuong thirc nhan giéng chu dao trén nhiéu ddi tuong cay
trong khac nhau nham tao ra cac ciy gidng sach bénh co
chit luong dong déu véi hé sé nhan giéng 16n trong thoi
glan ngan [3]. Trong vi nhan gidng cay Thu hai duong, cac
nguon mau cdy ban dau thuong duoc st dung nhu 14 [4
51, cuong la [5-7], than [6, 8] phat hoa [9, 10] hay cuong
hoa [11, 12]. Tuy nhién, ngudn mau ciy canh hoa Van chua
dugc nghién ctru nhiéu, trong khi canh hoa 1 ngudn méu
cdy c¢6 nhidu wu diém nhu 13 s6 luong nhiéu, khong lam
t6n hai cdy me khi thu mau [13]. Nghién ctru dau tién nudi
ciy thanh cong canh hoa Thu hai dudng dugc thuc hién boi
F.M. Velasco va cs (2018) [13]; tuy nhién, hi¢u qua tai sinh
cua quy trinh chi dat muc trung binh. Do d6, cac nghién ctru
tiép theo can duoc thuc hién dé nang cao tan sd tai sinh tir
mau cdy canh hoa Thu hai duong.

Nhitng ndm gan ddy, AgNPs da duoc st dung trong nudi
cdy in vitro dé 1am chat khir tring bé mit mau céy [6, 14-
18]; ngoai ra, AgNPs ciing dugc bd sung vao méi truong
nudi ciy dé tang hiéu qua tai sinh in vitro trén cac ddi tuong
cdy trong khac nhau nhu hoa Dong tién [19], Trau tién [20];
lan H) diép [21]; Déau tay [22]; sam Ngoc Linh [23]. Cac
nghién ctru cho thdy ring, bé sung AgNPs vao méi truong
nudi cdy ¢ ndng do thich hop da gitp ting hiéu qua tai sinh.
Tuy nhién, anh hudng ciia AgNPs 1én sy thay d6i ham luong
carbohydrate trong miu cdy thuc vat chua dugc nghién ciru
truée ddy, mic du carbohydrate tong hop trong miu ciy
lién quan tryc tiép dén hiéu qua tai sinh in vitro [7]. Do do,
nghién ctru ndy duoc thyc hién nham dénh gia tic dong cua
AgNPs trong méi truong nudi cdy 1én hiéu qua tai sinh chdi
va sy thay doi vé ham lugng carbohydrate trong mau ciy
canh hoa trong subt giai doan tai sinh in vitro cdy Thu hai
duong.

2. U4t liéu va phucng phap nghién ciiu
2.1. Vit liéu thuc vt

Nguon mau duoc str dung trong cac thi nghiém 1a cac
canh hoa tang thir 2 (tinh tir ngoai vao, duong kinh 3 cm)
dugc thu nhan tir hoa cdy Thu hai duong 4 thang tudi dugc
tréng tai vuon wvom Phong Sinh hoc Phan tir va Chon tao
gidng cay trong, Vién Khoa hoc Su song.
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2.2. Dung dich nano bac (AgNPs)

Dung dich nano bac (AgNPs) ndng d6 500 ppm v&i cac
hat c6 kich thudc trung binh <20 nm do Vién Cong ngh¢
Maéi truong tong hop theo phwong phap cia H.N. Chau va
cs (2008) [24] dugc st dung trong cac thi nghiém cé lién
quan.

2.3. Méi trwong nuéi cdy

Moi truong nudi ciy sir dung trong nghién ciru nay la
mdi truong MS co ban bd sung 8 g/l agar, 30 g/l sucrose,
pH 5,8. Cac chét diéu hoa sinh truong thuc vat va AgNPs
v6i cac ndng do khac nhau dugc bd sung vao mdi truong
tiy theo muc dich timg thi nghiém. Mbi truong dugc hip
khtr tring & nhiét d6 121°C, ap suét 1 atm trong thoi gian
30 phat.

2.4. Phwong phap nghién ciru

Khir trimg bé mdt mau cdy: Canh hoa Thu hai duong
da thu nhan dugc rira bang dung dich tiy ria Sunlight
(Unilever, Viét Nam) va rira dudi voi nudc chay trong 20
phat, ngdm véi con 70° trong 30 gidy, rira lai bang nudc vo
trung 4 1an. Sau d6, cac mau tiép tuc duge khir tring bang
dung dich 40 g/l Ca(OCl), trong thoi gian 15 phut [13].
Cubi cung, cac canh hoa dugc rua sach lai béng nudce cit vo
trang 4 1an dé st dung cho cac thi nghiém.

Phirong phdp nhuém mau tinh bét: Mau cdy canh hoa
Thu hai duong & giai doan 0 va 5 ngay nudi cay duoc rira
sach bang nudc cit, cit thanh lat mong (30-40 pm) va dat
1én lam kinh di c¢6 san mot giot nude. Tiép theo, mau dugc
nhudm bang dung dich kali-iodua trong 5 phut; cudi ciing,
mau duoc rira sach lai béng nudc cat va quan sat dudi kinh
hién vi quang hoc (Leica, M) [8].

Anh hong cua cytokinin 1én hiéu qua tdi sinh chéi in
vitro: Céc canh hoa cdy Thu hai dudng dugc cy trén moi
truong MS ¢6 bd sung cytokinin (CK) riéng 1é & cac nong
d6 khac nhau gém 6-Benzyladenine - BA (0,5; 1,0; 1,5; 2,0;
2,5 mg/l), Kinetin - KIN (0,5; 1,0; 1,5; 2,0; 2,5 mg/l) hodc
Thidiazuron - TDZ (0,2; 0,4; 0,6; 0,8; 1,0 mg/1), ddi chung
1a méi trudng MS khong bd sung CK. Cac chi tiéu theo ddi
gom ty 1¢ tai sinh chdi (%), s6 chdi/mau, khdi lugng tuoi va
kho ciia cum chdi (mg) dugc ghi nhan sau 60 ngay nudi cdy.

Anh hwong ciia nano bac 1én hiéu qua tdi sinh choi in
vitro: Céc canh hoa cdy Thu hai dudng duoc nudi cdy trén
mdi truong MS bé sung 0,8 mg/l TDZ (két qua tot nhét tir
thi nghiém 1) va AgNPs vdi cac néng do khac nhau (0; 0,5;
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1,0; 1,5; 2,0; 2,5 ppm), nham khao sat tac dong ctia AgNPs
dén kha nang tai sinh chdi in vitro. Déi chimg 1a cac canh
hoa duoc nudi cdy trén méi trudng khong bd sung AgNPs.
Céc chi tiéu theo ddi gdm ty 18 tai sinh chdi (%), s6 chdi/
mau, khdi lugng tuoi va kho cia cum chdi (mg) duoc ghi
nhan sau 60 ngay nudi ciy.

Xac dinh ham lwong tinh bt trong mau cdy bdng
phirong phdp phan tich quang phé tir ngoai kha kién (UV-
Vis): Ham lugng tinh bot trong mau cdy nghiém thirc tdi wu
va d6i ching trong thi nghiém 2 dugc dinh lugng nhu mé ta
cua B. Fernandes va cs (2012) [25]. Theo d9, tinh bjt trong
mau duoc thuy phan thanh maltodextrin boi a-amylase
(3000 U/ml) va sau d6 dugc thuy phan thanh glucose biang
amyloglucosidase (3300 U/ml). Ham lugng glucose trong
mau dugce xac dinh béng cach st dung thudc tht GOPOD
(glucose oxidase-peroxidase) san pham c6 do hap thu t6i da
& 510 nm, D-glucose duoc sir dung lam d6i ching. Dung
dich mau trfmg duoc chuén bi gém 0,1 ml nudc cat co bd
sung 3,0 ml GOPOD. Téng ham luong tinh bot (I) (% w/w
DW) dugc xac dinh theo cong thic: I = A4 x F/ W x 90.
Trong d6: 4 1 hé s6 hap thu cua dung dich thir so véi mau
trang; F 1a hé s6 chuyén doi tir gia tri do hap thu sang gié trj
glucose; W 1a khéi lwong mau thir (mg).

Xdc dinh ham lwong deong khir trong mau cdy bang
phiwong phép phan tich quang phé tir ngoai kha kién (UV-
Vis): Ham lugng duong khir ciia mau cdy nghiém thuc ti
wu va ddi ching trong thi nghiém 2 dwoc xac dinh bang
cach sir dung thudc thir 3,5-dinitrosalicylic acid (DNS) tao
ra san phém co do hép thu cuc dai ¢ budc soéng 540 nm,
nude cat duge st dung lam ddi ching. D-glucose dugce st
dung dé xay dung dudng chuén [26]. Him luong duong (S)
(mg/g DW) dugc xac dinh theo cong thiic: S =4 x n x V/m.
Trong dé: A 1a ham lugng dudng khir trong dung dich mau
d3 pha lodng (mg/g); n 1a hé sb pha lodng; ¥ 14 thé tich dung
dich chuan (ml); m 1a khbi luong miu thir (g).

2.5. Diéu ki¢n thi nghi¢m

Mau trong cic binh nudi cdy dugc dit trong phong nudi
& nhiét do 25+2°C, d6 am twong ddi 55-60%, chiéu sang
bang dén huynh quang véi cuong do 40-45 ymol.m2.s' va
thoi gian chiéu sang dugc thiét 1ap 16 gio/ngay.

2.6. Xir Iy 56 ligu

S liéu sau khi thu thap tmg véi tig chi tiéu theo ddi
dugc xtr Iy bang phin mém Microsoft Excel 2010 va phan

tich théng ké SPSS 16.0 dua trén tiéu chuin phép thur
Duncan véi p<0,05 [27].
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3. Két qua va ban luan

3.1. Anh hwong ciia cytokinin lén khd néng tdi sinh
chéi ciia méu canh hoa Thu hdi dwong nuéi cdy in vitro

Két qua ghi nhan dugc cho thdy, mau canh hoa cay Thu
hai duong duoc nudi ciy trén moi trudong bd sung cac loai
CK khac nhau (BA, KIN, TDZ) cho kha ning tai sinh chdi
khéc nhau (bang 1).

Bang 1. Anh hwéng cua cytokinin Ién kha ning tai sinh chdi cta
mau canh hoa cay Thu hai dwéng sau 60 ngay nudi cay.

Nong dd Ty 1€ tai sinh ‘A’;, C""," choi :
CK mgl) (%) hoi/ Kndi lwgng  Khdi lugng
mau 97 (mg) khé (mg)
0,0 . . = .
PC 05 34,448 4,00 53,91 1,95t
1,0 44 45¢ 4,78 63,49 2,76¢
1.5 68,89 7,11¢ 100,24 4,55¢
2,0 34,448 1,70 21,64 0,95"
BA 25 32,200 2,008 25,69 1,100
0,5 20,00k 589 76,32t 3,54¢
1.0 35,568 7,224 96,26 4,544
1,5 48,89« 8,00  103,58" 4,33¢
2,0 37,78 4,67 62,38 2,20%
KIN 25 42,22 3,560 46,24 1,67¢
0.2 28,891 922¢  124,38¢ 6,14
0.4 53,33¢ 11,33% 151,87¢ 731
0,6 66,67° 12,000 158,25 7,35
TDZ 0.8 75,56° 17,00 241,92° 12,49°
1,0 65,56 12,000 170,80° 7,170

Cac gia tri trong cung mot cét dwoc di kem véi cac chiv cai khac nhau
biéu thi sy khac biét cé y nghia & mirc p<0,05 trong phép thtr Duncan.
BC: Boi chirng.

Trén méi trudong khong bd sung CK (ddi chimg), mau
cay khong cam Ung tai sinh choi. Di v6i moi truong nu01
ciy bo sung BA, hidu qua tai sinh chdi (ty 18 tai sinh chdi, s6
chdi/mau, khdi lugng tuoi va kho ciia cum chdi) ting ty 1&
thuan khi ting ndng d6 BA 0,5-1,5 mg/l. O ndng d6 1,5 mg/I
BA, ty 1¢ ti sinh choi dat cao nhat (68,89%). Nguoc lai, khi
ndéng d6 BA vuot qua 1,5 mg/l, hiéu qua tai sinh chdi giam
dang ké (bang 1). Trén méi truong bo sung 1,5 mg/l KIN,
hiéu qua tai sinh chdi cao hon cac nong d6 KIN khac; tuy
nhién, ty 1¢ tai sinh chdi chi dat 48,89% (bang 1). Trong khi
do, moi truong b6 sung TDZ cho hiéu qua tai sinh choi cao
hon dang ké so voi cac nghiém thirc sir dung BA va KIN.
Cu thé, nghiém thuc 0,8 mg/l TDZ cho ty 1€ tai sinh chdi
(75,56%), s6 chdi/mau (17,00 choi), khéi lwong twoi cum
chdi (241,92 mg) va khdi lugng khé cum chdi (12,49 mg)
dat cao nhat (bang 1). Chdi thu dugc trong nghiém thirc nay
¢6 mau xanh ddm va kich thuéc déng déu (hinh 1G).
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Hinh 1. Cac giai doan tai sinh chéi in vitro tir mau cay canh hoa
Thu hai du’b’ng trén moi trwng bé sung 0,8 mgl/l TD_Z. (A) Quan §ét
md hoc cho thay khdéng c6 sy tich Iy tinh bdt trong mau cay bap dau;
(B) Céc hat tinh bot tich IGy trong mé (mii tén) sau 5 ngay nudi cay; (C)
Sl_.l" hinh thanh chéi so kh(’yi sau 15 ngay nudi céy; (D) Sy hinh th?nh
choi sau 20 ngay nudi cay; '(E) Sw hi~nh thénh choi voi cac phat thé ]é
rd rang sau 30 ngay nudi cay; (F) Mau cay canh hoa & ngay nudi cay
dau tién; (G) Su tai sinh choi truc tiép trén gbc canh hoa sau 30 ngay
nudi cay.

Quan sat md hoc cho théy, sau 5 ngdy nudi cdy trén moi
truong bo sung 0,8 mg/l TDZ, sy tich lily cac hat tinh bot
da duoc quan sat théy trong mau céy canh hoa, trong khi,
su tich liiy nay hau nhu khong dugc ghi nhan trong mau céy
ban dau (hinh 1A va 1B). Sy tich Ity tinh b0t 1a diéu kién
can thiét cho sy tai sinh in vitro cua mau céy [7]. Sau 15
ngay nuoi céy, cac chdi so khoi di bat ddu xuét hién tai goc
mau ciy canh hoa (hinh 1C). Cac choi hai 14 mam da xudt
hién sau 20 ngay nudi cdy (hinh 1D) va cac chdi hinh thanh
phat thé 14 rd rang sau 30 ngay nudi cdy (hinh 1E va 1G),
nguoc lai khong c6 sy tai sinh chdi trong nghiém thirc d6i
ching da dugc quan sat (hinh 1F).

A. Awal va cs (2013) [12] d4 bao cdo rang, cac mau cy
canh hoa Thu hai duong (B. x hiemalis Fotsch) da khong c6
kha ning tai sinh chdi trén méi trudng MS bo sung BA hodc
TDZ & tit ca cac ndng do duoc khao sat. Trong khi, nghién
cuu cua F.M. Velasco va cs (2018) [13] ] da tai sinh chdi
cay Thu ha1 duodng (B. eliator) gian tiép thong qua mo s¢o
tir miu cdy canh hoa thanh cong trén hai giong ‘Heidi’ va

‘Gloriosa’, véi ty 1€ tai sinh lan luot 14 57,2 va 46,4%. Céc
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két qua nay chi ra rang, kiéu gen 13 mot trong nhing yeu t6
quan trong quyét dinh dén kha nang tai sinh in vitro ciia mau
cay canh hoa Thu hai dudng. Trong nghién ctru nay, canh
hoa Thu hai duong nudi cay trén moi tru(mg MS bd sung
0,8 mg/l TDZ cho ty 1¢ tai sinh choi dat toi wu (75,56%).

3.2. Anh hmrng ctia nano bac (AgNPs) lén kha nang tai
sinh choi ciia mau canh hoa Thu hdi dwong nuéi cdy in vitro

Két qua ghi nhan dugc cho théy, AgNPs co anh huong
dang ké 1én kha ning tai sinh choi tir mau cay canh hoa nudi
cay in vitro sau 30 va 60 ngdy nudi cdy (bang 2 va hinh 2A,
2B). O ndng do AgNPs thap (0,5 mg/1), hiéu qua ti sinh choi
khong c6 sy khac biét dang ké so véi dbi chimg khong bo
sung AgNPs. Trong khi do, trén moi truong c6 chura 1,5 mg/1
AgNPs, cac chi tiéu tai sinh va sinh trudng nhu ty 1 tai sinh
(78,89%), s6 luong chdi (28,44 chdi/mau), khdi lugng tuoi
(421,49 mg), khdi lugng kho (24,73 mg) dat cao nhét (bang 2
va hinh 2B). Tuy nhién, hiéu qua tai sinh va sinh truong cua
méu cdy da giam dang ké khi bd sung AgNPs v6i nong do
Bang 2. Anh hwéng clia nano bac (AgNPs) 1én kha niang tai sinh
chéi cia mau canh hoa cay Thu hai dwong sau 60 ngay nudi cay.

Cum chdi

Nong dd AgNPs Ty I¢ taisinh _; . . .

(mg/l) (%) So ¢hoi  Kngi lwgng twoi  Khéi lugng kho
(mg) (mg)

0,0 75,56'% 17,000 241,92¢ 12,49

0,5 73,33¢ 17,11c 244,12¢ 12,85¢

1,0 78,89 21,440 309,47° 17,128

1,5 78,89 28440 421,49 24,73

2,0 65,55 13,89¢ 183,224 9,48¢

2,5 48,89° 9,34¢ 120,18¢ 5,82¢

Cac gia tri trong cung mét cét dwoe di kem véi cac chiv cai khac nhau
bidu thi sy khac biét co y nghia & murc p<0,05 trong phép thtr Duncan.

Hinh 2. Anh hwéng cla nano bac (AgNPs) 1&n sw tai sinh chdi in
vitro tir mau cy canh hoa Thu hai dwong. (A) Sv tai sinh chdi sau 30
ngay nuéi cay; (B) Su tai sinh chdi sau 60 ngay nuéi cay. BC: Béi chirng.
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cao (2,0 mg/l va 2,5 mg/l). Nhu vay, viéc bo sung 1,5 mg/l
AgNPs vao moi truong nudi cay da gia ting s6 lugng chdi tai
sinh cao gép 1,67 lan so véi ddi ching.

Két qua ctia nghién ctru nay twong dong vai cac nghién
ctru ung dung AgNPs cho muc dich gia tang hi€u qua tai
sinh in vitro trén nhiéu ddi tuong ciy trong nhu ciy hoa
Dong tién [19], cdy Dau tay [22], lan Hb diép [21], cAy Trau
tién [20]; cay Chubi [28]; cdy sam Ngoc Linh [23]. Bén
canh d6, cac co ché sinh hoa c6 lién quan ciing di duoc
ching minh. Theo d0, viéc bd sung AgNPs vao mdi trudng
nuodi cdy co tac dung trc ché hoat dong cia enzyme sinh
tong hop etylen; do do, giam sy san sinh qua mirc khi etylen
trong binh nudi cdy gay trc ché sy nhan nhanh chdi cay Dau
tay [22]. Tuy nhién, anh huong ctia AgNPs 1én sy thay d6i
ham lugng carbohydrate trong mau cdy thuc vét chua dugc
nghién ctru trudc ddy, mic du carbohydrate tong hop trong
mau cdy lién quan truc tiép dén hiéu qua tai sinh in vitro [7].
Do d6, nghién ctru sau hon dugc thuc hién trong thi nghiém
tiép theo nham danh gia tac dong AgNPs 1én su thay doi vé
ham luong carbohydrate trong mau ciy canh hoa Thu hai
dudng trong sudt giai doan tai sinh in vitro.

3.3. Anh hwéng ciia nano bac (AgNPs) lén sw thay déi
ham lwong carbohydrate trong mau cd'y cdnh hoa cdy Thu
hai dwong

Két qua phan tich UV-Vis cho thay rang, tong ham luong
tinh bot tich lily trong mau cdy ting 1én 15 rét & giai doan
dau nudi cdy ¢ ca nghiém thirc bd sung 1,5 mg/l AgNPs va
d6i chung (hinh 3). Ham luong tinh bot dat mirc cao nhét &
ngay nudi cdy thir 10 trong nghiém thirc c6 b sung AgNPs
(38,42%), trong khi d6, & nghiém thtrc d6i chimg khong bd
sung AgNPs, ham lugng tinh bot dat muc cao nhit (38,28%)
& thoi diém muodn hon (ngay thir 15). Cac két qua chi ra
rang, AgNPs diy nhanh sy tich liy tinh bot trong mé cdy,
turong tng voi sy hinh thanh chdi so khéi sém hon so voi
nghiém thirc ddi chimg.

40 160
35 140
30 120
25 100
20 80
15 60

10 40

Ham luong tinh bét (% w/w DW)

20

Ham lwong duwong khir (mg/g w/w DW)

5 10 15 20 25
Thoi gian nuéi cdy

mm Ham lwong tinh bét ddichtng === Ham Iuong tinh bét AgNPs

~===Ham lwong duang khir déi chiing ====Ham luong duong khir AGNPs

Hinh 3. Sy thay déi ham Iwong carbohydrate trong mau cay canh
hoa cay Thu hai dwong nudi cay trén méi trwdng bd sung nano bac
(AgNPs) va déi chirng (khong bé sung AgNPs). D4u * biéu thi sy khac
biét c6 y nghia & mirc p<0,05 trong phép thir Duncan.
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Trong giai doan tiép theo, tong lugng tinh bot trong
mau cdy sau 15, 20 va 25 ngay nudi cdy khong cé sy khac
biét dang ké vé mat théng ké duoc ghi nhan ¢ nghiém thic
b6 sung AgNPs (34,43, 34,63 va 34,60%, twong mg). Két
quéa twong tw vé ham lugng tinh bot ciing dwoc ghi nhin
trén mau dbi ching & ngay thir 20 va 25 (29,58 va 29,00%,
tuong Ung).

Phan tich luong dudng khir trong mau cdy ¢ nghiém
thtrc 1,5 mg/l AgNPs cho théy ham lugng duong dat cuc
dai & ngay nuéi cay thir 15 (147,80 mg/g), tuong g véi
giai doan suy giam ham lugng tinh bot. Trong giai doan tiép
theo, ham luong co6 sy suy giam trong mau cay ¢ ngay nudi
cay thir 20 va 25; tuy nhién, ham luong dwong van duy tri
mirc >140 mg/g (hinh 3). Két qua tuong tu ciing dugc ghi
nhan d6i voi ngh1em thire d6i ching, su gia tang ham lugng
duong cao nhat duoc ghi nhin ¢ ngdy nudi ciy tha 15 va
giam dan sau d6 & ngay tha 20 va 25 (hinh 3).

So sanh ham lugng tinh bt gitra hai nghiém thic cho
thiy AgNPs di kich thich gia ting sy tich liiy tinh bot trong
mau cdy & hau hét cac giai doan tai sinh in vitro cdy Thu
hai duong (5, 10, 20 va 25 ngay). Trong khi do, so voi dbi
ching mau cay & nghiém thic bo sung AgNPs c6 ham
lwong duong thap hon ¢ giai doan 5 va 10 ngay nudi cay
nhung cao hon dang ké ¢ giai doan 15, 20 va 25 ngay nudi
cdy (bang 2). Két qua chimg minh ring, tinh bot dwoc tich
lity trong mo va chuyén héa thanh dudng 14 yéu t6 can thiét
cho céc giai doan tai sinh va phat trién chdi in vitro.

Theo A. Bach va cs (2018) [29], duong trong m6 thyc vat
la ngudn nguyén liéu dé téng hop polysaccharide va cung
cap nang lugng can thlet cho qua trinh phan chia va dan dai
clia té bao. Trong nudi cdy in vitro, ham lugng carbohydrate
12 ngudn ning luong can thiét cho qua trinh biét hoa va ting
sinh t& bao trong sudt qua trinh phat sinh co quan cia thuc
vat [8, 29]. Trong nghién ctru nay, AgNPs trong moi truong
nudi ciy da thuc day qua trinh tich Iy tinh bot va chuyen
hoa thanh duong trong mau cdy canh hoa tao ra ngudn ning
luong can thiét cho qua trinh tai sinh chdi in vitro cdy Thu
hai duong.

4. Két luan

Nghién ctru nay chi ra rang, AgNPs dugc bd sung vao
moi trudng nuodi cay gitp tang kha nang tai sinh chdi va s1nh
truong cua ch01 Thu hai duong trong diéu kién nuodi cay
in vitro. Mau cdy canh hoa Thu hai duong duoc nudi cay
trong mdi trudng MS ¢ bd sung 0,8 mg/l TDZ va 1,5 mg/l
AgNPs cho ty 1¢ tai sinh chdi, sb chdi va khdi lugng cum
chdi dat t6i wru. Xét trén khia canh sinh hoa, AgNPs co tac
dung trong viéc gia tang tich ldy tinh bot va chuyén thanh
duong trong mau cay dé cung cip ngudn ning luong can
thiét cho giai doan tai sinh chdi va ting sinh cum chdi. Cac
thong tin tu nghién ctru hién tai dé xuit tmg dung AgNPs
phuc vu cho cong tac vi nhan gidng cay Thu hai duong va
nhidu ddi twong ciy trong co6 gia tri kinh té khac.

25



LGOI CAM ON

Nghién ctru nay dugc thuc hién tr kinh phi ho tro cua
Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam theo ma
s0 NCXS01.03/22-24. Cac tac gia xin chan thanh cam on.

TAI LIEU THAM KHAO

[1] T. Phutthai, M. Hughes (2016), “A new species and a new record
in Begonia sect. Platycentrum (Begoniaceae) from Thailand”, Garden's
Bulletin, Singapore, 68(1), pp.99-107.

[2] H. Tian, B. Lv, T. Ding, et al. (2018), “Auxin-BR interaction
regulates plant growth and development”, Frontiers in Plant Science, 8,
DOI: 10.3389/fpls.2017.02256.

[3] D.T. Nhut (2011), Plant Biotechnology: Basic Research and
Application Episode 1, Agricultural Publishing House, Ho Chi Minh City,
532pp (in Vietnamese).

[4]D.V.Khiem, L.T.N. Lan, D.T. Nhut (2004), “Rapid micropropagation
of Begonia tuberous by young leaf tissue culture and acclimatization in
greenhouse”, Academia Journal of Biology, 26(3), pp.56-63 (in Vietnamese).

[5] S. Kumaria, M. Kehie, S.S.D. Bhowmik, et al. (2012), “In vitro
regeneration of B. rubrovenia var. meisneri. C.B. Clarke - A rare and
endemic ornamental plant of Meghalaya, India”, Indian Journal of
Biotechnology, 11(3), pp.300-303.

[6] H.T. Tung, H.T. Van, H.G. Bao, et al. (2021a) “Silver nanoparticles
enhanced efficiency of explant surface disinfection and somatic
embryogenesis in Begonia tuberous via thin cell layer culture”, Vietnam
Journal of Biotechnology, 19(2), pp.337-347.

[7] H.D. Khai, N.Q. Vinh, D.M. Dung, et al. (2021), “Alterations
in endogenous hormone levels and energy metabolism promoted the
induction, differentiation and maturation of Begonia somatic embryos under
clinorotation”, Plant Science, 312, DOI: 10.1016/j.plantsci.2021.111045.

[8] B.S. Mangat, M.K. Pelekis, A.C. Cassells (1990), “Changes in the
starch content during organogenesis in in vitro cultured Begonia rex stem
explants”, Physiologia Plantarum, 79(2), pp.267-274.

[9] D.T. Nhut, N.T. Hai, M.X. Phan, et al. (2005), “Shaking culture
systems and bioreactor in micropropagation of Begonia tuberous”, Vietnam
Journal of Biotechnology, 3(3), pp.363-372.

[10] L.T. Bien, N.B. Nam, N.T. Tai, et al. (2013), “Effect of light-
emitting diodes and explant types on shoot induction and regeneration from
tranverse thin cell layer of Begonia spp”, Vietnam National Biotechnology
Conference, pp.701-705 (in Vietnamese).

[11] Y.Y. Mendi, P. Curuk, E. Kocaman, et al. (2009), “Regeneration
of begonia plantlets by direct organogenesis”, African Journal of
Biotechnology, 8(9), pp.1860-1863.

[12] A. Awal, A.B.A. Ahmed, R.M. Taha, et al. (2013), “Effect of
adenine, sucrose and plant growth regulators on the indirect organogenesis
and on in vitro flowering in Begonia * hiemalis Fotsch” Australian Journal
of Crop Science, 7(5), pp.691-698.

[13] EM. Velasco, H.G. Rosas, A.M.C. Gonzalez, et al. (2018), “In
vitro cultivation of petals of four varieties of Begonia elatior”, Revista
Mexicana De Ciencias Agricolas, 9(6), pp.1207-1216, DOI: 10.29312/
remexca.v9i6.1585.

[14] D.T. Nhut, D.B. Trinh, D.M. Cuong, et al. (2018), “Study on
silver nanoparticles as a novel explant disinfectant for micropropagation
of African violet (Saintpaulia ionantha H. Wendl.)”, Vietnam Journal of
Biotechnology, 16(1), pp.87-97 (in Vietnamese).

KHOA
&CONGHI\?GCI:-IE

67(6) 6.2025

s Khoa hoc Tu nhién | Hoa hoc; Khoa hoc Nong nghiép | Céng nghé sinh hoc trong ndng nghigp, thiy sén

[15] T. Hieu, H.T. Tung, C.D. Nguyen (2018), “Establishing aseptic
explant source for Passiflora edulis Sims. and Passiflora edulis f.
flavicarpa”, Hue University Journal of Science: Natural Science, 127(1C),
pp.71-84 (in Vietnamese).

[16] D.M. Cuong, H.T. Tung, H.D. Khai, et al. (2020), “Increasing the
somatic embryogenesis frequency of Panax vietnamensis Ha et Grushv. by
disinfection of leaf explant using nano silver and the addition of nano silver
in culture medium”, Vietnam Journal of Biotechnology, 18(3), pp.517-527
(in Vietnamese).

[17] I. Andtjar, N. Gonzalez, J.C.G. Ramos, et al. (2020), “Argovit™
silver nanoparticles reduce contamination levels and improve morphological
growth in the in vitro culture of Psidium friedrichsthalianum (O. Berg)
Nied.”, SN Applied Sciences, 2, DOI: 10.1007/s42452-020-03948-9.

[18] V.T. Mo, L.K. Cuong, H.T. Tung, et al. (2020), “Somatic
embryogenesis and plantlet regeneration from the seaweed Kappaphycus
striatus”, Acta Physiologiae Plantarum, 42, DOI: 10.1007/s11738-020-
03102-3.

[19] H.T.M. Ngan, T.D.H. Trinh D.M. Cuong, et al. (2019), “Limitation
of hyperdricity and enhanced survival rate of Gerbera jamesonii plantlets
cultured in vitro on medium supplemented with silver nanoparticles”,
Vietnam Journal of Biotechnology, 17(1), pp.115-124.

[20] B.T.T. Phuong, N.P. Lan, D.T.K. Trang, et al. (2020), “Effect
of nanosilver on the in vitro propagation of Asarum glabrum Merr.”,
Vietnam Journal of Science and Technology - MOST, 62(6), pp.19-23 (in
Vietnamese).

[21] D.H. Gioi, B.T.T. Huong (2019), “Study on use of silver
nanoparticles in Phalaenopsis orchid (Phalaenopsis sp.) tissue culture”,
Vietnam National University of Forestry, 1, pp.19-24 (in Vietnamese).

[22] H.T. Tung, T.T. Thuong, D.M. Cuong, et al. (2021b), “Silver
nanoparticles improved explant disinfection, in vitro growth, runner
formation and limited ethylene accumulation during micropropagation of
strawberry (Fragaria x ananassa)”, Plant Cell, Tissue and Organ Culture,
145(2), pp.393-403, DOIL: 10.1007/s11240-021-02015-4.

[23]1D.M. Cuong, P.C. Du, H.T. Tung, et al. (2021), “Silver nanoparticles
as an effective stimulant in micropropagation of Panax vietnamensis - a
valuable medicinal plant”, Plant Cell Tiss Organ Culture, 146, pp.577-588.

[24] H.N. Chau, L.A. Bang, N.Q. Buu, et al. (2008), “Some results
in manufacturing of nanosilver and investigation of its application
for disinfection”, Advances in Natural Sciences: Nanoscience and
Nanotechnology, 9(2), pp.241-248.

[25] B. Fernandes, G. Dragone, A.P. Abreu, et al. (2012) “Starch
determination in Chlorella vulgaris - A comparison between acid and
enzymatic methods”, Journal of Applied Phycology, 24, pp.1203-1208.

[26] T. Krivorotova, J. Sereikaite (2014), “Determination of fructan
exohydrolase activity in the crude extracts of plants”, Electronic Journal
Biotechnology, 17, pp.329-333.

[27] D.B. Duncan (1955), “Multiple range and multiple F tests”,
Biometrics, 11(1), pp.1-42.

[28] B.T.T. Huong, T.D. Xuan, K.H. Trung, et al. (2021), “Influences of
silver nanoparticles in vitro morphogenesis of specialty king banana (Musa
ssp.) in Vietnam”, Plant Cell Biotechnology and Molecular Biology, 22(33-
34), pp.163-175.

[29] A. Bach, A. Kapczynska, K. Dziurka, et al. (2018), “The
importance of applied light quality on the process of shoot organogenesis
and production of phenolics and carbohydrates in Lachenalia sp. cultures in
vitro”, South African Journal of Botany, 114, pp.14-19.

26



DOI: 10.31276/VIST.67(6).27-33 Khoa hoc Tu nhién | Khoa hoc sy song; Khoa hoc K thuét va Cong nghé | Ky thuét moi truong s

Xa khuan co kha nang nuoi cay trong dat 6 nhiém dioxin,
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Tom tat:

Xa khuin déng vai trd quan trong trong hé vi sinh vét ciia dit 6 nhiém chét doc héa hoc, chiing 1d mét trong nhitng nhém vi
sinh vat chiém wu thé. Xa khuén c6 kha niing phat trién, chuyén héa va phan hiiy cac chat & nhiém hiru co bén virng, thude trir
sdu, hydrocarbon thom da vong (PAH) va loai mau thudc nhudm... Trong nghién ciru nay, phenanthrene va mau dét nhupm
dwoc sir dung 1am doi twong nghién ciru nham xac dinh khé niing phan hiiy va loai mau ciia xa khuin phan lap dwoc tir dit 6
nhiém dioxin tai San bay A So, tinh Thira Thién Hué. Két qua phan tich xa khuén trong miu 6 nhiém cho thiy, ¢ d9 sau 20-30
cm s Irong xa khuin nhiéu hon so véi & d9 sdu 150-180 cm. Trong 26 chiing xa khuin dwoc khao sat, ¢6 5 chiing sinh laccase
v6i hoat tinh I6n hon 20 U/L, trong d6 cao nhit 1a chiing Streptomyces sp. XAS3 dat 468,06 U/L. Chiing Streptomyces sp. XAS3
phan hity 42,04% phenanthrene sau 3 tuin; va loai mau 16/18 loai thuéc nhugm mau dwoce khio sit, hi¢u qua loai mau cao
nhit, dat 26,72+0,94% véi mau thude nhém anthraquinone acid blue 62 sau 20 phiit phan tng. Két qua thu dwoc cho thiy tiém
ning tmg dung vao xir Iy sinh hoc phén hity cac chat 6 nhiém ciia xa khuén tir d4t 6 nhiém tai San bay A So.

Tir khéa: dioxin, hydrocarbon thom da vong, laccase, loai mau thudc nhudm, xa khudn, xir Iy sinh hoc.
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Culturable actinomycetes in dioxin-contaminated soil,

laccase-producing ability and potential for application in bioremediation
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Abstract:

Actinomycetes play an important role in microbial community in contaminated soil, they are one of the dominant groups.
Actinomycetes have the ability to metabolise and degrade persistent organic pollutants such as pesticides, polycyclic
aromatic hydrocarbons (PAHs) and decolour textile dyes... In this study, phenanthrene and textile dyes were used as subjects
to determine the degradation and decolourisation ability of actinomycetes which were isolated from dioxin-contaminated
soil at A So airbase, Thua Thien Hue province. The results of quantifying culturable actinomycetes in dioxin-contaminated
soil showed that at a depth of 20-30 cm the number of actinomycetes was greater than at a depth of 150-180 cm. Among the
26 tested actinomycete strains, there were 5 laccase-producing strains with laccase activity greater than 20 U/, of which
the highest was Streptomyces sp. XAS3 reached 468.06 U/l. Streptomyces sp. XAS3 degraded 42.04% phenanthrene after
3 weeks of incubation; and decoloured 16 out of 18 surveyed textile dyes, the highest decolourisation efficiency reaching
26.72+0.94% with an anthraquinone dye acid blue 62 after 20 minutes of reaction. The results show the potential of the
actinomycete isolated from dioxin-contaminated soil at A So airport for application in bioremediation of pollutants.

Keywords: actinomycetes, bioremediation, dioxin, laccase, polycyclic aromatic hydrocarbon, textile dye decolourisation.

Classification numbers: 1.6, 2.7
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1. Dt van de

Xa khuan 12 nhom vi sinh vat dugc tmg dung trong nhiéu
linh vuc nhu cham soc strc khoe, duoc phém, xtr ly moi
truong. .., nhom nay c6 kha ning sinh tong hop da dang
cac chat chuyén hoa c6 hoat tinh sinh hoc khac nhau, cung
v6i nhiéu loai enzyme cé gia tri kinh té. Ngoai ra, xa khuén
dong vai tro quan trong trong hé sinh thai cia dit 6 nhiém
chat doc hoa hoc, chung thuong 13 mot trong nhitng nhom
chiém wu thé [1]. Xa khuan cho thiy vai trd quan trong
trong qué trinh xir 1y sinh hoc chit 6 nhiém do ching duy
tri vu thé trong qua trinh xtr Iy 6 nhiém [2]. Tuy nhién, cac
nghién ctru vé kha ning phan huy dioxin hay cac cht 6
nhiém vong thom khac chi yéu tap trung vao cac ching vi
khuén, sb luong ching xa khuén duge cong b it hon nhiéu
50 voi céc dai dién vi khuan.

Trong nhitng nim qua, d4 c6 nhiéu két qua nghién ctru vé
sy phan hiy thudc trir siu boi xa khuén. Streptomyces va xa
khuén khong phai Streptomyces thudc cac chi Arthrobacter,
Frankia, Gordonia, Kocuria, Nocardioides va Rhodococcus
1a nhing loai xa khuan c¢6 nhidu céng bd vé kha nang phan
huy thude trir sau. Nhiing vi sinh vat nay thé hién kha ning
phat trién, chuyén héa va phan hiy mot s6 ho thude trir
sau, bao gdbm hop chit hiru co (chlor-pyrifos, dimethoate),
organochlorine (endosulfan, lindane, pentachlorophenol,
pentachloronitrobenzene, hexachlorobenzene),
(atrazine, simazine, terbuthylazine), cic hop chét pyrethroid

triazine

tong hop (deltameth-rin, cypermethrin) va benzimidazole
(carbendazim) [3]. Cac nghién ctru cho thdy, Terrabacter
sp. DBF63 c6 kha ning phan hiy cac dong loai cua
polychlorinated  dibenzo-p-dioxins va dibenzofurans
(PCDD/Fs) la 2-CDD; 2,3- CDD; 2-CDF; 2,8-DCDF vo6i
nong do 10 pg/ml trong 18 giv ¢6 thé phan huy duogc 75-
85%. Rhodococcus opacus SAO 101 dugc chiing minh la
¢6 thé phan hity cac hydrocarbon thom da vong khac nhau
nhu naphthalene dibenzofuran (DF) va dibenzo-p-dioxin
(DD) [4].

Trong sb cic enzyme tham gia vao qué trinh phan huy
cac chat 6 nhiém hitu co kho phéan hiy, enzyme laccase xa
khuan c6 tiém ning 16n trong xir Iy sinh hoc nhung van
con it dugce tap trung nghién cuu. Laccase (benzenediol:
oxygen oxidoreductase, E.C 1.10.3.2) 12 mdt enzyme da
ddng thudc nhom cac blue-oxidase. Laccase thudc nhom
oxidoreductase, enzyme laccase xUc tac qua trinh oxy hoa
don dién tir ctia mot phd rong cac co chat. Qua trinh oxy
hoa co chat duge két hop v6i qua trinh khir 4 electron cia
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O, thanh H,O [5]. Enzyme laccase dugc biét dén voi kha
nang tan cong cac thanh phan phenolic cua lignin va céc
chat 6 nhim cta nudc thai, hydrocarbon thom da vong
(PAH), loai mau thudc nhuom gy 6 nhidm trong nganh dét
may... Do d6, enzyme nay c6 vai trd quan trong trong xu
1y sinh hoc [6]. Ngoai ra, hinh théi dang soi ctua xa khuén
tao diéu kién cho sy xam nhép va lan rdng trong qua trinh
tang truong, dan dén su phéan hay hiéu qua hon. Hon niia,
chung con sinh tong hop cac enzyme ngoai bao phan giai
cellulose, hemi-cellulose va lignin [7].

Nhiéu nghién ctru khac nhau vé cac phuong phap nhim
tang cuong va tang hi¢u qua ctia qua trinh xu Iy sinh hoc céac
chét 6 nhiém, trong do, taing cuong sinh hoc vdi xa khuéan 1a
mot cach tiép can than thién vdi moi truong. Actinobacteria
da duoc ching minh 13 c6 nhiéu trong dat bi 6 nhiém va ¢
kha ning chuyén hoa céc chat gy 6 nhidm dé ching phat
trién. Hon nita, tiém ning cta xa khuén trong viéc phan huy
céc chit 6 nhiém hitu co bén viing, thube trir sdu, PAH va
loai mau thudc nhudém da duoc chung minh trong mdt sb
cong trinh da duoc cong bd trude day, cho thdy tiém ning
ctia chiing nhu mot nhan t6 dé ting cuong sinh hoc phan hay
céc chat 6 nhiém [6-8]. Trong nghién ctru nay, phenanthrene
(mot loai PAH) va mau dét nhuém duoc sir dung lam mau
nghién ctru nham xac dinh kha ning phan huy va loai mau
ctia xa khuan phan lap dugc tir d6 danh gia tiém nang tng
dung vao xur ly sinh hoc cua chung nghién ctru.

2. Viat liéu va phuong phap nghién ciiu
2.1. Vit liéu va doi twong

Vat liéu nghién ctu la mau dat 6 nhiém dioxin dugc
thu thép tai San bay A So, huyén A Ludi, tinh Thira Thién
Hué. 5 mau duoc ldy ¢ d6 sau 20-30 cm, 5 mau & do sau
150-180 cm (hinh 1).

(A)

Hinh 1. Mau dat 6 nhiém tai San bay A So, T
sau 20-30 cm; (B) B6 sau 150-180 cm.

s "2

hira Thién Hué. (A) Do
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Dbi tugng nghién ciru 1a chung xa khuan ¢ kha ning
sinh laccase va khir mau thu6c nhudom.

2.2. Phuwong phap nghién ciru

Xdc dinh s6 luwong xa khudn tir dat 6 nhiém dioxin: Moi
truong Gause co cai tién duoc sir dung dé xac dinh s6 luwong
va sang loc, nudi céy xa khuan véi cac thanh phén (g/):
KNO, 2; MgSO,.7H,0 0,45; KH,PO, 0,15; Na,HPO,.12H,0
0,35; NaCl 1; K. HPO,.3H20 0,25; FeSO,.7H,0 0,01; tinh
bot 10; Agar 15 [9], bo sung thém 0,01% K,Cr,0,. Dém s6
luong xa khuan trong dat theo phuong phap dém so don vi
hinh thanh khuén lac trén moi truong Gause cai tién, c6 bd
sung dung dich duoc chiét tir dt 6 nhiém dioxin chira hdn
hop cac thanh phan gdm chét diét co va dong dang dioxin
2, 3, 7, 8-TCDD. Dich chiét dat dugc su dung nhu nguén
co chit bd sung dung trong phan 1ap xa khuan tir mau dét
6 nhidm dioxin. Cu thé nhu sau: 10 g mau dat sau khi dong
nhit duoc bd sung vao binh tam giac thé tich 250 ml chta
90 ml nude mubi sinh 1y vo tring, lic 150 vong/phut trong
15 phut tai nhiét d6 phong. Dung dich dat tiép tuc dugc
pha loéing theo day s thap phan dén 107, 100 ul dung dich
& moi do pha loang duogc ciy trai trén dia petri chira moi
truong Gause cai tién da bd sung dich chiét dat, mau sau dé
nudi tai 30°C. Sau 5-7 ngay nudi ciy, quan sat va kiém dém
cac khuan lac c6 dic diém hinh thai dic trung cua xa khuén
(khuén lac hinh dang phong xa, hinh vong tron dong tam;
khuén lac khé, ran chic, mép khuén lac han siu vao moi
truong, bé mat khuan lac ¢6 1. ).

Xac dinh hoat tinh laccase: Hoat tinh laccase
dugc xac dinh dua trén sy oxy hoda 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) tao thanh
hop chéat dugc hip thu anh sang manh tai budc song 420
nm [10]. Cac chung xa khuan dugc nudi trong méi truong
Gause 1ong & 30°C, lic 200 vong/phiit. Sau mdi 24 gio, 1 ml
dich nudi ciy duoc thu va ly tim 10.000 vong/phuit & 4°C
dé xac dinh hoat tinh laccase. Mot luong dung dich chuira
enzyme dugc u voi 1 mM ABTS trong dém sodium acetate
33,4 mM, pH 3, trong thé tich phan Gng 1 ml. Phan (mg
duogc tién hanh & nhiét d6 phong trong 2 phut. Dung dich
phan tng dugc tién hanh do & budc song 420 nm tai 0 va
2 phut bang may quang phd UV-Vis [11]. Mot don vi hoat
tinh laccase 1a luong enzyme can thiét dé tao thanh 1 uM
san phim tir ABTS trong thoi gian 1 phut, & didu kién thi
nghiém.

Xac dinh khanang phdn huy phenanthrene: Phenanthrene
(C,,H,,) lamét chat thuoc nhom PAH c6 chira 3 vong benzen,
trong nghién ctru nay phenanthrene duoc st dung nhu PAH
méu nham xac dinh kha ning phan hity boi ching xa khuan
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¢6 hoat tinh laccase. Chung xa khuan dugc nudi cay trong
mdi truong Gause cai tién co bd sung phenanthrene 13 mau
thi nghiém, mau déi ching 1a moi truong ¢ lwong tuong
tu phenanthrene nhung khong bd sung ching xa khuan. Thi
nghiém dugc tién hanh trong binh tam giac thé tich 250 ml
chira 50 ml méi truong nudi cdy, cac binh thi nghiém va dbi
chimg duoc giit & cing didu kién ¢ 30°C, lic ¢ toc d6 150
vong/phut trong 3 tudn. Mau duoc thu nhén sau 3 tudn dé
xac dinh du lugng phenanthrene.

Mau nuéi cdy dugc dem chiét phan 16p v6i dung moi
hexane theo ty 1& 1:1. Lic trong 30 phit, gan, hat pha trong
phia trén, 1ap lai budc chiét v&i hexane 3 1an. Gop dung dich
dem c6 quay thu dugc cao chiét. Pinh luong phenanthrene
trén thiét bi sac ky 1ong hiéu ning cao (UPLC) theo phuong
phap sau: Cao chiét thu dugc dem hoa tan v6i 1ml dung moi
acetonitrile; str dung ¢4t phan tich ACQUITY UPLC® BEH
C18 véi cac diéu kién nhu nhiét do cot 30°C; téc do dong
0,1 ml/phit; thé tich bom méu: 2,0 ul; pha dong acetonitrile/
nuéce theo ty 18 7:3; thoi gian chay 40 phit va do bang dau
do DAD, budc song 254 nm [12]. Nong d6 phenanthrene
dugc xac dinh dya vao duong chuan duge xdy dung trong
khoang nong d6 5-1000 pg/ml. Su khac biét vé& nong do
phenanthrene giita mau thi nghiém va ddi chimg 1a co so
xéac dinh kha ning phan huy sinh hoc boi ching xa khudn
nghién ctru. Thi nghiém dugc lap lai hai lan.

Xdc dinh khd nang logi mau thuéc nhuém: Cac thube
nhudm duoc sir dung dé danh gia hiéu qua loai mau bang
enzyme laccase sinh tong hop boi xa khuan gdm cac mau voi
budc song hap thu cuc dai nhu sau: acid green 27 (620 nm),
nova yellow S3R (418 nm), mega fix turquoise BES (430
nm), nova yellow FN2R (430 nm), drimaren yellow CLRR
(480 nm), sirius direct searlet BY (490 nm), acid red 299 (520
nm), drimaren red CL5B (540 nm), methyl orange (578 nm),
megafix red EBR (540 nm), IN13 (560 nm), acid blue 113
(560 nm), terasil red FBN (592 nm), acid blue 62 (595 nm),
direct black CLS (600 nm), acid blue 281 (600 nm), mega fix
NAVY FBN (602 nm), nova navy SG (620 nm).

Téng thé tich phan tng loai mau thuéc nhudém 1a 5 ml
bao gém enzyme laccase tho (hoat tinh 200 U/1), mau thude
nhuom (n&”)ng d6 10 mg/1), dung dich dém sodium acetate 20
mM pH4. Mau déi chimg ¢ chira mau thue nhudém (ndng
d6 10 mg/l), dung dich dém sodium acetate 20 mM pH4 va
enzyme tho bi bién tinh nhiét & 100° trong 20 phut. Hi¢u
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qua loai mau thudc nhuém duge danh gia sau 20 phat phan
tmg. D6 hp thy mau duoc xac dinh bang may do quang phd
UV-Vis 752N tai cac budc song phu hop véi tiing mau. Cac
thi nghiém dugc 1ap lai hai lan. Kha nang loai mau dugc xac
dinh theo cong thtrc: % loai mau = ((OD OD
oD ) x 100 %.

ddichimg thi nghiém)/
bi chimg

Phdn tich sé liéu: S6 liéu duge phan tich bing phan mém
GraphPad Prism 6.01. Su khéac biét giira cac mau thir duoc
xac dinh thong qua t-test, F-test hoac one-way ANOVA tuy
ting thi nghiém cu thé. Su khac biét c6 ¥ nghia thong ké
giita cdc mau khi p<0,05.

3. Két qua

3.1. Khdo sat nhom xa khudn trong méu dit é nhiém
dioxin tai Sdn bay A So, tinh Thiva Thién Hué

Mau dit 6 nhidm dioxin duge thu thap tai 2 khoang do
sau khac nhau 20-30 cm (miu dat kho, toi va c6 mau nau
vang) va 150-180 cm (mau dat udt, bét va c6 mau xam den)
(hinh 1). Cac mau nay duoc dong nhat va sir dung dé xac
dinh sb lugng xa khuan tong sb co thé nudi cdy dugc trén
mdi trudng c6 chira chat 6 nhiém. Két qua phén tich don vi
hinh thanh khuén lac cho théy, xa khuan trong mau ¢ do sau
20-30 cm ¢6 s6 lugng 16n hon so v6i mau & d6 sau 150-180
cm. S6 lugng trung binh ctia 5 mau ¢ do sau 20-30 cm la
1,63x10° CFU/g, trong khi v6i 5 mau & d6 sau 150-180 cm
1a 7,84x10? CFU/g (hinh 2). Phan tich F-test xac dinh s
luong xa khuan & 2 nhom mau 1a khac nhau dang ké vé mat
thdng ké véi p<0,0001.
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Hinh 2. S6 lwging xa khuan c6 thé nudi cay dwoc trong mau dat 6
nhiém dioxin.
3.2. Kha nang sinh to:ng hop laccase cia cdac chung xa
khuan phdn lap dwoc

Céc chung xa khuan phan lap dugc khao sat kha niang
sinh laccase trén moéi truong Gause dich, mau xac dinh hoat
tinh laccase 1a mau dich nuéi céy dugc ly tdm loai bo sinh
khéi. Hoat tinh laccase ctia mdi chung dugc theo ddi trong
10 ngay nudi cdy lién tiép, két qua nghién ciru dugc thé hién
tai bang 1. Cac ching dugc khao sat cho thiy kha nang sinh
tong hop laccase v6i muc do khac nhau, tuy nhién s6 luong
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chung c6 hoat tinh cao trén 20 U/l ¢6 5/26 chung, chiém ty 16
19,2% bao gém: XAS3, X4, X8.5, X9.1 va X10.6 (bang 1).
Ching XAS3 cho thiy kha nang sinh hoat tinh laccase cao
nhét trong bd giéng duoc sang loc, hoat tinh cao nhét dat
468,06 U/l sau 8 ngay nudi cdy. Ching XAS3 duoc phan
loai thudc chi Streptomyces dua trén trinh ty ma hoa gen
16S rDNA va duogc dat tén 1a Streptomyces sp. XAS3.
Chung cho hoat tinh laccase cao thur hai 1a X8.5, ching nay
sinh laccase cao nhit sau 9 ngay dat 138,19 U/L. Ngay dat
hoat tinh cao nhét khac nhau gitta cac ching xa khuan, tuy
nhién thuong trong khoang 7-10 ngay nudi cdy (bang 1).
Bang 1. Khao sat kha nang sinh laccase clia cac ching xa khuan
dwoc phan lap tir dat 6 nhiém dioxin.

Ngay thu méu nudi cy khdo st hoat tinh laccase

Ky hiéu

ching ;3 4 5 6 7 8 9 10

X1 181 229 25 174 146 200 208 257 319 285
XL L7 205 188 L4 264 1S 132 LT 139 16

X12 16 205 09 139 LI 104 09 083 06 1o
XI3 139 16 L8 L4 097 097 0% 083 083 174
XI4 007 007 LIS 063 069 06 139 16 042 036
XLS 0 007 LI035 076 089 139 229 403 38
X2 125 200 16 LeT 13 LM 16 L4 146 LM
XAS3 208 9028 14097 23958 29931 32847 35208 46806 28889 23056
X4 0 014 3597 5625 3403 5069 7847 7708 8403 9375
X5 007 014 174 13 16 LM 27 25 25 25

XV62 0 004 181 125 139 1S 229 215 25 201
X7 007 014 188 167 16T 188 319 257 236 208
X1 0 0 097 076 09 1M LgT 1R 183 13
X82 007 007 16T 13 125 167 278 222 215 1%
X830 007 16 139 16 181 313 257 264 264
X84 0 0 104 08 07 076 09 05 06 06
X85 181 1320 5972 5625 5417 5632 13958 12083 13819 13542
X9.1 007 0 1201 12,15 1201 1243 25,63 24 2053 1722
X92 LI 792 104 06 104 089 LI 035 097 028
XIL 1145 233 1705 1285 1565 1945 2,185 10035 354 4385
XI02 08 0315 014 0245 0245 021 0 0245 020 0035
XI03 145 2535 212 2775 1945 184 219 16 198 1285
X4 0 007 15 139 174 188 34 299 33 319
X105 0 0,14 2,08 1,74 194 215 326 292 313 2,29
XI06 007 007 236 222 174 188 3007 6465 6229 4122
X10.7 059 1,18 1945 191 2255 2,155 271 219 233 1,98

Dt liéu thé hién hoat tinh laccase (U/l) dwéi dang sé trung binh clia
hai 1&n do.
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3.3. Kha nang phdin huy phenanthrene ciia ching xgq
khudan sinh laccase Streptomyces sp. XAS3

Phenanthrene dugc str dung nhu PAH mau cho khao sat
kha nang phéan hiy sinh hoc bdi ching xa khuan sinh laccase
Streptomyces sp. XAS3. Du lugng phenanthrene trong mau
thi nghiém va mau ddi chimg dugc phan tich bang may sic
ky long siéu hiéu niang (UPLC) va tinh toan nong do dua
vao duong chuan da dugc xay dung theo phuong trinh sau
Y=19,8587x + 11,9106 véi R?=0,9999. Pho phén tich mau
chiét phenanthrene tir mau thi nghiém va d6i ching duoc
thé hién tai hinh 3. Hinh anh phd cho thay, dich chiét tir hai
loai mau chira phenanthrene c¢6 cung thoi gian luu va phd
UV cua chét chiét va két qua dic trung cho phenanthrene.

(A)

Chromatograms
Qe MEEWE £L£EL EH oomommoe - &

Bgsuse 1| DADMA, SigedSe0 A0 Rnfeoff | H033-07-23 163307 +0700.06 e

[eT

(B)
Chromatograms
Qlf MEEWle £ LB ocwerme sewme - &

BCH(1) | DADHA. Sag=dfd 0,40 Retf=aft | 36730733 18-06. 1107 50.00.80

Hinh 3. Phé phan tich sic ky léng siéu hiéu ning. (A) Mau déi
chirng; (B) MAu phan hiy sinh hoc phenanthrene béi Streptomyces
sp. XAS3.

Sau 3 tudn nudi cidy trén moéi trudng c6 bd sung
phenanthrene, XAS3 phan huy dugc 42,04% phenanthrene
so voi mau ddi ching. Ham luong phenanthrene con lai trong
mau nudi cdy voi XAS3 sau 3 tuan 1a 91,74+3,439 pg/ml,
trong khi mau ddi ching dat 158,3+14,06 pg/ml (hinh 4).
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Hinh 4. Kha nang phan hay phenanthrene ctua Streptomyces sp.
XAS3. XAS3: Streptomyces sp. XAS3. Bidu dd thé hién gia tri trung
binh va do léch chun, n=2, t-test v&i p<0,05.

3.4. Khd ndng logai mau thuoc nhudm cua laccase tho
sinh tong hop boi Streptomyces sp. XAS3

Khao sat kha nang loai mau thuc nhudm mau duoc st
dung trong nganh dét may su dung dich 1én men c6 hoat
tinh laccase (laccase thd) ctia chuing Streptomyces sp. XAS3
duoc tién hanh véi 18 loai thude nhuém khéac nhau. Su khac
biét mau sic so voi mau dbi chimg sau 20 phat phan tng
duoc thé hién tai hinh 5. Béng mit thuong co thé quan sat sy
thay d6i mau cia mot s6 thuée nhuom, dang chi ¥ 1a nhom
mau xanh cé xu hudng dugc loai mau nhanh hon so véi
nhom mau vang va do.

ot g T 0
e AR
,1'7 R LT oy G -

U «
o Ot

Hinh 5. Sw thay ddi mau cta cac thuéc nhuém sau 20 phut phan
trng vé&i dich laccase thé cua Streptomyces sp. XAS3. (A) Mau thi
nghiém; (B) M&u déi chirng.

Hiéu qué loai mau duoc xac dinh théng qua phan trim
lwong mau loai b so véi ddi chung, mdi mau duoc xac dinh
tai budc song dac trung riéng. Sau 20 phtt loai mau, 16/18
loai thuc nhudm thir nghiém duoc loai mau voi hiéu sut
khac nhau, két qua thé hién tai hinh 6 véi gia tri trung binh
va do 1éch chuan, phan tich one-way ANOVA véi p<0,0001.
Trong do, acid blue 62 cho th?iy hi¢u qua loai mau cao nhét,
dat 26,72+0,94%. C6 tong s6 6/18 thudc nhudm bi loai bo
trén 15% mau bai laccase tho ciia XAS3 bao gdm acid blue
113, terasil red FBN, direct black CLS, acid blue 281, mega
fix NAVY FBN va acid blue 62 (hinh 6). Trong khi do, cac
mau nhu: drimaren yellow CLRR, acid red 299 hoan toan
khong bi loai mau sau 20 phut & diéu kién pH 4, nhiét do
phong va xtic tadc phan ung véi laccase 200 U/L
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Hinh 6. Kha nang loai mau cua laccase sinh téng hop b&i
Streptomyces sp. XAS3.

4. Ban luan

Xa khuén 1a nhom vi sinh vt ¢6 kha nang sinh tong hop
da dang céac chit chuyén hoa c6 hoat tinh sinh hoc cing voi
nhiéu loai enzyme co gia tri. DAt 6 nhidm chat diét co/dioxin
tai Viét Nam 1a ngudn vi sinh vat ddc thi v6i nhiéu tiém
nang Umg dung trong xur ly sinh hoc moi truong, mac du
vay, nhom xa khuén chua duoc tap trung khai thac. Trong
nghién ctru nay, nhan théy su khéc biét sd luong xa khuén
6 thé nudi céy duoc o cac téng dat v6i do sau khac nhau,
cung voi viée xac dinh dugce ) luong dang ké & do sau 1,8
m trong diéu kién dat ngap nudc tai San bay A So, cho thy
tiém ning mg dung nhom xa khuan trong xir 1y sinh hoc
theo phuong phap chon lap tich cyc khi diéu kién trong hd
chén lap phu hop cho sy ton tai, sinh trudng va phat trién
ctia nhom vi sinh vét nay. Tuy nhién, can nhiéu nghién ciru
cu thé hon va sir dung nhiing cong cu nghién ctru hién dai,
cap nhat hon (vi du nhu phan tich chi thi phan tir 16S rRNA
amplicon) dé danh gia mirc d6 da dang ctia nhém vi sinh vét
nay trong dat 6 nhiém dioxin dic thu.

C6 mot vai cong bd trude day lién quan dén xa khudn
phan lap tir dat 6 nhiém dioxin va kha ning sinh laccase
ctia ching [13, 14], cac ching nay c6 ngudn goc tir dat 6
nhiém tai San bay Bién Hoa, tinh Pong Nai. V&i ngudn dat
6 nhiém tai San bay A So, tinh Thira Thién Hué nhu trong
nghién ctru nay ciing cho thiy sy c6 mit cia cc chung xa
khuén c6 kha nang sinh laccase. Tuy nhién, ty 1& cac ching
¢6 hoat tinh cao trén tong s6 chung phéan lap duoc thap,
chi 2 chiing cho hoat tinh trén 100 U/I trong bo gidng phan
lap duoc. Cac chung con lai van xac dinh dugc laccase,
tuy nhién hoat tinh khong cao. Mac du vay, kha nang sinh
laccase cua cac chung trong nghién ciru nay cao hon mot sb
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chung ciing dugc phan 1ap tir dat 6 nhidm di dugc cong bd
trude ddy, vi du nhu xa khuan tir dat 6 nhidm dioxin tai Sn
bay Bién Hoa voi hoat tinh laccase khi sang loc dao dong
0,38-0,8 U/I [13]. Piéu nay cho thay kha ning sinh laccase
boi xa khuén 1a dic diém kha phé bién, tuy nhién hi¢u suét
sinh laccase tiy thudc vao dic tinh ting ching cu thé.

Mot s6 chiing xa khuédn cho thay vai trd quan trong trong
phan hity cic chat 6 nhidm, cic cong bd dd chimg minh
kha nang phan hity dioxin va cic chit 6 nhiém khac cia
xa khuan nhu tung dung ching Rhodococcus opacus vao
qué trinh ting cudng sinh hoc dé loai bo dioxin [15]. Trong
nghién ctu vé cac gen chtic ning tham gia qué trinh loai
khir clo cua vi khuén phan hiy cac hop chit vong thom,
da nhan thdy mot s6 ching xa khuan phan 1ap duoc trong
mét mo hinh vi sinh vat ban ky khi déu co thé su dung
naphthalene lam ngudn ning lwong va carbon duy nhat [16].
Trong nhém xa khuan thi chi Streptomyces 1a chi ¢6 nhiéu
dai dién da duoc chimg minh kha ning phan huy cac chét
PAH ciing nhu cac chit 6 nhiém khac [6]. Chung XAS3
thudc chi Streptomyces ciing cho thay kha ning phan huy
PAH v6i hon 42% phenanthrene bi loai bo, thoi gian phan
hiy phenanthrene ciia XAS3 kha dai, tuy nhién két qua
duoc trinh bay 1a két qua sang loc ban dau, thu duoc trong
diéu kién chua tdi uu.

Laccase tir xa khuén c6 cac dic diém noi troi so v6i cac
nguén khéc nhu kha nang chiu nhiét, chiu dung méi, d6 bén
cao [6]. Cac nghién ctru vé dic tinh laccase tir xa khuan con
it, danh gia téng quan sau vé laccase cua xa khuan hién tai
con gidi han, cac nghién ctru chinh cha yéu tap trung vao
chi Streptomyces. Chi nay c¢6 nhiéu chung duoc cong bd voi
kha nang loai mau, cd mau nhom azo va anthraquinone [17].
Qua trinh loai mau boi xa khuan théng qua hai con dudng
chinh 1a hdp phu trén sinh khéi va chuyén héa sinh hoc.
Mau bi loai bo ¢6 thé do mot sb enzyme khac nhau nhu:
laccase, manganese peroxidase (MnP) hay azoreductase...
[18], trong d6 laccase va MnP la cic enzyme ngoai bao.
Nghién curu thuc hién véi dich 1én men da loai bo sinh khéi
ctia chung XAS3 cho thiy, chi c6 mit cta laccase ma khong
c6 MnP, do d6 kha nang loai mau bdi dich 1én men XAS3
duoc cho la xuc tac loai mau boi laccase c6 trong dich lén
men. Két qua sang loc cho thdy, laccase sinh tong hop boi
XAS3 c6 kha nang loai bé cd mau azo va anthraquinone.
Mic du hiéu qua loai mau cao nhat nhan théy & acid blue
62, mau thudc nhom anthraquinone, nghién ctru khong xac
dinh duoc quy luat hay xu hudéng trong hi¢u qua loai mau
cta laccase XAS3 theo cu trac cta thudc nhudém mau. Dé
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tim ra xu hudng cling nhu nang cao hi¢u qua loai mau, sang
loc v&i nhiéu loai thuéc nhudém mau hon va bd sung thém
céc chét trung gian cho laccase 13 cac huéng nghién ctru tiép
tuc dugce trién khai.

5. Két luan

Xa khuén c6 mat trong dat 6 nhi®m dioxin tai San bay A
So, tinh Thira Thién Hué véi sb lugng khong gidng nhau &
céc tang dat v6i do sau khac nhau. Cac chung xa khudn c6
ngudn gbc tir dat 6 nhiém duoc khao sat c6 kha ning sinh
laccase, hoat tinh cao nhét dat dugc sau 7-10 ngay nuoi céy.
Chung chon loc Streptomyces sp. XAS3 sinh laccase cao
c6 kha nang phan huy phenanthrene va dich laccase thé thu
dugc co kha nang loai mau thudc nhuom thudc ca nhom azo
va anthraquinone.
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Danh gia kha nang khang Staphylococcus aureus khang methicillin cua
pinostrobin tir cao chiét Tram tron (Syzygium glomeratum)

Mai Thi Ngoc Lan Thanh", Hoang Anh Hoang?

Khoa Y - Dugc, Truong Pai hoc Thii Dau Mét, 6 Tran Vin On, phuong Phii Hoa, TP Thii Dau Mét, tinh Binh Duong, Viét Nam
2Khoa K3 thudt Héa hoc, Trong Dai hoc Bdch khoa, Pai hoc Quéc gia TP Hé Chi Minh, 268 Ly Thiong Kiét, phwong 14, quén 10, TP Ho Chi Minh, Viét Nam

Ngay nhan bai 6/10/2023; ngay chuyén phan bién 9/10/2023; ngay nhan phan bién 31/10/2023; ngay chip nhan ding 3/11/2023
Tém tit:

Tu ciu vang khang methicillin (MRSA), mdm bénh phd bién nhét trong méi trwong bénh vién va cong dong, c6 thé
giy nhiém trung nghiém trong va tham chi gy tir vong. Pinostrobin dwgc tach chiét tir cao ethanol Tram tron cé
hoat tinh khang MRSA. Nghién ciru nay thwc hién nham khio sat kha ning khang Staphylococcus aureus khang
MRSA tir tinh chét pinostrobin. Sir dung phwong phap ban ¢ dé xac dinh kha niing hop luc ciia pinostrobin va
vancomycin trong hoat tinh khang MRSA. Két qua xac dinh dwgc pinostrobin ¢é kha ning hgp lue véi vancomycin
khang MRSA véi chi s6 nong d¢ e ché phan doan (FIC) = 0,5. Sir dung phuong phap nhudm véi crystal violet dé
thir nghiém kha ning trc ché hinh thanh biofilm ciia pinostrobin trén MRSA. Két qua cho thiy, pinostrobin khong
¢6 kha ning e ché hinh thanh biofilm trén MRSA. Sir dung phwong phap lai mién dich véi khang thé don dong bt
protein PBP2a cho thiy, pinostrobin trc ché sur biéu hién ciia protein PBP2a trén MRSA. Pinostrobin dwoc thu nhian
tir chi Tram, ¢6 kha ning khang MRSA va kha ning hop luc véi vancomycin, buwée diu xac dinh dich tac dong cia
pinostrobin trén MRSA 1a protein PBP2a.

Tir khéa: hoat tinh khang khuén, pinostrobin, tu ciu vang khang methicillin.

Chi s6 phén logi: 1.6, 3.5
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Abstract:

Methicillin-resistant Staphylococcus aureus (MRSA), the most common pathogen in hospital and community
environments, can cause serious and even fatal infections. Pinostrobin is isolated from the ethanol extract of
Syzygium glomeratum, which has anti-MRSA activity. This research was conducted with the purpose of evaluating
the anti-MRSA activity of pinostrobin. The checkerboard method was used for the determination of synergism
between pinostrobin and vancomycin in anti-MRSA activity. The results show that pinostrobin has the ability to
synergise with vancomycin anti-MRSA through the fractional inhibitory concentration index FIC index equals 0.5.
The crystal violet-based assay is used to evaluate the MRSA biofilm formation of pinostrobin. The results show that
the pinostrobin did not cause inhibition of MRSA biofilm formation. Using the PBP2a latex agglutination test to
determine the absence of PBP2a protein when MRSA was grown in culture medium-supplied pinostrobin shows
that pinostrobin inhibited the expression of PBP2a protein in the cell wall of MRSA. Pinostrobin was purified from
the Syzygium genus, which has the potency of anti-MRSA activity and the synergism with vancomycin, initially
processing the inhibition of expression PBP2a protein in the cell wall of MRSA.
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1. Dat van de

Céc bénh nhiém khuén Staphylococcus aureus khéng
MRSA rét kho diéu tri, cac bénh nhiém khuan lién quan 1a
nhiém tring mau, nhidm tring phdi... do cac yéu té doc luc
1a vin dé trong y té toan cau hién nay [1]. Ngoai ra, MRSA
¢6 hai co ché khang khang sinh phd bién hién nay ddi véi
nhém B-lactam 1a biéu hién enzym B-lactamase va protein
PBP2a [2]. Nghién ctru ty 1¢ to vong trong vong 30 ngay
d6i v6i bénh viém phoi bénh vién tir 18,7 dén 40,8% tai
10 nude chiu A, trong d6 MRSA chiém 82,1% trong tong
s6 cac chung S. aureus phéan 1ap [3]. Nam 2017, T chirc Y
té thé gioi (WHO) xac dinh cac bénh nhiém MRSA 1a d6i
tuong wu tién nghién ciru va phat trién cac phuong phap
diéu tri mai [4].

Vancomycin 1a tiéu chudn vang trong diéu trj cac bénh c6
lién quan dén MRSA [5]. Chiing MRSA khéng vancomycin
(VRSA) dugc bao cio chiém ty 18 6,1% [6]. Trong khoang
30 nam tro lai day, cac nghién ctiru méi trong viéce tim ra loai
khang sinh mdi chua thyc sy thanh cong, cac nghién clru
dang sira doi dya vao khung nguyén ban cta thudc khang
sinh thé hé cii chiém chu yéu.

Dua vao nhitng 1y do trén, nghién ctru cac ngudn khéng
sinh mé&i hodc cac phuong phap méi dé kiém soat vi khuén
khang khang sinh, dic biét dang siéu khang thudc 1a can
thiét [7]. Trong cac khuynh huéng nghién ctru thudc méi
hién nay thi kha nang Kkét hop cac hop chét thuc vat véi cac
khang sinh [8] hodc két hop cac hop chat thyc vat voi nhau
[9] dang dugc quan tam nghién curu.

Cao chiét ethanol Tram tron cho hoat tinh khiang MRSA
v6i gia tri ndng d6 we ché tbi thiéu (MIC) bang 1 mg/ml
[10-12], tinh chit pinostrobin dwgc xem 14 tinh chat chinh
dugc tach chiét tir cao ethanol toan phan véi hiéu suat bang
12,79+£0,21 mg pinostrobin/1 g bt 14 khd. Do d6, cau hoi
nghién ctru dugc dat ra la c6 hay khong pinostrobin ¢ lién
quan dén kha nang khang, kha nang hop luc véi khang sinh
vancomycin trén hoat tinh khang MRSA cua cao ethanol
toan phan Tram tron. Vi vdy, muc tiéu ciia nghién ciru xac
dinh hoat tinh sinh hoc ctia pinostrobin trong phdi hop véi
vancomycin dbi véi Staphylococcus aureus khang MRSA.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

Chung vi khuan Staphylococcus aureus khang MRSA
ATCC® 33591, ching vi khudn Staphylococcus aureus
nhay methicillin (MSSA) ATCC® 6538 duogc cung cap boi
Microbiologics ctia Hoa Ky. Pinostrobin dugc tach chiét tir
cao ethanol toan phan Tram tron (Syzygium glomeratum)
bd phan lam cao gém 14 va canh non, duoc luu trit tai Khoa
Y - Duoc, Trudong Pai hoc Thi Dau Mot.
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. 2.2. Phuong phap xdc dinh hogt tinh khing MRSA
bang phuwong phdp vi pha lodng

MIC 1a ndng do thip nhét &rc ché sy ting truong cua vi
khuén & murc co thé quan sat dugc [13]. Phuong phap pha
loding ddy ndng do trén dia 96 giéng duoc thyc hién nham
muc dich xac dinh MIC. Sir dung dia nuoi ciy 96 giéng, mdi
giéng duogc bo sung gom cac thanh phan: 90 ul moi truong
long Muller-Hinton (MHB), 10 pl dich vi khuan c6 nong
d6 10°CFU/ml, 100 pl dung dich pinostrobin duoc hoa tan
trong DMSO 20%, thé tich cudi trong moi giéng la 200 pl.

Trén dia 96 giéng, cac giéng dugc bd tri theo so do thi
nghiém, dung dich pinostrobin dugc pha loang véi do pha
lodng 2X thanh mot day tir 51,2 pug/ml dén 1,6 pg/ml. Cac
giéng dbi chung gdm: Gleng chi ¢6 mdi truong Muller-
Hinton long (MHB) gleng chira moi truong MHB va chung
vi khuan giéng chira méi truong MHB, vi khuan, DMSO;
giéng chira moi truong MHB, vi khuan, khang sinh. Cac
giéng s& duoc 0 hiéu khi ¢ 37°C trong vong 24 gid trong ti
nudi vi sinh. Sau thoi gian 0, quan sat bing mit thuong so
v6i d6i chimg, xac dinh giéng khong c6 su ting truong cia
vi khuan, sau d6 giéng c6 nong do thap nhét trong diy nong
d6 duoc nhan dinh 13 giéng c6 gia tri MIC cua dung dich
pinostrobin. Trong mdi giéng 1iy 150 pl dich trai trén 3 dia
Muller Hinton agar (MHA), mdi dia 50 pl dich, sau do tiép
tuc dugc U trong ti 4m & 37°C trong 24 gid. Sau thoi gian 1,
vi khuén khong hién dién hodc mat do té bao vi khuan trén
dia nho hon 300 CFU/ml thi x4c dinh ndng d6 thap nhat
trong ddy pha loang cua cao phéan doan trong giéng khao sat
la MIC [14]. Thi nghiém duoc 1ap lai 3 lan, trén cung mot
so d6 thi nghiém trén 3 dia 96 giéng.

2.3. Phwong phdp xdc dinh khda ndang hop luc ciia
pinostrobin voi vancomycin

FICI 1a chi s x4c dinh kha nang hop lyc dua trén phuong
phap ban co. Hoat dong trc ché sy tiang truong ciia vi khuan
do sy két hop cua pinostrobin véi khang sinh vancomycin
dugc quan sat tai cac giéng ma khong c6 su tang trudng ciia
MRSA [15]. Thi nghiém duoc b tri 1ap lai nhu thi nghiém
xac dinh gia tri MIC ciia cao phan doan. Cac giéng dugc
bb tri phdi hop pinostrobin va vancomycin theo so do thi
nghiém. Mdi giéng gom: 90 pl méi truong long Muller-
Hinton, 10 pl dich vi khuan c6 nong d 10 CFU/ml, 50
ul dung dich pinostrobin (A), 50 ul dung dich vancomycin
(B), thé tich cudi trong mdi giéng 1a 200 pl. Sau do6, dia 96
giéng duoc 1 trong ti nudi vi sinh & 37°C, trong 24 gio. Sau
thoi gian 4, vi khuan khong hién dién hodc mat do té bao vi
khuan trén dia nhé hon 300 CFU/ml dugc kiém tra lai bang
phuong phép trai trén moi truong MHA. Trong mdi giéng
lay 150 pl dich trai trén 3 dia Muller Hinton agar (MHA),
mdi dia 50 pl dich, sau dé tiép tuc duoc u trong ti 4m &
37°C trong 24 gid (mdi dia 50 pl dich), cac dia nay s& tiép
tuc dugc u trong 24 gid, ¢ 37°C trong ti nudi vi sinh. Sau
thoi gian 0, dia trai khong c6 su hién dién cua vi khuédn thi



gi4 tri nong do cua cao phan doan/tinh chét va gia tri ndng
d6 cua khang sinh trong giéng khao sat dugc st dung dé tinh
toan chi so FIC theo cong thire (1):

FICI=FIC A+FIC B=

MIC A trong sy két hgp | MIC B trong sw két hop (1)
MICA MICB

Néu FICI<0,5 chi ra su hop luc; Néu 0,5<FICI<0,75 chi
ra kha nang cong hop (addition); Néu 0,75<FICI< 1 chi ra
hop Iuc mot phan (partial synergy); Néu 2<FICI chi ra kha
nang khong c6 tuong tac (antagonism) [15-17]. Thi nghiém
duoc lap lai 3 1an, trén cing mot so dd thi nghiém trén 3 dia
96 giéng.

Bang 1. So dé thi nghiém giira pinostrobin va vancomycin.

1 2 3 4 5 6 78 9 10 11 1

VAN VAN Pino 1...pino 6
4! 0/ 10/
E TSB TSB+VK DMS020% DMSO 10% 16(ughl) S(ugm) (512 g, DISO 20%
VAN VAN SCTTEAL..SCTTEA6
0/ 10,
F TSB TSB+VK DMS020% DMSO 10% 16(ughl) S(ugm) (g, DMSO20%

G pinostrobin (1,2,3) x VAN (8,4,2, 1)
H SCTTEa(1.23)x VAN(8,4,2,1)

TSB: Méi trwong 16ng Tryptone soy; VK: Vi khuén; VAN: Vancomycin;
Pino 1: Pinostrobin (51,2 pg/ml); pino 6: Pinostrobin pha lodng theo day
tr pino 1 (pha loang 32 1&n so v&i pino 1).

Theo bang 1, cach ky hiéu trong so do thi nghiém nhur
sau: Pinol 13 pinostrobin c6 ndng d6 bang 51,2 pg/ml. Sau
mdi giéng, ndng d6 pha lodng theo diy véi do pha loang 2X
dén pino 6 bang 1,6 pg/ml duge mo ta trong phuong phap.
SCTT EA1 la cao phan doan ethyl acetate Tram tron co
nong do bang 2 mg/ml. Sau mdi giéng, nong do pha lodng
theo day v&i d6 pha lodng 2X dén SCTT Ea 6 bang 0,0625
mg/ml dugc md ta trong phuong phap. Mdi giéng trong so
d6 thi nghiém c6 thé tich cudi bang 200 pl.

Giéng d6i chimg chi c6 mot bién gom: 90 ul moi trudng
TSB, 10 pl dich vi khuén ¢6 mat d6 10° CFU/ml, 100 ul
dung dich khao sat (dugc ky hiéu trén so db). Két hop gitra
pinostrobin va khang sinh vancomycin dugc thuc hién &
diy G trén dia 96 giéng. Két hop giita cao phan doan ethyl
acetate Tram tron voi vancomycin dugc thuc hién ¢ day H
trén dia 96 giéng. Cac thir nghiém duoc khao sat trén ching
MRSA. Giéng két hop c6 hai bién 1a pinostrobin/cao phan
doan ethyl acetate Tram tron véi vancomycin gém: 90 ul
mdi truong TSB, 10 pl dich vi khuan ¢6 mat d¢ 10° CFU/
ml, 50 pl pinostrobin/cao phan doan ethyl acetate Tram tron
(duge ky hiéu trén so d0), 50 pl khang sinh vancomycin c6
ndng do duoc ky hiéu trén so dd thi nghiém.

2.4. Phwong phdp xdc dinh khd ning tec ché sw hinh
thanh mang sinh hoc trén MRSA bang chup dnh kinh
hiéen vi di¢n tir quét (SEM)

MIC 12 ndng d6 thap nhét wrc ché sy ting truong cua vi
khuén & muc c6 thé quan sat dugc nén viée e ché sy ting
truong c6 kha nang anh hudng dén sy hinh thanh biofilm vi

KHOA
&CONGHI\?GCI:-IE

67(6) 6.2025

s Khoa hoc Tu nhién | Khoa hoc su song; Khoa hoc Y - Dugc | Céc linh vuc khac cta khoa hoc y - dugc

véy kha ning trc ché hinh thanh biofilm cta pinostrobin trén
MRSA duoc kiém tra & n6ng d6 dudi MIC cu thé 5 MIC va
V4 MIC, nham x4c dinh kha nang uc ché biofilm trén MRSA
cua pinostrobin.

Mdi dia petri co chita tim thay tinh c6 duong kinh
4x4 (cm) dd vo trung dugc bd sung cac dung dich gom:
pinostrobin, 10 pl dich vi khuan nuéi qua dém sao cho mat
d6 té bao vi khuan trong dia bang 10° CFU/ml, thém moi
truong TSB ¢6 1% glucose dé thé tich cudi cung trong dia
bang 10 ml. Déi ching dia petri c6 tAm thuy tinh vé tring
chi chira méi truong TSB va 1% glucose voi dich vi khuan;
d6i chimg thi hai 1a méi truong TSB ¢6 1% glucose bd sung
khéang sinh cefoxitin & nong d¢ 128 pg/ml va dich vi khuan.
Tiép tuc & trong tu 4m ¢ 35°C, trong vong 24 gio. Tiép theo
cac dia va phién kinh dugc nhudm vai crystal violet theo
phuong phéap ciia E. Mataraci va cs (2012) [18] gdm cac
budc sau:

Sau khi ¢, méi truong nudi duge loai bo va cac tim thay
tinh duoc rira ba 1an bang 250 ul PBS, dé kho. Tiép theo,
200 pl dung dich methanol 99% dugc bo sung vao dia co
chtra tAm thuy tinh trong 20 phit dé ¢ dinh té bao vi khuan.
Sau d6, dung mo6i methanol dugc loai bo, dé kho trong 15
phut. Cubi cing, cac tim thity tinh duoc nhudm véi crystal
violet 0,1% (v/v v6i nudc) trong 5 phit. St dung nudce
cit dé rira vét ban du thira, sau d6 dé kho. B6 sung 250 pl
ethanol 95° trong 10 pht. Két qua duoc doc dya vao su bét
mau tim trén tdm thiy tinh khi c6 sy hinh thanh mang sinh
hoc, néu tim thiy tinh khong bat mau tim chimg to khong
¢6 su hinh thanh mang sinh hoc.

Sau ciing cac phién kinh dugc dan trén bang dinh carbon
va dugc dua vao thiét bi phun xa phu platinum (Pt). Céac
mau sau d6 dugc dua vao budng chup va tién hanh chup anh
SEM béing may FESEM S4800 (Hitachi, Nhat).

2.5. Phwong phdp xdc dinh khd néng irc ché biéu hién
protein PBP2a cuia pinostrobin trén chiing MRSA bang
Oxoid PBP2’ Latex Agglutination kit

Oxoid PBP2’ Latex Agglutination kit 1a mot kit thu
nghiém duya trén ngung két mién dich nhanh nham phét hién
protein PBP2’ (con dugc goi la protein PBP2a) 1a protein
nhén dién chung vi MRSA. Kit Oxoid PBP2' Latex thuan
loi 1a xac dinh truc tiép su xuét hién protein PBP2a. Cac
thanh phan cua kit do hing cung cap gom c6 khang thé don
dong khang tryc tiép PBP2’, dung dich chiét 1, dung dich
chiét 2, cac thé, que trai.

Chuan bi MRSA xt ly voi pinostrobin: dng eppendorf
¢6 chira mdi truong TSB va mot khuén lac MRSA duoc
nuoi qua dém ¢ 37°C, mat do té bao dat 10° CFU/ml. Sau do,
chuin bi éng eppendorf khac bd sung 10 pl dich vi khudn
nudi qua dém, 250 ul cao phan doan ¢ nong d¢ trong 6ng
bang gid tri MIC, 240 ul méi trudng TSB, thé tich cudi trong
mdi ong bang 500 pl. Tiép theo, i dng eppendorf trong
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vong 6 gio, 6 37°C, trong ti nudi vi sinh. Cach chuan bi dng
eppendorf nay nham xir Iy té bao MRSA trude tac dong cua
pinostrobin. Ong dbi ching gom 10 pl dich vi khuan nui
qua dém, 250 pl cefoxitin & nong do 128 pg/ml, 240 pl moi
truong TSB. Sau thoi gian nudi cac dng eppendorf duoc ly
tam toc do 6000 vong/phut, trong thoi gian 5 phit, loai bo
moi truong nudi, thu can. Cac can trong 6ng duoc hoa lai
v6i 100 ul dung dich dém PBS. Cac 6ng nay sé& 1a nguyén
lidu dé chiét PBP2a trén ching MRSA, sau khi MRSA bi xtr
1y véi pinostrobin.

Phuong phap chiét PBP2a va phan tng két tia do su
két hop khang thé - khang nguyén PBP2a (theo huéng dan
tir nha san xuat): Cho 4 giot dung dich chiét 1 (thanh phin
trong kit) vao tube mdi, bd sung 5 pl dich vi khuin MRSA
da chuén bi & trén. Sau do, dit tube vao nudc noéng trén
95°C, trong vong 3 phut. Sau 3 phut, di chuyén céac tube
ra khoi bé gia nhiét va lam ngudi dén nhiét 46 phong. Tiép
theo, thém 1 giot dung dich chiét 2 vao tube va tron déu.
Sau khi tron déu, ly tim hdn hop trén toc d6 4500 vong/phit
trong vong 5 phtt. Sau do6 loai can, thu dich. Dung dich thu
duoc s€ duoc tiép tuc khao sat trén thé. 50 pl dich thu dugc
cho vao mdi vong trén thé khao sat, mot giot dung dich
Latex c6 chita khang thé don dong khang PBP2a dugc thém
vao mot vong trén thé. Dung que trai dé tron déu hdn hop
trén, sau do tiép tuc lic déu cac thé trong 3 phut cho dén khi
nhin thiy ngung két dudi didu kién anh sang binh thuong.
Két qué dugc thu nhan dya trén su ta trén the, su tia dugc
giai thich 1a do sy ngung két mién dich giira khéng thé don
dong bit PBP2a va PBP2a thu duoc tir vach t& bao MRSA,
cuong do tua duoc so sanh v6i ddi chimg; dbi chimg am
1a khong thiy tua trén vong khong bd sung khang thé don
dong bat PBP2a; ddi chimg dwong 1a sy tia do ngung két
mién dich giita khang thé don dong bit PBP2a va PBP2a
thu dugc tir vach té bao MRSA [19].

Xt 1y théng ké két qua thu duoc bang phian mém
STATGRAPHICS Centurion XV (Statpoint Technologies,
Hoa Ky). Thi nghiém duoc lap lai 3 1dn va dugc trinh bay
dudi dang trung binh + d6 1éch chuan.

" L -
3. Ket qua va ban luan

Khéo sat kha nang khang MRSA va kha nang hop
luyc giita pinostrobin va vancomycin dugc tién hanh bang
phuong phap vi pha loang va phuong phap ban co. Thi
nghiém duoc tién hanh theo so dd bang 1. Két qua chi ra
kha nang hop lyc véi vancomycin duoc trinh bay ¢ hinh 1,
bang 2.

Theo so dd bd tri thi nghiém bang 1, tir giéng sb 7 &
day E dén giéng s6 12 ¢ dy E hién dién su ting truong cua
MRSA, nén gia tri MIC cuia pinostrobin dugc xac dinh 1on
hon 51,2 pg/ml. O ' day G 1a su hop luc gitra pinostrobin va
vancomycin, tir giéng s6 1 dén giéng s6 3 va 5 khong c6 su
tang truéong cuia MRSA. Dya vao hinh 1, chi s6 FIC dugc
tinh toan dua trén giéng s6 3 cua diy G.
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Day G

Hinh 1. Thi nghiém kha nang
vancomycin.

hop lwc cua pinostrobin vé&i

Bang 2. Chi sé FIC cua pinostrobin va vancomycin.

Nong dd ire ché

tdi thiéu (ng/ml) 2 3 4
MIC pinostrobin-vanco 12,80 12,80 12,80 12,80
MIC pinostrobin 51,20 51,20 51,20 51,20
MIC vanco-pinostrobin 2,00 1,00 0,50 0,25
MIC vanco 2,00 2,00 2,00 2,00
FIC pinostrobin 0,25 0,25 0,25 0,25
FIC vancomycin 1,00 0,50 0,25 0,12
FICT 1,25 0,75 0,50 0,37
Hop luc

MIC pinostrobin-vanco: Gia tri MIC cuia pinostrobin trong sy hop Iwc voi
vancomycin; MIC vanco-pinostrobin: Gia tri MIC cta vancomycin trong
sy hop lwe véi pinostrobin; MIC pinostrobin: Gia tri MIC cla pinostrobin,
MIC vanco: gia tri MIC ctia vancomycin; FIC pinostrobin: chi s6 hop lwc
ctia pinostrobin, FIC vancomycin: Chi sé hop lwc clia vancomycin.

O day G 1a sy hop lyc giira pinostrobin va vancomycin,
cac giéng lam duc mo6i truong chimg té ¢6 su hién dién ctia
MRSA.

Céc chét co hoat tinh khang khuén yéu thuong tham gia
lam chat tro trong cac liéu phap khang khuan pinostrobin
da duge bao cao c6 hoat tinh khang khuan yéu. Dong thoi,
két qua trong thi nghiém xac dinh pinostrobin c6 kha ning
hop luc v6i vancomycin thong qua chi sé FIC bang 0,5.
Cong thtrc hop luc gilta pinostrobin va vancomycin cho
hoat tinh khang MRSA duogc xac dinh theo nong do twong
g 13 12,8 pg/ml: 0,5 pg/ml (1:1). Trong d6, nong do ciia
pinostrobin trong su hop lyc giam 4 1an so véi gia tri MIC
clia pinostrobin mot minh, ndng dé cua vancomycin trong
su hop luc giam 4 1an so vé6i gia tri MIC ctia vancomycin
mot minh. Hon nira, tinh chat pinostrobin 1a chat chinh
trong cao Tram tron da dugc bao cdo, cao phan doan Tram
tron cho hoat tinh hop luc véi vancomycin, diéu do ching
minh hoat tinh hop luc véi khang sinh vancomycin cta cao
phan doan Tram tron c6 lién quan dén tinh chét pinostrobin.

Pinostrobin theo cac nghién clru trude xac dinh hoat
tinh khang MRSA trung binh yéu. Nghién ciru ctia L.R.
Christena va cs (2015), chimg minh pinostrobin ¢6 tinh hop
luc véi ciprofloxacin, v6i cong thire hop luc theo ndng do
tuong tng la 15 pg/ml : 0,125 pg/ml (1:1), gia tri MIC cua
ciprofloxacin trong sy hop luc véi pinostrobin bang 0,125
pg/ml, giam 128 1an so véi gia tri MIC ctia khang sinh [20].
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Pinostrobin dugc xac dinh ¢6 vai trd (e ché kénh bom thude
trén ching MRSA. Tuy nhién, sy hgp luc cua pinostrobin voi
vancomycin van chua dugc dé cap. Trong thir nghiém nay,
pinostrobin dugc xac dinh 1a c6 sy hop luc voi vancomycin.
Tac dung hop luc 1a hai chit trc ché hai ching khac nhau
ctia cing mot con dudng tong hop [13], vancomycin ¢ dich
tac dong 1a tién chat tong hop vach té bao MRSA, vi vay
pinostrobin c¢6 thé rc ché mot dich tac dong c6 cing con
dudng tong hop vach té bao MRSA. Két qua nay di xac dinh
mot vai trd méi cua pinostrobin trong hoat tinh e ché vi
khuan MRSA. Dya trén nhiing két qua di c6, dé tai tiép tuc
khao sat hoat tinh trc ché sy hinh thanh biofilm, trc ché biéu
hién protein PBP2a ciia pinostrobin trén MRSA nham tim
kiém dich tic dong ciia pinostrobin trén MRSA.

Uc ché hinh thanh mang sinh hoc

MRSA dugc nudi trong moi truong TSB va 1% glucose
bd sung pinostrobin & cac ndng do 1an lugt 25,6 pg/ml, 12,8
ug/ml. O hinh 2 1a MRSA trong mang sinh hoc & ddi chiing
mdi truong khong bd sung pinostrobin, Cac té bao MRSA
trong mang sinh hoc c6 hinh thai té bao tron, vach té bao rd
dic trung, cac té bao xép nhu chum nho.

Do phéng dai x10.0K

Do phéng dai x1.0K

T e S Ty

D] 10.0kV 7.9mm x1.00k SE(M)

0.0kV 7.8mm x10.0k SE(M)

Hinh 2. Mang sinh hoc cta chiing MRSA. MRSA dwoc nudi trong
moi trwong TSB+1% glucose.

bo phong dai x10.0K 25,6 mg/l D06 phong dai x10.0K 12,8 mgl/l

Hinh 3. Méi trwéng TSB+1% glucose dwoc bd sung tinh chét
pinostrobin.

O hinh 3, MRSA hinh thanh mang sinh hoc trong moi
truong nudi co bd sung pinostrobin, Té bao MRSA mat do
té bao twong dong voi ddi chung, hinh dang té bao tron,
véch té bao rd dic trung tuong dong véi ddi chung. Két qua
xéc dinh pinostrobin khong c6 kha ning (rc ché hinh thanh
mang sinh hoc trén MRSA & céc nong d6 khao sat.
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Uc ché biéu hién protein PBP2a trén chiing MRSA

Céac ching MRSA 1am sang thudng c6 co ché khang
khang sinh phé bién 1a biéu hién gen mecA thong qua pro-
tein PBP2a. Thir nghiém xac dinh sy hién cua protein PB-
P2a trén ching MRSA khi ching MRSA dugc nudi trong
moéi truong ¢ bd sung pinostrobin duoc thyc hién bang kit
Latex Agglutination.

Vong 1: MRSA dwoc nudi trong méi trwdrng cé bd sung cefoxitin (0,016
mg/ml) déi chirng, khéng c6 khang thé bat PBP2a, vong 2: MRSA dwoc
nuoi trong m’éi trwong 6 bd sung cefoxitin (0,016 mg/ml) ddi chirng, C(:)
khang thé bat PBP2a, vong 3: MRSA dwoc nudi trong mai trwdng ¢é bo
sung pinostrobin véinéng dé bang % MIC (25,6 ug/ml) (pino1), vong 4:
MRSA dwoc ani trong méi trwdng S c6 bd sung pinostrobin vé&i ndng
do pinostrobin bang ¥4 MIC (12,8 pug/ml) (pino2).

Hinh 4. Th&r nghiém xac dinh sw hién dién PBP2a trén ching
MRSA.

Dua vao hinh 4, khi vi khuan dwgc nuéi trong moi
truong TSB ¢6 bd sung khang sinh cefoxitin & ndng do bang
0,016mg/ml day la nong d6 cam tmg biéu hién PBP2a, &
vong 2 két qua chi ra c6 su tia cia khang thé bt khang
nguyén PBP2a. So vé6i vong 1 1a ddi chimg 4m khong co
khang thé bat PBP2a. Tuong tu, & vong 3 khong thiy rd
cudng do tua cua khang thé bit PBP2a tuong duong d6i
ching am (vong 1), chung to plnostrobln & nodng do 25,6
pg/ml c6 kha nang e ché su biéu hién PBP2a. Nguoc lai,
& vong 4 cuong do tha cua khang thé bat khang nguyén
PBP2a tuong duong d6i ching dwong (vong 2), chimg to
pinostrobin ¢ nong d¢ bang 12,8 pg/ml khong ¢6 kha ning
tre ché sy biéu hién cua protein PBP2a trén MRSA.

Protein PBP2a 1a enzyme tham gia vao qua trinh tong
hop vach té bao trén ching MRSA. Két qua xac dinh duoc
pinostrobin ¢ ndng do 25,6 pg/ml e ché sy biéu hién cia
protein PBP2a trén MRSA.

4. Két luan

Céc chét c6 hoat tinh khang khuan yéu thuong tham gia
lam chit trg trong cac liéu phap khang khuan. Pinostrobin
1a mot chat khang khuan yéu, nhung c6 kha ning hop luc
manh voi vancomycin d3 dugc xac dinh trong hoat tinh
khang MRSA v6i cong thirc hop luc gilta pinostrobin va
vancomycin duoc xac dinh theo ty 18 twong tmg bang 25,6.
Két qua trong nghién ctru chi ra kha ning dich tac dong cuia
pinostrobin trén MRSA c6 thé 1a tién chat tong hop vach
té bao.
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Cap nhat danh luc ho Ray & Viét Nam

Tran Vin Tién", Nguyén Vin Du?, Trinh Xuin Thanh?
!Hoc vién Hanh chinh va Qudn tri cong, 77 Nguyén Chi Thanh, phwong Lang Ha, quan Pong Pa, Ha Néi, Viét Nam
2Vién Sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 18 Hodng Quéc Viét, phwong Nghia D6, qudn Cau Gidy, Ha Ngi, Viét Nam

Ngay nhén bai 25/3/2025; ngay chuyén phan bién 27/3/2025; ngay nhén phan bién 17/4/2025; ngay chip nhan dang 24/4/2025
Tom tat:

Ho Ray (Araceae) ¢ Viét Nam 1a mot trong nhirng ho the vét thudc 16p mot 14 mam c6 mirc do da dang sinh hoc rat
cao vé thanh phan loai. Trong nhirng nim gin diy, nho vao sw phat trién ciia cac phwong phap nghién ciru hién dai
va s quan tim ngiy cang ting ddi véi hé thue vt ban dia, s6 lwgng loai thude ho Ray dwece phat hi¢n va ghi nhan
tai Viét Nam di gia ting dang ké. Bai bio nay tong hop va trinh bay mét danh luc cip nhit gom 153 loai thudc 24 chi
trong ho Ray, dwoc phat hién va xac dinh trong thoi gian gan day tai nhiéu ving sinh thai khac nhau trén ca nwéc.
Tét ca cac loai déu dwge gi6i thi¢u kém theo danh phap chinh xic va nim cong bo, dam bio tinh khoa hoc va tinh
phap 1y ciia thong tin. So v6i cudn Thue vit chi ho Rdy xuit ban nim 2017, danh luc nay di bé sung thém nhiéu loai
méi va ghi nhian méi, gép phin quan trong vao viéc hoan thién co s¢ dir liéu vé thanh phén loai ciia ho Ray tai Viét
Nam. Nhirng phat hi¢n nay khong chi ning cao hiéu biét vé sy da dang ciia hg Ray ma con khing dinh rd nét hon
vé mirc dd phong phii va doc dio ciia hé thye vat Viét Nam.

Tir khéa: danh luc thue vat, da dang loai, hg Ray (Araceae), m{t 14 mam, Viét Nam.

Chi s6 phén logi: 1.6, 4.7

Updated checklist of Araceae in Vietnam
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Abstract:

The Araceae family in Vietnam is one of the most biologically diverse families of monocotyledonous plants in terms
of species composition. In recent years, thanks to advancements in modern research methods and growing interest in
native plant species, the number of Araceae species discovered and recorded in Vietnam has significantly increased.
This article compiles and presents an updated checklist of 153 species belonging to 24 genera of the Araceae family,
which have been identified and documented recently across various ecological regions of the country. All species
are listed with their correct scientific names and the year of publication, ensuring both scientific accuracy and
legal validity of the information. Compared to the Flora of Araceae published in 2017, this checklist includes many
newly recorded and newly described species, making a valuable contribution to the improvement of the database of
Araceae species in Vietnam. These findings not only enhance our understanding of the diversity within the Araceae
family but also further affirm the richness and uniqueness of Vietnam’s flora.

Keywords: Araceae, monocotyledons, plant checklist, species diversity, Vietnam.

Classification numbers: 1.6, 4.7
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‘ %HI\?GCI:-IE 67(6) 6.2025 a0



Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Néng nghiép | Cac linh vic khac cda khoa hoc néng nghiép

1. Dat van de

Ho Réy (Araceae) ¢ Viét Nam la mot ho kha 16n trong
16p thyc vat mét 1a mam (Monocotyledoneae), hién c6 tdi
hon 153 loai. Trong nhitng nim gan day, lién tuc ¢ cac
phat hién cac taxon mdi ctia ho nay & Viét Nam, lam cho s6
lugng loai tang 1én tir 70 loai [1], 85 loai [2], 135 loai [3]
va s0 loai dy doan la c6 thé t6i 160 loai. Mac du da dugc
nghién ciru tir rat 1au nhung do dic thu vé mit hinh thai va
sinh hoc ciing nhu vé phan b va noi song nhu ra hoa, ra
14 vao cac thoi gian khac nhau trong nim, da dang vé dia
hinh phan bb tir Vung duyén hai toi Vung nui cao, da dang
vé noi song c6 thé song trén can, noi ngép nudc, phu sinh
trén cdy go... Do do, hang nam cac thong tin vé noi phan
bd, noi song va thanh phan loai ctia ho Ray ¢ Viét Nam

Em luén dugce cap nhat. T nhitng ndm 1994 t41 nay, nhiéu
cong trinh bo sung vé thanh phan loai cho ho Ray da duoc
cong bd. Trong d6 phai ké tdi cac cong bd méi vé chi Nua
0 Viét Nam cua W.L.A. Hetterscheid (1994) [4], W.L.A.
Hetterscheid va cs (2001) [5], J. Bogner va cs (2008) [6]
dd mo ta mot loai Thién nién kién mdi tir mau thu duoc
tir Vuon qubc gia Bach Ma (TP Hué)... O mién Biéc, V.D.
Nguyen va cs (2006) [7] da cung v6i cac nha thyc vat qudc
té co nhitng cong bd mai vé thanh phan ho Ray nhu mo ta
loai Hapaline locii V.D. Nguyen & Croat ¢ Lao Cai (Véan
Ban); 2 loai thudc chi Nam Tinh (Arisaema) & Ha Giang va
Cao Béng [8], 1 loai thudc chi Rhaphidophora [9], 1 loai
mai thude chi Steudnera ¢ Lai Chau [9], mot s6 loai mai
cho khoa hoc thudc cac chi khac nhau da dugc cac nha khoa
hoc mé ta tir mau thu duge & ca 3 mién Bic, Trung va Nam
Bo... va nhiéu loai b sung cho hé thuc vét Viét Nam [8-15].
Ngoai ra, mot s6 nha thuc vat & TP Hd Chi Minh cling tham
gia nghién ctru cac taxon trong ho Ray va mo ta mot s loai
mai thude cac chi Arisaema, Typhonium, Amorphophallus
dugc phat hién ¢ khu vuc Nam Trung B¢ va Nam B¢ [16-
19], qua d6 gop phan dang ké 1am cho sé luong loai thudce
ho Ray ngay cang tang Ién.

Trong bai béo nay, ching toi thong ké lai toan bo 153
loai Ray ban dia thudc 24 chi da dugc ghi nhan ¢ Viét Nam.
Do gidi han do dai bai viét, chung t6i chi gidi thiéu tén khoa
hoc, nam cong bd va tén Viét Nam cua cac chi, cac loai.
Hau nhu tit ca cac loai dugc théng ké ¢ day déu da dugc
kiém chung qua cac chuyén diéu tra thuc dia, thu thap va
nghién ctru mau ciing nhur tham khao céc tai liéu duge cong
bd gan day.

2. Déi tuong, néi dung va phuong phap nghién ciu

2.1. Déi twong

béi tugng nghién ctru la cac taxon bac chi, loai va dudi
loai hoang dai trong ho Ray (Araceae) dugc ghi nhén c6 mat
tai Viét Nam.

2.2. Ngi dung

- Nghién ciru vé thanh phan loai, thong ké cac loai da
dugc ghi nhan trong cac tai li¢u khoa hoc lién quan t61 ho
Réy ¢ Viét Nam.
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- Nghién ctru danh phap gdm: tén khoa hoc dung, chinh
xac, nam cong bo, tén tiéng Viét (n€u co).

2.3. Phwong phap nghién ciru

- Tra ciru cac tai liéu chuyén khao dé ghi nhén, chinh ly
danh phap thuc vat c’ﬁa‘céc taxon, tham khao cac bai bao
khoa hoc mdi cong bo gan day.

- Nghién ctru mau tiéu ban, miu séng ngoai thuc dia: Str
dung phuong phap hinh thai so sanh trong cong tac dinh loai
cac taxon, ddi chiéu véi cac tai liéu chuyén khao.

3. Két qua cap nhat danh luc cac loai ho Ray (Araceae) 6 Viét Nam
Aglaonema Schott, 1829 - Van nién thanh

1. Aglaonema brevispathum (Engl.) Engl. 1915 - Van nién
thanh mo ngén.

2. Aglaonema cochinchinense Engl. 1915 - Van nién thanh Nam B9.
3a. Aglaonema costatum N.E. Br. 1892 - Van nién thanh 14 dom.

3b. Aglaonema costatum form. immaculatum (Ridl.) Nicolson,
1969 - Van nién thanh 14 soc.

4. Aglaonema modestum Schott ex Engl. 1898.

5. Aglaonema ovatum Engl. 1898 - Van nién thanh 14 hinh trimg.

6. Aglaonema simplex (Blume) Blume, 1837.

Aglaodorum Schott, 1858 - Van nién thanh cira song

7. Aglaodorum griffithii (Schott) Schott, 1858 - Mai dam.

Alocasia (Schott) G. Don, 1839 - Ray

8. Alocasia cucullata (Lour;) G. Don, 1839 - Chim my vu.

9. Alocasia evrardii Gagnep. 1942 - Ray o-va-di.

10. Alocasia lecomtei Engl. in Engl. & K. Krause, 1920 - Ray
1¢ com te.

11. Alocasia longiloba Miq. 1856 - Ray 14 dai.

12. Alocasia macrorrhizos (L.) G. Don, 1839 - Ray 14 to.

13. Alocasia odora (Roxb.) C. Koch, 1854 - Ray.

14. Alocasia vietnamensis V.D. Nguyen & De Kok, 2013 - Ray
Viét Nam.

Amorphophallus Blume ex Decne. 1834 - Nua
15. Amorphophallus coudercii (Bogner) Bogner, 1986 - Nua couder.
16. Amorphophallus corrugatus N.E. Br. 1912 - Nua dau nhan.

17. Amorphophallus crinitus A. Galloway, Luu, Malkm.-
Huss., Prehsler & Claudel, 2019.

18. Amorphophallus dzuii Hett. 2001 - Nua du.

19. Amorphophallus fallax (Serebryanyi) Hett. & C. Claudel,
2012 - Nua gia.

20. Amorphophallus glossophyllus Hett. 1994 - Nua 14 hinh luGi.

21. Amorphophallus harmandii Engl. et Gehrm - Nwa harmand.

22. Amorphophallus interruptus Engl. & Gehrm. 1911 - Nua
hoa viing.
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23. Amorphophallus konjac K. Koch, 1858 - Nua konjac.

24. Amorphophallus krausei Engl. & Gehrm. 1911.

25. Amorphophallus kuznetsovii Serebryanyi, 1995 - Nua kuznetsov.

26. Amorphophallus lacourii Linden & André, 1878 - Nua lacour.

27. Amorphophallus lanceolatum Serebryanyi, 1995 - Nua la
hinh méc.

28. Amorphophallus lanuginosus Hett. 1994 - Nua long.

29. Amorphophallus mekongensis Engl. & Gehrm. 1911 - Nua
mé cong.

30. Amorphophallus opalinus Serebryanyi & Hett. 2023 - Blumea.

31. Amorphophallus orchroleucus Hett. & V.D. Nguyen, 2001-
Nuwa mo vang.

32. Amorphophallus opertus Hett. 1994 - Nua mo mo it.

33. Amorphophallus paeoniifolius (Dennst.) Nicolson, /977 -
Nua chudng.

34. Amorphophallus pilosus Hett. 1994 - Nua c6 sgi.

35. Amorphophallus pseudoharmandii (Engl.) Hett. 2012.

36. Amorphophallus scaber Serebryanyi & Hett. 1994.

37. Amorphophallus sinuatus Hett. & V.D. Nguyen, 2003.

38. Amorphqphallus synandrifer Hett. & V.D. Nguyen, 2001 -
Nua hoa duc khoi.

39. Amorphophallus tenuistylis Hett. 1994 - Nua nim nhuy mong.

40. Amorphophallus umbrinus A. Galloway, Luu, Malkm.-
Huss., Prehsler & Claudel, 2019.

41. Amorphophallus verticillatus Hett. 1994 - Nua hoa duc viing.

42. Amorphophallus yunnanensis Engl. & Gehrm. 1911 - Nua
Van Nam.

43. Amorphophallus tonkinensis Engl. & Gehrm. 1911 - Nua Bac B9.

44, Amorphophallus villosus A. Galloway, Luu, Malkm.-
Huss., Prehsler & Claudel, 2019.

45. Amorphophallus yuloensis H. Li, 1988.

Amydrium Schott, 1863 - Chi Rdy a mi rum

46. Amydrium hainanense (C.C. Ting & C.Y. Wu ex H. Li &
al.) H. Li, 1979 - Réy a mi rum Hai Nam.

47. Amydrium sinensis (Engl.) H. Li 1979. F1. Reip. Pop. Sin.
13(2): 23,’ pl. 4(8-10) - Ray a mi rum Trung Qudc, Van Tring
Trung Quoéc.

Anadendrum Schott, 1857 - Chi Thang mgc

48. Anadendrum chlorospathum V.D. Nguyen, Q.D. Dinh &
P.C.Boyce, 2019. Blumea 64: 191.

49. Anadendrum microstachyum (De Vriese & Miq.) Backer
& Alderw. 1920.

Arisaema Mart. 1831 - Nam tinh

50. Arisaema averyanovii V.D. Nguyen & P.C. Boyce, 2005 -
Nam tinh Averyanov.

51. Arisaema balansae Engl. 1920 - Nam tinh balansa.

52. Arisaema claviforme P. Bruggeman, J. Ponert, R. Rybkova,
T.B. Vuong, 2013.
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53. Arisaema condaoense V.D. Nguyen, 2000 - Nam tinh Con Dao.

54. Arisaema consanguineum Schott, 1859.

55. Arisaema decipiens Schott, 1857 - Nam tinh bong.

56. Arisaema franchetianum Engl. 1881 - Nam tinh.

57. Arisaema garrettii Gagnep. 1941 - Nam tinh garret.

58. Arisaema honbaensis Luu, Tich, G. Tran & V.D. Nguyen,
2013 - Nam tinh Hon Ba.

59. Arisaema liemiana Luu, H.T. Van, H.C. Nguyen & V.D.
Nguyen, 2020. Phytotaxa 000:000-000.

60. Arisaema lihengianum J. Murata & S.K. Wu, 2003.

61. Arisaema menglaense Y.H. Ji, H. Li & Z.F. Xu, Ann. Bot.
Fenn. 41:133 (2004).

62. Arisaema omkoiense Gusman, 2001 - Nam tinh omkoi.

03. Arisaema parisifolia J. Murata, 2005.

64. Arisaema pierreanum Engl. 1920 - Nam tinh pi-e.

05. Arisaema petelotii K. Krause, 1932 - Nam tinh pé t€ 10.

66. Arisaema petiolulatum Hook. f. 1893 - Nam tinh 14 ¢6 cudng.

67. Arisaema pingbianense H. Li, 1988 - Nam tinh pingbian.

68. Arisaema ramulosum Alderw. 1922 - Nam tinh cao bang,

69a. Arisaema rhizomatum C.E.C. Fisch. 1936 - Nam tinh than ré.

69b. Arisaema rhizomatum var. nudum C.E.C. Fisch. 1936.

70. Arisaema rostratum V.D. Nguyen & P.C. Boyce, 2005 -
Nam tinh trung déi dai.

71. Arisaema roxburghii Kunth, 1841 - Nam tinh ro bac ghi.

72. Arisaema victoriae V.D. Nguyen, 2000 - Ray vic-to.

73. Arisaema vietnamense Luu, Q.B. Nguyen, H.C. Nguyen &
T.Q.T. Nguyen, 2022 - Nam tinh Viét Nam.

Colocasia Schott, 1832 - Khoai mon

74. Colocasia esculenta (L.) Schott, 1832 - Khoai mon.

75. Colocasia gigantea (Blume) Hook. f. 1893 - Doc mung, Bac ha.

76. Colocasia lihengiae C.L. Long & K.M. Liu, 2001 - Khoai s Iy.

71. Colocasia menglaensis J.T. Yin, H. Li & Z.F. Xu, 2004 -
Khoai so cudng ¢ 16ng.

78. Colocasia spongifolia P. Matthew, V.D. Nguyen, Q. Fang
& C.L. Long, 2022.

Cryptocoryne Fisch. ex Wydler, 1830 - Mdi dam

79. Cryptocoryne annamica Serebryanyi, 1991 - Méi dim trung b.

80a. Cryptocoryne crispatula Engl. 1920 - Mai dam.

80b. Cryptocoryne crispatula var. balansae (Gagnep.) N.
Jacobsen, 1991.

80c. Cryptocoryne crispatula var. tonkinensis (Gagnep.) N.
Jacobsen, 1991 - Mai dam Bac Bo.

81. Cryptocoryne vietnamensis Hertel & Muhlberg, 1994 -
Mai dam Viét Nam.
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Cyrtosperma Griff. 1851 - Ray dudi ld dai

82. Cyrtosperma merkusii (Hassk.) Schott, 1857.

Epipremnum Schott, 1857 - Thuwong cdn

83. Epipremnum giganteum (Roxb.) Schott, 1857 - Thugng
cén la 16n.

84. Epipremnum pinnatum (L.) Engl. & K. Krause, 1908 -
Thuong cén 14 16ng chim.

Hapaline Schott, 1858 - Hd'p linh

85. Hapaline benthamiana Schott, 1858 - Hap linh ben tham.

86. Hapaline colaniae Gagnep. 1941 - Hap linh ¢6 la.

87. Hapaline ellipticifolia C.Y. Wu & H. Li, 1977 - Hap linh
14 hinh bau duc.

88. Hapaline locii V.D. Nguyen & Croat, 2006 - Hap linh 1gc.

Homalomena Schott, 1832 - Thién nién kién

89. Homalomena occulta (Lour.) Schott, 1832 - Thién nién
kién hoa an.

90. Homalomena pendula (Blume) Bakh.f. 1957 - Thién nién
kién 14 16n.

91. Homalomena piereana Engl. & K. Krause, 1912 - Thién
nién kién pi-e.

92. Homalomena tonkinensis Engl. 1879 - Thién nién kién Bic Bo.

93. Homalomena vietnamense J. Bogner & V.D. Nguyen, 2008
- Thién nién kién Viét Nam.

Lasia Lour. 1790 - Choc gai

94. Lasia spinosa (L.) Thw. 1864 - Choc gai.

Pistia L. 1753 - Béo cai

95.  Pistia stratiotes L. 1753 - Beo cai.

Pothos L. 1753 - Chi rdy leo

96. Pothos chinensis (Raf.) Merr. 1948 - Ray leo Trung Qudc.

97. Pothos dzui P.C. Boyce, 2000 - Ray leo du.

98. Pothos gigantipes Buchet ex P.C. Boyce, 2000 - Ray leo than to.

99. Pothos grandis Buchet ex P.C. Boyce & V.D. Nguyen,
1995 - Ray leo 1a budi; Com lénh 14 budi.

100. Pothos kerrii Buchet ex P.C. Boyce, 2000 - Ray leo keri.

101. Pothos lancifolius Hook. f. 1893 - Réy leo 14 rach.

102. Pothos pilulifer Buchet ex P.C. Boyce, 2000 - Ray leo
than vuong.

103. Pothos repens (Lour.) Druce. 1917 - Réy leo; Chéan rét.

104. Pothos scandens L. 1753 - Ray leo 1a hep; Day than lan;
Day cu bon.

105. Pothos touranensis Gagnep. 1941 -Ray leo da ning.

106. Pothos vietnamensis V.D. Nguyen & P.C. Boyce, 2017 -
Réy leo Viét Nam.
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Pycnospatha Thorel ex Gagnep. 1941 - Nwa gai

107. Pycnospatha arietina Gagnep. 1941.

Remusatia Schott, 1832 - Ray mé

108. Remusatia vivipara (Roxb.) Schott, 1832 - Ray mu dep.

Rhaphidophora Hassk. 1842 - Chi duéi phwong

109. Rhaphidophora bonii Engl. & K. Krause, 1908 - Dudi
phugng bon.

110. Rhaphidophora chevalieri Gagnep. 1941 - Budi phugng
che-va-lie.

111. Rhaphidophora crassicaulis Engl. & K. Krause, 1908 -
Dbuobi phugng than map.

112. Rhaphidophora decursiva (Roxb.) Schott, 1857 - Lan to uyn.

113. Rhaphidophora hongkongensis Schott, 1857 - Pudi
phuong Hong Kong.

114. Bhaphidophora hookeri Schott, 1857 - Tom hum; Co
ngom cuong dai.

115. Rhaphidophora lacduongensis V.D. Nguyen & B.H.
Quang, 2015 - Tram dai lac duong.

116. Rhaphidophora laichauensis Gagnep. 1941 - Dudi
phuong Lai Chau.

117. Rhaphidophora megaphylla H. Li, 1977 - Pudi phuong
14 16n.

118. Rhaphidophora peepla (Roxb.) Schott, 1857 - Puoi
phuong 14 tron.

119. Rhaphidophora sonlanensis V.D. Nguyen & P.C. Boyce, 2017.

120. Rhaphidophora sulcata Gagnep. 1941 - Pudi phugng
than 1om.

121. Rhaph{dophora tonkinensis Engl. & K. Krause, 1908 -
buoéi phugng Béc Bo.

Sauromatum Schott, 1832 - Ban ha hoa chiy

122. Sauromatum horsfieldii Miq. 1856 - Ban ha 14 ban dap.

Schismatoglottis Zoll. & Moritz. 1846 - Doan thiét

123. Schimatoglottis cadieri Buchet & Gagnep. 1942 - Poan
thi¢t cadier.

124. Schismatoglottis harmandii Engl. 1912 - Doan thiét
harmandi.

Scindapsus Schott, 1832 - Diy ba

125. Scindapsus officinalis (Roxb.) Schott, 1832 - Dau ba (An
Giang), Trao ba (Tay Ninh).

126. Scindapsus hederaceus (Zoll. & Moritzi) Miq. 1856.

Steudnera K. Koch, 1862 - Khoai thom

127. Steudnera colocasiifolia K. Koch, 1862 - Khoai thom 14
khoai s.

128. Steudnera henryana Engl. 1920 - Khoai thom.

129. Steudnera hoanglienica V.D. Nguyen, B.H. Quang & J.
Bogner, 2018.

Typhonium Schott, 1829 - Ban hg
130. Byphonium acetosella Gagnep. 1942 - Ban ha aceto.



131. Typhonium bachmaense V.D. Nguyen & Hett. 2001 - Ban
ha Bach Ma.

132. Typhonium blumei Nicolson & Sivadasan, 1981 - Ban ha
la nguyén.

133. Typhonium circinnatum Hett. & J. Mood, 2000 - Ban ha
mo cuon.

134. Typhonium cordifolium S.Y. Hu 1968.

135. Typhonium dongnaiense Luu, Nguyen-Phi, H.T. Van 2017.

136. Typhonium flagelliforme (Lodd.) Blume, 1837 - Ban ha roi.

137. Typhonium hangiae V.D. Nguyen, D.D. Nguyen, V.C.
Nguyen, 2023 - Ban ha hang.

138. Typhonium hayatae Sriboonma & Murata 1994 - Ban ha hay.

13'9. TByphonium huense V.D. Nguyen & T. Croat, 1997 - Ban
ha hué.

140. Byphonium kbangense V.D. Nguyen & D.Q. Diep, 2022
- Ban ha kbang.

141. Typhonium khonkaenese A. Galloway & S. Charoenwong,
2015 - Ban ha khon ka.

142. Typhonium lineae Hett. & V.D. Nguyen, 2001 - Ban ha
14 hep.

143. Typhonium obtusum Luu, X.B. Nguyen-Le & H.C.
Nguyen, 2024 - Ban ha tu.

144. Typhonium penicillatum V.D. Nguyen & Hett. 2001 - Ban
ha niim nhuy ban chai.

145. Typhonium phuocbinhense V.D. Nguyen & T. Croat, 2020
- Ban ha phudc binh.

146. Typhonium praelongum Serebryanyi & Hett. 2023 - Ban ha.

147. Typhonium rhizomatum A. Galloway & P. Schmidt, 2012
- Ban ha than r¢.

148. Typhonium roxburghii Schott, 1853.

149. Typhonium stigmatilobatum V.D. Nguyen, 2007 - Ban ha
nmim nhuy x¢ thuy.

150. Byphonium thatsonense Luu & H.T. Van, 2017 - Ban ha
bay nui.

151. Typhonium vermiforme V.D. Nguyen & T. Croat, 2010 -
Bén ha hoa cong.

152. Typhonium vietnamense Luu et al. 2021 - Ban ha Viét.

153. Typhonium violifolium Gagnep. 1942 - Ban ha 14 tim.

4. Két luan

Nghién ctru cdp nhat dugc 153 loai thude 24 chi trong ho
Ray, trong d6 ¢ nhiéu loai dugc phat hién va xac dinh trong
thoi gian gan day tai nhiéu ving sinh thdi khac nhau trén ca
nuée. So voi cudn Thiee vt chi ho Rdy (2017), nghién ciru
da b sung thém nhiéu loai méi va ghi nhan mai, gop phan
quan trong vao viéc hoan thién co s¢ dir li¢u vé thanh phﬁn
loai cua ho Ray tai Viét Nam, dong thoi gop phan nang cao
hiéu biét vé su da dang cua ho nay va mtc d6 phong phu,
doc dao cua hé thuc vat nudc ta.
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Bai bao dugc hoan thanh du6i sy tai trg kinh phi ctua dé
tai danh cho can bo nghién ciru cao cip cua Vién Han 1am
Khoa hoc va Cong nghé Viét Nam, ma s dé tai: NVCC
09.06/25-25 (loai B). Cac tac gia xin chan thanh cam on.
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Tom tit:

Viét Nam la mdt qudc gia tiéu thu ca phé 16n, qua d6 tao ra hrong bi ca phé (BCP) dang ké. Trong khi dé, cat tw
nhién ngay cang can kiét va cin thiét phai tim kiém cac vat liéu khac dé thay thé. Nghién ctru nay khio sat khi ning
str dung BCP thay thé mot phén cat trong san Xuét vira véi ham lwgng lan lwegt 12 0, 2,5, 5, 7,5 va 10% theo Kkhdi
lwgng. Cac tinh chét co ly dwgc danh gia gom cu’o’ng do chiu nén khi ngam trong nudc va dung dich Na SO, 5%,
do huat nwée, co kho va gian né do sun phat. Két qua cho thay, viéc thay thé cat bang BCP lam gidm cu’(rng do chiu
nén cua vira, dong thoi lam tang do hut nwéc, do co kho va do gian né sun phat Ciac miu vira c6 ham lrong BCP
tir 7,5% tré 1€n c6 hién twong phat trién cwong d§ chim tai cac ngay tudi ban diu va chuing con c6 cwong do tuwong
duong hogc cao hon khi ngim trong dung dich Na SO, so véi cic mau vira ngam trong nuwée. Mat khac, tit ca cac
mau vita chira BCP vin dat cuong dé chiu nén 17-44 MPa tai 28 ngay tudi, twong dwong véi cic mac vira thong
thwong dang dugc sir dung hién nay.

Tir khéa: an mon sun phat, ba ca phé, cwong do chiu nén, do hit nwérc, vira xay dung.
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Abstract:

Vietnam is a major coffee-consuming country, generating a significant amount of spent coffee grounds. Meanwhile,
natural sand is increasingly depleted, making it necessary to seek alternative materials. This study investigates the
potential of using spent coffee grounds as a partial replacement for sand in mortar production, with replacement
levels of 0, 2.5, 5, 7.5, and 10% by weight. The evaluated properties include compressive strength after immersion
in water and 5% Na,SO, solution, water absorption, drying shrinkage, and sulfate expansion. The results show
that replacing sand with spent coffee grounds reduces the compressive strength of mortar, while increasing water
absorption, drying shrinkage, and sulfate expansion. Mortar samples containing 7.5% or more spent coffee grounds
exhibited slower strength development at early ages and demonstrated equal or even higher strength when immersed
in a Na,SO, solution compared to those cured in water. On the other hand, all mortar samples containing spent coffee
grounds achieved compressive strengths ranging from 17 to 44 MPa at 28 days, which is comparable to conventional
mortars commonly used in practice.

Keywords: compressive strength, mortar, spent coffee grounds, sulfate corrosion, water absorption.
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1. it van de

Ba ca phé da qua str dung 1a mot loai chét thai rdn phat
sinh tryc tiép tir qua trinh tiéu thu ca phé, mot trong nhiing
san pham dugc giao dich phd bién nhét trén toan ciu. Luong
16n BCP tir cdc quan ca phé thudng bi thai bo vao cac bai
chon 1ap, gay ap luc 1én hé thong xir Iy chat thai va gop
phan vao tinh trang thét thoat, ling phi thyce pham toan ciu.
Theo du bao, lugng thuc pham that thoat s& dat t6i 2,1 ty
tAn vao nam 2030, véi ton that kinh té udc tinh 1én t6i 1,5
nghin ty USD [1]. Tuy nhién, van dé nay ciing mé ra co
hoi tri gia 700 ty USD trong viéc tim kiém giai phap, bao
gbm viéc kham phé cac thi trudng méi cho chat thai hitu co
[1]. Khoang 7,4 triéu tin BCP dugc san xuit hing nim trén
toan thé gidi [2]. Do ham luong cao cic hop chét hitu co,
BCP doi hoi mot lwong 16n oxy dé phan huy cdu triic hitu
co hiéu qua hon theo thoi gian va phat thai mét lugng 16n
khi nha kinh nhu carbon dioxide (CO,) va methane (CH,)
trong qua trinh phan huy [3 4]. Ngoai ra, caffeine, tannin
va polyphenol trong BCP rat doc hai d6i voi moi truong
[5]. Do @6, viéc tim kiém cac giai phap dé tai ché loai chat
thai nay thanh cic san pham co gia tri sir dung la hét suc
can thiét.

Trong nhirng thap ky gan ddy, nhiéu nghién ctru da tim
kiém cac phuong phap xtr Iy BCP than thién voi m01 truong
J. McNutt va cs (2019) [6] da thuc hién mot tong quan vé
cac kha nang ng dung BCP trong cac nganh cong nghiép
khac nhau. Trong s6 nhimg tng dung ndy, mot s6 nghién
clru da dé xuat viéc tai ché BCP vao cac vat liéu xdy dung
nhu gdm, bé tong va vira. Phuong phap nay c6 uu diém dic
biét vi khi BCP duoc két hop vao vat ligu xdy dung, ching
s€ tr6 nén vo hai va dugc trung hoa, tir d6 gitip giai quyét
cac Van dé mai truong lién quan. Trén thé gidi ciing da co
mot s6 nghién ctru ing dung BCP trong linh vire xay dung.
BCP c6 thé dugc ph01 tron voi mot so chat ket dinh va vat
liéu phe thai khac dé san xuét vat liéu lam nén duong [7].
Ngoai ra, BCP con duoc sir dung trong san xuit gach nhu
mot loai phu gia, gitip ting kha ning hap thu nude va giam
do dan nhiét cta gach [8]. O ty 1€ 1-2% BCP so voi trong
luong dat sét, gach c6 cuong do chiu nén va c6 kha nang
cach nhiét thdp hon so voi gach dat sét dbi chiung khong
chira BCP. Tuy nhién, khi tang ty 1¢ BCP 1én 3-5%, gach co
mat do thap hon, do rdng cao hon, nhd d6 cai thién dang ké
kha ning cach nhiét nhung van dam bao d6 bén co hoc phi
hop. Ty 1é BCP tdi uu 14 3%, khi d6 cuong do chiu nén cia
gach con cao hon so voi gach dét sét thong thuong [9].

Ngoai ra, BCP con duogc nghién ctru tng dung lam vat
lidu cach am [10], lam cdt lidu cho gbm dat sét nhe [11],
hoac st dung trong thach cao dé giam do dan nhiét va kha
nang khuéch tan nhiét [12]. Mot s6 nghién ciru con hudng
dén viéc phat trién vat liéu xdy dung bén vimng bang cach
sir dung tro ctia BCP dé thay thé mot phan xi mang Portland
[13].
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Nghién ctru cua S. Na va cs (2021) [14] da khao sat anh
hudng ciia BCP dén tinh chat co hoc ciia vita xi mang thong
qua céc ty 18 phdi tron khac nhau (0, 1, 1,5, 5 va 10% khoi
luong xi ming). BCP dugc xir Iy thanh than hoat tinh bang
phuong phap carbon héa vét Iy ¢ nhiét d6 600°C trong thoi
gian 1 gio. Két qua nghién ctru chi ra rang, v6i ham luong
than hoat tinh dudi 1,5%, vita khong nhiing dat dugc cuong
d6 chiu nén sém cao hon ma con thé hién kha nang chiu nén
vuot tréi so voi mau chuan. Mic du két qua nghién ctiru mo
ra trién vong Ung dung BCP trong vita xi mang, nhung quy
trinh carbon hoa doi hoi tiéu ton luong 16n niang lwong, 1am
han ché tinh kha thi trong thuc té. Gan day, J.D. Lee va cs
(2023) [15] diéu tra tinh kha thi cia viéc két hop BCP kho
chua qua xur 1y trong vira xay dung. Cac mau vira da dugc
ché tao véi cac ty 1¢ BCP theo khdi luong xi mang la 0,6,
0,9, 1,8, 3,0 va 6,0% twong tng vdi cac ty 1é thay thé cat
theo thé tich 1a 1, 1,5, 3, 5 va 10%. Két qua nghién ctru cho
théy, cac mau ¢6 0,6 va 0,9% BCP thé hién xu huéng hoan
toan khac so véi mau ddi chimg, voi muc giam 24,5% va
tang 8,3% vé cudng do nén, trong tmg. DAi véi cac mau co
hon 3,0% BCP, tinh chét hut nuéc cao caa BCP dan dén su
suy giam cuong do do qua trinh thity hoéa khong hoan chinh.

Ca phé 1a mat hang duoc giao dich nhiéu thtr hai trén thé
gidi sau dau mo va Viét Nam 1a mot trong nhitng qubc gia
san xudt ca phé 16n trén thé gidi, chi ding sau Brazil. Piéu
nay dong nghia véi viéc luong BCP thai ra tai Viét Nam la
vO cung lon. Vi vay, viée tim ra giai phap tai ché dé bién
loai chat thai nay thanh mot ngudn tai nguyén co gia tri la
can thiét. Nganh xay dung c6 tiém nang 16n trong viéc nang
cao ty 1€ tai ché loai vat liéu phé thai nay, gop phan thuc diy
phat trién bén viing tir goc do moi trudng. Bén canh do, qua
trinh d6 thi hoa, phat trién co sé ha ting va xay dung nha ¢
cling lam gia tang nhu cau su dung céac nguyén vat liéu tu
nhién dang ngay cang khan hiém, dién hinh la cét.

Cat ty nhién ngay cang khan hiém, trong khi luong 16n
BCP dugc thai ra hang ngdy gay 6 nhiém méi trudng. Chinh
vi vay, nghién ctru ndy duoc thuc hién nham danh gia kha
ning tmg dung thyc t& cia BCP trong san xuét vira xay
dung. Khac voi phan 16n cac nghién ctru trude thuong st
dung BCP da qua xu 1y nhiét, nghién ctru nay tép trung vao
viéc ing dung truc tiép BCP chua qua xir 1y. Trong nghién
ctru nay, BCP dugc sir dung dé thay thé cat voi cac ham
luong 0, 2,5, 5, 7,5 va 10%. Anh huéng ciia ham luong
BCP 1én mot s tinh chat cia vita dugc khao sat bao gom:
(1) cudong do chiu nén, (2) do hat nudce, (3) do co kho, (4) do
gian no sun phat va (5) kha nang chiu nén trong méi truong
sun phat.

2. Vat liéu va chuong trinh thi nghiém
2.1. Vit liéu thi nghiém

Céc loai vat liéu su dung dé ché tao cac mau vira trong
nghién ctru nay bao gdm: xi mang PCB40, vai, cat song tu
nhién, BCP va nudc. Cu thé, nghién cuu st dung xi mang
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PCB40 duogc san xuat tai Nha may xi mang Bim Son, ¢
khdi lwgng riéng 1a 3,12 tan/m?. Thanh phan hoa hoc chinh
ctia xi mang dugc thé hién trong bang 1. Xi mang cha yéu
bao gérg Si0, va CaO, véi téng ham lugng Ién dén 77’,75%
theo khoi lugng. Voi bot ¢6 khoi lugng riéng 1a 2,21 tan/m?
duoc bd sung voi mot lugng nho (1% so voi tong ham luong
chit két dinh) cho cdc miu c¢6 chira BCP nham ting kha
nang dong két nhanh cta vira. Cat ty nhién dwoc mua trén
thi truong c6 khdi luong riéng 1a 2,62 tin/m?; khoi luong
thé tich ¢ trang thai kho tu nhién 13 1,45 tin/m3; d6 4m la
0,53%; va do hut nudce 1a 0,42%. Cat duge sang trude khi
su dung dé loai bo cac hat ¢6 kich thuée 16n hon 1,25 mm
vanho hon 0,15 mm. BCP dugc thu gom tir cac ctra hang ca
phé trén dia ban TP Thanh Hoa, sau d6 dugc rira sach nhim
loai bo cac tap chét va phoi kho. BCP trong nghién ciru nay
c¢6 khdi lugng riéng khoang 900 kg/m?, diéu nay ching t6
chung c¢6 d6 xdp cao tuong ty nhu két qua tir nghién ctru
trudce [15]. Thanh ph::in héa hoc chinh ciia BCP c¢6 thé dugc
tim thay trong bai bao cua B. Janissen va cs (2018) [16].
Truodc khi st dung BCP duge ngadm trong dung dich NaOH
2% trong 2 gid, tiép theo 1a dun s6i & nhiét do 90-100°C
trong 2 gio nham loai bé ndt cac tap chét con lai nhu duong
va sita. Sau d6, BCP dugc db 1én sang co6 mit ludi 0,15
mm dé cho nuéc thoat hét. Nhu vy, BCP sir dung trong
nghién ctru nay & diéu kién bio hoa nudc, diéu nay rat quan
trong vi BCP ¢6 d¢ rSng cao, néu s dung ¢ trang thai kho
can bo sung luong nude 16n do do hit nudce cia BCP cao.
Hinh 1 1a hinh anh ctia BCP sau khi trai qua cac budc xu
1y so b nhu da mo ta ¢ trén. Phu gia si€u déo loai F, voi
thanh phan chinh 1a Naphthalene Formaldehyde Sulfonate
va khéi luong riéng 1a 1,15 tin/m® duoc st dung dé didu
chinh tinh cong tac ciia vita nham dat dwoc duong kinh chay
xoe trong khoang 16+2 cm, dam bao theo tiéu chuan TCVN
4314:2022 [17].

Bang 1. Thanh phan héa hoc chinh cta xi ming.

Si0, ALO, Fe0, Ca0 MgO SO, K0 LMKN*

Ximang 22,30 6,68 4,73 5545 2,40 128 0,74 045

LMKN': Lwong mét khi nung.

Hinh 1. Ba ca phé dwoc thu gom va so ché.
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2.2. Thanh phan cip phéi

Céc méu vira trong nghién ciru nay dugc thiét ké theo
phuong phép thé tich tuyét ddi, voi thanh phan chi tiét dwoc
trinh bay trong bang 2. Véi bot duge sir dung dé thay thé
1,0% khdi luong xi ming cho cac miu c6 BCP. Qua trinh
thuc nghiém da chira réng, cac mau c6 BCP cham dong rén,
vi vay can su dung thém voi bot dé cai thién kha nang nay.
Céac méu dugc thiét ké vai ty 18 cdt liéu trén chat két dinh 1a
2,0. Cét liéu trong cac mau vira bao gdm cat va BCP, vai ty
1¢ thay thé BCP cho cat lan lugt 12 0, 2,5, 5, 7,5 va 10% theo
khéi lugng. Cac mau vira duoc ky hiéu 1a BCPx, trong do
“BCP” 1a viét tit ciia BCP da qua sir dung va “x” biéu thi ty
1¢ phan trim khoi lugng BCP thay thé cat trong hon hop. Tat
ca cic mau déu sir dung phu gia siéu déo dé cai thién tinh
cong tac va khdng ché do chay xoe ctia cac mau vira nhu da
trinh bay & trén. TAt ca cac hdn hop vira duoc thiét ké véi ty
1& nude trén chét két dinh (N/CKD) khong dbi 1a 0,4. Muc
tidu cua viéc thiét ké hdn hop vira thi nghiém nay la dé danh
gi4 sw anh huong ciia ham lugng BCP thay thé cat 1én mot
s6 tinh chét cua vira xay dung nhu cuong do chiu nén, do
hut nuée, do co kho va kha niang chdng dn mon sun phat (d6
gian nd sun phat va cuong do chiu nén khi ngam trong dung
dich Na,SO, 5%).

Bang 2. Thanh phan hén hop theo ty l&.

Hin cNhlg(:cliét Ty 1€ cac vat li¢u (kg/m?) - .
hop  on Ximdng Voi  Cit ;‘l’éc" Nute ;ﬁ,’: o
BCP00 6714 0,0 1342,7 0,0 2685 6,7
BCP2.5 6482 6,5 1276,7 32,7 2619 65
BCP5.0 0,40 6331 64 1215,0 63,9 2558 64
BCP7.5 6186 6,2 1156,0 93,7 2500 6,2
BCP10 6049 6,1 1099,7 1222 2444 6,1

2.3. Chudn bi méu va phwong phdp thi nghi¢m

Dua trén thanh phan duoc trinh bay trong bang 2, tat ca
cac vat liéu bao gf")m xi mang, voi, cat va BCP déu duoc
chuén bi va can chinh xéc trudc khi tién hanh tron trong
phong thi nghiém. Hinh 2 minh hoa céac vt liéu duoc chuén
bi cho mot mé tron. Hon hop cdt liéu min (bao gom cat tur
nhién va BCP) va chat két dinh (xi mang va voi) dugc cho
vao tron déu trong vong hai phit. Sau d6, nudc da duge
pha san véi phu gia siéu déo duoc thém vao hdon hop va
tron cho dén khi dat duoc do déng nhét. Thi nghiém xac
dinh d¢ luu dong cua vira dugc thuc hién theo tiéu chuén
TCVN 3121-3:2003 [18] d&é dam bao tit ca cac mau dat do
chay trong khoang 16+2 cm bang cach diéu chinh luong
phu gia siéu déo. Khi dat dugc d6 chay mong mudn, hdn
hop vita duoc d vao khudn thép véi cac kich thude khac
nhau tily theo muc dich thi nghiém. Hinh 3 1a hdn hop vira
duoc duac trong cac khuon thép khac nhau.

a1
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Hinh 2. Vat liéu khé dé tron.

Do hut nude cua vira duge xac dinh ¢ 28 va 56 ngay tudi
theo TCVN 3121-18:2003 [18] str dung cdc mau vita c6 kich
thude 50x50x50 mm. D06 co kho cua vira dugce xac dinh tai
1,3, 7, 14, 28 va 56 ngay tudi theo TCVN 8824:2011 [19]
st dung cac mau vira kich thuge 25x25x285 mm. Do gidn
no sun phat dugc xac dinh 0 1, 3, 7, 14, 28 va 56 ngay khi
ngadm cac mau vira kich thuéc 25x25%285 mm trong dung
dich Na,SO, 5% xac dinh theo ASTM C1012 [20]. Gia tri
trong ba1 bao la gla trj trung binh s6 hoc cua it nhit 3 mau
vita & mdi do tudi thir nghiém.

Str dung cac khuon thép co kich thudc 40x40x160 mm
dé duc cac mau chuan bi cho thi nghiém xéac dinh cudng do
chiu nén. Cac mau vita dugc thao khudn sau mot ngay ké
tr khi dac va dugc bao dudng trong nude va ngdm trong
dung dich Na SO, 5% dé xac dinh cuong d6 chiu nén va
kha néng chiu luc trong moi trudong xam thyc sun phat. Cac
thi nghiém xac dinh cuong d6 chiu nén dugc thuc hién theo
quy trinh trong TCVN 3121-11:2003 [18]. Cuong do chiu
nén dugce xac dinh tai cac mée 3, 7, 14, 28 va 56 ngay.

3. Két qua va ban luan
3.1. Cwong dj chiu nén

Cuong do chiu nén 1a thong sé quan trong ding dé danh
gia kha nang chiu lyc cta vita. Trong nghién clru nay, cuong
d6 chiu nén clia cic mau vira chira BCP thay thé cat duoc
xéc dinh tai 3, 7, 14, 28 va 56 ngay tudi va duogc thé hién &
hinh 4. C6 thé thy, cuong do chiu nén phat trién ting dan
theo thoi gian nhur quan sat thiy ¢ hinh 4. G 28 ngay tudi,
gia tri cuong do chiu nén cta cac mau vira v6i ham luong
BCP ¢ miic 0, 2,5, 5, 7,5 va 10% do duoc lan luot 14 56,53,
44,34, 34,37, 23,35 va 17,4 MPa. O 56 ngay tudi, cuong do
chiu nén clia cac mau véi cing mirc ham lwong BCP nay
lan lugt dat 61,95, 48,55, 42,69, 26,03 va 23,02 MPa. Su
gia ting cuong do chiu nén theo thoi gian cha yéu do qua
trinh thiy héa cia xi mang dién ra lién tuc, gop phan lam
cho cAu tric cua vira tré nén dic chic hon, tir 46 ning cao
cudng d6 co hoc cua vita. Diéu ndy cling twong dong voi
thuc nghiém cua J.D. Lee va cs (2023) [15] vé st dung BCP
trong vira xi mang.

8C0N
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Hinh 3. Cac miu vira dwoc chuan bi.
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Hinh 4. Sy phat trién cwong do chiu nén cta cac mau viva theo
thoi gian.

Két qua thi nghiém cho thay, mau vita khong chira BCP
dat cuong do chiu nén cao nhat so v6i cac mau sir dung BCP
thay thé cat. Viéc thay thé cat ty nhién bang BCP lam giam
dang ké cuong do chiu nén cua vira, dac biét ro rét ¢ ty 1€
thay thé 7,5 va 10%. Cu thé, cudng d6 chiu nén sau 28 ngay
clia cac mau vita chtra 2,5, 5, 7,5 va 10% BCP da giam lan
luot 21,56, 39,20, 58,70 va 69,22% so voi mau vira khong
chira BCP. Nguyén nhén 1a do BCP ¢6 cau tric xdp, rong
va d¢ hat nudc cao, lam giam d6 dac chic cua vira khi ham
lwong thay thé ting.

Diéu dic biét quan sat thiy ¢ hinh 4 1 cac mau vita véi
ham lugng BCP tir 7,5 dén 10% c6 sy phét trién cuong do
cham truge 14 ngay dau va chi thuc su ¢6 cuong do chiu nén
sau 14 ngay tudi. Mic du cudng do chiu nén cua cac mau
chira BCP thip hon déng ké so véi mau dbi chung (SCG00),
tai tudi 28 ngay, cac mau vira chira BCP dao dong tir 17,4
dén 44,34 MPa, vuot qua pham vi yéu cau tir 7,5 dén 30
MPa dbi véi vira thong thuong theo TCVN 4314:2022 [17].
Diéu nay cho thay, BCP c6 thé duoc sir dung v6i ham luong
phu hop trong san xuét vira tity theo yéu cau vé cuong do cu
thé ddi voi mdi cong trinh trong thuc té.

3.2. D¢ hiut nuoc

Do hat nude clia vira 1a chi tiéu gian tiép phan anh kha
nang chong tham va chong xam thyc cta cac tdc nhan dn
mon hoa hoc theo S.P. Zhang va cs (2014) [21]. Khi d6 hut
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nuoc thap, do rong cua vat liéu giam, tir d6 cai thlen kha
nang chong tham ngan ngua sy phat trién ctia ndm moc
rong réu va gop phan kéo dai tudi tho cong trinh. Hinh 5
thé hién su thay ddi do hit nude cla cac mau vira tai 28 va
56 ngay v6i cac ham lugng BCP khac nhau. Két qua cho
thdy, do hut nuéc giam theo thoi gian bao dudng, do qua
trinh thay hoa lién tuc 1am ting do dic chéc cia vira. Tuy
nhién, viéc sir dung BCP thay thé cat trong cip phdi lai lam
tang do hut nudc cua vira. O 28 ngay tudi, cac gia tri do hat
nude lan luot 1a 7,14; 7,35; 8,15; 8,81 va 11,82%, Grng voi
cac ham lugng BCP 14 0; 2,5; 5; 7,5 va 10%. bén ngay thir
56, cac gia tri d0 hat nude giam xuéng con 5,35; 5,88; 6,02;
6,30 va 8,08%. Khi thay thé 2,5% cat bang BCP, d6 hit
nuée ting nhe 3,0% & 28 ngay tudi so v6i mau ddi chimg
(BCP00). Tuy nhién, sy gia ting dang ké vé do hat nudc
dugc ghi nhan khi ham luwong BCP tu 5, 7,5 dén 10% vai
muc tang lan luot 1a 14,09; 23,40 va 65,54% & 28 ngay tudi
so v6i mau ddi chimg (BCP00). Sy gia ting do hat nudc
theo ham luong BCP cling dugc quan sat trong nghién ctru
cua M. Guendouz va cs (2023) [22], tuy nhién muc tang
trong nghién ctru d6 16n hon dang ké so voi nghién ciru
nay. Kha ndng hut nudc cao hon cua BCP so véi cat tu
nhién 1a nguyén nhan lam ting do hat nudc cua cac mau
vita chira BCP so v6i hdn hop d6i ching (BCP00).

15
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Hinh 5. Anh hwéng ctia ham lwgng ba ca phé dén dé hat nwéc.
3.3. D co kho

Do co kho 1a sy thay ddi chiéu dai cia mau vira theo
thoi gian véi két qua do duoc thé hién trén hinh 6. A.C.L.
Wong va cs (2007) [23] cho ring, do co kho chil yéu phat
sinh tir sy mat nudc do bay hoi, dan dén giam thé tich cuia
vita. Qua trinh nay dién ra manh ¢ giai doan dau khi phan
ung thuy hoa xi mang xdy ra manh li¢t, sinh nhiét va lam
thoat hoi nuéc du thira trong hdn hop, khién kich thudc mau
bi thu nhé. O céac giai doan sau, khi ph?m l6n xi mang da
phan tmg va tao ra cac san pham thily hoa on dinh, cdu trac
vat liéu tré nén bén viing hon, din dén tdc dd co kho giam
16 rét. Hinh 6 cho thay, do co kho chii yéu dién ra trong 14
ngay dau tién, dic biét la trong 7 ngay dau, sau d6 cham
lai va dan dat trang thai on dinh & cac ngay tudi sau. Dang
chu y, do co kho c6 xu hudng tang theo ham lugng BCP su
dung trong cap phdi vita. Tai thoi diém 28 ngay tudi, do co
khé cia cac mau chira BCP lan luot 1a -0,0768; -0,0812;
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-0,0980; -0,1116 va -0,1448%, twong tng véi ham lugng
BCP 14 0; 2,5: 5; 7,5 va 10%. Bén ngay thu 56, cac gia
tri nay tang nhe 1én -0,0790; -0,0824; -0,0996; -0,1236 va
-0,1556%. Viéc thay thé 2,5% cat bang BCP dan dén mirc
tang d6 co kho khiém ton, khoang 5,73% sau 28 ngay so véi
méu dbi chimg. Tuy nhién, khi ty 1¢ BCP dwoc nang 1én 5,
7,5 va 10%, do co kho tang dang ké, 1an luot dat mirc 27,60,
45,31 va 88,54% so v4i mau khong chia BCP. B¢ co kho
cao hon & cac mau chira BCP so v6i miu ddi chimg dugc
1y gii 1a do BCP c¢6 do rong va kha ning hut nudc 1én hon
50 v6i cat ty nhién. Diéu nay khién BCP giir lai mot lugng
nuée du khong tham gia vao qua trinh thity hoa. Khi mau
kho dan, nudce bi hut ra khoi cac 16 rong, lam giam thé tich
ctia vat liéu va dan dén su gia tang do co kho.
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Hinh 6. Anh hwéng ctia ham lwong ba ca phé dén dé co kha.
3.4. D¢ gian no sun phat

D6 gidn nd sun phat 1a mot chi tiéu quan trong trong
danh gia do bén cua vat liéu xay dung, dac biét trong diéu
kién moi trudng co chira ion sun phat nhu nude ngam, dat
hodc khong khi. Hinh 7 thé hién su thay dbi do gian nd sun
phat (hay con goi 1a su thay doi vé chiéu dai) ciia cac mau
vira BCP00, BCP2.5, BCP5.0, BCP7.5 va BCP10 khi dugc
ngam trong dung dich Na SO, 5% trong 56 ngay, véi cac
moc thoi gian do tai ngay 1 3, 7 14, 28 va 56. Két qua cho
thiy, d6 gidn nd ctia cac mau ting theo thoi gian, véi toe
d6 gidin nd nhanh trong 14 ngay dau va cham lai ¢ cac giai
doan sau. Piéu nay phan anh dic diém phan tng giira cac
san pham hydrat hoa xi ming va ion sun phat dién ra manh
& giai doan dau. Tai thoi diém 28 ngay, su thay ddi chiéu
dai cia cdc mau vira véi ty 1¢ thay thé BCP1a 0, 2,5, 5,0, 7,5
va 10% lan lugt dugc ghi nhan 1a 0,0196; 0,0249; 0,0445;
0,0596 va 0,0904%. Dén ngay thir 56, cac gia tri ndy ting
1én 1an luot 14 0,0220; 0,0280; 0,0480; 0,0624 va 0,0946%
tuong g voi cac mirc thay thé BCP. C6 nghia 1a muc do
gian no sun phat tang dang ké khi ham luong BCP trong vira
tang. Khi cac mudi sun phat thim nhap vao mau vita, cac ion
sun phat ¢ thé phan tng v6i cac hop chét trong xi méng,
dac biét la canxi hydroxit dugc sinh ra trong qua trinh thuy
hoéa, tao thanh khoang ettringite va thach cao. Ettringite va
thach cao dugc coi la tic nhan chinh gy ra sy gian ng, nut
v3 va suy giam do bén co hoc cua vat liéu theo thoi gian
[24-27]. Nhu thé hién trong hinh 7, kha nang chéng xam



nhap ion sun phét ctia cac mau vita giam khi mic thay thé
BCP ting. Hién tuong nay la do cau triic x6p va do hit nude
cao hon ctia BCP nhu d3 dé cap trude do, dan dén do rong
cao hon cua vita va do hat nudc cao, tao diéu kién thuan loi
cho cac phan tng sinh ra ettringite va thach cao. Do d6, cac
mau vita chira BCP khong nén str dung trong cic moi truong
¢6 tac nhan an mon hoa hoc nhu ion sun phat.
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Hinh 7. Anh hwéng clia ham lwong ba ca phé dén do gian né sun phat.
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3.5. Cwong dp nén khi ngdm trong dung dich Na,SO,

Hinh 8 thé hién su thay doi gia tri cuong do chiu nén cta
cic mau vira khi ngam trong dung dich Na, SO, 5%. Co6 thé
nhan thay rang, cuorng do chiu nén cua cac mau nhin chung
tang dan theo thoi gian ngdm mau. Tuy nhién, khi ham luong
BCP ting, cuong do chiu nén clia cac mau lai c¢6 xu huéng
giam. Cuong do chiu nén tang theo thoi gian chu yeu 1a két
qua cua qua trinh thuy héa xi mang tiép dién, gitp cu trac
vita ngay cang déc chic va cai thién kha nang chiu luc. Ngugc
lai, sy suy giam cuong do khi taing ham Iuong BCP dugc cho
la do dac tinh xép, rong va kha ning hit nudc cao ciia vat liéu
nay, lam giam d6 lién két va tinh ddc cua ciu tric vita. Tuy
nhién, ciing twong ty nhu khi ngdm mAu trong nudc, diéu tha
vi la cuong do cia vita vai mac ham lugng tir 7,5 dén 10% thi
tang cham trong 14 ngay dau va cuong do chi phat trién manh
sau 14 ngay.
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Hinh 8. Sw phat trién cGia cwong dd chiu nén khi ngam trong
Na, SO, 5%.
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O 28 ngay tudi, gia tri cuong do chiu nén cta cic mau
vita ngdm trong dung dich Na,SO, 5% véi ham luong BCP ¢
muc 0; 2,5; 5; 7,5 va 10% do duoc 1an luot 14 48,64; 36,78;
33,55; 21,52 va 19,02 MPa. Vao 56 ngay tudi, cuong do
chiu nén ctia cdc mau ngam trong dung dich Na,SO, 5% véi
cung mirc ham lugng BCP nay lan lugt dat 52 89 44,02;
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37,81; 26,21 va 23,22 MPa. Mac du cuong do chiu nén cta
céc mau vira khi ngdm trong dung dich Na,SO, 5% déu giam
khi tang ham lugng BCP, nhung cuong do ch1u nén nho nhét
1a mau BCP10 1a 19,02 MPa tai 28 ngay tudi van 16n hon
cuong d6 yéu cau cho vira mac M15.

Hinh 9 thé hién so sanh cuong do chiu nén cua vira & 28 va
56 ngay tudi khi ngdm vira trong nudc va dung dich Na,SO,
5%. CO thé thiy rang, cac mau vita chira BCP tir 0 den 5%
khi ngam trong dung dich Na,SO, 5% cho cudng do chiu nén
thap hon déang ké so v6i khi ngdm trong nud6c. Tuy nhién, v6i
mau vira ham luong BCP tir 7,5 dén 10%, cuong do chiu nén
trong dung dich Na,SO, 5% lai twong duong véi mau ngam
trong nudc va tham ch1 cao hon (cu thé & 28 ngay tudi véi
mau BCP7.5). Hién tuong ndy c6 thé duoc ly giai la do & ham
luong BCP cao, mau vira ¢ nhiédu 16 rong hon, dé bi tin cong
bdi SO,> , dan dén sy hinh thanh thach cao, sau do 1a ettringite
thong qua phan tmg gitra thach cao va cac san pham thity hoa
cua xi mang. Ca thach cao va ettringite déu c6 tinh truong né
lam ting dang ké thé tich pha ran trong vira, lap day cac 15
rong va cdi thi¢n cuong do cua mau vita. Cac nghién ciru sdu
hon ¢6 thé duoc tién hanh dé giai thich rd hon hién tuong nay.

g0 —e— H,0 (28 ngay)

[ X ngay,
E 60§ —a— 5% Na,SO, (28 ngay)
£ 50
g ot
e 40
S 30
Sl
o 20r H,0 (56 ngay)
g 10 [ —=— 5% Na,SO, (56 ngay)

O
0 25 5 75 10
Ham luong BCP (%)

Hinh 9. So sanh cwé&ng do chiu nén cua vira khi ngam trong nwéc
va Na,SO, 5%.

4. Két luan

Nghién ctru nay duoc thuc hién nham danh gia kha nang
tai st dung BCP dé thay thé cho mot phan cét ty nhién trong
cap phbi vita. Mot s6 két luan chinh duoc rut ra tir két qua
thuc nghiém nhu sau:

1) Cudng d6 chiu nén cua cac mau vira ting theo thoi
gian va giam khi ting ham lugng BCP. Tai 28 ngay tudi,
cac mau vita voi ham luong BCP 1a 0; 2,5; 5; 7,5 va 10%
c6 gia tri cuong do chiu nén lan luot 1a 56,5; 44,3: 34.4;
23,4 va 17,4 MPa, dam bao yéu cau ky thuat theo TCVN
4314:2022.

2) P9 hat nudc clia mau vira giam theo thoi gian va ting
theo ham Iugng BCP. Khi ham luong BCP 1a 2,5% thi d6
hat nude ting nhe 3,0% so voi mau ddi ching va ting 1én
hon 14,09% khi ham lugng BCP tir 5% tr¢ 1én.

3) Do co khé va do gidn nd sun phat cua cac mau vira
tang nhanh ¢ 14 ngay dau va c6 xu huéng 6n dinh ¢ cac
ngay tudi vé sau. Khi ting ham lugng BCP thay thé cat, do
co kho va do gidn né sun phat tang. Tai thoi diém 28 ngay,
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su thay d6i chiéu dai ctia cac mAu vira véi ty 1& thay thé BCP
1a0,2,5,5,0,7,5 va 10% lan luot 12 0,0196, 0,0249, 0,0445,
0,0596 va 0,0904%.

4) Vi mace ham lugng BCP tir 0 dén 5%, cuong d6 chiu
nén khi ngdm trong nudc cho gia tri cao hon so véi khi
ngam trong dung dich Na,SO, 5%. Tuy nhién, khi ham luong
BCP tir 7,5 dén 10%, cuong do chiu nén cua mAau ngam trong
dung dich Na,SO, 5% tuong duong voi mAu ngdm trong nuée
va tham chi con cao hon.

5) Trong diéu kién tai nguyén cat ngay cang khan hiém,
BCP c6 thé 1a mot lya chon tiém ning dé thay thé mot phan
cat ty nhién. Tuy nhién, vita chira BCP khong nén su dung
trong moi trudng bi xam thuc sun phat. Ty 18 BCP can duoc
xac dinh theo yéu cau chiu luc cta tung cAu kién, dam bao
dap tng cac tiéu chuan k¥ thuat dit ra. Vi cdu kién khong
chiu tai 16n nhu tudng, 16p trat hodc nén nha, ¢6 thé dung ty
1¢ BCP cao hon; trong khi do, cac két cau chiu luc nén dung
ty 16 BCP ¢ mirc thap.

L01 CAM ON
Cac tac gia xin chan thanh cam on céac giang vién Bo
mén K¥ thuat cong trinh, Trudong Pai hoc Hong Dirc va hoc

vién cao hoc Nguyén Hitu Nam di hd trg trong sudt qua
trinh thi nghiém.
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Nghién ciru ché tao vt liéu hap phu dau tir rom bién tinh
bang copolymer glycidyl methacrylate va lauryl methacrylate

Lé Pirc Manh", Vii Thi Ngoc Anh', Pham Hoang Nhit Huy?, Pinh Thi Vin', Mai Quang Tuyén'
"Trung tam Nhiét déi Viét - Nga, Chi nhanh phia Nam, dwong 3/2, phuong 11, qudn 10, TP Ho Chi Minh, Viét Nam
2Truong Pai hoc Tén Pire Thing, 19 Nguyén Hitu Tho, phiong Tan Hung, qudn 7, TP Ho Chi Minh, Viét Nam

Ngay nhan bai 3/10/2023; ngay chuyén phan bién 6/10/2023; ngay nhan phan bién 30/10/2023; ngay chip nhéan ding 6/11/2023
Tom tit:

Bai bao trinh bay quy trinh ché tao vat liéu hiip phu diu tir rom thong qua bién tinh bé mit bz‘lng copolymer glycidyl
methacrylate (GMA) va lauryl methacrylate (LMA). Dé tao ra vit li¢u than thié¢n méi treong, c6 kha ning hap thu
chon lgc diu cao, nhém nghién ctru da tién hanh dong trang hgp copolymer GMA va LMA trong dung dich, sau
dé ghép copolymer nay 1én s¢i rom da xir ly kiém. Cac phén tich bang may quang pho hong ngoai bién dbi Fourier
(FTIR), phan tich nhiét trong lwgng (TGA) va kinh hién vi dién tir quét (SEM) cho thay sw bién doi ré rét vé ciu
triic hoéa hoc va hinh thai bé mit ciia rom sau bién tinh. Pic biét, vat liéu dat dwoc tinh siéu Ky nwée véi goc tiép xiic
1én t6i 161°, ddng thoi vin duy tri kha ning ndi tot trén mit nwée. Két qua thir nghiém hép thu dau theo tiéu chuin
ASTM F726-12 cho thiy, vat li¢u ¢6 thé hap thu dén 14,9 g diu FO/g vat lidu. Vat li¢u ciing thé hi¢n hi¢u qua trong
vigc tach dau khéi mit nuéce, cho thiy tiém ning 16n trong ving dung xir Iy sy ¢d tran diu va nuéc thai nhiém dau
v6i chi phi thip va hiéu suit cao.

Tir khoa: copolymer glycidylmethacrylate, géc tlep xtuc, 16p phi polymer ky nwéc, rom siéu ky nwérc, vat liu hap
phu diu, xir ly diu tran.

Chi sé phén loai: 2.4,2.5,2.7

Study on the synthesis of oil adsorbent materials from straw and
glycidyl methacrylate-lauryl methacrylate copolymer
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Abstract:

This article presents a method for synthesising oil-adsorbent materials from rice straw through surface
modification using a glycidyl methacrylate (GMA) and lauryl methacrylate (LMA) copolymer. Aiming to develop an
environmentally friendly material with high oil selectivity, the authors carried out a free radical copolymerisation of
GMA and LMA in solution, followed by grafting the copolymer onto alkali-treated straw fibres. Fourier transform
infrared spectrometry (FTIR), thermogravimetric analysis (TGA), and scanning electron microscopy (SEM) analyses
revealed significant changes in the chemical structure and surface morphology of the straw after modification.
Notably, the resulting material exhibited superhydrophobic properties, with a water contact angle reaching up to
161°, while maintaining excellent buoyancy in water. Oil absorption test results performed in accordance with ASTM
F726-12 demonstrated that the modified straw could absorb up to 14.9 g of fuel oil (FO) per gram of dry material.
The material proves effective in separating oil from the water surface, confirming its strong potential for use in oil
spill response and treatment of oil-contaminated wastewater with low cost and high efficiency.

Keywords: contact angle, glycidylmethacrylate copolymer, hydrophobic polymer coating, oil absorbent, oil spill
treatment, superhydrophobic straw.

Classification numbers: 2.4, 2.5, 2.7
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1. Dt van de

O nhiém dau dang la van dé bao dong hién nay trén thé
gioi, no dén tir nhiéu ngudn khac nhau, trong do phé bién
nhit 1a tir hoat dong khai thac va van chuyen dau cua con
nguoi. Tac hai ciia tinh trang 6 nhiém dau dén moi truong
la v6 cung nghiém trong, ching s& tac dong truc tlep dén
hé sinh thai méi truong bién va nhiing sinh vat bién trong
vung bi 0 nhlem [1]. Ngoai ra, chat thai dau 1a nhimg hop
chat ton tai rat bén trong moi truong ty nhién, khi con nguoi
tlep xuc hodc tiéu thy nhiing sinh vét bién & vung nay s€ anh
huong dén sic khoe, gy ra nhitng bénh ngoai da, ho hap
hodc tham chi 1a tdc nhan gy ung thu [2, 3]. Nhin chung,
nhiéu phwong phap xir Iy dau da duoc ung dung va nghién
ctru nhu: co hoc [4], sinh hoc [5], hoa hoc [6, 7], dbt chay
tai chd. Trong d6, loai bo dau tran bang cac vat liéu hip phy
dugc quan tam su dung nhiéu hon ca bai tinh an toan, de
trién khai, qua trinh van hanh cho phép thu gom tryc tiép
dau tir nwéc ma khong c6 tac dong tiéu cuc dén moi truong
[8]. Phan 16n su hdp phu dau thuong xay ra ¢ cac 16 trong vi
tai day phan dién tich bé mit c6 sin rat 16n. Cudi cung, cac
phan tir ddu bam chit vao bé mit bén trong cac 16 trong va
bi giit lai bén trong vat liéu. Kha ning hip phu diu cua vat
liéu dugc cho la nho vao tac dung cua lyc Van Der Waals
giita cac nhom ua dau va dau ndi trén mat nude [9, 10]. Cac
vat liéu hap phu sir dung trong ky thuat nay rat da dang, bao
gém cac vat liéu hitu co tu nhién nhu: thyc vat dang soi,
kapok, rom ra, vat liéu hiru co tong hop (polypropylene va
polyurethane hodc nhing vat liéu c6 nguon goc tir khoang
vat vO co tu nhién nhu: perlite, graphite, vermiculite, dat
sét, diatomite). Nhin chung, mot vat liéu hap phu dau Iy
tuoéng can c6 cac dac tinh nhu: kha néng hép thu cao, do
chon loc dau/nuée cao, do xop cao, kha ning ndi cao, chi
phi thap, than thién v6i moi truong.

Trong nhitng nim gan day, vat liéu hap phu ¢o nguon
gbc tu nhién dwoc nghién ctiru va phat trién vi tinh sin co,
gia thanh thdp va da dang [11]; cic nha khoa hoc da tmg
dung nhiéu phuong phap bién tinh khac nhau nhu kiém hoa,
acetyl hoa, tring hop... nham tao ra vat liéu c6 tinh tng
dung trong xtr 1y dau tran.

Rom duoc coi 1a phu phdm cta néng nghiép, ré tién va
rat doi dao, chung co rat it gia tri kinh té, mot phan nho duoc
st dung lam thirc an chan nudi va tréng trot, con lai phan
16n s& duoc d6t 1ay tro 1am phan bon. Qua trinh ddt sinh ra
mot lugng 16n khoéi bui, giy ra 6 nhiém ngudn khong khi,
anh huong dén stc khoe con nguoi [12, 13]. Viéc tim cach
san Xuat cac loai vat liéu tir rom ra nhim néng cao gia tri
kinh té ctia chung ngay cang dugc quan tim nghién ctu.
Ché tao vat liéu hip phu dau véi tinh chat wa dau/ky nudce
bang phuong phap bién tinh rom dugc coi 1a mot hudng di
méi, c6 nhiéu tiém ning tng dung. Tuy nhién, do rom c6
thanh phan chu yéu tir cellulose voi cac nhom hydroxyl trén
mach cacbon, vi vdy chiung cé tinh ua nudc. Dé ché tao vat
liéu hap phu dau c6 tinh chat wa dau/ky nudc, thong thuong
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ngudi ta phai bién tinh bé mit vat lidu bang cac tac nhan hoa
hoc nham thu dugc tinh chat nhu mong muon.

Trong nghién ctru cua P.X. Yu va cs (2020) [14], cac
tac gia da ché tao vat liéu hip phu dau bang cach ghép
polystyrene va lién két octadecanoyl siéu ky nudc. Tuy
nhién, vat liéu thu dugc c6 dang bot va dé v& nén kho tng
dung trong thyc té, ngoai ra quy trinh ché tao phtc tap nén
cling han ché tiém ning ing dung cia san pham.

K¢ thira cac nghién ctru trude d6 cua chinh nhom tac gia
[15-18], trong nghién ciru nay, ching t61 dé xuit phuong
phap ché tao vat liéu hip phu dau than thién voi méi truong
trén co so bién tinh sgi rom bang dung dich poly-(GMA-
co-LMA). Theo d6, nhdm epoxy cua polymer nhd kha nang
phan tng tot s& tao cac lién két cong hoa tri bén véi nhom
hydroxyl cta cellulose gitip polymer bam chit vao bé mat
vat liéu. Bén canh d0, cac nhom thé alkyl dong vai tro 1a tac
nhan tao cho vt liéu tinh chit siéu ky nudc va ua dau nham
tang kha nang hap thu chon loc dau khoi nude. Vat liéu hip
phu thu duoc bing phuong phap nay ¢6 kha niang hip thu
dau cao véi quy trinh che tao don gian, c6 thé ap dung véi sd
luong 16n. Hinh thai cAu triic bé mat cta vat lidu, do bén lop
phu polymer ky nudc, cac tinh chit ky nudce, kha nang hip
thu dau chon loc, kha nang hép thu céc loai dau khac nhau
cling da dugc nghién cuu.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Trong bai bao nay, cac tac gia sir dung cac hoa chat va vat
liéu sau: monome glycidylmethacrylat (GMA, 98%, Sigma
Aldrich), laurylmethacrylat (LMA, 98%, Sigma Aldrich),
azobisisobutyronitril (AIBN, 99%, Aladin), isopropanol
(99%, Scharlau), ethylmethylketon (MEK, 99%, Scharlau),
acetone (99%, Scharlau), methanol (99%, Scharlau), sodium
hydroxide (98%, Trung Quéc), rom duge léy o canh déng
thudc tinh Tién Giang.

Pé danh gia kha nang hip thu dau cua vét liéu, chung
to1 cho vat liéu hép thu céc loai dau c6 do nhét khac nhau,
bao gdbm dau hat cai (nhan hiéu Simply); dau dong co (nhan
hi¢u Mobil 15W-40); dau th6 Bach HO (nhiét do nong chay
(mp) = 22,35°C); dau dot (F O) (nhiét d6 nong chay 22,35°C)
duoc lay tor Nha may loc dau Dung Quat D9 nhdt cia cac
loai dau duoc do bang may do nhét ké Brookfield KU-2 (Hoa
Ky) tai Trung tim Nhiét d¢i Viét - Nga. Khéi luong riéng va
d6 nhét ciia cac loai dau dugc trinh bay trong bang 1.

Bang 1. Khéi lwong riéng va do nhét chia cac loai dau.

. Khdi lwong riéng D nhét/nhiét dp
2 g.(cm®)/nhiét d9 do (°C)  do, (cP)/(°C)

Déu hat cai 0,915/20 140/25

Déu dong co 0,88/15 220,5/33

Déu thé, mp=22,35°C  0,8467/20 164/33

Déiu FO, mp=22,35°C  0,991/15 255/33




2.2. Phwong phap nghién ciru

Tong hop copolymer: Copolymer GMA va LMA dugc
tong hop bang phuong phap dong tring hop goc tu do trong
dung dich. So db quy trinh tong hop dugc thé hién trén hinh 1.

(‘3“3 (‘:Hg
CHh=C + HC=CH 1,70°C CHy Gt
_—
C. C CH,—C——co—CH,—CH
/
T A A
07 07 0
C‘Hz $H2 ? (‘JH
CHy—(CHy)—CH, )
CHy—(CHy) CHCH, 3—(CHp)k—CH, ‘
N/ Ctl—/CHz
[0]
k=10

Hinh 1. So’ d6 phan trng tring hg'p copolymer poly-(GMA-co-LMA).

Chat khoi mao phan tng 1a AIBN, dung méi 1a MEK.
Phan tmg dong trung hop dién ra & 70°C trong 24 gid. Nong
d6 monomer la 1 mol/l, ty 1¢ monomer GMA:LMA 1a 2,3:1.
Quy trinh tong hop va tinh cht cia polymer duoc danh gia
theo cac nghién ctu [15-18].

Ché tao vt liéu hcfp phu dau tir rom va dung dich
polymer poly-(GMA-co-LMA): Rom duoc loai bo tap chét,
cit ngin khoang 2-3 cm, sau d6 nghién nhoé bing may
nghién, san pham cudi cting c6 dang hinh soi dai 0,5-3 cm.
Cac mau rom nay dugc chia 1am 2 nhom, sau day goi la
nhom 1 va nhom 2A.

Cac mau nhom 2A dugc ngam trong dung dich NaOH
nf”)ng do 10% trong 1 gio ¢ nhiét do thuong, sau do duoc
v6t ra va rira lai nhidu 1an bang nuéc cit dén khi pH bang
7. Vat liéu sau khi rira sach duoc séy trong ti séy & nhiét do
105°C dén khdi lugng khong doi, thu dugce cdc mau nhom 2.

Cac mau rom nhém 1 va nhom 2 duoc ngam trong dung
dich poly-(GMA-co-LMA) ¢6 ndng d9 0,5-1,5% trong dung
moéi MEK trong khoang thoi gian 30 phut, sau d6 dugc vot
ra, siy & cac nhiét do tir 80 dén 160°C trong 30 phit. Vat
lidu bién tinh sau d6 duoc bao quan bing binh hut 4m & diéu
kién nhiét do phong. Quy trinh ché tao va bién tinh vat liéu
dugc thé hién ¢ hinh 2.

Nghién ciru cdc tinh chdt héa Iy cia vt liéu hdp phu
dau: Hinh thai bé mat sgi rom trude va sau khi bién tinh
dugc danh gia bang phuong phap chup kinh hién vi dién tir
SEM S-4800 (Hitachi S-4800, Hitachi). Mau polymer c6
kha nang dan dién kém duoc 1am sach bang dung dich dém
0,1 M cacodylic acid pH 7,3, sau d6 dugc phi mot 16p kim
loai Platin bang phuong phap bdc bay chan khong, 16p phu
kim loai c¢6 d6 day 50-100 Angstrom.

Phuong phap nhiét quét vi sai duoc tién hanh do véi
mau poly-(GMA-co-LMA) va cac miu rom trudc va sau
khi bién tinh trén may LabSys Evo TG-DSC 1600 Setaram,
toc do gia nhiét 10°C/phiit trong khoang 25+550°C.
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Hinh 2. So dé phan tng ghép mach poly-(GMA-co-LMA) lén
cellulose (A) va quy trinh ché tao vat liéu hap phu dau tir rom (B).

Phuong phép phé héng ngoai FTIR dugc thuc hién trén
may Perkin Elmer, model Spectrum Two, dugc st dung dé
danh gia cau trac cua cellulose trén cic mau rom ban dau,
mau rom sau khi ngdm trong NaOH, méu rom sau khi bién
tinh bang NaOH va phu polymer GMA-co-LMA.

Nghién ciru tinh chat wa dauw/ky nuwée cia vt liéu: Tinh
chat ky nudc cua vat liéu hap phu dau duge danh gia bang
céch do goc tiép xuc trén bé mat cia mau trude va sau khi
bién tinh. Géc tiép xtc duoc do trén thiét bi OCA-20ES cua
Hang Data physic (Puc), trén mdi miu do it nhat 5 diém,
thé tich giot nudc 1a 9 pl, cac gia tri do trén cung mau léch
nhau khong qué 5°, goc tiép xuc la gia tri trung binh gilta
céc lan do.

D6 hap thu nude va hap thu dau duoc do theo phuong
phép clia tiéu chuan ASTM 726-12. D¢ hat nudc cia vat
lidu duoc tién hanh nhu sau:

Déi véi vat liéu dang tim: Ddi véi mdi ndng do polymer
cit 4 mAu thir nghiém c6 kich thudc 6x6 cm tir mau c¢6 kich
thudc 16n hon da dugc bién tinh va dat trong binh co thé
tich 4 lit va chira nuc dén 1/2 binh va day kin. Cac thing
sau do duge dit cd dinh trén ban lic ngang va lic véi van
téc 150 chu ky/phit voi bién do lac 2,5 cm trong thoi gian
15 phut. Sau khi may ngimg lic, dé binh 6n dinh trong 2
phut va bt dau kiém tra d6 ndi ctia mau. Tét ca nhitng mau
khong ndi sau thir nghiém nay déu dugc dénh gia 1a khong
dat tiéu chuan. Cac mau ndi duge vot ra béng vot ludi thép,
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giit trong khoang 30 gidy dé cho tréi nudc trén bé mat, sau
d6 mang di can. Do hap thu nudc A (g/g) duge tinh theo
cong thire Ay = (m,, - m, )/m_

trong do: m la kh01 luong mau sau khi hap thu nuéc, m
1a khoi 1u0'ng mau kho.

dry

Ddi v6i cac mau vat lidu dang xo0: Can 4 dén 10 g vat
lidu hodc khong qua 150 cm® vét lidu hap phu dau dang xo,
cho vao binh thay tinh 4 lit 3 dugc rét nude dén 1/2 binh.
Binh dyng dugc dat [én ban ldc hodc thiét bi tuong ty va lac
v6i toe dd 150 chu ky/phut, bién d6 2,5 cm trong khoang
thoi gian 15 phut. Két thuc qua trinh lac giit cho hé thong 6n
dinh trong 2 phiit va bat dau quan sat. Néu trén 10% luong
chat hap phu chim dudi nuée thi chat hdp phu nay khong
vuot qua thir nghiém. Dung vot ludi vot mau vat lidu ra, dé
cho chay nudc trong vong 30 gidy va tién hanh can mau.
Luong nude hip thu dugce tinh theo cong thic tuong tu nhur
d6i voi vat ligu dang tam.

Céc thur nghiém kha nang hit dau cua vat liéu duge chia
lam thir nghiém nhanh (ngdm mau trong dau trong thoi
gian 15 phut) va thir nghiém dai (ngdm méu trong dau thir
nghiém trong 24 gio). Thir nghiém duoc tién hanh bing
cach ngdm mau c6 kich thude t6i thiéu 13x13 cm trong chiu
¢6 chua dau, sao cho do day cua lop dau tdi thiéu 12 2,5 cm.
Sau thoi gian thir nghiém, ding kep gap mau ra khoi dau va
giit nguyén trong 30 gidy dé loai bo cac giot ddu khong bam
trén mau. Sau d6 nhanh chong dat mau vao dia can dé can
va dam bao riang khong dé roi giot dau nao. Do hap thu dau
A, (g/g)~ ctia vat lidu duoc tinh bang s gam dau hap thu
trong moi gam vat liéu kho.

A, = (m -m )/m

dry

trong d6: m,, 1a khéi lugng mau sau khi hip thu dau, m, la
khéi lugng mau kho.

Thir nghiém kha nang hut dau khoi mat nude: Rot
khoang 100 ml nudc cat vao coc 250 ml, rét thém khoang
30 ml dau FO vao coc nudce, phan dau do nhe hon s€ ndi 1én

(A) (B)

S-4800 10.0kV 8.5mm x5.00k SE(M) 10.0um

S-4800 10.0kV 8.3mm x5.00k SE(M)

trén mat nudc. Tiép tuc tha mau rom da bién tinh vao cdc
trén va quan sat kha nang hit dau cta vat lidu. Sau khoang
30 phat vt mau rom ra va danh gia kha ning hap thu dau
khoi mat nudc.

3. Két qua va ban luan
3.1. Phén tich hinh chup kinh hién vi dién ti quét

bé nghién ctru vé tinh chat bé mat cua vat liéu, phuong
phap SEM duoc tién hanh v6i rom qua timg giai doan ché
tao vat liéu (hinh 3).

Hinh 3A khao sat bé mat rom tho gdm cau trac gdm céac
ranh, hat khong déng nhét tao thanh do céc thanh phﬁn tao
nén cau trac bé mit rom nhu céac 16p ligin, hemicellulose,
tap chit bé mat. Cac thanh phén nay duoc loai bo sau do khi
rom dugce ngam trong dung dich NaOH nong d6 10% trong
khoang 1 gio tao nén bé mit nhin bong vai cac soi cellulose
¢6 kich thude 16n tir viée bung nd ctia cac bo cellulose trong
cAu tric vat liéu sau khi loai bo tap chat hinh 3B. Hinh anh
vi sai vat liéu sau qua trinh diéu ché 3C cho théy anh vi mo
polymer lién két v&i cac phan tir cellulose. Hinh thai trong
hinh 3C cho théy, cac bé mit sau lién két 1a cac bé mat nhin
6 nghia la chung dong nhét.

3.2. Phén tich pho hong ngoai bién doi Fourier

Hinh 4 so sanh dir liéu phd FTIR ciia mau polymer va
3 miu rom trude, sau khi xir 1y. Nhan thay ring, trén 3 phd
déu co sy xudt hién cuia 2 dai hap thu 3300 va 2915 cm™ 1an
luot twong g voi dao dong kéo dai cia nhém OH va C-H
trong céu tric cellulose. Cac dai hap thu cuc dai chimg minh
cho dao dong kéo dai O-C-O tai 1095, 1027, 1152 cm! déu
quan sat thdy trong 3 miu vat lidu twong tmg A, B, C. Phd
FTIR cta mau 4B, 4C c6 su khac biét vé cuong do, dac biét
su xuat hién cta dinh hip thu 1734 cm! (méu 4C) tuong
ung voéi giao dong ciia nhom C=0, chirng minh sy c6 mat
ctia polymer 1én bé mait cellulose.

(©)

10.0um $S-4800 10.0kV 8.2mm x5.00k §

Hinh 3. Hinh anh kinh hién vi dién tir quét ctia: (A) Mau rom tho; (B) Rom sau khi xt ly trong NaOH; (C) Rom sau khi xtr Iy trong

NaOH va bién tinh b&i poly-(GMA-co-LMA).
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Hinh 4. Phé héng ngoai bién déi Fourier ctia: 1) Mau rom ban dau;
2) M&u rom x& ly trong NaOH; 3) M&u rom x( ly trong NaOH va pha
polymer poly-(GMA-co-LMA); 4) M&u polymer poly-(GMA-co-LMA).

3.3. Phédn tich nhiét trong luong

Tu két qua phan tich TGA & hinh 5 thdy rang, thay doi
dang ké duoc quan sat ¢ cac dudng phén tich nhiét luong
clia mau bién tinh. Ca 3 mau déu quan sat thiy khdi luong
khong dang ké bat ddu mat di trong khoang 80-89°C, twong
tmg v6i 4,4-5,9% khdi lugng hoi nudc con giit lai trong
mau. Tiép theo dién ra qua trinh phan hiy cellulose, & miu
rom tho nhiét d6 phan hay 1a 307,89°C twong tmg véi khoi
luong giam di 49,95%. D6i véi miu xir 1y trong NaOH va
bién tinh trong poly-(GMA-co-LMA), nhiét d6 phan huy
cao hon mau rom thé (335,90°C v6i mau B, 337,54°C mau
C), khéi lugng hao hut ciia mau B va C tuong ung 14 74,48
va 69,24%. Ngoai ra, trong mau vét liéu sau bién tinh bang
poly-(GMA-co-LMA) khong quan sat thdy diém phan huy
nhiét cia polymer, dleu nay c6 thé lién quan dén luong
polymer phu trén mau khong dang ké so voi khdi lugng
mau rom sau khi xir 1y.

3.4. Phén tich kha nang ky nwéc

Dé danh gia quy trinh bién tinh vét liéu phu hop, cac
mau rom trude va sau khi xtr 1y trong dung dich NaOH da
dugc sir dung dé bién tinh trong dung dich poly-(GMA-co-
LMA) v6i ndng d6 khac nhau.
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Hinh 6. Sy thay dbi géc tiép xuc trén bé mat mau rom theo ndng
d6 dung dich polymer. 1: Rom thé bién tinh trong poly-(GMA-co-
LMA); 2: Mau rom xt ly trong NaOH va bién tinh trong poly-(GMA-
co-LMA).

Két qué phan tich hinh 6 cho thy, sau khi bién tinh trong
dung dich polymer, ca 2 loat mau déu dat duoc trang thai
ky nudc voi goc tlep xuc 16n hon 100°. Khi tang nong do
dung dich tir 0,5 dén 3%, goc tiép xuc ciing ting 1én dang
ké. Dic biét & ndng do dung dich polymer 1,5 va 3%, goc
tiép xtc trén cac mau nhom 1 dat lan lugt 136 va 138°,
c4c mau nhom 2 dat trang thai siéu ky nude (goc tiép xtc
>150°). Cac mau nhom 2 dat trang thai siéu ky nuée sau khi
phii polymer 1 nho sy gia ting vé do nham bé mat ciia cac
b soi cellulose sau khi chiing dugc xur ly trong dung dich
NaOH. Nhu da noi ¢ trén (hinh 3), sau khi xur 1y trong dung
dich NaOH, c4c thanh phén hitu co trén soi rom bi phan hay
va dé 16 ra cac b6 soi cellulose v6i bé mat xu xi khién do
nham bé mit ting 1én dang ké.

Viéc tang tinh chat ky nudc cia vat liéu déng thoi cling
lam giam d9 hat nudce cua chung (bang 2). Két qua ¢ bang
2 cho théy, dm v6i cac mau rom chua bién tinh, nhd tinh
chat ua nuoc vbn ¢o6, chung nhanh chong dinh w6t va chim
xudng day cbc. Di v6i cic mau rom bién tinh trong dung
dich polymer nhung khong qua xt Iy NaOH, d¢ hut nudc

ight lost: -
IG % weight lost -0,636 mg R f(v)“;gsgmgs ‘weight lost:
N\ -5.943% eight lost -5,345 mg —— I~ -4,769% -11,217mg
7 -49.957% 2 -69,242%
90
\
80 \
weight lost: -0,63mg \ weight lost: -10,651 |
\ -4,403% | 74,48% A
70 1 I\ 4 \
60 \ | \
s 50
0 200 400 600 T.0C 0 200 400 T,°C 0 200 400 600 T, 0C
s

I'G% ——— dTG (%/min)
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Hinh 5. Phan tich nhiét trong lwong ctia cac mau. (A) Mau rom ban dau; (B) Mau rom sau khi xt ly trong NaOH; (C) Rom sau khi xt Iy béng

NaOH va bién tinh trong poly-(GMA-co-LMA).
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dat 5,53-6,23 g/g va lugng mau chim dudi day coc chiém
12,73-13,53%. Nhu vay, cdc mau nay khong vuot qua dugc
thir nghiém danh gia do noi theo tiéu chuan ASTM 726-12,
do c6 lugng mau chim sau thtr nghiém 16n hon 10%.

Bang 2. Két qua thir nghiém doé hiut nwéc va dé ndi cha vat liéu
theo tiéu chuan ASTM 726-12.

Néng do dung polymer D0 hiit nwde ciia vat lidu (g/g) Luwong mAu chim (%)

bién tinh (%) Miu 1 Miu 2 Miu 1 Min 2
0 Mau chim hoan toan

0.5 6,23 0.79 13,53 027
1,0 5,96 0,60 13,79 0,04
1,5 5,53 0,59 12,73 0,03

Nguoc lai, cAc mau rom nhém 2 sau khi ghép polymer,
ta nhan thay sy giam rd rét vé luong nude hap thu va luong
mau chim sau khi thir nghiém so véi cac mau nhom 1.
Nhu vay, cac mau nhom 2 déu vuot qua thir nghiém véi
lwong nuée hip thu tir 0,59 dén 0,79 g/g va luong miu
chim 0,27+0,03%. Viéc c4c soi rom c6 bé mit dat tinh chét
siéu ky nude khién giam dang ké kha ning bam dinh cua
nuée 1én bé mit va nude tham thiu vao bén trong cac béd
s¢i cellulose. Bén canh do, cac sgi rom sau khi xu 1y trong
NaOH va séy kho s& dan xen vao nhau tao thanh cac khdi
xop, diéu nay lam gia ting kha nang luu trir dau bén trong
dong thoi ciing giam dién tich bé mat tiép xuc cta vat lidu
v6i nudce. Cac thir nghiém tiép theo vé kha nang hut dau cia
vat liéu s& duoc thuc hién trén cac mau nhom 2.

3.5. Phén tich kha nang hut diu

Dé danh gia do hit du cua vat liéu, miu rom sau khi
bién tinh d3 duoc ngdm cac loai dau c6 do nhét va khoi
lwong riéng khac nhau va do lugng dau hip thu duoc theo
thoi gian ngdm mau. Tir két qua thir nghiém cho thiy, hé s6
hép thu dau t6i da cua vt liéu thay doi trong khoang tir 6,1
dén 14,9 g/g tuy thudc vao khdi lugng riéng va do nhdt cia
ting loai dau (bang 3).

Bang 3. Danh gia kha nang hap thu céc loai dau khac nhau cua
vat lieu hap.

N Thoi gian thir nghiém
Loai dau
Ophit  5phit 10 phit 30 phiit 60 phiit 4 gio 24 gio:
Déu hat cai 0 6,8 6.8 6.8 6,8 68 68
Déu thd 0 5,5 54 5,7 5,9 57 6.1
Daudongco 0 8,0 104 107 11,0 113 11,7
Déu FO 0 5.6 13,1 12,5 13,7 139 149

Két qua & bang 3 cho thay, ddi voi cac mau dau c6 khéi
luong riéng va do nhét thip va trung binh (dau hat cai) thi
luong dﬁu hap thu nhanh chéng bio hoa sau 5-10 phut ngdm
mau, tlep tuc thir nghiém thi déu khong thiy su gia ting
dang ké vé khdi lugng dau hip thu. Nguogc lai, dbi véi cac
mau dau ning, c6 do nhét va khdi luong riéng cao (dau
tho, dau FO va dau dong co), trong khoang thoi gian thir
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nghiém, toc d hap thu du cia vat lidu dién ra cham hon
va chung can nhiéu thoi gian hon dé lugng dau hap thu co
thé dat toi da. Khdi lugng dau hap thu duoc cia vat liéu phu
thudc nhiéu vao khéi luong riéng va do nhét cia chung.
Dau hat cai va dau tho c6 khdi luong riéng va do nhét thap
nhat nén khdi lwong dau hap thu cta vat liéu chi dat 1an luot
13 6,8 va 6,1 g/g. Khi khdi lwong riéng cuia vét liéu ting thi
dbi v6i cung luong thé tich dau hap thu duoc, khdi luong
dau ciing ting theo.

Bén canh d6, d6 nhét ctia diu cao ciing s& giup dau bam
dinh vao cac soi vat liéu hp thu tot hon, 16p mang dau tao
thanh trén bé mat vat liéu cling day hon, vi vdy, lugng dau
thu dugc s& 16n hon. Diéu nay giai thich 1y do tai sao mic
du dau dong co c¢6 khdi luong riéng thap hon khdi luong
riéng cua dau hat cai, tuy nhién do dau dong co c6 do nhot
cao hon cua dau hat cai (bang 1), nén luong dau dong co
ma vat liéu hép phu dugc dat dén 11,7 g/g, cao hon so vdi
dau hat cai 1a 6,8 g/g. Nhu vay, trong truong hop st dung
vat liéu dé thu gom cac loai dau c6 do nhét cao nhu dau FO,
dau dong co thi thoi gian ngdm mau can lau hon so vai cac
loai dau nhe khac.

Hinh 7 mo ta thi nghiém kiém tra kha nang tach diu khoi
nude cia tim vat 1idu hap phu sau khi bién tinh. Tir két qua
khao sat thdy rang, d6i véi mau rom di bién tinh, khi tha 1én
bé mit chét 1ong thi mau ndi va tir tir hap thu dau vao trong.
Sau khoang thoi gian 30 phit thi lugng dau trén mit nudc
da dugc hap thu hoan toan (hinh 7D). Nhuw vdy, nho viée
bién tinh bang dung dich polymer poly-(GMA-co-LMA),
chung t61 da che tao dugc loai vat liéu hap phu dau tir ngudn
nguyén liéu san co va ré tién 1a rom. Loai vt lidu nay co
tiém nang 16n trong viéc ing dung xu ly cac sy c¢b dau tran
va nudc thai nhidm dau.

Hinh 7. Thir nghiém kha nang hut dau FO khéi mat nwéc cla vat
liéu. (A) Cbc nudc chiva dau FO trén bé mét; (B) Tha mau rom trén
bé mat dau; (C) Mau rom sau khi hap thu dau; (D) Nwéc sau khi da
tach dau.

4. Két luan

Céc su ¢d tran dau va nude thai nhidm dau thuong gy
anh hudng nghiém trong den moi truong va hé sinh thai khu
vye 6 nhiém. Viée phat trién mot loai vat lidu xur 1y dau tran
than thién v6i méi truong va chi phi thap ngay cang tré nén
cap thiét. Trong bai bao nay, ching toi trinh bay phuwong
phap ché tao vat liéu hip phu dau duoc ché tao tir rom thong
qua viéc tao 16p phu polymer poly-(GMA-co-LMA) siéu ky
nude 1én bé mat cac soi rom. Vat lidu thu duoc sau khi bién
tinh, nho c6 16p pht polymer chira nhom alkyl mach dai
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ua dau/ky nudc, vi vay da mang lai tinh chat siéu ky nude
voi goc tiép xtic dat dén 161°. Bén canh do, vat liéu cling
thé hién kha nang hut dau dat dén 14,9 g/g dbi véi dau FO.
Ngoai ra, vat liéu ciing cho thay kha ning tach dau khoi mat
nuéc mot cach hiéu qua, chimg minh tiém ning ting dung
cua vat liéu trong xu ly cac sy ¢d tran dau.

Nghién ctru nay dugce tai trg béi S Khoa hoc va Cong
nghé TP H6 Chi Minh theo hop dong so 56/2021/Hb-
QKHCN ngay 29/12/2021. Nhom tac gia xin tran trong cam
on.
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Toi wu quy trinh Tetra primer ARMS PCR xdc dinh da hinh don nucleotide
rs1799929 ciia gen NAT2 & ngwoi tai mot so tinh, thanh pho ctia Viét Nam
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Tom tit:

Pa hinh don nucleotide (SNP) rs1799929 trén gen NAT2 dwoc xac dinh c6 lién quan dén qua trinh chuyén hoéa
thudc va nguy co mic mot s6 bénh Iy nghiém trong. Nghién ciru nay da xay dung quy trinh xac dinh SNP rs1799929
trén gen NAT2 bing k§y thuit Tetra primer - Amplification refractory mutation system polymerase chain reaction
(T-ARMS PCR). Muc tiéu ciia nghién ciru nhiam ti wu héa va ing dung ky thuit nay dé phat hién SNP rs1799929
cia gen NAT2. Ching t6i da si dung Ky thuiat T-ARMS PCR dé khuéch dai viing gen chira SNP va ddi chiéu véi
phuong phap gidi trinh tu Sanger nham klem chu'ng Kkét qua. Ket qua cho thay, quy trinh da dugec tdi wu héa thanh
cong, bao gom viéc diéu chinh nhiét do gan moi va nong do moi dé dam bao dd chinh xac va dic hiéu cao. Pic biét,
phwong phap phit hi¢n SNP bang T-ARMS PCR c¢6 d9 twong dong 100% véi phwong phap giai trinh tu Sanger,
khing dinh dé tin ciy ciia phuwong phap nay. Két qua ciia nghién ctru 12 tién dé ap dung cho cac nghién ciru tiép theo
véi ¢& miu 16n hon.

Tir khéa: chuyén héa thudce, da hinh don nucleotide rs1799929, NAT2, T-ARMS PCR.
Chi s6 phén logi: 2.6, 3.1,3.3

Optimisation of the Tetra primer ARMS PCR protocol for detecting the single-nucleotide

polymorphism rs1799929 of the NAT2 gene in humans from some provinces, cities in Vietnam
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Abstract:

The single-nucleotide polymorphism (SNP) rs1799929 in the NAT2 gene has been identified as being associated with
drug metabolism and the risk of some serious diseases. This study developed a protocol to detect the SNP rs1799929
in the NAT2 gene using the Tetra primer - Amplification refractory mutation system polymerase chain reaction
(T-ARMS PCR) technique. The objective of the study was to optimise and apply this technique for the detection
of the NAT2 rs1799929 SNP. We employed the T-ARMS PCR technique to amplify the gene region containing the
SNP and compared the results with the Sanger sequencing method for validation. The study demonstrated that the
protocol was successfully optimised, including adjustments of annealing temperature and primer concentrations
to ensure high accuracy and specificity. Notably, the SNP detection by T-ARMS PCR showed 100% concordance
with the Sanger sequencing method, confirming the reliability of this technique. The results of this study provide a
foundation for application in further studies with larger sample sizes.

Keywords: drug metabolism, NAT2, SNP rs1799929, T-ARMS PCR.
Classification numbers: 2.6, 3.1, 3.3
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1. Ddt van de

Enzyme chuyén héa thudc dong vai trdo quan trong
trong viéc diéu chinh hiéu qua diéu tri va nguy co ddc tinh
cua thube. Trong d6, N-acetyltransferase 2 (NAT2) 1a mot
enzyme chuyén hoa thudc quan trong thudc nhém pha II,
tham gia vao qua trinh acetyl héa nhiéu loai thudc nhu:
isoniazid, procainamide, hydralazine va cac hop chat ngoai
sinh khac [1].

Gen NAT? c6 nhiéu da hinh don nucleotide (SNPs),
trong d6 rs1799929 1a mot trong nhitng bién thé quan trong,
anh huong tryc tiép dén hoat dong enzyme. Su thay doi
trinh ty nucleotide tai vi tri nay co thé lam thay ddi toe do
acetyl hoa ctia NAT2, ddn dén nhom ca thé dugc phan thanh
3 nhom: (i) nhom chuyén héa nhanh (rapid acetylators), (ii)
nhém chuyén hoa trung binh (intermediate acetylators) va
(iii) nhém chuyén hoa cham (slow acetylators) [2]. Kiéu gen
chuyén héa cham c6 thé gay ra hién twong tich lity thude,
lam ting nguy co tac dung phu va doc tinh cta thudc; trong
khi kiéu gen chuyén hoa nhanh lai lam giam hiéu qua diéu
tri do thudc bi thai trir qué nhanh [3]. Nhiéu nghién ctru da
chi ra rang, cac da hinh gen NAT2, bao gdm 151799929, c6
lién quan dén nguy co mic mot sb bénh 1y nghiém trong.
Chéng han, cac bién thé NAT2 lam giam hoat dong enzyme
¢6 thé lién quan dén nguy co nhim déc gan khi sir dung
thudc diéu tri lao, do su cham tré trong qua trinh chuyén hoa
va dao thai thuc chong lao [4]. Ngoai ra, sy thay doi trong
qua trinh acetyl hoa con duge bao cao co lién quan dén nguy
co mic ung thu bang quang, ung thu phdi, dic biét ¢ nhitng
ngudi tiép xuc véi amin thom tir khoi thude 14 [5].

Dir lidu tir Ngan hang Gen NCBI (dbSNP) cho thay,
trong quan thé chau A, tin suat alen T ctia SNP 151799929
khoang 0,4028 va alen C khoang 0,5972 [6]. Theo can bang
Hardy-Weinberg, tin suat xuat hién cac kiéu gen TT:TC:CC
duoc ude tinh xép xi 0,0009:0,0569:0,9422. Sy khac biét
vé tan suat alen giita cac quan thé cho thdy y nghia cia
viée nghién ctru SNP 151799929 trong timg quéan thé cu thé,
nham phuc vu cho y hoc va du bao nguy co bénh 1y.

SNP ¢6 thé dwgc phat hién bang nhiéu phuong phap
khéac nhau, trong d6 T-ARMS PCR 1a phuong phap dugc
danh gi4 cao boi tinh don gian, nhanh chong va chi phi thap.
Phuong phéap nay gitip phat hién chinh xac kiéu gen dua
trén trinh tu mdi dac hiéu, cho phép phan biét alen dot bién
va alen binh thuong trong cung mét phan Gmg polymerase
chain reaction (PCR) [7]. Tuy nhién, cho dén nay phuong
phap nay van chua duoc nghién ctru tng dung dé xac dinh
SNP 1rs1799929 trén quan thé ngudi Viét Nam.

Nghién ctlru nay dugc thuc hién nhim danh gia anh
huong ciia mot s yéu to quan trong dén quy trinh T-ARMS
PCR xac dinh SNP rs1799929 trén gen NAT2 & nguoi tai
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mot sb tinh, thanh phé cua Viét Nam, déng thoi xac dinh
d6 chinh xac cua phuong phap nay thong qua ddi chiéu voi
phuong phép chuan (giai trinh ty gen). Két qua nghién ciru
s& 1a co so dé ung dung trong duoc 1y di truyén, hd tro diéu
tri thudc va gitip t6i wu hoa phac db diéu tri cho cac bénh
nhan trong tuong lai.

2. D6 tuong va phuong phap nghién ciiu
2.1. Poi twong

20 miu mau toan phan dugc thu thap ngiu nhién tir cac
¢4 nhan (d6 tudi 18-60 va khong phan biét gidi tinh) trong
cong déng tai cac tinh Lang Son, Nghé An, Hoa Binh. Mau
méu dugc bao quan trong dng chita chit chéng dong EDTA
ndng do 1,5 mg/ml mau va trir déng & -20°C cho dén khi
su dung.

Do tan suét kiéu gen TT tai vi tri da hinh rs1799929 rat
thap (khoang 0,0009). Viéc lwa chon ¢& miu nghién ctru 1a
20 mau & day nhdm dam bao c6 sy xuit hién cta cdc mau
voi kiéu gen CT va CC tai vi tri da hinh rs1799929.

2.2. Phwong phap nghién ciru

Tach chiét DNA tir mé mdu: DNA tong sé dugc tach
chiét tir mdu mau toan phan bang bo kit TopPURE® Serum
Viral DNA/RNA Co-Extraction (Cong ty ABT - Viét Nam).
Do tinh sach va néng d6 DNA sau tach chiét dugc kiém tra
bang phuwong phap do do hip thy anh sang (OD), sir dung hé
thdng SpectraMax QuickDrop. Mau DNA sau d6 dugc bao
quan & -20°C cho dén khi st dung.

Thiét ké trinh tw moi: Céac oligonucleotide sir dung
cho T-ARMS PCR duoc thiét ké bang phian mém Primer-
BLAST (bang 1) dya trén trinh ty gen NAT2 tham chiéu trén
NCBI: NC_000008.11:18400294-18400646, Homo sapiens
chromosome 8, GRCh38.p14.

Bang 1. Trinh tw cac oligonucleotide str dung trong nghién ctru.

Primer Trinh tw Tm()C)  San phim
N2481Fo  5-AGTTAACAAATACAGCACTGGCATGGTT-3 65,7
N2481Ro  5-ATGTTGGAGACGTCTGCAGGTATGTATT-Y 67,2 Fo-Ro: 353 bp

Fo-Ri (Alen C): 188 bp
N2A81Fi  5’-GACAGAAGAGAGAGGAATCTGGTCCC-3 094 Fi-Ro (Alen T): 220 bp
N248IRi  5-AATATACTGCTCTCTCCTGATTTGGTCAAA-3 66,6

Xac dinh nhiét do gcfn moi va thé tich méi t6i wu: Do
v6i thi nghiém t&i wu nhiét d6 gan mdi, dai nhiét do tir 52,0-
61,9°C di duoc thiét 1ap cho chu trinh PCR (bang 2). Trong
thi nghiém nay, chung t6i khao sat nhiét do gin mdi cho
timg cip moi don N2.481 Fo - N2.481 Ro, N2.481 Fo -
N2.481 Ri va N2.481 Fi - N2.481 Ro. San pham PCR sau d6
duogc dién di trén gel agarose 1,5%, nhuém RedSafe va chup
bang hé théng chup anh gel dé phan tich két qua.
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Bang 2. Thanh phan va diéu kién phan (ng polymerase chain
reaction don mai.

Thanh phéin Thé tich (l) Nong dj
GoTaq Green Master mix 2X 6,25

Nudce deion 2,75

Mbi xubi 0,5 10 pmol/yl
Mbi nguge 0,5 10 pmol/ul
DNA khuén 2,5 20 ng/ul
Téng 12,5

Chu trinh: 95°C - 5 phut, (95°C-45 giay, gradient-45 giay, 72°C-35
giay)x40, 72°C-5 phut.

Trong thi nghiém t&i wu thé tich mdi, ching t6i da dong
hoa ndng d6 cua 4 mdi vé mirc 10 pmol/pl. Sau khi tim dugc
nhiét do ge"ln mdi thich hop, ching toi tién hanh khao sat
hiéu qua phan tng véi cac thé tich mdi khac nhau. Cu thé,
chung t6i da tién hanh khao sat tai cac thé tich mdi N2.481
Fi - N2.481 Ri gip doi thé tich mdi N2.481 Fo - N2.481 Ro
(v6i 2i=0=1 pl), thé tich mdi N2.481 Fi - N2.481 Ri bang
v6i thé tich moi N2.481 Fo - N2.481 Ro (v6i i=o=1 pl) dé
tim ra luong t6i uu cho phan tng.

Nhén bdan doan gen NAT2 bang PCR: Phan tmg nhan
ban doan gen NAT?2 duogc thuc hién trén hé théng may PCR
cua Hang Eppendorf (Dirc). Cac thanh phan trong phan tmg
PCR gdm: 6,25 pul Master Mix 2X, 0,75 pl nuéc deion, cac
mdi N2.481 Fo, N2.481 Ro, N2.481 Fi va N2.481 Ri, 2,5 pl
DNA khuén trong tong thé tich 12,5 ul. Chu trinh nhiét cho
PCR gdm 3 giai doan: bién tinh ban dau 95°C trong 5 phut;
40 chu ky: 95°C trong 30 gidy, gan mdi trong 30 gidy, 72°C
trong 35 gidy; thoi gian kéo dai chudi 72°C trong 10 phiit.
San pham PCR dugc dién di trén gel agarose 2,5% dé kiém
tra két qua.

Giai trinh ty Sanger: Poan gen NAT2 chira SNP dugc
khuéch dai béng cap mdi N2.481 Fo - N2.481 Ro duogc
st dung dé giai trinh ty trén may SeqStudio bang bo kit
BigDye® Terminator v3.1 Cycle Sequencing cia Hang
Thermo Fisher Scientific (Hoa Ky).

Thanh phan mdi phan tng Sanger gom 50 ng DNA;
1,5 ul BigDye; 2 pl Buffer; 10 pM moi N2.481 Fo va nude
deion trong tong thé tich 10 ul v6i chu trinh nhiét nhu
sau: 96°C-1 phut; 25 chu ky (96°C-10 giay, 50°C-5 phut,
60°C-4 phut); gitt & 4°C. San pham duoc tinh sach bang
phuong phap tia EtOH/EDTA. DNA sau d6 duoc dem di
dién di mao quan. Trinh tu nucleotide ctia mdi doan gen sau
khi giai trinh ty duoc xac dinh ca 2 chiéu (xudi va nguoc)
bang phan mém Bioedit Sequence Alignment Editor.

Dao durc nghién cuu: Nghién cuu dugc Hoi déng Pao
dtre trong nghién ctru Y sinh hoc, Vién Strc khoe nghé nghiép
va Moi truong thong qua ngay 29/03/2024 (S6 Gidy ching
nhan: 01/GCN-HDPDD). Viéc léy mau duge thuc hién theo
dang quy dinh va chi véi muc dich phuc vu cho nghién ctru.
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3. Két qua va ban luan

3.1. Anh hwong cua nhiét dp gd'n moi dén hiéu sudt
polymerase chain reaction nhan bin doan gen NAT2

Chiing toi da thuc hién PCR v6i 12 nhiét d gin moi dé xéac
dinh nhiét do gan moi toi uvu cho PCR nhéan ban doan gen NAT?2
chtta SNP 151799929 véi tung cdp moi dac hiéu (hinh 1).

(A) (B) ©)

188hp

A:N2.481Fo-N2.481Ro

B:N2.481 Fo-N2.481Ri

C:N2.481Fi - N2.481 Ro

Hinh 1. Téi wu nhiét dd gan mdi cho PCR nhan ban doan gen
NAT2 chira da hinh don nucleotide rs1799929. (A) Phan rng PCR
thwe hién & cac nhiét dd khac nhau cho cap mdi N2.481Fo-N2.481Ro
nhan ban doan gen chirng ndi kich thuwéc 353bp; (B) Phan rng PCR
thwe hién & cac nhiét do khac nhau cho cdp mdi N2.481Fo0-N2.481Ri
nhan ban doan gen chra alen T da hinh rs1799929 kich thuwéc
220bp; (C) Phan trng PCR thwc hién & cac nhiét do khac nhau cho
cap mdi N2.481Fi-N2.481Ro nhan ban doan gen cha alen C da hinh
rs1799929 kich thwéc 188bp.

Két qua dién di ¢ hinh 1A cho thdy, PCR véi cip mdi
N2.481 Fo - N2.481 Ro & dai nhiét do 52-61,9°C cho cac
bang dién di c6 kich thudc 353 bp sic nét, sang 16 va dong
déu ¢ tat ca cac bang, chung t6 nhiét do khao sat khong anh
huong téi hiéu suat PCR. Vi cap mdi N2.481 Fo - N2.481
Ri (hinh 1B), trong dai nhiét 52-61,9°C déu xuét hién 1 bang
duy nhat kich thudc 220 bp, riéng & khoang nhiét 52-52,2°C
xuét hién cac bang dién di mo. Khi ting dan nhiét d6 52,8-
61,9°C, cic bang dién di sang va sic nét hon. Dbi vai cap
moi N2.481 Fi - N2.481 Ro (hinh 1C) trong dai nhiét 52-
61,9°C, déu cho céac bang dién di duy nhét véi kich thude
188 bp rd nét va tuong dong tai tat ca cac bang. Nhu vay,
Kkét hop két qua 3 thi nghiém cho théy, c6 thé lya chon nhiét
do gén mdi phu hgp cho T-ARMS PCR nhan ban doan gen
NAT?2 chtta SNP 151799929 trong khoang 52,8-61,9°C.

3.2. Anh hwéng két hop ciia vigc lwa chon ty Ié thé tich
mai va nhiét dp gan moi dén hi¢u suat TTARMS PCR nhadn
bdn doan gen NAT2

O hinh 2, trong khoang nhiét d¢ gan mai tir 53,2-61,8°C,
chung t6i da khao sat ty 1& thé tich moi cho T-ARMS PCR
xac dinh SNP rs1799929. Két qua cho thay, trong dai nhiét
d6 53,2-56,7°C, khi sir dung cip moi N2.481 Fi - N2.481 Ri
v6i thé tich gip doi so véi cap moi N2.481 Fo - N2.481 Ro,
c4c bang DNA dién di san pham PCR thu dugc 3 band 16
rang nhat va phi hop vai kich thuée du kién. Dya trén cac
két qua nay, nghién ctu lya chon nhiét do gén moi toi wu 1a
54,5°C va ty 1& cap moi N2.481 Fi - N2.481 Ri gap doi thé
tich so v&i v6i cap mdi N2.481 Fo - N2.481 Ro cho phan
ung ARMS-PCR xac dinh da hinh rs1799929.
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Hinh 2. Téi wu nhiét d6 g&n méi va thé tich méi cho T-ARMS PCR
nhan ban doan gen NAT2 chira da hinh don nucleotide rs1799929.
o=i=1pl: Ty 1& thé tich cdp mdi N2.481 Fi, N2.481 Ri bing cip mbi
N2.481 Fo, N2.481 Ro; 20=i=1ul: Ty l& thé tich c&p mdi N2.481 Fi,
N2.481 Ri gap doi so v&i cap mdi N2.481 Fo, N2.481 Ro.

Thanh phan phan tmg va chu trinh trinh nhiét t5i wu cho
T-ARMS PCR xéc dinh da hinh rs1799929 dugc trinh bay
trong bang 3.

Bang 3. Quy trinh Tetra primer - Amplification refractory mutation

system polymerase chain reaction xac dinh da hinh don nucleotide
rs1799929 trén gen NAT2.

Thanh phéin Thé tich (1)~ Nong d (pmol/pl) Chu trinh nhiét

G9Taq Green Master 625

mix 2X

Nudc deion 0,75

N2.481 Fo 0,5 10
95°C-5 phut, (95°C-30 gidy;

N2.481 Ro 05 10 54,5°C-30 gidy; 72°C-35
gidy) x40,

N2.481 Fi 1 10 72°C -10 phut

N2.481 Ri 1 10

DNA khu6n 2,5 20 ng/ul

Téng 12,5

3.3. Xdc dinh d¢ chinh xdc cia phwong phdp phat
hi¢n da hinh don nucleotide rs1799929 trén NAT2 bang
T-ARMS PCR

Dé danh gia d6 chinh x4c ciia quy trinh T-ARMS PCR,
chiing toi da thir nghiém trén 20 mau dai dién va so sanh voi
phuong phap chuan (gidi trinh ty gen). Két qua T-ARMS
PCR xac dinh SNP rs1799929 (hinh 3) cho théy, cac mau 3,
5-16, 18, 19 va 20 xut hién hai bang DNA kich thudc 188
va 353 bp, chiing to cdc miu nay mang kiéu gen C/C. Trong
khi d6, mau 1, 2, 4 va 17 xuét hién ca ba bing DNA 188,
220 va 353 bp chimg t6 cac mau mang kiéu gen C/T. Tt ca
cic mau dai dién khong mang kiéu gen T/T (dic trung boi
hai bang DNA 220 va 353 bp).

KHOA
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+ 1 2 3 4 5 6 M 7 8 9 10 11

12 13

353bp

220bp
188bp

- + 14 15 16 17 18 19 M 20

Hinh 3. Két qua xac dinh da hinh don nucleotide rs1799929 trén
NAT2 béng T-ARMS PCR trén 20 mau nghién ctru. (-): Dbi chirng am;
(+): Béi chirtng dwong; M: 100 bp DNA Ladder Hang Vazyme (Trung
Quéc; Lan 1-20: San phdm T-ARMS PCR cla 20 mau nghién ctru.

Dé kiém chimg két qua cua phan tng ARMS-PCR,
chung t6i di ddi chiéu mot sé mau dai dién voi phuong
phéap giai trinh ty Sanger. Két qua cho thiy, mau dai dién s6
1 xuat hién 2 peak mang kiéu gen CT va miu dai dién sb 3
xudt hién 1 peak mang kiéu gen CC (hinh 4). Qua d6, khing
dinh sy dong nhét vé két qua giira hai phuong phap trén cac
mau dai dién.

(A) 160

G G T AC

170

ATCT ACCAAATTC

C|T G G

A |"'
/\}'I ll [ ‘U}f ll'J A

150
-\ATCTGGT-\CCTGG ACC AAA TC

'f\f\f\/\ /\/\ /W

Hinh 4. Két qua giai trinh tw doan gen NAT2 chira da hinh don
nucleotide rs1799929. (A) Mau dai dién s6 1 mang kiéu gen CT; (B)
MA&u dai dién s6 3 mang kiéu gen.

(8)

4. Két luan

Trong nghién ctru ndy, ching t6i di tién hanh t6i uu hoa
phan tmg T-ARMS PCR nhim xac dinh SNP rs1799929 cua
gen NAT? & nguoi tai mot sb tinh thanh cua Viét Nam. Két
qua thu dugc tr phuong phap ARMS-PCR trong nghién
ctru da dugc kiém ching bang phuong phap giai trinh tu
Sanger trén mot s6 mau dai dién. Po tuong dong 100% gitta
hai phuong phap khang dinh tinh chinh xac va kha ning
ung dung cua quy trinh. Phuong phap T-ARMS PCR 1a mdt
cong cu hiéu qua trong xac dinh SNP nho tinh dac hiéu cao
[8], so Vi cac phuong phép truyén théng nhu giai trinh ty
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Sanger hoac PCR-RFLP, T-ARMS PCR cho phép phat hié¢n
SNP nhanh chéng ma khong can bude xir Iy enzyme cat gioi
han hay phan tich trinh ty, gitp don gian héa quy trinh, tiét
kiém thoi gian, giam thiéu sai sot va tiét kiém chi phi nghién
ctru. Ngoai ra, phuong phap nay co thé dugc trién khai trén
cac hé théng PCR tiéu chudn, khong yéu cau trang thiét bi
phuc tap nhu gidi trinh tu gen.

Tuy nhién, T-ARMS PCR ciling c6 mot s6 han ché. Mot
trong nhiing han ché 16n nhit cuia T-ARMS PCR la tinh
nhay cam cao véi diéu kién phan tmg, dic biét 1a nong do
moi va nhiét do gén moi. Chi can sy khac biét nhod trong
ndng d6 mdi hodc nhiét do annealing ciing c6 thé gay ra két
qua duong tinh gia hodc am tinh gia, do mdi bat cap khong
dac hi¢éu hoac khong du kha nang khuéch dai trinh tu dich
[9]. Viéc téi wu hoa diéu kién phan tng 1 bét budc nhung
lai ton thoi gian va doi hoi ky thuat cao, dac biét khi ap dung
cho cdc mau c6 trinh tu gidu GC hodc chira cac cAu trac béc
hai phuc tap.

Bén canh d6, viéc thiét k& mdi phuc tap ciing 1a mot
nhugc diém ciia T-ARMS PCR. Phai thiét ké 4 mdi cho mdi
phan tng, trong d6 mdi dic hiéu dot bién can co diém gin
chinh xac tai nucleotide 3’ dé phan biét mau dot bién va
mau binh thudng. Néu mdi khong duge thiét ké tot, s& dan
to1 hién tugng cross-amplification hodc nén khong dac hiéu
cao, lam giam d¢ dac hiéu cia phan tng [7].

Bén canh phuong phap T-ARMS PCR, mét sb ky thuat
khac ciing dugc tmg dung dé xac dinh cac bién thé cua gen
NAT? tai Viét Nam. Mot nghién ctru khi so sanh gitta RFLP
va giai trinh ty gen, hai phuong phap nay déu co thé xac
dinh chinh x4c cac bién thé gen NAT2 trén dbi tugng bénh
nhan lao ¢ Viét Nam [10]. Tuy nhién, diém han ché cua
RFLP la can nhiéu budce thao tac va phu thudc vao viéc lya
chon enzyme cit giéi han, trong khi T-ARMS PCR khic
phuc dugc nhitng han ché do, rat nge"ln thoi gian, tiét kiém
chi phi ma van dam bao do chinh xac cao. Do d6, ing dung
T-ARMS PCR vao nghién ctru SNP rs1799929 trén gen
NAT?2 1a hoan toan hop 1y va kha thi.

Tir nhitng két qua nay, ching t6i dé xuit 4p dung quy
trinh d& phan tich da hinh trén ¢& miu 16n hon nhim thu
thap thong tin vé tan suat kiéu gen, tao tién dé cho cac
nghién cuu vé dich t& hoc va di truyén hoc nham sang loc
va phan loai kiéu gen lién quan dén chuyén hoa trong quan
thé ngudi Viét Nam.

Quy trinh T"ARMS PCR xac dinh SNP rs1799929 trén
gen NAT2 da duoc toi wu hoa thanh cong voi nhiét d6 gin
mdi 54,5°C va ty 1& thé tich cap mdi N2.481 Fi - N2.481
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Ri gip d6i so voi cap mdi N2.481 Fo - N2.481 Ro. Quy
trinh cho két qua khuéch dai dic hiéu, cac bang DNA r0 nét,
kich thudc dting nhu du kién. Pic biét, phuong phap dat do
chinh x4c 100% khi so sanh v6i giai trinh tu Sanger trén cac
méu dai dién, khing dinh d6 tin cay va kha ning tng dung
thuc tién cao.

Nghién cttu duoc thuc hién trong khudn khd dé tai
nhanh thudc dé tai nghién ctru khoa hoc va cong nghé cip
nha nudce: “Nghién ctru xay dung bo chi s6 hoa sinh co ban
vé doc chat hoc moi trudng trén ngudi Viét Nam tudi lao
d6ng”, ma s6: PTPL.CN.39/21. Chang t6i xin chan thanh
cam on Vién Strc khoe nghé nghiép va Méi truong, Bo mon
Sinh hoc va Di truyén Y hoc, Hoc vién Quéan y da tao diéu
kién hd trg thuc hién nghién ctru.
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Panh gia mé hinh hon hop vic xin bach hau - udn van -
ho ga vo bao (DTaP) tai Vién Vac xin va Sinh pham Y té

Nguyén Thi Thu Hoa’, Nguyén Xuin Khanh Ha, Dwong Khianh Minh, Nguyén Thi Lan Phwong, Duvong Hiru Thai
Vién Viic xin va Sinh pham Y té, 9 Pasteur, phuong Xwong Hudn, TP Nha Trang, tinh Khanh Hoa, Viét Nam
Ngay nhén bai 14/4/2025; ngay chuyén phan bién 15/4/2025; ngay nhan phan bién 12/5/2025; ngay chép nhan dang 19/5/2025

Tém tit:

Nghién ctru nay nhim dinh gia mé hinh hén hop giira cic khing nguyén bach hiu, uén van (Vién Vic xin va Sinh
phim Y té) hip phu trén nhém hydroxide v6i cac khang nguyén ho ga vo bao hip phu riéng 1é (rPT, FHA) tir Bionet
(Thai Lan) dé tao thanh vic xin bach hiu - un van - ho ga vé bao (DTaP). M hinh hdn hop vic xin DTaP dwoc
danh gia dya trén viéc xac dinh cac dic diém vat 1y, dd hdp phu va cwong dd hip phu cia cic khang nguyén bach
hau, uén van hap phu don 1é hay dong thoi va vic xin DTaP bing cach sir dung thiét bi do Nano Particle Analyzer
SZ-100, Flow Cytometer va kinh hién vi dién tir truyén qua (TEM). Nghién ciru di lwa chon dworc ta chét alhydrogel
1,3% (Croda, Pan Mach) ciing nhw xac dinh pH 6,2 va thoi gian hip phu 120 phut 13 t6i wu ddi véi mé hinh hap phu
khang nguyén bach hau, udén van. Sau hdn hop, viic xin DTaP bao quén & nhiét dp 2-8°C duy tri dugc suw on dinh vé
cac diic tinh vat 1y va do hip phu trong thoi gian khao sat. Két qua nghién ctru 1a co sé dé xay dung cong nghé hén
hop vic xin phéi hgp nhiéu khang nguyén tai Viét Nam, mé ra hwéng phat trién cac vic xin 5, 6 thanh phan dwa
trén nén tang vic xin DTaP.

Tir khéa: ho ga vo bao, mé hinh hdn hgp, vic xin DTaP.

Chi s6 phdn logi: 3.1,3.3

Evaluation of Diphtheria-Tetanus-Acellular pertussis (DTaP) vaccine

combination model at Institute of Vaccines and Medical Biologicals
Thi Thu Hoa Nguyen®, Xuan Khanh Ha Nguyen, Khanh Minh Duong, Thi Lan Phuong Nguyen, Huu Thai Duong

Institute of Vaccines and Medical Biologicals, 9 Pasteur Street, Xuong Huan Ward, Nha Trang City, Khanh Hoa Province, Vietnam

Received 14 April 2025; revised 12 May 2025; accepted 19 May 2025
Abstract:

This study aimed to evaluate a combined formulation model of diphtheria and tetanus antigens (Institute of
Vaccines and Medical Biologicals) adsorbed on aluminium hydroxide with individually adsorbed acellular pertussis
antigens (rPT, FHA) from Bionet (Thailand) to develop a diphtheria-tetanus-acellular pertussis (DTaP) vaccine.
The DTaP vaccine combination model was assessed based on the characterisation of physical properties, adsorption
rate and adsorption capacity of the diphtheria, tetanus antigens either individually or simultaneously adsorbed
and of the final DTaP vaccine by using a Nano Particle Analyser SZ-100, flow cytometer and transmission electron
microscope (TEM). The study identified alhydrogel 1.3% (Croda, Denmark) as optimal adjuvant with adsorption
conditions optimised at pH 6.2 and a 120-minute incubation time for diphtheria and tetanus antigens. Following the
combination, the DTaP vaccine remained physically stable and retained its antigen adsorption characteristics when
stored at 2-8°C over an observation period. The research results provide a foundation for establishing combination
vaccine technology involving multiple antigens in Vietnam, paving the way for the development of pentavalent and
hexavalent vaccines based on the DTaP vaccine platform.

Keywords: acellular pertussis, combination model, DTaP vaccine.

Classification numbers: 3.1, 3.3
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1. Dt van de

Tiém chung 1a mot trong nhimg bi¢n phap chinh dé phong
ngira va kiém sodt cdc bénh truyén nhiém ¢ nguoi. Do kha ning
sinh mién dich ciia mot s khang nguyén & muc thip nén thong
thuong nguoi ta két hop voi ta chat dé cai thién mirc d va thoi
gian bao vé€ do vic xin tao ra [1]. Ndm 1926, c4c nha khoa hoc
lan diu tién ching minh ring két tia mudi nhom khong hoa
tan ¢6 thé tang cuong kha ning sinh mién dich cua giai doc to
bach hau [2]. Vic xin bach hau-udn van-ho ga toan té bao (DTwP)
14 véc xin phdi hop va hap phu vdi td chit nhom st dung cho nguoi
dau tién dwgc cap phép nam 1948 [3]. Tir do dén nay, ti chat nhom,
thuong 1a nhom hydroxide hodc nhom phosphate da dugc st dung
pho bién trong nhiéu loai vic xin khac nhau do hd so an toan, chi
phi san xudt twong ddi thip va kha ning lién két voi nhiéu loai
khang nguyén [4]. Cac ta chét c6 thé cai thién hiéu qua va kéo dai
thoi gian bao vé clia véc xin [5]. Ngodi ra, t chat co thé 1am giam
luong khang nguyén can thiét, giam chi phi san xut [6] va giam
sb lwgng miii tiém ching can thiét.

Mirc d6 hap phy khang nguyén la mot thong s quan trong can
kiém soat va 1a chi s6 vé tinh nhit quan cua cac cong thirc véc xin
va cdc quy trinh san xuat tuong mg. Nguyén tic co ban dé phat
trién quy trinh san xuat vac xin phdi hop nhiéu thanh phan khang
nguyén hdp phu t chit nhom, ngoai viée xéc dinh cong thic va
tinh tuong thich giita cac thanh phan trong vic xin thi viéc chon
Iya mo hinh hon hop thich hop la mot trong nhiing yéu to dong
vai trd quan trong dé tao dugc mot vic xin an toan va hiéu qua.
D. Laera va cs (2023) [7] d4 chi ra réng, cach tiép cdn mé hinh hap
phu tuan ty va canh tranh cac khang nguyén cho két qua tuong ty
vé tinh dong nhét ciia sy phan bd khéang nguyén trén cac hat nhom,
trong khi d6 md hinh hap phu riéng I¢ cc khang nguyén ban dau
¢6 d6 phan tan da dang cao hon, sau d6 dat do 6n dinh theo thoi
gian. Sy phan bd khang nguyén trén céc hat nhom la mot tinh ndng
dong luc phat trién theo thoi gian, ban dau bi anh huong boi cach
tlep can mo hinh hap phu cu thé, nhung cudi cung dan dén san
pham dong nhét [7]. Tuy nhién, xét vé cac quy trinh lai gitra nhiéu
mo hinh hap phu cting nhu cac nghién ciru trong tac 6 cap do phan
tir giita t4 chat nhom va cac khang nguyén protein fuong mg, cac
nghién ctru dic thu va chuyén sau van con khan hiém.

Vic xin DTaP do Vién Vic xin va Sinh pham Y té phat trién la
san pham st dung hai khang nguyén bach héu, ubn van ¢6 ngudn
goc cdc giai doc 6 tinh ché dugc san xuat tai Vién Vic xin va Smh
pham Y té, trong khi d6 hai khang nguyén ho ga vo bao 1a doc to
ho ga giai doc gen (rPT) va khang nguyén ngung két hong cau
dang soi (FHA) da dugc hép phu sin véi ta chat nhém c6 ngudn
goc tr Cong ty Bionet (Thai Lan). Do do, dé hon hop bon thanh
phén khang nguyén nay voi nhau, ching toi tién hanh hip phu cac
giai doc t6 bach hdu va udn van vdi ta chat nhom trude, sau do
phdi tron v6i hai thanh phan rPT va FHA di hip phu sin nhom
hydroxide. Day co thé dugc coi 1a mé hinh lai gitta hip phu riéng
1¢ ddi voi hai khang nguyén ho ga vo bao nhap tir Bionet va md
hinh hap phu dong thoi déi v6i hai khang nguyén bach hau, uén
van ciia Vién Vic xin va Sinh phim Y té. Nghién ctru nay dugc
thyc hién dé danh gi4 mo hinh hon hop vac xin DTaP hip phu phu
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hop vai cac diéu kién sdn co tai Vién Véc xin va Sinh phém Y té
nham xay dung cong nghé hdn hop véc xin phdi hop nhiéu khang
nguyén tai Viét Nam, mo ra huéng phat trién cac vic xin 5, 6 thanh
phéan dua trén nén tang vac xin DTaP.

2, Viat liéu va phuong phap nghién cifu
2.1. Thoi gian va dja diém nghién ciru

Nghién ctru duoc tién hanh tir thing 5/2022 dén thang 10/2023
tai Vién Véc xin va Sinh pham Y te.

2.2. Khdng nguyén va td chit

Khang nguyén bach hau (D) 16 s PD.0819 va khang nguyén
udn van (T) 16 s6 PT.0519 ¢6 ngudn gde tir Vién Vic xin va Sinh
phim Y té. Khang nguyén doc t ho ga tai t6 hop (tPT-recombinant
Pertussis Toxin), 16 s6 AE 8004 va khang nguyén ngung két hong
cau dang sorl (FHA-Filamentous Haemagglutinin), 16 s6 AF 8002
¢6 nguon goc tir Bionet, Thai Lan. Hai khang nguyén ho ga rPT
va FHA déu di duoc hip phu véi ta chit nhom hydroxide véi
ham lugng 0,7 mg AI¥/ml. T4 chét alhydrogel 1,3% (Croda, Pan
Mach) voi ham lugng 6,1 mg AP**/ml, 16 s0 5621. T4 chat nhom
hydroxide vai 16 s6 0122, ¢6 ham lugng 5,9 mg AF*/ml do Vién
Vic xin va Sinh pham Y té san xuat.

2.3. C,hm”;n bj cac khang nguyén don bach 'hciu, uén vin {td'p
phu va vac xin bach hau va uon vin (DT), vac xin bach hau -
uon van - ho ga vo bao (DTaP) hap phu

Céc khéang nguyén don thanh phéan (D, T) hap phy, véc xin DT
va DTaP hdp phu duoc chudn bi mdi loai 3 16 (100 ml/16) véi ham
luong trong 1 ml nhu sau: khang nguyén bach hau hip phy chia
45 Lf (D) va 0,6 mg Al3+ khang nguyén udn van hip phu chira 20
Lf (T) va 0,6 mg AI**, véc xin DT hap phu chtra 45 Lf (D), 20 Lf
(T) va 0,6 mg AI**, véc xin DTaP chtra 45 Lf (D), 20 L (T), 10 pg
PT, 20 pg FHA va 0,6 mg AI**.

2.4. Phwong phdp phén tich

Céc ta chit ding trong nghién ciru duoc xac dinh kich thuge
hat, chi s6 phan bd hat (PDI), dién thé Zeta trén thiét bi Nano
Particle Analyzer SZ-100 (Horiba, Nhat Ban). Cac mau khang
nguyén hép phu don thanh phan va vic xin hap phu dugc do ap
sudt tham thau trén thiét bi Osmamat (Gonotech, Pirc). Ap suat
thim thiu dat yéu cau khi mau do ¢ gia tri 300£60 mOsmol/kg [8].
Phuong phap TEM dung phén tich cdu tric, hinh thai ciia ta chat
va khang nguyén don sau khi hip phu va vic xin DT, DTaP duoc
thuc hién tai Vién V¢ sinh Dich t& Trung wong trén kinh hién vi
dién tur tmyén qua JEM1010, voi h¢ $0 phong dai x50-x600.000,
d6 phan giai 3A°, dién 4p gia toc 40-100 kV. Méau duoc cb dinh, hit
nude va polyme hoa trude khi cat mong, sau d6 dua 1én ludi dong
di dwgc phu mang d& bang collodion, nhuém 4m ban voi uranyl
acetate trudc khi quan sat dudi kinh hién vi dién ti.

Do hap phu dugce xac dinh dua theo ty 16 phan trim gitta ham
luong khang nguyén hap phu trén ta chat so v6i ham luong khang
nguyén tong s6. D hip phu cua céc khang nguyén thanh phin
trong vac xin hip phu nhém hydroxide phai dat tdi thiéu 80%.
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Trong d6, ham lwgng D, T xac dinh bang phuong phap 1én bong
[8], rPT, FHA xac dinh bang phwong phap ELISA (phét trién boi
Bionet, Thai Lan), sir dung khang thé thir nhat 1a INIH 12 (d6i voi
PT) va INIH 11 (di voi FHA) ciia Vién Tiéu chuan va Kiém soat
Sinh hoc Qudc gia Anh (NIBSC), khang thé thir 2 1a cong hop
dé khang chudt gin PO (Abcam). Cuong do hip phu ciia khing
nguyén duoc xac dinh bang ky thuat mién dich huynh quang, sir
dung may Flow Cytometer BD Accuri™ C6 plus, Singapore dé do
s0 tin hiéu huynh quang trén tong s6 luong hat c6 trong miu ciia
vung dugc chon co tin hi¢u duong tinh. Mot tin hi¢u huynh quang
duong tinh duoc quy dinh khi mot phan tir khang nguyén di hap
phu duoc g'fm v6i mot phan tir khang thé dac hidu va phat tin hi¢u
sau khi két hop vai khang thé thir cp gan huynh quang.

2.5. Phwong phdp xit Iy 56 liéu

Str dung phan mém GraphPad Prism version 10 dé xir Iy s6 liéu.
Tat ca két qua duoc biéu dién dudi dang gid tri trung binh +SD. So
sanh giira hai nhom dugc thuc hi¢n bé’mg cach su dung ANOVA mot
chiéu, p<0,05 dugc xac dinh la khac biét c6 y nghia théng keé.

" L ],
3. Két qua va ban luan

3.1. Pic diém cia ti chit nhém hydroxide thwong mai
alhydrogel 1,3% (Croda, Dan Mgch) va nhom hydroxide (AH)
do Vién Vic xin va Sinh pham Y té sin xuat

Trong nghién ctru nay, két qua xac dinh duoc kich thudc hat
trung binh cua alhydrogel 1,3% (1548,7 nm) nho hon so véi kich
thudc hat trung binh AH cta Vién Vac xin va Sinh pham Y té
Bang 1. Cac dac tinh vat Iy cta ta chat nhéom thwong mai

alhydrogel 1,3% (Croda, Pan Mach) va nhém hydroxide do Vién
Véc xin va Sinh pham Y té san xuét.

Lol - Kich thwdchat ~ Phanbd hat  Dién thé Zeta
: ; (nm) (PDI) (m)

Alhydrogel 13% (n=3)  6,79¢0,1 1548741351 024£001  28,5+12

AH(VienVicxinvé ¢ 001 gsu3e1a09 0556001 224413

Sinh pham Y t¢) (n=3)

Hinh 1. Cau trac ta chat alhydrogel 1,3% Croda, BDan Mach (A, B)
va nhém hydroxide ctia Vién Vac xin va Sinh phdm Y té (C, D)
chup bang kinh hién vi dién tlr truyén qua v&i thanh ty 1é 500 nm
(A, C) va 100 nm (B, D).

&E(:OH?\IAG NGHE 67(6) 6.2025

(1854,3 nm), trong khi d6 chi sd phan bd hat (PDI) cia alhydrogel
1,3% dat 0,24 va AH ciia Vién Vic xin va Sinh phim Y té 1a 0,55.
Dién thé Zeta cua alhydrogel 1,3% do dugc 1a +28,5 mV ¢ pH 6,79
va AH cia Vién Vic xin va Sinh phdm Y t 1a +22,4 & pH 6,61
(bang 1). Cau triic ta chit alhydrogel 1,3% (Croda) va AH cta Vién
Vic xin va Sinh pham Y t& duoc ghi nhan dya trén cac két qua chup
bang ky thuat TEM (hinh 1) cho thay, hai loai ta chat nghién ctru
déu c6 cdu tric dang soi tap hop thanh timg dam xbp ciia nhom
hydroxide twong tu nhu mo ta cua C.T. Johnston va cs (2002) [9].

M3i mét loai t& chit nhom hydroxide khac nhau vé chu trac,
cac chi sb vt Iy tily thudc vao phuong phép diéu ché cia timg
nha san xuat nhung nhin chung nhom hydroxide c6 cau tric dang
so01 voi kich thudce hat so Cép la 4,5%x2,2x10 nm [9]. Tuy nhién,
cac hat so cép khong ton tai dudi dang don 1é ma tao thanh cac
tap hop xop long 1éo co kich thuéc 1-10 pm, tham chi 1én dén
20 um tuy thugc vao phuong phéap diéu ché, phuong phéap do va
cac diéu kién thi nghiém [10, 11]. Kich thudc hat cua hai loai ta
chat nghién ciru déu nam trong gidi han, twong tu céc nghién ciru
da dugce J.R. Burdman va cs (1995) [12] cong b6 va su khac biét
vé kich thudc hat trung binh ctia hai loai ta chat khong 6 ¥ nghia
thong k& v6i p=0,056. Tuy nhién, chi sé phan bd hat (PDI) cua
alhydrogel 1,3% va AH ctia Vién Vac xin va Sinh pham Y té khac
biét ¢6 y nghia thdng ké véi p=0,00001. Két qua chi ra rang, PDI
ctia alhydrogel 1,3% thép va xép xi bang 1/2 so véi PDI cia AH
(Vién Vic xin va Sinh pham Y té), nghia la d6 dong nhat cac hat
cua alhydrogel 1,3% tot hon so véi AH (Vién Vic xin va Sinh
pham Y té). Chi s6 PDI cang thép, d6 dong nhat giira cac hat cang
cao va diéu nay gitip cho kha ning hap phu ctia khang nguyén trén
bé mat hat nhém t5t hon [13]. O pH trung tinh, bé mat cac hat
nhom hydroxide mang dién tich duong [14], trong khi d6 dién tich
b& mit cuia hai khang nguyén bach hu va uén van déu mang dién
tich 4m [14, 15]. Do d6, ta chat ¢6 dién thé Zeta cang duong thi
kha ning twong tac tinh dién gitra t4 chat va khang nguyén cang
16n. Dién thé Zeta cua alhydrogel 1,3% la +28,5 mV khac biét co
¥ nghia thong ké voi p=0,0044 so véi dién thé Zeta cua AH (Vién
Vic xin va Sinh pham Y &) 1a +22,4 mV. Cac két qua danh gia vé
kich thudc hat, phan b hat va dién thé Zeta két hop v6i hinh anh
cau tric cla hai loai ta chat ghi nhin duge cho thay, alhydrogel

1,3% ctia Croda c6 kha ning cung cap moi truong phu hop cho
viéc hap phu hai khang nguyén bach hau va uon van hon so vdi ta
chat AH ciia Vién Vic xin va Sinh pham Y té.

_3.2. B hip phy va cwong @9 hip phu khing nguyén bach
hau, uon van trén ta chat alhydrogel 1,3%

Hai khang nguyén rPT va FHA da dugc hap phy trude do tir
nha san xuat Bionet, Thai Lan nén viéc danh gia do hép phu va
cuong do héap phu chi thuc hién d6i v6i hai khang nguyén bach
hau va udn van. Két qué chi ra ring, khi str dung ta chat alhydrogel

1,3% trong cung dleu kién pH 6,2, qué trinh hap phu khang nguyén
bach hau hodc udn van riéng 1¢ hay hép phu dong thoi hdn hop
hai khang nguyén bach hdu - udn van déu xay ra tuong ty nhu
nhau, duoc thé hién thong qua két qua do hap phu ciia timg khang
nguyén déu dat muc trén 90% trong khoang thoi gian 60-180 phiit
(hinh 2). Theo Duoc dién Viét Nam V (2018) [8], vic xin két hop



¢6 sir dung ta chit nhom hydroxide thi do hdp phu cua cac
khang nguyén phai dat it nhit 80%. Theo P. Marrack va cs
(2009) [16], ty 1¢ hap phu khang nguyén cao nhu vy cho phép
khang nguyén duy tri tai vi tri tiém, tao ra “hiéu Gng kho dy
trir” nham kich thich hé théng mién dich kéo dai va hiéu qua.
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Hinh 2. D hap phu cua khang nguyén bach hau, uén van & pH 6,2
(n=3) trén ta chéat alhydrogel 1,3% (Croda, Dan Mach). (A) Khang
nguyén bach hau hép phu don; (B) Khang nguyén udn van hap phu
don; (C) Khang nguyén bach hau va ubn van hap phu déng thoi.
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Danh gia cuong d6 hap phu cua hai khang nguyén bach
hau, un van khi hip phu ddng thoi trén ta chit alhydrogel
1,3% tai pH 6,2 cho thy, cuong d6 huynh quang cua khang
nguyén bach hau va ubn van déu dat mirc cao nhat tuong
g vé6i thoi gian hap phy 60-120 phut va duy tri & muc do
cao cho dén 180 phut. Nhu vay, cudng d6 hip phu va do hap
phu ctia cac khang nguyén D va T dat cao nhit déu duoc
ghi nhan & khoang thoi gian hip phu 60-180 phut & pH 6,2
(hinh 3C).

3.3. Dic diém vit ly ciia cdc sin phdm sau héip phu
riéng lé, hap phu dong thoi va phoi trgn vac xin bach hau
- uon van - ho ga vo bao

Céc két qua do kich thudc hat, phan bd hat, dién thé Zeta
va &p suét thim thau cua cac san pham khang nguyén bach
hau, udn van hap phu riéng 1¢ va dong thoi ciing nhu vic
xin DTaP cho thay, khi duy tri pH trong khoang 6,51-6,85,
dién thé Zeta cua cac san pham hip phu va vic xin DTaP
¢6 xu huéng ting dan nhung van ¢ mirc 4m nhe tir -1,6 dén
-2,3 mV khi so sanh véi cac khang nguyén bach hau, uén
van tinh ché c6 dién thé Zeta lan luot 1a -4,8 va -2,5 mV.
Chi s6 kich thudc hat cua cac san phdm hip phu va vic xin

(A) (B) (%)
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Hinh 3. Cwéng do huynh quang ctia khang nguyén bach hau (BH) va khang nguyén uén van (UV) khi hap phu dong thi trén alhydrogel
1,3% tai pH 6,2. (A) Vung dwoc chon; (B) Cuwdng do huynh quang trung binh clia khang nguyén bach hau hodc udn van sau hdp phu 120 pht; (C)
Cuwéng do huynh quang trung binh clia khang nguyén bach hau hodc uén van & cac khoang thoi gian khac nhau.
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DTaP déu c6 xu hudng ting 1én, dao dong trong khoang
6716,3 dén 8348,6 nm so v6i 1547 nm cua alhydrogel,
cing voi do sy phan bd hat clia cac san pham hap phu
cling ting lén tir 0,24 (alhydrogel 1,3%) dén 0,51 (D_hp),
0,63 (T _hp) va 0,64 (DT hp) so v&i hat ta chdt co s
(bang 2). Ap suit thim thiu cta cac san pham hip phu riéng
1¢ hay hap phu dong thoi va véc xin DTaP duy tri & mic
282-296 mOsmol/kg, dat yéu cdu vé ap suit thim thiu va
nam trong khoang tiéu chudn 300+60 mOsmol/kg d6i vai
mot san pham tiém dung cho nguoi theo yéu cau ciia Dugc
dién Viét Nam V (2018) [8].

Bang 2. Tinh chét vat ly cta cac san pham sau hap phu va phéi
tron.

Sinphim  pH Dién thé Zeta Kich thuéehat  Phanb§  Ap sudt thim théu
(mV) (nm) hat (mOsmol/kg)

D hp(m=3)  651+0,1 -2,1£02 7282,3+1132 051202 282430

Thp(n=3)  6,63£0,1 -2,340, 67163£1047  0,625£02 287+30

DT hp (1=3) 6,67+0,1 -1,8£0,2 8348,6£1168 06402  296+30

DTaP (n=3) ~ 6,85+0,1 -1,6+0,2 37331152 NA 285430

Két qua trén TEM ghi nhan hinh anh cdu tric cua cac
khang nguyén sau hap phu hay véc xin DTaP déu cho thay,
hinh anh cac dam xdp gdm cac soi két tu lai v6i nhau tuong
tu nhu ta chit nhom hydroxide méc du c6 nhiing khac biét
v& mat do, hinh thai cta dam xép tuy thudc theo d6 la cac
san pham hap phu don 1é (D-hp, T hp, rPT, FHA), hip phu
ddng thoi (DT _hp) hay vic xin DTaP (hinh 4).

Hinh 4. Hinh anh kinh hién vi dién tir truyén qua vé&i thanh ty 1& 200
nm cla cac khang nguyén hap phu trén ta chat alhydrogel 1,3% va
vac xin DTaP. (A, B, C, D) Khang nguyén bach hau, ubn van, rPT, FHA,
hap phu don thanh phan; (E) Khang nguyén bach hau - ubn van hap
phu déng thoi; (F) VAc xin bach hau - udn van - ho ga vé bao.

3.4. Ddnh gid sw on dinh vé tinh chit vt Iy va dj hip
phu ciia vic xin bach hdu - uoén vin - ho ga vé bao

Mirc d6 6n dinh cua quy trinh hdn hop vic xin DTaP
dugc danh gia thong qua viée theo ddi cac dic diém vat Iy
ctia hon dich véc xin va do hip phu cua cac khang nguyén
thanh phéan trong 120 ngay & 2-8°C.
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bac tinh vat 1y cua hdn dich véc xin cho théy, véc xin
dat yéu cau vé cam quan theo tiéu chudn cua Dugc dién
Viét Nam V (2018) [8] dbi véi vic xin dang hdn dich tiém.
Khi & trang thai ling, vic xin chia thanh 2 16p, phan dung
dich ¢ trén trong sudt, khong mau, phan ling cin & dudi
cO mau trz’ing xam. Sau khi lic, vic xin tao thanh hdn dich
ddng nhit, mau tring duc, khong 13n tiéu phan la. Cac chi
tiéu vé pH, ap suét thAm thau, kich thudc hat cia hdn dich
véc xin khong c6 su thay d6i dang ké khi bao quan & 2-8°C
trong 120 ngay sau khi phdi tron. Riéng vé dién thé Zeta,
sau 7 ngay phdi tron dién thé c6 khuynh huéng giam dan
va giam manh sau 30 ngay (dat -3,7 mV), sau d6 tang tro
lai va duy tri on dinh & muc -2,1 dén -2,3 mV sau 100-120
ngay. Didu d6 chimg t6 vac xin DTaP dat dén trang thai on
dinh (bang 3).
Bang 3. Dic tinh vat ly cta vac xin bach hau - uén van - ho ga vé
bao bao quan & diéu kién 2-8°C trong khoang th&i gian 3 thang.

(O B i Thoi gian bao quan ¢ 2-8°C

=3) 10 7 ngiy 30 ngiy 100ngiy 120 ngiy
Cam quan Dat Dat bat Dat Dat

pH 68501 6830 687:0,1 689401 688401
B0 thim hiu B0 270 W0 20 2780
(mOsmol/kg)

Diénthé Zeta (mV)  -17602 24402 3700 2302 2102
Kich thudc hat (nm) ~ 7085,6£1211  6978,6£1095  6752,6£1103 686531086 6917,5+1125

Két qua do hap phu cho thdy, tit ca cac khang nguyén
thanh ph?m bach hau, udn van, rPT, FHA trong véc xin DTaP
déu dat & mirc cao trén 90% trong thoi gian bao quan 120
ngay 0 2-8°C (hlnh 5) so véi tiéu chuan quy dinh >80% d6i
v6i véc xin két hop trong Duoc dién Viét Nam V (2018) [8].

100 - :
05 | I g i
o0 4
= 85 4 uTo
E— 8{—) 1 = 7 ngay
q% ;;: w30 ngiy
oy 6 | 100 ngay
60 | m 120 ngay
55 4
30

Ubn vin PT FHA

Bach hiu

Hinh 5. D6 hap phu cta cac khang nguyén thanh phan trong vic
xin bach hau - uén van - ho ga vé bao & diéu kién bao quan 2-8°C
trong th&i gian 120 ngay.

Nhirng két qua ban dau cho thiy, quy trinh hdn hop vic
xin DTaP tai Vién Vac xin va Sinh pham Y t€ dugc thuc
hién voi viéc bo sung lan luot 2 khang nguyén rPT va FHA
da hap phu san vao hon dich khang nguyén bach hau, uon



van hap phu dong thoi véi ta chat alhydrogel 1,3% trong
thoi gian 120-180 phit trude d6 da tao duge san pham vic
xin DTaP ¢ dang hdn dich tiém duy tri cac dic tinh vat 1y on
dinh trong thoi gian khao sat 120 ngay ¢ 2-8°C. Cac nghién
ctru toan dién vé tinh 6n dinh cta vic xin DTaP d3 cho théiy,
véc xin dat yéu cau vé tat ca cac chi tiéu chat luong cho dén
hét han dung du kién 1a 24 thang (két qua khong bao gdm
trong nghién cru nay) cang khang dinh mé hinh hdn hop
véc xin DTaP ctia Vién Vic xin va Sinh phdm Y té 1 hoan
toan phu hop.

4. Két luan

Két qua nghién ciru cho thiy, ta chat alhydrogel 1,3%
(Croda, Pan Mach) 1a phu hop cho hdn hop véc xin DTaP
v6i khang nguyén bach hau, uén véan (Vién Vic xin va Sinh
pham Y té, Viét Nam) va khang nguyén ho ga vo bao tir
Bionet (Thai Lan). Cac thong sd t6i wu ctia qua trinh hap
phu khang nguyén bach hau, udn véan di duoc xac dinh &
pH 6,2 va thoi gian hap phu 1a 120 phat. Vic xin DTaP &
nhi¢t do bao quan 2-8°C duy tri dugc sy on dinh vé cac dic
tinh vat 1y va d6 hip phu trong khoang thoi gian khao sat
120 ngay. Pay 1a co sé khang dinh mé hinh hdn hop véc xin
DTaP ciia Vién Vic xin va Sinh pham Y té 1a phu hop. Tiép
theo nghién clru nay, chiing toi s€ danh gia tinh an toan va
hi€u qua bao v¢ cua véc xin DTaP trén cac mé hinh dong vat
nhiam cung cdp day du cac bang ching cho viéc cip phép
thir nghiém 14m sang vic xin trén nguoi. Thanh céng cua
nghién ciru s& mé ra hudng phat trién cac vic xin 5, 6 thanh
phén dya trén nén tang mé hinh hdn hop vic xin DTaP cua
Vién Vic xin va Sinh phim Y té tai Viét Nam.
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Thue trang kiém dinh dinh Ky thiét bi y té
trong qua trinh sir dung tai cac co' ¢’y té o mot so dia phwong

Mai Xuan Thu’, Nguyén Thi Minh Hiéu, Trinh Ngoc Thanh, Nguyén Minh Anh,
Tran Ngoc Anh, Pham Thi Hué, Pang Quoc Nghia, Khwong Anh Tuin
Vién Chién lwgc va Chinh sach Y té, B Y té, 196 Ho Ting Mdu, phuong Mai Dich, qudn Cau Gidy, Ha Ngi, Viét Nam
Ngay nhan bai 14/12/2023; ngay chuyén phan bién 18/12/2023; ngay nhan phan bién 12/1/2024; ngay chip nhan ding 31/1/2024

Tom tiit:

Muc tiéu ciia nghién ciru nay nhim md ta thye trang kiém dinh dinh ky thiét bi y té (TBYT) trong qua trinh sir dung
tai cac co'sé'y té & mot s dia phwong, tir d6 xac dinh cac khé khiin, bit cip va dé xuit giai phap. Nghién ctru sir dung
phwong phap md ta cit ngang, két hop nghién ctru dinh hrong va dinh tinh, thu thap s6 liéu tir thang 9/2022 dén
thang 9/2023 tai cic co’ quan quan Iy, 10 don vi cung cip dich vu kiém dinh TBYT va 29 co' s¢'y té tai 3 tinh, thanh
phd 12 Thai Nguyén, Pa Ning va Thanh pho Ho Chi Minh. Két qua cho théy: (1) Chua co sé'y té nao thuc hién kiém
dinh an toan va tinh ning k¥ thuat ddi véi 6 nhém TBYT; (2) Chi ¢6 66,0% TBYT thudc phuwong tién do nhém II va
86,0% TBYT phai kiém dinh an toan birc xa dam béo vi¢c kiém dinh dinh ky ding thoi han; (3) Céc co o'y té gip
khé khin vé nguén tai chinh va dinh mirc kinh phi sir dung cho vi¢c kiém dinh TBYT ciing nhu ké hoach b tri sip
xép van hanh cia co sé' y té trong thoi gian thue hién kiém dinh TBYT.

Tir khéa: co sé'y té, dinh ky, kiém dinh, thiét bi y té.

Chi sé phén loai: 3.5

Current status of periodic accreditation of medical devices during

use at medical facilities in some provinces
Xuan Thu Mai’, Thi Minh Hieu Nguyen, Ngoc Thanh Trinh, Minh Anh Nguyen, Ngoc Anh Tran,
Thi Hue Pham, Quoc Nghia Dang, Anh Tuan Khuong
Institute of Health Strategy and Policy, Ministry of Health, 196 Ho Tung Mau Street, Mai Dich Ward, Cau Giay District, Hanoi, Vietnam
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Abstract:

The objective of this study is to describe the current status of periodic accreditation of medical devices during use
at medical facilities in some provinces, thereby identifying some related difficulties, shortcomings and proposing
appropriate solutions. The study used a cross-sectional descriptive research design, combining both quantitative and
qualitative research methods, to collect the data from September 2022 to September 2023 in management agencies,
10 medical equipment testing service providers, and 29 medical facilities in Thai Nguyen province, Da Nang city,
and Ho Chi Minh city. The results showed that: (1) None of the medical facilities has accredited the safety and
technical features of 6 groups of medical devices; (2) Only 66.0% of medical devices belong to group II measuring
equipment and 86.0% of medical devices of radiation safety accreditation have ensured the periodic accreditation on
time; (3) Medical facilities have faced difficulties in financial resources and funding norms used for medical device
accreditation as well as the operation plans of medical facilities during the period of accreditation.

Keywords: accreditation, medical devices, medical facilities, periodic.
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1. Dat van de

Kiém dinh TBYT la hoat dong k¥ thuat theo mot quy
trinh nhat dinh, nham danh gia va xac nhan sy phu hop cua
san pham, hang héa ddi voi yéu ciu quy dinh trong quy
chuén k¥ thuat tuong ting, qua d6 giup cac don vi quan ly va
su dung giam sat an toan va hi¢u qua cua TBYT [1]. Trong
qua trinh st dung tai cac co sy té, TBYT can duoc thuc
hién kiém dinh 1an dau trude khi dwa vao st dung, kiém
dinh dinh ky va kiém dinh bat thudng trong sudt qua trinh
su dung (khi TBYT xay ra sy ¢d, sau mot sb quy trinh khu
nhiém véi hoa cht doc hai, sau stra chira 16n) [2]. VE danh
muc TBYT phai thyc hién kiém dinh, tai thoi diém nghién
ctru ¢6 31 nhom TBYT thude dién bat budc phai kiém dinh
trong qu4 trinh str dung, gdm 6 nhom TBYT phai kiém dinh
an toan va tinh ning ky thuat, 14 nhém TBYT phai kiém
dinh an toan birc xa va 12 nhéom TBYT phai kiém dinh
phuong tién do nhém II. TBYT thong thuong duoc kiém
dinh dinh ky 12 thang/1an, mot s6 nhom TBYT c6 thoi gian
kiém dinh dai hon 1a 24 thang/1an [3]. Tai thoi diém nghién
ctru, chi mét s it co so cong 1ap va tu nhan cung cap dich
vu kiém dinh birc xa va kiém dinh phuong tién do nhom II
d6i voi TBYT tai cac co s&'y té, nhung chua co so nao cung
cép dich vu kiém dinh an toan va tinh nang k¥ thuat. Cac
nghién ctru danh gia lién quan vé TBYT con han ché vé quy
mo, ndi dung vé kiém dinh TBYT con it duoc thuc hién. Bai
b4o nay trinh bay mot phan két qua cua nghién ctru “Danh
gia thuc trang kiém dinh trang thiét bi Y té trude va trong
qué trinh sir dung tai cac co so y té va dé xuét giai phap”
do Vién Chién lugc va Chinh sach y té thuc hién trong nam
2022-2023. Muc tiéu cta bai bao nhim md ta thuc trang
kiém dinh dinh ky TBYT trong qua trinh st dung tai cic co
Oy t& & mot s dia phuwong, tir d6 xac dinh cac khé khin,
bét cap tai cic co sd y té va dé xudt giai phap xur 1y.

2. Phuong phap nghién ciiu

Thiét ké nghién cuu: Nghién cuu mo ta cét ngang, két
hop nghién ctru dinh lugng va dinh tinh.

Thoi gian nghién ciru: Tir thang 9/2022 dén thang
9/2023.

Pia diém nghién cieu: Nghién ctru thu thap sé liéu tai cac
co quan quan ly tuyén Trung wong, 4 don vi cung cép dich
vu kiém dinh TBYT tuyén Trung wong va lga chon c6 chu
dich 3 tinh/TP 1a Thai Nguyén, TP Da Néng va TP Ho Chi
Minh. Tai mdi dia phwong, nghién ciru thu thap s6 lidu tai
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cac co quan quan 1y (S6'Y té, S& Khoa hoc va Cong nghé),
6 don vi cung cip dich vu kiém dinh TBYT va 29 co sd'y té
cong 1ap va tu nhan.

Phuwong phap thu thap thong tin:

Dbi v6i thu thap s6 lidu dinh lwong, nghién ciru sir dung
bang kiém phan loai dé danh gia viéc thyc hién kiém dinh
TBYT d6i véi timg TBYT tai cac co so'y té thuc hién khao
sat. Tai mdi co s6 y té, nghién ciru thyc hién khao sat doi
v6i 10 nhom TBYT gom: (1) 3/6 TBYT thudc nhém TBYT
phai kiém dinh an toan va tinh ning k¥ thuat (theo Thong
tu s6 33/2020/TT-BYT ngay 31/12/2020, dugc thay thé bai
Thong tu s6 05/2022/TT-BY T ngay 1/8/2022) gom may tho,
may gdy mé kém thd, dao mé dién [4, 5]; (2) 4/12 TBYT
thuoc nhom TBYT phai kiém dinh ddi v6i phuong tién do
nhém 11, gdm huyét ap ké thiry ngan/1d xo, phuong tién do
dién tim, phuong tién do dién ndo, phuong tién do tiéu cy
kinh mit [6]; (3) 3/14 TBYT thudc nhém TBYT phai kiém
dinh an toan buc xa, gém thiét bi chup X-quang chéan doan,
thiét bi chup X-quang ting sang truyén hinh, thiét bi chup
cit 16p vi tinh CT-Scanner [6]. Cac ndi dung thu thdp trong
bang kiém lién quan dén mirc d6 tuan thu cua co so y té
vé danh myc TBYT, thoi gian, quy trinh kiém dinh va kho
khin, bat cép trong qua trinh kiém dinh TBYT d6i véi cac
TBYT bit budc. Cac nghién ciru vién s& truc tiép kiém tra
hé so va céc tai ligu kém theo TBYT, kiém tra TBYT tryc
tiép tai vi tri ddt may, phong van nhan vién y té phy trach
quan ly stt dung TBYT cua toan bénh vién va khoa/phong
dat TBYT.

Déi voi thu thap s6 liéu dinh tinh, nghién ctru thyc hién
cac cude thao luan nhom véi cac nhom dodi tugng thudc co
quan quén 1y, don vi cung cép dich vu kiém dinh TBYT va
don vi st dung TBYT vé cic van d¢ lién quan dén hoat dong
kiém dinh TBYT.

Phirong phap xir 1y s6 liéu: S6 lidu dinh luong dugc
nhap bang EpiData va lam sach, phan tich bang phin mém
Stata 16.0. S liéu dinh tinh dwgc phan tich theo nhém van
dé da duogc xay dung trudc.

Pao dirc nghién ciru: TAt ca cac thong tin dugce cung cip
déu co su déng thuan cta S Y té, cac don vi cung cép dich
vu kiém dinh TBYT, céc co sd' y té cong lap va tu nhéan ciing
nhu sy dong thudn cia c4 nhan nhitg ngudi cung cap thong
tin. Tat ca cac thong tin déu duoc thuc hién theo quy trinh
bao mat, chi phuc vu cho muc dich nghién ctru.

n
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3. Két qua

3.1. Kiém dinh an toan va tinh nang ky thudt déi véi
thiét bi y té

Thoi diém thu thap s lidu tir thang 11/2022 dén thang
3/2023, néu thuc hién dtng 10 trinh dugc quy dinh tai Thong
tu s& 33/2020/TT-BYT ngay 31/12/2020 va Théng tu sd
05/2022/TT-BYT ngay 1/8/2022, cic co so y té phai thuc
hién kiém dinh an toan va tinh nang k§ thuat ddi véi 3 nhom
TBYT di co quy trinh kiém dinh gdm may thé, may gy mé
kém thé va dao mo dién. Tai thoi diém nghién ctru, 3 nhém
TBYT con lai gdm 16ng 4p tré so sinh, may pha rung tim va
may than nhan tao chua c6 quy trinh kiém dinh chi tiét, nén
chua budc phai thyc hién kiém dinh an toan va tinh nang ky
thut. Mic du vay, khi khao sat thuc té thi chua c6 co sd'y
té nao thuc hién kiém dinh dinh ky an toan va tinh nang k¥
thuat d6i voi 3 nhém TBYT da c¢6 quy trinh, vi chua cé don
vi kiém dinh dugc B Y té cép phép cung cép dich vu kiém
dinh nay.

3.2. Kiém dinh thiét bi y té thuéc phwong tign do nhém 2

Theo quy dinh, huyét ap ké thity ngén/16 xo, phuong tién
do tiéu cu kinh mat phai dugc kiém dinh dinh ky 12 thang/
lan; phuong tién do dién tim va dién ndo phai duoc kiém
dinh dinh ky 24 thang/lan. Tuy nhién, két qua kiém tra ho so
cho thdy nhiéu co so y té chua dam bao viéc kiém dinh dinh
ky dung thoi han, c6 t6i 25,1% TBYT khong kiém dinh ding
han va 8,9% TBYT khong duoc kiém dinh dinh ky (bang 1).

Bang 1. Ty lé thiét bj y té thudc phwong tién do nhém Il dwoc kiém
dinh dinh ky.

R g, Ten  Temg

thily ngén/ e tién do dién tién do tiéu Tong
Ngi dung 10 xo0 Soldi i nio cue mit

n=169 % =117 % n=l4 % =3 % n=303 %
Dambloding ), 510 70 598 8 5712 667 200 660
thoi han
Mot s6 lan bi
chimhonso 44 260 30 256 2 1430 0 76 251
voi thoi han
U 30 17 145 4 286 1 B3 27 89
kiém dinh

Phan tich thyc trang kiém dinh dinh ky theo tuyén cua
TBYT thudc phuong tién do nhém II cho thdy, cac TBYT
tai tuyén huyén c6 ty 1& kiém dinh dinh ky thdp hon so voi
cac TBYT cuing loai tai co so y té tuyén tinh va tai co so y té
tu nhén, cy thé nhu ty 1& phuong tién do dién tim dugc kiém
dinh dinh ky tai myén huyén chi dat 73,6% trong khi tai
tuyén tinh va khu vuc tu nhan déu dat xap xi 95% (bang 2).
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Bang 2. Ty lé thiét bi y té thudc phwong tién do nhém Il dwoc kiém
dinh dinh ky theo tuyén.

. . Tuyén tinh  Tuyén huyén Tuw nhén Téng
Loai thiét bi y té
n % n % n % n %
L 5353 1000 6873 932 4343 1000 164/169 97,0
thiy ngan/lo xo
Phuong tigndodign tim 3739 949 39/53 73,6 2425 960 100117 855

Phuong tién do diénndo 33 100,0 4/7 57,1 3/4 750 10/14 714

Phuong tién do tiéu cuc
mat

0 23667 0 0 213 66,7

3.3. Kiém dinh thiét bi y té phdi kiém dinh an toan birc xa
Bang 3. Ty lé thiét bi y té kiém dinh an toan birc xa dinh ky.

oA . <A .

Thiét bi Chl.l;p Thiet bi cl{l_lp  Thiétbjchup

X-quang chan X-quang tingsdng . ., " . ' Tong
e dodn truyén hinh cat16p vi tinh

n=149 % =5 % n=31 % n=185 %
Dung thoi han tat ca
g O ALER e gas 5 10000 28 903 159 860
cac ky kiém dinh
Mgt 0 Lan bi chim 60 0 0 132 10 54
hon so véi thoi han
Khongkiémdinh 0 0 265 16 86
dinh ky

Theo quy dinh cua By Khoa hoc va Cong ngh¢, trong
qua trinh sir dung, dinh ky 12 thang ddi voi thiét bi chup
X-quang ting sang truyén hinh, thiét bi chup cat 16p vi tinh
CT-Scanner va 24 thang dbi voi thiét bi chup X-quang chan
doan (cé dinh, di dong, nha, nhii, lodng xuwong, C-arm...)
phai thuc hién kiém dinh. Phan 16n TBYT duoc kiém dinh
dung thoi han voi ty 1é 86,0% nhung van con 5,4% TBYT
duoc kiém dinh cham hon thoi han quy dinh (bang 3). Mot
sd TBYT cii, thira va hong nhung chua thay thé dugc thi cac
don vi cling phai tam dung kiém dinh, cho stra chita hodc
thanh ly. Theo y kién tir thao ludn nhom tai bénh vién tuyén
tinh: Cac may phai kiém tra an toan buc xa déu thuc hién
kiém dinh ddy du, dang han, vi dd c6 quy dinh va lién quan
dén thanh toan bao hiém y t& (BHYT), khong kiém dinh,
khong du hd so 1a BHYT xuét toan. Vi vy, ty 1¢ kiém dinh
dinh ky TBYT d6i véi cac nhom may nay déu cao va khong
¢6 su chénh léch giita cac tuyén va khu vuc tu nhan (bang 4).

Bang 4. Ty Ié thiét b y té kiém dinh an toan btrc xa dinh ky theo
tuyén.

. . Tuyén tinh Tuyén huyén  Tu nhin Tong
Loai thiét bi y té
n % n % n % n %
Thictbichup X-quang 00 o35 4750 940 1717 1000 136/149 913
chan dodn
ThictbichupX-quang ) 1000 11 1000 0 0 55 1000
tang sang truyén hinh

Thiét bi chup cat 16p vi

tinh CT-Scanner iz Sy

112 917 77 1000 2931 935
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3.4. Kho khan, vuong miic trong qud trinh thuc hién
kiém dinh dinh ky déi véi thiét bi y té

Qua thao luan nhoém véi cac co quan quan ly, cac don
vi cung cép dich vu kiém dinh TBYT va cac co s& y té cac
tuyén cho thiy cic co s¢ 'y té déu khong gip kho khin trong
viéc moi thau dich vu kiém dinh TBYT thudc phuong tién
do nhom 11 va kiém dinh an toan burc xa, ma chi chua trién
khai dugc kiém dinh an toan va tinh nang k¥ thuat TBYT do
thiéu cac don vi cung cip dich vu kiém dinh.

Bén canh do, cic co sy té déu gap kho khin vé ngudn
va dinh muc kinh phi su dung cho viéc kiém dinh TBYT.
Theo quy dinh, cic co so'y té& duge sir dung cac ngudn kinh
phi thuong xuyén va khong thuong xuyén cta co sO y té,
cling nhu duogc quyén trich mot ph?m nguén thu tir dich vu
kham chita bénh va kham chira bénh BHYT dé duy tu, bao
dudng, sira chita TBYT. Tuy nhién, vudng méc hién nay la
chua c6 cac huéng dan vé dinh muc tai chinh danh cho hoat
dong kiém dinh & cac co so y té cong lap, gay khé khan cho
cac don vi trong viéc Ién ké hoach du toan kinh phi. Bac biét,
khi quy dinh bé sung thém 6 nhém TBYT can kiém dinh an
toan va tinh ning k¥ thuat, s6 luong TBYT can kiém dinh rat
16n, chi phi kiém dinh ting, néu khong c6 can ctr s& khong
thé to chirc moi thau va dau thau dich vu kiém dinh TBYT.
Khé khan vé kinh phi lai cang 13 tré ngai 16n tai cac co so
y t& dy phong, co sd y té tuyén dudi hodc co sé y t& ving
sau, vung xa, do han ché vé nguén thu, sb luong TBYT it
trong khi phi kiém dinh TBYT lai ting do khoang cach va
di chuyén.

Céc co so y té ciing chua c6 phuong an, ké hoach bd
tri sép xép van hanh trong thoi gian thuc hién kiém dinh
TBYT, dic biét 1a déi v6i 6 nhém TBYT phai kiém dinh an
toan va tinh nang k¥ thuat, vi cac TBYT thudc nhom nay
déu 1a TBYT thiét yéu dung cho bénh nhan ning, nhét 1a
khi s6 lugng TBYT & cac co sd y té tuyén dudi rat han ché.

4. Ban luan

Hién nay, chua cé nhiéu nghién ctru khao sat vé hoat
dong kiém dinh TBYT tai cac co so 'y té noi chung, trong d6
bao gém ca hoat dong kiém dinh dinh ky. Nam 2019, Vién
Chién lugc va Chinh sach y té da trién khai thuc hién nghién
ctru danh gia thuc trang quan 1y st dung mot s6 TBYT &
bénh vién da khoa cong lap cac tuyén, chi yéu tap trung vao
quy trinh va cac hoat dong quan ly su dung TBYT trong co
s¢'y té [7]. Tai thoi diém do, Bo Y té chua ban hanh Thong
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tu s6 33/2020/TT-BYT va cac quy trinh huéng dan kiém
dinh an toan va tinh nang ky thuat, nén chua c6 don viy té
nao thyc hién hoat dong nay. Cho dén thoi diém nam 2023,
B6 Y té dd ban hanh Théng tu sb 05/2022/TT-BYT thay
thé cho Thong tu 33/2020/TT-BYT, clng véi 3/6 quy trinh
kiém dinh TBYT d6i v6i may tho, may gy mé kém tho va
dao md dién [4, 5]. Tuy nhién, thyuc t& van chwa c6 co so'y
té nao thuc hién kiém dinh an toan va tinh nang ky thuat ddi
voi cac TBYT theo quy dinh, do chua c6 don vi nao cung
tmg dich vu kiém dinh nay.

Déi véi kiém dinh an toan birc xa, da c6 84,6% thiét bi
chup X-quang chan doan va 90,3% thiét bi chup cat 16p vi
tinh duoc kiém dinh dinh ky. So sanh véi khao sat nam 2019
ctia Vién Chién lugc va Chinh sach Y té cho thiy, viéc kiém
dinh TBYT di duoc cic co so y té thuc hién day du hon
khi chi c6 53,3% may X-quang va 63,6% may CT-Scanner
kiém dinh dinh ky day du tai thoi diém nam 2019 [7]. Viéc
thue hién kiém dinh cac TBYT ¢6 nguén btric xa, phong xa
1a do su tuén thu cac quy dinh lién quan dén an toan birc xa,
khong phai cac quy dinh vé quan 1y TBYT cua nganh y té.

Theo Théng tu s6 23/2013/TT-BKHCN ngay 26/09/2013
ctia B6 Khoa hoc va Cong nghé quy dinh vé do luong ddi
v6i phuong tién do nhom 1II, c6 12 danh muc thiét bi st
dung trong linh vic y té phai thyc hién kiém dinh [6]. Trong
nghién clru nay, chi c6 66,0% TBYT duoc kiém dinh diang
thoi han, 25,1% kiém dinh cham thoi han va gan 10% khong
thuc hién kiém dinh. Két qua tur cudc thanh tra dién rong
cua B9 Khoa hoc va Cong ngh¢ tai 63 tinh, TP cling da cho
két qua twong tu. Trong tong sd 1.493 co sd y t& (gdm ca
tu nhan va cong lap) duoc thanh tra, c6 tdi 25,8% co so' y
té c6 vi pham hoat dong kiém dinh TBYT. Trong 13.437
TBYT dugc kiém tra, c6 26,8% TBYT vi pham. Tai nhiéu
dia phuong, 100% TBYT duogc kiém tra déu phat hién sai
s6 hodc c6 nhitng dia phuong, khi kiém tra 331 thiét b y té
gdm huyét 4p ké, phuong tién do dién tim, phuong tién do
dién ndo va can stc khoe, co toi 327 thiét bi hét hiéu luc
kiém dinh (99%). Diéu nay gy anh huong va nguy hai rat
16n dén chan doan va diéu tri ctia nhan vién y té d6i voi
nguoi bénh, co thé dan toi nhiing rdi ro hodc tai nan, anh
hudng dén an toan va chat luong cung tmg dich vu y té ciia
cosdy té.

Mic dii cting str dung cho ngudi bénh, trong khi thude co
thoi han nhat dinh thi TBYT lai c6 nhiéu thoi han khac nhau
lién quan dén bao dudng, kiém dinh, hiéu chuan, hodc thay
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thé. Tham chi mdi bd phan, linh kién trén TBYT lai c6 quy
dinh vé thoi han khac nhau [8, 9]. Tuy nhién, két qua khao
sat cho thiy céc co sd'y té chwa co hé thong quan 1y tong thé
d6i voi TBYT, viée luu trir chi yéu bang ho so gidy, dé that
lac, mat mat. Pay ciing chinh 1a mét trong nhiing nguyén
nhan dan dén kiém dinh khong dung han, cin phai ¢6 cac
giai phap quan 1y tong thé, ing dung cong nghé thong tin dé

nhic viée hodc canh bao [8].
5. Két luan

Két qua nghién ctru cho thdy, chua c6 co so'y té nao thuc
hién kiém dinh an toan va tinh ning k¥ thuat d6i véi TBYT,
do chua c6 don vi cung ung dich vu kiém dinh nao du diéu
kién thuc hi¢n. Kiém dinh an toan birc xa va kiém dinh déi
v61 TBYT thudc phuong tién do nhom II da dugc céac co s&
y té tuan thu thuc hién, nhung van con chua day di va gap
kho khin, vudng mic vé ngudn tai chinh va dinh mirc kinh
phi stt dung cho viéc kiém dinh TBYT cling nhu ké hoach
b6 tri sdp xép van hanh cua co s6 y té trong thoi gian thyc
hién kiém dinh TBYT.

Nhom nghién ctru dé xuét can khan truong hoan thién
td chue, mang ludi kiém dinh TBYT, cling nhu ra soat, bd
sung, cap nhat va ban hanh mdéi cac quy dinh thuc hién kiém
dinh TBYT phu hop véi didu kién thuc té, nhit Ia vé ching
loai va thoi han kiém dinh TBYT. Bén canh dé, can tang
cuong hudng dan, giam sat viéc tuan thu cac quy dinh vé
kiém dinh TBYT ciia cac co s¢ y té ciing nhu dau tu xay
dung tng dung cong nghé thong tin dé quan 1y tong thé va
ddng bd TBYT subt vong doi.
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Tom tiit:

Nghlen ciru nay dwgce thye hién nham khao sat anh huéng cua cao chiét ethanol tir cac loai thwe vat thugce ho Ciic bao
gom: Ageratum conyzoides, Bidens pilosa L., Chromolaena odorata L., Cosmos bipinnatus va Synedrella nodiflora L.
Gaertn Ién sy ndy mam va tang truéng thye vat tai cac nong do 1, 5, 10 va 15 mg/ml. Két qua cho thiy, cac cao chiét
ho Ctc co6 sw hién dién cia cac hop chat doi khang thwe vt nhw alkaloid, flavonoid, phenolic, saponin va coumarin.
Yén bach va bo xit c6 ham lwong phenolic, flavonoid cao nhit, 1in hrot 13 367,16 mg GAE/g cao chiét va 283,20 mg
QE/g cao chiét. Tai ndng d9 15 mg/ml, tit ca cac cao chiét thé hién kha ning e ché 100% cac chi tiéu nay mim, ting
trweéng cia hat xa lach. Tai nong dé 15 mg/ml cao chiét tir ngii sic trc ché dang ké cac chi tiéu ndy mam, chiéu dai ré,
chiéu dai than, trong lwong twoi va trong lrgng khé ciia cai cii 1an luot 13 86,67; 88,5; 89,10; 92,32 va 95,74%. Nhin
chung, hoat tinh d6i khang thwe vat ciia cac cao chiét ting din theo ndng dd khao sat. Két qua chirng minh, ngii sic
12 loai thwe vét ¢6 kha ning ddi khang thwe vat tot nhit trong 5 loai thudc ho Ciuic dwoe khao sat, do dé, cac nghién
ciru tiép theo cin dwoc thye hién, hwéng dén khai thac tiém ning tng dung ciia chiét xuit tir loai thwe vat nay.

Tir khoa: doi khang thuc vat, ho Cic, ngii sac, trc ché ndy mam.
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Abstract:

This study was conducted to investigate the effects of ethanol extracts from plants belonging to the Asteraceae family,
including Ageratum conyzoides, Bidens pilosa L., Chromolaena odorata L., Cosmos bipinnatus and Synedrella nodiflora
(L.) Gaertn on the germination and vegetative growth at 1,5, 10 and 15 mg/ml concentrations. The results showed that
the Asteraceae family extracts had the presence of allelochemical compounds such as alkaloids, flavonoids, phenolics,
saponins and coumarins. C. odorata L. and S. nodiflora (L.) Gaertn have the highest phenolic and flavonoid content
of 367.16 mg GAE/g extract and 283.20 mg QE/g extract, respectively. At a 15 mg/ml concentration, all extracts
demonstrated the ability to inhibit 100% of germination and growth parameters of Lactuca sativa L. seeds. At a
concentration of 15 mg/ml, 4. conyzoides extracts significantly inhibited the germination criteria, root length, stem
length, fresh weight, and dry weight of Raphanus sativus L. by 86.67; 88.5; 89.10; 92.32, and 95.74%, respectively.
In general, the allelopathic activity of the extracts gradually increased with the concentration tested. The results
demonstrate that A. conyzoides is the plant species with the best allelopathic ability among the S species of the
Asteraceae family surveyed, so further research needs to be carried out to exploit the application potential extracted
from this plant.

Keywords: Ageratum conyzoides, allelopathy, Asteraceae, germination inhibition.
Classification numbers: 4.1, 4.6
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1. it van de

C6 dai va ddc tinh khang thudc diét co da va dang 1a van
dé can dugc quan tAm trong san xudt nong nghiép hién dai.
Sy xuét hién dic tinh khang thudc diét co co thé 1a thach
thirc 16n d6i voi quan 1y va san xuat nong nghiép. Su khang
thube diét co cua co dai dan dén su gia tang tinh canh tranh
ctia chiing v6i cdy trong vé ngudn tai nguyén nhu: dnh séng,
chat dinh dudng, khong gian va nudc, tir d6 1am giam ning
suét cdy trong. Thudc diét co hoa hoc tong hop ra doi da
mang dén cac hiéu qua nhat dinh trong phong trir ¢6 dai.
Tuy nhién, viéc lam dung thudc diét c6 hoa hoc di giy ra
nhiéu vin d& nghiém trong va nguy hiém cho hé sinh thai,
thuc vat va stc khde con nguoi. Tu do, hudng nghién ctiru
day hira hen duoc dé xuét 1a phat trién cac loai thude diét co
sinh hoc dua trén cac san phém clia vi sinh vat hodc chiét
xuét tir thuc vat. Su ra doi cua thude diét co sinh hoc duoc
ky vong c6 thé han ché cac van d& gay ra boi thude diét co
tong hop hoa hoc, cung cip mot bién phap “xanh, an toan,
than thién” v6i méi truong, gop phan vao cong cude quan Iy

¢6 dai hiéu qua, bén vimg trong twong lai [1, 2].

Céac chiét xuét tir thuc vat duoc st dung nhu la mot
phuong phap tir ty nhién dé ngan chin c6 dai hidu qua va
an toan hon so v6i thude diét ¢ téng hop nho vao kha nang
dbi khang cua chung [3]. D6i khang thuc vat (allelopathy)
thé hién su tuong tac gitra mot loai thuc vat nay véi sinh
vat 1an can khac théng qua viée giai phong cac hop chét
héa hoc thir cap (allelochemical) hoat dong nhu mot chét
Gic ché ting truong. Cac hop chit nay di duoc chimg minh
¢6 thé ngan chin sy nay mam, ting truong va phat trién cia
cac loai xung quanh, dong mot vai tro quan trong trong viéc
diéu chinh qu?m x4 thuc vat, c6 thé duoc sir dung lam thude
diét co ty nhién, kiém soat sy sinh trudng va phat trién cia
c6 dai [4]. Trong qua trinh khao sat hoat tinh d6i khang cua
chiét xuat thuc vat, cai cu va xa lach thuong duoc lua chon
la thyc vat thir nghiém bdi chung c¢6 nhiing uu diém nhu:
kha ning nay mam nhanh, phat trién dong déu, c6 su nhay
cam v6i cac hop chat d6i khang & nong do thap, kha ning
sinh truong, phat trién 6n dinh. Didu nay gitp cac nghién
ctru ¢ thé tim hiéu vé co ché anh huong dén sy nay mam
va tang truong 1én thuc vat nhanh chong va hiéu qua. Ngoai
ra, c6 dai thuong co tinh mién trang bén viing, can co thoi
gian dé pha v& mién trang cua hat, do do, viéc thuc hién
cac thur nghiém khao sat trén cac loai thyc vat khac dé tim
ra cac hop chét dbi khéang, néng d6 chiét xuit co hoat tinh
d6i khang trudc khi khao sat trén cac loai co dai 14 can thiét
[5, 6]. Mat khac, thuc vat thude ho Cic 1a mot trong nhitng
ho thue vét c6 hoa véi sd luwong loai phong phu, chira nhiéu
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nhom hop chit hoa hoc thu cép va thé hién nhiéu hoat tinh
dugc ly khac nhau nhu: kha nang khang oxy hoa, khang
viém, khang khuan, chira lanh vét thwong... [7]. Trong
thoi gian gan déy, kha nang d6i khang thyc vat tir cac chiét
xuat cua cac loai thude ho Clc da duge nghién ciru va cho
thdy tiém ning tng dung ciia chung trong phong trir cé dai
1a rat 16n [8]. Vi du, trong chiét xuat tir 14 cta cay ké dau
ngua (Xanthium spinosum L.) thudc ho Cuc, cac nha khoa
hoc di phan lap dugc 6 hop chat hoa hoc thir cap, trong d6
4-epiisoxanthanol duge cho 1a hop chat ¢6 tiém ning san
xuét thudc trir ¢ sinh hoc trong twong lai [9]. Chinh vi thé,
nghién ctru ndy tién hanh khao sat anh hudng cta cao chiét
tur 5 loai thyc vat thudc ho Cuc 1én su nay mam hat va tang
truong thuc vat, xac dinh ham lugng cia cac hop chét thir
cép va danh gia kha niang ddi khang sinh hoc ctia chiét xuat
tr cac loai thuce vat khao sat.

2. Doi tuong va phuong phap nghién ciiu
2.1. Péi twong

Hat cai ctt (Raphanus sativus L.) duoc san xuit boi Cong
ty TNHH Gibng cdy trong Phu Nong. Hat xa lach (Lactuca
sativa L.) dugc san xudt boi Cong ty TNHH Phat trién va
Dau tu Nhiét Di. Cao chiét xuat tir 5 loai thuc vat thude ho
Clic bao gdm: ngii sic (Ageratum conyzoides) (NS), xuyén
chi (Bidens pilosa L.) (XC), bo xit (Synedrella nodiflora
(L.) Gaertn) (BX), sao nhdy (Cosmos bipinnatus) (SN) va
yén bach (Chromolaena odorata L.) (YB).

2.2. Phwong phap nghién ciru

Piéu ché cao chiét: Cac thuc vat thude ho Cic dugc
thu hai tai mot sé dia phuong thudc TP Can Tho va tinh
Vinh Long, sau d6 xir 1y tai phong thi nghiém. Tién hanh
rira sach, cit nho 1-2 cm, siy kho & nhiét 6 dudi 50°C. Mau
dugc cho vao cac thi vai khac nhau va ngdm véi dung moi
ethanol 96° trong 48 gio. Sau do, dich chiét duoc loc va tién
hanh ¢ quay & ap suat thip dé thu duoc cao chiét ethanol
cua cac loai thuc vat ho Cuc [10].

Dinh tinh va dinh luong cdc thanh phd‘n hoa hoc co trong
cao chiét cua cac lodi thuc vat thuéc ho Ciic: Thi nghiém
dinh tinh dugc thyc hién nham kiém tra su hién dién mot sb
hop chat thir cép nhu: alkaloid, flavonoid, phenolic, saponin
va coumarin cd trong cao chiét ethanol céc loai thue vat ho
Cuc. Phuong phép dinh tinh dugc thuc hién dua trén phan
(g tao mau va két tua cua cac hop chat [11, 12].

Ham luong phenolic tong sb c6 trong cac cao chiét cua
thue vat ho Cac duoc tién hanh dua trén phuong phap st
dung thudc thir Folin-Ciocalteu (1:4). Ham luong phenolic
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téng co trong cao chiét duge xac dinh dya trén phuong trinh
duong chuan acid gallic va két qua duogc thé hién theo mg
acid gallic tuong duong (mg GAE/g cao chiét) [13].

Ham lugng flavonoid tong sb c6 trong cao chiét duoc
tién hanh dua trén nguyén tic ciia phan ng tao mau nhom
chloride (AICL). AINS, c6 thé tao phuc bén véi acid véi
nhom keto C-4 va nhom hydroxyl C-3 hoac C-5 cua flavon
va flavonol. Ham lugng flavonoid téng duoc xac dinh dua
trén phuong trinh duong chudn quercetin va két qua dugc
thé hién theo mg quercetin twong duong trén gram cao chiét
(mg QE/g cao chiét) [14].

Khdo sdt kha ning ikc ché nday mam va tang truong thiec
vét tir cdc cao chiét ho Cic: Thu nghiém dugc tién hanh
nhu sau: pha lodng cac cao chiét trong methanol véi cac
ndng d6 1an luot 1a 1; 5; 10 va 15 mg/ml va cho vao cac dia
petri 60x15 mm da dat sin gidy thim Whatman. Cac dia
petri tai mdi nghiém thuc lan luot duoc cho vao 3 ml cao
chiét duoc pha lodng va dia dbi ching duoc cho vao 3 ml
methanol. Sau do, tat ca nghiém thirc dugc dat trong ta hut
dé methanol bay hoi va con lai cao chiét trén gidy loc. Bo
sung 1 ml nudce cat dé lam am cho tit ca cic nghiém thirc.
Lan luot cho hat giéng vao cac dia petri (10 hat/dia) sau khi
d3 ngam vé&i nude trong 24 gio va dat trong didu kién phong
thi nghiém [8].

MJi nghiém thuc duoc lap lai 3 lan. Céc chi tiéu theo
ddi: (1) kha nang trc ché nay mam hat (%), (2) chiéu dai
than (mm), (3) chiéu dai r& (mm), (4) trong luong twoi (mg),
(5) trong lwong khé (mg) cua cdy con sau 7 ngay xtr ly. Phan
tram trc ché cac chi tiéu trén duoc tinh toan theo cong thic
nhu sau:

Phén trim (%) Grc ché = ((DC - TN)/ DC) %100

trong d6: DC 1a trung binh nghiém thirc dbi chung, TN la
trung binh nghiém thirc thir nghiém.

2.3. Xie Iy 6 liéu

Phan mém Microsoft Excel 2013 dugc sit dung cho viéc
nhdp li¢u va xur 1y cac s6 liéu tho. Phan mém Minitab 16
dugc str dung dé phan tich phuong sai (ANOVA). Cac gia
trj trung binh dugc so sanh bang phép thir Tukey v6i do tin
cdy 95%.

3. Két qua va ban luan

3.1. Két qud dinh tinh cdc thanh phén hoa hoc co trong
cao chiét ciia cdc loai thue vit thugc ho Ciic

Két qua dinh tinh cac thanh phin hoa hoc c¢6 trong cao
chiét cac loai ho Cic dugc thé hién & bang 1.
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Bang 1. Két qua dinh tinh cac thanh phan héa hoc c6 trong cao
chiét cac loai ho Cuc.

Hop chit SN XC BX NS YB
Alkaloid + + + + +
Flavonoid + + 4 4+ +
Phenolic + + + + +
Saponin + + + + +
Coumarin ¥ I H* I i

Dau (+) thé hién cao chiét co chira hop chéat dbi khang. SN, XC, BX,
NS,’YB la tir viét tat ch’o cac cao chiét ho Cuc lan lwot la: sao nhay,
xuyén chi, bo xit, ngi sac va yén bach.

Két qua & bang 1 cho thdy, cao chiét cua cac loai sao
nhay, xuyén chi, bo xit, ngii sdc va yén bach déu c6 sy hién
dién cua cac hop chat hoéa hoc nhu: alkaloid, phenolic,
flavonoid, coumarin va saponin. Thanh phan hoa hoc cia
cac chiét xudt tir cac loai nhu sai dit ba thuy, da quy, hudng
duong [8, 15, 16]... thuoc ho Cuc da dugc khao sat va
chung ciing c6 su hién dién ctia hop chat d6i khang twong tu
v6i nghién ctru ndy. Nhimng hop chét thir cip trén 1a nhiing
allelochemical dugc ching minh dong vai trd quan trong
trong tuong tac ddi khéang gitra thuc vat voi thuc vat, gay ra
nhitng anh huéng dén sy nay mam, ting trudng, phat trién
dén cac loai thuc vat khac. Nhiéu nghién ctru da nhan dinh
rang, néu thyc hién khao sat vé kha ning ddi khang tir chiét
xudt thyc vat thi cAn quan tim dén cac hop chat thir cip nay
dac biét 1a phenolic va flavonoid [17].

3.2. Két qud ham luwgng phenolic va flavonoid t(fng s0

Két qua khao sat ham luong phenolic va flavonoid téng
s6 cua 5 loai thuc vat ho Cuc duge trinh bay o6 hinh 1.

400 367.16
334,32
350 315,07
282,80
S , sk 283,20
246,46

250 226,73 228,10 230,14
200
150
100

50

0
Ngil sic Xuyén chi Yén bach Sao nhay Bo xit

B Ham hrong phenolic tong s6 (mg GAE/g cao chiét)

OHam hrgng flavenoid téng s6 (mg QE/g cao chiét)
Hinh 1. Ham lwong cac hop chat déi khang cé trong cao chiét 5
loai thudéc ho Cuc.

Két qua ¢ hinh 1 cho thiy, cao chiét ho Cic c6 chira ham
luong 16n hai hgp chat doi khang phenolic va flavonoid.
Cao chiét yén bach c¢6 ham lugng phenolic tong sO cao nhat
la 367,16 mg GAE/g cao chiét. Tuong tu, cao chict bo xit
ham lugng flavonoid tong so6 cao nhat 1a 283,20 mg QE/g
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cao chiét. Bén canh d6, mot sd két qua khao sat vé ham
luong hai hop chat nay trén cac loai thuc vat khac thugc
ho Cuc cho thdy, chiét xuit ethanol cua cdy cuc van diép
(Achillea cucullata) c6 chira ham luong phenolic tong sb va
flavonoid téng sb 1an luot 1a 53,807 va 21,372 (mg QE/g)
[18]. Két qua nghién ciru vé chiét xuat methanol cia cay cuc
kim tién (Calendula aegyptiaca) cho thay, loai cay ndy ¢
chtra ham luong hai hop chét thi cép nay 1an luot 13 275,38
va 204,57 mg QE/g [19]. C6 thé thy rang, ctc kim tién va
ctic van diép c6 chira ham lugng hai hgp chét phenolic tong
s6 va flavonoid tong s6 thdp hon so voi 5 loai cao chiét ho
Ciic duogc khao sat. C6 thé cho rang, chiét xuét tir thuc vat
¢6 thé giai phong nhitng hop chét hoa sinh thu cap dé gay
ra cac anh huéng nhét dinh dén ciy trong muc tiéu. Hai
hop chét phenolic va flavonoid c6 thé anh huéng dén sy
nay mam va ting truong thye vat thong qua viéc lam thay
d6i tinh thAm ciia mang té bao, e ché sy phén chia té bao,
anh huong dén hoat dong clia enzyme va cc qua trinh sinh
Iy nhu quang hop, ho hap va téng hop protein ciia thyc vat
[20]. Do vay, cao chiét tir 5 loai ho Ctc chira ham luong 16n
hai hop chét nay cho thdy, day 1a cac loai c6 tiém ning trong
cac nghién clru vé hoat dong ddi khéang trén thyc vat.

3.3. Kha nang wrc ché ndy mam hat cua cao chiét cdac
loai thuc vit ho Cuc

Két qua khao sat sy anh hudng cua cao chiét cac loai ho
Cuc 1én sy nay mam hat cai ci va xa lach trong diéu kién
phong thi nghiém dugc trinh bay tai bang 2. Két qua cho
thay, kha niang trc ché nay mam hat cai cti va xa lach cua cac
cao chiét ho Cuc tang dan theo ndng d¢ khao sat. Tai nong
d6 5 mg/ml, cao chiét ngii sic c6 kha ning e ché dang ké
sy nay mam cua xa lach (73,33%). Tai néng d6 10 mg/ml,
cao chiét ngii sic va xuyén chi di e ché 100% sy nay mam
hat xa lach, khac biét c6 y nghia so véi d6i ching. Tai nong
do 15 mg/ml, tat ca cao chiét ho Clic duge khao sat co kha
nang uc ché 100% su nay mam cua hat xa lach. Bén canh
do, tai ndng do 5 mg/ml, cao chiét ngii sic va sao nhay co
ph?m tram (rc ché trén 50% su nay mam cua hat cai cu. Tai
ndng d6 10 va 15 mg/ml, cao chiét bo xit va ngii sdc c6 anh
huong dang ké dén sy nay mam cia hat cai cti v6i phan trim
trc ché 1an luot 13 62,22 va 76,67%. Tai nong d 15 mg/ml,
céc cao chiét ho Ctc we ché hiéu qua su nay mam hat cai
¢t va khac biét ¢6 ¥ nghia so voi ddi chimg. Trong do, cao
chiét ngii sic thé hién kha ning ddi khang tot trén hat cai
cu voi ph?m tram e ché nay mam 12 86,67%. Ngoai ra, tai
nong do 1 mg/l, cao chiét anh huong dén sy ndy mam hat cai
ct tét hon so voi xa lach. N guoc lai, tai cac néng do 5,10 va
15 mg/ml thi hiéu qua rc ché ndy mam hat xa lach cua cao
chiét cao hon so véi cai cu.

C6 thé nhan dinh, 5 loai cao chiét ho Ctc, ddc biét la cao
chiét ngil sic anh huong dang ké dén sy nay mam trén ca 2
loai thuc vat thir nghiém. Diéu nay dwoc giai thich 1a trong
cao chiét hién dién nhiéu hop chat dbi khang (bang 1), déng
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Bang 2. Phan tram trc ché ndy mam hat cai cu va hat xa lach.

Phén triam irc ché (%)

Nghiém thirc

Cii cii Xa lach
NS1 31,11+12,62 0,00+0,00°
NS5 53,33+14,53® 73,33+5,77°
NS10 76,67+18,56* 100,00+£0,00?
NS15 86,67+14,53¢ 100,000,00°
XCl1 7,78+3,85< 0,00+0,00°
XC5 32,22+13,47% 46,67+37,56°
XC10 58,89+18,36% 100,00+0,00?
XCl15 88,22+13,47° 100,00+0,00*
YBI 22,22+1,92¢ 0,00+0,00°
YB5 45,56+13,47% 36,67+23,33%
YB10 57,78+5,09 88,89+6,94*
YBI15 73,33+17,64° 100,00+0,00?
SN1 23,33+14,53% 0,00+0,00°
SN5 62,22+18,36° 7,78+13,47°
SN10 60,00£14,53 60,00+33,33°
SN15 75,56+13,88" 100,00+0,00?
BX1 7,78+6,94¢ 0,00+0,00°
BX5 30,00£17,32% 23,33+£16,67°
BX10 62,22+19,53% 92,22+13,47°
BX15 76,67+9,98° 100,00=0,00°

Cac tlr NS, XC, YB, SN, BX thé hién cho nghiém thirc dbi chirng va cac
nghiém thirc clia 5 cao chiét ho Cuc dwoc khao sat & néng do 1; 5; 10
va 15 mg/ml. Cac sb cé chiv cai theo sau giéng nhau trong ciing mét cot
thi khac biét khéng y nghia & mirc 5% qua kiém dinh Tukey.

thoi c¢6 chura ham lugng phenolic va flavonoid dang ké da
gdy anh huong dén sy nay mam hat. Trong nhiéu nghién
clru da dé cap dén viéc cac allelochemical dién hinh 1 céac
hop chét phenolic nhu acid benzoic, p-coumarin, flavonoid
hay alkaloid, terpenoid... & ndng do cao c6 thé trc ché su
hinh thanh acid nucleic, protein va lam gidm adenosine
triphosphate din dén giam qua trinh trao d6i cht cua té bao
ddng thoi c6 thé anh huong dén kha nang hap thy nudc, kha
nang giir chat dién giai va tiéu thu O,, lam xao tron cac con
duong chiu trach nhlem téng hop cac hormone thuc vat can
thiét cho sy nay mam cua hat. Hon nita, cac horp chat nay
con c6 thé 1am thay doi tinh thim ciia mang té bao, trc ché
cac qua trinh quang hop va ho hap cua thuc vat tir d6 e ché
kha ning nay mam cua ching [1]. Ngoai ra, cac nhom hop
chat c6 do phan cyc thap cua hai phan doan dau dugc phan
lap tir chiét xuét ethyl acetate cua 14 ngii sic tai nong do
10% da thé hién kha ning tc ché lan luot 12 100 va 95% sy
nay mam cia co dai dén gai (Amaranthus spinosus L.) [21].

3.4. Khi nang vrc ché chiéu dai ré, chiéu dai than,
trong lwong twoi va trong luwong kho

Két qua khéo sat sy anh huong cua cao chiét cac loai ho
Clic dén cac chi tiéu ting truong dugc trinh bay & cac bang
3 va 4. Tuong tu két qua tai bang 2, cao chiét ho Cuc ¢
phén trim wrc ché sy ting truong cta thuc vét thir nghiém ty
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1€ thuan voi néng d6. Boi véi xa lach, tai néng do 1 mg/ml,
cac cao chiét ho Cuc da trc ché hon 50% chi tiéu tang truong
chidu dai ré. Cac chi tiéu tang truong khac ciia xa lach cho
thdy it bi anh hudng tai ndng do nay. Tai ndng d6 5 mg/ml,
cao chiét ngil sic c6 phan tram wc ché dang ké cac chi tiéu
chiéu dai ré - than, trong luong twoi - kho 1an lugt 14 91,12;
81,61; 77,53 va 79,86% cua cay con. Tai néng doé 10 mg/
ml, cao chiét ngii sic va xuyén chi thé hién phan trim trc ché
cac chi ti€u tang trudng cua xa lach cao hon so védi cac cao
chiét con lai. Tai néng d6 15 mg/ml, tat ca cc cao chiét déu
thé hién kha nang trc ché cac chi tiéu vé chidu dai va trong
luong cia xa lach 1a 100%, khac biét c6 y nghia so voi déi
ching. Di véi cai cu, tai ndng d6 1 mg/ml, cao chiét ngii
sdc thé hién kha nang trc ché trén 50% & tat ca cac chi tiéu
danh gia. Tai cac nong do str dung 1a 5 va 10 mg/ml, phan
tram (rc ché chiu dai ré - than va trong luong tuoi - kho cua
tat ca cac cao chiét ting dan. Tai ndng do 15 mg/ml, cao
chiét ngii sic co phan trim tc ché sy ting truong vé chidu
dai ré - than, trong luong twoi - kho cia cai cu lan luot 1a
88,51; 89,10; 92,32 va 95,74%.

Bang 3. Phan tram (¢ ché chiéu dai ré - than cua cay con cai cu
va xa lach.

Phan trim e ché (%)

Cao

. Ciici Xa lich
chiét

Chiéu dairé  Chiéu dai than Chiéu dairé  Chiéu ddi than

NS1 55,83+5,13°  59,08+9,48°  7596+546°  57,74+18,74°
NS5  72,1145,01°  57,63+4,36°  91,12+1,18  86,61+4.46°
NSI10  83,5142,59*  69,98+2,73*  100,00+0,00°  100,000,00°
NS15  88,51+4,82¢  89,10+3,64°  100,00+0,00°  100,00+0,00°
XC1  48,92+47.92°  46,0242,95°  66,39+6,51°  28,52+17,54°
XC5  62,7243,63"  55,58+3,57°  87,43+3,10°  85,7144,72¢
XCI0  75,64+5,55%  70,42+1,56°  100,00£0,00°  100,00:£0,00°
XC15 86,5144,49°  7439+2,16°  100,00+0,00°  100,00+0,00°
YB1  4839+7,14°  47,0742,59°  55,19+9.43%  18,25+4.,63°
YB5  52,49+1,05°  53,8543,56°  88,52+4,99°  73,51+6,70°
YBIO  71,94+4,69°  69,65+5,89°  91,80+0,00°  91,07+0,00°
YBI5  75,86+3,66°  73,36+7,19°  100,00+0,00°  100,00+0,00°
SN1 35,53+11,32¢  42,59+3,94>  5628+2,50¢  15,77+6,27°
SN5  47.83+6,79* 51214589  84,70+3,87°  74,90+6,36"
SNI0  60,02+5,68®  67,43+426°  91,53+0,47°  80,95+9,38"
SNI5  72,71+4,53*  69,27+531*  100,00+0,00°  100,00+0,00°
BX1  32,98+15,98  40,00+3,89  55,90+10,25°  18,1548,58¢
BX5  44,69+4,69"  4727+4.87°  84,97+546°  71,658,17°
BX10 58,81+7,61®  63,00£6,33*  91,80+0,00  78,25+7,55
BX15 69,19+2,78"  66,86+3,75°  100,00+0,00°  100,00+0,00°

Gié tri thé hién trung binh cla 3 1an I&p lai. Cac tir NS, XC, YB, SN va
BX va chiv sb 1, 5, 10 va 15 thé hién cac nghiém thirc clia 5 cao chiét
ho Cuc dwoc khao sat & ndng do 1, 5, 10 va 15 mg/ml. Cac sb co chi
cai theo sau giéng nhau trong cling mét cot thi khac biét khéng y nghia
& mirc 5% qua kiém dinh Tukey.
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Bang 4. Phan tram (¢ ché trong lwong twoi - kho cha cay con cai
cu va xa lach.

Phan trim e ché (%)

Cao Ciii cii Xa Lich
chiet

Trong luong Trong lwong  Trong luong  Trong luong

twoi kho twoi kho
NS1 59,06+15,06°  56,01+5,42¢  33,79+10,85¢ 57,03+7,95°
NS5 77,80+13,36*  63,51£10,51° 75,53£16,59° 79,86+7,47°
NS10 83,72+12,16®  73,43+1,74°  100,00+£0,00*°  100,00+0,00°
NS15 92,32+1,22? 95,74+3,78*  100,00+0,00*  100,00+0,00°
XCl1 58,1245,64° 29,19+2,66¢  21,24+6,86°  57,42+11,44°
XCs 62,56+12,68"  57,41+1,13°  54,32+14,56" 79,62+25,49"
XC10 78,15+13,82®  77,29+6,47°  100,00+0,00°  100,00+0,00°
XC15 90,67+2,63* 90,85+1,58*  100,00+0,00*  100,00+0,00°
YBI 58,67+1,10° 27,64+0,49°  30,62+26,14¢  50,16+0,60°
YBS 76,124+4,92° 62,05+5,92°  64,95+6,00°  66,27+16,17*
YBI10 82,7943,69% 76,86+4,97*  93,25+1,97*  81,87+7,10®
YBI5 91,54+4,21* 85,26+6,29*  100,0040,00°  100,00+0,00°
SN1 52,96+5,76° 26,28+7,21°  25,66+12,89¢  38,86+6,77°
SNS5 61,88+19,47°  49,52415,01°  45,79+2,38°  47,31+4,84°
SN10 73,60+13,24®  72,34+7,33*  72,60+£3,80°  75,00+21,39°
SN15 91,53+4,21* 85,32+0,62*  100,00+0,00°  100,00+0,00?
BX1 52,82+18,57¢  22,85+6,39°  44,28+4,75°  39,73+1,99¢
BXS5 61,9246,22° 51,72+13,92°  49,75425,08" 46,84+4,17¢
BX10 66,56+5,31* 67,24+5,49"  80,78+5,78®  69,43+2,46"
BX15 80,46+7,88° 81,65+7,43*  100,00+0,00°  100,00+0,00°

Gia trj thé hiC?n trung binh ctia 3 Ian I3p lai. Cac t NS, XC, YB, SN va
BXvachrsb 1,5, 10 va 15 thé hién cac nghiém thirc ctia 5 cao chiét
ho Cuc duwoc khéo sat & nong d6 1, 5, 10 va 15 mg/ml. Cac so cé chir
cai theo sau giéng nhau trong cung moét cot thi khac biét khéng y nghia
& muirc 5% qua kiém dinh Tukey.

C6 thé nhan dinh rfing, cac chi sb vé ty 1¢ nay mam,
chiéu dai ré, chiéu dai than, trong lugng tuoi, trong lugng
kho 12 nhitng thanh phin ning suat cta cdy trong trong qua
trinh nghién ctru phan tich sy tang truong cua thyc vat. Hién
tuong d6i khang tic dong va lam giam chi tidu vé ning sut
clia cdy trong 1a do vai tro ciia cac hop chét ddi khang c6
trong chiét xuat thyc vat co thé anh huong dén su phan
chia, kéo dai té bao & ving ré va chdi. Hon nita, cac chat
allelochemical gay ra nhitng dnh huéng tiéu cuc dén higu
sudt luong tir ciia hé théng quang II, 1am giam hiéu suat
clia qua trinh quang hop, anh huéng dén sy tich liy chat
hitu co 1am giam chiéu cao va trong lugng ciia cdy chi thi.
Céc hop chat ddi khang nay con giy ra nhimng cing thang
(stress) tai vang ré 1am giam kha ning hép thy nudc va cht
dinh dudng cta thyc vat do d6 anh hudng dén su phat trién
cua chiéu dai than. Bén canh do, chiéu dai ré va chiéu dai
than giam c6 thé gop phan lam giam trong lugng tuoi va
trong luong khé cua thuc vat. Ngoai ra, cao chiét ngii sdc
dd duoc chig minh c6 thé trc ché cac chi tiéu ting truong
trén mot sb thue vat nhu vung, cac loai co dai thude ho dén,
¢6 chi leo... [21, 22]. Nhin chung, cao chiét cta 5 loai ho
Cuc dic biét 1a ngii sic c6 kha niang tre ché cac chi tiéu ting
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trudng va ndy mam cla cai cu va xa lach, chimg minh day
1a nhitng loai c¢6 kha niang d6i khang thyc vat day tiém ning.
Tir nhitng két qua trén, c6 thé trién khai cac nghién ctru tiép
theo dé khao sat hoat tinh d6i khéang cua cac cao chiét nay
trén mot s6 loai co dai huéng dén viéc tim ra cac chiét xudt
hodc cac hop chét diét co ¢o nguén géc ttr ty nhién an toan,
than thién voi moi truong.

4. Két luan

Cao chiét tir cac loai thuc vat ho Cuc 6 sy hién dién cua
cac hop chat dbi khang thuc vat va c6 chira ham luong 2
hop chat thir cap 1a phenolic, flavonoid cao. Hiéu qué trc ché
céc chi tiéu nay mam va ting truong phu thudc vao ndng do
khao sat. Tai ndng d6 15 mg/ml, cao chiét ngii sic thé hién
hoat tinh ddi khang thyc vat trén cai cu va xa lach hiéu qua
hon so v6i cac cao chiét con lai. Do d6, can ¢ nhitng nghién
ctru tiép theo dé huéng dén khai thac tiém ning diét co tir
céc chiét xuat cua ngil sic, tach chiét cac phan doan dé tim
ra hoat chat ddi khang dé gop phan vao nghién ctru va san
xuét thudc diét co sinh hoc an toan va hidu qua c6 ngudn
géc tur thue vat.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

Bai béo glii dang trén Tap chi phai la bai bao nguyén thuy (chua dugc cong bd trude do). Tac gid khong dugc gli dang bai béo trén cac
tap chi khac cho dén khi c6 quyét dinh xét duyet clia Ban Bién tap.

Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

Bai bao gli qua Hé théng gli bai tryc tuyén tai dia chi https:/b.vjst.vn/index.php/ban_b/about/submissions hodc c6 thé gl truc
tiép dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan CAu Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién td:
khoahocvacongnghevietnam @most.gov.vn.

CA4u tric cla cac loai bai bao khac nhau cé thé thay di tly theo loai hinh nghién ctiu va néi dung clia bai bao. Sau day la chi tiét cac
thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
tén tac gid dugc danh s6 ("2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét § cudi trang dau tién clia bai bao.

Khi liét ké co quan cong tac cla tac gia, can néu rd tén co quan va dia chi co quan (sd nha, tén dudng, phudng, quan, thanh phé, quéc
gia) béng tiéng Viét va ti€ng Anh.

Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Nghién ciru sang loc 40 cic hop chit di vong thiazole huéng e ché G Virtual screening of thiazole-based heterocyclic derivatives as inhibitors

enzyme 3CLpro ciia virus Corona nhiam phat trién cac thudc diéu tri
COVID-19.

Lwong Thi Thanh Huyén, Nguyén Thi Hong Dirc, Nguyén Huy Hodng,
Nguyén Vin Ha

Nghién ctru Iy thuyét sy hip phu cac phan tir hitu co' dé bay hoi trén bé
mit MoSe,.
Nguyeén Ngoc Tri, Cao Thi Huong

Nghién ciru cic dic trung ciia cam bién khi NH, dya trén cic mang
nhay polypyrrole pha tap FeCl, ¢ nhi¢t dj phong.

Hoang Thi Hién, Chu Van Tuan, Tran Thanh Binh, Do Huy Hoang, Ho
Truong Giang

Nano bac ning cao hiéu qui tai sinh chdi tir mau cAy canh hoa Thu hai dwong
(Begonia x tuberhybrida Voss) thong qua con dwdong tong hop carbohydrate.
Hoang Pdc Khai, Nguyén Viét Hung, Hodng Thanh Ting, Vii Quéc Ludn,
D6 Manh Cuweong, Nguyén Thi Nhuwe Mai, Hoang Thi Nhie Phirong, Podn Vin
Thu, Pé Thanh Tudn, Duong T an Nhut

Xa khuén c6 khi ning nudi cdy trong dét 6 nhiém dioxin, kha niing sinh
laccase va tiém niing ing dung trong xir Iy sinh hoc.

Pao Thi Ngoc Anh, Bui Thi Khanh Ly, Tran Hwong Quynh, Nguyén Thi
Nguyét, Ho Ngoc Anh, Vi Thi Kim Chi, Pham Ngoc Long, Cung Thi Ngoc
Mai, Nguyén Phwong Minh, Lé Thi Nhi Cong

Panh gia kha nang khang Staphylococcus aureus khang methicillin cia
pinostrobin tir cao chiét Tram tron (Syzygium glomeratum).
Mai Thi Ngoc Lan Thanh, Hoang Anh Hoang

Cap nhit danh luc ho Ray ¢ Viét Nam.
Tran Van Tién, Nguyén Van Du, Trinh Xudn Thanh

Cudng d va do bén ciia vira sir dung bi ca phé thay thé mét phin cot
liéu nhé.

Neuyén Bang Neuyén, Mai Thi Hong, Nguyén Vin Diing

Nghién ciru ché tao vét lidu hip phu diu tir rom bién tinh bing
copolymer glycidyl methacrylate va lauryl methacrylate.

Lé Puc Manh, Vii Thi Ngoc Anh, Pham Hoang Nhdt Huy, Dinh Thi Vin,
Mai Quang Tuyén

Téi wu quy trinh Tetra-primer ARMS PCR xic dinh da hinh don
nucleotide rs1799929 ciia gen NAT2 & ngudi tai mot sé tinh, thanh phd
cia Viét Nam.
Triéu Tién Sang, Tran Van Khoa, Nguyé~n Van Phong, Ta Thi Binh, Pham
Xudn Thé Anh

DPanh gia md hinh hén hop vic xin bach hiu - uén van - ho ga vé bao
(DTaP) tai Vién Vic xin va Sinh phim Y té.

Nguyén Thi Thu Hoa, Nguyén Xudn Khdanh Ha, Dwong Khdanh Minh, Nguyén
Thi Lan Phuong, Duwong Hitu Thai

Thuec trang kiém dinh dinh ky thiét bi y té trong qua trinh sir dung tai
cic co s6'y té & mot s dia phuong.

Mai Xudan Thu, Nguyé~n Thi Minh Hiéu, Trinh Ngoc Thanh, Nguyé~n Minh
Anh, Tran Ngoc Anh, Pham Thi Hué, Dang Quéc Nghia, Khuwong Anh Tuén

Khao sat dnh huong ciia cao chiét cac loai thye vét thude ho Ciic Ién sy
nidy mim va ting truéng hat.
V6 Ngoc Nguyén, Tran Thanh Mén, Tran Ngoc Quy
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of Coronavirus 3CLpro enzymes for the development of COVID-19
therapeutics.

Thi Thanh Huyen Luong, Thi Hong Duc Nguyen, Huy Hoang Nguyen, Van
Ha Nguyen

Theoretical study on the adsorption of volatile organic compounds on
MoSe, surface.
Ngoc Tri Nguyen, Thi Huong Cao

Room-temperature fabrication and characterisation of ammonia gas
sensors based on FeCl,-doped polypyrrole thin films.

Thi Hien Hoang, Van Tuan Chu, Thanh Binh Tran, Huy Hoang Do, Truong
Giang Ho

Silver nanoparticles enhanced shoot regeneration from Begonia X tuberhybrida
Voss petal explants via carbohydrate synthesis pathway.

Dac Khai Hoang, Viet Hung Nguyen, Thanh Tung Hoang, Quoc Luan Vu,
Manh Cuong Do, Thi Nhu Mai Nguyen, Thi Nhu Phuong Hoang, Van Thu
Doan, Thanh Tuan Do, Tan Nhut Duong

Culturable actinomycetes in dioxin-contaminated soil, laccase-producing
ability and potential for application in bioremediation.

Thi Ngoc Anh Dao, Thi Khanh Ly Bui, Huong Quynh Tran, Thi Nguyet
Nguyen, Ngoc Anh Ho, Thi Kim Chi Vi, Ngoc Long Pham, Thi Ngoc Mai
Cung, Phuong Minh Nguyen, Thi Nhi Cong Le

Evaluation of the ability of pinostrobin against methicillinresistant
Staphylococcus aureus from Syzygium glomeratum extract.
Thi Ngoc Lan Thanh Mai, Hoang Anh Hoang

Updated checklist of Araceae in Vietnam.
Van Tien Tran, Van Du Nguyen, Xuan Thanh Trinh

Strength and durability of mortar containing spent coffee grounds as a
part of fine aggregate.
Dang-Nguyen Nguyen, Thi-Hong Mai, Van-Dung Nguyen

Study on the synthesis of oil adsorbent materials from straw and glycidyl
methacrylate-lauryl methacrylate copolymer.

Duc Manh Le, Thi Ngoc Anh Vu, Hoang Nhat Huy Pham, Thi Van Dinh,
Quang Tuyen Mai

Optimisation of the Tetra-primer ARMS PCR protocol for detecting the
single-nucleotide polymorphism rs1799929 of the NAT2 gene in humans
from some provinces, cities in Vietnam.

Tien Sang Trieu, Van Khoa Tran, Van Phong Nguyen, Thi Binh Ta, Xuan The
Anh Pham

Evaluation of Diphtheria-Tetanus-Acellular pertussis (DTaP) vaccine
combination model at Institute of Vaccines and Medical Biologicals.

Thi Thu Hoa Nguyen, Xuan Khanh Ha Nguyen, Khanh Minh Duong, Thi Lan
Phuong Nguyen, Huu Thai Duong

Current status of periodic accreditation of medical devices during use at
medical facilities in some provinces.

Xuan Thu Mai, Thi Minh Hieu Nguyen, Ngoc Thanh Trinh, Minh Anh Nguyen,
Ngoc Anh Tran, Thi Hue Pham, Quoc Nghia Dang, Anh Tuan Khuong

The effects of the Asteraceae family’s extracts on seed germination and
growth.
Ngoc Nguyen Vo, Thanh Men Tran, Ngoc Quy Tran
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