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Nghién ctru thanh phan héa thwe vat
cua hoa Chiéu tim Ruellia brittoniana L.

Nguyén Phiic PAm?, Ng6 Viét Thang!, Nguyén Vin Kiét?, Phung Thi Hang!,
Ho6 Hoang Viét!, Thai Thi Tuyét Nhung?, Ngé Qudc Luin®*
'Pai hoc Can Tho, khu 2, dwong 3/2, phwdng Ninh Kiéu, TP. Cén Tho, Viét Nam
2Truong Pai hoc Ky thudt - Céng nghé Cén Tho, 256 Nguyén Vén Cir, phuorng Cdi Khé, TP. Can Tho, Viét Nam

Ngay nhan bai 11/8/2025; ngay chuyén phan bién 13/8/2025; ngay nhin phéan bién 19/9/2025; ngay chip nhin ding 25/9/2025

Tom tdt:

Nghién ctiru ndy dwoc thwe hién nham phan tich va xac dinh mét s6 thanh phan héa thwc vat cia cao chiét
tir hoa Chiéu tim (Ruellia brittoniana L.) bang cach ap dung cac phwong phap phan tach siac ky két hop véi
cac ky thuéit phén tich hién dai. Ttr phin doan n-hexane, hai hop chit lupeol (1) va 3,4-seco-friedelan-3-oic
acid (2) da dwoc phan lap. Phian doan ethyl acetate da phan 1ap dwoc thém bén hop chit: quercetin (3),
apigenin (4), 2-0-methyl-a-D-fructofuranoside (5), va apigenin 7-0-B-D-glucuronide methyl ester (6). Viéc
giai doan ciu tric héa hoc va nhian danh cac hop chit nay dwa trén cac sé liéu phé ESI-MS, 1H-NMR va
13C-NMR, két hg'p v&i viéc so sanh v&i cac tai liéu da cong b triedrc day. Trong sau hgp chit dworc nhin danh
c6 ba hop chit 2, 5 va 6 lan dau tién dwoc bio cio hién dién ¢ hoa Chiéu tim. Két qua nay géop phin bo sung
hiéu biét vé thanh phan hoéa thwc vat caa loai, lam co’ s& cho cic nghién ciru ti€p theo vé hoat tinh sinh hoc,
danh gia dwoc ly va tiém nang wwng dung cic hop chat tw nhién trong linh virc dworc liéu.

Tir khéa: apigenin, ciy Chiéu tim, lupeol, quercetin, Ruellia brittoniana, 3,4-seco-friedelan-3-oic acid.

Chi s6 phdn logi: 1.4, 1.6, 3.4

Phytochemical study of the flowers of Ruellia brittoniana L.
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Abstract:

This study was conducted to analyse and determine some phytochemical components of the extract
from Ruellia brittoniana L. flowers using chromatographic separation methods combined with modern
analytical techniques. From the n-hexane fraction, two compounds were isolated: lupeol (1) and 3,4-seco-
friedelan-3-oic acid (2). The ethyl acetate fraction afforded four additional compounds: quercetin (3),
apigenin (4), 2-0-methyl-a-D-fructofuranoside (5), and apigenin 7-0-f-D-glucuronide methyl ester (6). The
chemical structures of these compounds were elucidated and identified using electrospray ionisation mass
spectrometry (ESI-MS), together with 'H- and '*C-nuclear magnetic resonance (NMR) spectroscopic data,
in conjunction with comparisons to previously published literature. Among the identified constituents,
compounds 2, 5, and 6 are reported for the first time from the flowers of R. brittoniana L. These findings
contribute to a better understanding of the phytochemical composition of this species and serve as a basis
for further research on biological activities, pharmacological potential as well as the feasibility of medicinal
research on natural products.

Keywords: apigenin, lupeol, Mexican petunia, quercetin, Ruellia brittoniana L., 3,4-seco-friedelan-3-oic acid.

Classification numbers: 1.4, 1.6, 3.4
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1. Dt van de

CAay Chiéu tim c6 tén khoa hoc 1a Ruellia brittoniana
(L.) [1] hay Ruellia simplex C. Wright, Ruellia angustifolia,
Cryphiacanthus angustifolius Nees, Ruellia tweediana | 2-
4]1a mot loai thure vat than thao séng lau nam thudéc ho O
r6 (Acanthaceae), xuit hién pho bién & cac vung khi hau
néng dm. Ciy nay thwong dwoc trong xung quanh cac
toa nha va khu dan cw d€1am canh. Cac nghién ctru truéc
day da chirng minh rang R. brittoniana thé hién cac hoat
tinh sinh hoc nhw tinh chéng oxi héa [5, 6], chdng ung
thw [7] va chéng viém [5]. Cac nghién ctiu hoa thuc vat
trén thé gi¢i tredre day da phat hién sy hién dién cia mot
s6 hop chit thudc cdc nhém nhw steroid, triterpenoid,
flavonoid, lignan va mot sé phenolic khac [5, 8-10]. Tai
Viét Nam, trwérc cong bo nay chi cé hai bai cia thanh vién
nhém ching t6i véi cadc khdo sat bwée dau trén ddi twong
hoa Chiéu tim vé viéc ly trich hén hop anthocyanin lam
chat chi thi acid-base [11], danh gid ham lwgng flavonoid
toan phan va kha nang chéng oxi hda cta cao chiét [12].
Tuy nhién, di¥ liéu nghién ctru toan dién vé thanh phan
ho6a hoc va tiém nang duwgc ly ca R. brittoniana van con
han ché. Nghién ctru nay nham muc dich b6 sung dir liéu
veé viéc mé ta dic diém hoda thwc vat ctia loai nay, dic biét
la trong diéu kién loai nay phéin b6 & Viét Nam.

2. Thuc nghiém
2.1. Nguyén liéu thwc vit

Hoa Chiéu tim dwoc thu thap tir Tra On, tinh Vinh
Long, Viét Nam vao thang 6/2020. Trwéc do, cay nay da
dwoc dinh danh khoa hoc la R. brittoniana L. b&i PGS.TS.
Pang Minh Quan, Khoa Sw pham Sinh hoc, Trwong Sw
pham, Pai hoc Can Tho vao thang 5/2018. Mau vat (ma
s6: CTUTP-2018) da dwgc lwu gilr tai Phong Thi nghiém
Héa sinh - Hitu co, Khoa Sw pham Héa hoc, Trwdng Sw
pham, Pai hoc Can Tho.

2.2. Phwong phdp thwc nghiém
2.2.1. Phwong phdp sdc ky

Chiét xudt chit ran thanh chit léng dwoc thuc
hién véi mot s6 dung moi thdong dung nhw methanol,
n-hexane va ethyl acetate. Sau d6, dich chiét dworc tach
dung moi dudi ap suit gidm bang may c6 quay RE-52A
(Trung Qudc).
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Sac ky 16p méng (TLC) st dung silica gel Merck 60
F254 (d6 day 0,25 mm) trén cac ban méng nén nhém
trang sdn. Sw hién dién cta cac hop chit dwoc phat hién
bang cach quan sat dwdi dén UV & budc song 254 va
365 nm, hoic bang cach phun sulfuric acid 10% trong
ethanol valam néng & 105-120°C trong 1-2 phut. Péi véi
sac ky cot pha thwong (NP-CC), silica gel 60 (230-400
mesh ASTM, Merck) dwoc st dung lam pha tinh. Sic ky
pha ddo (RP-CC) st dung silica gel RPC-18, Merck. Viéc
tach cac hop phan duoc tién hanh véi cdc hdn hop dung
moi ty 1é thay ddi (gradient) theo hwéng ting (d6i voi
NP-CC) hoac giam (d6i véi RP-CC) dan dd phan cuc tir
cac don dung moi n-hexane, dichloromethane, acetone
va methanol. Hop chit c6 1ap thwong dwoc tinh ché bang
phwong phap két tinh trong dung moi tinh khiét.

2.2.2. Xdc dinh c6ng thirc va nhdn danh

Diém néng chay duoc do bang thiét bi do nhiét do
néng chdy dung mao quan (RY-1, Trung Quéc) tai Pai
hoc Cin Tho. Cac phd 1D-NMR va 2D-NMR nhuw: proton
(*H), carbon (**C) dwoc ghi v&i thiét bi FT-NMR Bruker
hoat déng & tin s6 500 hodc 600 MHz; khdi phd dwoc
phan tich bang hé théng HP 1100 series LC/MSD Trap
(Agilent, M¥) tai Vién Han lam Khoa hoc va Céng nghé
Viét Nam.

2.3. Tdch chiét va cé ldp

Hoa Chiéu tim kho (1 kg) dwoc nghién va chiét xuit
bing methanol & 25-28°C (5 1, bon 1an, mdi 1an 48 gio).
Dich chiét methanol dwgc gbp lai va c6 dac dwédi ap suat
gidm & 45°C roi sdy kho ¢ 50°C thu dwgc 210 g cao MeOH
thé. Cao chiét nay dwoc 1am phan tan véi nwée 50°C va
1an lwot chiét phan b6 v&i n-hexane va ethyl acetate,
thu dwoc cac cao phan doan twong &ng n-hexane (18 g),
ethyl acetate (26 g) va phan doan nuérc.

Cao n-hexane (18 g) dwoc thuwc hién NP-CC (kich
thudc cot: dwong kinh 10 cm x chiéu cao 25 cmy; silica gel:
0,9 kg), rira gidi bang hé n-hexane-acetone (gradient, 1:0
dén 0:1, v/v), thu dwoc 13 phan doan (H1-H13). Phan
doan H4 (0,18 g) dwoc tinh ché thém bing NP-CC vé&i
n-hexane-dichloromethane (6:4, v/v) thu dwoc hop chat
1 (39 mg). Phan doan H10 (2,29 g) dwoc tinh ché thém
bang NP-CC véi n-hexane-acetone (75:25, v/v) thu duoc
hop chit 2 (21 mg).
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Cao ethyl acetate (26 g) cling dwoc thwc hién NP-CC
twong ty (cung kich thwéce cot va lwong silica gel) st
dung hé CH,Cl,-MeOH (gradient, 1:0 dén 0:1, v/v), thu
dwoc 12 phan doan con (Eal-Ea12).Phan doan Ea7 (0,92
g) dugc tinh ché thém bang NP-CC véi hé CH,Cl,-MeOH
(gradient, 1:0 dén 0:1, v/v), sau d6 két tinh lai trong
methanol thu dwgc hop chit 3 (9 mg). Phian doan Ea9
(1,77 g) dwoc tiép tuc qua trinh NP-CC véi hé CH,Cl,-
MeOH (9:1, v/v) thu dwoc hop chit 4 (198 mg).

Phin doan Ea10 (1,79 g) dwoc tién hanh NP-CC st
dung CH,Cl,-MeOH (ty 1& 1:0 dén 0:1, v/v), thu dwoc 8
phan doan con (Ea10.1-Ea10.8). Phan doan Ea10.6 (480
mg) dwoc tinh ché trén NP-CC véi EtOAc-MeOH (9:1,
v/v), thu dwoc 5 phan doan (Eal0.6.1-Ea10.6.5). Phan
doan Ea10.6.1 (89 mg) dwoc ti€p tuc tinh ché thém v&i
RP-CC, str dung silica gel RP-C18 va hé MeOH-H,0 (ty 1é
8:2, v/v) lam pha doéng thu dwgc hop chit 5 (6 mg).

Phan doan Ea10.7 (149 mg) ciing dwgc tinh ché bang
NP-CC v&i hé CH,Cl,-MeOH (5:5, v/v) thu dwoc hop chat
6 (26 mg).

3. Két qua va ban luan
3.1. Pdc tinh vat Iy va dir liéu phé

Lupeol (1): Bot vé dinh hinh mau tring, mp. 215-
216°C. ESI-MS m/z: 427 [M+H]* (C, H. 0). H-NMR,
13C-NMR: Xem bang 1.

300 50

3,4-seco-friedelan-3-oic acid (2): Tinh th€ mau tring,
mp. 118-120°C. HRMS m/z: 445,4102 [M+H]*(C, H,,0,).
'H-NMR, *C-NMR: Xem bang 1.

Quercetin (3): Tinh thé mau vang, mp. 315-316°C.
HRMS m/z: 301,0362 [M-H]" (C,H,0,). 'H-NMR,
13C-NMR: Xem bang 2.

Apigenin (4): Tinh thé mau vang nhat, mp.345-
346°C. ESI-MS m/z: 269 [M-H] (C ). 'H-NMR,
13C-NMR: Xem bang 2.

15 10()5

2-0-methyl-a-D-fructofuranoside (5): B6t mau
tring, mp. 119-120°C. ESI-MS m/z: 192,7 [M-HJ, 216,8
[M+Na]*(C ). tH-NMR, 3C-NMR: Xem bang 3.

7 14()6

Apigenin-7-0-3-D-glucuronide methyl ester (6):
Tinh thé mau vang nhat, mp. 244-245°C. HRMS m/z:
459,0921 [M-H] (C,H 'H-NMR, *C-NMR: Xem
bang 2.
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3.2. Xdc dinh céng thirc héa hoc cta cdc hgp chdt
phan ldp

3.2.1. Hop chdt 1

Pho ESI-MS (+) cho thdy cac tin hiéuion phan ti gid tai
m/z 427 [M+H]* va m/z 409 [M+H-H,0]*, goi y xac dinh
céng thirc phan tlir 1a C3oH500 (MW=426 dvC, 6 d bat
bio hoa). Phé 'H-NMR cho thiy tin hiéu proton olefin tai
8,4,69 (1H, s) va 4,57 (1H, s), twong (rng véi mot nhom
isopropenyl; va mot proton carbinol tai 6, 3,19 (1H, dd,
J=4,5, 11,5 Hz) chitng té c6 mot nhém hydroxymethine
(>CH-OH). Bay tin hiéu cdng hwéng don cta cic proton
methyl duoc quan séat thdy & 6, 1,68, 1,03, 0,97, 0,94,
0,83,0,79 va 0,76 ppm.

Bang 1. Dir liéu phé NMR ciia cac hop chat 1 va 2.

Hop chit 1 (CDCL,, 500/125 MHz)  Hop chat2 (CDCL, 600/150 MHz)

Vi tri

8, (ppm), ] (Hz) 6.(ppm) &, (ppm), ] (Hz) 6. (ppm)

1 38,8 1,55 (1H, m) 211
2 27,5 2,38 (2H; ddd; 2,4;3,6;42) 373
3 3,19 (1H; dd: 4,5;11,5) 775 1783
4 389 1,10 (1H;m) 1,37 (1H;m) 36,1
5 0,68 (1H; d; 9,5) 554 378
6 184 1,15 (1H; m) 1,49 (1H;m) 39,0
7 343 1,38 (1H; m) 181
8 40,9 1,21 (1H; m) 53,0
9 50,5 39,1
10 37,2 0,82 (1H; m) 59,8
1 21,0 1,40 (2H; m) 35,2
12 252 1,30 (2H; m) 30,2
13 38,1 39,6
14 429 383
15 275 129 (1H; m) 1,48 (1H;m) 323
16 356 1,36 (2H; m) 36,1
17 430 30,0
18 483 1,52 (1H; m) 42,9
19 238(1H;dd; 6,0;11,0) 480 1,26 (1H; m) 353
20 151,0 282
21 1,91(1H;m) 29,9 1,23 (1H; m) 1,45 (1H; m) 329
22 40,0 0,92 (1H;m) 1,41 (1H;m) 39,3
23 097(3H;s) 28,0 0,77 (3H; £; 7,2) 76
24 0,76(3H;5) 154 0,79 (3H; 5) 194
25 083(3H;5) 16,1 0,87 (3H; 5) 179
26 094(3H;s) 16,0 0,98 (3H; 5) 20,2
27 1,03(3H;s) 146 1,01 (3H; ) 1838
28 0,79(3H;5) 180 1,17 (3H; 5) 321
29 469 (1H;5) 457 (1H;s) 1093 0,94 (3H;s) 35,0
30 1,68 (3H;5) 193 0,99 (3H; 5) 31,9

Ngudn: Nhém tac gia tdng hop.



Phé 3C-NMR cho thiy 30 tin hiéu carbon, bao gém
hai carbon olefin ¢ §.151,0 va 109,3; mot carbon
hydroxymethine & 6. 77,5 va bay carbon methyl & §_
28,0, 19,3, 18,0, 16,1, 16,0, 15,4 va 14,6 ppm (bang 1).
Cac dic diém phd nay phu hop véi cdu tao ciia bo khung
lup-20(29)-ene véi mot nhém hydroxyl & C-3. Theo do,
di liéu ph6 nay dwgc so sanh véi dir liéu da bao cao
trwde day [13] cho phép xac dinh hgp chit 1 13 lupeol
(hinh 1).

Lupeol (fagarsterol) 1a mot triterpene cé nhiéu tac
dung dwgc ly nhw ha cholesterol, chong viém, chéng ung
thw, bdo vé tim va than [14]. Nghién cru ctia P. Cmoch
va cs (2008) [15] cho thay, lupeol giy doc té bao & nhiéu
dong ung thw (CEM, MCF-7, A-549, RPMI 8226, Hela,
G361) & mic trung binh véi ICso khoang 37-50 uM sau
72 gio. Y. Aratanechemuge va cs (2004) [16] cling chitng
minh lupeol ¢ ché té bao HL-60, khdang dinh tiém nang
tri liéu dang ké.

3.2.2. Hop chdt 2

Phé ESI-HRMS(+) cho thdy mét tin hiéu ion phan ti
gia & m/z 445,4102 [M+H]*, cho phép xac dinh cong thirc

SR

OH (o]
R; = R3;= OH; R, = H: Quercetin (3)
R; =R, =Rj;=H: Apigenin (4)
R; =R3 = H; R, = G: Apigenin-7-0--D-
glucuronide methyl ester (6)

Hinh 1. C4u triic héa hoc ciia cac hop chat da phan lap. Ngudn: Nhém tac gia téng hop.
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phén ti 14 C3oHs,0, (MW=444 dvC, 5 d6 bat bao hoa).
Ph6 'H-NMR cho thiy, cac tin hiéu cht yéu & ving trueong
cao (0-3 ppm), bao gbm tam tin hiéu methyl: bay tin hiéu
dontai§, 1,17, 1,01, 0,99, 0,98, 0,94, 0,87 va 0,79 ppm
(mo6i cong hwdng 3H, s) va mét tin hiéu ba (triplet) tai §,,
0,77 ppm (3H, t, J=7,2Hz) (bang 1) cho thiy, mdt nhém
methyl d4u cuéi lién ké véi mét don vi methylene. Ngoai
ra con thiy cac tin hiéu methine va methylene khac.

Ph6 *C-NMR cho thiy, cac tin hiéu cha 30 carbon,
bao gém mdt carbon carboxyl & 6.178,3 va tdm carbon
methyl &8, 7,6, 19,4, 17,9, 20,2, 18,8, 32,1, 35,0 va
31,9 ppm. Cac tin hiéu con lai twong (rng véi methine,
methylene va carbon bic bdn. Cac dic diém phd cho
thay cong thirc hgp chat 2 & dang triterpenoid véi bd
khung 3,4-secofriedelane. Hgp chit 2 dwgc xac dinh la
3,4-seco-friedelan-3-oic acid dwa vao viéc so sanh vé&i
dir liéu da bao cdo trwée day [17] (hinh 1).

S.RD.S.E. Silva va cs (2007) [18] bdo cdo rang,
3,4-seco-friedelan-3-oic acid c6 thé tham gia vao mot s6
giai doan clia qua trinh quang hop, gom ca qua trinh tong
hop ATP va phosphoryl héa, cho thay tiém nang cia hgp
chit nay nhw mét chit &rc ché quang hop tw nhién.

3.2.3. Hop chdt 3

Phé HRMS cho thiy mot

»  tin hiéu ion phan t gid @ m/z
301,0362 [M-H]", ddng v&i sw

»  phan manh tir cong thirc phan
tlr C15H1007 (MW=302 dvC, 11

*  d6 bat biao hoa). Ph6 'H-NMR
cho thiy, nim tin hiéu proton
thom ¢ 6, 6,20 (1H,d, ] = 1,8
Hz), 6,40 (1H, d, ] 1,8 Hz), 6,95
(1H, d, J=8,4 Hz), 7,65 (1H, dd,
J=1,8; 9,0 Hz) va 7,75 (1H, d,
J=2,4 Hz) ppm. Phé *C-NMR
hién thi 15 tin hiéu carbon,
bao gom mot carbon carbonyl

& 6. 177,3 ppm, chin carbon
bac bon (5, 148,0-104,5) va
cac carbon methine thom &

8. 99,3, 94,5, 116,0, 116,2 va
121,7 ppm. Nhitng dit liéu

nay dac trung cho bd khung
flavonol khéng cé yéu té doi
xing. Céng thirc ciu tao cla
hop chit 3 dwgc xac dinh la
quercetin, sau khi so sanh véi
dirliéu da congbd [19] (hinh 1).
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Bang 2. Di¥ liéu phd NMR cuia cac hop chét 3, 4 va 6.

Hop chat 3 Hop chit 4 Hop chit 6
Vitri (MeOD,600/150 MHz) (MeOD, 600/150 MHz) (MeOD, 600/150 MHz)
8, (ppm), ] (Hz) 8. (ppm) 8, (ppm), ] (Hz) 8. (ppm) 68, (ppm), ] (Hz) 8. (ppm)

2 148,0 166,3 166,9
3 137,2 6,58 (1H; s) 103,8 6,67 (1H; s) 104,2
4 1773 183,9 184,1
5 162,5 162,8 162,9
6 6,20 (1H; d; 1,8) 99,3 6,20 (1H; d; 1,8) 100,2 6,49 (1H; d; 1,8) 101,1
7 165,7 166,2 164,4
8 6,40 (1H; d; 1,8) 94,5 6,45 (1H; d; 2,4) 95,1 6,80 (1H; brs) 96,0
9 158,2 159,5 158,9
10 104,5 105,3 107,3
1 124,2 123,33 123,1
2 7,75 (1H; d; 2,4) 116,0 7,84 (1H; d; 9,0) 129,4 7,89 (1H; d; 8,4) 129,6
3 146,2 6,93 (1H; d; 9,0) 117,0 6,96 (1H; d: 9,0) 1171
4 148,8 163,2 162,9
5 6,95 (1H; d; 8,4) 116,2 6,93 (1H; d; 9,0) 117,0 6,96 (1H; d; 9,0) 117,1
6’ 7,65 (1H; dd; 1,8; 9,0) 121,7 7,84 (1H; d; 9,0) 129,4 7,89 (1H; d; 8,4) 129,6
1" 5,21 (1H; d; 6,0) 101,4
2" 3,56 (1H; m) 74,4
3" 4,20 (1H; d; 9,6) 76,7
4" 3,66 (1H; m) 72,9
5" 3,56 (1H; m) 77,0
6" 170,8
1" 3,81 (3H; s) 53,0

Ngudn: Nhém tac gia téng hop.

Quercetin 1a mdt flavonoid c6 mat trong nhiéu loai
thwe vat [20]. Hop chat nay c6 hoat tinh khang oxi hda,
trc ché protein kinase, DNA topoisomerase va diéu hoa
bi€u hién gene [21]. A. Robaszkiewicz va cs (2007) [22]
cho biét, quercetin kich thich t€ bao A549 & néng do6 thip
nhuwng gy doc véi 1C50=100 uM & ndng do cao.

3.2.4. Hop chdt 4

Pho (-)ESI-MS cho thay tin hiéu ion phan t& gid &
m/z 269 [M-H]", twong ttng vé&i cong thirc C15H1005
(MW=270 dvC, 11 do bit bio hoa). Phd *H-NMR cho
thay, hai proton thom lién két meta tai §, 6,20 (1H, d,
J=1,8 Hz) va 6,45 (1H, d, ]=2,4 Hz) ppm; mot hé AA'BB’
tai 8, 7,84 (2H, d, ]=9,0 Hz) va 6,93 (2H, d, ]=9,0 Hz)
ppm va mot tin hiéu don tai 6, 6,58 (1H, s) ppm. Pho
13C-NMR hién thi 13 tin hiéu cta 15 carbon, bao gdm
mdt carbon carbonyl tai §.183,9 ppm, nam carbon bac
bén mang oxygen (8,166,3-159,5 ppm), va bay carbon
methine thom (8. 129,4-95,1 ppm), phu hgp véi bo
khung flavone. Cac ddc trung phé trén diy dinh hwéng
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so sanh véi dir liéu NMR & tai liéu [23], hop chit 4 dwoc
xac dinh 1a apigenin (hinh 1).

Apigenin 12 mot flavonoid phd bién trong nhiéu loai
ciy v6i cac dic tinh khang oxi héa, chéng viém, khing té
bao ung thw va con cé thé bao vé nguyén bao xwong khoi
tén thuwong oxi héa bang cach diéu hoa ting cac gen biét
héa. Ngoai ra con thé hién hoat tinh khang khuin cé thé
twong dwong véi curcumin [24-26].

3.2.5. Hop chdt 5

Pho ESI-MS cho thay, cAc manh ion phén t gia & m/z
192,7 [M-H]™ va m/z 216,8 [M+Na]*, twong thich véi
céng thirc phan tir 1a C;H1,04 (MW=194 dvC, 1 do bat
bio hoa). Ph6 'H-NMR cho thiy, tin hiéu cha hai nhém
oxymethylene tai §, 3,73 (1H, d, J=12,0 Hz), 3,65 (1H, d,
J=12,0 Hz), 3,77 (1H, dd, ]=3,0, 12,0 Hz) va 3,66 (1H, dd,
J=4,8, 12,0 Hz); ba proton oxymethine tai 6, 4,05 (1H, d,
J=4,2 Hz), 3,91 (1H, dd, J=4,2, 6,6 Hz) va 3,86 (1H, ddd,
J=6,6, 4,2, 3,0 Hz) va mot nhom OCH, tai 8, 3,33 (3H, s)
ppm (bang 3).



Phé *C-NMR hién thi bay tin hiéu carbon: mét carbon
methoxy & 6.49,6 va sau carbon twong tng véi mét don vi
monosaccharide & 6C 109,2, 84,7, 82,6, 79,0, 62,9 va 60,6
ppm. Nhitng dit liéu nay goi y bo khung fructofuranose
dwoc thay thé -OH béi mot nhém -OCH,. Dwa trén phan
tich va so sanh di liéu phd & tai liéu da cong bo [27],
cong thirc héa hoc va tén cta hop chit 5 dwoc xac dinh 1a
2-0-methyl-a-D-fructofuranoside (hinh 1).

Hién tai, chwa c6 théng tin nghién ctru vé hoat tinh
sinh hoc cla 2-0-methyl-a-D-fructofuranoside.
Bang 3. Di¥ liéu NMR cta hop chét 5.

(MeOD, 600/150 MHz)

Vi tri
8, (ppm), ] (Hz) 6. (ppm)

1 3,73 (1H; d; 12,0) 3,65 (1H; d; 12,0) 60,6

2 109,2

3 4,05 (1H; d; 4,2) 82,6

4 3,91 (1H; dd; 4,2; 6,6) 79,0

5 3,86 (1H; ddd; 6,6; 4,2; 3,0) 84,7

6 3,77 (1H; dd; 3,0; 12,0) 62,9
3,66 (1H; dd; 4,8; 12,0)

2-0CH, 3,33 (3H; overlap) 49,6

3.2.6. Hop chdt 6

Phé (-)ESI-HRMS cho thdy, mét tin hiéu ion phan
tlr gid & m/z 459,0921 [M-H]", thich hop véi cong thirc
phan t C,,H,001; (MW=460 dvC, 13 d6 bat bio hoa).
Phé 'H-NMR cho thdy, ndm tin hiéu cta bay proton
thom &6, 6,49 (1H, d,]=1,8 Hz), 6,80 (1H, brs), 7,89 (2H,
d, ]=8,4 Hz), 6,96 (2H, d, ]=9,0 Hz) va 6,67 (1H, s) ppm,
twong tw nhw tin hiéu cia hop chit 4. Ngoai ra con c6 cac
tin hiéu dac trung cia mét nhdm glucuronide bi ester
hoéa: mot proton anomeric & 8,5,21 (1H, d, J=6,0 Hz) va
mot nhom OCH, ¢ 6, 3,81 (3H, s) ppm.

Phé *C-NMR hién thi cc tin hiéu ctia 22 carbon, gom
13 tin hiéu carbon dac trung cho bo khung flavonoid cé
yéu t6 ddi xirng véi nhom carbonyl & §.184,1 ppm (nhw
trong hop chit 4), cung véi cac tin hiéu twong ¢ng véi
nhém glucuronide ester héa (mot carbon anomeric &8,
101,4 ppm, mot nhom carbonyl &8.170,8 va mot carbon
methoxy & 8_53,0 ppm). Hon nita, do sw phu hop gitra
dit liéu NMR ctia hop chit 6 va dit liéu bao cdo cia H.L.
Cheng va cs (2013) [28] nén hop chit 6 dwoc khang dinh
la apigenin 7-0-B-D-glucuronide methyl ester (hinh 1).

Apigenin-7-0-f3-D-glucuronide methyl ester tirng
dwoc phan lap tir Cardiospermum halicacabum [28],
Manilkara zapota [29] va nay lan dau phat hién & hoa
Chiéu tim. Hop chit cho thiy hoat tinh &c ché PTP1B
(IC50=14,35 uM), a-glucosidase (IC5,=103,3 puM) [30],
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kha ning chéng oxi héa manh (loai b6 DPPH 83,26%,
NO 86,19% & nong d6 100 pg/ml) [31] va doc tinh véi
té bao MCF-7 (IC50=40,17pg/ml), du kém tamoxifen
(ICs0=7,72pg/ml) [32].

4. Két luan

Nghién ctru nay da khao sat thanh phin héa hoc cta
cac cao phin doan n-hexane va ethyl acetate chiét xuit
tlr hoa Chiéu tim, d3 phan l4p, 1am sang té ciu tric héa
hoc va nhan danh ctia 6 hop chit tw nhién. Phin doan
n-hexane phan lap duwgc 2 dan xuit triterpene, phan
doan ethyl acetate phan lap dwoc 2 dan xuit flavone,
1 dan xuit flavonol va 1 dan xudt fructose. Pang chu y,
trong 6 hop chit nay c6 3 hop chit (2, 5 va 6) dwoc cong
bd 1an dAu tién & loai Ruellia brittoniana L. M6t s6 hop
chit phan 14p dwoc cé cac hoat tinh sinh hoc da dwoc
ghi nhan rd rang, dac biét la quercetin da duoc chirng
minh cé nhiéu ¢ng dung dwoc phdm. Cac hop chit con
lai cling cho thiy tiém ning phat trién trong linh vuc y
sinh va duorc ly.
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Tong hop vit liéu nano ZnO pha tap Pr
va irng dung trong phan hity xanh methylene
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Cac hat nano Zinc oxide (ZnO) pha tap praseodymi (Pr) dwoc tong hop bing phwong phap két tia va nung & cac
nhiét dd 900, 1000 va 1100°C nham khao sat hoat tinh xic tic phan hiy xanh methylene (MB) cta chiing véi 4nh
sang mat troi. Cac dic trwng tinh chat cia cac hat nano ZnO pha tap dwoc xac dinh bang phwong phap nhiéu xa tia X
(XRD), phé hong ngoai bién déi Fourier (FTIR), kinh hién vi dién tir quét phat xa trweong (FESEM) va phé hip thu UV-
Vis. Két qua phén tich FTIR va XRD chi¥ng t6 c6 cac lién két Pr-0 & cac hat ZnO pha tap Pr, véi ciu triic pha chinh la
wurtzite Zn0 va pha phantanlaPr,0, .. Anh FESEM cho thiy, cac hat nano c6 kich thwéc nhé hon 100 nm, tuy nhién
van c6 hién twgng két tu hat sau khi nung. Hiéu suit xiic tic quang ctia ca ZnO don thuén va ZnO pha tap Pr déu giam
khi nhiét dé nung ting tir 900 1én 1100°C. Mau ZnO pha tap 0,5% khdi lwgng Pr va nung & 900°C thé hién hoat tinh
xtic tAc quang cao nhit, dat hiéu suit phan hily MB 1a 99,0% sau 5 gi¢ phoi nang. Nhitrng két qua nay cho thay, pha
tap Pr 1a mét bién phap t6t dé cai thién hoat tinh xiic tac quang cua cac hat nano ZnO v&i birc xa mat trovi.

Tir khéa: nano ZnO, pha tap, phan hiy, praseodymium oxide, xanh methylene.

Chi s6 phdn logi: 1.4, 2.5, 2.7, 2.9

Synthesis of Pr-doped ZnO nanomaterials and their photocatalytic application

for methylene blue degradation
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Abstract:

Praseodymium (Pr)-doped ZnO nanoparticles were successfully synthesised via a precipitation method
and calcined at 900, 1000, and 1100°C to investigate their photocatalytic activity for the degradation of
methylene blue (MB) under sunlight. The properties of the doped ZnO nanoparticles were determined using
X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), field-emission scanning electron
microscopy (FESEM), and UV-Vis absorption spectroscopy. FTIR and XRD analyses confirmed the presence
of Pr-0 bonds with wurtzite ZnO as the major phase and Pr O, as the dispersed phase. FESEM observations
showed that the nanoparticles were smaller than 100 nm; however, particle aggregation still occurred after
calcination. The photocatalytic efficiency of both pure ZnO and Pr-doped ZnO nanoparticles decreased as the
calcination temperature increased from 900 to 1100°C. ZnO doped with 0.5 wt.% Pr and calcined at 900°C
exhibited the highest photocatalytic activity, achieving 99.0% MB degradation after 5 h of solar irradiation.
These findings demonstrate that Pr doping is an effective strategy for improving the photocatalytic activity
of ZnO nanoparticles under solar irradiation.

Keywords: degradation, doping, methylene blue, nano ZnO, praseodymium oxide.
Classification numbers: 1.4, 2.5, 2.7, 2.9
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1. Dat van de

Zinc oxide (Zn0) dwogc xem la chat xuc tac day tiém
nang trong viéc phan hiy cac chat mau hitu co cling nhw
Khtt trung nwéc. So voi TiO, vamot s6 oxit ban dan kKhac,
ZnO c6 kha nang xic tic quang héa cao hon nho kha
nang hip thu birc xa mat troi hiéu qua [1-3]. Tuy nhién,
Zn0 c6 nang lwong viung cdm kha 16n (3,27 eV), twong
rng v&i ving anh sang cwc tim, von chi chiém khoang
5% trong phd birc xa 4nh sdng mat trévi, nén hiéu qua xdc
tac quang trong diéu kién 4nh sdng ty nhién con han ché.
Dé& ning cao hoat tinh xuic tdc quang va mé rong pham vi
rng dung cta ZnO, diéu cin thiét 1a thu hep dwgc ning
lwgng ving cdm cia ZnO va han ché qua trinh tai hop
giita electron va 16 tréng quang sinh. Mot trong nhitng
phwong phap hiéu qua 1a pha tap (doping) kim loai, phi
kim hodc dong thoi cd hai vao mang ZnO, giup cai thién
ro rét hiéu suit xdc tdc quang cda vat liéu nay. Trén
thé gi¢i cling nhw tai Viét Nam, da c6 nhiéu céng trinh
nghién ctru vé vat liéu ZnO pha tap nhdm nang cao hiéu
qua quang xuc tac [4-6]. Pha tap dwoc xem la mot trong
nhitng phwong phap hiéu qua nhit trong viéc cai thién
hoat tinh quang xtic tac ctia ZnO. Viéc pha tap kim loai c6
thé lam thay d6i ciu tric viing nang lwong cua Zn0, déng
thoi tao ra cac khuyét tat tinh thé, dién hinh 1a khuyét
tat 16 tréng oxy (V). Cac ion kim loai pha tap, dic biét la
nhitng kim loai da hoa tri, con c6 thé déng vai tro nhw cac
“bay” electron, két hop vé&i cac khuyét tat oxy, gop phan
thuc diy qua trinh phén tach hiéu qua giira electron va
16 tréng quang sinh. Bén canh d6, pha tap kim loai con
gitlp m& rong kha ndng hap thu 4nh sang cia ZnO sang
vung kha kién, nh& viéc tao ra cdc mirc nang lwgng trung
gian trong viing cdm. Diéu nay gép phin ting cwong
dang ké hoat tinh quang xuc tac dudi anh sdng mat troi.
Cac nghién ctru vé ZnO pha tap praseodymium va nghién
ctru kha nang xdc tac quang cia n6 da cho thiy kha nang
xdc tac phan hiy Rhodamine B clia né dwédi anh sang
mat troi [7]. Nghién ctru nay trinh bay viéc téng hop vat
liéu ZnO pha tap Pr bang phwong phap két tia. Cac dic
trung tinh chat va ciu tric cda vat liéu nano ZnO pha
tap Pr cling nhw kha ndang quang xdc tac phan hay xanh
methylene (MB) dwéi dnh sang mat troi cling dwgc trinh
bay va thao luin chi tiét.

2. \iat liéu va phuong phap nghién cifu
2.1. Nguyén liéu va héa chdt

Nano kém oxit ZnO (nZnO, 99,5%, kich thwéc
hat trung binh 100 nm; praseodymium (III) nitrate
hexahydrate (Pr(NO,)..6H,0, 99,99%) duoc cung cap béi
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Hiang Aladdin (Trung Qudc). Diethanolamine (DEA, 99%,
di-etanol amin), dang long, dwoc cung cip bdi Céng
ty TOC Glycol Chemical (Thai Lan). Phenolphthalein
(C,,H,,0,), dung dich amoniac (NH,, 25-28%), xanh
methylene (C, H ,CIN,S, 99%), dwoc san xuat béi Cong

ty Hoa chéit Xilong (Trung Quéc).
2.2. Ché tao mdu nano ZnO pha tap Pr

Quy trinh ché& tao mAu hat nZnOPr0,5% (bang 1) dwoc
thyc hién nhu sau: 5 g nano Zn0O dwoc phan tan trong 20
g nuwée cit va khuldy déu trong 20 phit. Tiép theo, 0,133
g Pr(NO,),-6H,0 dwoc thém vao cung vai giot dung dich
phenolphthalein 1% lam chi thi. DEA dwoc nhé dan dén
khi dung dich chuyén sang mau hong nhat, dung dich
duwoc khudy thém 1 gio. Chat ran thu dwoc thu hodi bang
quy trinh ly tdm (6000 vong/pht, trong 6 phut) va rira
lai 2-3 I4n bang nwéc cat hodc cho dén khi dung dich riva
dat pH 7, sau d6 sdy kho & 110°C trong 24 gi®, nghién
min va nung & 900, 1000 va 1100°C. Mau sau khi nung
ti€p tuc dwoc nghién lai va ry qua sang 160 um, cudi
cung dugc bao quan trong lo kin. MAu nZnOPr3% ciing
duwoc ché tao twong tu.

Bang 1. Thanh phan va khéi lwong (g) cua cac chat dung trong
tébng hop cac nano ZnO pha tap Pr.

STT Kyhiéumau ZnO Pr(NO,),.6H,0 DEA  Nwdrccit
1 nZnO 5 0 0 20,0
2 nZnOPr0,5% 5,00 0,133 0,096 20,0
3 nZnOPr3% 4,88 0,798 0,579 20,0

2.3. Ddc trwng tinh chdt

FTIR: Phd hong ngoai bién d6i Fourier (FTIR) cta
mau bot nZnO va nZnOPr dwogc ghi trén may quang phd
h6ng ngoai bién déi Fourier Nicolet iS10, Hing Thermo
Scientific & nhiét d6 phong, trong khoang 4000-400 cm™!
véi @6 phan giai 4 cm™ va 32 an quét, sit dung phwong
phap ép vién KBr.

XRD: Phwong phép nhiéu xa tia X (XRD) ciia cAc mau
b6t nZnO va nZnOPr dwgc phan tich bing may do nhiéu
xa D8-Advance v¢&i birc xa Cu K _hoat dong & 40 kV/25
mA véi buédc séng A=1,5406A.

SEM: Hinh thai cdu truc cia miu nZnO va nZnOPr
dwoc quan sat bang cach st dung kinh hién vi dién t
quét phat xa trueong JSM-IT800 Hang Jeol, Nhat Ban.

UV-Vis: May do quang phé UV-Vis S80, Hang Biochrom
dwoc str dung dé phan tich phé hdp thu UV-Vis ctia bot
nZnO ban dau va nZnOPr sau khi nung v&i khodng buéc
séng 400-800 nm, dung moi so sanh la nwéc, ham lwong
chat ran dwoc st dung 12 0,006 mg/ml.
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2.4. banh gia hoat tinh quang xiic tdc ctia vt liéu
dwdi dnh sang mdt troi

Cac dung dich MB chuin vé&i cic nong dd twong
trng (C,,,) duwoc ghi pho hap thu UV-Vis va xac dinh
do6 hdp thu (A) dic trung cua xanh methylene & buéc
s6ng khoang 665 nm. P hip thu A dugc xac dinh bang
khodang cach tir dinh dic trung 665 nm cta phé UV-Vis
dén duong co s& (base-line) tao bdi cac chan day thip
gan nhat vdi dinh dic treng nay. K&t qua xac dinh duwong
chudn d6 hip thu A theo nong do C ciia MB duwoc xac
dinh bé&i phwong trinh A=0,0412xC__, v&i hé s6 twong
quan R?=0,996 (hinh 1).

MB’

1,00 v
E ] y =0,0412x
c =
w 0,75 + R* = 0,996
o
o 4
L.
5 0,50 1
£
-8
£ 025 1
2
[=]
poy =—————4+———+—+—+—+———+—+—————————
0 5 10 15 20

Méng dd MB (ppm)
Hinh 1. Pwéng chuén dé hap thu A theo ndng d6 xanh methylene (MB).

Cac &ng nghiém chtra cac chit rdn nZnO va nZnO-
Pr0,5% (0,006 mg/ml) dwoc phoi dwdi 4anh nang mat
troi (trong khoang tir 10A.M-15P.M) vao cic ngdy ning
cho dén khi mat mau. Thoi gian 1dy maula 0, 3, 5 gio. Mau
dung dich dwoc do quang phd UV-Vis va xac dinh cwong
d6 hip thu & buéc séng 665
nm. Hiéu suit (H, %) phan
huy MB tinh theo céng thirc:
H(%)=(C,-C)/C,x100%,
trong dé, C_la nong do MB
ban dau, C: nong do MB sau
khi phoi nang va ldy mau
dung dich & thoi diém t (h).
H ciling c6 két qua twong tw
khi tinh thong qua cong thirc:
H(%)=(A,-A)/A x100%,
trong d6 A la do cao peak
dic trung & 665 nm cua pho
UV-Vis cila mau & thoi diém
ban dau, A la d6 cao peak
dac trung ciia mau dung dich

£4 truyén qua

3. Két qua va ban luan
3.1. Phé héng ngoai ciia mdu nZn0 va nZnOPr

Hinh 2 13 ph6 hdng ngoai (FTIR) clia mau nZnO va
nZnOPr vé&i cdc ham lwong Pr khac nhau. Hinh 2A cho
thdy dao dong hoa tri (v) ctia Zn-0 trong mang tinh thé
xudt hién & 436 cm™ [11]. Cac peak hap thu & 3448 cm™!
va 1634 cm™1a dic trung cia v(OH) bé mat [11]. Khi pha
tap v6i Pr, ph6 FTIR cta cdc mAu nZnOPr0,5% (hinh 2B)
va nZnOPr3% (hinh 2C) xuét hién thém cic peak hip
thu méi, Ian lwot & 1101 va 984 cm™ (mau ZnOPr0,5%)
va & cac vi tri 1070, 1113 cm™ va 1187 cm™ (v&i mau
nZnOPr3%), cé thé gan cho cac dao dong cua v(Pr-0)
[12]. Biéu nay la do cac hat Pr,0,, da hinh thanh trén bé
mat cac hat nZnO ban d4u. Co ché hinh thanh oxit nay 1a
sw tao thanh Pr(OH), & giai doan dau, sau d6 chuyén héa
thanh Pr 0., trong qué trinh nung & nhiét d6 cao.

3.2. Phé nhiéu xa tia X ctia mdu nZnO va nZnOPr &
cdc néng dé khdc nhau

Hinh 3 1a c4c phd nhiéu xa tia X (XRD) cia cAc mau
nZnO, nZnOPr0,5% va nZnOPr3%. Hinh 3A cho thiy
cac peak nhiéu xa dic trung clia ZnO (phu hop véi thé
chuén JCPDS 01-082-9744 cua ZnO dang wurtzite, hay
con dwoc goi 1a Zincite) twong ng v&i cdc mat tinh thé
(100), (002), (101), (102), (110), (103) va (11-2). Khi
ham lwgng Pr tang tir 0,5% 1én 3%, cic phé XRD trong
hinh 3B va 3C cho thiy sw xuit hién ciia mot sd dinh

(&) nZnd

{Bk: nZnOP 5%

438 "

[Ck nZn0Prat;

v

482
434

M
m
o

|

o
o
-+

sau khi da phoi ning va lay
mau dung dich & thoi diém
t (h) [8-10].
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Hinh 2. Phé FT-IR ctia mau nZnO (A), nZnOPr0,5% (B) va nZnOPr3% (C).
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con rd rang nhw & maiu ban dau, chitng

v Zineite g
4 PrOy g g ¥ N té qua trinh tong hop hat nZnOPr c6 thé
o Pro, il g ) g i da 1am bién ddi bé mat cac hat nano ZnO,
g | —cinznopan T_.L_JLJL ; ol PO khién ching tré nén tron hO’fl va it sic
5] H nét géc canh hon. Hinh 4C thé hién hinh
% + thai bé mit cia miu nZnOPr3% chua
g —B: nZnOPTO.5% Uu t H + . nung, trong d6 ngoai cac hat nano ZnO
+L_ A A con quan sat dwgc sy xuat hién cia mot
; ciu truc hat khac, phin bo xen ké va cé
. Lj.ﬂt © i i i inhthdi khong dong nhd. Ciu tric nay
T ”"'.r'n c6 thé gan véi sy tao thanh cua Pr(OH),

Goc 26 (dé)

Hinh 3. Phé XRD ctia miu nZnO (A), nZnOPr0,5% (B) va nZnOPr3% (C).

nhiéu xa méi, mic du khong that sw rd nét. D6i véi mau
nZnOPr0,5%, cé hai dinh méi tai cac goc 26 la 28,65° va
33,20° (pha hop véi thé JCPDS 01-075-6705 cita Pro,).
Hinh 3C thé hién ré hon v&i bon dinh méi tai cac vi tri
28,25°,32,74°, 46,99° va 55,71° (phu hop véi thé chuin
JCPDS 00-042-1121 ciia Pr,0, ) [13, 14].

3.3. Hinh thdi va kich thwéc clia mdu nZnO va
nZnOPr

Hinh 4 12 4&nh FESEM cta miu nZnO ban d4u (nung
900°C), mAu nZnOPr0,5% (nung 900°C) va maiu
nZnOPr3% chwa nung va sau khi
nung & 900°C. Hinh 4A cho thay
hinh thai bé mit cia miu nZnoO,
trong do cac hat c6 hinh dang gan
véi luc gidc. Hinh dang nay phu
hop véi cu tric wurtzite ciia ZnO
nhw da dwoc xac nhian béi két qua
XRD (hinh 3). Dwéi tac dung cda
qué trinh sdy va nung, cic hat
nano ZnO so cip c6 xu hwéng két
dinh thanh tirng cum v&i s6 lwong
2-10 hat so cdp. Phin 16n hat so
cip c6 kich thwéc nhé hon 100
nm. Hinh 4B la anh FESEM cua
cac hat nano nZnOPr0,5%, trong
do6 phan tng két tlia dan dén sw
tao thanh Pr(OH), tir Pr(NO,), da
xuc tién qua trinh lién két cac hat
nano Zn0. Mic du vy, phan lon
cac hat so cip van gitt duwoc déu
c6 kich thwéc nho hon 100 nm.
Hinh dang da giac cta hat khong

KHOA HOC
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Hinh 4. Anh FESEM ctia mau nZnO nung & 900°C (A), nZnOPr0,5% nung & 900°C (B), nZnOPr3%
chwa nung (C) va nZnOPr3% nung & 900°C (D).

tir tién chat Pr(NO,), trong qua trinh két
tia, gép phan lam bién d6i dic trung bé
mit so véi mau nZnO ban dau. Cac hat
nano ZnO phan b6 kha roi rac, bé mat go ghé va ton tai
nhiéu khoang tréng gitra cic cum hat, chiing c6 xu hwéng
két tu nhwng chwa hinh thanh bién hat rd rang. Trong khi
d6, hinh 4D 13 4anh FESEM ctia miu nZnOPr3% sau khi
nung & 900°C. Sau khi nung, pha Pr oxide gan nhw khéng
con quan sat thiy & dang hat riéng ré. Quan sat kj hon
cho thdy céc c4u truc cé thé gan véi Pr oxide da phan bg
& vung bién hat ZnO, goi y rang Pr c6 thé ton tai & trang
thai pha phu rat min hoic da twong tac truc ti€p véi ranh
gidi hat ZnO. Cac hat da phat trién 1én hon, bién hat tré
nén ro nét va hién twong két khdi thé hién ro rét, dan dén

L



ciu truc dic hon. Qua trinh nung ciing thic diy sw két
tinh, khién bé mat hat tr& nén dong déu va giam dang ké

dd x0p so véi mau chwa nung.

3.4. Kha ndng phan hity MB ctia cdc mdu nZnO va
nZnOPr

Hinh 5 trinh bay phé hip thu UV-Vis ctia dung dich MB
str dung miu nZnO nung & cac nhiét dd khac nhau (900-
1100°C) lam xuc tic phan hiy, trong khi hinh 6 thé hién
phé hdp thu twong (ng khi str dung mau nZnOPr0,5%
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1am xuc tac quang. Nhin chung, cAc mau nZnO va nZnOPr
déu cho hiéu qua xtc tac quang tét, dd hap thu cia dinh
tai 665 nm déu rit thip va gin nhu bang nhau sau 5 gid
phoi néng. Tuy vay, kha ning xuc tic phan hiy cta c hai
mAu nZnO va nZnOPr déu c6 xu hwéng gidm, khi tang
nhiét do nung. Sau 5 gi phoi nang, hiéu suit phan hay
MB ctia miu nZnO nung & 900, 1000 va 1100°C lan lwot
12 58,2; 41,2 va 32,4%. Khi str dung miu nZnOPr nung &
900, 1000 va 1100°C, hiéu suit phan hiiy MB dat [an lwot
12 63,4; 48,5 va 33,8%. Nhw vay, sau 3 gi¢ phoi ning mau

05 T (A 100 ¢ (B)
——0h-1100 | Ban déu ©nZn0.900
04 T —  (Oh) 80 1
—— 0h-1000 — 512 n0, 1000
—0h800 | £ FINZn0.1100
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Hinh 5. Phé UV-Vis cua dung dich MB chira cac mau nZnO nung & cac nhiét dé khac nhau, trwéc va sau khi phoi ning (A), hiéu suét
phan hiy MB ctia cac dung dich chira mau nZnO theo thoi gian phoi nang (B).
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Hinh 6. Phé UV-Vis ctia dung dich MB chira cac mau nZnOPr0,5% nung & cac nhiét dé khac nhau, trwéc va sau khi phoi ndng (A), hiéu
suat phan hiy MB cua cac dung dich chira mau nZnOPr0,5% nung & cac nhiét dd khac nhau (B).
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dung dich chira nZnOPr0,5% nung & 900°C c6 d6 hap
thu A gidm rd hon so v&i mau nZnO.

Sau 5 gio phoi nang, hiéu suit phan hiy MB ctia miu
nZnO nung & 900, 1000 va 1100°C Ian lwot 12 98,0; 94,4
va 91,0%. Khi stt dung mau nZnOPr0,5% nung & 900,
1000 va 1100°C, hiéu suit phan huy MB dat l4n lwot
12 99,0; 95,3 va 93,6%. C6 thé thiy, mau nZnOPr0,5%
nung & 900°C c6 do hip thu thip nhit sau 5 gio phoi
nang, MB gian nhw mat mau hoan toan trong 6ng nghiém,
twong &ng véi hiéu suidt phan huy tinh dwoc 13 99,0%.
Hiéu suit quang xtic tac cao ciia mau nZnOPr0,5% nung
& 900°C c6 thé duogc ly gidi bdi viéc vat lidu git lai mot
mic do cao cac khuyét tit mang tinh thé, dic biét 1a cac
16 tréng oxy, khi nung & nhiét do twong ddi thip [12].
Nhirng khuyét tat nay déng vai tro quan trong trong viéc
kéo dai thoi gian s6ng clia cac cdp electron - 16 trong, tir
d6 ning cao hiéu qua quang xuc tac. Két qua nay ciing
goi y rang viéc tiép tuc gidm nhiét dd nung va/hoic toi
wu héa phwong phép téng hop cé thé 1a huéng di tiém
nang dé tiép tuc cai thién hiéu suit xic tic quang cla vat
liéu nZnO pha tap Pr, vi du nhw déng thoi hinh thanh ciu
tric nano cia nZnO va Pr,0, .

4. Két luan

MAu nZnO pha tap Pr (nZnOPr) dd dwgc téng hop
thanh céng bang phwong phdp két tia. Phé FTIR cho
thdy sw xult hién cic peak dic trung cta lién két Pr-
0. Phé XRD cho thdy nZnOPr c6 ciu trdc chd yéu la
hexagonal wurtzite cla ZnO, dong thoi xudt hién Pr,0,,
véi ham lwong nho. Anh FESEM cho thdy vatliéu nZnOPr
thu dwoc & dang hat véi kich thwéce trung binh dwéi
100 nm. Ca hai vat liéu nZnO va nZnOPr déu thé hién
kha nang xtic tdc quang trong phan hiy MB, trong do,
mau nZnOPr0,5% nung & 900°C cho hiéu qud phéan hiy
MB ngoai tréi cao hon so véi cdc mau nung & 1000°C va
1100°C. Sau 5 gi¢ phoi sang, vat liéu nZnOPr0,5% gan
nhw 1dam mat mau hoan toan MB, véi hiéu suit dat téi
99,0%.

LO1 CAM ON

Nghién cttru nay dwgrc tai trg bdi B Khoa hoc va Cong
nghé (MOST) cho dé tai véi ma sé PTPLCN.22/23. Cac

tac gia xin chan thanh cadm on.
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Phan 1ap va tinh ché cordycepin tir qua thé Cordyceps militaris
nuoi trong tai Vit Nam

Nguyén Thanh Ngan'", Mac Pinh Hung?, Tran Van Tudn?, Vii Xuin Tao?
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Ngay nhan bai 8/9/2025; ngay chuyén phan bién 10/9/2025; ngay nhin phan bién 19/9/2025; ngay chip nhan ding 26/9/2025
Toém tdt:

Cordycepin (3’-deoxyadenosine) 1a hg’p chit chinh c6 hoat tinh sinh hoc dwgc tim thiy trong nim dwgrc liéu
Cordyceps militaris (C. militaris). DAn xuit nucleoside nay khong chi dwoc xem la chi thi héa hoc quan trong
dé danh gia chit lwgng va dd xac thwc clia cac san pham tir C. militaris, ma con cé tiém nang iwng dung dang ké
trong linh virc dwg'c phdm. Tuy nhién, cic phwong phap tinh ché cordycepin dwoc cong bd trivéc day thwong cé
ky thuit phikc tap, tén nhiéu thoi gian, chi phi cao va hiéu suit thiap. Nghién ciru nay da xay dwng va t6i wu hoa
mot quy trinh don gian va hiéu qua dé phéan lap va tinh ché cordycepin tir qua thé C. militaris nudi ciy nhan tao.
Quy trinh t6i wu nay bao gom sw két hop giira chiét dung moi, sic Ky cot pha thwong va loai bé tap chat théng
qua két ttia chon loc. Cach tiép cin tich hop nay cho phép thu héi cordycepin véi dé tinh Khiét cao, da dworc xac
nhan bang phé cong hwéng tir hat nhan (NMR) va so sanh véi dir liéu tham khao. Quy trinh dat hiéu suit phan
1ap dang ké, dong thoi cho thay tiém nang cai thién hiéu qua thu hdi cordycepin so véi mdt sé phwong phap da
dwogc cong b tredre day. Quy trinh cia nhom nghién ciru mang lai giai phap thwec tién, c6 thé mé rong quy mo va
c6 tiém nang &ng dung trong phat trién dwoc pham tir hop chit day hira hen nay.

Tir khéa: cordycepin, dong trung ha thao, sacky.
Chi sé phdn logi: 1.4,2.8, 3.4
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Abstract:

Cordycepin (3’-deoxyadenosine) is the major bioactive compound found in the medicinal fungus Cordyceps militaris. This
nucleoside analog is not only considered an important chemical marker for evaluating the quality and authenticity of C.
militaris products, but also possesses significant potential for pharmaceutical applications. However, previously reported
methods for cordycepin purification tend to be technically complex, time-consuming, costly, and inefficient. This study
successfully developed and optimized a simple and efficient procedure for the isolation and purification of cordycepin
from artificially cultivated C. militaris fruiting bodies. The optimised protocol involves a combination of solvent extraction,
normal-phase column chromatography, and impurity removal through selective precipitation. This integrated approach
allows for the recovery of cordycepin with high purity, which was confirmed by nuclear magnetic resonance (NMR)
spectroscopy and comparison with reference data. The optimized process provided a substantial isolation yield and
demonstrated potential for improving cordycepin recovery compared with selected previously reported methods. Our
protocol provides a practical and scalable solution with potential applications in the pharmaceutical development of this
promising compound.

Keywords: chromatography, Cordyceps militaris, cordycepin.
Classification numbers: 1.4,2.8, 3.4
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1. Dat van de

bong trung ha thao Cordyceps militaris 1a mot trong
nhirng loai thdo dwgc bé dwdng noéi tiéng ctia y hoc cd
truyén Trung Qudc trong nhiéu thé ky, chira nhiéu thanh
phin c6 hoat tinh sinh hoc cé thé wng dung trong y
hoc, sdn phdm chim séc sttc khde, m§ phdm va céc linh
vic kKhac [1]. Pong trung ha thao c6 khoang 400 loai,
phan bd & nhitng noi c6 khi hdu 4m w6t va cin nhiét
déi [1]. Cho dén nay, Cordyceps sinensis va C. militaris 1a
nhitng loai ndm dwgc nghién ctru réng rai nhat. Trong
khi C. sinensis c6 pham vi phin bd tw nhién rit han
ché, dén nay van khé khin trong nudi ciy & diéu kién
nhan tao, thi C. militaris hién di dwoc nudi ciy thanh
cong & quy mo cong nghiép. Ca C. militaris va C. sinensis
déu chira cac hop chit cé hoat tinh sinh hoc chinh nhw
polysaccharide, cordycepin, adenosine, ergosterol,
D-mannitol, axit amin va cac nucleoside khac [2, 3].
Trong s d6, cordycepin dwgc coi 1a mot trong nhirng
thanh phan chuyén héa th cip cé hoat tinh quan
trong ctia déng trung ha thao. Ciu tric cta cordycepin
dwoc xac dinh 1a 3’-deoxyadenosine vao nam 1950 [4].
Cordycepin dwoc tim thiy trong ca phan qua thé va soi
nim déng trung ha thao, tuy nhién ham lwgng thu dworc
trong qua thé 12 vt troi hon han so véi soi ndm [5].
bang chud y, ham lwogng cordycepin trong C. militaris
cao hon C. sinensis tlr 2 téi 10 1an, trong khi thanh phan
polysaccharide va axit amin c6 sw twong dong 1én gitra
hai loai nay [6-10]. Do d6, C. militaris c6 thé thay thé C.
sinensis trong nhiéu ng dung dwoc 1y, nhit la khi nguén
C. sinensis ngay cang khan hiém va gia thanh cao [9, 11].

Cordycepin da dwgc chirng minh la cé kha nang trc
ché sw phat trién ctia nhiéu loai t€ bao ung thw, bao gbm
ung thw gan, ung thw vi, ung thw phéi, ung thw dai truc
trang bang cach tac ddng vao con dwdng tin hiéu té bao
nhuw MAPK/ERK, PI3K/Akt va kich hoat qua trinh chét
theo chwong trinh (apoptosis) [1]. Khdng nhitng vy,
cordycepin trc ché cic cytokine giy viém nhw TNF-q,
IL-6 va IL-1B; hay c6 kha nang chong oxy hda va ngan
ngira cic bénh 1y lién quan dén sy suy gidm chirc nang té
bao, bao gdbm bénh tim mach va ti€u dwong [12]. Ngoai
ra, dich chiét ethanol giau cordycepin ctia qua thé nim
C. militaris ching HL8 c6 kha ning (rc ché cac dong ung
thw & ngudi voi gia tri IC trong khoang 6,41-11,51 g/
ml, kha nang khang nim da Malassezia & nong d6 7 mg/
ml va khang ndm Penicillium digitatum gy mdc hoa qua
v&éi nong dé 1 mg/ml & cac thi nghiém in vitro truéc do
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[13]. Vé&i cac tac dung dwoc 1y ké trén, cordycepin dwoc
coi 1a hoat chit quy gi4, tuy nhién ngudn cung con han
ché do gidi han phan bd dia Iy va ham lwong cordycepin
sinh tong hop tir tw nhién khéng cao. Cac nghién ctiru
da dugc thwc hién nhidm chon loc giéng ndm va téi wu
cac diéu kién nuodi cdy C. militaris, tuy nhién ham lwong
cordycepin chi c6 thé dat t&i 14,43 mg/g qua thé kho
[13-15].

Ngoai qua thé va sgi ndm thi mot lwgng 1én cordycepin
cling dwoc tim thiy trong co chit dung dé 1én men nim
& trang théi ran va dich 1én men chim nidm C. militaris
[16]. Theo d6, nhiéu phwong phap chiét tach cordycepin
tlr nhitng ngudn nay da dwoc bdo cdo, bao gbm chiét
dung mdi c6 ho trg danh séng siéu Am hodc vi séng [17,
18], chiét ap suit [19], chiét Soxhlet va chiét hoi lwu [20].
Nhin chung, cdc phwong phéap nay chi yéu dwa trén viéc
chiét ngdm nén con han ché: hiéu suit chiét thip, cin
lvong dung méi 16n va tiéu tdn nhiéu ning lwong. Vé
mat tinh ché, cic phwong phap dwoc bao cio chi yéu
dwa trén sic ky trao déi ion [21], sic ky hdp phu [21],
hodc sic ky hdp phu két hop sic ky trao ddi ion [22],
chiét 16ng-16ng két hop sic ky cot thwong va két tinh lai
[23]. Tuy nhién, cac ky thuat nay thwong cé kha nang
hip phu thap, hiéu suat thu hoi kém va khé thu dwoc
san phdm tinh khiét, vi trong C. militaris thwéng chira
nhiéu nucleotide va polysaccharide cé tinh chit phan
cwc twong ty cordycepin, kho loai bé hoan toan [24, 25].
Zhou va cs (2016) [26] da thanh cong trong viéc thu
cordycepin tinh khiét cao biang phwong phap sac ky 16ng
hiéu nang cao pha dao (reversed-phase HPLC) & quy mo
ban chuin bi, nhwng phwong phap nay doi hoi thiét bi
chuyén dung va chi phi san xuat 16n. Pang chd y phwong
phap sic ky ngwoc dong téc do cao da dugc 4p dung dé
phan tach va tinh ché nhiéu loai dwoc liéu, trong do6 co6
cordycepin [24, 26-31]. DAy 1a mo6t dang ki thuat sic ky
phan viing 16ng - 16ng khong stt dung chit nén hé tro, cd
dinh pha tinh 16ng bang lwc ly tdm, loai bé sw hdp phu
khong thé ddo ngwoc ciia mau 1én chit nén rin dwoc st
dung trong cot sic ky thong thwong va c6 kha nang thu
ho6i mAau t6t. Do tinh khiét cao nhat clia san pham dwoc
bao cdo dat t&i 98,9% [32]. Tuy nhién, ki thuat nay chu
yéu phu hgp cho quy mé chuén bi vi néu 4p dung trén
lrong mAu lén thi lwgng dung moi tiéu thu ting dang
ké, kéo theo chi phi xir Iy dung moi sau tach chiét. Ngoai
ra, khong ton tai cong thirc chuin cho viéc lwa chon hé
dung moi, do d6 cin tién hanh khéo sat va tdi wu hoa
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nhiéu t6 hop dung méi hai pha dé dat hiéu qua mong
mudn. Khong nhitng vy, miu can xt Iy so by dé€ loai tap
(vi du: chiét dung méi, sic ky trao ddi ion, diéu chinh
pH) truwéc khi dwa vao sic ky ngwoc dong tdc do cao,
lam cho quy trinh tré nén phirc tap va tén thoi gian hon.
Ciing b&i nhitng khé khan ké trén trong qua trinh phan
14p hoat chét, cordycepin hién dang dwoc phan phoi trén
thi tredng véi gid rat cao (10 mg cordycepin tinh khiét
>98% c6 gia hon 4,8 triéu VND, theo Cong ty Hoa chit
Sigma Aldrich).

Nghién ctru nay dé xuit quy trinh t8i wu dé€ phan lap
cordycepin tir qua thé ndm C. militaris cho hiéu suit va
d6 tinh khiét cao. Theo d6, cordycepin dwgc tach chiét
theo phwong phap sic ky cot thwong va rira véi dung
mdi phin cwc d€ hoa tan tap chit. San phdm sau tinh ché
dwoc xac dinh do tinh khiét bang cac phwong phap do
phé hién dai.

2, Viat liéu va phuong phap nghién ciiu
2.1. Nguyén liéu, héa chdt, thiét bi nghién ciru

Nguyén liéu: Ndm dong trung ha thao (C. militaris)
dworc t6i wu nudi cay cho ham lwong cordycepin cao bai
mot thanh vién nhom tac gia tai Vién Phat trién cong
nghé tién tién, Vién DGi mdi sadng tao Qubc gia. Ham
lwong cordycepin trong qua thé ndm C. militaris ban dau
dat 23,18 mg, dwoc xac dinh trén hé théng HPLC theo
T.X. Vu va cs (2024) [13]: Qua thé ndm C. militaris twoi
duworc sy kho trén thiét bi sdy thang hoa & -40°C t&i khi
do 4m dat 5%. Mau qua thé nidm da nghién nhé va loc
qua rdy dwoc chiét hoi lvu véi methanol 80% trong 30
phit. Dich chiét dwoc loc qua mang cellulose acetate
0,45 um dé str dung cho phan tich HPLC. Hé thng HPLC
st dung trong phan tich (Hing Shimadzu, Nhat Ban)
gdém: bom LC 20AD, bd tiém mau tw déng SIL20A HT,
Detector SPD 20A. St dung c6t C18 (Agillent) véi kich
thwée cot1a 250x4,6 mm va kich thwéc hat 5 um. Tdc d6
rira giai la 0,5 ml/phut, pha dong gom dung moi nwéec va
acetonitril. Nhiét d6 10 c6t dwoc dat & 25°C. Detector UV
dwoc dat quan sat tai buéc song 260 nm.

Hoa chat: Cac dung mdi dichloromethane (CH,CI,),
methanol (MeOH), chloroform (CHCL,) dung dé chiét thu
cordycepin tho tir cao chiét qua thé ndm C. militaris va
két ta cordycepin tir hdn hop chira tap chat.

Thiét bi nghién ctu: Phé cong hwdng tir hat nhan
'H-NMR (500 MHz), 3C-NMR (125 MHz) do trén may
Bruker Avance-500 tai Khoa Héa hoc, Trwong Pai hoc
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Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi. Dung moi
khir proton dwoc sir dung la DMSO-d,, chat noi chuan la
tetramethylsilane (TMS) cho 'H-NMR va tin hiéu dung
mdi cho *C-NMR. Cho khoang 5 mg mau vao 6ng phé c6
chira 0,6 ml DMSO-d,. Sac ky 16p mong dwoc thwe hién
trén ban moéng trang san DC-Aluofolien 60 F245 (Merck
1,05715). Phat hién vét chat bang dén t ngoai & budc
soéng 254 nm. Sic ky cot dwoc tién hanh véi chat hdp phu
la silicagel Merck, pha thwong, c& hat 0,040-0,063 mm
(240-430 mesh).

2.2. Quy trinh chiét va tinh ché cordycepin tir ndm
C. militaris

Quy trinh x* ly mAu va chiét xuat: 100 g qua thé
dong khé cta ndm dong trung ha thao C. militaris sau
khi nghién nhé dwgc ngdm chiét trong 11 MeOH & nhiét
dd phong trong 3 ngay. Dich chiét dwoc loc qua gidy loc,
phin can tiép tuc ngdm thém hai Ian nita véi MeOH theo
quy trinh trén. Dich loc gop lai dem c6 quay thu dwoc
17,455 g cao chiét MeOH.

Quy trinh phin lip cordycepin thé: Tl cao chiét
MeOH, tién hanh sic ky cot silica gel véi hé dung moi
rira gidi CH,Cl:MeOH (9:1, v/v) thu duwgc 6 phan doan,
ky hiéu F1-F6. Khdo sat so bd bang sic ky ban méng, d6i
chiéu véi chat chuln cordycepin da xac dinh dwgc hop
chat nay c6 mat trong F6. Thu 14y phin doan F6, c6 quay
dudi ap suit gidm thu dwoc chit rdn mau vang nhat
(3,263 g).

Quy trinh tinh ché cordycepin: Lam sach hgp chat
F6 bang cich hoa phin chit ran nay véi hé dung moi
CHCL:MeOH (1:1, v/v) thu dwoc két tia mau trang, ky
hiéu l1a F6.1 (0,424 g) va phan dich loc mau vang nau, ky
hiéu 13 F6.2.

3. Két qua va ban luan
3.1. Dir liéu phé

Hop chit F6.1: Dang bdt mau tring, tan tdt trong
DMSO, dit liéu phé 'H-NMR va BC-NMR thu dwoc nhw
hinh 1 va hinh 2:

1H-NMR (500 MHz, DMSO) 6 8,36 (s, 1H), 8,15 (s, 1H),
7,28 (s, 2H), 5,88 (d, J=2,4 Hz, 1H), 5,68 (d, ]=4,3 Hz, 1H),
5,17 (dd, J=6,1, 5,1 Hz, 1H), 4,62-4,55 (m, 1H), 4,36 (ddt,
J=9,7, 6,8, 3,6 Hz, 1H), 3,70 (ddd, ]=12,0, 5,2, 3,3 Hz, 1H),
3,53 (ddd, ]=12,0, 6,1, 3,9 Hz, 1H), 2,26 (ddd, ]=13,1, 8,6,
5,8 Hz, 1H), 1,93 (ddd, ]=13,0, 6,3, 3,3 z, 1H).

13C-NMR (125 MHz, DMSO0) 6 156,51, 152,90, 149,32,
138,40, 119,53, 91,25, 81,15, 75,06, 63,08, 34,52.
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Phé 'H-NMR cuia hop chit F6.1 cho thdy, hai tin hiéu
8, 8,36 ppm (s, 1H) va 8,15 ppm (s, 1H) la cac tin hiéu
singlet dac trung cho proton & vi tri C-2 va C-8 cia vong
purine. Vi tri nay thwong c6 d6 dich chuyén hoa hoc 16n
do anh huéng cia hé vong thom. Trong d6, proton H-2 vi
bi 4&nh hwéng khir che chin manh tir hai nito ké can (N-1
va N-3) trong vong pyrimidine, nén twong rng véi tin
hiéu & 8,36 ppm, con H-8 & § 8,15 ppm chi ndm canh N-7
(co tinh hit electron) va N-9 (ndi glycosidic véi dwong,
hut electron y&u hon), nén hiéu tng khir che chin téng
thé nhé hon, dan téi tin hiéu dich chuyén héa hoc thap
hon H-2. Sy c¢6 mat cha hai proton tr nhém amino
(-NH,) gan vao vong purine ddc trwng béi tin hiéu tai §,,
7,28 ppm (s, 2H). Sw xudt hién ctia mot phan tx dwong
ribose ciing dwgc xac dinh trén phd '"H-NMR béi tin hiéu
proton anomer tai 8, 5,88 (d, ]=2,4 Hz, 1H), gia tri ]=2,4
Hz pht hop véi cau hinh B. Cac tin hiéu proton tai §
5,68 ppm (d, J=4,3 Hz, 1H) va §, 5,17 ppm (dd, J]=6,1, 5,1
Hz, 1H) dic trung cho nhém hydroxyl Ian lwgt gan voi
C-7'vaC-8.Tin hiéu & 6, 4,62-4,55 (m, 1H) va 4,36 (ddt,
]=9,7, 6,8, 3,6 Hz, 1H) lan lwot 1a 2 proton gan véi C-2’ va
C-4’ cia dwong ribose, do gan v&i nguyén tir oxy 4m dién
nén dich chuyén vé viing trwong cao. Cap tin hiéu §,, 3,70
va 3,53 1a 2 proton cling gan véi C-5’ ciia dwong ribose,
carbon ndy gan truc ti€p véi nhém hydroxyl nén cho tin
hiéu proton cong hwdng & vung tredng thap hon so véi
2 proton §, 2,26 (ddd, ]=13,1, 8,6, 5,8 Hz, 1H) va 5,193
(ddd, J=13,0, 6,3, 3,3 Hz, 1H) cing gan v&i C-3'.

Phd *C-NMR cho thdy, sw xuit hién tin hiéu ciaa 10
carbon trong d6 c6 3 carbon khong lién két truc tiép véi
hydro tai 8, 119,53 (C-5); 149,32 (C-4); 156,51 (C-6). Ngoai
ra, c6 sy xuat hién ctia 5 nhém methine (-CH) tai 8, 75,06
(C-2); 81,15 (C-4); 91,25 (C-1"); 138,40 (C-8); 152,90 (C-2)
va hai tin hiéu 6_ 34,52 (C-3'), 63,08 (C-5') ddc trung cua
2 nhom methylene (-CH,). Cac tin hiéu nay la phu hop voi
dir liéu di quan sat thiy trén phd 'H-NMR véi 5 nguyén tir
carbon ving trwong cao ctia dwong ribose va cac tin hiéu
vung truedng thip thudc vé vong thom purine.
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Hinh 3. CAu tric hoa hoc cia hop chéat F6.1.
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Tir nhitng dit kién phd NMR va doi chiéu véi tai liéu
tham khdo cho phép xac dinh ciu tric hoa hoc ciia hop
chit F6.1 (hinh 3) twong déng véi hop chit cordycepin
da dwoc phan 1ap tir dong trung ha thao [33] (bang 1).

Bang 1. So sanh dir liéu phd NMR cuia hop chét F6.1 va cordycepin
theo tai liéu [33].

Viti 8 f 8. (ppm) &} 8, (J,Hz) Quy két
2 1524 15290  835(s) 8,36 (s)
4 1489 149,32
5 1191 119,53
6 156,0 156,51
8 1390 13840  814(s) 8,15 (s)
10 7,28 (s) 7,28 (s) -NH,
v 908 91,25 587(d,24)  588(d 24)
7 745 75,06 4,59 (m) 4,58 (m)
3 34,1 34,52 2,26 (m) 2,26 (ddd, 13,1,8,6,5,8)
1,96 (m) 1,93 (ddd, 13,0, 6,3, 3,3)
s 80,6 81,15 4,35 (m) 4,36 (ddt, 9,7, 6,8, 3,6)
5 62,6 63,08 3,67 (m) 3,70 (ddd, 12,0, 5,2, 3,3)
3,53 (m) 3,53 (ddd, 12,0, 6,1, 3,9)
7 5,68 (d, 4,3) -OH
8 5,17 (dd, 6,1,5,1) -OH

#6,va*8, cta cordycepin [33], do trong DMSO-d,

3.2. Két qua tinh ché cordycepin

Cac phwong phap sic ky da duoc sir dung dé chiét
tach cordycepin bao gom: sic ky silica gel, sac ky hip
phu, sic ky loai trir kich thuéc. Tuy nhién, day chila bwéc
tién xit 1y, thwe t€ cAn thém cac bwéc lam tinh ché (vi du,
sac ky trao ddi ion, sdc ky cot pha ddo, sac ky polyamide,
sac ky ngwoc dong téc do cao, két tinh lai, riva két taa)
dé thu dwoc san phidm tinh khiét. GAn diy, mét nhém
nghién ctru tai Nhat Ban da cong b6 quy trinh phan 14p
cordycepin tir qua thé cta C. militaris bang phwong phap
chiét phan bd 16ng - 16ng két hop sic ky cot thudong va
két tinh dé thu sdn phdm c6 d6 tinh khiét cao [23]. Theo
dé, cac phan doan c6 chiva hop chit mong muén sau khi
sacky cot dwoc hoa trong hé dung méi CHCL,;:MeOH (1:1,
v/v). Dich loc thu dwgc dem c6 quay dwéi ap suat giam
thu dwoc phan rin thd, sau do6 thuwc hién két tinh véi hé
dung moi EtOAc:MeOH (3:7, v/v). Tinh thé thu dwoc
dem rira véi dung moi chira CHCL,, ethyl acetate (EtOAc)
va MeOH (6:2:2,v/v/v) d€loai tap chat.
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Trong thi nghiém clia ching tdi, phan ran sau khi sac
ky cot silica gel chi hoa tan mot phan trong hé dung méi
CHCL:MeOH (1:1, v/v). Sau khi loc thu dwoc phan ran
c6 mau trang, phan tich bang ph6 'H-NMR va *C-NMR
cho dit liéu phu hop véi hop chit cordycepin theo Z.G.
Chen va cs (2013) [33]. Sy khac biét gitra thuc nghiém
vabdo cdo trudc do cé thé dwoc giai thich dwa vao do tan
cua cordycepin. Thong thwong, do tan clia cordycepin &
25°C la khoang 7 mg/ml [34]. Khi nhiét do giam, do tan
ciing gidm dan. Néu néng dd cordycepin trong dung dich
vuwot qua gidi han hoa tan thi tinh thé sé xuit hién. Nhw
vay, dd tan cia cordycepin 1a rét it nén c6 thé dung hé
dung mo6i CHCL:MeOH véi ty 1& chon loc dé rira sach
két tda. Khi d6, mot phin cordycepin tan trong dung
dich rira cling sé bi rira troi, nhwng bu lai, dé tinh khiét
clia sdn phim sé ting 1én. Bén canh d6, néu miu ban dau
chwa dwoc xtr ly ki thi cac polysaccharide, protein, va
tap chit kh4c ton tai trong mau ciing sé &nh hwdng t&i
sw sap x&p mang lwdi tinh thé va do tan cua cordycepin.
Do d6, phan 16n cordycepin c6 thé khéng két tinh binh
thwong ma hoa tan vao dich riva [35].

Phuwong phap két tia dé ting do tinh khiét cla san
phdm da dugc chirng minh tinh hiéu qua bang cach dgi
chiéu di¥ liéu ph6 'H-NMR cua cao chiét MeOH, hop chit
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F6 va F6.1 (hinh 4). C6 thé quan sat thiy, cac peak tap
chit & cao chiét MeOH ban dau da dwoc loai bo hiéu qua
sau budc sac ky cot thuwdong (thé hién trén phé 'H-NMR
ctia hop chit F6) va dic biét sau buwdc két tia, da thu
dwoc cordycepin chiva rat it tap chat. Dac biét, tin hiéu tai
6H 5,68 (d, ]J=4,3 Hz, 1H) dac trung cho nhém hydroxyl
gan voi C-2’ chi quan sat dwgc trén phé proton ctia hop
chat F6 va F6.1, nhwng khong xuit hién trén phd proton
clia cao chiét MeOH. Piéu nay c6 thé giai thich rang, hAam
lwgng cordycepin sau qua trinh chiét va tinh ché da dugc
lam gidu so v&i trong cao chiét 1an dAu, cac tap chit cling
duwoc loai bé hiéu qua khi d6i chiéu phd proton ctia hop
chat F6 va F6.1, chirng minh tinh hiéu qua ctia qua trinh
lam sach san phdm théng qua mdt buéc riva két ta.

3.3. Két qua hiéu sudt phan ldp va thu hoi

Theo két qua do HPLC, ham lwgng cordycepin tinh
trén mau qua thé kho kiét ban dau 1a 23,18 mg/g, titc
12 trong 100 g mau qua thé khd ban d4u c6 chira 2,318
g cordycepin. Mit khac, thong qua sic ky cot thwong
két hop loai bé tap chit bang phwong phap rira két tia,
lwgng cordycepin tinh khiét thu dwoc la 0,424 g. Nhw
vay, hiéu suit thu hoi dat 18,29%. Bén canh d6, quy trinh
phén 14p va tinh ché dat hiéu suit thu héi cordycepin
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Hinh 4. So sanh phd 'H-NMR cta cao chiét MeOH, hop chat F6 va F6.1 theo th tw tir trén xudng dwéi.
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0,424%, cao hon dang ké so v&i cac quy trinh da dwgc
béo céo trudc diy, bao gom phwong phéap sic ky cot két
hop két tinh lai (0,04%) [23] va phwong phap két hop
sdc ky 16ng siéu téi han véi sic ky ngwoc dong téc dd cao
(0,18%) [36]. Tuy nhién, cling cAn lwu y rang chit lwgng
qua thé ban dau (bao gbm gidng ndm, moi treong nudi
cdy, giai doan sinh truwdng) c6 anh hwdng téi kha nang
sinh t6ng hop cordycepin, va tir d6 anh hwéng téi hiéu
sudt thu hoi san pham.

4. Két luan

Nghién ctru nay da cai tién quy trinh phan 14p va tinh
ché cordycepin tir qua thé ndm C. militaris, hwéng téi
nang cao hiéu suit thu hoi va do tinh khiét ctiia sdn pham.
Khac véi cac nghién ctu trede diy chi yéu tip trung
vao toi wu hoéa cac diéu kién chiét tich va dinh lwong
cordycepin trong dich chiét, quy trinh hién tai huwéng
dén thu nhan tryc tiép cordycepin & dang ran thong qua
sw két hop c6 hé thong gilra cdc budc chiét dung moi,
sdc ky cot 1am gidu phan doan chtta cordycepin va cac
budéc tinh ché tiép theo. Quy trinh dat hiéu suit thu hoi
0,424% va tao ra san phidm cé do tinh khiét cao, dwoc
xac nhan bang ph6 'H-NMR va *C-NMR. Quy trinh c6
tiém nang rng dung trén quy md lén ddi véi nhiéu hop
chat ty nhién khac. Bén canh do6, nghién ciru dé xuit
cin tiép tuc danh gia hoat tinh sinh hoc ctia cordycepin
phan 14p, 1am co sé cho viéc phat trién cac hop chat dan
dwong trong tong hgp dwgc phim.

Nghién ctru nay dworc tai tro bdi dé tai ma s6 TN.24.07
cta Trwong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia
Ha No6i. Nhém tac gid xin tran trong cadm on.
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Tom tat:

Pseudomonas aeruginosa l1a vi khuan co hdi c6 kha ning khang khang sinh cao va mang nhiéu yéu té doc lwc, giy
nguy co d6i véi sitc khoe cong dong khi hién dién trong nwéc udng. Nghién ciru nay dwoc thwe hién trén 50 mau
nwéc déng chai va dong binh tai Ha Néi nham xac dinh ty 1é nhiém, dic di€ém khang khang sinh va hé so gen déc luc
cta P. aeruginosa. Két qua cho thdy, 38% mau dwong tinh vé&i P. aeruginosa. Cac chiing phan 1ap thé hién ty 1é khang
cao v&i cephalosporin thé hé 3-4 va aminoglycoside, trong khi nhay véi doripenem va piperacillin-tazobactam
(100%). Phén tich gen ddc lwc cho thiy, cic chliing mang dong thoi nhiéu gen ddc lwc thudc hé thong tiét type I va 111
(exoA, exoY, exoS, exoU) va hé thdng quorum sensing (lasA, lasB, rhlAB, rhil, lasl, lasR), cho thiy tiém nang hinh thanh
biofilm va giy bénh cao. Nghién ciru nay nhan manh sw cin thiét ciia viéc gidm sat vi sinh dinh Ky va kiém soat chat
ché chit lwgng nwéc udéng dong chai.

Tir khéa: hé thong cam ng quorum, hé thong tiét type Il va III, khang khang sinh, Pseudomonas aeruginosa.
Chi s6 phdn logi: 1.6, 2.10, 3.3

Antimicrobial resistance and virulence gene profiles of seven Pseudomonas aeruginosa

in bottled and large-volume packaged drinking water in Hanoi
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Abstract:
Pseudomonas aeruginosa is an opportunistic pathogen with high levels of antimicrobial resistance and
multiple virulence factors, posing a potential public health risk when present in drinking water. This
study was conducted using 50 bottled and large-volume packaged drinking water samples collected in
Hanoi to determine the prevalence, antimicrobial resistance characteristics, and virulence gene profiles
of P. aeruginosa. The results showed that 38% of the samples were positive for P. aeruginosa. The isolates
exhibited high resistance rates to third- and fourth-generation cephalosporins and aminoglycosides,
whereas all isolates were susceptible to doripenem and piperacillin-tazobactam (100%). Virulence gene
analysis showed that the isolates simultaneously carried multiple genes associated with the type Ill secretion
system (exoA, exoY, exoS, and exoU) and the quorum-sensing system (lasA, lasB, rhIAB, rhll, lasl, and lasR),
indicating a high potential for biofilm formation and pathogenicity. These findings highlight the need for
routine microbiological surveillance and stringent quality control of bottled drinking water.

Keywords: antimicrobial resistance, Pseudomonas aeruginosa, quorum-sensing system, type II and III
secretion system.

Classification numbers: 1.6, 2.10, 3.3
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1. Dat van de

Nwéc udng dong chai, dong binh la mot sdn phim
thiét yéu dwgc tiéu thu rong rai trén toan ciu, doéng vai
trod quan trong trong viéc cung cip nwéc udng tién loi
cho nguoi tiéu dung. Tuy nhién, trong loai nwéc uéng
nay, s hién dién cta cac vi sinh vat, dac biét la cac vi
khuin giy bénh c6 kha nang khang khang sinh 1a mot
m&inguy cin kiém soat. Trong s6 d6, P. aeruginosa la mot
tdc nhan gay bénh co hoi cé y nghia l1dam sang quan trong,
¢6 kha nang chiu nhiét d6 trong khoang 4-42°C nén né
ton tai trong nhiéu moi trwong nwéc khic nhau [1].

P. aeruginosa 1a mot trwc khudn Gram 4m, hiéu khi,
c6 kha nang sinh ton trong nhiéu moéi tredng khiac nhau
nho vao sy da dang sinh hoc va kha nang thich nghi cao
[2]. Vi khuAn nay c6 thé giy ra nhiéu bénh nghiém trong
nhw nhiém tring duwdmg hd hap, nhiém tring mau, nhiém
trung vét thwong va viém tai gitta. Pic biét, sw xuét hién
cua P. aeruginosa trong nwéc udng déng chai khéng chi
lam suy gidm chit lwong san phdm, ma con tiém 4n nguy
co anh hwdng dén strc khde nguwoi tiéu dung, dac biét la
nhirng d6i twong c6 hé mién dich suy yéu nhw tré nho,
ngudi cao tudi va ngwdi mac bénh man tinh [3].

Mot trong nhitng dic diém dang lo ngai cua P.
aeruginosa la kha nang khang khang sinh cao, lam giam
hiéu qua diéu tri trong cac bénh nhiém trung do vi
khuén nay gy ra. Co ché khang thudc cta P. aeruginosa
rat phirc tap, bao gobm sy giam tinh thim mang t€ bao
ddi v&i khang sinh, hoat dong clia cdc bom téng khang
sinh ra ngoai, san xuit enzyme phan hiy khang sinh nhw
B-lactamase va sy dot bién lam thay d6i ciu trac dich
cta khang sinh. Sw xuit hién cia cac chung P. aeruginosa
khang da thu6c (MDR) trong nuéc déng chai c6 thé dan
dén nguy co lay nhiém trong cong dong va lam ting
ganh nang bénh tat [1]. P. aeruginosa biéu hién kha nang
khang nhiéu loai khang sinh, bao gbm aminoglycoside,
quinolone va B-lactam [4]. T6 chirc Y t€ Thé gi¢i (WHO)
gan diy da liét ké P. aeruginosa khang carbapenem la
mot trong ba loai vi khudn c6 nhu ciu cdp thiét vé viéc
phét trién cac loai khang sinh méi dé diéu tri nhiém
trung [5]. Carbapenem la mét nhém khang sinh manh
thwong dung dé diéu tri cdc nhiém trung do vi khuin
Gram am, dac biét ddng bao dong vi né gi¢i han sw lwa
chon trong diéu tri lam sang [6].

Ngoai kha nang khang thudc, P. aeruginosa con s&
htru nhiéu gen déc lwc giup vi khuidn xdm nhip, bam
dinh, gy t6n thwong mé va né tranh hé mién dich cta
vat chi. Cac gen nay bao gom nhdém lién quan dén hé
théng tiét type 11 va Il (exoA4, exoS, exoT, exoU, exoY), gbp
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phan giy tén thwong té bao vat chi [7], va nhém diéu
hoa hé théng cAm ng quorum (las4, lasB, aprA, rhiAB,
rhil, rhiR, lasl, lasR), lién quan dén viéc san xuat enzyme
ngoai bao, hinh thanh biofilm va ting cwong kha nang
thich nghi trong méi trwedrng [8]. Sw hién dién dong thoi
cla cic gen nay lam gia ting doc lwc va kha nang ton tai
cla P. aeruginosa trong nwédc udng, tlr d6 tiém 4n nguy
co doi vai strc khoe cong dong.

Cac co ché khang khang sinh cta P. aeruginosa c6 méi
lién hé chit ché v&i hé thong gen doc luc [9]. Cac gen
thudc hé thdng tiét type III nhw exo4, exoS, exoU, exoT
gitp vi khuin xAm nhép va pha huy té bao vat chi, dong
thoi tao diéu kién cho viéc kich hoat cac dap trng stress
va diéu hoa biéu hién gen khang thudc [10]. Bén canh
d6, nhém gen cam ng quorum (lasA, lasB, rhll, rhiR, lasl,
lasR) déng vai tro diéu phéi san xuit enzyme ngoai bao
va hinh thanh biofilm, mét c4u trtc bao vé gitp vi khuin
bam dinh bé mat va gidm tinh thdm cta khang sinh [11].
Sw hinh thanh biofilm 1am ting dang ké kha ning khang
thu6c do cac té bao trong biofilm cé toc do trao d6i chat
chim, 16p ma tran polysaccharide can tr& khuéch tan
thudc, va vi khudn c6 thé trao d6i gen khang dé dang
hon [12]. Do d6, sw phoi hop gitra doc lwc va kha nang
hinh thanh biofilm chinh 13 yéu td trung tAm khién P.
aeruginosa tré thanh loai vi khuan kho kiém soat trong
ca moi trwong va 1am sang.

Tai Viét Nam, két qua gidm sat méinguy 6 nhiém nuwéc
udng déng chai, dong binh trén thi trwong 5 tinh Tay
Nguyén tir ndm 2017-2018 cho thiy: tinh trang nhiém
vi sinh vat chl yéu tip trung vao san phim nwéc uéng
déng chai, déng binh chiém 41,5% (162/390), chu yéu
nhiém Coliform va P. aeruginosa. Nim 2021 ty 1& nhiém
vi sinh vit trong san phim nwéc uéng déng binh ting
1én rat cao (78,7%), trong d6 nhiém P. aeruginosa chiém
44,7%; nhiém Coliform téng s6 chi€ém 53,2% [13]. Tai
Quang Tri, nwéc udng dong chai bi nhiém P. aeruginosa
c6 ty 1& kha cao so véi mot sd dia phwong khac trong
ca nwée. Két qua hiu kiém cho thay, trong nam 2011 ¢6
13/56 mau nuwéc udng dong chai bi nhiém P. aeruginosa,
chiém ty 1€ 23,21%; ndm 2012, c6 dén 26,32% mau nwéc
nhiém P. aeruginosa (15/57); nam 2013 ty 1& nay chi c6
13,33% (8/60); nam 2014 1a 22,22% (14/63) [14].

Do d6, nghién ctru ndy dugc thuc hién nham xac dinh
sw hién dién clia P. aeruginosa trong cAc mau nwéc uéng
déng chai, déng binh dwoc thu thip, mo ta ho so khang
khang sinh va sw c6 mat cda cac gen doc lwc & cac ching
dwoc tuyén chon, dong thoi thao ludn sy dong hién dién
cia doc lwc va khang thudc & mirc tham do. Két qua
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nghién ctru sé cung cip dit liéu quan trong, giup niang
cao hiéu qua kiém soat chit lwong nwéc déng chai, hd
tro viéc xay dung cac chién lwgc gidm sat va phong ngira
nguy co nhiém khuén, tir d6 gép phan bao vé strc khoe
céng dong.

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén liéu

Nghién ctru dwoc thuc hién theo thiét ké cat ngang
- tham do trén 50 miu nwéc udéng, gobm 20 miu nuwdc
udng dong chai va 30 mau nwéc uéng doéng binh, thu
thip tir nhiéu nguén khac nhau trén dia ban TP. Ha Ni
trong cac thang 11-12 nidm 2024. Cic mau bao gom (i)
mau giam sat dinh ky thu thap tai cic co s& kinh doanh,
dai ly va siéu thi, va (ii) mau dich vu dwoc lwu triv tai
Vién Kiém nghiém An toan vé sinh thwc phim Qudc gia
(NIFC), nham dam béo tinh khach quan va da dang cua
ngudn mau. Mau dwoc bdo quan & 4-8°C va van chuyén
vé phong thi nghiém trong vong 24 gio ké tir khi 13y.

2.2. Phwong phdp nghién ctru

2.2.1. Phdt hién va dinh lwgng cdc chiing P. aeruginosa
trong mau nwéc déng chai va déng binh

250 ml miu nwéc déng chai, déng binh duoc loc
qua mang loc cellulose nitrate c6 kich thwéc 16 0,45
um (Merck). Sau khi loc, mang loc dwoc chuyén 1én
moi trwong thach Pseudomonas co ban va thach
Pseudomonas bd sung ceftazidime (1 ug/ml) dé€ sang loc
ching Pseudomonas khang khang sinh. Cac dia dwoc a
trong ti &m & 37°C trong 24 gid. Cac khuin lac ¢6 hinh
théi dién hinh nhv tron, nh&n béng, phat huynh quang
xanh 14 dwéi dnh sang UV (254 nm) dwoc nhudém Gram
dé€ x4c nhan hinh thai dwéi kinh hién vi va lwu triv & -80°C.

2.2.2. Phan Idp va dinh danh cdc chung P. aeruginosa
trong mdu nwéc déng chai va déng binh

b€ dinh danh, cac khuin lac nady dwoc ria phan lap
trén thach Tryptone Soya Agar (TSA, Merck), G4 trong
24 gitr & 37°C va dinh danh bang cong nghé MALDI-TOF
Matrix-Assisted Laser Desorption Ionisation - Time of
Flight trén hé thng VITEK® MS (BioMérieux SA, Marcy
I'Etoile, Phap). St dung que ciy dung mot 1an dé 14y mot
phén ctia mot khuin lac phat trién trén thach TSA, sau
dé6 tan déu 1én mot giéng ctia dia muc tiéu VITEK Kirby-
Bauer. Theo khuyén cdo ctia nha san xudt, chung E. coli
ATCC 8739 dwoc st dung lam ching ddi chirng trong
qua trinh chay [15]. Sau khi khdng dinh cac ching P.
aeruginosa phan lap dwoc tir cic miu nwédc uéng déng
chai va dong binh, ching dwoc khdo sat kha nang khang
khang sinh.
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2.2.3. Bdnh gid ddc diém khdng khdng sinh ctia cdc chiing
P. aeruginosa trong mdu nwéc déng chai va déng binh

Kha nang khang khang sinh ctia 7 ching P. aeruginosa
dwoc tuyén chon trong nghién ctu nay dwgc diéu tra
bang phwong phap khuéch tan dia Kirby-Bauer [16]. P.
aeruginosa dugc nudi tang sinh trong 10 ml moéi trwong
BHI vé trung cho dén khi mat do té bao twong dwong véi
dd duc 0,5 McFarland, x4p xi 1,5x108 CFU/ml té& bao vi
khuin. Tdm bong v6 trung dwoc str dung dé ria huyén
phu vi khuin trén thach Mueller-Hinton. Téng cong 13
loai khang sinh di dwoc thir nghiém theo CLSI M45 vé
thir nghiém dé nhay khang sinh d6i véi cac vi khuin it
gdp hodc khoé nuéi ciy, bao gobm aztreonam, piperacillin,
piperacillin-tazobactam, ceftazidime, cefepime,
imipenem, meropenem, doripenem, ciprofloxacin,
gentamicin, tobramycin, amikacin va netilmicin. Cac dia
dwoc dat trén bé mat moi treong cach déu nhau bang kep
vO triing va i & 37°C trong 18 gio. K&t qua xét nghiém do
nhay véi khang sinh dwoc xac dinh bang duwdng kinh ctia
vung c ché, chinh 13 viing trong sudt xung quanh dia
khang sinh [17]. Néu khong xuit hién ving trong suot
xung quanh dia khang sinh hodc d¢ trong khong rd rang
thi ching thu thap dwoc c6 khad nang khang lai khang
sinh dé. Cac gia tri nay sau d6 dwoc nhip vao phin mém
Microsoft Excel va phan loai thanh ba nhém: khang
thudc (ving rc ché < gi¢i han CLSI), trung gian (ving rc
ché nam gitra ngwdng nhay cdm va khang), va nhay cam
(viing e ché > gi¢i han CLSI). Biéu d6 cot dwoc tao ra dé
minh hoa ty 1é phan trdm cac chiung khang, trung gian
hodc nhay cdm v&i tirng loai khang sinh.

2.2.4. Phdthién gen djc lwc ctia cdc chiing P. aeruginosa
trong mdu nwéc déng chai va déng binh

Phwong phap tach chiét DNA: Cac ching P. aeruginosa
phan l14p tir mau nuwéc déng chai va déng binh dwoc ria
lai trén moéi trweong thach Pseudomonas co ban, nudi
tang sinh trong moi trwdng canh thang BHI (Brain Heart
Infusion broth), 0 18-24 gior & 37°C. DNA t6ng sd cla
P. aeruginosa dwoc tach chiét theo quy trinh danh cho
vi khuidn Gram 4m cta bd kit GeneJET Genomic DNA
Purification (Thermo Fisher, C5042). N6ng d6 DNA tOong
s6 cuia cac chung P. aeruginosa dwgc dinh lwong bang
mday nanodrop tai budc séong 260 nm. Dung dich chira
DNA dwoc bdo quan & nhiét do -20°C cho dén khi st
dung.

Phan &ng PCR: Cic cdp moi dwgc sir dung trong
nghién ciru nay dé phat hién cac gen doc lwc cla cac
chung P. aeruginosa trong mau nuéc dong chai va dong
binh dugrc liét ké trong bang 1.
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Bang 1. Cac cap mdi dworec str dung dé phat hién gen doc lwc cla
P. aeruginosa.

a inr an o oy, Tailiéu
Leﬁni Trinh tw (5'-3") Gen I[\il(l:;etd(_) gne):u L tham
P khao

exoUF  ATGCATATCCAATCGTTG

exoU 57 2000 [18]
exoUR  TCATGTGAACTCCTTATT
exoSF GCGAGGTCAGCAGAGTATCG

exoS 58 118 [19]
exoSR  TTCGGCGTCACTGTGGAT
exoYF  CGGATTCTATGGCAGGGAGG

exoY 59 289 [19]
exoYR  GCCCTTGATGCACTCGACCA
exoTF  AATCGCCGTCCAACTGCATGCG

exoT 60 152 [19]
exoTR  TGTTCGCCGAGGTACTGCTC
exoAF  GACAACGCCCTCAGCATCACCAGC

exoh 72 396 [18]
exoAR  CGCTGGCCCATTCGCTCCAGCGCT
lasAF CGCCATCCAACCTGATGCAAT

lasA 60 514 [21]
lasAR  AGGCCGGGGTTGTACAACGGA
lasBF  TTCTACCCGAAGGACTGATAC

lasB 52 153 [22]
lasBR  AACACCCATGATCGCAAC
aprAF  ACCCTGTCCTATTCGTTCC

aprh 52 140 [22]
aprAR  GATTGCAGCGACAACTTGG
rhIABF  TCATGGAATTGTCACAACCGC

rhiAB 52 151 [22]
rhIABR  ATACGGCAAAATCATGGCAAC
rhilF CTTGGTCATGATCGAATTGCTC

rhll 50 625 23]
rhllIR ACGGCTGACGACCTCACAC
rhIRF CAATGAGGAATGACGGAGGC

rhR 50 730 23]
rhIRR  GCTTCAGATGAGGCCCAGC
lasIF ATGATCGTACAAATTGGTCGGC

lasl 50 605 23]
lasIR GTCATGAAACCGCCAGTCG
lasRF CGGGTATCGTACTAGGTGCATCA

lasR 60 1100 [18]
lasRR  GACGGGAAAGCCAGGAAACTT

%HI\OIGCHE 68(8) 8.2026

Hon hop PCR (25 pl) gdm: 12,5 ul PCR Master Mix 2x
(Thermo Scientific, chivra 0,05 U/ul Taq DNA polymerase,
dém phan trng, MgCl, 4 mM va dNTP 0,4 mM), 1 pl moi
xubi (10 pmol), 1 pl moéi ngwec (10 pmol), 3 ul DNA
khuén va 7,5 pl H,O0 khit ion v6 trung. Chu trinh PCR
duoc ti wu theo kich thwéc san phdm khuéch dai. Phan
rng bat dau bang bién tinh ban dau & 95°C trong 5 phit,
tiép theo 35 chu ky gbm: 94°C 30 gidy, gin moi & nhiét
do thich hop (bang 1) trong 20-30 gidy, va kéo dai &
72°C theo nguyén tac khodng 1 phut/1 kb (<600 bp: 30-
45 giay, 600-1200 bp: 60-90 gidy, ~2000 bp: 120 giay).
Cubi cung, phan &ng dwoc kéo dai hoan thién & 72°C
trong 10 phit. Ddi véi cac gen cb kich thwéc amplicon
16n nhw exoU (~2.000 bp) va lasR (~1.100 bp), thoi gian
kéo dai dwoc diéu chinh twong trng (90-120 gidy) nham
dam bao khuéch dai diy du toan bd viing ma héa, theo
khuyén cao ctia S.M.C. Petit va cs (2013) [18].

Gel agarose 1,5% dwoc chuidn bi trong dém TAE
1X (Tris-base 40 mM, axit axetic 10 mM va EDTA 1
mM, pH 8) c6 b6 sung thém nhudém Redsafe (iNtRON
Biotechnology) véi ty 1€ 2 pl dung dich nhudém: 100
ml gel. S&4n phdm PCR dwoc tron véi loading dye 6X
(Thermo Scientific). Qua trinh dién di trong dém TAE 1X
va dwoc thye hién véi hiéu dién thé 6n dinh 110 V trong
50 phit. Ban gel sau khi dién di dwgc soi dwdi dén UV dé
quan sat va chup anh. Ching dworc Iwu gitr tai -80°C cho
cac nghién ctru tiép theo.

2.2.5. Phdn tich théng ké

Dé& so sanh sy khac biét vé s6 lwong khuin lac phat
trién trén hai loai méi trwdong (thach Pseudomonas co
ban va thach Pseudomonas bé sung ceftazidime), ki€ém
dinh phi tham s6 Wilcoxon signed-rank test mét phia
dwoc st dung. Phan tich dugc thuc hién bang Excel va
ddi chiéu véi bang gia tri téi han Wilcoxon tai mirc y
nghia a=0,05.

3. Két qua va ban luan

3.1. Ty 1é nhiém P. aeruginosa trong mdu nwéc
dong chai va déng binh

K&t qua phan tich 50 miu nwéc uéng déng chai
va déng binh cho thdy 38% maiu (19/50) nhiém P.
aeruginosa véindng do dao dong tir 4,0x10° dén 5,4x 102
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vi khudn/250 ml, vwot qua gi¢i han quy dinh cia Quy
chudn ky thuit quéc gia ddi véi nwéc khodng thién
nhién va nwéc uéng déng chai QCVN 6-1:2010/BYT (0
vi khudn/250 ml). Theo quy trinh sang loc song song,
mdi miu dwgc nudi dong thi trén thach Pseudomonas
co ban va thach Pseudomonas bd sung ceftazidime
(1 ug/ml) (bang 2).

Ké&t qua bang 2 cho thay, s6 lwgng vi khuin gidam manh
khi nuéi ciy trén moi trweong thach Pseudomonas b6
sung ceftazidime (1 pg/ml). Kiém dinh Wilcoxon signed-
rank test mot phia xac nhan sy khac biét nay cé y nghia
théng ké (px2.437x107°<0,05) cho thiy, ceftazidime
c6 hiéu qua c ché dang ké d6i véi phan 16n ching P.
Bang 2. Két qua phat hién P. aeruginosa trong mau nwéc déng chai

va déng binh khi nuéi trén cac méi trwéng thach Pseudomonas co
ban va thach Pseudomonas bé sung ceftazidime (1 pg/ml).

K&t qua phat hién P. aeruginosa (CFU/250 ml)
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aeruginosa trong mau nuéc. Trong s6 19 mau phat hién
P. aeruginosa trén méi trweong thach Pseudomonas, trén
moi treong thach Pseudomonas bé sung ceftazidime c6
15/19 mAu khong phat hién P. aeruginosa, 4/19 mau
van phat hién P. aeruginosa chirng té c6 su hién dién ctia
cac ching khang ceftazidime thudéc nhém cephalosporin
thé hé ba, khang sinh quan trong trong diéu tri 1am sang
12 vdn dé dang quan tAm. Do s& mau han ché, chwa du
co s& suy rong xu hwéng theo nhém sadn phidm hoic xac
dinh nguyén nhan 6 nhiém, tir 4 miu nay, 07 khuin lac
dién hinh dwoc lwa chon ngu nhién dé phan lap, dinh
danh va danh gia h6 so khang khang sinh.

3.2. Két qua dinh danh MALDI-TOF tir mdu nwé«c
dong chai va dong binh

7 khuin lac c6 kha ning phat trién trén moi trudong
thach Pseudomonas cé b6 sung ceftazidime (1 pg/ml)
da dwoc phan 1ap va dinh danh bing céng nghé phé khéi

Ll Nudi trén thach Nudi trén thach Pseudomonas MALDI-TOF. K&t qué dwoc thé hién & béng 3.
Pseudomonas co’ ban bé sung ceftazidime (1 ug/ml) ) ) o B
Bang 3. Ket qua dinh danh cac khuan lac phan lap dwoc tir 4 mau
1 1,4x10? 0 nwéc déng binh phat hién P. aeruginosa trén méi trwéng thach
Pseudomonas bé sung ceftazidime.
2 4,0x10* 0
e N AN
3 4,0x10° 0 Ma chiung Tén loai Do tin cay (%)
01 Pseudomonas aeruginosa 99,9
4 5,0x10° 0
02 Pseudomonas aeruginosa 99,9
5 5,6x10* 0
03 Pseudomonas aeruginosa 99,9
6 4,2x10? 0 .
04 Pseudomonas aeruginosa 99,9
7 5,0x10° 0 05 Pseudomonas aeruginosa 99,9
8 5,4x10? 0 06 Pseudomonas aeruginosa 99,9
9 6,0x10* 0 07 Pseudomonas aeruginosa 99,9
10 9,0x10° 0 Két qua dinh danh bang MS MALDI-TOF cho thiy, ca
11 9,6x10* 4,0x10° 7 khuin lac déu dat diém s6 >2,0 véi dd tin cdy 99,9%
e o (bang 3), cho phép xac dinh chinh xac ¢ cap do loai la P.
aeruginosa (07/07, 100%).
13 3,0x10? 2,0x10°
3.3. H6 so' khang khdng sinh ctia cdc chiing P.
14 6,2x10* 0 . A aa sz . i L g
aeruginosa phan ldp tir mau nwdc dong chai va dong
15 4,2x10* 0 binh
1
16 1510 0 H6 so khang khang sinh cta 7 chung P. aeruginosa
17 9,0x10° 0 phan l4p tir mau nwéc déng chai va déng binh cho thay,
18 2,0x10? 0 muirc dd khang thudc twong doi cao, dac biét d6i véi cac
khang sinh thuéc nhém B-lactam va aminoglycoside
19 9,6x10* 2,0x10°
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(hinh 1).
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®Nhay  Trung gian ®Khang

Hinh 1. H6 so khang sinh cta P. aeruginosa dwa trén dwéng kinh
thuéc, vang: trung gian, xanh |4 cay: nhay cam.

Trong 7 chuing P. aeruginosa dwgc tuyén chon, toan
bd ching khang cefepime va netilmicin (7/7; 100%);
6/7 chung (85,7%) khang aztreonam, ceftazidime,
gentamicin va amikacin; 5/7 chung (71,4%) khang
imipenem, meropenem va tobramycin; 2/7 ching
(28,6%) khang piperacillin. P6i véi ciprofloxacin, 6/7
ching nhay cdm va 1/7 ching c6 mirc dap ng trung gian,
khong ghi nhan ching khang. Piperacillin-tazobactam va
doripenem duy tri hoat tinh t6t trén toan bé cac chung
khao sat. Nhin chung, cic ching biéu hién mirc khang
cao ddi voi cephalosporin thé hé 3-4, aminoglycoside
va mot sO carbapenem, trong khi mitrc d6 nhay cam véi
ciprofloxacin, doripenem va piperacillin-tazobactam
van dugc bo ton. Viéc tuyén chon cac chiing c6 kha ning
phat trién trén moi tredng b sung ceftazidime cé thé
g6p phan giai thich ty 1& khang B-lactam twong déi cao
trong nhém ching khéo sat. Vi vy, két qua khang sinh
d6 chti yéu phan anh dic diém cia cac ching dwoc tuyén
chon theo tiéu chi nay. Vé co ché, khang cefepime & P.
aeruginosa c6 thé lién quan dén tang biéu hién AmpC, sw
hién dién cta B-lactamase phd mé& rong, gidm tinh thim
mang hodcting hoat déng ctia cicbom téng thudc. Khang
meropenem thwong lién quan dén suy gidm hodc mait
porin OprD, ting hoat dong bom tong thudc va sy hién
dién cda carbapenemase; trong khi khang amikacin cé
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vung ¢ ché (mm). Dé: khang

thé lién quan dén cic enzyme
bién d6i aminoglycoside, hé
MexXY-OprM hodc methylase
16S rRNA [5]. Tuy nhién, do
nghién cttu chwa khdo sat
cac d4u 4n khang thudc hoic
biéu hién cta cic co ché nay,
nguyén nhian cda ki€éu hinh
khang chwa thé dwoc xac dinh.

So v&i cac nghién cttru trén
ching méi trwong, ty 1é khang
trong nghién ctu nay cao
hon mttc dwgc ghi nhan tai

Cong hoa Séc, noi ty 1é khang

70% 80% 90% 100%

meropenem, gentamicin va
ceftazidime lan lwot 13 27,2,
28,8 va 11,5% [24]. Tai Ghana,
ty 1é khang aztreonam cua P.
aeruginosa trong nwéc udng
la 48%, trong khi ty 1é khang ciprofloxacin chi & mic
4,9% [25]. Nguoec lai, L. Wei va cs (2020) [26] ghi nhan
toan by 132 chung P. aeruginosa phan 1ap tir nwéc udng
tai Trung Qudc déu nhay cadm véi 14 khang sinh dwogc
khao sat. Sw khic biét gitra cdc nghién cttu cé thé lién
quan dén ngudén mau, quy trinh x ly nwéc, chién lwoc
phan l4p va tuyén chon chiing, tiéu chuin dién giai ciing
nhuw bdi canh dia ly. Cac nghién ctu lAm sang trong khu
vuc cung cip thém bang chirng vé s lwu hanh cia nhiéu
co ché khang & P. aeruginosa. Tai Thai Lan, ty 1é khang
amikacin, gentamicin va tobramycin Ian lwot dat 92, 95
va 96%, dong thoi cac enzyme bién ddi aminoglycoside
va hé MexXY dwoc phat hién pho bién [27]. Tai Viét Nam,
cac bién thé blaIMP, blaDIM, blaKPC va dong ST235
mang blaIMP-26 da dwoc ghi nhan & cac ching khang
carbapenem [28, 29]. Do s6 ching dwgc khao sat con
han ché (n=7) va dwgc tuyén chon sau bwédc sang loc
ceftazidime, cac ty 1&é khang trén day chi cé gia tri mo
td trong nhém chung nghién ciru, viéc so sanh véi cac
nghién ctru khac nhim dit két qua trong bdi canh tham
khao. bong thoi, do khac biét vé ngudn phan lap, cac dir
liéu 14m sang nay chi yéu c6 gia tri tham khao vé phd
co ché khang va khéng thé dwoc ngoai suy truec ti€p cho
cac ching nwéc udng trong nghién ctru hién tai. Sw dong

2]



thoi xuét hién ki€u hinh khang véi nhiéu nhém khang
sinh cho thiy viéc gidm sat lién tuc va nghién ciru siu
hon vé co ché khang khang sinh la cin thiét d€ dam bao
hiéu qua diéu tri va an toan strc khde céng dong. Cac
ching nay ti€p tuc dwoc phin tich nham phat hién sy
hién dién cta cic gen doc lwc lién quan dén kha niang
x4m nhip, gy tén thwong mé va hinh thanh biofilm.

3.4. Phadt hién gen ddc lwc ciia P. aeruginosa trong
X z 7 . \ 7 Y
mau nwdéc dong chai va déong binh

Két qua heatmap (hinh 2) cho thdy mdi ching phét
hién 10-12/13 gen ddc lwc. Cac gen exoA, exoY, lasA,
lasB, aprA, rhlAB, rhll va rhlR hién dién & 7/7 ching,
trong khi exoU, exoS, exoT, lasl va lasR phin b6 khéng
dbéng déu. Diéu nay cho thiy cac ching phin lap mang
dbng thoi nhiéu yéu to lién quan dén hé théng tiét type
I1 va IlI, enzyme ngoai bao va quorum sensing.

Nhom chirc S6 ching | Tylé
nang dwong tinh | (%)

2 28,6%

6 85,7%
Hé thong 0
tiét type 111 ! ——

7 100,0%

4 57,1%

7 100,0%
Enzyme 7 100,0%
ngoai bao ’

7 100,0%

7 100,0%

7 100,0%
Quorum
sensing/ 7 100,0%
biofilm

6 85,7%

lasR 5 71,4%

Tong so gen phat _ ,
hign/ching 10 |12 |10-12/13 gen/chlng

Hinh 2. Heatmap biéu dién sw phan bd cac gen déc lwc & 7 chiing
P. aeruginosa phan lap trong nghién ctru. +: dwong tinh, -: am tinh.

Doi véi cac gen lién quan dén hé théng tiét, exoA
thudc hé théng tiét type I va Il dwoc phat hién & 7/7
ching (100%); trong khi cac gen ma hoéa protein hiéu
rng ctia hé thong tiét type Il va Il gbm exoU, exoS, exoT
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va exoY dwgc phat hién Ian lwot & 2/7 (28,6%), 4/7
(57,1%), 6/7 (85,7%) va 7/7 chiing (100%). Ty 1& exoU
trong nghién ctru nay thap hon mtc 56 va 58,9% dwgc
bao cdo lan lwot tai Iran va Ai Cap [30], nhung twong
dwong voéi ty 1é 27,6% & cac ching phan lap tir nwéc
song tai TAy Ban Nha [31]. Ty 1é exoS (57,1%) cling gan
v&i cdc mirc 58,9% tai Ba Lan va 51,2% tai Iran [32].
DPang chi y, chiing 07 dong thoi phat hién exolU va exoS,
két qua nay cho thiy sw da dang ctia ho so gen hé théng
tiét type III gilta cac ching, nhung cin dwoc xac nhan
thém bang giai trinh tw sdn phdm khuéch dai hoic phan
tich hé gen trwdc khi suy luin vé kiéu doc luec.

DPoi voi nhom enzyme ngoai bao va quorum sensing,
cac gen lasA, lasB, aprA, rhlAB, rhll va rhiR dwgc phat
hién & tat ca cac ching, trong khi lasl va lasR dwoc phat
hién 1an lwgt & 6/7 va 5/7 chung. K&t qua nay cho thiy,
cac thanh phan di truyén cia mang lwéi quorum sensing
Las/Rhl hién dién ph6 bién trong nhém ching khéo sat,
phu hop véi vai tro cia hé théng nay trong diéu hoa
enzyme ngoai bao va hinh thanh biofilm [8, 11]. Tuy vay,
viéc khong phat hién lasR & cic ching 06 va 07 khong
déng nghia véi mat hoan toan kha nang hinh thanh
biofilm, ngwoc lai, sy hién dién cia cic gen quorum
sensing cling khéng du dé khang dinh ching tao biofilm
manbh, do kiéu hinh nay con phu thuéc vao tinh toan ven
va mirc biéu hién cta gen, sw phéi hop giita nhiéu hé
thong diéu hoa va diéu kién moi trueong.

Khi d6i chiéu véi két qua khang sinh d6, cac chiing
trong nghién ctru vira mang nhiéu gen doc lwc, vira biéu
hién mac khang cao véi mot s6 nhém khang sinh, dic
biét 1a cephalosporin va aminoglycoside. Sw dong hién
dién nay c6 y nghia canh bao vi cic ching ton tai trong
nuwdc udng cé thé dong thoi mang dic diém ho tro thich
nghi, gy bénh va gidm nhay cdm véi khang sinh, biofilm,
néu dwoc hinh thanh, con c6 thé gép phan lam giam kha
niang thim thudc va ting kha nang tén lwu trong hé
thong san xudt, chiét rot hodc binh chira [12]. Tuy nhién,
véi chi 7 ching dwgc lwa chon sau buéc sang loc trén
moi trweong bé sung ceftazidime, nghién ctru hién méi
cho phép mé ta sy dong hién dién, chwa di co sé théng
ké dé két luan exoU lién quan dén mirc khang manh hon,
exoS lién quan dén ciprofloxacin hodc lasR lién quan truc
ti€p dén ki€u hinh biofilm.

28



Khoa hoc Tu nhién | Khoa hoc su sng; Khoa hoc Kji thuat va Cong nghé | KJ thuat thic pham va d6 uéng; Khoa hac ¥ - Duige | Y hoc du phing e

4. Két luan

Nghién ctru cho thiy, 38% trong cdc miu nwéc déng
chai dwoc nghién ctru phat hién nhiém P. aeruginosa,
trong d6 cac ching phan 14p thé hién ho so khiang thudc
da dang va dang lo ngai. T4t ca cic ching déu khang
cefepime (100%), phan 16n khang aminoglycoside
(amikacin va gentamicin, 85,7%), nhung van con nhay
cam véi piperacillin-tazobactam va doripenem (100%).
Vé mit doc lwc, cdc chiing mang dong thoi nhiéu gen
quan trong nhw exoA, exoY, lasA, lasB, exoS (57,1%) va
exoU (28,6%). K&t qua nay cung cip thém dir liéu khoa
hoc vé dic diém khang khang sinh va gen ddc lwc cia P.
aeruginosa trong nwéc uéng dong chai, déng binh, gép
phin nhdn manh sy can thiét cta viéc duy tri gidm sat
vi sinh dinh ky, kiém soat diéu kién san xuit va bado dam
chit lwgng san phdm theo quy dinh hién hanh.

TAI LIEU THAM KHAO

[1] D. Vuki¢ Lusi¢, N. Maestro, N. Maestro, et al. (2021),
“Occurrence of P. aeruginosa in water intended for human
consumption and in swimming pool water”, Environments, 8(12),
DOI: 10.3390/environments8120132.

[2] T.D. Sousa, M. Hebraud, M.L.N.E. Dapkevicius, et al. (2021),
“Genomic and metabolic characteristics of the pathogenicity in
Pseudomonas aeruginosa”, Int. J. Mol. Sci., 22(23), DOI: 10.3390/
ijms222312892.

[3] X. Li, N. Gu, T.Y. Huang, et al. (2022), “Pseudomonas
aeruginosa: A typical biofilm forming pathogen and an emerging
but underestimated pathogen in food processing”, Front.
Microbiol,, 13, DOI: 10.3389/fmicb.2022.1114199.

[4] P. Pachori, R. Gothalwal, P. Gandhi (2019), “Emergence
of antibiotic resistance Pseudomonas aeruginosa in intensive
care unit; a critical review”, Genes Dis., 6(2), pp.109-119, DOLI:
10.1016/j.gendis.2019.04.001.

[5] Z. Pang, R. Raudonis, B.R. Glick, et al. (2019), “Antibiotic
resistance
alternative therapeutic strategies”, Biotechnol. Adv., 37(1),
pp.177-192,DOI: 10.1016/j.biotechadv.2018.11.013.

in Pseudomonas aeruginosa: Mechanisms and

[6] G. Mancuso, S.D. Gaetano, A. Midiri, et al. (2023), “The
challenge of overcoming antibiotic resistance in carbapenem-
resistant  Gram-negative bacteria: ‘Attack on titan”,
Microorganisms, 11(8),DOI: 10.3390/microorganisms11081912.

[7] C.G. Nolasco-Romero, F.J. Perez-Galbarro, R.N.J. Juarez,
et al. (2024), “The exoS, exoT, exoU and exoY virulotypes of the
type 3 secretion system in multidrug resistant Pseudomonas
aeruginosa as a death risk factor in pediatric patients”, Pathogens,
13(12), DOI: 10.3390/pathogens13121030.

%HI\?GCHE 68(8) 8.2026

[8] J. Lee, L. Zhang (2015), “The hierarchy quorum sensing
network in Pseudomonas aeruginosa”, Protein Cell, 6(1), pp.26-
41,DO0I: 10.1007/s13238-014-0100-x.

[9] H. Wei, Y. Fu, W. Qin, et al. (2025), “The relationship
between virulence and drug resistance genes in Pseudomonas
aeruginosa and antibiotic resistance: A targeted next-generation
sequencing approach”, Front. Cell. Infect. Microbiol, 15, DOI:
10.3389/fcimb.2025.1563741.

[10] T. Wu, Z. Zhang, T. Li, et al. (2024), “The type III
secretion system facilitates systemic infections of Pseudomonas
aeruginosa in the clinic”, Microbiol. Spectr., 12(1), DOI: 10.1128/
spectrum.02224-23.

[11] A.A. Elnegery, W.K. Mowafy, T.A. Zahra, et al. (2021),
“Study of quorum-sensing LasR and RhIR genes and their
dependent virulence factors in Pseudomonas aeruginosa isolates
from infected burn wounds”, Access Microbiol, 3(3), DOLI:
10.1099/acmi.0.000211.

[12] P. Shree, C.K. Singh, K.K. Sodhi, et al. (2023), “Biofilms:
Understanding the structure and contribution towards bacterial
resistance in antibiotics”, Med. Microecol, 16, DOI: 10.1016/j.
medmic.2023.100084.

[13] N.V. Thuan, V.C. Chinh, T.T. Quoc, et al. (2024), “The
state of food safety and hygiene in bottled water production
facilities in the five provinces of the Central Highlands region in
2023”, Vietnam Journal of Food Control, 7(3), pp.369-377, DOLI:
10.47866/2615-9252 /vjfc.4364.

[14] H.S. Bien (2025), “The current situation and causes of
Pseudomonas Aeruginosa contamination in bottled drinking
water”, https://antoanthucpham.quangtri.gov.vn/Tin-tuc-
su-kien/Thuc-trang-nguyen-nhan-nhiem-Pseudomonas-
Aeruginosa-trong-nuoc-uong-dong-chaiThuc-trang-nguyen-
nhan-nhiem-Pseudomonas-Aeruginosa-trong-nuoc-uong-dong-
chai-629.html, accessed 2 June 2025 (in Vietnamese).

[15] N.AE. Fahim, G.A.EW. Ismail, M.B. Abdelaleem, et
al. (2022), “Identification, characterization and antibiotic
susceptibility testing for Bacillus species”, Iran. J. Microbiol,
14(4), DOI: 10.18502/ijm.v14i4.10234.

[16] AW. Bauer, W.M. Kirby, J.C. Sherris, et al. (1966),
“Antibiotic susceptibility testing by a standardized single disk
method”, Am. J. Clin. Pathol., 45(4), pp.493-496.

[17] JJ. Biemer (1973), “Antimicrobial susceptibility testing
by the Kirby-Bauer disc diffusion method”, Ann. Clin. Lab. Sci.,
3(2), pp-135-140.

[18] S.M.C. Petit, R. Lavenir, C.C. Dupuich, et al. (2013),
“Lagooning of wastewaters favors dissemination of clinically
relevant Pseudomonas aeruginosa”, Res. Microbiol, 164(8),
pp.856-866, DOI: 10.1016/j.resmic.2013.06.007.

[19] T. Ajayi, L.R. Allmond, T. Sawa, et al. (2003), “Single-
nucleotide-polymorphism mapping of the Pseudomonas
aeruginosa type III secretion toxins for development of a
diagnostic multiplex PCR system”, J. Clin. Microbiol, 41(8),
pp-3526-3531, DOI: 10.1128/JCM.41.8.3526-3531.2003.

29



[20] A.A. Khan, C.E. Cerniglia (1994), “Detection of
Pseudomonas aeruginosa from clinical and environmental
samples by amplification of the exotoxin A gene using PCR”,
Appl. Environ. Microbiol, 60(10), pp.3739-3745, DOI: 10.1128/
aem.60.10.3739-3745.1994.

[21] J.A. Lombholt, K. Poulsen, M. Kilian (2001), “Epidemic
population structure of Pseudomonas aeruginosa: Evidence
for a clone that is pathogenic to the eye and that has a distinct
combination of virulence factors”, Infect. Immun., 69(10),
pp.6284-6295, DOI: 10.1128/1A1.69.10.6284-6295.2001.

[22] H. Zhu, R. Bandara, T.CR. Conibear, et al. (2004),
“Pseudomonas aeruginosa with Lasl Quorum-sensing deficiency
during corneal infection”, Invest. Ophthalmol. Vis. Sci., 45(6),
pp.1897-1903, DOI: 10.1167 /iovs.03-0980.

[23] J.A. Schaber, N.L. Carty, N.A. McDonald, et al. (2004),
“Analysis of quorum sensing-deficient clinical isolates of
Pseudomonas aeruginosa”, J. Med. Microbiol., 53(9), pp.841-853,
DOI: 10.1099/jmm.0.45617-0.

[24] N. Roulova, P. Mot'’kova, 1. Brozkova, et al. (2022),
“Antibiotic resistance of Pseudomonas aeruginosa isolated from
hospital wastewater in the Czech Republic’, /. Water Health,
20(4), pp-692-701, DOI: 10.2166/wh.2022.101.

[25] H. Ahmed, M. Zolfo, A. Williams, et al. (2022), “Antibiotic-
resistant bacteria in drinking water from the greater accra
region, Ghana: A cross-sectional study, December 2021 - March
2022”, Int. J. Environ. Res. Public. Health, 19(19), DOI: 10.3390/
ijerph191912300.

[26] L.Wei, Q. Wu,].Zhang, etal. (2020), “Prevalence, virulence,
antimicrobial resistance, and molecular characterization
of Pseudomonas aeruginosa isolates from drinking water in China”,
Frontiers in Microbiology, 11, DOI: 10.3389/fmicb.2020.544653.

KHOA
BCONGHI\?GCI:-IE

68(8) 8.2026

s Khoa hoc Ty nhién | Khoa hoc su séng; Khoa hoc Kji thuat va Cong nghé | KJ thuat thuic phm va dé uéng; Khoa hoe Y - Dugc | Y hoc du phong

[27] K. Poonsuk, C. Tribuddharat, R. Chuanchuen (2013),

“Aminoglycoside resistance mechanisms in Pseudomonas
aeruginosa isolates from non-cystic fibrosis patients in Thailand”,

Can. J. Microbiol., 59(1), pp.51-56, DOI: 10.1139/cjm-2012-0465.

[28] H.A. Tran, T.N.B. Vu, S.T. Trinh, et al. (2021), “Resistance
mechanisms and genetic relatedness among carbapenem-
resistant Pseudomonas aeruginosa isolates from three major
hospitals in Hanoi, Vietnam (2011-15)", JAC-Antimicrob. Resist.,
3(3), DOI: 10.1093/jacamr/dlab103.

[29] T. Tada, P.H. Nhung, T.M. Akiyama, et al. (2016),
“Multidrug-resistant sequence type 235 Pseudomonas aeruginosa
clinical isolates producing imp-26 with increased carbapenem-
hydrolyzing activities in Vietnam”, Antimicrob. Agents Chemother.,
60(11), pp.6853-6858, DOI: 10.1128/aac.01177-16.

[30] N.A. Hassuna, S.A. Mandour, E.S. Mohamed (2020),
“Virulence constitution of multi-drug-resistant Pseudomonas
aeruginosa in upper Egypt”, Infect. Drug Resist., 13, pp.587-595,
DOI: 10.2147/IDR.S233694.

[31] B.R. Bezares, C. Casado, T. Ceniceros, et al. (2024),
“Pseudomonas aeruginosa from river water: Antimicrobial
resistance, virulence and molecular typing”, FEMS Microbiol. Ecol.,
100(5), DOI: 10.1093/femsec/fiae028.

[32] S.A. Bazghandi, M. Arzanlou, H. Peeridogaheh, et al.
(2021), “Prevalence of virulence genes and drug resistance
profiles of Pseudomonas aeruginosa isolated from clinical
specimens”, Jundishapur Journal of Microbiology, 14(8), DOI:
10.5812/jjm.118452.



DOI: 10.31276/VIST.2025.3578 Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Y - Duoc | Y hoc 1dm sang; Y hoc du phong s

Tinh trang dinh dwémg 6 tré dwéi § tudi kham tai Vién Dinh dwimg nim 2025
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Suy dinh dwdng (SDD) & tré dwéi 5 tudi van dang 1a mot trong nhirng thach thirc 16n ddi véi sirc khée cong
dong & nhiéu quéc gia dang phat trién, trong dé6 c6 Viét Nam. Nghién ciru mo ta cat ngang trén 224 tré 0-59
thang tudi dén kham tai Khoa Kham tw vin dinh dwdng tré em, Vién Dinh dwérng nam 2025 va me cua tré.
Tré dwoc do cac chi s6 nhan trac vé can ning, chiéu cao hoic chiéu dai co thé dé danh gia tinh trang dinh
dwdng. Két qua cho thay, ty 1€ tré SDD thé nhe can, thip coi va gidy com lan lwotla 32,6, 31,2 va 17,4%. Ty 1é
tré thira can, béo phila 2,7%. Ty 1é tré mic it nhat mot thé SDD 1a 49,1%; thip coi don thuin 1a 11,6%; thap
coi phéi hg’p nhe cin 1a 19,2% va ca ba thé phéi hgp 1a 7,6%. Két qua cho thiy, tré dén kham tai Khoa Kham
tw van dinh dwéng tré em, Vién Dinh dwéng co ty 1é SDD cac thé & mirc cao, cin ting cwdng can thiép dinh
dwdng sé'm va ca nhian héa cho tré trong 1.000 ngay dau doi.

Tir khéa: nhe can, suy dinh dwdng, thap coi, tré dwéi 5 tudi.
Chi s6 phdn logi: 1.6, 3.2, 3.3

Nutritional status of children under five years old visiting
the National Institute of Nutrition in 2025
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Abstract:

Malnutrition among children under five remains one of the major public health challenges in many
developing countries, including Vietnam. A cross-sectional study was conducted in 2025 on 224 children
aged from 0 to 59 months visiting the Department of Pediatric Nutrition Consultation at the National Institute
of Nutrition and their mothers. Anthropometric measurements, including weight, height, or length were
taken to assess the children’s nutritional status. The results showed that the prevalence of underweight,
stunting, and wasting was 32.6, 31.2, and 17.4%, respectively. The prevalence of overweight and obesity
was 2.7%. In total, 49.1% of the children had at least one form of malnutrition; 11.6% had stunting alone;
19.2% had both stunting and underweight; and 7.6% presented with all three forms of malnutrition. These
findings indicate children attending the Department of Paediatric Nutrition Consultation at the National
Institute of Nutrition had high prevalences of malnutrition, highlighting the need for strengthened early and
personalised nutritional interventions during the first 1,000 days of life.

Keywords: children under five years old, malnutrition, stunting, underweight.
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“Tac gia lién hé: Email: dungpt@tbump.edu.vn

‘ %HI\OIGCHE 68(8) 8.2026 31



1. Dt van de

Suy dinh duéng (SDD) & tré duéi 5 tudi van dang la
mot trong nhirng thach thic 16n déi voi stirc khoe cong
déng & nhiéu qudc gia dang phat trién, trong do cé Viét
Nam [1]. Giai doan tir 0 dén 59 thang tudi, dic biét 1a
trong 1.000 ngay dau doi (tir khi thu thai dén khi tré 2
tudi), dworc coi 1a “giai doan ctra s6 co hoi vang” dé can
thiép dinh dwdng, nhdm ddm bao sw phat trién t6i wu vé
thé chit, tinh than va kha nang hoc tip sau nay cua tré.
Tuy nhién, trong giai doan nay, tré rat dé bi tén thwong
béi cac yéu t8 dinh dwdng khong hop 1y, nhiém trung va
cac yéu to moi treong bat loi.

Theo T6 chirc Y té€ Thé gi¢i (WHO), SDD khong chi
bao gébm tinh trang thiéu hut cic vi chit va nang luwgng,
ma con bao gom ca tinh trang thtra cin, béo phi - tao nén
mot “ganh ning kép” vé dinh dwdmng. & Viét Nam, mac du
da dat dwgec mot s6 thanh twu dang ghi nhan trong viéc
cai thién tinh trang dinh dwong tré em, song ty 1é SDD,
dic biét 12 thé thap coi va gay com van & mirc dang lo
ngai. Dong thoi, ty 1€ tré bi thira can, béo phi dang c6 xu
hwéng tang 1én nhanh chéng tai cac khu vye thanh thiva
dang len 16i vao ca khu vurc nong thon [2].

Thuec té tai cac co s& y té, dic biét 1a cic trung tAm
khadm va tw van dinh dwdng cho thiy, nhiéu tré dén
kham c6 biéu hién chia nhiéu thé SDD két hop (nhe can -
thap coi - gdy com), hodc thAm chi chuyén tir tinh trang
SDD sang thira cin do chién lwoc can thiép chwa cé thé
héa va chwa theo doi sat [3]. Viéc chidn doan ddng thé
SDD, nhan dién nguy co sém va xdy dung cac bién phap
can thiép phu hop cé y nghia quan trong trong viéc cai
thién tinh trang dinh dwdng cda tré.

Xu4t phat tir thuc tién d6, nghién ctiru nay dwoc thuc
hién nham mo ta thuc trang SDD & tré 0-59 thang tudi
dén kham tai Khoa Kham tw van dinh duéng tré em, Vién
Dinh dwdng ndm 2025, qua d6 cung cip co s& khoa hoc
cho viéc xay dung chwong trinh can thiép dinh duwdng ca
thé héa, kip thoi va hiéu qua.

2. Déi tuong va phuong phap nghién ciu
2.1. béi tworng

Tré em dwdi 5 tudi (dwdi 60 thang tudi) dén kham tai
Vién Dinh dwéng trong thoi gian tién hanh nghién ctru
va c6 bd/me dong y tham gia nghién ctru.
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Tiéu chudn lwa chon dworc thwc hién nhw sau:

- Duwdi 5 tudi (tinh dén thoi diém kham bénh, dua
theo ho so). C6 tai kham sau khodng thoi gian 3 thang.

- Khéng méc cac bénh bam sinh, bénh man tinh hodc
bénh cép tinh tai thoi diém nghién ciu.

Dia di€ém va thoi gian nghién ctru: Thu thip so liéu ti
thdng 1/2025 dén hét thang 3/2025 tai Khoa Kham tw
vin dinh dudng tré em, Vién Dinh dwéng. Nghién ciru
thwc hién tlr thang 3/2025-6/2025.

2.2. Phwong phdp nghién ciru

2.2.1. Thiét ké nghién ciru: Thiét ké nghién ciru mo ta
cit ngang.

2.2.2. C&o mdu va phwong phdp chon méu

Cé¢ mau duwgc tinh theo c¢déng thic sau:
— 72 p(l_p)
n=72(-u2) o)

trong do: n: C& mAu can thiét; Z: Do tin cay (véi do tin
cay 95% thi Z,, _, =1,96); p=30% Ia ty 1¢ tré em SDD
thap coi dwdi 5 tudi theo nghién ctvu cia B.N. Phan va cs
(2024) [3]; € lakhoang sai léch twong déi, chon 0,2. Thay
vao céng thirc tinh n=224.

Cach chon mau: Nghién ctru st dung phwong phap
chon mAiu thuan tién. Cac ddi twong 1a hd so tré dudi 5
tu6i (dwdi 60 thang tudi) dén kham tai Khoa Kham tw
véin dinh dudng tré em, Vién Dinh dwdng trong thoi gian
nghién ctru. Tré dwoc lwa chon néu dap ng day du tiéu
chuin lya chon, cho dén khi dd c& mau cho nghién ctru
1a 224 tré.

2.2.3. Phwong phdp va céng cu thu thdp sé liéu

Cdch tinh thdng tudi: Can ¢ vao s6 kham dé xac dinh
ngay sinh cta tré. Sr dung cach tinh tudi theo hwéng dan
cta Vién Dinh dwdng, dwa trén khuyén cao cia WHO
nam 2005. Tudi cda tré dugc tinh dwa vao ngay sinh cta
tré va ngay diéu tra.

Phwong phdp cdn do: Thong tin vé cic chi s6 nhan
trac hoc cua tré dugc thu thip bang cach cin do truc
ti€p. Tré dwoc cin va do chiéu dai nam/chiéu cao dirng
tai phong cin do béi diéu tra vién.

- Can tré: Can ndm hoic ngdi véi tré dwdi 24 thang: st
dung can long mang SECA 354 véi do chinh xac 0,01 kg
dwoc tinh theo don vi gram. Can ding véi tré trén 24 thang:
s dung can dién tir SECA 354 véi do chinh xac 0,01 kg.

- Do chiéu dai nam cho tré duédi 24 thang tudi: St
dung thuéc gdb 2 manh ctia UNICEF véi d@d chinh xac 1
mm. Doc két qua theo cm v&i 1 s6 1é thap phan.
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- Do chiéu cao dirng cho tré tir 24 thang tudi trd 1én:
St dung thwérc gb 3 manh ctia UNICEF véi do chinh xac 1
mm. Doc két qua theo cm véi 1 s6 1é thip phan.

- Panh gia tinh trang dinh dwéng: Cac chi s6 cAn nang
theo tudi (WAZ), chiéu cao theo tudi (HAZ) va cAn nang
theo chiéu cao (WHZ) dwoc tinh bang phan mém WHO
Anthro. Tinh trang dinh dwéng cda tré dwgc phan loai
dwa trén di€ém Z-score so véi quan thé tham chiéu cla
WHO 2006: SDD thip coi khi HAZ<-2SD. SDD nhe cin
khi WAZ<-2SD. SDD giy com khi WHZ<-2SD. Thira cén,
béo phi khi WHZ>+2SD.

2.2.4. Xir ly 6 lidu

Dit liéu sau khi thu thip dwoc tién hanh kiém tra, 1am
sach va xtt Iy so b (xtr ly tho). File nhap liéu dwoc xay
duwng va thuwc hién trén phin mém EpiData 3.1 dé dam
bao tinh chinh x4c va dé kiém soét trong qu4 trinh nhap
liéu. Phan tich biang phin mém SPSS phién ban 20.0.
Phén tich théng ké mé ta dwgc st dung cho cac bién dinh
tinh (phan loai) va bién phu thudc, két qua dwoc trinh
bay dwdi dang tin s6 va ty 1&€ phin tram (%). Cac bién
dinh lwong dwgc mo ta théong qua gia tri trung binh va
dd léch chuén (SD).

2.2.5. Pgo dirc trong nghién ctru

Nghién ctru di dwgc Hoi dong xét duyét dé cwong
theo Quyét dinh s6 436/QDP-YDTB ngay 25/2/2025 cua
Trwong Pai hoc Y Dwoc Thai Binh thong qua va dwoc
Vién Dinh dudng dong y cho phép trién khai nghién
ctu. B6 me hodc ngudi gidm hd hop phap cta tré da
dwogc cung cip day du thong tin vé muc tiéu, ndi dung
va phwong phép tién hanh nghién ciu. Viéc tham gia
nghién cttu 1a hoan toan tw nguyén. Tré chi dwoc dwa
vao nghién ctiru sau khi cha me hodc ngwoi gidam ho dong
thuin khi dén kham lan thi hai. T4t ca cac dung cu do
lwong dwgc kiém tra va dam bao an toan tuyét déi cho
tré. Thong tin thu thip dwoc bdo mét, chi st dung cho
muc dich nghién cttru khoa hoc.

3. Kétqua

Nghién ctru thyc hién trén 224 tré trong do6 c6 125
tré nam (55,8%) va 99 tré nir (44,2%). Ty 1é tré & nhom
tudi dwédi 12 thang 1a 28,6%; 12 dén 23 thang la 23,7%;
24 dén 35 thang tudi la 16,5%; 36 dén 47 thang tudi la
17,4% va 13,8% tré tlr trén 48 thang (bang 1).
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Bang 1. Phan b6 tré tham gia nghién ctvu theo thang tudi (n=224).

AT Nam Niv Chung
) Gidi tin (n=125) (n=99) (n=224)
Nhom tudi
n % n % n %
<12 thing 32 256 32 323 64 28,6
12-23 thang 27 21,6 26 263 53 23,7

24-35 thang 21 16,8 16 16,2 37 16,5
36-47 thang 27 216 12 121 39 17,4

48-59 thang 18 144 13 131 31 13,8

Theo phén loai thang tudi, cAn ning va chiéu cao
trung binh I4n lwot 1a: nhém dwéi 12 thang (6,4+1,6 kg,
64,8+7,8 cm), nhédm 12-23 thang (8,9+1,7 kg, 73,2+6,1
cm), nhom 24-35 thang (10,4+1,5 kg, 83,2+5,7 cm),
nhom 36-47 thang (11,9+1,7 kg, 91,0+5,7 cm) va nhém
48-59 thang (13,4+2,5 kg, 95,9+7,0 cm) (bang 2). Gia tri
trung binh céc chi s6 Z-score WAZ va WHZ c6 sw khac
biét theo nhém tudi.

Bang 2. Gia tri trung binh cac chi s6 Z-score theo gi¢i va nhém
tudi (n=224).

i WAZ HAZ WHZ
(TBPLC) (TB:PLC) (TBDLC)
Nam (n=125) -138:1,36  -1,52¢1,39  -0,86£1,36
Gi6i tinh
Nit (n=99) -1,34£1,32  -143:159  -0,65+1,35
<12 thang (n=64) 1,66£1,49  -1,73+1,62  -0,87+1,66
12-23 thang (n=53)  -0,74:1,28  -1,06£154 -0,25+128
Phanlogi 24-35thing(n=37)  -133:105 -1,32¢140 -0,81¢1,11
thang bl 3647 thang (n=39)  -1,68:130 -1,75¢1,31 -1,22+1,18
48-59thang (n=31)  -1,44#116 -154:118 -0,81:1,02
p <0,05 50,05 <0,05

Ty 1€ tré nhe can l1a 32,6% (nam: 34,4%; nit: 30,7%),
thip coi 31,2% (nam: 34,4%, ni: 27,3%), gy com
17,4% (nam: 20,0%; nit: 14,1%) va thira can, béo phi
2,7% (nam: 2,4%, nit: 3%) (bang 3). Khong cé sy khac
biét theo giéi tinh.

Bang 3. Phan loai tinh trang dinh dwd'ng cua tré theo gi&i (n=224).

... Nam Nir Chung
10D Gid¢itinh (n=125) (n=99) (n=224) p
n % n % n %
Gay com 25 20,0 14 141 39 17,4 >0,05
Thép coi 43 34,4 27 27,3 70 31,2 >0,05
Nhe can 43 34,4 30 30,7 73 32,6 >0,05
Thira can, béo phi 3 2,4 3 3,0 6 2,7 >0,05
Binh thwong 59 47,2 55 55,6 114 50,9 >0,05

TTDD: tinh trang dinh dwéng.



Két qua biéu d6 1 cho thay, ty 1é tré SDD thap coi cao
nhat & nhém 36-47 thang tudi véi 38,5%. Ty 1é tré SDD
nhe cin cao nhit & nhom dwdi 12 thang tudi véi 51,5%.
Ty 1é tré gy com cao nhit & nhém 36-47 thang tudi véi
30,8%.
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Biéu d6 1. Phan loai tinh trang dinh dwéng cta tré theo nhém tubi
(n=224).

Két qua bang 4 cho thiy, ty 1é tré mic it nhit 1 thé
SDD 12 49,1%; méac thip cdi don thuan 1a 11,6%; ty 1&
th4p cdi phdi hop nhe cin 12 19,2%; mic ca ba thé phdi
hop la 7,6%.

Bang 4. Dac diém mac phdi hop cac thé suy dinh dwdng theo gi&i
tinh cua tré (n=224).

o Nam Nir Chung
Gioitinh (h-125)  (n=99) (m=224)
Thé SDD
n % n % n %

[t nhit 1 thé SDD 66 52,8 44 444 110 49,1 >0,05
Thép coi don thudn 17 13,6 9 9,1 26 11,6 >0,05
Thép coi + Nhe cin 25 20,0 18 18,2 43 19,2 >0,05
Cabath&phsihep 11 88 6 61 17 76 >005

4. Ban luan

Nghién ctru dwoc tién hanh trén 224 tré dwéi 5 tubi
dén kham tai Vién Dinh dwdng. K&t qua phén loai tinh
trang dinh dudng theo gidi cho thiy, ty 1é tré SDD con &
mirc cao, trong dé SDD thé nhe cin chiém 32,6%, thip
coi chiém 31,2% va gay com chiém 17,4%. Pay la cac chi
s6 phan anh nhitng khia canh khac nhau cta tinh trang
thi€u dinh dwong & tré em. SDD thé nhe can cho thiy
tinh trang thiéu hut dinh dwéng chung, thip coi phan
anh hau qua cta thiéu dinh dwdng kéo dai hoic tai dién
trong thoi gian dai, trong khi gy com thwong lién quan
nhiéu hon dén tinh trang thiéu dinh dwéng cip tinh hoic
sut cAn gin day.

Viéc ca ba thé SDD déu chiém ty 1é dang ké cho thiy,
nhém tré dén kham tai Vién Dinh dwéng c6 ganh niang
thiéu dinh duéng ro rét, diéu nay c6 thé dwoc ly giai boi
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dac diém cha d6i twong nghién ciru. Day khong phai 1a
mau dai dién cho tré dwdi 5 tudi trong cdng dong, ma la
nhém tré dwoc dwa dén kham tai co' sé chuyén khoa dinh
dudng. Trén thuc t€, cha me thwong dwa tré di kham khi
tré c6 cac biéu hién nhw biéng dn, chAm ting cin, thip
bé hon so véi lva tudi, hodc da dwoc nghi ngo ¢6 vin dé
vé dinh dwdng. Vi vay, mau nghién ctru c6 xu huwéng tap
trung nhiéu hon vao nhém tré c6 nguy co SDD, lam cho
ty 1& nhe can, thap coi va gy com cao hon so véi mot sd
nghién ctru tai cong dong. Theo R.E. Black va cs (2013)
[4], chi s6 nhan tric thip lién quan dén thi€u hut ning
lwong va bénh ly cdp tinh nhu tiéu chay hodc nhiém
trung ho6 hip. Két qua nay nhidn manh can can thiép dinh
dudng sém dé cai thién ting trwdng va giam nguy co
thip coi man tinh cho ca tré nam va nit. Ty 1& SDD cao
hon nghién ctru ctia Q.A. Phan va cs (2023) [5] 1a 20,8%.

Ngwoc lai, ty 1€ thira cin, béo phi trong nghién ctiru
chi chiém 2,7%, thap hon so v&i xu hudng gia tang thira
cin, béo phi & tré em hién nay va thip hon nghién ctru
cia V.H. Pham va cs (2022) [6] 1a 4,8%. Tré thira can, béo
phi c6 thé it dwoc gia dinh dwa di kham hon so véi tré
nhe cin hodc chim ting trwdng, do mot sé phu huynh
van c6 quan niém tré bu bim 1a khée manh va chua
nhén thirc diy da thira cin, béo phi 1a mot tinh trang
dinh dwdng bit loi cin dwgc tw vadn sém. Bén canh do,
nhom tré dén kham tai Vién Dinh dwdng trong nghién
ctu chu yéu 1a nhém cé biéu hién thiéu hut dinh duwéng
hoic roi loan ting tredng, nén ty 1é thira cin, béo phi ghi
nhéan tai phong kham c6 thé thip hon so véi cac nghién
ctu thyc hién trén cong déng. Mot s6 nghién ciru cho
thiy, ganh nang kép dinh dwéng phan dnh sy chuyén dai
dinh dwdng nhanh chéng, véi thue phdm nang lwong cao
va 161 séng it vin déng gép phan vao thira cin, béo phi,
trong khi thiéu vi ch4t dan dén SDD [7, 8].

Phéan loai tinh trang dinh dwéng theo nhém tudi cho
thiy, ty 1& tré SDD thap coi cao nhit & nhém 36-47 thang
tudi véi 38,5%. Ty 1€ tré SDD nhe cin cao nhit & nhém
dwdi 12 thang tudi véi 51,5%. Ty 1é tré gdy com cao nhit
& nhom 36-47 thang tudi véi 30,8%. Ty 1é SDD cao &
nhém dwdi 12 thang cé thé lién quan dén dinh duwéng
bao thai va dinh dwéng sém khi tré bi me khong dd hoac
an bé sung khong dung cach. D6i vai tré 36-47 thang,
lic nay tré thwong da di hoc, thwong an chung véi cac
mén dn trong gia dinh nén c6 thé tré khéng pht hop va
khong an du lwong so v&i nhu ciu, dic biét trong giai
doan chuyén tir bu me sang dn diam, nhw tac gia T.D.
Tran (2020) [9] ghi nhan. Ty 1é thira cin - béo phi thap &
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tit ca cAc nhom tudi, dac biét khong ghi nhan & nhom 24-
35 thang va 36-47 thang, twong dong véi nghién ciru cla
tac gia V.H. Pham va cs (2022) [6] (4,8%), nhwng thip
hon mic toan qudc (7,4%).

Mot s6 nghién ctru khac dwoc thue hién tai cong dong
ghi nhan ty 1& SDD thap hon so v&i két qua nghién ctiru
cta ching toi [10-12]. Sw khac biét nay 1a hop 1y va cé thé
1y giai dwoc bdi dic diém ddi twong nghién ciru: nghién
ctru cta chung tdéi dwoc tién hanh tai Vién Dinh dudng,
noi ti€p nhan chu yéu cac treong hop tré cé biéu hién
r6i loan dinh dwéng nhw biéng an, chdm ting cin. Day
la nhém tré cé nguy co cao va thwong dwgc phu huynh
chi dong dwa dén kham, do d6 ty 1é SDD ghi nhén trong
nghién ctru cé xu hwdng cao hon so véi cac nghién ctru
céng dong.

Nghién ctru clia chung tdi cho thiy, ty 1é tré mic it
nh4t mot thé SDD 1a 49,1%; mac thip coi don thuin 1a
11,6%; ty 1é thap coi ph6i hop nhe can 1a 19,2%; mic ca
ba thé phéi hop 1a 7,6%. Ty 1é€ SDD phéi hop cao hon so
véi nghién ctru cia Q.A. Phan va cs (2023) [5] (15,0%).
Theo Z.A. Bhutta va cs (2013) [13], SDD phéi hop lam
tang nguy co bénh tit va chAm phat trién nghiém trong
hon SDD don 1é [13].

5. Két luan

Nghién ctru cho thay tinh trang SDD & tré dén kham
tai Vién Dinh dwdng & mic cao, véi nhiéu dang phéi
hop, dic biét & nhém dwéi 12 thang va 36-47 thang tudi.
Két qua nay nhin manh sw cin thiét cia can thiép dinh
duwdng sém, pht hop theo do tudi va thé trang.
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Phan 14p va tuyén chon vi khuan tia khng L huynh tir a0 nuo thuy san
tai Ninh Binh va d4nh gia kha nang loai o sulfide trong diéu kién phong thi nghiém
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Céng ty TNHH Tdp doan Sinh hoc AQ, phwong Déng Ngac, Ha Néi, Viét Nam
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Nghién ctru véi muc tiéu phan 1ap va tuyén chon ching vi khuan tia khéng lwu huynh tir 10 mau nwéc va 15
mau bun cta cac ao nuéi thiy san khac nhau tai tinh Ninh Binh, Viét Nam nham xac dinh nhirng ching cé
tiém nang xir 1y sulfide trong nwérc, tir d6 gop phan cai thién chat lwgng nwé'c, ning cao nang suit va giam rui
ro dich bénh trong cac ao nuéi thiy san. Két qua phan 1ap dworc 17 ching vi khuin co6 tiém nang xir ly sulfide,
trong d6 2 chiing ND2 va NH6 c6 kha nang xir ly sulfide cao nhit (>96%) trong diéu kién sulfide tir 10 dén
20 mg/1. Chiing ND2 va NH6 sinh trwéng t6t nhat & 2% NaCl véi gia tri OD,, lan lwot dat 1,03 va 1,15, sau
d6 giam khi tang 3-5% NaCl. Chiing ND2 va NH6 cé kha nang xir 1y sulfide cao trong méi trwong 2-3% Nadl,
hiéu suat xtr 1y Ian lwot dat 97,48 va 96,40% tai 2% NaCl. Hiéu suat xir Iy sulfide gidm & 4-5% NacCl, hiéu suat
xtr 1y sulfide ctia chung ND2 va NH6 lan lwot dat 86,79 va 84,84% & 5% NaCl. Chiing ND2 sinh trwéng va xir
1y sulfide t6t hon ching NH6 & néng dd mudi cao 4-5%, dworc lwa chon dinh danh sinh hoc phan tir xac dinh
thudc loai Rhodovulum sulfidophilum. Nhw viy, R. sulfidophilum ND2 c6 tiém nang cao rng dung xir ly hiéu
qua sulfide trong nwé'c nudi trong thity san.

Tir khéa: phan 1ap, Rhodovulum sulfidophilum, sulfide, tuyén chon, vi khuin quang dwdng tia khong lwu
huynh.
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Abstract:

This study aimed to isolate and select purple non-sulfur bacteria (PNSB) strains from 10 water and 15
sediment samples collected from various aquaculture ponds in Ninh Binh province, Vietnam, to identify
strains with high sulfide-removal potential for improving water quality, enhancing productivity, and
reducing the risk of disease outbreaks in aquaculture ponds. A total of 17 PNSB strains were isolated,
among which strains ND2 and NH6 exhibited the highest sulfide removal efficiency (>96%) at sulfide
concentrations of 10-20 mg/l. Both strains showed optimal growth at 2% NaCl, with OD,  values of 1.03
and 1.15, respectively, and their growth decreased as the NaCl concentration increased to 3-5%. Both strains
maintained high sulfide removal efficiency in media containing 2-3% NaCl, reaching 97.48% for ND2 and
96.40% for NH6 at 2% NaCl. However, removal efficiency decreased at 4-5% NaCl, with values of 86.79 and
84.84% for ND2 and NH6, respectively, at 5% NaCl. Strain ND2 exhibited better growth and sulfide removal
than strain NH6 at NaCl concentrations of 4-5% and was selected for molecular identification as Rhodovulum
sulfidophilum. These findings suggest that R. sulfidophilum ND2 has strong potential for efficient sulfide
removal in aquaculture water.

Keywords: isolation, purple non-sulfur phototrophic bacteria, Rhodovulum sulfidophilum, selection, sulfide.
Classification numbers: 1.6, 4.5, 4.6

“Tac gia lién hé: Email: hoangngocanh.edu@gmail.com

‘ %I-I\IOGCHE 68(8) 8.2026 36



Khoa hoc Tu nhién | Khoa hoc sy song; Khoa hoc Néng nghiép | Thly sén; Cong nghé sinh hoc trong néng nghiép, thly sén s

1. Dat van de

Nganh nudi trong thiy san di ting trwdng nhanh
chéng nham dap tng nhu cau thwc pham ngay cang lén
cta dan so thé gidi, tuy nhién nguon tai nguyén hai san
trén toan ciu dang dan bi han ché. Sy thiéu hut dién tich
dat danh cho nudi tdom da din dén viéc 4p dung md hinh
nudi thAm canh d€ dap ng nhu ciu thi trweong [1]. Trong
moi trweong nudi tham canh, lwgng 16n thirc an dw thira
va chit thai tir tdm sé tich tu & day ao va dwgc chuyén déi
ky khi tao thanh khi NH,, H,S. C4 hai hop chat nay déu doc
d6i véi tom, chiing lam gidm téc do sinh trwdng, tang ty 16
chét va lam suy giam chat lwong nwéc [2].

Khi H,S hinh thanh trong diéu kién yém khi ctia hé
théng nubi thiy san c6 mui dic trung ctia trixng théi. Sy
tich tu khi nay & nong do cao khong chi anh hwéng dén
ty 1é s6ng ma con tadc dong x4u dén hoat ddng sinh ly
va mién dich cta sinh vat thuy sinh. Theo D. Thulasi va
cs (2020) [3], khoang 10% t6én that mua vu trong nudi
tdm c6 lién quan dén qua trinh tao sulfide va dén nay
wéc tinh khodng 4 triéu tin tom chét do hién twong sy
phét tan khi sulfide. M3c du doc tinh cta sulfide cao gip
100 Ian so v&i cac hgp chit chira nite, nhwng trong thuc
té€ sulfide hdu nhw khong dwgc do dac tai cac dAm nubi
thuy san [3]. CAc phwong phap hién nay dé ki€ém soat sw
tich tu chit thai va nhitng tac dong tiéu cwc cta sulfide
trong ao nudi cht yéu la x Iy co hoc dé loai b hoic oxy
héa bun day. Pay la phwong phap doi hoi nhiéu nhan
céng va thwong chi cé thé thuc hién trong giai doan kho
han gitra cic vu nuoi tom [4]. Do d6 trong nhitng nam
gian day, cac nghién cru da tip trung vao viéc st dung vi
khuin quang duwdng tia khong lwu huynh (PNSB) dé cai
thién chat lwong nwéc va gidm khi doc, nham giadm chat
6 nhiém va kiém soat mui mot cach bén virng [2].

Vi khuidn PNSB thwong dwgc tim thdy trong cic
nguén nwée tw nhién, bao gom ca ao nudi tom do ching
c6 nhiéu kiéu sinh triedng da dang nhw: quang tw duwdng
hodc quang di dwéng trong diéu kién yém khi - anh sang
hoic vi hiéu khi - 4nh sang va di dwéng trong diéu kién
hiéu khi - t6i. Piéu nay c6 nghia, chung c6 thé tiéu thu
chat hitu co ca trong diéu kién sang 14n t&i va mot s6 loai
con c6 kha nang loai bo H,S [5].

Nghién ctru ndy nham muc dich phan lap, tuyén chon
cac chiing PNSB tlr nwéc va bun cda cac ao nudi trong
thiy san tai tinh Ninh Binh, c6 tiém nang trong viéc giam
H,S hiéu qua trong mdi truong tong hop, tlr dé cai thién
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chat lwong nwéc, ning cao ning suit va giam rui ro dich
bénh trong cac ao nudi tdm. PNSB trong ao nudi thiy san
vira c6 tac dung cai thién chit lwong méi tredng nwéec,
vira ting cwong stirc khde va hiéu suit nudi cla tém, ca.
bay la co s& dé nhiéu ché phdm vi sinh thwong mai hién
nay bd sung PNSB nhw mét probiotic sinh hoc trong nudi
trong thiy san.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vat liéu
2.1.1. Thu thdp mau

10 mAu nwéc va 15 mau bun duoc thu thap tir cac ao
nudi thdm canh, quang canh khic nhau (tom thé chan
trang, cua bién, vem xanh va ca rd phi) tai tinh Ninh Binh.
MAu phan tich dwgc thu thap theo TCVN 8880:2011
“Chat lwong nuwdc - 1dy mau dé€ phan tich vi sinh”. D6i véi
mau nuéec, sit dung chai nhwa sach dung tich 1000 ml;
moi miu nwdc dwoc 14y & 3-4 vi tri khac nhau trong mot
a0, d6 siu cach mat nwéc khoang 1 dén 1,5 m va cach bo
khodng 1 m méi ao. Trong khi d6 d6i véi mAu bun, 100 g
bun day ao v&i d6 day 5 cm dwng trong tdi zip sach. Tat
cd cic mau sau d6 dwoc day kin, ky hiéu mau, ghi ro
dia diém 14y mau, bdo quan lanh va dwgc van chuyén
vé phong thi nghiém, gitt & 4°C. Cdc miu dwoc phan lap
trong vong khong qua 24 gio.

2.1.2. Méi trwdng tdng sinh va phdn Idp

Modi trudng tang sinh va phan lap ching PNSB 1a méi
treong DSMZ-27 cai tién (g/1): succinate-Na 1,0; cao
ndm men 0,3; acetate-Na 1,0; NH,Cl 0,4; KH,PO, 0,5;
K,HPO, 1,0; CaCl,.2H,0 0,05; MgS0,.7H,0 0,4; NaCl 20;
H,0 11; vilwgng SL6(*) 1 ml; dung dich vitamin B12 0,4
ml; pH 6,8+0,2. M6i trueong thach DSMZ-27: Moi treong
DSMZ-27 b6 sung 20 g/1 agar. (*) Thanh phan dung dich
vi lwong SL6 (g/1): CoClL,.6H,0 0,25; CuCl,.5H,0 0,01;
MnCl,.4H,00,07; ZnCl, 0,1; NiC1.6H,0 0,01; Na,SiO,.5H,0
0,01; FeCl,.4H,0 1,8; H,BO, 0,5; Na,M00,.2H,0 0,03.

M6i trwong lam thuin chung vi sinh vat: Mo6i
trwong King's B agar (KB) (g/1): glycerol 10; K,HPO,
1,5; MgS0,.7H,0 1,5; peptone 20; agar 20; H,0 1 I; pH
7,0+0,2. T4t cA cac moi tredong dugc hip tiét trung bang
no6i hdp Tomy ES 315 (Nhat Ban) & 121°C trong 15 pht.
Tat ca hda chit st dung trong nghién cru dwoc san xuit
tai Trung Quoc.
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2.2. Phwong phdp nghién ctru
2.2.1. Phwong phdp tdng sinh va phdn ldp vi khudn

T4t cA mAu thu thap vé phong thi nghiém dwoc nudi
tang sinh theo phwong phap Winogradsky’s cai tién [6].
MAu nuéc (2 ml) hodc bun day (5 g) duoc cho vao lo
thay tinh (150x15 mm: 50 ml) riéng biét chita I4n lwot
20 ml hodc 45 ml méi treong DSMZ-27, sau d6 dwoc pha
mot 16p (2 ml) paraffin hap tiét trung dé tao diéu kién
ky khi, van kin nap. T4t cd cAc mau dwoc U trong ti 4m
303-1AB (Trung Qudc) & nhiét do 28-30°C, chiéu sang
bang deén s¢i dét 60 W (khodng 2000 lux). Sau 7-10
ngay, cac lo xudt hién mau tir niu, vang dén do tia dwgc
chon dé tiép tuc phin lap trén dia petri chira moéi treong
thach DSMZ-27 bang phwong phéap ciy trang. D€ tao diéu
kién ky khi, mét 16p mong thach DSMZ-27 dwgc do 1én
dia sau khi cay trang. Cac dia 0 & nhiét do 28-30°C, chiéu
sang. Cac khuén lac riéng ré c6 mau niu, vang dén do tia
sau d6 dwoc lam thuin theo phwong phap ciy ria trén
moi treong KB agar va xac dinh cac ddc diém hinh dang,
mau sic, hinh thai t€ bao bang phwong phap nhudém
Gram va quan sat dwi kinh hién vi L2800 (Trung Quéc)
vat kinh 100X [7]. Cac ching thuin dwoc lwu giit trong
dung dich glycerol 20% & -80°C.

2.2.2. Thi¥ nghiém sinh héa xdc dinh vi khudn tia khéng
lvu huynh

Moéi trrong Simmon'’s citrate agar, urea agar da dwoc
chudn bi d€ xac dinh kha nidng st dung citrate, kha nang
sinh enzyme urease [8]. Thuoc thir C H,[N(CH,),], 1%,
H,0, 3% va thudc thir Kovac’s dwoc st dung dé thir
nghiém hoat tinh oxidase, catalase, indole [8]. T4t ca cac
moi treong nudi cdy dwoc d6 vao cac dia petri vo trung
riéng biét hodc 6ng nghiém sau d6 dwoc ciy vi khuin
PNSB da phan 1ap va G 48-72 gio. bic diém sinh héa
ching dugc so sdnh véi cac ching clng loai theo thang
phan loai vi khuin [9].

2.2.3. Sang loc khd ndng xw Iy sulfide ctia chiing PNSB

Ching PNSB dwoc nudi ciy trén moéi truwong
DSMZ-27 b6 sung Na,S.9H,0 & cac nong do 0; 10; 15;
20 mg/1 nubi ciy & diéu kién ky khi, c6 chiéu sang. Kha
nang xt ly sulfide ctia cac chiing vi khuin dwoc danh gia
bang phwong phap methylene blue (SMEWW S? B&D:
2017) sau 7 ngay nudi ciy. Thuéc thir: dung dich A: hoa
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tan 2,7 g C,H N, trong 50 ml H,SO, dinh mirc 100 ml,
thudc thir chuin B: dung dich A 2,5%; dung dich C: hoa
tan 100 g FeCl,.6H,0 trong 40 ml nwérc, dung dich D: hoa
tan 400 g (NH,),HPO, trong 800 ml nu¢c. Thuc hién:
huat 7,5 ml mau vao 6ng nghiém, sau d6 1an lwot cho vao
0,5 ml thuéc thir B; 150 pl dung dich C. Ch¢ 3-5 phit va
thém 1,6 ml dung dich D vao mdi &ng. Chd 3-15 phut
va so mau & budc séng 660 nm. Pudng chuin sulfide
dwoc xac dinh dwa trén sy thay doi nong do Na,S.9H,0
tlr 0 dén 2,5 mg/1 va xac dinh sw twong quan giita ndong
do sulfide (C) va gia tri OD_,  (A) theo phwong trinh
A=0,3731C+0,0002 va xac dinh ham lwong sulfide trong
mAu phan tich. Mdi thi nghiém dwoc tién hanh ba lan 13p
lai 14y gia tri trung binh.

2.2.4. Ddnh gid khd ndng xw ly sulfide & cdc néng do
muéi khdc nhau

Chung vi khudn PNSB c6 kha ndng khi sulfide tot
& thi nghiém trén dwoc lwa chon va nudi ciy trong 20
ml mdi treong DSMZ-27 chira S* ¢6 néng do 10, 15, 20
mg/1va b6 sung NaCl & cAc ndng do 2, 3, 4, 5%, diéu kién
nudi cdy ky khi, chi€u sang. Kha nang khir sulfide cia
cac ching vi khuin dwoc xac dinh bang phwong phap
methylene blue (SMEWW S? B&D: 2017), kha nang sinh
trwdng dwoc xac dinh bing phwong phap do quang (0D)
& bwdc séng 660 nm sau 7 ngay nudi cay.

2.2.5. Dinh danh phdn tir va phdn tich phdt sinh
chiing logi

Phan loai vi khuidn PNSB bang sinh hoc phan tir dva
trén trinh tw 165 rRNA. DNA t6ng s6 dwoc tach bang Kit
RIBO-prep cta Lién bang Nga. Gen 16S rRNA dwgc tong
hop véi cdp moi 27F: 5-AGAGTTTGATCCTGGCTCAG-3’
va 1492R: 5-GGCTACCTTGTTACGACTT-3’ [10]. San
phdm PCR sau tinh sach (bang bd kit Bioneer ctia Han
Qudc) dwoc glri dén trung tAm Macrogen (Han Quéc) dé
xac dinh trinh tw. Phan tich pha hé va xac dinh méi quan
hé di truyén véi cac ching vi khuin khac bang phan
mém MEGA 11.

2.2.6. Phwong phdp xi ly s6 liéu

Cac két qua dwoc trinh bay dwéi dang gia tri trung
binh + d6 léch chuin (TBxSD). S& liéu théng ké va biéu
dd dwoc thuc hién bang phan mém SPSS 20. Sw khac biét
gitta cac nghiém thirc dwoc phan tich bang ANOVA véi
miurc y nghia a=0,05.
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3. Két qua va ban luan

3.1. Két qua thu thap mau va phan lap vi khudn
PNSB

T 10 mau nwéc va 15 miu bun phan 1ap dwoc 17
ching vi khuin c6 hinh théi khuin lac khac nhau. Két
qua phan 13p dwoc trinh bay cu thé tai bang 1.

Bang 1. Dic diém hinh thai cac chiing vi khuan phan lap.

_ Décdiém hinh thai
Ky hiéu mau .
Gram Tébao  Khudn lac Mau sdc

ND1 = Que Tron, 16i Pé tia

ND2 = Que Tron, 16i Pé tia

ND4 - Cau Tron, 16i, nhay Pé nau
ND5 - Cau Tron, 16i, nhay Pb nau
ND6 = Que Tron, 16i Pé tia

ND12 = Que Tron, 16i, nhay Pé nau
ND13 - Que Tron, 16i, nhay Pé nau
NH1 - Cau Tron, 16i, nhay Pé nau
NH2 - Cau Tron, 16i, nhay Do nau
NH3 = Que Tron, 16i, nhay Pé nau
NH4.1 5 Que Tron, 16i, nhay Pé nau
NH4.2 - Que Tron, 16i, nhay Pé nau
NH5 - Cau Tron, 16i, nhay Do nau
NH6 = Que Tron, 16i, nhay Pb nau
NHS8 5 Que Tron, 16i, nhay Pé nau
NHO.1 - Cau Tron, 16i, nhay Pé nau
NH10 - Que Tron, 16i, nhay Do nau

(-): Gram am.

Cu thé, 17/17 ching vi khuin la Gram 4m; 11/17
chuing c6 té bao hinh que chiém 64,7%; 6/17 ching c6 té
bao ciu chiém 35,3%. Vé hinh thai khuin lac, hAu hét cac
chuing c6 khuén lac tron, 16i, béng nhay ngoai trir chiing
ND1, ND2 va ND6 (hinh 1). V& mau sic khuin lac, 3/17
chiing c6 mau do tia chiém 17,6%; 14/17 ching c6 mau
dd nau chiém 82,4%. K&t qua cho thiy, chiing phan lap
c6 dac diém twong dong véi nhém PNSB, két qua nay
cling dwoc thé hién & nghién ctiu ctia T.V. Quyen va cs
(2022) [11] va ]J.F. Imhoff va cs (1989) [12].
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Hinh 1. Hinh anh mét s6 chiing vi khuan phan lap.

3.2. Ddc diém sinh héa cta cdc chiing vi khudn

Cac ching vi khuin sau khi lam thu#n khiét dwoc thir
nghiém dé xac dinh mét s dac diém sinh hoa. Két qua cu
thé dwoc trinh bay & bang 2.

Bang 2. Két qua thir nghiém sinh héa ching vi khuan PNSB.

Ky hiéu chiing Catalase Oxidase Citrate Urease Indole
ND1 + + - + -
ND2 + + - + -
ND4 + + - - R
ND5 + + - - -
ND6 + + - + -
ND12 + + - - -
ND13 + + = = =
NH1 + + - - -
NH2 + + - - -
NH3 + + - + -
NH4.1 + + = + .
NH4.2 + + - + -
NH5 + + - - -
NH6 + + - + -
NH8 + + = = =
NH9.1 + + - - -
NH10 + + = = -

(+): phan trng dwong tinh; (-): phan tng am tinh.

Két qua bang 2 cho thay, hau hét cic ching vi khuin
déu phan rng dwong tinh véi oxidase va catalase, phan
trng am tinh v&i citrate va indole; 7/17 ching dwong
tinh véi urease. Pac diém sinh héa ching vi khudn cho



thdy, ching vi khudn phan 1ap dwoc cé két qua twong
déng véi nghién cru trwedre d6 ctia H.T. Yen va cs (2019)
[13] va A. Srinivas va cs (2014) [14]. Két qua nay budc
d4u xac nhin cac chung vi khuin phén 1ap dwoc cé thé
thudc chi Rhodovulum.

3.3. Khd ndng xir ly sulfide ctia cdc chiing vi khudn
PNSB

Bang 3. Kha ning sinh trwéng cua cac chiing PNSB & cac néng
do sulfide khac nhau.

K hiéu Nong do sulfide (mg/1)

chiing 0 10 15 20

ND1 1,22+0,74 1,25+1,20 1,21+0,38 1,00£0,36
ND2 1,05+0,38 1,12+0,56 1,11+0,02 1,04+0,45
ND4 1,29+0,74  1,17+#1,14  1,04x0,08  1,080,08
ND5 0,93+0,29  1,12#0,69  1,11+0,18  1,030,06
ND6 0,77+0,42  0,95%0,46  0,94%0,17  0,78+0,12
ND12 0,84+0,43 1,02+1,19 0,99+0,21 0,98+0,25
ND13 0,84+0,49 0,81+0,60 0,47+0,18 0,56+0,26
NH1 1,17+0,46 1,04+0,84 0,98+0,40 0,90+0,15
NH2 1,26+0,56 1,26+0,76 1,16+0,32 1,06£0,33
NH3 1,31+0,38 1,19+0,20 1,01+0,64 0,92+0,42
NH4.1 1,06+0,45 0,91+0,29 0,89+0,16 0,80+0,21
NH4.2 0,86+0,42  0,92+0,40  0,47+0,31  0,45:0,11
NH5 0,800,63  1,11+121  0,55x0,05  0,53%0,19
NH6 1,25+0,33 1,12+0,48 0,76+0,25 0,76+0,04
NH8 0,77+0,84 1,04+0,45 0,91+0,03 0,50+0,06
NH9.1 1,26+0,51 1,27+0,41 1,14+0,46 1,05+0,41
NH10 1,18+0,17 0,94+0,41 0,85+0,45 0,78+0,22

Kha nang xt 1y sulfide va sinh truwdng ctia cac ching
PNSB sau 7 ngay nudi ciy dwoc trinh bay tai bang 3.
Theo bang 3, cac ching PNSB sinh trwdng tét nhit
trong diéu kién 0-10 mg/1 khong c6 sw khac biét vé mit
théng ké. Cu thé, 10/17 ching cho thiy sinh trwdng tot
(0D,,,,.,21,0) sau 7 ngay nudi cdy gém cac chiing ND1,
ND2, ND4, NH1, NH2, NH3, NH4.1, NH6, NH9.1, NH10;
7/17 ching sinh trwdng thdp hon (0,7<0D,, <1,0)
gobm cac chung ND5, ND6, ND12, ND13, NH4.2, NH5,
NHS8. Trong khi ting néng do sulfide 1én 15-20 mg/1 sinh
trwdng cla cac ching PNSB giam dang ké. biéu nay cho
thay, chung PNSB c6 thé st dung dwgc mot ham lwong
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sulfide nhit dinh d€ sinh trwdng. K&t qua nghién ctiru
cling twong déng véi nghién cliu cia H.T. Trong va cs
(2024) [15]. Tt két qua nghién clu nay, ching tdi tién
hanh khao sat kha nang xt 1y sulfide ctia cac chiing PNSB
(bang 4).

Bang 4. Hiéu suét xt ly sulfide cia cac ching PNSB (%).

Nong do S* (mg/1)

Ky hiéu

ching 10 15 20

ND1 90,90%5+0,33 87,23%+0,09 89,8720+0,11
ND2 97,76%+0,03 97,54™+0,03 97,36M+0,04
ND4 95,614%6+0,04 92,95bh+0,08  92,47"+0,08
ND5 94,65<f2+0,12 94,204Mm+0,08 93,44bcdeh+( 08
ND6 91,1920<+0,14 91,23%<+0,09 90,37°>+0,04
ND12 94,59°¢+(,05 95,12¢M+(,11 94,54<Mm+0,04
ND13 94,65°+0,03 89,06°"+0,06 89,31™"+0,04
NH1 93,07>«%+(0,32  88,012"+0,05 87,54™+0,05
NH2 93,75f+(,02 94,77%0+0,12 93,92¢¢+(,08
NH3 90,60°+0,15 90,647%+0,11 89,04°"+0,06
NH4.1 96,29°%+0,07 95,644M+0,08 95,14%M+0,04
NH4.2 94,80%+0,04 90,46%"+0,03 89,31°°0+0,05
NH5 93,80°°+0,03 93,52b<d+(,03 93,51°dh+0,05
NH6 96,64°%£0,03 96,93°7+0,11 96,06°™+0,08
NH8 94,06%+0,03 94,02¢¢11+0,15 92,98bedeh+(,01
NH9.1 94,59f2+(,01 90,80%0+0,10 90,10°+0,02
NH10 88,56%+0,31 87,64%+0,12 87,48%+0,03

Céc gia tri trong cling bang c6 cac chir céia, b, ¢, d... gibng nhau biéu
thi khac biét khdng co6 y nghia thong ké (p=0,05).

Theo bang 4, chung ND2 va NH6 c6 kha nang xir ly
sulfide cao nhit trong 17 ching khdo sat, khong c6 sy
khéc biét sau 7 ngay nubi ciy. Hiéu sudt xi ly sulfide cua
chiing ND2 va NH6 1an lwot 12 97,76 va 96,64% & S* ban
dau (10 mg/1). Khi ting S ban d4u 1én 15 mg/1, hiéu suat
X ly S* ctia chiing NH6 tang nhe & mic 96,93% sau do
gidm con 96,06% & mirc S* ban dau 20 mg/1. Hiéu suat
xtt 1y sulfide ctia chiing ND2 gidm khi nong d6 S* ting
dén 15-20 mg/l nhung van duy tri & mic cao nhat dat
97,36% tai mic S* ban dau 20 mg/1. Trong khi d6, chiing
NH10 c6 hiéu suat xtr 1y sulfide thidp nhit dat 88,56% &
nong dé S* ban dau 10 mg/1va 87,48% & néng dd S ban
dau 20 mg/1 sau 7 ngay nudi ciy. Cac ching con lai cho
thiy, hiéu suat xi ly sulfide cao (>90%) trong diéu kién
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S? ban d4u 10 mg/1, sau d6 gidm dAn khi ndng do sulfide
tang dén 15-20 mg/l. K&t qua nghién ciu cling twong
doéng véi mot s6 nghién ctru trwde d6 ciia H.T. Trong va
cs (2024) [15] va C. Hunter va cs (2009) [6] cho rang,
chiing PNSB c¢6 thé xir Iy dugc sulfide & mot nguwong
nhit dinh, néu nong d6 sulfide ting 1én mirc cao hon c6
thé& dan dén trc ché hoan toan hoic giy chét té bao, tir d6
anh hwdng dén hiéu suit x Iy sulfide trong moi trueong.
Dwa vao két qua trén, néong d6 10 mg/1 sulfide ban dau,
chuing vi khudn ND2 va NH6 dwoc lwa chon dé khao sat
kha nang sinh trwdng va xir ly sulfide & cadc nong do
mudi 2-5%.

3.4. Kha ndng sinh trwdéng va xir ly sulfide trong
diéu kién mudi khdc nhau

Theo hinh 2, chiing ND2 va NH6 sinh trudng tot nhit
trong mdi trwong bo sung 2% NaCl, gia tri 0D, lan
lwot 1a 1,03 va 1,15. Khi tang 3-5% NaCl, sinh trwéng
cta ching ND2 va NH6 gidm. Chung ND2 sinh trwéng
t6t hon chiing NH6 ngay ca khi néng dé6 mudi cao c6 y
nghia thong ké (p<0,05), gid tri OD_, ctia chiing ND2
va NH6 lan lwot dat 0,728 va 0,681 & 5% NaCl. Vé kha
nang xw 1y sulfide, ching ND2 va NH6 c6 kha nang xt ly
sulfide cao & 2-3% NaCl khong c6 sy khac biét. Tai 2%
NaCl, kha nang x 1y sulfide ctia ching ND2 va NH6 lan
lwgt dat 97,48 va 96,40%. Hiéu suit xtr Iy sulfide gidm
ro rét khi néng dé6 mudi ting 4-5% (p<0,05), hiéu suit
xt ly sulfide cia chiing ND2 va NH6 lan lwgt dat 86,79
va 84,84% trong moi truwdng chira 5% NaCl. Theo két
qua trén, ching PNSB c¢6 thé sinh trwdng va xir Iy sulfide
trong diéu kién mudi cao. Két qua nay ciing twong dong
v&i nghién ciru trwde do rang, PNSB c6 thé phat trién
tot trong mdi truedrng chira NaCl trong khoang 1 dén 4%;
trong khi sy phéat trién bi chdm lai trong méi trwong
chtra NaCl tir 5 dén 10% [16]. Piéu nay dweec giai thich
rang, khi gdp mdi treong min, cac ching PNSB huy dong
nang lwong (ATP) thong qua quang hop dé tai ciu tric
té bao, rut ngén kich thuérc, cling c6 mang - vach té bao,
diéu hoa thdm th4u va kich hoat hé théng bao vé protein.
Nhitng thay d&i nay giup té bao duy tri can bang ndi moi
va kha nang sdng sot cao dwdi diéu kién min [17]. Viéc
phan lap dwoc cac ching PNSB c6 kha nang sinh trwdng
trong diéu kién man cao c6 y nghia quan trong trong ng
dung thuc tién. Trong cac hé théng nudi trong thiy san
nwéc man, lo cic chung PNSB chiu mén cé thé duy tri
hoat déng 6n dinh, gép phan xtt ly H,S, NH, va NO,, tir d6
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cai thién chitlwong nwéc, gidm stress thim thiu cho tém
c4, va han ché bung phat dich bénh [18]. Ngoai ra, PNSB
chiu m3n con cé thé ting sinh khoi trong mai trwong
man, &ng dung trong san xuit sinh khéi protein vi sinh
(single-cell protein), ché phdm sinh hoc (probiotic) [19].
Dwva trén két qua nghién ctu, ching ND2 c6 kha ning
sinh trwdng va xtr ly sulfide & do min cao va dn dinh
dwoc lwa chon dé€ dinh danh dén loai.

Khi nang smh toremg va xir Iy sulfede cia ching PNES

100% ' ! z
sow [ - ¢ ol
# s0% 1 ! i 1]
a ”
- Wy . 3 | o0&
7 B0% - i | ; E
e T NHE
= bt L { o8
frins [ NDZ
‘E,'I R | | Iﬂ
a0 ] 04
T e
¥ 0% | | oz
100 -
o ‘ I"on

% % 4% 5%

Wing dd NaCl (%)

Hinh 2. Két qua danh gia kha nang xt ly sulfide va sinh trwéng
cua chiing PNSB.

3.5. Két qua dinh danh va xdy dwng cdy phan loai
vi khudn

Ching ND2 dworc gidi trinh tw doan gen 16S rRNA va
phéan tich trén NCBL Tién hanh x4c dinh d6 twong dong
v&i cac doan trinh tw c6 s&n trén NCBI. Két qua cho thay,
ching ND2 thudc chi Rhodovulum véi d6 twong dong
99,75% so véi loai Rhodovulum sulfidophilum (hinh 3).
Bdng phin mém MEGA 11, gen 16S rRNA tlr ching ND2
va mot so loai da cong bé trén GenBank dé vé ciy pha
hé (hinh 4). Nhu vay, ching vi khudn PNSB ND2 c6 thé
thudc loai Rhodovulum sulfidophilum va dwoc dat tén la
Rhodovulum sulfidophilum ND2.
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Hinh 3. Két qua phan tich di¥ lidu NCBI dé dinh danh chinh xac
ching ND2.
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Hinh 4. Két qua phan tich cay pha hé ching ND2.

4. Két luan

Tdng cdng 25 mAu bao gdbm 10 mau nuwéc va 15 mau
bun thu thap tr cic ao nuoi thuy san khac nhau tai tinh
Ninh Binh di phan 14p dwoc 17 ching vi khudn PNSB.
Hai ching ND2 va NH6 c6 kha nang xt ly sulfide cao
trong diéu kién S* (10-20 mg/1) dwgc lya chon dé khao
sat kha nang sinh triwedng va xir Iy sulfide trong diéu kién
mudi khac nhau. Chiing ND2 va NH6 sinh trwdng tot nhit
trong moi triomg bo sung 2% NacCl, gia tri OD,,, lan
lwot 1a 1,03 va 1,15. O ndng dd 2% NaCl gia tri OD,
cta chiing NH6 t6t hon ND2, trong khi tang 3-5% NaCl
sinh trwdng ca hai ching déu giam. Ngoai ra, chiing ND2
va NH6 c6 kha nang xt ly sulfide cao & 2-3% NaCl va
giam din khi ting 4-5% NaCl. Tai 2% NaCl, kha nang x
1y sulfide ctia ching ND2 va NH6 Ian lwot dat 97,48% va
96,40%. Chung ND2 cé kha nang xt ly sulfide cao hon
chiing NH6 ngay ca khi nong d mudi cao, hiéu suit xir
1y sulfide ctia ching ND2 va NH6 lan lwot dat 86,79% va
84,84% trong moi treong chira 5% NaCl. Dwa trén két
qua ddc diém hinh thai, khuin lac, phén tich trinh ty gen,
ching ND2 dwgc dat tén 1a Rhodovulum sulfidophilum
ND2. Ching Rhodovulum sulfidophilum ND2 c6 tiém
nang xt ly sulfide hiéu qu3, tir dé6 dwoc rng dung xtr ly
nwéc trong nudi trong thiy san gép phan cai thién chit
lwong moi tredng nudi thuy san, gidp gidm rii ro bénh
tat. Ching Rhodovulum sulfidophilum ND2 tiém ning
dwoc dé nghi ti€p tuc nghién ciru dé t6i wu diéu kién
moi treong nang cao sinh khéi dinh hwéng san xuat ché
phim sinh hoc x& 1y nwéc trong nudi trong thiy san.
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Anh hwéng ciia thoi gian khuay gia nhiét
dén hoat tinh quang xtc tic ciia g-C.N, pha tap Mg

Poan Thi Thiy Phwong’, Lé Thi Mai Oanh?, P6 Khic Thinh?
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Trong nghién ctru nay, vat liéu graphite carbon nitride (g-CsN,) pha tap kim loai Mg dwg'c tong hop thanh
cong bang phwong phap héa hoc don gian, véi thei gian phan &ng tir 3 dén 18 gio, két hop xir ly nhiét &
90°C. C4u triic tinh thé va trang thai héa hoc cua vat liéu dwoc dic treng bang phé nhiéu xa tia X (XRD), phé
Raman va phd quang dién tir tia X (XPS); trong khi dd, cac tinh chit quang hoc dworc danh gia thong qua phd
hip thu UV-Vis va huynh quang (PL). Hoat tinh quang xtic tac dwoc Khao sat thong qua qua trinh phan hay
dung dich hitu co' Rhodamine B (RhB) dwéi sy chiéu sang ciia dén Xenon va anh sang mat troi. Két qua cho
thdy, cac mau sau khi pha tap Mg déu thé hién hoat tinh quang xuc tac cao hon so véig-C;N, tinh khiét. Sy cai
thién nay dworc cho la do sy hién dién ctia ion Mg?* d6ng vai tro “tim bay” electron, gitip han ché qua trinh tai
hop cip electron - 16 tréng. Pong thoi, viéc chén Mg vao ciu tric heptazine 1am ting dién tich bé mat riéng,
tir d6 ning cao hiéu qua quang xtc tac cia vit liéu. Két qua nghién ciru cho thiy, viéc pha tap Mg véi ham
lwgng 10% vao vat liéu nén g-C,N,, két hop vé&i viéc toi wu héa thoi gian ché tao, 1a diéu kién phu hop nhat
nham nang cao hoat tinh quang xic tac caa vat liéu. Két qua nay cho thay thoi gian tong hep c6 anh hwéng
dang ké dén tinh chit va hiéu suit quang xic tac caa vat liéu.

Tir khéa: graphite carbon nitride pha tap Mg, quang xtc tic, Rhodamine B.

Chi sé phdn logi: 1.7, 2.4, 2.5

Influence of heated stirring time on the photocatalytic activity of Mg-modified g-CN,
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Faculty of Basic Sciences, University of Transport and Communications, 3 Cau Giay Street, Lang Ward, Hanoi, Vietnam
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Abstract:

In this study, magnesium-doped graphite carbon nitride (Mg-doped g-C3N,) material was successfully
synthesised via a simple chemical method, with reaction times ranging from 3 to 18 hours, followed by
thermal treatment at 90°C. The crystal structure and chemical states of the material were characterised
by X-ray diffraction (XRD), Raman spectroscopy, and X-ray photoelectron spectroscopy (XPS), while the
optical properties were evaluated through UV-Vis absorption and photoluminescence (PL) spectroscopy.
The photocatalytic performance was investigated through the degradation of Rhodamine B (RhB) solution
under irradiation from a Xenon lamp and natural sunlight. The results revealed that all Mg-doped samples
exhibited superior photocatalytic activity compared with pristine g-C,N,. This enhancement is attributed
to the presence of Mg** cations acting as electron “trapping centres”, which suppress the recombination
of photogenerated electron-hole pairs. Moreover, the incorporation of Mg into the heptazine framework
increases the specific surface area, thereby promoting the overall photocatalytic efficiency of the materials.
The results of this study indicate that doping g-C3N, with 10% Mg and selecting an appropriate synthesis
time are effective strategies for enhancing its photocatalytic performance.

Keywords: magnesium-doped graphite carbon nitride, photocatalysis, Rhodamine B.
Classification numbers: 1.7, 2.4, 2.5
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1. Md dau

Hién nay, vdn dé 6 nhiém méi truwdng noi chung, dic
biét 1a 6 nhiém ngudn nuwéc néi riéng dang 1a mot trong
nhitng mdi de doa rat1én déi védi cude séng ctia nhan loai.
O Viét Nam, lwong nwée thai khéng 16 chwa qua xi 1y clia
cac nha may, cac lang nghé xa ra moi trweong, phan léon 1a
nhitng chit thai hitu co bén, khé bi phan hiy khi khéng
dwogc xtt Iy triét d€ [1-4]. Trong nhiéu nam qua, hang loat
nd luc nghién ctru da dwoc trién khai nham tim ra mot
phuwong phap x Iy hiéu qua [5, 6]. Trong s nhirng giai
phép c6 tinh wu viét cao, phai k€ dén viéc sir dung cong
nghé quang xtc tac béi né sé hitu nhiéu wu diém nhw
hiéu qua cao, chi phi ré va than thién véi moi trueong [7].
Vatliéu g-C,N, la mot trong nhirng vat liéu quang xuc tac
tiém ning dang dwoc quan tAm nghién ciru boi day la
mot chat ban dan hitu co phi kim loai véi d6 rong viing
cdm nho (c& 2,7 eV), dd cleng cao, it ddc hai, 6n dinh vé
mat hoa hoc trong méi trwedng, dién tich bé mat riéng
16n, twong thich sinh hoc va c6 do hoa tan vwot trdi so
v&i nhiéu loai vat liéu khac [8]. Tuy nhién, theo két qua
nghién ctru cia Z. Mo va cs (2015) [9], vat liéu g-C,N,
tinh khiét c6 nhwoc diém 16n khi trién khai trong linh
vuc quang xuc tac dé 13 téc dd tai t6 hop dién ti - 16
trong 1&n va hiéu sudt lwong tir thip, chinh nguyén nhan
nay da lam gidm hoat tinh quang xtc tac ctia vat liéu.

Dé ting hoat tinh quang xdc tac cia vat liéu
g-C,N,, da c6 rat nhiéu céng b6 nghién ciru nhw pha
tap nguyén td dit hiém nhw Nd, Y [10, 11], kim loai
chuyén ti€p nhw Fe, Co [12, 13], hay kim loai nhém
kiém tho nhw Mg [14]..., v&i muc dich tao ra cac tim
bat dién tw, tir d6 ting thi gian ton tai cua cdp quang
- dién tr, gidm tdc do6 tai hop cla cdp quang dién ti
- 16 tréng. Trong s d6, cac cdng bd chi yéu la nghién
cru vé anh hwdng cia nong do tap chit 1én viéc cai
thién hoat tinh quang xtc tac cua véat liéu g-C,N, [15].
Tuy nhién, anh hwdng ctia quy trinh cong nghé ché tao
dén tinh chit quang xdc tac cta vat liéu Mg pha tap
g-C.N, chwa dwoc quan tam nghién ctru. B s0 liéu toi
wu vé quy trinh ché tao nhu thoi gian xt 1y nhiét, nhiét
do... sé dong mot vai tro quan trong trong viéc lam
chtd cong nghé ché tao vat liéu. Do d6, bao cdo nay tip
trung vao nghién ctru t6i wu anh hwéng ctia quy trinh
ché tao vit liéu thong qua suw thay ddi thoi gian tong
hop vét liéu Mg pha tap g-C,N, véi nong d6 10% nham
tang hoat tinh quang xtic tac cta vat liéu nén g-C,N,.
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2. Thuc nghiém
2.1. Téng hop vit liéu g-CN,

Vatliéu g-C,N, dwoc tong hop tlr hop chit hitu co uré
c6 cong thirc héa hoc (NH,),CO, ngudn gdc xudt xir tir
Trung Quéc. S dung phwong phap nhiét phan uré trong
khong khi: Cho uré vao c6c st dung tich 50 ml va boc kin
bang gidy bac, sau d6 cho vao 10 nung néng trong khong
khi & nhiét d6 550°C trong thoi gian 2 git. Sdn phadm thu
dwoc sau khilam ngudi tw nhién t&i nhiét d0 phong quan
sat dwgc & dang bot, x6p va cé mau vang nhat.

2.2. Téng hop vit liéu g-C,N, pha tap kim loai Mg

Vat liéu Mg pha tap g-C,N, dwoc ché tao bang
phwong phap nhiét phan don gian dwa trén ngudén vat
liéu g-C,N, duoc ché tao & muc 2.1, va ngudn tap Mg tir
mudi magnesium nitrate hexahydrate (Mg(NO,),.6H,0).
Quy trinh ché tao vat liéu dwoc thé hién theo cac bwéc
sau: trwdece tién, cho 0,5 g bot g-C,N, vao 50 ml nwéc cat
va khudy tlr trong nita gi¢, sau d6 dwoc xir 1y siéu 4m
trong 1 gi®, thu dwoc dung dich (I). CAn mot lwong mudi
Mg(NO,),.6H,0 twong ttng véi ty phan 10% cho thém
vao dung dich (I), khudy tir dwdi diéu kién gia nhiét 90°C
trong thoi gian x gid, sdn phdm thu dwgc dung dich (I1).
Trong do, thoi gian khudy tir x lan lwotla 3,6,9,12,15va
18 gio. Dem hon hop dungdich (I1) tién hanh loc rira 3 Ian
trong mdi trwdng codn ethanol. Mau thu dwgc sau khi loc
rira dwoc siy kho trong khong khi & 70°C, trong 24 gio.
Sau d6, mau dwoc 1am ngudi tw nhién & nhiét dd phong
thi nghiém, sdn phidm thu dwoc 12 miu bot g-C,N, pha
tap chat Mg 10% khudy tir trong x gio va dwoc ky hiéu
la gCN-Mg-xh trong cac hinh vé chid thich mo ta két qua.

2.3. Panh gid hoat tinh quang xiic tdc

Pwa 0,06 g mau gCN-Mg-xh vao cdc chira 30 ml nwéc
cit, khuly tir trong 30 phut & nhiét dd phong. Sau do,
nhé thém vao 30 ml dung dich RhB ndéng d6 20 ppm dé
thu dwoc dung dich hdn hgp RhB néng do 10 ppm. Dung
dich dwoc khudy tir trong diéu kién khong cé anh sang,
trong thoi gian 30 phit, € ddm bao qué trinh hip phu
RhB ctia miu gCN-Mg-xh dugc bio hoa. Tiép theo, dung
dich dwoc chiéu sdng dwdi déen xenon trong thoi gian
80 phut hodc dwéi anh sdng mat trdi trong thoi gian 60
phut. C sau khoang 15 phut hodc 20 phut, 2 ml dung
dich lai dwoc 14y ra dé tién hanh ly tAm loc bé chat két
tda. Dung dich RhB sau khi ly tAm loc rita thanh phan
gCN-Mg-xh dugc do do hip thu, dé xac dinh nong dd RhB
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con lai trong mau sau khi xt ly quang xuc tac, tir 6 danh
gia dwoc hiéu suit quang xuc tac ctia vat liéu doi véi cac
mau c6 thoi gian xir ly nhiét khac nhau. Quy trinh danh
gid hiéu suit quang xuc tac dwgc thwc hién tai phong thi
nghiém thudc Trung tdm Khoa hoc va Cong nghé Nano,
Truwong Pai hoc Sw pham Ha Noi.

Phé phat xa cia dén Xenon dwoc ching toi khao
sat bang may quang phd Ocean Optic tai Khoa Vat ly,
Trwong Pai hoc Sw pham Ha Noi trong khodng bwdc
séng tir 200 dén 1000 nm. K&t qua so sanh phd cua
dén Xenon v&i quang phd mét tréi dwec trinh bay trén
hinh 1 cho thiy, hinh dang ctia ph6 dén Xenon twong tw
quang phd cla anh sdng mat troi khi di qua khi quyén.
DPinh phd cé cwong do 16n va rong nhit & buwéc séng
khoang 600 nm, ndm trong vung anh sang nhin thiy.
Chung tdi thdy rang, phd clia dén Xenon c6 it thanh
phan t& ngoai hon so v&i ph6 clia 4nh sdng mit troi,
vi vay, néu 4nh sang dén Xenon cé thé kich thich phan
rng quang xtc tac thi anh sing mit troi cling sé cho két
qua twong dwong.
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Hinh 1. Quang phé mit tr&i va quang phé dén Xenon (dwéng mau
héng la phd dén Xenon sau khi da cét UV).

2.4. Cdac phép phan tich

Ké&t qua anh hwdéng cla thoi gian xtr ly nhiét dén
hiéu suit quang xdc tac cua vit liéu sé

hoc; Ky thuat vat ligu va luyén kim

phé quang dién tir tia X (XPS) dwoc thwe hién trén may
ESCALab 250 v&i ngudn tia X don sic clia Al Ka (1486,6
eV), tai Trueorng Pai hoc Ewha Womans, Han Qudc; pho
huynh quang cua vit liéu dwgc ghi nhan trong khoang
buéc séng 400-800 nm v&i ngudn kich thich laser 355
nm va phé hip thu UV-Vis dwgc thwc hién trén may
Jasco - V670. Cac phép do vé quang hoc nay dwoc thuc
hién tai Khoa Vat ly, Trwong Pai hoc Sw pham Ha Noi.

3. Két qua va ban luan
3.1. Gidn dé nhiéu xa tia X

Anh huwéng cta thoi gian khudy tir dén do két tinh
cia mau Mg pha tap g-C,N,, voi ham lwong 10% dwoc
thé hién trén hinh 2A. Tir gidn do nhiéu xa tia X c6 thé
nhan thay, cAic miu déu xudt hién cac dinh nhiéu xa tai
cacvitrigocla20 =13,11°, 26 =21,69°va 20 = 27,61
phu hop véi thé chudn JCPDS s6 01-087-1526 cla vat
liéu g-C,N, [12]. Qua d6 cho thdy, cac mau vat liéu sau
Kkhi ché tao két tinh t6t véi pha ciu tric luc giac. Pinh & vi
tri 13,11° phu hop véi két qua nhiéu xa trén mit phang
(001), c6 cwong do yéu, dic trung cho khodang cach gitra
cac mit phang graphite trong tinh thé g-C.N, [12, 16].
Dinh & vi tri 27,61° 1a két qua nhiéu xa trén mit phang
(002), c6 cwong do manh, dic trung cho khoang cach
cua cac don vi heptazine trén mot mat graphite [12, 16].
T gidn dd nhiéu xa tia X clia cic mau gCN-Mg-xh khong
th4y c6 sw xuat hién thém clia cac dinh nhiéu xa méi, la,
chirng té cAc maiu ché tao khong xuat hién cac pha thir
c4p hinh 2B, biéu dién sw phéng dai dinh nhiéu xa tia X
vi tri géc 20 tir 25° dén 29° cho thay, vi tri cia dinh nhiéu
xa (002) dich nhe vé phia goc 26 bé. Két qua nay thé
hién ré rang nhit khi thoi gian khudy tir thay doi tir 9 gior
dén 18 gio. Cling trén hinh 2B cho thay sy dich dinh cta
mau gCN-Mg-9h 1a khac biét nhit so véi mau gCN-Mg-xh

dwoc ly giadi thong qua dnh hwéng ciia  (a) (B)
~ , N U o o — 4(002) -
cau truc, hinh thai bé mat, dac trung > |00 o0 4 = e
iA Xy 7y 4 < i ; 4 4 0 9CN-Mg-18h ‘; gCN-Mg-18h __— : ~—
lién két cling nhw cac dac trung quang e | L e | ;
, N A ~ ~ )y : \ gCN-Mg-15h| ~ |9CN-Mg-15h 1
hoc cua vat liéu Mg pha tap g-C,N,. Cau a [ b a !
L e Al ia 3.4 x| ! 9CN-Mg-12h & |goN-Mg-12n w
tric tinh thé cda vat liéu dwgc st dung % J\/U«\ = ;
. . x . R . c | . ! 9CN-Mg-9h c M
phuwong phap nhiéu xa tia X trén may 5 [ L = |
i 2 N «O- ! 1 <O
SIEMENS D5005 Bruker - Ditrc & nhiét B w 9ON-Mg-6h S M
A by Yl 7 7 7 7 =2 ! ! c’
dé phong voi btrc xa Cu K, c6 budc song ,§ MJ\ CN-Mg-3h ,§ M
A=1,5406 A, tai Vién Khoa hoc Vatlieu 3 [ | AN Sleon |
S1Y .
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20 (dd) 20 (do)

nghé Viét Nam; ph6 tan xa Raman dworc
thwc hién trén hé Labram HR 800 va
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Hinh 2. Gian dd nhiéu xa tia X ctia hé mau gCN-Mg-xh theo cac th&i gian khac nhau
trong khoang géc 26 (A) 10°-60°; (B) 25°-29°. Ngudn: Nhém nghién ciru.
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(x = 3,6 gi®). Sw dich nhe vi tri dinh nhiéu xa c6 thé duwgc
giai thich 1a do cac ion Mg? xen vao khdng gian gitra cac
don vi heptazine, tao cac lién két yéu v&i cac nguyén tir
N, gdy anh hwdng téi cau tric tinh thé g-C,N,.

3.2. Phé tdn xa Raman

Anh hwéng ctia thoi gian khudy trong qua trinh phan
tan ion Mg?* vao cdu tric  g-C,N, dén dao dong mang
tinh thé cta vat liéu nén dwoc thé hién trong hinh 34,
trong d6 pho tdn xa Raman dwgc ghi nhin voi sé séng
400-1600 cm™. Ph6 tan xa Raman cho thay cac mAu gCN-
Mg-xh déu xuat hién cadc mode dao déng c6 cwong do 16m
rng véi cac sd séng 471,708, 1232 va 1310 cm™. Két qua
nay phit hop véi sw xuit hién cdc mode dao dong ciia vat
liéu g-C,N, tinh khiét [17].
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Hinh 3. Phé tan xa Raman cGia hé miu gCN-Mg-xh theo cac thoi
gian khac nhau trong khoang sé séng (A) 400-1600 cm™'; (B) 700-720
cm™.

Ngoai ra, khi thay d6i thoi gian khudy tir, cic mau ché
tao dwoc khdng thiy xuit hién dinh méi. Piéu nay chimg
té rdng, cAc mau ché tao dwoc 1a twong d6i dong déu vé
ciu trac. Pinh c6 cwong d6 1ém tai vi tri sd séng 708 cm™?
dac trung cho dao dong ciia cac don

tir ting dén 9, 12, 15 va 18 gid, cAc mau nay c6 sv dich
khong dang ké vé phia s8 song nhoé. Cac mau c6 thoi gian
khudy tlr 1a 3 va 6 gior thi khong quan sat thiy c6 sy dich
dinh. Tl cac két qua trén chung tdi cho rang, thoi gian
khudy tir ¢6 anh hwdng dén sy phin tan cic cations tap
chat Mg* trong mang tinh thé g-C,N,. Do d6, anh hudng
clia tap chat cations Mg? trong mang tinh thé g-C,N,
khién cho cac dao dong ctia don vi heptazine khac nhau
va phu thudc vao thoi gian khudy. Diéu d6 cho thiy, qua
trinh cations Mg?* pha tap vao vat liéu g-C,N, c6 thé phu
thudc vao giti han vé thoi gian khudy tir trong qua trinh
ché tao mAu. N6i cach khéc, thoi gian khudy tir cao chwa
dam bao qua trinh pha tap 13 t8i wu va chat lwong miu
két tinh sau pha tap sé t6t hon, hay hiéu qua quang xic
tac sé cao hon.

3.3. Phé quang dién tir tia X

D& tim hiéu thém vé thanh phin héa hoc cia cac
mau ché tao dugc, 1am co s& giai thich hoat tinh quang
xuc tac cta vét liéu, ching toi tién hanh phép do phd
XPS ctia mau gCN-Mg-9h va mau g-C,N, tinh Khiét. Tir
d6 thi hinh 4 ta thay, cidc nguyén ti C, N va O 1a nhitng
thanh phan chd yéu trong cdc miu. Dinh Cls trén phd
XPS ctia cidc mau tng véi nang lwong khoang 285 eV dic
trwng cho lién két C-C, C=N, N-C=N. Dinh N1s &rng véi mirc
nang lwong khoang 400 eV dac trung cho cac lién két don
va lién két déi: C-N=C, N-(C),, C-N-H [18]. Tlr phép phan
tich ph6 XPS ctia miu gCN-Mg-9h, dinh phé dic trung
cho mirc nang lwong 2p cda Mg c6 cuweong do bé dwoc tim
thdy & vi tri khoang 53 eV. V&i mic Mg2p & vi tri nay,
ching t6i nhan dinh rang, tap chat Mg ton tai trong miu
gCN-Mg-9h dwéi dang cations Mg?*.

vi heptazine [10]. Dao dong cuacac  (A) (B)
don vi heptazine chinh la dao dong N1s Mg2p 52,9
clia céc lién két N-(C),. Tuy nhién, S z
~ 7 ~ 7 2 7 ‘-: 01 >
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Hinh 4. (A) Phé XPS ctia mau gCN-Mg-9h va miu g-C,N, tinh khiét; (B) Phé XPS dic trwng cua
trang thai Mg2p ciia mau gCN-Mg-9h.
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K&t qua nay dwoc cho 1a do sy twong tac cia Cls va
N1svGi Mg2p. Két qua nay phu hop véi cac két qua phan
tich vé cdu tric da trinh bay & trén (XRD, Raman).

3.4. Phé huynh quang

Khi electron hip thu photon cé ning lwong pht hop,
no sé birt ra d€ tao mot 16 tréng. Thoi gian séng clia cap
dién tit - 16 tréng nay kha nhé, chiing sé tai hop lai v&i
nhau va phat xa ra photon. Cwong do huynh quang ctaa
vat liéu véi cling cong suit chiéu xa anh sang kich thich
sé cho thong tin quan trong vé kha nang tai hop cia cap
dién t - 16 tréng. Hay ndi cach khéc, bang cach so sanh
cwong do dinh phat xa huynh quang cé thé du doan vé
hiéu suit quang xtc tac cia cAc mAu tir viéc so sanh tdc
do tai hop cdp dién tir - 16 tréng [19].
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Hinh 5. Phé huynh quang cta hé mau gCN-Mg-xh theo th&i gian.

Anh huéng ctia thoi gian khudy tir phan tan cations
Mg? trong nén vat liéu g-C,N, duwoc thé hién qua pho
huynh quang cta vat liéu trén hinh 5. Phé huynh quang
ctia hé mau gCN-Mg-xh 12 mot dai rong tir 400 dén 550
nm. Vi tri dinh clia cAc mau pha tap c6 xu hwéng dich vé
phia bwéc séng ngan. Cwong do dinh cta cdc mau ciing
c6 sw khac nhau va gidm so véi miu tinh khiét. CAc mau
gCN-Mg-xh (x=3, 6h) c6 su dich dinh va cwong d6 dinh
giam dan so véi mau g-C,N, tinh khiét. Tuy nhién, khi
thoi gianlax =9, 12, 15, 18 gid, cAc mau gCN-Mg-xh c6
suw dich dinh manh nhit va cwong d6 dinh phat xa suy
yéu rd rét nhat. Diéu nay cho thiy, viéc thay ddi thoi gian
khudy tir c6 kha ning lam ting hiéu suit quang xudc tac
ctia hé gCN-Mg-xh va chi cAn khudy tir trong 9 gid, cudng
do6 dinh huynh quang gidm ré rét nhat. Sw dap tat huynh
quang cta vat liéu dw doan mau gCN-Mg-9h sé cho hiéu
suit quang xudc tac tot nhat, khi téc do tai hop cap dién
tl - 16 trong 1a thap nhat.
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3.5. Phé hdp thu UV-Vis
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Hinh 6. Phé hap thu UV-Vis ctia hé mau gCN-Mg-xh.

Phd hdp thu UV-Vis clia cadc miu gCN-Mg-xh duoc
biéu dién trén hinh 6. Két qua cho thay, tit ca cAc mau c6
bo hap thu trong khoang bwdc séng tir 375 dén 450 nm.
Duwa trén vi tri cia bor hap thy, c6 thé du dodn rang buéc
song clia anh sang kich thich qua trinh chuyén mirc dién
tlr ndm trong ving tir ngoai, hoic can tir ngoai. Sr dung
phuwong phap Wood-Tauc dé xac dinh do rong ving cdm
cua vat liéu va wéc lwong dwoc gia tri dat khoang 2,7 eV.
Ciing theo hinh 6, b&r hip thu cia cdc mau gCN-Mg-xh va
mau g-C,N, gin nhw trung nhau, diéu nay cho thiy viéc
pha tap chat Mg vao g-C,N, kem theo su thay doi thoi
gian khudy tir hdu nhw khong 1am thay déi bé rong ving
cdm cua vat liéu.

3.6. Két qua xir ly quang xtic tdc

Khi ti€p xtc v&i anh sdng lién tuc tir dén xenon hoic
anh sang Mit troi, vat liéu g-C3N, thé hién hoat tinh
quang xdc tac dang ké trong qua trinh phin hdy RhB.
Duéi tac dong clia birc xa c6 ning lwong photon bang
hodc 16n hon ving cAm (c& 2,7 eV), electron trong viing
héa tri (VB) duorc kich thich chuyén 1én viing dan (CB),
dé lai 16 tréng quang sinh trong VB. Céc electron & CB c6
thé tham gia phan ng khit v4i O, hoa tan, hinh thanh
goc superoxide (- 03), sau d6 tiép tuc chuyén hda thanh
(HO,-),H, 0, vagochydroxyl (-OH) c6 tinh oxy héa manh.
DPong thoi, cac 16 trong (h*) tai VB c6 kha nang truc tiép
oxy héa phan tir RhB hodc phan &ng véi H2,0/0H™ dé
tao ra thém (-OH), qua dé thuc diy qua trinh phan huy.
Su két hgp déng thoi clia cac tic nhan oxy héa manh
(- 03, -OH, h*) dan dén pha v& ciu tric vong thom va
cac nhém chirc hitu co trong RhB, cudi cing khodng hoa
thanh CO,, H,0 va céc san phdm v co nho hon [12].
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xudng con khoang 90%. Nhu vay,
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khac véi két qua trén hinh 7A,
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phit. Diéu nay cho thiy, hiéu suit
quang xuc tac bi anh hwéng manh
bdi cwong do anh sang chiéu tdi
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mat tr&i, ching t6i do dwoc thong

-15 0 15 30 45 60
Theoi gian (phut)

=30

Hinh 7. Hiéu suét quang xtc tac cia hé mau gCN-Mg-xh. Dwéi anh sang mit trei (A), dwéi anh

sang den Xenon (B).

Viéc danh gia hiéu suit quang xtc tac cia hé miu
gCN-Mg-xh dwoc thyc hién dudi anh sing mat troi (trong
khoang 12 dén 13 gitr ngay 30/07,/2025), v&i diéu kién
nhiét dd méi truedng 1a 36°C, cwong do anh sang do duoc
trong khoang thoi gian thwe nghiém c6 gia tri trung binh
khoang 37665 Im (hinh 7A). Ta thiy thoi gian khudy tir
trong quy trinh phén tan cations Mg** trong g-C,N, c6
sy dnh hwdng ro rét dén hiéu suit quang xdc tac clia vat
liéu khi so sanh véi vat liéu nén g-C,N,.

K&t qua nghién ctru cho thiy cdc miu gCN-Mg-xh véi
thoi gian x = 6,9, 12, 15 gio ¢6 hiéu sudt quang xuc tac
gan nhu twong dwong nhau va cao hon hin so véi mau
tinh khiét. Chi sau 45 phtt chiéu sidng bang anh sing
mit troi tw nhién, dung dich RhB da dwoc cdc mau nay
khir hoan toan. Riéng mau gCN-Mg-3h, hiéu suat chi dat
t&i 95% va mau gCN-Mg-18h hiéu suit gidm xudng con
khoang 90% sau 45 phut chiéu sang. K&t qua vé hiéu
sudt cta hai miu nay phu hop véi két qua phan tich ciu
tric tir phd tan xa Raman (khong thiy sw dich dinh cha
hai mau nay). Trong khi d6, mau tinh khiét g-C,N, chi
dat hiéu suat khoang 70%. Sw bat thwong nay cho thiy
c6 thé ton tai mot gidi han vé thoi gian khuly tir trong
qué trinh ché tao mAu. Két qua trén ciing dwgc ching toi
kiém tra lai bang cach xir ly quang xuc tac cia hé mau dudi
su chiéu sang ctia dén Xenon. Két qua kiém tra dwoc trinh
bay trén hinh 7B. So sanh hai két qua nay cé thé thiy sy
phu hop gitta hai cach thi nghiém dwoc thé hién twong
d6i ro. Két qua trén hinh 7B cho thiy, cdc miu gCN-Mg-
xh (x = 6,9, 12, 15gi®) thé hién hiéu suit quang xuc tac
t6t nhat sau 60 phut chiéu sing dwdi dén Xenon, dung
dich RhB d3 dwoc cdc miu trén khir hoan toan. Tuy
nhién, d6i véi mau d6i chirng gCN-Mg-3h, hiéu suit dat
khoadng 95% va véi mau gCN-Mg-18h, hiéu suit lai gidm
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Thei gian (phut)

lwong anh sang tai thoi diém 1am
thi nghiém la 37665 Im, 1é6n hon
thong lwong sang den Xenon
(34450 Im). Do vay, hiéu suit
quang xuc tac ca cdc mau trong
hé c6é sw khac nhau nhw trén. Tlr sw khac nhau vé hiéu
suit quang xuc tac cia cdc miu cé thoi gian khac nhau va
cac phép phan tich vé ciu truc, tinh chit quang néu trén,
ching tdi cho rang khi thoi gian khudy tir 12 9 gio thi hé
mau cho hiéu quéa quang xtc tac hiéu qua nhit.

20 40 60 80

4. Két luan

Nghién cttu da ché tao thanh cong vat liéu g-C,N,
pha tap kim loai Mg 10% va thay doi thoi gian tong hop
bang phuwong phap héa hoc don gidn. Tl gidn do XRD va
sw dich dinh nhiéu xa clia cdc miu gCN-Mg-xh cho thiy
nguyén td Mg c6 trong thanh phin maiu lam thay déi
khong dang ké dén cdu tric tinh thé cta g-C,N,. Tir phd
huynh quang, chting t6i dw doan khi thoi gian khudy tir 9
gior tré di, cAc mAu c6 kha ndng cho hiéu suit quang xtc
tac cao nhit. K&t qua phé tdn xa Raman va phé XPS cho
thiy cacion tap chat khi dwoc pha tap vao vatliéu sé xen
ké vao cac vi tri tréng giira cac don vi heptazine trong
vat liéu g-C,N,, tham gia lién két yéu véi cac nguyén tir
C, N & gan, dan dén su thay ddi nhé cac dao dong clia cac
lién két co ban trong cau tric mang tinh thé g-C,N,, két
qua nay phu hgp véi gidn d6 XRD va ph6 huynh quang.
Hiéu sudt quang xuc tac cla vat liéu g-C,N, da dwoc cai
thién dang ké khi thay ddi thoi gian ché tao tir 3 dén 18
gi¢r khi pha tap 10% Mg. Mu gCN-Mg-xh (x = 6, 9, 12,
15h) c6 hiéu sudt quang xuc tac tét nhat, phan hiy 100%
RhB sau 45 phut chiéu 4nh sdng tw nhién cia mat troi va
sau 60 phut chiéu sang bang dén Xenon va hiéu suit cao
hon hin so véi mau g-C,N, tinh khiét. Tir cac két qua néu
trén, chung toi cho rang thoi gian ché tao dé mau cho
hiéu suat cao l1a x = 9h. K&t qua nghién ctru nay cho thay,
giai phap pha tap nguyén t6 kim loai Mg 10% trong vat
liéu nén g-C,N, va lya chon thoi gian ché tao pht hop l1a



lwa chon t6i wu d€ lam ting hiéu suit quang xdc tac. Tir
dé, hé vat liéu ché tao dwgc sé c6 tiém niang ng dung
trong thuc tién.

Nghién ctru nay dworc tai tro béi Trwong Pai hoc Giao
théng Van tai trong dé tai ma sé6 T2025-CB-004. Nhém
tac gid xin tran trong cam on.

TAI LIEU THAM KHAO

[1] V.T. Doan, C.C. Le, H.V.T. Le, et al. (2025), “Comprehensive
statistical analysis for characterizing water quality assessment
in the Mekong Delta: Trends, variability, and key influencing
factors”, Sustainability, 17(12), DOI: 10.3390/su17125375.

[2] T.M.T. Le, T.N.S. Truong, P.D. Nguyen, et al. (2023),
“Evaluation of microplastic removal efficiency of wastewater-
treatment plants in Vietnam”, Environmental Technology &
Innovation, 29, DOI: 10.1016/j.eti.2022.102994.

[3] D.K. Chi (2022), “Pollution in craft villages in Vietnam
and proposed environmental protection solutions for the period
2021-2025”, Environment Magazine, 1, pp.61-66 (in Vietnamese).

[4] L.T. Mai, N.V. Son (2022), “Current situation of water
pollution caused by industrial dyes and evaluation of current
treatment technologies”, Environmental Science Journal, 17(2),
pp.34-42 (in Vietnamese).

[5] U.Z. Zakariyya, S.K. Kuan, G. Abdurrahman, et al. (2023),
“A review on superior advanced oxidation and photocatalytic
degradation techniques for perfluorooctanoic acid (PFOA)
elimination from wastewater”, Environmental Research, 221, DOI:
10.1016/j.envres.2023.115326.

[6] A. Kaleem, H.R. Ghosh, S.M. Ahuja (2020). “A review on
photocatalytic remediation of environmental pollutants and H,
production through water splitting: A sustainable approach”,
Environmental Technology & Innovation, 19, DOI: 10.1016/].
€ti.2020.100893.

[7] N.T.T. Loan, D.T.T. Hoai, N.Q. Hai (2020), “Synthesis,
structural characteristics, properties, and photocatalytic activity
for methylene blue degradation of La®**-doped CoFe,0, spinel
nanoparticles”, Journal of Analytical Chemistry, Physics and
Biology, 25(2), pp.7-13, DOI: 10.14741 /ijaie/v.11.3.1.

[8] X. Li, G. Huang, X. Chen, et al. (2021), “A review on graphitic
carbon nitride (g-C3N,4) based hybrid membranes for water and
wastewater treatment”, Science of the Total Environment, 792,
DOI: 10.1016/j.scitotenv.2021.148462.

[9] Z. Mo, X. She, Y. Li, et al. (2015), “Synthesis of g-C3N, at
different temperatures for superior visible/UV photocatalytic
performance and photoelectrochemical sensing of MB solution”,
RSC Advances, 5(123), pp.101552-101553, DOI: 10.1039/
C5RA19586A.

&%HNOGCHE 68(8) 8.2026

s Khoa hoc Tu' nhién | Khoa hoc nano; Khoa hoc Ky thuét va Cong nghé | Ky thuat hda hoc; Ky thuat vat liéu va luyén kim

[10] D.T.T. Phuong, L.T.M. Oanh (2022a), “Study on fabrication
and photocatalytic activity of rare-earth-metal-doped g-CsN,
with Nd”, Journal of Analytical Chemistry, Physics and Biology,
28(4), pp.222-225.

[11] D.T.T. Phuong, N.X. Tuyen (2022b). “Study on fabrication
and photocatalytic activity of rare-earth-metal-doped g-C3N,
with Y”, Proceedings of The 23" Conference on Teaching and
Basic Science Research Solutions, University of Transport and

Communications, pp.277-282 (in Vietnamese).

[12] N.V. Minh, L.T.M. Oanh, P.D. Chung, et al. (2020), “Fe-
doped g-C3N,4: High-performance photocatalysts in Rhodamine B
decomposition”, Polymers (Basel), 12(9), pp.1-13, DOI: 10.3390/
polym12091963.

[13] P.W. Chen, K. Li, Y.X. Yu, et al. (2017), “Cobalt-doped
graphitic carbon nitride photocatalysts with high activity for
hydrogen evolution”, Applied Surface Science, 392, pp.608-615,
DOI: 10.1016/j.apsusc.2016.09.086.

[14] Q. Deng, Q. Li (2017), “Facile preparation of Mg-doped
graphitic carbon nitride composites as a solid base catalyst for
Knoevenagel condensations”, Journal of Materials Science, 53(1),
pp.506-515, DOI: 10.1007/s10853-017-1534-3.

[15] X. Dong, S. Zhang, H. Wu, et al. (2019), “Facile one-pot
synthesis of Mg-doped g-C3N, for photocatalytic reduction of
C0,”, RSC Advances, 9(49), pp.28894-28901, DOI: 10.1039/
C9RA07573D.

[16] K.M. Abdullah, LF. Teixeira, M.]. Li, et al. (2016), “Graphitic
carbon nitride catalysed photoacetalization of aldehyde/ketones
under ambient conditions”, Chemical Communications, 13,
pp.2272-2275,DOI: 10.1039/C5CC08344C.

[17] C. Fan, ]. Miao, G. Xu, et al. (2017), “Graphitic carbon
nitride nanosheets obtained by liquid stripping as efficient
photocatalysts under visible light”, RSC Advances, 7(59),

pp.37185-37193, DOI: 10.1039/C7RA05732F.

[18] Y. Wang, H. Wang, F. Chen, et al. (2017), “Facile synthesis
of oxygen-doped carbon nitride hollow microsphere for
photocatalysis”, Applied Catalysis B: Environmental, 206, pp.417-

425,DOI: 10.1016/j.apcatb.2017.01.041.

[19] T. Sun, H.Y. Jiang, C.C. Ma, et al. (2016), “Ag/g-C3N,
photocatalysts: Microwave-assisted synthesis and enhanced
visible-light photocatalytic activity”, Catalysis Communications,
79, pp.45-48, DOI: 10.1016/j.catcom.2016.03.004.



DOL: 10.31276/VIST.2026.3700 Khoa hoc K thuat va Cong nghé | K thudt dién, ky thuat dién td, ky thut thong tin; Céc linh vic khac cla khoa hoc ky thuat va cong nghé n—

Co's¢ khoa hoe lya chon khung vé tinh vién tham tim thap cho Viét Nam
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Tém tat:

Vé tinh vién tham tim thip (vé tinh VTTT) déng vai tro quan trong trong hinh thanh ning lwc quan sat Trai
Pit cia mot qudc gia. Khung vé tinh bao gom cac ciu phian ki thuat dam bao hoat dong ctia cac payload (thiét
bi quan sat) trén vé tinh VTTT. Viéc lwa chon khung nay dwoc dwa trén cac tiéu chi nhw thai gian trién Khai,
co’ hoi va chi phi phéng, kha nang tich hgp va lam chu cong nghé, thoi gian sdng trén quy dao, muc tiéu irng
dung va xu hwéng trén thé gi¢i. Thong qua nghién ctru va danh gia cac khung vé tinh VTTT phd bién va két
qua da dat dwgrc tir cac chwong trinh vé tinh quan sat Trai Pit ciia Viét Nam nhw VNREDSat-1, nhém tac gia
tip trung phén tich va dé xuit lwa chon khung vé tinh c& nhé (100 dén 500 kg), c6 kha nang mé rong thanh
chum vé tinh lwo'ng dung. Pé xuit nay hwdong téi viéc Viét Nam lam chii cong nghé vé tinh tim thip theo Nghi
quyét sé 57-NQ/TW ngay 22/12/2024 cua Bo Chinh tri vé dot pha phat trién khoa hoc, cong nghé, d6i méi
sang tao va chuyén doi s6 qudc gia, dong thoi hoc hai va ti€p thu cong nghé tir cac nwéc phat trién, ciing nhw
gan véi Danh muc san pham cong nghé chién lwgc theo Quyét dinh s6 21/2026/QP-TTg.

Tir khéa: Khung vé tinh, vé tinh tim thip, vé tinh vién tham.
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Scientific basis for selecting a Low Earth Orbit remote sensing satellite platform for Vietnam
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Abstract:

Low Earth Orbit (LEO) remote sensing satellites play a crucial role in building a nation’s Earth observation
capabilities. The satellite platform consists of technical components that ensure the operation of payloads
on LEO satellites. The selection of this platform is based on criteria such as deployment time, launch
opportunities and costs, integration and technology mastery capabilities, orbital lifespan, application
objectives and global trends. Through research and evaluation of widely used LEO satellite platforms and
the results achieved from Vietnam’s Earth observation satellite programmes, such as VNREDSat-1, the
authors focus on analysing and proposing the selection of small satellite platforms (100 to 500 kg) with the
potential to expand into dual-use satellite constellations. This proposal aims to enable Vietnam to achieve
mastery of LEO satellite technology in line with Resolution No. 57-NQ/TW dated 22 December 2024 of the
Political Bureau on breakthrough development in science and technology, innovation and national digital
transformation, while learning from and adopting technologies from developed countries and aligning with
the List of Strategic Technology Products under Decision No.21/2026/QD-TTg.

Key words: Low Earth Orbit satellite, remote sensing satellite, satellite platform.
Classification numbers: 2.2,2.11
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1. Dt van de

Trong boi canh cudc Cach mang céng nghiép 1an thi
tw va chuyén ddi s6 qudc gia dang dién ra manh mé, cac
vé tinh quy dao thip ngay cang déng vai tro quan trong
trong qua trinh mé& réng ha ting két noi Internet, giam
sat tai nguyén, thién nhién, moi trudng, dong thoi ho tror
tich cyc cho ng pho thién tai tai Viét Nam [1]. Vé tinh
VTTT c6 cac wu diém nhuw do tré truyén tin hiéu thap, do
phan giai anh cao, chi phi va thoi gian thwc hién phu hop
va c6 thé lién tuc thay thé d€ dam bao tinh lién tuc va cap
nhat cong nghé [2].

Tronghon motthip ky qua, Viét Nam da ghi ddu nhirng
buéc tién quan trong trong linh viec quan sat Trai DAt
dwa trén vé tinh, tir tng dung dir liéu vé tinh dén lam chu
hé théng hoan chinh nhw vé tinh vién thAm VNREDSat-1
(phéng ndm 2013, tudi tho theo thiét k€ 5 ndm va van
dang hoat dong) dén dw 4n LOTUSat-1 dang cho thoi
diém phong phu hop [3]. Nhitng nd lwc nay thé hién ro
chién lwgc phat trién khoa hoc, cong nghé va déi mai
sang tao dwoc xac dinh trong Nghi quyét s6 57-NQ/TW
ngay 22/12/2024 cta B Chinh tri [4], nhdn manh yéu
cau nghién ctru &ng dung khoa hoc, cong nghé trong
khai thac khong gian vii tru. Gan diy, chwong trinh khoa
hoc va cong nghé vé cong nghé vii tru giai doan 2016-
2020 (tiép ndi va phat trién cta Chwong trinh cac giai
doan 2008-2011 va 2012-2015) da dat dwoc nhiéu két
qua ndi bat nhw: Nghién ctru, ché tao va phéng vé tinh
NanoDragon (10 kg). Ngoai ra, Trung tam Vi tru Viét
Nam da nghién ctru, ché tao thanh cong vé tinh siéu nho
PicoDragon (1 kg) vao nam 2013 va vé tinh MicroDragon
(50 kg) dwgc phong lén qui dao vao nam 2019 [5]. Song,
viéc lwa chon khung vé tinh phu hgp cho vé tinh VTTT
dap &ng nhirng nhu ciu & Viét Nam doi hdi phén tich da
chiéu vé cong nghé, kinh té cling nhw chién lwoc quéc
gia. Cu thé, viéc lwa chon khung vé tinh dwoc dua trén
céc tiéu chi nhw thoi gian trién khai, co hdi va chi phi
phong, kha nang tich hop va lam cha cong nghé, thoi
gian séng trén quy dao, muc tiéu &ng dung va xu huwéng
trén thé gidi.

2. Khung vé tinh vién tham tam thap

Vé tinh quy dao thip Ia loai vé tinh chuyén déng
quanh Trai Pat & do cao tir khodng 160 dén 2.000 km
so v&i mat dat. Pay 1a 16p quy dao gin Trai DAt nhat va
c6 mat do vé tinh hoat dong déng ddo nhit hién nay. Cac
hé thong vé tinh quy dao thip dwgc chia thanh hai nhém
chinh: vé tinh vién théng tAm thap va VTTT.
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Trong linh vuc vién thAm quang hoc va ra-da, cac vé
tinh VTTT d6ng vai tro c¢dt1di trong thu nhan dirliéu quan
sat bé mat Trai Dat. Cac hé thdng thwong mai ndi bat bao
gdm WorldView va GeoEye cia Maxar (My), Pléiades va
Pléiades Neo cda Airbus (Phap - EU), KOMPSAT cia Han
Qudc, Gaofen ctia Trung Quéc, TeLEOS cua Singapore va
Sentinel thudc chwong trinh Copernicus cda Lién minh
chau Au. Nhitng vé tinh nay thwong hoat dong & d6 cao
tir 500 dén 750 km, cung cip 4nh quang hoc c6 dd phan
gidi khéng gian tir 0,5 dén 10 m, phuc vu cho gidm sat do
thi, ndng nghiép chinh xac, theo doi khu vyc rirng, dat,
nwéc, khi hau va &ng pho thién tai [6-10] (hinh 1).

. VAST AGN

Hinh 1. Anh chup Pha Quéc tir vé tinh VNREDSat-1 [11].

Khung vé tinh dong vai tro la “xwong séng” cla toan
b vé tinh, cung cip nén tang co hoc, dién, diéu khién va
truyén thong dé payload (thiét bi quan sat) c6 thé hoat
dong 6n dinh trén quy dao. C4u trdc cta vé tinh VTTT
bao gdbm khung vé tinh va payload nhw dwgc mé ta trong
hinh 2 [12]. Khung vé tinh bao gdbm cic phan hé co ban
sau day:

- Khung ciu tric: Bé6 khung vat ly dé c6 dinh cac
thanh phin cua vé tinh, ddm bao vé tinh duy tri sw bén
virng trong moi treong vil tru.

- Nguon dién: Tao, lwu trir va phan phdéi nang lwong
dién cho toan bo cac hé théng con.

- biéu khién tw thé: Xac dinh va duy tri hwéng cia vé
tinh trong khong gian, dinh hwéng vé tinh vé phia muc
tiéu va gitr quy dao 6n dinh.

- Théng tin - lién lac: Giao ti€p véi tram diéu khién
mat dit, ti€p nhan 1énh, giti dir lidu.
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- Diéu khién va xir Iy dir liéu: Péng vai tro “bd nio”
cta vé tinh, xir 1y cac 1énh, thu thip dit liéu tir thiét bi va
quan ly cac hoat dong cling nhuw giao ti€p bén trong trén
vé tinh.

- Hé thdng diy: Cung cip lwc diy dé diéu chinh vi tri
vé tinh, nhw duy tri quy dao, thay ddi quy dao hodc dwa
vé tinh ra khéi quy dao khi két thiic vong doi.

- biéu khién nhiét: Pam bao cic bo phin hoat dong

trong pham vi nhiét do toi wu.
ﬁ C4u tric

-l Piéu khién nhiét

' Diéu khién tu thé
= N ~
. vaquydao

‘ ey
Khung vé tinh --{Théngtin lién lac
J L

\Vé tinh vién tham
__tamthip | Payload (thiétbj | | | Bieu khién va xtr
quan sat) -1 ly dit liéu

Hé théng day

v{ Nguon dién

Hinh 2. C4u trac vé tinh vién tham tam théap [12].

Hién nay, trén thé gi¢i c6 nhiéu loai khung vé tinh
VTTT phd bién dwgc phan loai theo khéi lwgng va do
phirc tap. Nhém th& nhat la khung vé tinh cho dong vé
tinh CubeSat va nanosatellite (1-10 kg), thwdng dung
cho muc dich thtt nghiém céng nghé, vién thim quy md
nhé hoic gido duc. Cac khung vé tinh tiéu biéu cho dong
vé tinh nay gom GOMSpace NanoSat (Pan Mach), Tyvak
NanoSat (My), ISIS (Ha Lan), NanoAvionics (Litva). Cac
khung vé tinh nay dwoc thiét ké theo chuin mé dun
(1U-27U), st dung linh kién thwong mai (COTS) d€ giam
chi phi, va c6 thé tich hgp cdm bién quang hoc hoic ra-
da nhé gon. Tuy nhién, han ché chinh cta loai khung vé
tinh nay la cong suit thap, kha nang dinh hwéng chi dat
mirc vai trdm dén vai nghin arcsec, chinh vi thé, ching
chwa dap rng dwoc yéu ciu clia anh quang hoc d6 phan
giai cao.

Nhém thir hai la khung vé tinh cho dong vé tinh
microsatellite (10-100 kg) va minisatellite (100-500
kg), 12 phan khic dwgc st dung rong rai nhat cho vé tinh
quang hoc quan sat Trai DAt, d0 phan giai tir 0,5 dén 5 m.
Vé tinh VNREDSat-1 ctia Viét Nam (khoang 130 kg) nim
trong phan khuc nay (hinh 3).
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Hinh 3. Vé tinh vién tham tim thap VNREDSat-1 ctia Viét Nam [13].

Nhém th ba la khung vé tinh cho vé tinh c& trung
binh (1000-1500 kg), thwong dung cho cac vé tinh
thwong mailén hodc vé tinh quéc gia c6 nhiém vu da cdm
bién, vi du nhw Airbus AstroBus-L (Phap), Ambassador
(My), CAST2000 va CAST3000 (Trung Qudc). Cac hé
théng nay s& hitru mot ciu truc virng chac, niang lyc didu
khién quy dao chinh x4c cao, ngudn dién 16n va kha nang
duy tri tudi tho 1én dén 7 ndm. Tuy nhién, cac khung vé
tinh nay c6 chi phi phat trién cao va yéu ciu mirc do vé
cong nghé 16n hon [14-17].

Cac quéc gia va cong ty 16n hién nay déu co6 dong
san phdm khung vé tinh riéng cho phin khic vé tinh
VTTT Airbus Defence & Space (Phap) véi dong AstroBus
da dwoc st dung cho hang loat vé tinh nhw PeruSat-1,
Azersky, VNREDSat-1 va KazEOSat-1. SSTL (Anh) la don
vi tién phong trong khung vé tinh nhé gon (SSTL-100,
150, 300) dwgc hon 20 qudc gia st dung [18]. Satrec
Initiative (Han Quéc) cung cdp dong khung vé tinh
SpaceEye va SI-300/500, ciing c6 kha nang tuy chinh
cho vé tinh 100-300 kg. Trong khi dé, cac cong ty nhw
NanoAvionics, Tyvak, GomSpace lai hwéng téi thi treong
nhd, cung cip khung vé tinh thwong mai sin c6 vé&i
kha ndng san xuit hang loat, thoi gian giao hang ngan.
NEXTAR la dong khung vé tinh quy dao thidp do NEC
Corporation (Nhit Ban) phat trién, thiét ké theo kién
tric dang mé-dun linh hoat, gdm cac bién thé NX-300L,
NX-1500L, NX-G, phtt hgp cho vé tinh quan sat Trai dat
khoi lwgng 300-3000 kg. Khung vé tinh nay néi bat nho
do tin cly cao, hé thdng diéu khién chinh xac, kha nang
tw chin doan va tich hgp bo day dién. Trong dé, bién thé
NX-300L da dwoc wng dung trong dw &n ASNARO-1 [19].



3. Xu hudng phat trién khung VG tinh cho cac HI} tinh quy llao
thap

Trong nhitng ndm gin day, s thay d6i manh mé cta
nganh cong nghiép vi tru da lam xuat hién mot loat xu
hwéng mai trong thiét ké va phat trién khung vé tinh cho
vé tinh quy dao thip. Trwéc ddy, cac vé tinh quang hoc
quan sat Trai Pat thwong dwgc phat trién theo hwéng
don chiéc (one-off), kich thwéc 16n, chi phi cao va thoi
gian ché tao kéo dai 5-7 nam. V&i sw phat trién cda dién
tlr cong suit thip, hiéu ning cao, vat liéu siéu nhe va
linh kién c6 san, nganh cong nghiép vé tinh dang chuyén
dich sang m6 hinh san xuit hang loat, chi phi thap, do
linh hoat cao va kha nang tai c4u hinh nhanh. Nhitng xu
hwéng nay dang dinh hinh lai cach ma cac co quan vii
tru, doanh nghiép va quéc gia lwa chon khung vé tinh
cho céc thé hé vé tinh méi, trong d6 cé Viét Nam.

M®b6-dun héa va chudn héa kién tric khung vé tinh:
Mot trong nhitng thay d6i n6i bat nhit 1a moé-dun héa
trong thiét ké khung vé tinh. Thay vi phat trién mébi
vé tinh nhw mot san phdm doc lap, cac hiang hién nay
xay dung cac dong khung vé tinh cé thé tai st dung
cho nhigu nhiém vu khac nhau bang cach hoan déi
mo-dun hodc diéu chinh cdu hinh. Mdi phan hé - nhw
nguén dién, diéu khién tw thé, truyén théng, may tinh
trung tdm - dwoc chudn héa thanh moé-dun c6 giao dién
co - dién théng nhit. N6 cho phép rit ngan chu ky phat
trién, ting kha ning tai sir dung, gidm chi phi san xuit
va dé dang nang cip cong nghé mai. Cac nén tang nhuw
SSTL-100/300 (Anh), AstroBus-S/M (Airbus, Phap) hay
NanoAvionics M16P/M12P (Litva) 1a vi du dién hinh, c6
thé dung chung ciu tric khung vé tinh cho nhiéu vé tinh
c6 payload khac nhau tir quan sat Trai Dat, vo tuyén, cho
dén nhiém vu khoa hoc [20].

Tich hop linh kién thwong mai: Mot xu huwdéng khacla
tang cudng st dung linh kién thwong mai c6 san trén thi
truweorng dé€ thay thé cho céc linh kién chuyén dung trong
vii tru vén co gia thanh rat cao. Sw tién b ctia nganh dién
tlr tiéu dung va céng nghiép vién thong di tao ra cac vi
xtr 1y, cAm bién, bo nh&, camera va mach ngudn nhé gon,
bén bi, c6 thé hoat dong 6n dinh trong méi trudng cé
diéu kién khac nghiét khi duwgc boc bao vé va kiém tra
thich hop. Viéc tng dung linh kién nay gitp gidm dang
ké chi phi phat trién khung vé tinh, dong thoi rut ngan
thoi gian san xut. Tuy nhién, diéu nay doi hoi nang luc
kiém dinh va danh gid birc xa cling nhw kha nang tich
hop hé théng cao [21].
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Gia tdng do chinh xdc va tw dong héa trong diéu
khién dinh hwéng: Cong nghé diéu khién tw thé va quy
dao dang dworc cai tién nhanh chéng nh¢ cdm bién sao,
co cidu chip hanh chinh x4c cao, kém theo cac thuit
toan diéu khién thich nghi. Muc tiéu la dat dwgc do
on dinh dinh hwéng dé€ chup anh quang hoc dé phan
giai siéu cao (dwéi 1 m) [22]. Nhiéu hé théng khung
vé tinh hién nay tich hop thém cdm bién quan tinh,
hé thdng dinh vi toan ciu va cdm bién mat troi cé do
chinh x4c cao dé nang cao kha nang dinh hwéng. Cac
hé théng diéu khién hién dai cé tinh tw dong va thich
nghi cao v&i moi tredng vii try, gitup gidm can thiép tir
mit dit, dong thoi ndng cao do tin ciy [23, 24].

Tdng cwong khd ndng truyén dir liéu bdng réng va
xtr ly trén quy dao: V&i lwgng dir liéu khong 16, dac biét
tlr cdm bién quang hoc d6 phan giai cao va siéu pho, kha
nang truyén dir liéu vé tram mat dat tré thanh mot tiéu
chi then choét trong khung vé tinh. Cac khung vé tinh
mé&i dwoc trang bi bo phat bing tin X hodc Ka véi téc do
truyén 1én dén 1 Gbps, thAm chi c6 thé tich hop truyén
laser cho cac nhiém vu can bang thong rat 16n. Bén canh
dé, xit 1y dir liéu trén quy dao dang dwoc ddy manh, nho
vao cic mo-dun may tinh hiéu nang cao hodc str dung
cac vi mach FPGA (Field Programmable Gate Array)
hoic SoC (Systems on a Chip). Diéu nay gitp gidm dang
ké lwong dir liéu cin givi vé mat dat, tiét kiém nang lwong
va tang kha nang phan rng thoi gian thwe, dac biét trong
cac rng dung phat hién nhanh (rapid monitoring) nhw
thién tai, ndng nghiép va moi truweong [23].

Tich hop hé théng ddy dién va khd ndng co dong
quy dao: Trwdc day, cac vé tinh quang hoc nhoé thwong
khong c6 hé théng ddy. Hién nay, nhiéu khung vé tinh
dworc tich hop hé théng day dién mini hodc dong co day
khi lanh gidp diéu chinh quy dao, tranh va cham va chu
dong ha quy dao khi két thiic nhiém vu dé gidm rac vi
tru. Viéc trang bi hé thong didy khéng chi kéo dai tudi
tho vé tinh ma con tang tinh linh hoat khi bé tri chiim vé
tinh. Cac hé théng diy dién hién da duwoc tich hop trong
nhiéu khung vé tinh thwong mai c& 50-300 kg [24].

Phdt trién mé hinh chum vé tinh va khung vé tinh
ddng nhdt: Mot xu hwéng quan trong khac 1a chuin héa
khung vé tinh cho muc dich trién khai chum vé tinh. Cac
cong ty nhu Planet Labs (M¥) vé&i chum Flock, BlackSky,
ICEYE (Phan Lan) hay Satellogic (Argentina) da chirng
minh tinh hiéu qua cta viéc san xuit hang loat khung vé

o4
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tinh ¢& nho, dong nhit vé ciu tric, chi thay doi payload
tily muc tiéu. Khung vé tinh dong nhit giup don gidn héa
qué trinh 13p rap, kiém tra va phéng 1én, bén canh dé
cling 1am gidm dang ké chi phi mdi vé tinh. Xu hwéng nay
mé& ra kha nang quan sat toan ciu véi chu ky thiam lai chi
vai gio, thay vi vai ngay nhw trwée.

Xu hwdng hop tdc va chuyén giao céng nghé khung
vé tinh: Trong bdi canh toan ciu hda, cac qudc gia dang
tang cwong hop tac va chuyén giao cong nghé trong linh
vuc phat trién khung vé tinh. Nhiéu dw an vé tinh qudc
gia cla cac nwéc dang phat trién (nhw Peru, Algeria,
Philippines, Viét Nam) dwgc trién khai thong qua mo
hinh hop tac véi cac tap doan chau Au hoic Han Qudc,
trong dé khung vé tinh dwgc chuyén giao kém theo
chuwong trinh dao tao kj sw va xdy dwng nang luc tich
hop. Xu hwéng nay khdng chi gitp tiét kiém chi phi ma
con tao nén tang cong nghiép trong nwdc dé tirng bwdc
noi dia héa khung vé tinh VTTT.

Khung vé tinh théng minh va tich hop tri tué nhdn
tao: Khung vé tinh thong minh c6 kha nang hoc va tw
dwa ra quyét dinh st dung tri tué nhan tao (Al). May
tinh trén vé tinh dwgc trang bi bd xt Iy manh va phin
mém tu thich nghi, cho phép vé tinh tw chdn doan 15,
téi wu héa dinh hwéng va diéu phoi hoat dong payload
ma khong cin Iénh tir tram mat dat. Xu hwéng nay dang
dwoc cac td chirc nhw Co quan Vil tru chau Au (ESA), Cor
quan Hang khoéng Vii tru My (NASA) va cac cong ty tw
nhan dAu tw manh nham hwéng t&i thé hé vé tinh tu tri
(autonomous satellite), gidm chi phi van hanh va tang do
linh hoat trong khai thac dir liéu [25, 26].

V&i dic diém quan sét lién tuc va cha dong, cac vé
tinh VTTT la nguon dir liéu quan trong va hiéu qua cho
cac cong cu rng dung Al trén mat dat, cu thé 1a tw dong
phéan tich, nhin dang va phat hién cic ddi twgng, phan
tich va dw doan xu hwéng cho cac bai toan st dung dir
liéu da ngudn, da thoi gian, hgp nhat dir liéu da nguon...

Nhitng xu hwéng nay dang dinh hinh twong lai ca
nganh cong nghiép vé tinh toan cau, giup gidm rao can
céng nghé cho cac quoc gia dang phat trién. Déi véi Viét
Nam, viéc ndm bat cac xu hwéng nay 1a diéu kién tién
quyét dé€ lwa chon va phét trién khung vé tinh phi hop
cho vé tinh VTTT ti€p n6i VNREDSat-1, bdo dam tinh kha
thi vé k§ thuat, chi phi, cling nhw kha ndng ndi dia héa va
hop tac qudc té hiéu qua.
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4. Co sd khoa hoc va dé xuat khung veé tinh cho vé tinh
vién tham tam thap cia Viét Nam

4.1. Nhu cdu thuc tién

Viét Nam la quéc gia cé dia hinh dai, ven bién, thwong
xuyén chiu anh hwéng cda thién tai nhw bao 1, han
han va bién d6i khi hau, dan dén nhu cau cao vé vé tinh
VTTT dé quan sat bé mat Trai DAt kip thoi va chinh xac
[27]. Nhu cdu nay dd dwoc thé hién tir ddu nhitng ndm
2000, véi cac vé tinh nhw VNREDSat-1 va cac vé tinh
nwée ngoai khac. VNREDSat-1 da gidp Viét Nam tw chu
dit liéu vién tham, gidm phu thudc ngudn nwéc ngoai va
tré thanh nwéc thir 5 trong ASEAN sé hitu vé tinh quan
sat Trai DAt. Tuy nhién, han ché 13 4&nh quang hoc bi anh
huwdng boi diéu kién thoi tiét tai khu viec quan tdm va
chi quan sat dwoc vao ban ngay. Do dd, can thiét phai lya
chon cac loai khung vé tinh c6 kha niang hé tro cac thiét
bi chup anh do phan giai cao véi tin suit chup anh cao
va do phu trum anh réng.

Gidm sdt thién tai va bién doi khi hdu: Hing nim,
khoang 5-10 con bio dnh hwéng dén dit lién Viét Nam,
gay thiét hai 1én vé con ngwdi va tai san [28]. Vé tinh
VTTT véi d6 phan gidi cao (0,3-1 m) cung cip ngudn dir
liéu anh hiéu qua trong viéc theo doi truwérc, trong va sau
khi thién tai xay ra, cu thé 1a 1én kich ban &ng phd, theo
do6i qua trinh (khi sit dung nhiéu vé tinh) va danh gia
thiét hai. D&, twong chin song, cong trinh bi sup ciling c6
thé duoc theo doi bang nguon dit liéu nay. Dir liéu 4nh
vé tinh c6 do phan giai cao cling giip quan sat cac hién
twong x6i 1& bor song, bo bién...

Qudn ly tai nguyén thién nhién va moi truweong: Ngubn
dir liéu dnh c6 do phan giai siéu cao tir vé tinh VTTT cho
phép gidm sat chi tiét hién trang rirng, dit, nwéc va khu
vurc do thi, dong thoi phat hién sém cac bién dong nhw
suy gidm dién tich rirng, 6 nhiém ngudn nwéc hay khai
thac tai nguyén trai phép. Nho chu ky chup ngan va do
chinh x4c cao, &nh vé tinh VTTT hé tro hiéu qua cho céng
tac quy hoach, kiém ké tai nguyén, danh gia tac dong moi
tredng va &ng phé bién do6i khi hiu, gép phin hwéng téi
quan ly bén virng tai nguyén quéc gia.

Phdt trién néng nghiép va kinh té: Anh vé tinh VTTT
d6 phan giai siéu cao giup theo doi dién tich gieo trong,
sinh trwdng cdy trong, phat hién sém sau bénh va han
hén, tir d6 t6i wu quy trinh canh tac va gidm chi phi san
xuit. Ngoai ra, anh vé tinh dd phan giai siéu cao con



ho trg danh gia hiéu qua st dung dit, quy hoach ving
chuyén canh va giam sat chudi cung rng ndng san. Viéc
trng dung anh trong quan ly néng nghiép thong minh
g6p phin ning cao nang suit, ddm bao an ninh lwong
thwe va thic diy phat trién kinh té bén virng.

An ninh va ha tdng s6: H6 tro gidm sat bién gidi, cang
bién, khu cong nghiép va cic céng trinh trong diém, gitip
phét hién sém hoat dong bat thwong hodc xAm pham
lanh tho. Trong xay dwng ha ting s6, anh vé tinh cung
cip nén tang ban d6 chinh xac phuc vu quy hoach db thi
thong minh, giao thong, vién thong va hé théng thong tin
dia ly quéc gia. Viéc tng dung anh vé tinh VTTT dd phan
giai siéu cao gép phin ning cao nang lwc giam sat, quan
1y 1anh th6 va ddm bao an ninh quéc gia trong thoi dai so.

Mirc d6 cap thiét cao do Viét Nam phu thudc dir liéu
nuéc ngoai, din dén do tré va chi phi 16n. Trong khi dé,
bién ddi khi hiu ngay cang nhanh, bién déi dia chinh tri
cling ngay cang phic tap, vin dé nay doi hoi dir liéu vé
tinh dwoc cung cidp nhanh chéng va tin suit nhiéu hon.
Viéc diu tw dong vé tinh VTTT cé d6 phan giai anh siéu
cao c6 thé gidm khoang cach s6, tao viéc lam va thuc
ddy nganh coéng nghiép vii tru, dong thoi ho tro kip thoi
trong qua trinh &rng pho véi thién tai va bién d6i khi hiu,
phét hién kip thoi nhitng bién dong méi nhét cé nguy co
anh hwdng téi an ninh quéc phong. VTTT khi két hop véi
cac nén tang khac nhw cic cdm bién trén mat dat, thiét
bi bay khong ngwoi 1ai sé hinh thanh hé thong quan sat
da tang, cung cdp ngudn dir liéu da chiéu, dong gép hiéu
qua vao cong tac giam sat tai nguyén thién nhién, moi
trwong va thién tai, dic biét trong cac hé théng hd trora
quyét dinh. Hé thong da ting nay mé ra co héi cho cac
trng dung Al, dir liéu 16n dé tao dét pha trong nghién ctiru
va rng dung cong nghé vii tru tai Viét Nam.

Tuy nhién, thach thirc bao gbm von diu tw, nhan luc
va hop tac quéc té. Xét vé tong thé, nhu ciu vé tinh VTTT
la mang tinh chién lwgc, phtt hop véi xu hwéng toan cau
va muc tiéu tw chu cong nghé [27].

4.2. Cdc tinh ndng ky thudt co’ ban

Twong thich véi payload: Khung vé tinh ctia vé tinh
VTTT la hé théng ki thuat hd tro va ddm bao hoat dong
cta payload trén quy dao. Do vdy, khung vé tinh cda vé
tinh phai dap ang cac yéu ciu ky thuit cia payload dwgc
lIwa chon theo yéu ciu nhw camera quang hoc, phé Kké,
cam bién ra-da (SAR) hodc thiét bi v6 tuyén. Diéu nay
bao gom cung cip ning lwong, khéng gian vit ly, kiém
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soat nhiét do va giao dién dit liéu. Hién nay, cac nha san
xudt vé tinh VTTT trén thé gi¢i thwong tich hop payload
tlr cadc nha san xuit uy tin, do d6 tinh twong thich va déng
bo gitta khung vé tinh va payload la mot trong nhitng
yéu t6 quan trong dam bao hoat dong 6n dinh cta vé tinh
trén quy dao.

Vé tinh VNREDSat-1 cda Viét Nam st dung thiét bi
chup dnh quang hoc c¢6 d6 phan giai 2,5 m cho muc dich
gidm sat tai nguyén thién nhién, moéi trwdng va thién tai.
Thiét bi nay cé tdng khoi lwong khoang 30 kg va dwoc
dam bao hoat dong trén khung vé tinh c6 khoi lwgng
Khoang 100 kg.

b§ 6n dinh va linh hoat: Trén quy dao, payload cta
vé tinh dwoc diéu khién dinh hwéng vao cac khu vuc
theo yéu ciu cla nguwoi stt dung. Vi thé, do6 6n dinh va
chinh xac chi huwéng ctia khung vé tinh 1a cac tham sé k§
thuat dac biét quan trong quyét dinh chit lwong dit liéu
va nang lyc clia vé tinh. Tiéu chi nay dwoc ddm bao béi
phén hé diéu khién tw thé va quy dao cta vé tinh VTTT.
Phan hé nay bao gom cac thiét bi d€ tinh toan, xac dinh
tw thé cta vé tinh dong thoi phai c6 kha nang diéu chinh
hwéng linh hoat va chinh x4c. Bén canh dé, vé tinh VTTT
can dwoc trang bi hé thdng diy d€ diéu khién cac thong
s6 quy dao khi can thiét (diéu chinh do cao, géc nghiéng,
tranh va cham...).

Ndng lwong va théng tin lién lac: Thong qua hé
théng pin mat trdi va ac quy lwu trit, khung vé tinh
phai cung cip du dién nang cho tai trong va cac phan
hé hd tro khac. Do vay, viéc thiét ké bd ngudn can
dwoc phan tich dwa trén cac kich ban van hanh cda vé
tinh, nham x4c dinh cong suit tAm pin mit troi, dung
lwong bo lwu triv dién va cac thiét bi diéu khién, giam
sat kem theo. Viéc cung cip céng suit la mét trong
nhirng tiéu chi quan trong khi lywa chon khung vé tinh,
vi n6 quyét dinh kha nang dap trng yéu ciu hoat dong
cua tai trong va anh hwéng truc ti€p dén hiéu suit
cling nhw tu6i tho cia hé théng.

Ngoai ra, hé théng théng tin lién lac cling 1a mot
phan hé quan trong ctia khung vé tinh. Vé tinh VTTT
phai duy tri lién lac v&i tram mit dit d€ nhin 1énh
diéu khién, truyén dir liéu (gébm dit liéu cda payload
va cac dir liéu khéc), cac dic trung truyén din (bang
thong, diéu ché, cong suit,...), cin dap &ng yéu ciu
truyén din cia nhiém vy, ddng thoi tuan tha cac quy
dinh vé quan 1y tin sé vé tuyén dién va phdi hgp tin
s0 ctia Viét Nam cling nhw quéc té.
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Thoi gian séng trén quy dao: Khi hoat dong trén
quy dao, vé tinh VTTT phai chiu dwoc mdi tredng khic
nghiét ciia khong gian (btrc xa, nhiét do, chan khéng,
oxy nguyén t, nguy co va cham...) va do bén cua cac
linh kién. Vi vay, thiét ké ctia vé tinh VTTT, dac biét 1a
khung vé tinh phai lwa chon cac thiét bi, linh kién dat
tiéu chuin, c6 dd duw phong va dwoc trang bi cac bd phan
(phan clrng va phan mém) dé giam sat va ang phé vaoi
céc tinh huéng 16i hodc héng khi vé tinh hoat dong.

Vé tinh VNREDSat-1 dwoc thiét ké véi thoi gian sdng
5 nam, dén nay vé tinh van hoat dong (trén 10 nim) do
stt dung cac linh kién, thiét bi da dwoc kiém chitng, c6
cac thiét bi du phong phu hgp va co ché tw phat hién va
khic phuc 16i ngay trén vé tinh.

Kich thwéc, khéi lwong va khd ndng phdng cua
khung vé tinh: Vé tinh VTTT chi thwc sy cé tinh (rng
dung khi dwoc dwa vao dung quy dao va hoat dong 6n
dinh trong khong gian. B&i vy, viéc phdng vé tinh phai
dwoc caAn nhic ngay tir ban dau, can ¢ vao yéu cau vé
tién do, khoi lwong va kich thwéc cha vé tinh.

Kich thwéc va khéi lwong ctia khung vé tinh anh
hwong truc tiép dén thiét ké vé tinh, kha nang tich hop
payload va yéu ciu twong thich véi phwong tién phong.
Khung vé tinh phai di khong gian cho cac phan hé va
dam bao tai trong trong gi¢i han cho phép. Déng thoi

Bang 1. Tiéu chi cua khung vé tinh dé xuét.

phai t8i wu hoa ty 1é khéi lwong gitra payload va khung vé
tinh d€ ting hiéu qua. D&i véi VNREDSat-1 ty 1é nay dat
khoang 30%, phu hop cho vé tinh VTTT c& nhd. Ngoaira,
khung vé tinh phai cé kich thuéc nho gon dé twong thich
véi cac thiét bi phong va gidm lwc can khi quyén khi hoat
dong trong vii tru (ty 1& v&i dién tich mit cat ngang).

Khd ndng chuyén giao cong nghé: Kha niang chuyén
giao cong nghé lién quan dén viéc thiét ké khung vé tinh
dé dang truyén dat kién thirc, tai liéu va quy trinh san
xudt tlr nha cung cip dén déi tac. Khung vé tinh phai cé
thiét k&€ mo-dun véi tai liéu chudn héa dé ho tro dao tao
ky sw va tich hop ndi dia (Assembly, Integration, and
Testing - AIT). Day 1a mdt trong nhitng yéu ciu quan
trong trong giai doan hién nay ctia Viét Nam déi véi linh
vuc ve tinh VTTT.

Trong khuén khd dw 4n VNREDSat-1 (dwa trén khung
vé tinh Myriade, hop tac Airbus/Phap), 15 k§ sw Viét
Nam dwoc dao tao tai Phap da chuyén giao diy dia quyén
kiém soat vé tinh cho Vién Han 14m Khoa hoc va Cong
nghé Viét Nam (VAST) sau 2 nam.

Trén co s& phén tich nhw trén, khung vé tinh tiép
theo ddm bao tinh lién tuc va ké thira cia VNREDSat-1,
dwoc dé xudt véi cac tiéu chi co ban trong bang 1.

Tiéu chi Vé tinh VNREDSat-1

Khung vé tinh dé xuit

Nhu ciu thuc tién
) v&i do phan gidi 2,5 m.

Chup anh quang hoc, c6 kha niang chup anh toan ciu

Chup anh quang hoc, kha ning chup toan ciu véi do phan
gidi cao nhit1én dén 0,5 m.

Twong thich véi payload Gan va ddm bao hoat dong cua 1 payload quang hoc.

G&n va ddm bao hoat dong ctia 1 payload quang hoc.

Théi sian séne trén qud
: 11N SONEHEN AW o 1 5m theo thidt k.
ao

Tdi thi€u 5 nam theo thiét ké.

b0 chinh xac dia ly dwdi 300 m.

Kha nang quay nghiéng 30° trong vong 90 giay.
Do 6n dinh va linh hoat Kénh truyén dit liéu dnh: 60 Mbps, biang tin X; kénh

diéu khién: bing tan S.
Diéu khién quy dao bing hé théng day.

Do chinh xac dia ly dwdi 100 m.

Kha nang quay nghiéng 30° trong vong 15 gidy.

Kénh truyén dit liéu anh: 600 Mbps, biang tin X; kénh diéu
khién: bang tan S.

C6 hé thong ddy dé diéu khién quy dao.

Nang lwgng va thon o
. gA e g Str dung canh pin mdt troi va ac quy.
tin lién lac

St dung canh pin mit troi va ac quy.

Kich thwéc, khéi lwgng

va kha nang phéng phéng.

Khéi lwgng ~130 kg, twong thich véi nhiéu thiét bi

Khéi lwgng tir 100 kg dén 500 kg (chiing loai minisatellite),
twong thich véi nhiéu thiét bi phéng.

Kha n3ng chuyén giao

cong nghé
g ngne AIT cta vé tinh va tram mat dit.

Chwong trinh dao tao va chuyén giao cong nghé cho
van hanh va diéu khién vé tinh, tham quan qua trinh

Chwong trinh dao tao va chuyén giao cong nghé cho van
hanh va diéu khién vé tinh, tiép nhan chuyén giao cong nghé
khung vé tinh c& nho, hinh thanh ning lwc tw phat trién vé
tinh twong tu.

Ngudn: Nhém tac gia.
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Cac rng dung cia khung vé tinh trén dwgc mé ta nhw

Sau:

V&i nhiém vu quan sat bé mat Trai Dat & pham vi
toan cau, khung vé tinh dé xuit c6 thé gan thiét bi chup
anh quang hoc véi do phan gidi siéu cao (khoang 0,5 m)
dé tré thanh ngudn cung cip dit liéu 4nh vién tham chu
dong va hiéu qua cho Viét Nam. V& tinh nay sé cung cip
nhitng birc dnh bé mat Trai D4t hoic cac doi twong quan
tAm v&i do chi tiét cao va siéu cao. Ngoai ra, vé tinh nay
c6 kha niang két hop ki thuat véi cac vé tinh quang hoc
hoic ra-da khac d€ hinh thanh hé théng quan sat Trai
dat bang chum vé tinh. Viéc két hgp véi vé tinh khac cé
thé dwgc thie hién & ba cip do6 khac nhau: 1) Phéi hop
hoan toan vé quy dao va diéu khién cac vé tinh cung loai
khung nham ning cao vliing quan sat va tang cuong dir
liéu; 2) Phéi hop diéu khién cac vé tinh khac nhau nham
cai thién vung chup va ngudén théng tin; 3) Phéi hop dir
liéu tir cac vé tinh khac nhau dé b6 tro dit liéu 1an nhau.

Vé tinh VTTT dwoc xac dinh 1a sdn phdm cong nghé
chién lwgc qudc gia theo Quyét dinh s6 21/2026/QD-TTg,
doéng vai tro quan trong trong qua trinh tw cha dir liéu
quan sat Trai D4t cia Viét Nam. Trong bdi canh nhu
ciu &ng pho thién tai, quy hoach d6 thi, phat trién néng
nghiép - thiy san, quan ly tai nguyén, moi treong va dam
bao an ninh qudc phong ngay cang gia ting, viéc phat
trién cac vé tinh VTTT ké tiép VNREDSat-1 1a hét sttc cin
thiét.

Cac vé tinh nay can c6 kha ning cung cap dir liéu dnh
quang hoc d6 phan gii cao hoic siéu cao, 6n dinh va tin
ciy, phuc vu déng thoi nhiéu linh vwee din sinh va chién
lwge. Chinh vi thé, viéc lwa chon khung vé tinh ké tiép
VNREDSat-1 phai bdo ddm kha nidng hd tro thwc hién
nhiém vu quan sat Trai D4t véi do phan gii siéu cao va
chinh xac, dong thoi c6 khd niang mé rong thanh chum
vé tinh v&i nhitng vé tinh khac. Bén canh d6, khung vé
tinh nay phai c6é tinh nang k§ thudt manh mé, tin ciy
va twong thich dwoc véi nhiéu thiét bi phéng dé nhanh
chong dwa vé tinh hoat dong trén quy dao va t6i da hoa

hiéu qua dau tu.
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Nghién ctru dugc thwe hién véi sw ho tro kinh phi tir
nhiém vu khoa hoc va cong nghé ma s6 NVCC34.01/25-25
do Trung tdm Vi tru Viét Nam, Vién Han lam Khoa hoc
va Cong nghé Viét Nam thwc hién. Cac tac gia xin chan
thanh cam on.
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Tang cwong kha nang hoa tan bun va thay doi cau triic l}ﬁng bun
bang phwong phap thiy phan nhiét ¢ nhiét do thap

Lé Ngoc Thuan', Vii Thi Mai', Nguyén Xuan Lan?, Nguyén Thi Thu Ha*
ITrwdmng Pai hoc Tai nguyén va Méi trwong Ha Noi, 41A Phu Dién, phwong Phii Dién, Ha Néi, Viét Nam
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Nghién ciru danh gia anh hwéng cia xir Iy nhiét 50-90°C trong 0,5-24 gio dén dic tinh 1y héa, ciu tric vi mo
va kha niang hoa tan ctia bun hoat tinh thai tir tram xi ly nwwé-c thai sinh hoat dé thi. Xt ly nhiét giy bién déi
dang ké vé sinh khdi va kha nang lang: chit ran lo lirng trong nwéc thai hon hop (MLSS) giam khoang 11%,
chi sé thé tich bun ting tir 112 dén 189 ml/g, phan dnh sy suy yéu ciu tric bong buin va mang polyme ngoai
bao (EPS). Anh kinh hién vi dién tir quét (SEM) cho thiy thay déi tir bong bun dic, két dinh sang ciu tric
phan manh, x6p sau xir ly é& 80°C, chirng té EPS dé bi pha vé do nhiét. Kha niang hoa tan chit hitu co ting ro
rét theo nhiét d¢ va thoi gian. Kha ning hoa tan con han ché & 50-60°C, nhwng & 80-90°C lam nhu ciu oxy
héa hoc dang hoa tan ting 2,5-3,3 Iin (1450-1504 mg/l1), ty 1&é nhu ciu oxy héa hoc dang hoa tan/nhu ciu oxy
héa hoc téng sé 1a 4,6-15,7%, chi yé&u trong 5-10 gio' @u nho phan hiy EPS dé phan hiay va thanh phan noi
bao. Két qua khang dinh thuy phan nhiét & nhiét do thap (LT-THP) la giai phap tiém ning, tiét kiém chi phi
dé cai thién phan hay ky khi va thu héi ning lwong tir bun thai doé thi.

Tir khéa: nhu ciu oxy héa hoc dang hoa tan, pha vé mang polyme ngoai bao, phin hay ky khi, thuy phin
nhiét & nhiét do thip, xtr ly so' b bun hoat tinh thai.

Chi sé phdn logi: 2.4,2.7, 2.8

Enhancing sludge solubilisation and altering the structure of sludge flocs

using a low-temperature thermal hydrolysis process
Ngoc Thuan Le!, Thi Mai Vu?!, Xuan Lan Nguyen!, Thi Thu Ha Nguyen?"

!Hanoi University of Natural Resources and Environment, 41A Phu Dien Street, Phu Dien Ward, Hanoi, Vietnam
2Hanoi Architectural University, 129 Tran Phu Street, Ha Dong Ward, Hanoi, Vietham

Received 28 November 2025; revised 12 December 2025; accepted 31 December 2025
Abstract:

This study evaluated the effects of thermal treatment at 50-90°C for 0.5-24 hours on the physicochemical
properties, microstructure, and solubilisation of waste activated sludge (WAS) from a municipal wastewater
treatment plant. Thermal treatment significantly altered biomass and settleability: mixed liquor suspended
solids (MLSS) decreased by approximately 11%, whereas the sludge volume index (SVI3,) rose from 112 to
189 ml/g, indicating weakening of the sludge floc structure and disruption of the extracellular polymeric
substances (EPS) network. Scanning electron microscopy (SEM) images showed a shift from dense,
cohesive sludge flocs to fragmented, porous structures following treatment at 80°C, confirming the thermal
vulnerability of EPS. Organic matter solubilisation increases markedly with temperature and treatment
time. Solubilisation remain limited at 50-60°C but surged at 80-90°C where soluble chemical oxygen demand
(sCOD) increased by 2.5-3.3 fold (1450-1504 mg/1), with the sCOD/total chemical oxygen demand (tCOD)
ratio rising from 4.6 to 15.7%, mainly within the first 5-10 hours due to the hydrolysis of readily degradable
EPS and intracellular components. These results confirm low-temperature thermal hydrolysis process (LT-
THP) as a promising and cost-effective solution for enhancing anaerobic digestion and energy recovery
from municipal sewage sludge.

Keywords: anaerobic digestion, extracellular polymeric substances network disruption, low-temperature
thermal hydrolysis process, soluble chemical oxygen demand, waste activated sludge pretreatment.

Classification numbers: 2.4,2.7, 2.8
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1. Md dau

Viéc phat sinh bun hoat tinh thai (WAS) la hoat dong
thwong xuyén cta cac quy trinh xtr ly nwéc thai bang
bién phap sinh hoc, va viéc quan ly lwgng bun thai khdng
16 nay dat ra nhitng thach thirc 16n vé kinh té€, vian hanh
va mdi trweong cho cac nha may xir ly nwéc thai (Waste
Water Treatment Plant - WWTP).

Theo nhiéu nghién ciu, viéc xtr Iy bun thai - bao gbm
lam dic, 8n dinh, tich nwéc, van chuyén va xt Iy cubi
cung - chiém khoang 50-60% tong chi phi vin hanh cta
cac nha may xt ly nwée thai [1, 2]. Ngoai ap lwc tai chinh,
viéc quan ly bun thai khéng tét c6 thé gy 6 nhiém moi
truedng, 1am thodi hda dat, 6 nhiém nwéc, anh hudng xau
dén strc khde con ngudi va thit thoat tai nguyén [3, 4].

WAS ¢6 ciu tric khéng déng nhit va phirc tap, bao
gbm céc té bao vi sinh vat, cac dai phan tir hiru co, thanh
phan rin v6 co va mot mang lwdi polyme sinh hoc day
dic dwoc goi 1a cac polyme ngoai bao (EPS). Ciu tric
EPS, bao gom protein, polysaccharides, axit nucleic va
lipid, lién két chat ché véi nwdec, tao thanh mot hang rao
bdo vé, chi phéi tinh 6n dinh ctia béng bun, c6 kha ning
tach nwée va chéng lai sw phan hiy cia vi sinh vat [5, 6].
C4u tric vi mé chat ché nay han ché dang ké qua trinh
thiy phan, bwéc diu tién va cling 1a buéc quyét dinh toc
do ctia qua trinh phan huy ky khi (Anaerobic Digestion -
AD), dan dén thoi gian lwu gity 1y, phan hdy thanh phan
hitu co khong t6i wu va gidm san lwong khi CH, [7].

Phan hay ky khi vin 1a phwong phap thudng duoc
dung dé 6n dinh bun do nhirng loi ich vé moi trweong va
kha niang chuyén d6i thanh phin ran hitu co thanh khi
sinh hoc, chti yéu la khi CH,, c6 thé dwoc khai thac lam
ngudn nang lwong tai tao [1, 8]. Tuy nhién, hiéu suit cta
AD bi han ché dang ké b&i qua trinh thiy phan chadm cia
cacbong bun kho6 phan hiy. Dé gidi quyét tinh trang nay,
mot loat cic cOng nghé tién xr ly d3 dwoc phat trién,
nhdm muc dich didy nhanh qué trinh thiy phan, ting
kha nang hda tan bun, cai thién kha nang phan hiy sinh
hoc va gidm tdng thé tich bun [7, 9]. C4c qua trinh tién
Xt 1y nay bao gom cac phwong phap co hoc nhw siéu 4m
va dong nhat héa ap suit cao, cac phwong phap hba hoc
nhu x 1y kiém va qua trinh oxy héa, xtt Iy sinh hoc st
dung cac enzyme hodc vi sinh vat nudi ciy dic hiéu, va
xt 1y nhiét. Tién x 1y siéu 4m gitup pha v& ciu tric té
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bao va tang oxy héa hoc dang hoa tan (sCOD) hiéu qua,
dwoec coi la phwong phap tiét kiém dién ning nhat. Tuy
nhién, phwong phap hoa hoc (kiém, oxy héa) di hoa tan
manh chit hitu co nhung lai tn chi phi héa chat, dé gay
trc ché vi sinh va c6 nguy co giai phdng kim loai nidng.
Xt 1y sinh hoc it tiéu ton nang lwong nhwng van hanh rat
phitc tap va hiéu qua thwong thip hon nhiét. Trong s6
cac cong nghé tién xir 1y, thiy phan nhiét (THP) da nhin
dwoc sw chu y dang ké va dwoc 4p dung thwong mai nhe
kha nang pha v& hiéu qua cac té bao vi khudn, hoa tan
chit hitu co, bit hoat mam bénh va cai thién kha ning
tach nuwéc cia bun [10]. THP nhiét d6 cao (HT-THP),
thuwong dwec van hanh & nhiét d6 160-180°C trong diéu
kién ap suit cao, da dwgc chirng minh la lam ting dang
ké san xudt CH, va gidm chdt ran dé bay hoi bang cach
pha v& thanh té bao va lam bién tinh ciu tric protein
[10, 11]. Tuy nhién, HT-THP di kem v&i mirc tiéu thu
nang lwong cao va c6 thé tao ra cic sdn phdm phu nhw
melanoidin thong qua phan ng Maillard, dac biét la &
nhiét do trén 140°C, diéu nay cé thé anh hwdng xau dén
hiéu suit AD [7]. Trong khi d6, cong nghé nhiét thap
chiém wu thé nh& kha ning nang cao hiéu suit sinh khi
on dinh, diét khuln triét dé€ va vin hanh don gidn. Khac
véi nhiét dé cao (>140°C), nhiét do thip tranh dwoc
phan &ng Maillard tao chit &c ché, déng thoi tin dung
hiéu qua ngudn nhiét duw sin cé tai cdc nha may, gitp tdi
wu hoéa chi phi du tw va van hanh [9]. Do d6, LT-THP
dang ngay cang dwoc wa chudng, thwong dwoc ap dung
& nhiét d6 dwdi 100°C. LT-THP cung cdp mdt giai phap
thay thé tiét kiém nang lwong hon va van hanh don gian
hon, ddng thoi van dat dwgc nhitng cai thién dang ké
vé kha ning hoa tan chit hitu co va phan hiy mot phan
boéng cdn [12-15]. Mot s6 nghién ctru da chitng minh
rang nhiét do 1a yéu t6 chinh anh hwéng dén kha niang
hoa tan, véi khoang 80°C thwong dwoc xac dinh la ché
dd nhiét t6i wu dé gidi phong cac hop chit hitu co hoa
tan va tang cwong qua trinh axit héa. Piéu quan trong
la LT-THP tranh dwgc nhiéu phan rng phan hdy nhiét
thwong gap & nhiét dd cao, gidm nguy co hinh thanh cac
san phidm phu khé phan hiy hodc &c ché [13, 16].

Cac phwong phap tiép cin két hop LT-THP véi cac tac
nhan héa hoc, dic biét 1a cac chat kiém, da cho thiy hiéu
qua hoa tan dworc cai thién, véi cac nghién ctru veé sy gia
tang dang ké sCOD va cai thién tiém nang sinh khi CH,
[14, 17]. Tuy nhién, cAc phwong phap nay doi hoi phai
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dinh lwgng héa chit va co thé tao
ra thém chit ran hoa tan, khién cac
phwong phap LT-THP thuén tdy tré
nén wu thé ddi véi cac co s& mudn
stt dung it hda chat dau vao.

Maic du loi ich cta LT-THP da
dugc chitng minh, van con nhiéu
khoang tréng vé méi quan hé giira
diéu kién nhiét d6 thip v&i cac dic
tinh ly héa va hinh thai cia bun.
Cac nghién ctru hién tai chwa lam
sang to day du cac bién d6i ciu truc
ciia bong bun, cac con duwong pha
vd EPS, hodc mdéi quan hé gilra sw
phan hiy béng bun do nhiét va sy
cai thién vé tudi bun, kha nang hoa
tan va hiéu suit AD [6, 18]. Cac bai
danh gia gin diy nhin manh rang, mic du cac phwong
phép tién xtr ly tién tién da dwoc nghién ctru rong rii,
nhwng rat it nghién ctu tich hop cic phan tich da quy
mo dé so sadnh sw gidi phéng chit hitu co véi cac thay
d6i ciu tric vi mo trong WAS dwéi tac dong cia nhiét do
thap [9, 13]. Viéc hiéu ro cic co ché nay 1a diéu cin thiét
dé t6i wu hoa cac théng s6 LT-THP va tao diéu kién cho
viéc &rng dung hiéu qua nang lwong, quy mo 1én trong
cac nha may xt ly nwée thai do thi.

Nghién ctru ndy nham muc dich xem xét tac dong cta
tién xi 1y nhiét & nhiét d6 thap déi voi WAS do thi. Cu
thé, nghién ctru nay tip trung vao: (1) sw ting cwong kha
ndng hoa tan chit hitu co va gidm chat ran dé bay hoi
dwéi tic déong cua LT-THP, (2) nhirng thay ddi vé tudi
bun, ciu tric vi mé ctia bong bun va dic diém hinh thai
do nhiét giy ra. Bang cach thiét 1ap méi lién hé co hoc
gilta qua trinh pha v& bong bun va kha nang hoa tan,
nghién ctru nay cung cip nhirng cin c cin thiét cho viéc
toi wu héa va md rong quy mé LT-THP trong cac co s&
xtr ly nwée thai.

2. Viat liéu va phuong phap nghién ciu
2.1. Nguén bun thdi

Bun hoat tinh thadi sit dung trong nghién ciru nay
dwoc thu thap tir bé 1ang thi cAp cia nha may xtt Iy nwéc
thai do thi Kim Lién, Ha Noi, Viét Nam (hinh 1). Co s&
nay c6 cong suit 3700 m*®/ngay dém, van hanh quy trinh
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Hinh 1. Mét s6 hinh anh lay mau tai Nha may xir ly nwéc thai Kim Lién, Ha Néi. Ngudn: Nhém
tac gia.

bun hoat tinh thong thwong, bao gom xt 1y so cip, suc
khi sinh hoc va cac cum lang thit cAp. Nha may phuc vu
cho mét khu viee dan cw @6 thi va xtr Iy cht yéu nwére thai
sinh hoat bang hé théng bun hoat tinh hiéu khi théng
thwong.

Bun WAS thu thip dwoc thé hién cac dic diém dién
hinh ctia bun th& cip tir WWTP d6 thi, bao gobm dd 4m
cao (khoang 98-99%) va ty 1& ch4t ran dé bay hoi & mic
trung binh. D€ ting ndng do tong chit ran (TS) va giam
thiéu tac dong pha loang trong cac phan tich tiép theo,
bun dwoc dé 1dng tw nhién 0,5-1 gid, sau d6 gan bd bot
nwéc, sao cho ham lwong MLSS trong khoang 18.000-
19.000 mg/1. T4t ca cac phan tich dwoc thwe hién ngay
sau khi 18y mau. Khi khong thé phan tich ngay, cAc mau
bun dwoc bdo quan & nhiét do 4+1°C trong cac thung
kin bing nhua polyethylene mat dd cao trong t&i da 72
gior € (rc ché hoat ddng cuia vi sinh vat va ngin ngira cac
bién doi sinh h6a khdng mong mudn (theo APHA 2017)
va di dwoc chirng minh 1a khong &nh hwdng dang ké dén
cac thong s6 1y héa hoc chinh ctia WAS nhu TS, chit rdn
dé bay hoi (VS), pH va thanh phan hitu co khi thoi gian
lwu trir khong qua mét tuan).

2.2. Thuy phdn nhiét & nhiét dé thdp déi véi bun
hoat tinh thdi

Thuy phan nhiét & nhiét do6 thidp dwoc tién hanh
trong diéu kién phong thi nghiém dwoc ki€ém soat bang
mot loat cic thi nghiém theo mé (hinh 2).

62



Khoa hoc Ky thuat va Céng nghé | Ky thuat hda hoc; Ky thuat moéi trudng; Céng nghé sinh hoc céng nghiép —

Hinh 2. Mét s6 hinh anh xt ly mau tai phong thi nghiém. Ngudn: Nhém tac gia.

T4t ca cac thr nghiém dwoc thwce hién trong binh
dong thay tinh chira 250 ml bun hoat tinh thai da dwoc
dé 1ang dé cd dic. Xt ly nhiét dwoc ap dung & dai nhiét
do6 50; 60; 70; 80 va 90°C, dé€ nghién ctru anh hwdng cua
nhiét dd dén qua trinh phan hiy bun va hoa tan thanh
phan hitu co. Thi nghiém st dung thiét bi gia nhiét GFL
(Model 1023, Dtrc). Nhiét dd dwoc ki€m soat bang cach
st dung bé diéu nhiét v&i do chinh xac £0,5°C. Déi véi
mdi diéu kién nhiét do, cac binh dwoc bit kin bang gidy
bac dé giam thiéu sy bay hoi va dwoc tron nhe nhang
trén may khudy & téc do 40-50 vong/phut, ddm bao
phan phdi nhiét dong déu trong miu, ngin ngira hién
twong sui bot cé thé lam thay ddi ciu tric béng bun.
Thoi gian tién xt Iy dwoc lwa chon dwa trén cac nghién
ctru dong hoc nhiét thong thwong vabao gobm 0,5; 1; 3; 5;
10 va 24 gio. Cac thi nghiém déu dwgc thwe hién t6i thi€u
3 lan dé giam sy sai khac thyc nghiém, 14y gia tri trung
binh va do 1éch chuin SD.

2.3. Phwong phdp phan tich

Cac dic tinh 1y hoa déu duwoc thwe hién ba 1an theo
phuwong phép tiéu chuidn (APHA, AWWA, WEF, 2017).
Cac thong s6 phan tich gom pH, TS, VS, MLSS, SVL, , tCOD,
sCOD, tong nito (TN), tong phét pho (TP) va mot s kim
loai nang (Cd, Zn, Pb, Cu, Mn).

Do pH dwoc do ngay sau khi 1dy mau bang may do pH
déban da hiéu chudn (Hanna HI-2211). TSva VS dwocxac
dinh bang phwong phéap trong lwgng 2540B va 2540E,
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MLSS dwgc dinh lwgng theo phwong
phap 2540D. SVI, | dugc tinh toan tw
thé tich bun lang trong xi lanh chia
do 1 1sau 30 pht lang tinh (Phwong
phap 2710D). Gia tri tCOD dwoc phan
tich bang phwong phap chudn do
hoi lwu kin (Phwong phap 52200C).
Pé xac dinh sCOD, cAc mau dwoc loc
qua mang loc 0,45 pum; dich loc thu
dwoc sau d6 dwoc phan tich sCOD.
TN va TP dwogc xac dinh khi phan
huy persulfate, sau d6 phat hién bang
phwong phap quang phd (Phwong
phap 4500-N C va 4500-P B.5). Nito
amoniac dwoc xac dinh bang phwong
phap salicylat-hypoclorit (Phwong
phap 4500-NH3 F). Nong do6 kim loai
ndng dwoc dinh lwong bang phwong phap quang phd
phat xa plasma cdm &ng (ICP-OES, PerkinElmer Optima
8300) sau khi phan hiy bang axit HNO3/HCl (Phwong
phap EPA 3015A). Cic quy trinh ddm bao va kiém soat
chit lwong bao gom mau trdng, miu 13p va mau doi
chirng dwgc chirng nhin trong cic 1an phin tich. T4t ca
két qua dwoc biéu thi dwdi dang gia tri trung binh, véi
dé6 1éch chuin twong déi ludon dwdi 5% déi vai sCOD, TS,
VS va kim loai nang, va dwéi 2% déi véi pH va SVI, . Cau
trac vi mé bé mit cta bun trwdc va sau khi xtr Iy nhiét
dwoc chup bang SEM.
2.4. Thiét bi thi nghiém va xi ly sé'liéu

Cac thiét bi thi nghiém dwoc dung trong nghién ctru
la: Thiét bi gia nhiét GFL (Model 1023, CHLB Dtrc), may
chup SEM (thiét bi dién t&r quét SEM model JSM 6500,
hing Jeol, Nhat Ban), 16 nung Nabertherm - Dirc.

S6 liéu thé hién gia tri trung binh cia n mau 13p, kém
theo do 1éch chuén (Standard Deviation - SD) dworc tinh
theo cong thitc:

oo |EhC— R

n—1
trong dé: x; 1a gia tri do & 1an lap thi i; X 1a gia tri trung
binh; n 12 s& I4n ldp cha thi nghiém (trong nghién ctiru
nay n=3).



SO liéu dwgce xtr 1y va vé biéu d6 véi cac phin mém
Microsoft Excel 2019 va SigmaPlot 13.0.

3. Két gua va ban luan
3.1. Pdc diém cia bun hoat tinh

Cac théng s6 dworc trinh bay trong bang 1 cho théy,
WAS thu dwoc tir nha may x& 1y nwéc thai do thi Kim
Lién. Do pH 6,9 nam trong khoang trung tinh thwong
thdy & cac hé thong x& ly hiéu khi dwgc van hanh 6n
dinh, phu hop véi cac gia tri dwoc bao cdo cho WAS
[1, 5]. Ham lwgng 4m cao (97,45%) phan anh kha nang
gitr nwée clia cac bong bun, cht yéu la do EPS cao, lién
két véi nwde thdong qua twong tac vat Iy va hoa hoc. Piac
tinh nay dwoc cdng nhan rong rii 13 mét yéu té chinh
g6p phan lam gidm kha nang tach nwéc va téc do thay
phan chdm ctia WAS [6, 7, 18].

Bang 1. Dac tinh bun thai ttr tram xtr ly nwéc thai do thi dung trong
nghién ctru (gia tri thé hién xtSD v&i n=3).

Chi tiéu Ponvi Giatri

pH 6,9+0,14
Nuéc % 97,45+1,17
Téng chat ran (TS) g/l 21,5+0,97
Chit ran lo Itrng trong dung dich (MLSS)  g/1 18,42+0,66
Ch4t ran dé bay hoi (VS) g/l 16,54+0,69
Nhu cau oxy hod hoc dang hoa tan mg/1 450+21,15
Nhu ciu oxy ho4 hoc dang tdng sd mg/1 9556+487,36
Téng phét pho (TP) %TS 1,82+0,06
Téng nito (TN) %TS 2,76£0,13
cd mg/1 0,02

7Zn mg/1 1,45+0,1
Pb mg/1 0,04

Cu mg/1

Mn mg/1 0,42+0,03

-: Khéng phat hién.

Gid tri TS va VS cho thdy ham lwong hitu co cao
(VS/TS1a 77%), phu hop véi bao cao trwedre day cho thiy
bun hoat tinh thwdng chira 60-80% chit hiru co dé phan
hty sinh hoc [1, 7]. Ham lwong VS cao thwong cé loi cho
qua trinh AD vé mat tiém nang sinh khi CH,, tuy nhién,
téc dd phan hiy sinh hoc van bi han ché néu khong dworc
Xty so' bd d€ pha vér sw bdo vé vatly cia EPS va thanh té
bao vi khuin [7]. Nong d6 MLSS 18,42 g/1 va gia tri SV,
112 ml/g cho thdy sinh khdi dic v&i kha nang lang tot.
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Chi s6 SVI, dwéi 150 ml/g dwoc coi la dau hiéu ctia cac
bdéng bun hoat tinh ¢ ciu truc chat ché va 6n dinh, khong
¢6 xu hwéng von cuc. Tuy nhién, cic bong bun hoat tinh
nhuw vy - dwoc duy tri béi EPS két dinh va sy két tu cta
vi sinh vat - ¢6 thé can tré kha ndng tiép cin cua enzyme,
do d6 lam cham qua trinh thay phan trong AD [6, 7]. Gia
tri tCOD 13 9556 mg/1 két hop vai gia tri sCOD twong
dai thip 1a 450 mg/1 cho thiy phan lén thanh phin hiru
co ton tai & dang hat hodc dang lién két véi EPS, chi ¢6
khoang 4,7% & dang hoa tan. Piéu nay phtu hgp véi cac
phat hién trwéc day cho thiy sCOD thwong chiém dwédi
5-10% tCOD trong WAS chwa qua xtx Iy [1, 15]. Ty 1é nhu
ciu oxy hoa hoc dang hoa tan/nhu ciu oxy hoa hoc téng
s6 (sCOD/tCOD) thap cho thiy chit nén bi han ché thuy
phan, cin phai x ly so bd - ching han nhw x 1y nhiét
& nhiét do thip - dé pha v& EPS va ting cwdng kha nang
hoa tan truéc khi xt Iy bé mat [7].

Ham lwgng dinh dwdéng bao gom TP ¢ gia tri 1a
1,82% TS va TN 1a 2,76% TS nam trong pham vi dién
hinh dwgc bao cdo cho WAS [5]. Cac kim loai nang Cd,
Pb, Zn va Mn dwoc phat hién & mitc thap, trong khi Cu
khong dwoc phat hién, cho thiy bun chi yéu cé nguén
gbc tir nguodn nwée thai sinh hoat chit khong phai nwéc
thai cong nghiép [3, 4]. Nhin chung, cic dic diém ban
dau cho thiy bun gidu chit hitu co, c6 ciu triuc bong bun
chit ché va chi chira moét ty 1€ nho chat hiru co hoa tan.
Nhitng dic diém nay khién bun tré thanh chat nén ly
twdng d€ nghién ctru cac cong nghé tién xtr ly. Dic biét,
khoang cach lén giita tCOD va sCOD la co s& vitng chac
cho viéc 4p dung tién x{r Iy nhiét & nhiét d6 thap, diéu
nay da dwoc chirng minh la pha v& EPS, tang cudng giai
phong COD hoa tan va cdi thién kha nang phan hiy sinh
hoc sau dé cia WAS [1, 13].

3.2. Anh hwéng ciia LT-THP Ién sinh khéi va khd
ndng ldng ciia biin

Sw bién thién cta chit ran lo Ieng trong dung dich
hén hop (MLSS) va chi s6 thé tich bun 30 pht (SVIse)
trong qua trinh tién xi ly nhiét & nhiét d6 thip dwogc
trinh bay trong hinh 3. Mé&i twong quan nghich gitra hai
théng s6 nay dwoc quan sat thiy khi thoi gian tiép xdc
nhiét lién tuc tang 1én. MLSS giam tir gia tri ban dau la
18,2 g/l sau 0,5 gior xuéng con 18,1; 17,5; 17,3; 16,2 va
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16,1 g/1sau 1; 3; 5; 10 va 24 gio. Piéu nay twong ang véi
mirc gidm tong thé khoang 11% sau 24 gio xt ly.

\
|
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Chit riin I limg trong dung dich hon hpp, MLSS (g/1)
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—— ML5S
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Hinh 3. Sy thay déi cta sinh khéi va kha nang lang ctia WAS (gia
tri thé hién x£SD v&i n=3). Ngudn: Nhém tac gia.

Sw suy gidm gia tri MLSS cho thiy sy hoa tan mot
phén cia thanh phan hitu co dang hat, kém theo sw pha
v ciu tric bong cin do nhiét, theo d6 cac chat ran lién
két véi EPS va cac thanh phin noi bao dwoc chuyén vao
pha hoa tan thdng qua qua trinh bién tinh do nhiét, lam
yéu két cdu bong cdn [7, 10].

Nguwoc lai, SVI3, tang ro rét, tir 112 ml/g sau 0,5 gior
1én 125, 136, 157, 184 va 189 ml/g sau lan lwot 1; 3; 5;
10 va 24 gio. Cac gia tri vweot qua 150 ml/g sau 5 gio
phan anh sy chuyén déi tir bun lang t6t sang trang thai
bong cin 1on, suy yéu dan. Sy suy gidm kha nidng lang nay
c6 thé 12 do mit d6 dac va do két dinh cta cac béng bun,
do suw pha v& mang lwdi EPS va s suy yéu cac lién két
cation hoa tri I (Ca®*, Mg®*) &nh hwdng t&i tinh toan ven
ctia bong bun [6, 18]. Khi EPS trai qua qua trinh treong
n® do nhiét va dwoc hoa tan mét phin, cic nhém chirc
nhw nhém carboxyl, phosphate va amino bi ion hoéa, tao
ra luc ddy tinh dién gitta cAc manh bong bun va thic diy
sw phan tan cta ching thanh cac hat nho hon, nhe hon
va it dac hon. SVI, tang manh phu hop voi cac quan sat
trong cac nghién ctru tién xir Iy nhiét trwedc day, trong do6
nhiét d6 60-90°C lam gidm méat d6 ctia bong bun, thic
ddy qua trinh trwong n& va phin manh, dan dén giam
van tdc lang trong lwc [12, 13]. Sw khac biét gitra MLSS
giam va SVI, tdng cting cd két luén rang két cdu bun trai
qua s thay d@i vi ciu tric dang ké, cha yéu do sw phan
huy EPS va sw v& mot phin thanh té bao.
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Hon nita, viéc gia nhiét kéo dai (210 gid) dwong nhw
lam dich chuyén két ciu béng bun chit ché sang trang
thai phan tan va keo hon, thé hién qua sw 6n dinh cua
MLSS quanh mirc 16 g/1 va sy gia tang lién tuc caa SVI, .
Két qua twong tw da dwoc bao cdo trong cic nghién ciru
mo ta bun phan huy nhiét, trong dé viéc gidi phéng cac
polyme sinh hoc c¢6 trong lwgng phan t cao va cac dai
phan tir ndi bao dan dén tang d6 nhét clia chat 16ng, can
tré qua trinh lang va gidm kha ning keo tu [14, 19]. Mic
du do nhét khong dwoc danh gia trong nghién ciru nay,
nhung ddc diém SVI, | quan sat dwoc cho thdy ro rang
nhitng thay d6i nhw vay.

Nhin chung, tic dong két hop cla viéc gidm MLSS
va tang SVL, lién quan dén qua trinh tién x{ 1y nhiét:
sw phan hdy va hoa tan hat tang 1én. Xu hwéng nay
cling dwgc phan anh cac bao cido nghién ciru tién xir ly
nhiét va nhiét - kiém khac, trong d6 SVI, tang lén trong
Khoang 150-250 ml/g trong qua trinh gia nhiét kéo dai
hodc diéu kién pH cao. Do d6, dé trién khai tién xt ly
nhiét trén quy mé 16m cé thé yéu ciu ting cuwong tach
16ng - rdn (vi du: b6 sung polyme, ly tAm hodc x ly nhiét
-h6ahoc két hop) dé gidm thiéu tac dong batloi dé€n kha
ning lng trong khi van duy tri loi ich cta viéc cai thién
kha nang hoa tan [15, 19].

3.3. Sw thay ddi cdu triic ctia bun hoat tinh khi xiv
ly bang nhiét

Su thay d6i ciu tric vi mé cda bun hoat tinh thai
trong qué trinh tién x& ly nhiét & nhiét d6 thip da dwoc
kiém tra bang kinh hién vi dién t& quét (SEM), nhw thé
hién trong hinh 4. Sy khac biét ré rang vé hinh thai da
dwoc quan sat thiy gitta bun chwa x Iy (hinh 4A) va
mau dugc xtr Iy nhiét & 80°C (hinh 4B), chirng minh rang
viéc gia nhiét nhe giy ra nhirng thay d6i vat ly dang ké
trong bong bun.

O dieu kién chwa xt 1y, bé mit bun c6 vé dic va két
tu cao, dic trueng béi cac bong bun lién két chat ché giau
EPS. P4 dac nay la dic trwung ctia bun hoat tinh, noi cac
chat chu yéu bao goém protein, polysaccharides va lipid
déng vai tro 1a khung lién két gitt cac té bao vi sinh vatva
cac hat vo co lai véi nhau [6, 18]. Hinh thai min, két dinh
quan sat dwgc trong hinh 4A phan anh sy két dinh gitra
cac té bao manh mé va mang lwéi EPS ciu ndi cation, vén
dwoc biét 13 han ché kha nang phan hiy sinh hoc va can
tré qua trinh thiy phan trong qua trinh tiéu héa ky khi
[7]. Sau khi x& ly nhiét & 80°C, ciu truc ctia khoi bong



Hinh 4. Hinh anh kinh hién vi dién tir quét b& mat cta bun thai trwdc (A) va sau khi xiv ly bing

nhiét & 80°C (B). Ngudn: Nhém tac gia.

trai qua qua trinh néi 16ng va phan manh dang ké (hinh
4B). Bé mat tré nén khong déu hon, véi cac vét nit nho
c6 thé nhin thdy, cic 16 rong mé rong va cac 1¢p EPS bi
pha v&. Nhirng thay ddi hinh thai nay cho thiy sw khai
d4u ca qua trinh bién tinh nhiét cia EPS, 1am suy yéu
lién két hydro va pha v& mot phan ciu truc polyme, tit
c4 1am gidm tinh toan ven cda khéi béng. Sy phan hiy
ciu tric twong tw dwdi tic dong ciia nhiét do vira phai
(60-90°C) da dwoc ghi nhan trong cac nghién ctru trwéc
day, trong d6 tiép xdc védi nhiét thic ddy sw mé ra cla
cac polyme sinh hoc, tach 1&6p EPS bén ngoai va tiang giai
phoéng cac thanh phan néi bao [12, 18].

Sw hinh thanh cac 16 réng va khe nitt cho thay mang té
bao va xwong séng EPS bi mit 6n dinh dwéi tic dong ctia
rng suit nhiét. Piéu nay lam tang tinh thadm, cho phép
chat htru co hoa tan thim thiu tir bén trong cac bong cin
vao khdi chat 1éng - mét co ché quan trong dan dén sw
gia ting sCOD dwoc quan sat thiy trong qua trinh tién xir
1y nhiét. Ki€u phan hiy nay phi hgp véi mé hinh trong
d6 nhiét d6 vira phai pha vé cac lién két yéu (ciu ndi ion,
twong tac van der Waals, tiép xic ky nwéc) trong két cdu
EPS [19], do d6 thuc ddy sw trrong nd va phan manh cua
béng can. Mot quan sat dang chu y khac 1a sw xuat hién
clia cdc hat nhé hon giéng nhw manh vun ndm rai rac
trén bé mat bun da qua x ly nhiét. Nhirng hat min nay
phan 4nh sw bong tach va phan hiy cac tap hop vi khuin,
gop phén lam gidm MLSS va tang SVL, . Nhitng chuyén
d6i nhw vy pht hop véi cac bdo cdo trude diy cho thiy
qud trinh thiy phan nhiét lam chuyén dich bun tir ciu
trac dic sang ciu tric vi mo phan tan hon [13]. Quan sat
hinh dnh hién vi ctia bun c6 thé di dén két luan rang qua
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trinh tién xir ly nhiét & nhiét
d6 thip tao ra sw chuyén doi
tlr buin déc va dan héi sang cau
triac x0p, phdn manh va yéu
hon. Su thay d6i ciu tric nay
dong vai tro quan trong trong
viéc tao diéu kién thuin loi
cho qua trinh hoa tan chit hiru
co, tang kha nang tiép cin bun
véi cac enzyme thiy phan va
cai thién tiém nang phan huy
sinh hoc & cac cong doan xt ly
sau nay.

3.4. Sw hoa tan thanh
phdn hirtu co trong qud trinh
xw Iy nhiét

K&t qua hinh 5 va 6 cho thiy
rd sw gia ting dang ké thanh phan sCOD va ty 1é sCOD/
tCOD twong trng theo ca nhiét do va thoi gian xi 1y so bo,
khang dinh kha ndng hoa tan ro rét cia qua trinh xtt ly
so' bd bing nhiét & nhiét d6 thap trén WAS. O’ diéu kién
nhiét do thap nhit (50°C), sCOD chi thé hién sw thay ddi
han ché, tang tir 442 mg/l sau 0,5 gi® 1én 624 mg/l sau
10 gio, véi ty 1€ sCOD/tCOD duy tri dwdi 7% trong sudt
thoi gian xit 1. Diéu nay cho thiy chi mo6t phan nho chat
hitu co dang hat dwoc gidi phdong, va hau hét chit hitu co
van dwoc bao boc trong ma tran bong buin nén chit hoic
cac khoang noi bao, han ché kha ndng ti€p cin clia ching
véi cac qua trinh thiy phén, twong ty nhw cac quan sat
trong cac hé thdng bun chwa dwgc x 1y hodc chiu &rng
sudt toi thiéu [12]. & 60°C, kha ning hoa tan chét hitu co
¢6 xu hwdng dwoc cai thién so véi 50°C, nhwng mirc tang
sCOD van chwa rd rét, cho thay nhiét do nay méi bit dau
thic diy qua trinh pha v& béng bun va giai phdng chat
hitu co hoa tan.
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Hinh 5. Sw thay déi cta thanh phan hiru co’ hoa tan trong qua trinh
xtr ly nhiét (gia tri thé hién x£SD vé&i n=3). Ngudn: Nhém tac gia.

Nguoc lai, xtr 1y so bd & nhiét dd >70°C din dén su gia
tang nhanh chéng va ré rét ciia thanh phin hitu co hoa
tan. (* 70°C, sCOD ting lén 987 mg/l sau 24 giv, twong
rng véi ty 1€ sCOD /tCOD 1a 11,7%. Diéu kién nhiét d 80
va 90°C gay ra phan rng hoa tan manh nhit: sCOD ting
manh trong vong 3-5 gio dau, dat 1258 mg/1 (& 80°C) va
1335 mg/1 (& 90°C) sau 10 gid, va tiép tuc ting 1én 1450
va 1504 mg/l sau 24 gio. Cac gia tri nay thé hién mirc
ting tlr 2,5 dén 3,3 Ian so v&i sCOD ban dau va khang
dinh ring (rng suit nhiét tir trung binh dén cao c6 hiéu
qua cao trong viéc hoa tan thanh phin hiru co tir pha hat
vao pha nwérc.

Ty 1€ sCOD/tCOD twong &ng tang lén 13,7% (& 80°C)
va 15,7% (& 90°C), gin gip ba l4n mirc d6 hoa tan cua
bun thé. Pong hoc qua trinh hoa tan & nhitng nhiét do
nay cho thiay hau hét sw gidi phong chit hiru co xay ra
trong 5-10 gior dau tién, sau d6 hé thong tién gan dén
trang thai gan bao hoa, cho thiy sw suy gidm cac phan dé
phan huy ctia EPS va vit liéu té bao. Viéc hoa tan hai pha
nay phu hop véi cac mo ta vé viéc pha hiy nhanh chong
két cu cuia EPS, sau d6 1a sw gidi phong néi bao [13, 17].
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Hinh 6. Ty I&é hoa tan thanh phan hiru co trong qua trinh tién xd
Iy bun thai véi nhiét (gia tri thé hién x£SD véi n=3). Ngudn: Nhom
tac gia.

Co ché coban c6 théla do sy suy yéu nhiét cia ciu tric
EPS, su bién tinh ctia phttc hop protein-polysaccharide
va st v& mdt phan mang té bao vi khudn. & nhiét do
trén 70°C, két ciu cua EPS dwoc sap x€p lai cdu tric do
pha v& cac mién ky nwéc, pha vér cac lién két hydro va
phan ly c4c ciu cation (Ca®*, Mg**), do d6 giai phong cac

%HI\?GCHE 68(8) 8.2026

biopolymer cé trong lwong phan tir cao vao pha hoa tan
[6, 19]. Nhiét d0 cao ciing lam tang téc do khuéch tan ctia
cac vat liéu ndi bao vao khoi chit 16ng sau khi thanh té
bao mit 6n dinh nhiét - mot hién twong da dwoc ghi nhan
ré rang trong cac qua trinh thiy phan nhiét [8]. Khi cac
bong cin bi yéu di do nhiét va bi tach bong, cac hat rin
chuyén thanh cac phan min hon hodc hoa tan vao pha
nuéc, do dé gbp phian truc tiép lam tang gia tri sCOD.
M6i lién hé co hoc nay gitta sw phan hiy ciu tric va qua
trinh hoa tan da dwoc chirng minh ré rang trong cac
nghién ctu tién x& ly nhiét [11, 16]. Gia tri sCOD/tCOD
12 15,7%, tuy van thdp hon ngudomng 40% thudng thay
trong diéu kién tién xt ly kiém [16], nhung van c6 y
nghia quan trong trong bdi canh tién xt Iy nhiét & nhiét
do thap. biéu quan trong 13, nhiét do 80-90°C dat dworc
kha ndng hoa tan manh nhit véi mic nang lwong dau
vao hop ly, phtt hgp ddi voi cac cidu hinh xtr Iy bun tiét
kiém nang lwgng. Nghién clru nay xac nhin tiém nang
ctia LT-THP la mdt phwong phap hiéu qua dé cai thién
kha nang thluy phan ctia WAS va tang cwong kha nang
phéan hiy sinh hoc & giai doan xtr 1y tiép theo.

4. Két luan

K&t qua nghién ctru chi ra rang, LT-THP khoang 80-
90°C 1a mdt phwong phap hiéu qua dé ting cwdong qua
trinh phin hdy va hoa tan WAS. Tiép xdc nhiét trong
khoang nay 1am suy yéu dang ké ciu tric bun, thic day
qua trinh phin manh béng cin va tao diéu kién giai
phéng cac hat va chit hiru co ndi bao vao pha hoa tan.
Xir ly nhiét 1am tang 2,5-3,3 14n gia tri sCOD, véi gia tri
t6i da dat 1504 mg/l, va tang ty 1é sCOD/tCOD tw 4,6%
trong bun chwa xtt 1y 1én 15,7%. Qua trinh hoa tan dién
ra hau hét trong vong 5-10 gior du tién, cho thiy su suy
gidm nhanh chéng cac thanh phan EPS dé bi phan huy.
Mic du c4c gia tri nay van thdp hon so véi gia tri thuong
dat dwoc khi xtr 1y so bd bang kiem manh nhung van thé
hién sy cai thién dang ké ddi véi mot quy trinh chi st
dung nhiét, khdng st dung héa chAt.

Hinh 4anh SEM xac nhan sy pha v& EPS, hinh thanh
16 réng va bong tréc bong cin, trong khi cac té bao vi
sinh vat phan 16m van gilt nguyén hinh thai cta ching
- cho thiy sw phan hiy nhiét chu yéu tac dong dén cac
polyme ngoai bao, it tic dong sw phan hiy hoan toan té
bao. Nhitng thay ddi hinh thai nay twong &ng v&i MLSS
giam 11% va SVI, tang tr 112 1én 189 ml/g, phan 4nh
sy thay d6i dién hinh gitra kha ning hoa tan va kha ning
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lang trong qua trinh xtt ly nhiét. Nghién ctru ciing chi ra
mdi quan hé vé mit co hoc trong qué trinh phan huy EPS
va phan hiuly bong cin trong cac diéu kién nhiét d6 thap.
Dy la nghién ciu d4u tién & Viét Nam khao sat cac diéu
kién thyc nghiém tién xtr Iy WAS tlr qua trinh sinh hoc
cla tram x& Iy nwée thai sinh hoat do thi tip trung, dwa
ra nhitng két qua vé kha ning hoa tan bun (sCOD), thay
d6i dac tinh lang (SVI, ) va quan sat dwoc sy thay déi cia
bé mit bong bun théng qua dnh SEM, tao co s& ky thuit
ban dau cho viéc t6i wu hda qua trinh tién x& ly WAS trén
quy mo lén.

Tap thé tac gid chin thanh cdm on Truwong Dai hoc
Tai nguyén va M6i trweong Ha Noi tao diéu kién nghién
ciru; B Nong nghiép va Moi trweong da cip kinh phi
théng qua dé tai ma s6 TNMT.DL.2023.01.
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Nghién ctru mt s0 giai phap ky thuat bao quan hat de
Trung Khanh, Cao Bang

Ma Thi Bich Thao", Tran Ha!, Nguyén Phwong!, Trinh Phan Manh!,
Bui Bich Thuy?, Phung Phwong Anh?, Hoang Van Tuan?
Vién DOi mdi sdng tao Qudc gia, nha C6, phwong Thanh Xudn, Ha N§i, Viét Nam
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Tom tdt:

Nghién ciru nham xac dinh cac théng sé ky thuat trong xir Iy va bao quan hat dé Trung Khanh (tinh Cao Bang
cii) nham kéo dai thoi gian bao quan va duy tri chit lwong. Hat dé nguyén vé dwoc xir ly bang dung dich
0,2% NacCl va 0,2% axit citric trong 30 phut, sau d6 siy & 60°C trong 4,5 gior d€ giam Am xudng khoang 40%.
San pham dwoc dong géi chan khong bang bao bi polyethylene (PE), polypropylene (PP), polyamide (PA)
va dwo'c bdo quan & cdc mirc nhiét @6 khac nhau (15, 5, 0, -10 va -18°C). Két qua cho thiy, hat dé déng trong
bao bi PA hiit chin khong bao quan & nhiét do -18°C giup c ché hoat ddng cta vi sinh vit, han ché oxy héa,
gitr dworc chit lwong 6n dinh c6 thé bao quan dén 12 thang ma van dam bao chit lwong twong dwong hat dé
trwéd'c bao quan. Két qua gop phan dé xuit cac giai phap ky thuit phu hop bao quan nguyén liéu hat dé vao
mua vu tai dia phwong véi diéu kién san xuit nhoé va vira, 6n dinh chat lwong hat dé va phat trién thwong
hiéu dic san hat dé Trung Khanh theo hwé'ng bén virng.

Tir khéa: bao quan, hat dé, vi sinh vat, xir ly.
Chi s6 phdn logi: 2.10, 4.1

Study on several technical solutions for the preservation
of Trung Khanh chestnuts in Cao Bang

Thi Bich Thao Ma', Ha Tran?, Phuong Nguyen?, Phan Manh Trinh?,
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Abstract:

This study aimed to determine technical parameters for the processing and preservation of Trung Khanh
chestnuts (Cao Bang, Vietnam) in order to extend storage life and maintain product quality. In-shell chestnuts
were treated with a solution containing 0.2% NaCl and 0.2% citric acid for 30 minutes, then dried at 60°C for
4.5 hours to reduce the moisture content to approximately 40%. The products were vacuum-packed using
polyethylene (PE), polypropylene (PP), and polyamide (PA) films, and stored under different temperature
conditions (15, 5,0,-10, and -18°C). The results showed that chestnuts vacuum-packed in PA films and stored
at -18°C effectively inhibited microbial activity, limited oxidation, and maintained stable quality, allowing
storage for up to 12 months with quality equivalent to pre-storage chestnuts. These findings enable to
propose appropriate preservation techniques for chestnut raw materials during the harvest season under
small- and medium-scale production conditions, contributing to maintaining the quality of chestnuts and
developing sustainable brand development of the Trung Khanh chestnut specialty.

Keywords: chestnuts, microorganisms, preservation, pretreatment.

Classification numbers: 2.10, 4.1
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1. Dt van de

Cay dé Trung Khanh (Castanea mollissima) thudc
ho Dé (Fagaceae), c6 ngudn goc tir khu viec Péng A va
hién nay dwoc trong tai nhiéu quéc gia nhw Trung Quéc,
Nhit Ban, Han Quoc, Thé Nhi Ky va mét s6 nwéc ving
Pia Trung Hai [1]. O’ Viét Nam, cdy dé dwoc giy trong
tp trung chu yéu tai Trung Khanh, noi c6 diéu kién khi
hAu, thd nhwéng thich hop dé phat trién. Qua thoi gian,
ciy dé di trd thanh dic san noi tiéng, khong chi mang lai
gia tri kinh t€ cao ma con gép phan quan trong trong x6a
déi gidm nghéo va phat trién ndng nghiép bén virng cho
ddong bao vung nui phia Bic. Toan huyén Trung Khanh
hién c6 dién tich trong dé trén 240 ha, tip trung nhiéu &
cac xa Trung Khanh, Pam Thiy, Pinh Phong [2].

Vé thanh phan héa hoc, hat dé Trung Khanh c6 ham
lwgng nwée chiém khodng 40-64% trong lwong twoi,
tinh bot chiém 35-50% chit kho tuy giong va diéu kién
sinh trwéng. Ngoai ra hat dé con chira protein, lipid, cac
loai dwong (sucrose, glucose, fructose), chit xo, vitamin
C, vitamin nhém B va khoang chit thiét yéu nhw Kkali,
magié, sat [3-5]. Nho vay, hat dé khong chi 1a thwe phdm
gidu nang lwong ma con 1a ngudn nguyén liéu tiém nang
cho ché bién sadn phdm gid tri nhu: bot hat dé, banh
keo, d6 hop va thwc phdm chirc ning. Tuy nhién, chinh
dic diém c6 ham lwgng nwéc cao va giau carbohydrate
khién hat dé rat dé bi hw héng do vi sinh vat, nAm méc
hodc con trung sau thu hoach néu khéng dwoc xit 1y va

bao quan dung cach [6].

Trén thuc té, cadc phwong phap bao quan truyén théng
& dia phwong nhw vui trong cat &m, bdo quan trong bao
tai hodc dé noi thodng mat thwong khéng kiém soat dwoc
nhiét do, do 4m, dan dén ty 1é héng cao, gay hao hut 16n
va chit lwong khong 6n dinh. Mot sd co sé stt dung hda
chat d€ bao quan hat dé, c6 thé anh hwdng téi niém tin
va strc khde nguwoi tiéu dung. Viéc thiéu rng dung céng
nghé hién dai nhw bdo quan lanh cling nhw quy trinh x

ly trwdrc bao quan la nhitng han ché chinh.
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Trong béi canh nhu ciu tiéu dung hién nay ngay cang
dé cao yéu t6 an toan thwc phdm, khdng hoéa chit bao
quan, déng thoi yéu cau kéo dai thoi han st dung dé
phuc vu tiéu thu trong nuwéc va xuit khau, viéc nghién
ctru va rng dung cac cong nghé bao quan hién dai cho
hat dé Trung Khanh la hét strc can thiét. Muc dich nghién
ctu la xac dinh cac théng so6 ky thuat nhw: ham lwong
chit xtt ly, thoi gian, nhiét dd va dé 4m cuia hat dé truéce
bdo quan, cling nhw xac dinh dwoc bao bi, nhiét d6 va
thoi gian bdo quan hat dé ddm bao chat lwong cta hat dé
sau bdo quan. Két qua s& gop phan dé xuit cac gidi phap
Ky thuét pht hop véi didu kién san xuit nho va vira, 6n
dinh chit lwong hat dé va phat trién thwong hiéu dic san

dé Trung Khanh theo hwéng bén virng.
2. Déi tuong va phuong phap nghién ciiu

2.1. Bé6i tweg'ng

DPoi twong nghién cru 1a hat dé twoi c6 ngudn goc
Trung Khanh thu hoach thang 9-11/2023. Thoi gian sau
thu hoach dén khi b4do quan khdng qua 7 ngay.

2.2. Ngi dung nghién ctvu

Xac dinh 4anh hwdng cia chat xi Iy cho hat dé trudc
bao quan.

Xac dinh anh hwdng cia ham 4m dén bao quan hat
dé.

Xac dinh anh hwdng clia bao bi va nhiét do dén bao
quan hat dé.

Xac dinh 4nh hwdng caa thoi gian dén bao quan hat
dé.

2.3. Phwong phdp nghién ciru

Phwong phdp ddnh gid cdm quan: Panh gia chi tiéu
cam quan cua hat dé dwa theo TCVN 3215:1979, diéu
chinh tiéu chi cho phti hop v&i hat dé. Lap héi dong cam

quan 9 thanh vién. Cho diém hat dé theo bang 1.
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Bang 1. Tiéu chi danh gia cam quan hat dé

Hé so

Chitiéu PDiém quan trong Miéu ta
s V64 nau sang anh vang, nhan
mau trang phét vang
4 V4 mau nau, nhan mau vang
Miusic 3 10 Vf’) méuAl nau sdm, nhan mau
vang sam
5 V6 mau niu den, nhan cé vét
nau, bi den dau
1 V6 mau den, nhadn mau niu
. Mui rit thom dic trung, dé
chiu
4 Mui dac trung
Mui 3 1,0 Mui it dic trung
2 Mui la, 6i thiu nhe
1 Oi thiu, chua
5 Ngot bui dac trwng, tw nhién,
ngon
4 Ngot bui, kha tw nhién
vi 3 10 Vi ngot nhe, c6 chit kém
2 ft ngot, c6 vi hoi la
1 Chua, vi la, khé an
5 V6 sang bong, cang mong, con
10ng to' & niim,
4 V6 sang, cang mong, nhan hat
chic
Hinhthii 3 10 V(),séng, khong cang, nhan hat
chac
5 V4 c6 vét san, nin mém, nhan
hat mém
1 Vo teo top, nhan hat x8p

Diém t6i da cho méi chi tiéu la 5 diém, didm t6i da cho ca san phdm la
20 diém.

Phwong phdp xdc dinh téng s6 ndm men, ndm méc:
Téng s6 nAm men, nAm méc (CFU/g) dwoc xac dinh theo
IS0 21527-1,2: 2008. Téng s6 vi khudn hiéu khi (CFU/g)
dwoc xac dinh theo 1SO 4833-1:2013.

Phwong phdp lwa chon chdt xit Iy cho hat dé trwérc
bdo qudn: Hat dé dwoc ngdm trong dung dich: Javel 500
ppm (CT1); 0,2% NaCl + 0,1% Na,CO3 (CT2); 0,2% NaCl
+ 0,1% CeHgO, (axit citric) (CT3); 0,2% NaCl + 0,1%
C,H¢03 (axit salicylic) (CT4); mau ddi chirng (PC) khong
xt ly. Thoi gian ngdm 3 phut cdc mau dem sdy kho &
37°C trong 20 phut, sau d6 xac dinh tong s6 nim men,
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nim moc va danh gia diém mau sic lwa chon chat xi Iy
thich hop.

Phwong phdp xdc dinh ham lwong chdt xiv Iy cho hat
dé trwdc bdo qudn: Tlr cong thirc thich hop Iwa chon,
hat dé dwoc ngdm trong dung dich: 0,2% NaCl + 0,1%
C¢HgO, (CM1); 0,2% NaCl + 0,15% C¢HgO, (CM2); 0,2%
NaCl + 0,20% C¢HgO, (CM3); 0,2% NaCl + 0,25% C¢HgO-
(CM4); 0,2% NaCl + 0,30% CgHgO-, (CM5). Thoi gian
ngam 3 pht cAic mau dem sdy kho & 37°C trong 20 phut,
sau d6 xac dinh téng s6 ndm men, nAm méc lwa chon
ham lwong chat xir Iy thich hop.

Phwong phdp xdc dinh thoi gian xtr Iy cho hat dé truéc
bdo qudn: Tl cdng thirc xac dinh ham lwong chat xtr ly,
cac miu hat dé dwoc ngam theo cdng thirc da xac dinh.
Thoi gian khao sat: 5, 10, 15, 20, 25 va 30 phtt. Sau thoi
gian ngdm cac mau dem sdy khé & 37°C trong 20 phut,
sau d6 xac dinh téng s6 nim men, nim méc lwa chon
thoi gian ngdm xi 1y thich hop.

Phwong phdp xdc dinh ham @m hat dé thich hop cho
bdo qudn: Hat dé sau ngdm xit 1y tién hanh siy & nhiét
d6 60°C. Thoi gian sdy khao sat: 3; 3,5; 4; 4,5; 5; 5,5va 6
gir (mAau dd6i chirng khong qua sdy). Sau khi sy cac mau
dwgc dong trong tui PE bdo quan lanh & 4°C, thoi gian
30 ngay. Sau d6 cac mAu dugc xac dinh hAm 4m va danh
gia cdm quan, lwra chon ham 4m thich hop cho bao quan.

Phwong phdp xdc dinh bao bi va nhiét dj bdo qudn hat
dé: Hat dé da dwoc ngdm x ly va xac dinh ham 4m thich
hop, cdc mau déng trong 03 loai bao bi: Polyethylene
(PE), Polypropylene (PP) va Polyamide (PA), cAc mau
dwoc hat chan khong, mdi loai bao bi 5 tui, (250 g/tui),
cac mau dwoc bdo quan & cac nhiét do khac nhau: 15; 5;
0; -10 va -18°C, sau 30 ngay cic mau dwoc xac dinh téng
vi sinh vat hiéu khi va danh gia cdm quan lwa chon bao bi
va nhiét d6 bao quan thich hop.

Phwong phdp xdc dinh thoi gian bdo qudn hat dé: Hat
dé twoi nguyén vé dwoc ngadm xtr ly theo két qua da xac
dinh. CAc mau déng trong bao bi PE, PP va PA, hit chan
khong, mdi loai bao bi 12 ti (1 kg/tii). Cac mAu dwa vao
bao quan & -18°C. Panh gia chit lwgng hat dé bang cam
quan trong 12 thang, mdi thang 1 1an.

Phwong phdp xi¥ ly sé liéu: S6 liéu dwgc phan tich
bing chwong trinh théng ké Excel 2007 va phin mém
IRRISTAT 5.0. Kiém dinh Tukey dwoc st dung trong
phén tich ANOVA 1 yéu t6 véi mire y nghia a=5%.
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3. Két qua va ban luan

3.1. Nghién civu xdc dinh ham lwong chdt xi ly va
thoi gian xir Iy hat dé twoi

Xdc dinh chdt xir Iy cho hat dé trwéc bdo qudn: Két
qua xac dinh anh hwdéng cia dung dich ngdm t&i tong so6
ndm men, nAm md&c va mau sic hat dé dwogc trinh bay &
bang 2.

Bang 2. Anh hwéng cta dung dich ngam t&i tdng sé ndm men,
nam méc va mau séac hat deé.

Tén Téng s6 nAim  Piém
mi Dung dich ngdim  men, nim mau  Nhan xét
u 2 4
mdc (CFU/g) sac
. Mau nau
bC Khéng 6,91+0,252 4,29 N
tw nhién
Mau nau
CT1 Javel 500 ppm 5,66+0,17° 4,88 ,
sang, dep
0,2% NaCl + 0,19 Mau né
CT2 HNaCl+0.1% ) oo 0,12 373 oo
Na,CO; hoi sam
0,2% NaCl + 0,1% Mau nau
CT3 CeHgO7 (axit 3,86+0,08¢ 4,67 sang ty
citric) nhién
0,2% NaCl + 0,1% S
. ) Mau nau
CT4 C,He05 (axit 4,84+0,15¢ 3,94 o
hoi sam

salicylic)

Diém mau sac theo thang 5 diém TCVN 3215:1979. Gia tri duoc biéu
thi trong bang la trung binh (CFU/g) + d06 léch chuan. Céf: chi» cai khac
nhau biéu thj sy khac biét dang ké (p<0,05) gitra cac mau.

Két qua bang 2 cho thiy, cic cong thirc x ly déu
cho két qua diét nAm men, nAim mdc t6t hon mau déi
chitng, & CT1 nwéc Javel (500 ppm) it hiéu lwc véi tong
s6 nAim men, nAm mdc chi yéu 1a ndm mdc, mic du cho
thdy hiéu qua chdng bién mau t6t hon cac miu khéc, tuy
nhién do thoi gian ngin nén lwong vi sinh vat (dic biét
la ndm moc) an siu vao bén trong 16p vo chwa thé bi
loai bd. Mot nhan xét nira la cac loai axit c6 kha nang
ngam vao trong vo hat dé t6t hon dich Clo nén hiéu qua
diét méc kha hon. Gitra cac loai axit, thi axit citric c6 kha
nang diét mdc t6t nhit, hon nita axit citric chdng bién
mau ciing rit tét, vi vay dé tai chon céng thirc CT3: ngadm
hat dé trong dung dich hén hop gom 0,2% mudi va 0,1%
axit citric.

Xac dinh ham lwong chat xtr 1y cho hat dé trwéc bdo
qudn: Két qua xac dinh &nh hwdng ctia ndng do axit citric
téi tdng s6 ndm men, ndm mdc cta hat dé dwoc trinh bay
& bang 3.
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Bang 3. Anh hwéng cia ham lwong axit citric t&i tbng sé6 ndm
men, ndm méc cha hat dé.

Tén Axit citric NaCl Téng s6 nAm men, nAim mdc
maiu (%) (%) (CFU/g)

CM1 0,10 0,20 3,870,072

CM2 0,15 0,20 2,74+0,14°

CM3 0,20 0,20 2,37+0,15°

CM4 0,25 0,20 2,32+0,22°

CM5 0,30 0,20 2,27+0,06°

Gia tri dwoc b,iéu thj trong bang la trung,binh (CFU/g) £SD. Cé~c chir cai
khac nhau biéu thj sy khac biét dang ke (p<0,05) gitra cac mau.

K&t qua bang 3 cho thiy, ham lwong dich ngdm thich
hop nhatla 0,20% axit citric va 0,20% mudi dn, virot qua
nong dé dé khong cé tac dung ting thém dang ké. biéu
nay co6 thé la dung dich ngdm chi méi tac dong & bén
ngoai vo, phan vi sinh vit (dic biét 1a ndm mdoc) da an
sau vao lép vé van con ton tai tét. Mudn tiéu diét dwoc
ching phai tang thoi gian xt Iy (ngdm) dé€ chit xi ly ¢
thé ngdm sau vao hon nita.

Xdc dinh thoi gian xit Iy cho hat dé trwdc bdo qudn:
Ké&t qua xac dinh anh hwdng cha thoi gian x ly toi
tong s6 nAm men, nim mdc cda hat dé dwoc trinh bay
& bang 4.

Bang 4. Anh hwéng clia thei gian xtr ly t&i tbng s ndm men, nam
méc cua hat dé.

Tén Thoigianxirly  Téng s6 nAm men, nAm méc
mau (phut) (CFU/g)

TG1 5 2,32+0,172

TG2 10 2,12+0,222

TG3 15 1,90+0,072

TG4 20 1,64+0,13°

TG5 25 1,28+0,15°

TG6 30 0

Gia trj dwoc biéu thj trong bang la trung binh (CFU/g) +SD. Cac chir cai
khac nhau biéu thj sy khac biét dang ké& (p<0,05) gitra cac mau.

V&i két qua thi nghiém thu dwoc, muc tiéu loai bo cac
vi sinh vat chl yéu nim men, ndm mdc cho hat dé truéc
bao quan, chiing tdi chon mau TG6, thoi gian ngdm (x
1y) 1a 30 phit.

Tt nghién cru trén, ching tbi rut ra mot két luin
chung 1 dé han ché sy 6 nhiém vi sinh vat bé mat hat dé
trwdrc khi bdo quan can ngadm hat dé trong dung dich axit
citric 0,2% + mudi dn 0,2% trong thoi gian 30 phit, sau
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d6 sdy kho 20 phut & 37°C. Phwong phap nay vira hiéu
qua vira khong gay hai cho sttc khée nguwoi tiéu dung,
bdo dam vé sinh an toan thwc pham.

Xdc dinh ham dm thich hop bdo qudn hat dé: Két qua
xac dinh anh hwdng cla thoi gian siy téi ham dm va chi
tiéu cAm quan cta hat dé dwoc thé hién & bang 5.

Bang 5 Anh hwéng cua thoi gian say t&i ham am va chi tiéu cam
quan cua hat dé.

Tén Theoi giansdy Ham am o

miu ) %) biém cam quan
bC 0 55,00+0,85° 15,47+0,06¢

S1 3,0 45,80+0,23" 18,00+0,20°

S2 3,5 43,60+0,63¢ 18,75+0,15¢

S3 4,0 42,60+0,02° 19,82+0,08°

S4 4,5 40,250,404 19,78+0,09°

S5 5,0 39,90+0,78¢ 19,25+0,05°

Sé6 55 37,30+0,25¢ 18,13+0,15¢

S7 6,0 35,20+0,30f 16,00+0,10¢

C4c gia tri trinh bay dwdi dang trung binh +SD. Cac chiv cai khac nhau
biéu thi sw khac biét dang ké (p<0,05) gitra cac mau.

Ham lwgng nwéce 1a yéu t6 ¢ dnh hudng truc tiép
dén chit lwong va kha nang bao quan cta hat dé. Ham
lwgng nwée qua cao tao diéu kién cho cac phan ng sinh
héa sau thu hoach tiép tuc dién ra, dong thoi lam ting
nguy co phat trién cda vi sinh vat, dic biét la nAim mdc,
dan dén gidm chit lwgng sdn phdm trong qua trinh bao
quan. Ngwoc lai, khi ham lwgng nwéc qua thap, hat dé bi
mit nwéc manh, lam két ciu tré nén cirng, gidm do bd

va hwong vi dac trung, ttr d6 lam gidm gia tri cAm quan.

Két qua danh gia cAm quan sau 01 thiang bao quan &
4°C cho thdy tit cd cAc mau sau xi ly déu dat yéu cau.
Trong d6, mau S3 (ham 4m 42,60%) dat diém cam quan
cao nhit (19,82 diém), tiép theo 1a mau S4 (40,25%) v&i
19,78 diém. Mic du diém cam quan cia S3 cao hon S4,
nhuwng mirc chénh 1éch rit nhé (0,04 diém), trong khi
ham lwong nuéc clia S3 van con twong ddi cao. Diéu
nay tiém 4n nguy co xay ra cac bién doi sinh héa va vi
sinh vit néu kéo dai thoi gian bado quan. Trong khi do,
mau S4 van duy tri chit lwogng cdm quan rat t6t, dong
thoi ¢6 ham lwgng &m thap hon, gép phan nang cao do
On dinh cta san phidm trong bdo quan lanh. Déi véi cac
mAu S1va S2 ¢6 ham lwgng 4m cao (45,80% va 43,60%),
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diém cam quan gidm, mau sic nhan hat ¢6 xu huéng sim
hon. Nguoc lai, cdc miu S6 va S7 c6 ham lwong 4m thap
(37,30% va 35,20%) xuat hién hién twgng hat cing,
giam trang thai tw nhién va lam giam ro rét gia tri cam
quan.

Tir cAc két qua trén c6 thé thiy, ham lwgng 4m khodng
40% la phu hop dé bdo quan lanh hat dé trong diéu kién
nghién ctru. M3c du miu S3 dat diém cdm quan cao
nhit, nhung miu S4 c6 chit lwong cdm quan gan twong
dwong, déng thoi dat ham lwong 4m khoang 40%, gitp
can bang gitra viéc duy tri ch4t lwong cdm quan va nang
cao kha ning bao quan. Vi vy, ché do sdy & 60°C trong
4,5 gitr (ham lwong 4m khodng 40%) dwoc lwa chon la

diéu kién thich hop cho cac nghién ctru tiép theo.

3.2. Nghién ctru xdc dinh bao bi va nhiét dé bdo
quadn hat dé

Két qua xac dinh anh hwdéng ctia bao bi va nhiét dé t&i
téng so vi sinh vat hiéu khi va chi tiéu cdm quan cda hat
dé sau 30 ngay bao quan dwoc thé hién & bang 6.

Bang 6. Anh hwéng cua bao bi va nhiét dé t&i tong sé vi sinh vat
hiéu khi va chi tiéu cam quan cta hat dé sau 30 ngay bao quan.

Miu Nhiét d6 Tong s6 vi khudn hiéukhi Diém cam
(°C0) (CFU/g) quan

PE1 15 248+42 13,44+0,39¢
PE2 5 104+3¢ 14,79+0,33¢
PE3 0 29+2f 15,21+0,07¢
PE4 -10 0 15,93+0,08¢
PE5 -18 0 16,43+0,17°
PP1 15 133+3° 14,87+0,38¢
PP2 5 50+2¢ 15,64+0,20°¢
PP3 0 11+28 16,44+0,90°
PP4 -10 0 17,17+0,80°
PP5 -18 0 16,83+0,33"
PA1 15 73424 17,52+0,61°
PA2 5 2142f 18,54+0,43°
PA3 0 0 18,78+0,39°
PA4 -10 0 19,17+0,2072
PAS -18 0 19,35+0,90?

Cac gia tri trinh bay dwéi dang trung binh £+SD. Cac chir cai khac nhau
biéu thi sy khac biét dang ké (p<0,05) gitva cac mau.
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Két qua bang 6 cho thiy, nhiét d6 bado quan va loai
bao bi déu anh hwdng ro rét dén s6 lwong vi sinh vat
va chit lwong cdm quan ctia hat dé. Khi nhiét d6 giam,
vi sinh vat bi trc ch€ manh va gin nhw khong phat trién
& nhiét do am, tuy nhién khong bi tiéu diét hoan toan.
Trong dd, bao bi PA (hut chan khong) c6 kha nang cach
ly oxy va 4m t6t nhit, nho vay han ché dwoc ca vi sinh
vat, enzym va phan &ng oxy hoa, giip hat dé gitr dwoc
mau sdc, mui vi va két cdu 6n dinh. Ngwoc lai, bao bi PE
va PP kém kin khi, dac biét PE kém hon PP, nén vi sinh
vat van ton tai va chit lwong cdm quan gidm ro rét,
nhit 1a & nhiét do 15°C. Nhin chung, diém cadm quan
dwdi 14 diém 1a chwa dat, tir 16 diém tré 1én dwoc xem
12 t6t va tong s6 vi khudn hi€u khi thdp nhat. CAc miu
dwoc lya chon: bao bi PE dugc 1 mau (PE5), bao bi PP
dwoc 2 mau (PP4 va PP5), bao bi PA dugc 3 mau (PA3,
PA4 va PAS). Phwong phap bao quan hiéu qua nhatla &
nhiét d6 -18°C cho ca 3 loai bao bi PE, PP va PA vira han
ché vi sinh vat vira duy tri chit lwong cdm quan cao,
tuy nhién thi nghiém méi chi ding cho 30 ngay bao
quan, dé lwa chon bao bi thich hgp cin theo doi thém
thoi gian bao quan.

3.3. Nghién civru anh hwdng ciia thoi gian bao
qudn t&i chdt wo'ng cam quan hat dé

Két qua xac dinh anh hwéng ctia bao bi va thoi gian
bao quan & nhiét d6 -18°C t&i chit lwong cdm quan hat

dé dwoc trinh bay & bang 7.
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Két qua bang 7 cho thiy, thoi gian khong anh hwdng
dén chat lwong cdm quan hat dé dong trong bao bi PA
(mAu PA12T) hat chan khong bao quan & -18°C sau
khi hat dé da dwoc xt ly. San phadm c6 thé dé dwoc 12
thang ma gan nhw khong c6 sw bién ddi nao vé mau sic,
mui vi, két cAu. Hat dé dong trong tdi PE (mAu PE12T)
chat lwong cé chiéu hwdéng di xudng ro rét, chi c6 thé
gitr dwoc chat lwgng tot trong thang dau tién, sau do vi
bao bi PE dé tham khi va thoAt Am nén mau sic, két ciu
bi xudng cap, kéo theo mui vi bi anh hwdng xau. Bao bi
PP (mAu PP12T) kh4 hon PE nhung do khong bdo dam
d6 kin nén ciing lam cho chit lwgng bi &nh hwdng, chi
c6 thé gilr dwoc chat lwong tot trong 4 thang dau tién.
Chung t6i chon bao bi PA va nhiét do -18°C cho bao
quan hat dé.

3.4. Xdc dinh cdc chi tiéu héa hoc va vi sinh vdt

ctia hat dé sau 12 thang bdo qudn

MAu hat dé PA12T sau bdo quén 12 thang & nhiét do
-18°C dem xac dinh cac chi tiéu héa hoc va vi sinh vat
so sanh v&i mau hat dé nguyén vé trudc bao quan, két

qua dwgc thé hién trén bang 8.

Ké&t qua bang 8 cho thy, cac chi tiéu hda hoc cua
hat dé khéng c6 sw thay ddi trong qué trinh bao quan.
V@ chi tiéu vi sinh vat ngoai trir chi tiéu téng vi khuin
hiéu khi ctia mau hat dé sau bdo quan c6 ting (2,6x103
CFU/g) so v&i mau trwdce bao quan, tuy nhién chi tiéu

nay van dat gi¢i han cho phép.

Bang 7. Anh hwéng cla bao bi va th&i gian bao quan t&i chat lwong cam quan hat dé.

DPiém cam quan theo th&i gian bao quan (thang)

Tén mau

1 2 4 6 8 10 12
PE12T 16,44+1,09° 15,80+0,192 14,92+0,97° 14,07+1,54° 13,26+1,21° 12,54+0,51° 11,88+1,35°
PP12T 17,32+1,912 16,87+1,892 16,25+1,15° 15,64+0,34° 15,07+1,95° 14,53+2,45 13,91+0,13°
PA12T 19,47+1,01° 19,28+0,052 19,31+1,76% 19,33+1,04° 19,27+1,09° 19,28+0,73 19,28+1,102

Cac gia tri trinh bay dwéi dang trung binh +SD. Trong cling mét hang, cac cdng thirc cé cling chir mii khéng khac biét théng ké coé y nghia.
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Bang 8. So sanh cac chi tiéu héa hoc va vi sinh vat cua hat dé nguyén vé trwéc bao quan véi hat dé nguyén vé sau bao quan 12 thang
& nhiét do -18°C.

Két qua

TT Chi tiéu Pon vi tinh
Hat dé nguyén vé trwéc bao quan  Hat dé nguyén vé sau bdo qudn

Thanh phdn héa hoc so véi phan dn dwoc

1 Ham lwong protein (tinh theo % chitkhd) % 4,11 4,08
2 Ham lwong lipit (tinh theo % chat kho) % 2,52 2,48
3 Ham lwong gluxit (tinh theo % chit khd) % 49,05 48,97
4 Ham 4m % 40,25 40,36

Chi tiéu vi sinh vat

1 Téng vi khuin hiéu khi CFU/g KPH 2,6x103
2 E. coli CFU/g KPH KPH
3 Coliforms CFU/g KPH KPH
4 C. perfringens CFU/g KPH KPH
5 Téng s6 nim men, nim mac CFU/g KPH KPH
6 B. cereus CFU/g KPH KPH
7 S. aureus CFU/g KPH KPH
8 Faecal streptococci CFU/g KPH KPH

Ham lwgrng doc té

1 Aflatoxin B1 ug/kg KPH KPH

Ham lwo'ng kim loai ndng

1 As mg/kg KPH KPH
2 Pb mg/kg KPH KPH
3 Cd mg/kg KPH KPH
4 Hg mg/kg KPH KPH

KPH: Khéng phat hién.

Chit lwong hat dé nguyén vé sau bao quan twong 4 Kétluan
dwong véi hat dé nguyén vé trudc bao quan cho thiy Nghién ciru da xac dinh cac thong s6 ky thuat
voi cac gidi phap ky thuat bao quan hat dé Tring  gu4 trinh xt ly hat dé truéc bao quan hat dé Trung
Khanh hoan toan c6 thé bdo quan dwoc hat dé 12 Khanh. D& rc ché vi sinh vat, hat dé dwoc ngdm trong
thdng ma van gitr nguyén chat lwong ddm bao theo  dung dich gbm 0,2% mudi va 0,2% axit citric trong
Quy chuin Viét Nam: QCVN 4-13:2010/BYT [7] va 30 phut, sau d6 siy & 60°C trong 4,5 gi¢. Ham 4m hat
QCVN 8-2:2011/BYT [8]. dé 40-41%.
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Sau khi xi¥ ly, hat dé dwoc dong tui PA (1 kg/tui) va
hut chan khong, bdo quan & nhiét do -18°C. Vi diéu
kién nay, hat dé nguyén vo c6 thé bio quan dwgc 12
thang ma van gittr dwgc chit lwong twong dwong hat
twoi, khong bi hw hédng va ddm bdo an toan vé sinh

thyc phdm.
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Anh hudng ciia bt qua xoai (Mangifera indica L.) dén tinh chit vt I,
hoat tinh chong oxy hoa va gia tri cm quan cia banh mi

Tran Tiéu Yén", Giap Pham Ngoc Tram, Huynh Thi H6ng Nhung
Trwdng Pai hoc Sw pham Ky thudt Vinh Long, 73 Nguyén Hué, phwong Long Chau, tinh Vinh Long, Viét Nam
Ngay nhan bai 25/7/2025; ngay chuyén phan bién 28/7/2025; ngay nhin phéan bién 20/8/2025; ngay chip nhin ding 28/8/2025

Tém tat:

Nghién ciru ndy nhim xac dinh ty 1& b6 sung bot qua xoai tdi wu dé cai thién chat lwong banh mi. Bot qua
xo0ai dworc bd sung vao cong thirc phdi tron banh mi & cac ty 1é khac nhau (0, 5, 10, 15 va 20%) dé danh gia
sw thay d6i vé dic tinh ly-héa va cam quan. Nghién ctiru khao sat cac chi tiéu: ty 1é tang thé tich, do clieng vo
banh, ham lwong polyphenol, flavonoid, kha nang khir géc tw do (DPPH) va danh gia cam quan. Két qua cho
thdy, Khi bé sung 10% bét qua xoai, baAnh mi dat chit lwgng tot nhit véi ty 1€ ting thé tich 5,55 lan, dd cirng
v6 banh 0,56 N, ham lwg'ng polyphenol 0,42 mg Gallic Acid Equivalent (GAE)/g, flavonoid 0,16 mg Quercetin
Equivalent (QE)/g va kha niang DPPH dat 15,25%. Vé cam quan, san phim dwoc danh gia cao véi diém mau
sac 8,37; mui 8,13; vi 8,63; cdu triic 7,97 va mirc do wa thich chung 1a 8,53 diém. Nhw vay, viéc b6 sung 10%
bot qua xoai giup ning cao gia tri dinh dwé'ng va cam quan ctia banh mi, gép phan phat trién san phim méi
tir ngudn nguyén liéu tw nhién, giau chit chéng oxy héa va cé loi cho strc khée ngwori tiéu dung.

Tir khéa: banh mi, bt qua xoai, chéng oxy héa, flavonoid, polyphenol.

Chi sé phdn logi: 2.10, 4.7

Effect of mango fruit powder (Mangifera indica L.) supplementation level on

physical properties, antioxidant activity, and sensory characteristics of bread

Tieu Yen Tran’, Pham Ngoc Tram Giap, Thi Hong Nhung Huynh
Vinh Long University of Technology Education, 73 Nguyen Hue Street, Long Chau Ward, Vinh Long Province, Vietham
Received 25 July 2025; revised 20 August 2025; accepted 28 August 2025

Abstract:

This study aimed to determine the optimal supplementation level of mango fruit powder to improve bread
quality. Mango fruit powder was incorporated into the bread dough formulation at different substitution
levels (0, 5, 10, 15, 20%) to evaluate changes in physicochemical and sensory properties. The evaluated
parameters included volume expansion ratio, crust hardness, polyphenol content, flavonoid content, DPPH
free radical scavenging activity, and sensory evaluation. The results indicated that bread supplemented
with 10% mango fruit powder exhibited the best quality, with a volume expansion ratio of 5.55, crust
hardness of 0.56 N, polyphenol content of 0.42 mg GAE/g, flavonoid content of 0.16 mg QE/g, and DPPH
scavenging activity of 15.25%. Sensory evaluation showed high scores for colour (8.37), aroma (8.13), taste
(8.63), texture (7.97), and overall acceptability (8.53). Therefore, supplementation with 10% mango fruit
powder improved both the nutritional and sensory quality of bread, contributing to the development of new
products derived from natural, antioxidant raw materials with potential health benefits for consumers.

Keywords: antioxidant activity, bread, flavonoids, mango fruit powder, polyphenols.

Classification numbers: 2.10, 4.7
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1. Dt van de

Xoai Cat Hoa Loc 1a loai qua nhiét d&i c6 ngudn goc
tlr xa Hoa Loc, huyén Cai Be, tinh Tién Giang (truwéc sap
nhip). Qua xoai dwoc trong véi s6 lwgng 16m va tiéu thu
rong rai do c6 mui vi thom ngon, dac trwng, mong nwéc
va gidu dinh dwdng. Trong dd, thit qua xoai chira nhiéu
carbohydrate [1], lipid, acid béo, protein, amino acid va
acid hitu co [2]. Ngoai ra, qua xoai con cé cac vi chat dinh
dudng nhu vitamin A, B, B,, B,, C, E, biotin, pantotenic
acid, niacin, folacin; khoang chit nhw sat, phospho, kali,
natri, d6ng, magie; va cac hgp chit dinh dwdng nhw hop
chit polyphenol, flavonoid, chit diép luc, carotenoid va
cac hop chat dé bay hoi [2].

Viéc b6 sung qua xoai vao san phdm banh nhw banh
mi, banh quy... s& gép phan tin dung ngudn nguyén liéu
dbi dao, cling nhw nang cao gia tri kinh té cia qua xoai.
Bén canh d6, sdn phdm banh mi 12 loai thwc phdm dwoc
stt dung pho bién, gép phan da dang héa bira an hang
ngay. Trong s0 cac dong banh mi, banh mi brioche la mot
dai dién tiéu biéu cia nhém banh mi giau dinh dwdng,
banh mi dwoc 1am gidu bang cac nguyén liéu nhw trirng,
bo, sita va dwdng. BAnh mi brioche c6 két ciu mém, min,
toi x8p nhw bong, vé thwong vang éng, rudt banh lai Am
va béo. Banh mi c6 nhiéu loai khac nhau nhwng c6 mot
diém chung 14 cic sdn phdm nay da phin chi st dung bot
mi. Do d6, viéc b6 sung mdt s6 thanh phan nguyén liéu
khac sé gép phén lam ting sw phong pht cho sdn phdm
banh mi, hon nita bot qua xoai lai ¢6 rit nhiéu tinh chit
6 loi cho strc khéde ciia nguwoi tiéu dung [3]. Chinh vi vay,
anh huwdng cda ty 1é bd sung bdt qua xoai (Mangifera
indica L.) dén tinh chat vat ly, hoat tinh chéng oxy hda
va gia tri cdm quan cia banh mi dwoc thyc hién, nham
tao ra san pham c6 gia tri dinh dwdng cao, gép phan da
dang hod san phdm ciing nhw dap rng nhu cau ngay cang
cao ciia nguwoi tiéu dung vé thuc pham tién loi va tét cho
strc khée.

2. Vat liéu va phuong phap nghién ciu
2.1. Nguyén vt liéu

Nguyén liéu: Qua xoai Cat Hoa Loc (Cong ty TNHH
MTV Thwong mai Sai Gon - Vinh Long), sita twoi khong
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dwong (Co.opmart Vinh Long), trirng ga (Co.opmart Vinh
Long), bot mi s6 13 Bakers’ Choice (ham lwong protein
11,5%-13%, Co.opmart Vinh Long), bo (Co.opmart Vinh
Long), dwong (Co.opmart Vinh Long), mudi (Co.opmart

Vinh Long), men kho Mauripan (Co.opmart Vinh Long).

Thoi diém thu hoach qud xoai: Thu hoach & thoi diém
85-90 ngay sau khi dau trai, °Brix dat 20-21%, ham
lwong chit kho dat 22-28%, ty 1é thit trai 80-82% va ty
trong trai 1,02, I4c ndy qua xoai Cat Hoa Loc sé cé chat

lwgng tot nhit [4].

Quy trinh ché bién bét qud xoai: Qua xoai dwoc riva Ky
trong nwéc sach, got bé vé va phan hat, ti€n hanh cit thit
qua xoai thanh miéng mong déu nhau (0,5 cm). Thit qua
x0ai siy khd bang may sdy ddi lwu thwe phdm 16 khay &
nhiét d6 70°C trong 10 gi¢. Thit qua xoai sau khi sdy kho
dwgc nghién min bang may xay kho da ning Yamafuji
(DE-300) trong 5 phut va riy & sang s6 72 (c& 0,26 mm)

dé thu duwgc bot qua xoai.
2.2, Phwong phdp nghién ctru

NoOi dung nghién cru: Khao sat anh hwéng cua ty
1& b6 sung bdt qua xodi (Mangifera indica L.) dén chit

lwong banh mi

Bo tri thi nghiém: Thi nghiém dworc thwe hién véi mot

nhén t6 va ba lan 13p lai.
Nhan td A: Ty 1& b6 sung bot qua xoai.
A,: Ddi chirng (khong c6 bot qua x0ai)=100% bot mi.
A =5:95 (%w/w) bot qua xoai:bot mi.
A,=10:90 (%w/w) bot qua xoai:bot mi.
A,=15:85 (%w/w) bot qua xoai:bot mi.
A,=20:80 (%w/w) bot qua xoai:bot mi.
T6ng s6 nghiém thirc: 5x1=5 (nghiém thirc).
Téng don vi thi nghiém: 5x3=15 (don vi thi nghiém).

Coéng thirc ché bién banh mi dwoc thé hién & bang 1.
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Bang 1. Cong thirc ché bién banh mi.

Thanh phin Cong thirc phdi tron cho 100 g bot nhao
(2) A, A, A, A, A,
Bot mi 50,48 4796 4543 4291 40,38
Bot qua xoai 0,00 2,52 5,05 7,57 10,10
Bo 4,04 4,04 4,04 4,04 4,04
Trirng 4,04 4,04 4,04 4,04 4,04
Stra twoi 12,63 12,63 12,63 12,63 12,63
khong duong

Puong 9,59 9,59 9,59 9,59 9,59
Nwéc 17,9 17,9 17,9 17,9 17,9
Mudi 0,71 0,71 0,71 0,71 0,71
Men 0,61 0,61 0,61 0,61 0,61

Mo ta thi nghiém: Can b6t qua xoai va bot mi theo ty
1€ (0:100 (%w/w); 5:95 (%w/w); 10:90 (%ow/w); 15:85
(%w/w); 20:80 (%w/w)), 9,59 g duwdng, 0,71 g mudi va
0,61 g men tién hanh trén kho. Sau dé, bd sung 4,04 g
tritng, 12,63 g sira twoi khong dwong va 17,92 g nwéce
vao hon hop, tién hanh nhao bot va bd sung bo, nhao bot
dén khi tao mang mong (d6 4m khdi bot nhao dat 45%),
tiép theo 1én men lan 1 (thoi gian 16n men: 20 phit, nhiét
do6: 32-34°C), tao hinh (khdi lwgng mdi banh dat: 27 g),
1én men lan 2 (thoi gian 1én men: 150 phiat, nhiét d6: 32-
34°C) va nwéng banh & nhiét do 180°C trong 20 phut.
Tién hanh phan tich cic chi tiéu: ty 1& ting thé tich (l4n),
do cirng cua vé banh (N), ham lwgng polyphenol (mg
GAE/g) va flavonoid (mg QE/g), kha nang DPPH (%) va

danh gia cdm quan.
Phwong phdp phdn tich:

- Ham lwgng 4m (%): Ham lwgng 4m dwoc xac dinh

theo phwong phap siy dén khéi lwgng khong ddi [5].

- Ty 1é tang thé tich (I4n): Phwong phap do thé tich
(cm?®) va tinh toan ty 1€ ting thé tich ciia banh mi (I4n)

[6].

+ Banh mi dwoc xem nhw 1a mot nira hinh ellipsoid c6
ba kich thwérc khac nhau.

+ Cong thikc tinh thé tich ellipsoid: V= 2xmx(abe).

+ Do banh mi c¢6 ddy dwgc xem nhw hinh tron nén ta

. 2 d
€O: Vbinh= 7 XnX(;)XZXh_
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trong do: d 1a dwong kinh banh (cm); h 14 chiéu cao banh

(cm).

0 o . 2 a\?2
+ Thé tich banh: V= EXTEX(E) xh (cm?).
+ Do thé tich banh ldc tao hinh va sau khi nwéng ta

tinh dwoc do ting thé tich cta banh (Ian):
+T§ 16 tang thé tich= 2 (lan).
1

trong do: V, la thé tich banh ban dau (cm?); V, 1a thé tich

banh sau khi nwéng (cm?).

- P06 cirng ctia vo banh (N): dwoc x4c dinh bang thiét
bi Food Technology TMS-Pro do My san xuit. PO cirng
dwoc do tai vi tri trung tam cda banh, d6 dam xuyén 40
mm, toc d6 di chuyén ctia probe 40 mm/phit, sit dung

dau do c6 tiét dién 1a 5 mm?.

- Ham lwong polyphenols va flavonoid: Pwgc phan
tich theo phwong phap cia R.M. Salleh va cs (2016) [7].

Trich ly polyphenols: Phwong phap tién hanh nhw sau:
0,5 gam mau dwoc tron véi 25 ml dung dich methanol
50% va HCI 1,2 M. Sau khi vortex (mdy lac 6ng nghiém)
xong, hén hop dwoc trich ly trong béng t8i bang water
bath (bé diéu nhiét) & 90°C trong 2 gid. Tiép theo, hon
hop dwoc ly tdm & 3.000 vong/phtt trong 10 phut va
dwoc gitr & 4°C dén khi str dung cho cic bwdc phan tich

ti€p theo.

Xdc dinh ham lwong polyphenol: Phwong phéap tién
hanh nhw sau: 40 pl cta dich trich (trong sau ly tam),
tron véi 1,8 ml thudce thir Folin-Ciocalteu’s phenol (dang
dung dich di dwoc pha lodng 10 14n bang nwdc cit). Sau
5 phit, thém 1,2 ml Na,CO, 20% va tron ky. Dung dich
sau d6 dwoc d€ yén trong bong t6i 60 phut va do d6 hip

thu quang ph6 & bwéc séng 765 nm.

Gallic acid (pha trwéc vé 2,5 mg/ml, dén khi st dung
pha vé 2; 1,5; 1; 0,5 mg/ml) dwoc sir dung dé xay dung
duwong cong chuin (6 6ng nghiém) va két qua dwoc thé
hién nhu mg/g gallic acid cAn bang (mg/g GAE). Pwong
cong chuin dwoc xay dung trong khoang tir 0 dén 5

mg/g.
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Ong nghiém Dung dich acid gallic (mg) Thudc thir Folin Dung dich Na,C0,20%
1 (d6i chirng) 40 dich trich 1,8 ml 1,2 ml
2 (0 mg/ml) 40 nuwéc cat 0 1,8 ml 1,2 ml
3 (0,5 mg/ml) 40 a.gallic 0,5 1,8 ml 1,2 ml
4 (1mg/ml) 40 a.gallic 1 1,8 ml 1,2 ml
5 (1,5 mg/ml) 40 a.gallic 1,5 1,8 ml 1,2 ml
6 (2 mg/ml) 40 a.gallic 2 1,8 ml 1,2 ml
7 (2,5 mg/ml) 40a.gallic 2,5 1,8 ml 1,2 ml

Xdc dinh ham Iwong flavonoid: Phwong phap tién hanh
nhw sau: 0,5 ml dich trich dwoc tron véi 1,5 ml dung dich
ethanol 95%, 0,1 ml AICl, 10%, 0,1 ml CH,COONa 1 M va
2,8 ml nwéc cit. Hon hop nay dwgc 4 & nhiét do phong
khoang 30 phut trong bong t6i. Do hdp thu quang phé
cta dung dich dwoc do & bwéc song 415 nm. Quercetin
dwoc st dung dé xdy dung dwong cong chudn trong
khoang 0-100 pg/ml. Ham lwong flavonoids dwoc tinh

toan theo mg quercetin ciAn bang/gram nguyén liéu kho
(mg QE/g).
Hoat tinh chéng oxy héa gobm kha nang DPPH: Duoc

thuc hién theo phwong phdp cia M. Elmastas va cs
(2007) [8].

Qud trinh trich ly: Qua trinh nay dwoc thwc hién
nhw sau: 10 g mau dwoc nghién nhé va tron véi 100
ml methanol & nhiét d6 phong trong 24 giv véi toc do
150 rpm. Qué trinh nay dwoc thyc hién téi khi dung méi
trich ly tré nén khong mau. Dich trich thu dwoc dwoc loc
qua gidy loc Whatman no. 1 paper. Sau dé dich loc dworc
dem di c6 quay & 40°C dé€ tach kho dung méi. Cao chiét
sau dé dwgc dat trong chai thuy tinh ndu va tén triv & 4°C

dé ngan chin sy oxy héa cho dén khi phan tich.
Khd ndng khir géc tw do (%):
Dich trich: 10 mg cao chiét dwgc hoa tan lai véi 10 ml

methanol.

0,1 mM dung dich DPPH tan trong methanol dwoc
chuén bi trwéc d6 va 1 ml dung dich nay dwoc thém vao
3 ml dich trich. Hon hop dwoc lic kj va d€ yén trong
béng t6i & nhiét dd phong trong 30 phut. Sau dé d6 hiap
thu quang phé (0OD) dwoc do & buéc séng 517 nm bang
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may do quang phé UV-Vis. Gia tri OD ctia hdn hop cang
thap thé hién hoat tinh DPPH cang cao. Kha nang DPPH
dworc tinh theo cong thirc sau day:

(AO _A‘)XIOO

Kha ning khir g6c tw do DPPH (%)=
0

trong dé: A la gia tri OD clia phan trng ddi chirng (khong
chira dich trich tir nguyén liéu) va A, 1a gia tri OD cua

phan &ng cé sy hién dién cua dich trich tir nguyén liéu.

Phwong phap danh gid cdm quan dwoc thyc hién
theo phwong phap cta S. Ahmad va cs (2007) [9] st
dung thang thi hiéu (hedonic scale) tir 1 (cyc ky khong
thich) dén 9 (cwc ky thich).

3. Két qua

3.1. Thanh phdn héa hoc co bdan va hoat tinh chéng
oxy hoa ctia bét qud xoai

Thanh phan hoa hoc va hoat tinh chéng oxy hoéa la
nhitng yéu té quan trong quyét dinh gia tri dinh dwdng
va tiém nang &ng dung cta cac san pham c6 ngudn goc
thwce vat. Két qua phan tich vé dic tinh hoa hoc va hoat
tinh ch6ng oxy héa ctia bot qua xoai, cac chi tiéu bao gom
d6 d&m, ham lwong polyphenol tdng, flavonoid tong va
kha nang DPPH dworc trinh bay tai bang 3.

Bang 3. Thanh phan héa hoc co’ ban va hoat tinh chéng oxy héa
cua bot qua xoai.

Chi tiéu phan tich K&t qua phan tich
b6 dm (%) 5,10+0,08
Polyphenol (mg GAE/g) 2,50+0,12
Flavonoid (mg QE/g) 0,88+0,04
DPPH (%) 55,30+0,7
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Két qua phan tich bot qua xoai (bang 3) cho thiy, do
4m clia mau thip (5,10%), ndm trong nguwdng an toan
dé han ché sy phat trién cta vi sinh vat va kéo dai thoi
gian bdo quan san phim [10]. Ham lwgng polyphenol
va flavonoid 1an lwot dat 2,50 mg GAE/g va 0,88 mg
QE/g, phan 4nh ham lwgng chat chdng oxy héa tw nhién
dang ké trong nguyén liéu. Cac hop chit polyphenol
va flavonoid da dwgc chirng minh c6 kha nang DPPH
manh, gép phan ning cao hoat tinh sinh hoc cta thuc
phdm [11]. Dong thoi, kha ndng DPPH cua bot xoai dat
55,30%, twong dwong véi gia tri dwoc ghi nhan & cac
chiét xuat tir vo va thit qua xoai chin trong mot s6 nghién
ctru trwdre day [12]. Nhirng két qua nay cho thiy, bot qua
x0ai c6 tiém nang tré thanh ngudén nguyén liéu tw nhién
giau chit chdng oxy hoa, thich hop &ng dung trong cac

san pham thwc phim.

3.2. Anh hwéng ciia ty 1é b6 sung bét qud xoai dén
ty 1 tang thé tich ctiia banh mi

Ty 1é tang thé tich la chi tiéu phan anh kha ning n&
ctia banh mi trong qué trinh 1én men va nwéng - mot yéu
td quan trong quyét dinh d6 x6p, d6 mém, cling nhw chat
lwgng cdm quan ctia san pham. Vi vay, chi tiéu ty 1€ ting
thé tich gitp danh gid sy anh hwdng cta cong thirc ché
bién do6i v&i qua trinh 1én men, dong thoi gitp xac dinh
ty 1& nguyén liéu bd sung t6i wu nham dam bao banh mi
c6 d6 nd tot, két cdu nhe va cdm quan dat yéu cau. Ty 1é
tang thé tich cta banh mi tir ldc dinh hinh dén sau khi
nuéng khi thay déi ty 1€ b6 sung bot qua xoai dwoc thé
hién & bang 4.

Béxng 4. Anh hwéng ca ty 18 bb sung bot qua xoai dén ty Ié tang
the tich cia banh mi.

Nghiém thirc Ty 1€ tang thé tich
A, 3,85°+0,12

A, 5,22+0,15

A, 5,55%40,27

A, 4,53%+0,09

A 4,70%°+1,72

Cac chi¥ cai khac nhau trong ciing mét cot hay cling mét dong biéu thi
khac biét c6 y nghia théng ké & mirc 5%. a, b, c, d, e trén cung mot
vat thé hién sy khac biét cé y nghia & mirc p<0,05 theo phép thir LSD.
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Tir két qua théng ké dwoc trinh bay trong bang 4 c6
thé thiy kha ning trwong né ctia banh mi b6 sung bot
qua xoai c6 xu hwéng ting va sau d6 gidm din. Cu thé
tang & t 18 0% tir 3,85 1én & tj 16 5% 1 5,22 va & ty
1€ 10% 1a 5,55 sau d6 giam dan & ty 1é 15% con 4,53
va 4,70 & ty 1&é 20%. Trong qua trinh san xuit banh mi
b& sung bt qua xo0ai, do tinh bot xoai d3 dwoc lam chin
bang phwong phap siy nén sé& hit &m manh. Do dé, ty 1&
bdt qua xo0ai st dung sé anh hwdng téi do treong né. Két
qua cho thiy, d6 trwong n& gidm twong doi khi ty 1& st

dung bot qua xoai tang.

Theo két qua bang 4, ty 1& bot qua xo0ai bd sung &
mirc 5 va 10% banh cang thé hién ting thé tich ro rét.
Cu thé miu bot & ty 18 10% ty 1é tang thé tich dat 5,55
1a cao nhit. Vi bot qua xoai hau hét cac loai trai cy déu
chra mét lwong dwong tu nhién kha cao nhu fructose,
glucose, sucrose, giip men hoat dong manh mé hon,
sinh ra nhiéu khi CO, hon [2]. Ngoai ra, bét trai cay c6
d6 4m cao giup gluten trong bot phat trién tot hon, tao
thanh mang lwéi dan héi bao boc cic bot khi sinh ra
trong qua trinh 1én men. Vi viy, b6 sung bot qua xoai &
ty 18 10% la ty 1& t6t nhat gidp treong né banh tot. Tuy
nhién khi ting ty 1é b6 sung bot qua xoai, thé tich cua
banh c6 xu hwéng gidm ré rét. Hién twong nay lién quan
dén viéc b6 sung ham lwgng dwong cao co trong bot qua
x0ai, dAn dén ndm men c6 thé gap khé khan trong qua
trinh chuyén héa va giai phéng khi CO, khi 1én men [13].
K&t qua nay pht hgp v&i nghién ctru ctia M.L. Sudha va cs
(2007) [14] cho th&y, thé tich bAnh gidm dan khi b6 sung
b6t ba tio (10, 20 va 30%). Nhin chung, bot qua xoai & ty
1é cao lam gidm kha nang trwong né ctia bt nhao la do
sw phalodng gluten [15]. M6t yéu t6 khac giy ra sy giam
thé tich banh mi c6 thé la tdc dong tiéu cuc ctia bot qua
xoai 1én qua trinh hydrat héa gluten va sw hinh thanh
mang luwdi gluten do sw canh tranh nwéc gitva chit xo va
protein gluten [16]. Nhitrng nghién ctru twong tw cling vé
viéc b8 sung bot trai cay vao cong thirc banh mi da dwoc
bao cao [17].
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3.3. Anh hwéng cia ty 1é bé sung bét qud xoai dén
do civng ctia vé banh mi

b6 cilrng clia vo banh mi la mot chi tiéu quan trong
phan dnh két c4u bén ngoai ctia sdn phidm sau khi nwéng,
anh hwdng truc tiép dén cadm quan va chit lwong téng
thé ctia banh. V6 banh mi can dat dwgc do gion vira phai,
giup tao nén sy twong phan véi phin ruét banh mém
mai bén trong. Trong qua trinh nwéng, vé banh mi hinh
thanh tir sw bay hoi 4m, caramel héa dwong, Maillard va
sw bién tinh ctia protein - tinh bdt. Cac phan rng nay tao
nén lép vé mau vang nau cung ciu tric gion va do cirng
nhéit dinh. Tuy nhién, cic yéu t6 nhw thanh phin nguyén
liéu, ty 1& nwéc, ham lwgng chit xo hodc phu gia thay
thé nhw bdt qua xoai va quy trinh nwéng déu co6 thé [am
thay d6i do cirng ctia vo banh. Vi vdy, danh gia va kiém
soat dd cirng ctia vo banh mi 13 cin thiét d€ dam bao san
phdm dat dwoc chit lwong cdm quan t6t nhit, dong thoi
duy tri d6 twoi ngon va kha nang bao quan. b6 clrng cla
v6 banh sau khi nwéng, khi thay ddi ty 1& b6 sung bt qua
x0ai dwgc thé hién qua bang 5.

Bang 5. Anh hwéng cha ty 1é bd sung bot qua xoai dén do cirng
cua vo banh mi.
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banh khéng b6 sung bot qua xoai thay vao do6 1a 100%
bot mi, chinh vi viy ma sdn phdm banh & ty 1& 0% cho
lwc ddm xuyén cao va dwoc dung dé déi chiéu véi cac ty
1€ bot b6 sung. Ham lwong chit xo cao va polyphenol tir
bt qua xoai lam gidm kha nang hinh thanh mang gluten,
anh huwdng dén d6 6n dinh va sy trwong né cia banh
[18]. Két qua nay phu hop v&i nghién ctiru cia C.M. Ajila
va cs (2008) [19] anh hwdng ctia ham lwgng chit xo dén
kha nang trwong n& san phim banh quy bd sung bot
vO qua xoai. Bén canh d6, kha nang gitr 4m cao cla bot
qua xo0ai cling gép phan duy tri d6 4m cho banh va anh
huwdng dén ciu tric mang lwdi gluten trong banh, lam
giam téng lwong gluten trong hon hop. Nho thé, vé clia
banh mi tré nén mém hon va dat diém cam quan (7,97

diém) t6t nhat trong cac mau con lai.

3.4. Anh hwéng cua ty 1é bét qud xoai bé sung dén
khd ndang khir géc tw do ctia san phdm bdnh mi

Kha ning khir gbc ctia banh mi b8 sung bot qua xoai
duwoc thé hién cu thé qua bang 6.

Bang 6. Anh hwéng cua ty 1& bot qua xoai bd sung dén kha nang
khtr gbc tw do ctia san pham banh mi.

Nghiém thirc P9 clrng cia vo banh (N) Ty 1€ (%) Kha nang khir géc tw do (%)
A, 6,31°+£0,06 0 8,089+0,10

Al 0,71°+0,04 5 11,43+0,52

A, 0,56°£0,01 10 15,25°+0,94

A, 0,45+0,00 15 15,53°+0,52

A 0,36°+0,02 20 18,73+0,20

Cac chir cai khac nhau’trong cung mét cot hay cling mét dong biéu thi
khac biét cé y nghta thong ké & mirc 5%.

Tur két qua théng ké dwoc trinh bay trong bang 5 c6
thé thiy, d6 cing ctia vé banh mi c¢6 xu hwéng giam khi
tang ty 1& b6 sung bot qua xoai. Cu thé, dé clrng vo banh
giam tir 6,31 N & ty 1€ 0% giam con 0,36 N & ty 1€ 20%,
&tylé 15%12 0,45 N. O ty 18 20% 13 0,36 N cho thdy ciu
tric vé banh mém hon. Ngwoc lai, & ty 1€ 5% do cing
v6 banh dat 0,71 N cho thiy & ty 1& nay san pham c6 vo
banh gion hon so véi ty 18 bot 10, 15 va 20%. O ty 18 0%
dd clrng cia banh dat 6,31 N 1a cao nhéit so v&i cac ty 16

bd sung bot qua xoai, 1a do & ty 1& nay thanh phin trong
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Cac chir cai khac nhau'trong cling mét cot hay cuing mét dong biéu thi
khac biét cé y nghia thong ké & mirc 5%.

Ké&t qua nghién ctru cho thiy, kha ning DPPH c6 xu
hwéng tang dan khi ting ty 1é bd sung bot qua xoai. Cu
thé, & ty 1&é 0-20% kha nang DPPH ting 8,08-18,73%.
Kha nang khtr goc tw do DPPH & ty 18 5% dat gia tri thip
nhit trong s cdc mau c6 ty 18 bd sung bot qua xoai 5%
(11,43%) va cao nhat & ty 1& bot 20% (18,73%). Con &
cac ty 1& bot 10 va 15% kha nang DPPH lan lwotl1a 15,25
va 15,53% va khong cé sw khiac biét y nghia thong ké
& do tin cdy 95% (p>0,05). Tuy nhién, & ty 1&€ bot 15 va

20% kha nang trwong né cua banh qua kém. Vi vy, ty 1é
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bot 10% la mot trong nhirng ty 1€ c6 thé noi tot nhat cho
san phidm va thé hién dwgc kha nang khir goc tw do cao.
Xem xét vé sw ton tai cla mdi twong quan tich cuc giiva
ham lwong polyphenol va DPPH [20], cho th4y rang kha
ndng chéng oxy hda ting lén trong cAc mau banh mi bé
sung bot qua xoai 1a do ham lwgng polyphenol cao; cac
hop chit khic cé dic tinh chéng oxy héa (nhw vitamin C,
E, beta-carotene) va khoang chit trong bdt qua xoai gép

phan tao nén gia tri DPPH cao trong cac mau banh mi.

3.5. Anh hwéng ciia ty 1é bét qud xoai bé sung dén
ham Iwong polyphenol ctia san phdm bdanh mi

Cac hgp chit phenolic 1a nhitng thanh phin quan
trong va chiém ty 1é cao trong san phim bdt qua xoai,
cht yéu bao gom acid gallic va acid ferulic véi mét lwong
nhé céc acid hydroxycinnamic khac. Nhitng nhém hop
chat nay da dwgc chitng minh c6 tadc dung bao vé stc
khoe con ngwoi. Vi vy, chi tiéu nay rat can thiét trong
bwéc dau nghién citru cac hoat tinh sinh hoc clia san
phidm dwogc thé hién qua bang 7.

Bang 7. Anh hwéng cua ty 1é bot qua xoai bé sung dén ham lwong
polyphenol cia san pham banh mi.

Ty 1€ (%) Ham lwong polyphenol (mg/g GAE)
0 0,19¢+0,01
5 0,25°£0,02
10 0,42°+0,04
15 0,48°+0,02
20 0,712+0,01

Cac chiy cai khac nhau’trong cling mot cot hay cling mét dong biéu thi
khac biét cé y nghia thong ké & mirc 5%.

Ham lwong polyphenol trong banh mi sau khi phan
tich, c6 su tang dan tir 0,19 mg/g GAE 1én 0,71 mg/g GAE
khi ting ty 1& bot qua xoai. Mau bdt & ty 1& b6 sung 20%
¢6 ham lwong polyphenol cao nhit dat 0,71 mg/g GAE.
Ham lwgng polyphenol cang cao, kha ning chdng oxy héa
cang nhiéu, c6 tic dung bao vé té€ bao khoi tén thwong
do gbéc tw do, néu dwéng chit nay khong c6 hoic it khi
dé6 cac té bao co thé bi tdn thwong do sy thoai héa mé.
Tuy nhién, ty 1€ bot 10 va 15% ham lwong polyphenol
twong ddi cao 0,42 mg/g GAE va 0,48 mg/g GAE so véi
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5% la 0,25 mg/g GAE, c6 sy khac biét y nghia thong ké
(p<0,05). K&t qua phan tich cho thiy, & ty 1&é 10%, ham
lwong polyphenol dat t6i wu nhit va c6 kha nang chéng
oxy hoa c6 thé dwoc sttr dung nhw mot ngudn cung cip

cac hop chit phenolic t8t cho sdn phim.

3.6. Anh hwéng cua ty 1é bét qud xoai bé sung dén
ham Iwong flavonoid ciia san phdm bdanh mi

Ham lwgng flavonoid clia banh mi bd sung bot qua
xo0ai dwoc thé hién qua bang 8.

Bang 8. Anh hwéng cua ty 1é bot qua xoai bé sung dén ham lwong
flavonoid cua san phadm banh mi.

Ty 1€ (%) Ham lwong flavonoid (mg QE/g)
0 0,069+0,01
5 0,10°+0,03
10 0,16°+0,01
15 0,17°+0,03
20 0,28°+0,02

Céc chir cai khac nhau’trong cling mét cot hay cling mot dong biéu thi
khac biét cé y nghia thong ké & mirc 5%.

Két qua bang 8 cho thiy, ham lwong flavonoid trong
san phdm banh mi c6 sy ting din theo ty 1é b6 sung bot
qua xoai. Gia tri flavonoid c6 sw tang tir 0,06 mg QE/g
(& mau ddi chirng 0%) 1én 1an lwot 0,10; 0,16; 0,17 va
0,28 mg QE/g twong dwong véi cac ty 1é b sung 5, 10,
15 va 20%. MAu bot & ty 1& b6 sung 20% da chirng minh
dwoc kha nang cling nhw cac chat chéng oxy hoa & ty
1é nay la cao nhat va day ciing dwoc xem la ty 1€ t6i wu
nhit cho ham lwong flavonoid trong sdn phdm banh mi
bé sung bot qua xoai.

3.7. Anh hwéng cia ty 1¢ b6 sung bét qud xoai dén
gid tri cdm quan ctia banh mi

Gia tri cdm quan la yéu t8 quan trong quyét dinh chat
lwong ctia sdn pham sau khi ché bién. Chinh vi vy, viéc
phén tich cac gia tri cdm quan la tién dé cho viéc nghién
ctru va chon ra duwoc ty 1€ phdi ché tdi wu nhit dé tao ra
mot sdn phdm banh dat chat lwong cao. Bén canh do6, cac
gia tri cdm quan ctia banh dwoc thé hién qua bang 9.

Tl két qua bang 9 cho thiy, diém cam quan vé mau
sac clia san pham banh mi bé sung bot qua xoai cao nhit
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Bang 9. Anh hwéng cla ty 1é bé sung bot qua xoai dén gia tri cdm quan cta san pham banh mi.

NT Mau sic Mui Vi Ciu tric Sw wa thich chung
A, 6,579+0,63 6,70°£0,65 6,67°£0,71 6,87¢£0,63 6,709+0,70

Al 6,83%+0,65 6,83°+0,59 6,97°£0,76 7,135+0,78 7,00%+0,64

A, 8,37a +0,56 8,132+0,51 8,63%+0,49 7,97°+0,49 8,532+0,51

A, 7,57°+0,63 7,27°+0,58 7,43+0,68 7,30°+0,65 7,37°+0,49

A 7,20°+1,13 7,17°+0,75 6,97°+0,67 6,83°+0,65 7,07°+0,83

4

Cac chiv cai khac nhau trong cting mét cot hay ciing mot dong biéu thi khac biét co y nghia thdng ké & mirc 5%.

&ty 18 12 10% dat 8,37 va thip nhit & ty 18 0% dat 6,57.
Tuy nhién, ty 1& bot qua xo0ai b6 sung cang cao thi diém
cdm quan mau sic banh cang giam, & ty 1& 15% dat 7,57
va & ty 18 20% dat 7,20 khi ty 1€ b6 sung ting, mau banh
sam hon va dd sang giam. Vi vay, & ty 1& 10% banh mi c6
mau dep va dat difm cdm quan vé mau sic cao. Ngoai
ra, trong qua trinh siy lam giam ham lwong nwéc trong
qua x0ai, dAn dén ting ndng dd cac chit dinh dudng, lam
gidm sw phan huy cda ching.

Vé mui: Piém cdm quan vé mui cia mau banh mi & ty
18 b6 sung 5% dat 6,83, & ty 18 10% dat 8,13, & tj 18 15%
dat 7,27 va 20% dat 7,17 con & mau d6i chirng khong b
sung bot qua xoai dat 6,70 cé diém cadm quan thip nhit.
Diém cdm quan vé mui & mau banh bé sung ty 18 10%
dat diém cao nhat 1a 8,13, & mau 15 va 20% cho thay

khoéng c6 sw khac biét & 2 mau nay.

V& vi: Piém cam quan vé vi cia san phidm khi bé sung
bot qua xoai & ty 16 10% dwoc danh gid cao nhat dat s6
diém 12 8,63, & ty 1€ 0% dat 6,67 diém thap nhit khi chwa
b6 sung bot qua xoai. Ty 1& bdt qua xoai bo sung & ty 1&
5% va & ty 18 10% banh c6 vi qua xoai khong nhiéu. O ty
18 15% dat 7,43 va & ty 18 20% dat 6,97 b6 sung bot qua
xo0ai nhiéu, anh hwdng dén vi dic treng ctia bAnh mi nén

di€ém cam quan thip.

Ve cau tric: O ty 1& 0% va & ty 1& 20% dat diém thap
hon rd rét so véi cdc mau con lai lan lwot 12 6,87 va 6,83.
O tylé 5% dat 7,13 va &ty 1é 15% dat 7,30, nhwng & mAu
10% doi v&i cdm quan vién cé diém cdm quan cao hon
12 7,97, diéu nay cho thiy & chi tiéu vé ciu tric thi mau
10% cho c4u tric tdt va mau dat diém t6t nhit trong céc

mau con lai.
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Vé su wa thich chung: Day 1a mot sadn phdm méi nén
viéc khao st mirc do chap nhin (wa thich) cia nguwoi
tiéu dung ddi véi san phdm. Qua khao sat, do wa thich
cla san pham déu dat & mic dd thich nhe dén rat thich
(6,70-8,53 diém). O ty 1&é 10% dwoc wa thich nhat dat
8,53 diém, tiép dénla ty 1& 15%, ty 16 20% va ty 1& 5% co
s6 diém lan lwot 1a 7,37; 7,07 va 7,00 diém nam & mitc
thich vira. Diéu nay cho thdy, danh gia vé sy wa thich
chung & ty 1& 10% la t6t nhat, c6 sy hdp dan vé téng thé
nén dwoc yéu thich nhat.

Nhin chung, két qua nghién ctu cho thy bé sung bot
qua x0ai vao san phadm banh mi néu b6 sung qua nhiéu
sé anh hwong dén dic tinh cdm quan ctia banh. O ty 1é
10% dwoc danh gid cao nhat qua cac chi tiéu danh gia
cam quan vi lwgng bot qua xoai dwoc bé sung vao & mirc
vlra phdi nén dwoc yéu thich.

4. Két luan

Qua két qua thi nghiém, viéc b& sung bét qua xoai vao
san phdm banh mi cho thdy tiém ning &ng dung ding
ké, vira ning cao gia tri dinh dwdng vira cai thién dic
tinh cdm quan ma con gép phan tin dung ngudn nguyén
liéu ndng san doi dao, gidm thiéu lang phi sau thu hoach.
Trong cac ty 1é thi nghiém, ty 1& b6 sung 10% bot qua
xoai cho két qua tot nhat, ddm bao cac chi tiéu chat lwong
nhu: ty 1& ting thé tich dat 5,55 1an, d0 cieng vé banh
(0,56 N), cung v&i ham lwong polyphenol va flavonoid
twong rng la 0,42 mg GAE/g va 0,16 mg QE/g. Pac biét,
kha nang DPPH dat 15,25%, cho thay tiém ning chéng
oxy hoa cua san phdm. Ngoai ra, banh mi b6 sung bot
qua xo0ai & ty 1& nay ciing dat diém cam quan cao vé mau
sdc (8,37), mui (8,13), vi (8,63), ciu tric (7,97) va mitc
d6 wa thich chung (8,53), cho thdy sw chip nhin tét tir
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nguodi titu dung. T nhitng két qua trén, c6 thé khang
dinh rang bot qua xoai khong chi 1a nguyén liéu méi c
gia tri sinh hoc cao, ma con c6 kha nang rng dung hiéu
qua trong san xuit thwc pham.
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Danh gid giai trinh tw gen the hé méi trong xac dinh lao Khang thuoe
va khao sdt dong vi khuan lao tai Bénh vién Phoi Trung wong

Pao Gia Bach'?, Pinh Van Lwong"

!Bénh vién Phéi Trung wong, 463 Hoang Hoa Thdm, phwirng Ngoc Ha, Ha N§i, Viét Nam
2Trwong Dai hoc Y Ha Ni, 1 Téon Thdt Tung, phwong Kim Lién, Ha N§i, Viét Nam

Ngay nhan bai 10/7/2026; ngay chuyén phan bién 13/7/2026; ngay nhin phén bién 27/7/2026; ngay chip nhan ding 29/7/2026
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Muc tiéu: Panh gia ky thuat giai trinh tw gen thé hé méi (NGS) sit dung bo Kit Deeplex Myc-TB trong xac dinh lao khang
thudc va khao sat dong vi khudn lao tai Bénh vién Phéi Trung wong. P6i twong va phwong phap nghién ciru: Nghién ciru
thyc hién trén 79 ching vi khuin lao khang thuéc dwgc lwu tai kho chiing Khoa Vi sinh va Labo Lao chuin Qudc gia,
Bénh vién Phdi Trung wong bang ky thuat NGS sit dung bé kit Deeplex Myc-TB trén nén tang Illumina. Két qua: Ky thuat
NGS c6 d6 twong dong cao so véi ky thuit Khang sinh d6 ki€u hinh, dic biét d6i véi thudc isoniazid va streptomycin. Cac
thudc cé d6 twong dong thip hon lin lwet 1a ethambutol, rifampicin, pyrazinamide, amikacin, kanamycin. Két qua phin
tich dich té phan tir cho thdy, dong lineage 2 (Beijing) chiém wu thé (84,8%). Ty 1é nhiém hon hop 41,8% cha yéu & cip
lineage 2 va lineage 2.2.1, phan anh m&i quan hé loai gin va da dang tién héa ctia vi khuin. K&t luan: Ky thuét giai trinh
tw gen thé hé méi c6 dd dong thuan cao so véri ky thuat khang sinh do kiéu hinh 16ng MGIT. Két qua dich té phan tir cho
thiy, dong lineage 2 (Beijing) chiém wu thé, phit hep véi xu hwéng lwu hanh cta ching nay tai Viét Nam. Ngoai ra, ty 1é
nhiém hon hop 41,8% nhwng phan 1én 1 cip lineage 2 va lineage 2.2.1 ¢6 quan hé gan phan anh da dang tién héa vi mé
hon so vé&i viéc nhiém hai chiing doc 1ap.

Tir khéa: giai trinh tw gen thé hé méi, khang sinh d6 16ng MGIT, Mycobacterium tuberculosis khiang thudc.
Chi sé phdn logi: 3.1, 3.3

Evaluation of next-generation sequencing for detecting drug-resistant tuberculosis
and investigating Mycobacterium tuberculosis lineages at the National Lung Hospital

Gia Bach Dao'?, Van Luong Dinh""

!National Lung Hospital, 463 Hoang Hoa Tham Street, Ngoc Ha Ward, Hanoi, Vietnam
2Hanoi Medical University, 1 Ton That Tung Street, Kim Lien Ward, Hanoi, Vietnam
Received 10 July 2026; revised 27 July 2026; accepted 29 July 2026

Abstract:

Objectives: To evaluate the performance of next-generation sequencing (NGS) using the Deeplex Myc-TB kit in detecting
drug-resistant tuberculosis and investigating Mycobacterium tuberculosis lineages at the National Lung Hospital.
Subjects and methods: This study included 79 M. tuberculosis strains retrieved from the strain bank of the Department of
Microbiology and the National Tuberculosis Reference Laboratory, National Lung Hospital, which were analysed by NGS
using the Deeplex Myc-TB kit on the Illumina platform. Results: NGS demonstrated high concordance with phenotypic
drug susceptibility testing (DST), particularly for isoniazid and streptomycin. Lower concordance levels were observed for
ethambutol, rifampicin, pyrazinamide, amikacin, kanamycin. Molecular epidemiological analysis revealed that lineage
2 (Beijing) was predominant (84,8%). Mixed infection accounted for 41.8% of isolates, primarily involving lineage 2
and lineage 2.2.1, reflecting their close phylogenetic relationship and the microevolutionary diversity of M. tuberculosis.
Conclusions: NGS showed a high level of agreement with the MGIT liquid phenotypic drug susceptibility testing method.
Molecular epidemiological characterisation confirmed the predominance of lineage 2 (Beijing), consistent with the
circulating pattern of this lineage in Vietnam. Additionally, the mixed-infection rate reached 41.8%, but most mixed
infections involved the closely related lineage 2 and lineage 2.2.1, suggesting microevolutionary diversification rather
than infection with two independent strains.

Keywords: drug-resistant Mycobacterium tuberculosis, next-generation sequencing, MGIT liquid drug susceptibility testing.
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1. Dt van de

Bénh lao ndi chung va lao khang thudc néi riéng dang
la thach thirc 1én doi véi stee khde cong dong khong chi
tai Viét Nam ma con trén toan thé gi¢i. Cong tac kiém
soat bénh lao da dat dwoc nhitng thanh twu nhit dinh,
song bénh lao van 1a nguyén nhan gy t vong hang dAu.
Theo bao cao ctia TO chirc Y t€ Thé gi¢i ndm 2025, trong
nam 2024, trén thé gidi ghi nhin khoang 10,7 triéu ca
méc lao. Trong d6, s6 ca mic bénh lao khang da thuéc
hoac khang rifampicin (MDR/RR-TB) khoang 390 nghin,
ty 1€ tir vong do bénh lao khoadng 1,2 triéu ca [1]. Tai Viét
Nam, trong ndm 2024, t6ng s6 ca mac lao khoang 184
nghin. Trong d6, s6 ca lao khang da thudc hodc khang
rifampicin wéc tinh khoang 9,4 nghin va ti vong do bénh
lao khoang hon 12,4 nghin ca [2]. Nghién ctru dich té hoc
bénh lao dong vai tro then chét trong viéc phat hién cac
“diém ndéng” lao, lao khang da thudc dé tir d6 thiét ké can
thiép trong viéc kiém soat va khéng ché bénh lao.

Véi sw phat trién viot bac ciia khoa hoc va ky thuit,
cébng nghé gidi trinh tw gen thé hé ma&i NGS 13 cong
nghé tién tién hién dai. BO6 kit Deeplex Myc-TB cua
GenoScreen, Phap gidp phat hién vi khuin lao, vi khuin
lao khang thudc nhanh chéng cung dir liéu phéan tich cac
gen khang thuéc cling nhw phén loai dwgc cac dong vi
khuén lao chinh xac. Toan bd quy trinh giai trinh tw cho
két qua trong khoang 24-48 gi¢r [3], nhanh hon nhiéu
so vGi thoi gian tra két qua khang sinh d6 1ong dwong
tinh (khoang 14 ngay). Tuy nhién, k¥ thuat khang sinh
do 16ng van dwoc xem 1a “tiéu chuin vang” trong viéc
xac dinh tinh khang thuéc ctia vi khuin lao. Can cir vao
tinh cAp thiét va thoi sw, chung toi tién hanh thwc hién
nghién ciru: “Panh gia ki thuit giai trinh tw gen thé hé
méi trong xac dinh lao khang thudc va khao sat dong vi
khuin lao tai bénh vién Phéi Trung wong”.

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

badi twgng nghién ctvu 1a cac chiing vi khuin lao khang
thudc dwoc lwu gitr tai kho ching ctua Khoa Vi sinh va
Labo Lao chudn Qudc gia, Bénh vién Phéi Trung wong
nam 2024.

2.2. Phwong phdp nghién ctru

2.2.1. Thiét ké nghién ctru

Nghién ctru md ta cit ngang, c6 phan tich va st dung
dir liéu hoi ciru.

2.2.2. Phwong phdp chon mdu

Chon mAu theo phwong phap thuan tién cac chiing
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vi khuén lao khang thudc Iwu tai kho ching ctia Khoa Vi
sinh va Labo Lao chudn qudc gia, Bénh vién Phéi Trung
wong. CAc mau nay c6 day di ho so vé két qua khang sinh
do kiéu hinh. C& mau lwa chon dwoc 1a 79 mau.

2.2.3. Quy trinh nghién ctru

Cac miu chung vi khuén lao dwoc ciy truyén sang
moi trwong long MGIT. Hat 1 ml huyén dich dé thuc
hién ky thuat giai trinh tw gen dich (tNGS: targeted-Next
Generation Sequencing) cta vi khuin lao khang thudc
st dung b kit Deeplex Myc-TB (GenoScreen, Phap). Cac
mau ching vi khuin lao dugc tach chiét DNA bang bd
kit QIAamp DNA Mini Kit (Qiagen, Pirc). Lwgng DNA
thu dwoc sau tach chiét dwoc khuéch dai str dung bo kit
PCR Deeplex Myc-TB (GenoScreen, Phap). Sdn phdm PCR
dwoc tinh sach s dung hat tr AMPure XP (Beckman
Coulter, Hoa Ky) va thwc hién cac bwéc chuin bi thu vién
str dung bo kit Illumina DNA Library Prep Kit (Illumina,
Hoa Ky). Tién hanh giai trinh ty trén hé théng Illumina
MiSeq. Sau qud trinh giai trinh ty, cac tép dit liéu giai
trinh tw thd sé dwoc phan tich tin sinh hoc tw dong bang
phAn mém phan tich.

2.2.4. Thu thdp va phan tich sé liéu

Dit liéu tho sau giai trinh tw dwoc phén tich tw dong
bang phan mém. Dit liéu sau d6 dugc thu thap va lam
sach trén Excel va phan tich bang phin mém R.

2.3. Dia diém nghién ciru

Nghién ctru nay dwgc thwc hién tai Khoa Vi sinh va
Labo Lao chuin Qudc gia, Bénh vién Phéi Trung wong.

2.4. Pao dirc nghién ciru

Nghién cttu nay dwoc thuc hién véi mot muc dich duy
nh4t nham phuc vu va bdo vé sirc khoe cong dong. Cac
chiing nghién ctru va két qua xét nghiém da dwgc ma hoa
thong tin va khong thu thap bat ky théng tin nao khac
nhdm bdo mét trong qu4 trinh thu thap va phan tich sé
liéu.

£ 2 ~ ~ ~
3. Két qua va ban luan

3.1. So sanh mirc dé twong dong giira ky thudt gidi
trinh tw gen thé hé maoi va khdng sinh dé long MGIT

Do chinh x4c cua ky thuit gidi trinh tw gen thé hé
mé&i dwoc so sanh véi ki thuat khang sinh d6 kiéu hinh
moi trweong MGIT (KSP 16ng MGIT) thong qua hé s6
Cohen'’s Kappa (k) v&i 12 loai thudc: Isoniazid (INH),
streptomycin  (SM), nhdém fluoroquinolone (FLQ),
pyrazinamide (PZA), kanamycin (KAN), ethambutol
(EMB), rifampicin (RIF), amikacin (AMI), bedaquiline
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(BDQ), capreomycin (CAP), clofazimine (CFZ), linezolid
(LZD). Két qua dwoc thé hién trong bang 1.

Bang 1. Két qua so sanh ky thuat tNGS va khang sinh db kiéu hinh
long MGIT.

Tén thuéc n’ Kappa (k) % dong thuin
INH 77 0,87 97,4
SM 78 0,85 96,2
FLQ 71 0,62 91,5
PZA 75 0,59 80,0
KAN 77 0,31 87,0
EMB 78 0,28 61,5
RIF 77 0,26 79,2
AMI 77 0,21 85,7
BDQ 75 0,00 98,7
CAP 78 0,00 98,7
CFZ 75 N/A 100
LZD 76 N/A 100

N/A: khéng xac dinh, n: ¢& mau, k: thuwdc do do tin cay trong nghién
clu. *C& mau khong dat 79 & cac loai thubc do loai bd mot s két qua
khéng xac dinh hoac khéng phan loai dwoc.

Ky thuat giai trinh tw gen thé hé ma&i st dung bé kit
Deeplex Myc-TB la mét ki thuat sinh hoc phan ti hién
dai cho phép phat hién vi khuin lao cling nhw tinh khang
thudc nhanh. Tuy nhién, theo TS chirc Y t& Thé gidi, ky
thuat khang sinh do kiéu hinh 16ng MGIT van duoc coi 1a
“tiéu chudn vang” trong viéc xac dinh tinh khang thuéc
clia vi khuin lao. Chinh vi vy, viéc so sdnh ki thuat tNGS
va k§ thuit KSD 1éng MGIT dé xac dinh do chinh xac cua
Ky thult tNGS 1a cin thiét. I. Bonnet va cs (2021) [4] tién
hanh nghién cru danh gia vé b kit Deeplex Myc-TB déu
cho thdy mic do6 phu hop cao véi khiang sinh do kiéu
hinh véi mirc d6 dong thuan tdng thé 1a 85,4% gitra hai
phwong phap. M6t nghién cru xac nhan
cia A. Jouet va cs (2021) [5] trén 429
chung phan l4p cho thiy, Deeplex dy dodn
dwoc 92,2% kiéu hinh véi d6 nhay khodng
95,3% va dd dac hiéu trung binh l1a 97,4%.

Két qua bang 1 cho thdy, hai thudc c6
(k) cao nhét la isoniazid va streptomycin
(0,87 va 0,85) do co ché dé khang dic
treng vé mit di truyén (dot bién troi tai
katG S315T, inhA cho INH; rpsL K43R,
gidB, rrs cho SM) nén kha nang dy doan
kiéu hinh tir kiu gen cé d6 chinh xac rat
cao. Két qua nay twong tw véi nghién ctiru
cua S. Feuerriegel va cs (2021) [6] v&i
mirc d0 déng thuin thudc INH 1a 94,9%.
Bén canh d6, két qua ciing cho thiy mot
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s6 thudc nhw PZA, EMB, RIF, KAN, AMI cé (k) thip, tuy
nhién ty & phan tram dong thudn twong doi cao. Theo S.
Mok va cs (2021) [4], PZA chi c6 hoat tinh & pH acid nén
gay ra hién twong khang gia trén hé théng BACTEC MGIT
960 khién cho cac so sanh véi cac ky thuit vé gen c6 mikc
dd dong thuin thap. Piéu nay twong tw véi nghién ctiru
cta A. Jouet va cs [5] khi ghi nhin 81,2% cac bat dong
lién quan dén pyrazinamide, ethambutol, ethionamide.
Ngoai ra, két qua tai bang 1 ghi nhin cac thudc nhw BDQ,
CAP, CFZ, LZD 1a c4c thudc c6 mirc do dong thuin bang
0 hodc khéng xac dinh. Tuy nhién, day la hién twong
nghich 1y ctia hé s6 Kappa (Kappa-paradox) do quén thé
vi khudn lao nghién ctru hau hét déu nhay cam véi ca
hai phwong phap, cling vé&i dé 1a ty 1& dong thuin ngau
nhién cao dan dén viéc (k) bi gidm xuéng gan bang 0
hodc khong c6 gia tri thong ké [8]. Déi v&i cac truong
hop thudc RIE, AMI, KAN, bit déng cé thé xay ra do hién
twong vi khudn khong dong nhit. Cac nghién ctru giai
trinh tw siu cho thiy, hién twong heteroresistance (sw
hién dién ctia bién thé thiéu s6 khang thudc) c6 thé ton
tai v&i tan sudt dwdi 1% va khong phai lic nao cling dwoc
phat hién déng nhit gitra ky thudt giai trinh tw gen va ky
thuit khang sinh d6 kiéu hinh. Cac nghién ctru truéc day
st dung bé kit Deeplex da ghi nhan cac bat dong xuat
phét tir cAc bién thé c6 tAn sudt thip giy dé khang & mic
do nhe, vi du v&i dot bién katG S315G chi xuit hién véi
tan sudt 5,5% [6, 9].

3.2. Két qua dich té hoc phan tir

Ky thudt giai trinh ty gen s dung bd kit Deeplex
cho phép phan tich dong thoi théng tin vé ching loai
vi khuin lao theo phwong phap spoligotype va single
nucleotide polymorphism (SNP). Pay la két qua khong
thé c6 khi 1am khang sinh d6 ki€u hinh. K&t qua dwogc
trinh bay trong hinh 1.

Phan bé cluing lao theo dong (Lineage)

4\\“

Daeg (Lineage)
. Limeagr ¥ [t
. Lineage I+ L1 {hin bop) - 5 miu [0

I Khic Soeg 49 - & mbe 1001

. Lineage I (wha haop, chia xic dish b o) « 2 mdu {2.5%)
Ko Mo vl g 4% - 1 mdu 1.7

. Lineage T # M, Bovis [ding nhism khdc iok)- 1 mba (1, ¥5%]

. Liscage 4633 « | mbu (1, 5%)

[ & bovis = Lineage 221 {oBng nabbm khic lad) - | mda {1 9%)

Hinh 1. Ty I1& cac dong vi khuan lao.



Két qua hinh 1 cho thiy, Lineage 2 (bao gbm ca dang
thuén va cad dang hon hop véi 2.2.1) chiém wu thé khoang
84,8% (35 mau thuin + 30 miu hén hop 2.2.1 + 2 miu
hén hop khong xac dinh bién thé =67/79). Ty 1é lineage
2 (Beijing) chiém ty 1& 4p dao phu hop chit ché véi cac
nghién ctru dich t& phan tir vi khun lao tai Viét Nam.
Nghién ctru da trung tim dau tién & cidp Qudc gia cua
V.A.T. Nguyen va cs (2016) [10] trén cic bénh vién tuyén
Trung wong clia cd ba mién déu ghi nhin Beijing 1a dong
phd bién nhit véi ty 18 55,4%, sau do6 1a EAI (27,5%),
dong thoi cho thiy xu hwéng dong Beijing dan thay thé
dong EAL Dic biét, tai mién Bic va mién Trung, su 4p
ddo cua ching Beijing kéo theo xu hwéng gia tang ty
1é lao khang thudc trong twong lai [10]. Tai TP. H6 Chi
Minh, m¢t nghién cttu v&i quy mé 16n cta K.E. Holt va cs
(2018) [11] ghi nhén ty 1é lineage 2 1én dén 63,6%, phan
anh hién twong du nhip va lay truyén lién tuc cia dong
Beijing gdy gdnh nang bénh lao ngay mdt cao hon [12].
Mot khao sat & mién Bic Viét Nam do VA.T. Nguyen va
cs (2012) [12] ghi nhén ty 1é 38,5% xuit hién & ca dong
Beijing va EAI, da cho thiy xu hwéng gia ting va phat
trién cia dong Beijing theo thoi gian.

Trong nghién ctu ndy (hinh 2), ty 1& nhiém hén
hop (mixed infection) dat 41,8% cho thdy, di liéu nay
twong do6i cao so véi khoang tham chiéu thwong dwgc
bdo cdo tai cdc vung c6 ganh nang bénh lao cao dao
dong trong khoang 10-20%. Mot nghién ctru st dung ky
thuat giai trinh tw toan bo bo gen (WGS: Whole Genome
Sequencing) ghi nhan kha ning phat hién nhiém hén
hop phu thudc vao tin suit cla cac ching thiéu s6. Khi
tAn sudt cta ching thiéu s6 du cao, cac allele hén hop
sé dé dang dwoc nhan dién. Ngwoc lai, néu ching thiéu
s it ph6 bién, cac allele hon hop sé khé dé€ phat hién

Tv 1& maun nhiém hon hop

Hinh 2. Ty 1&é mau nhiém hén hop.
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vGi cac bién thé hiém khac [13]. Bén canh dd, khong
loai trir trweong hop xudt hién hién twong tién hoéa vi
mo cung vat chu hon 12 nhiém hai chiing doc 1ap thuc
sw. Trong s6 30/33 trudmg hop nhiém hén hop, sw hién
dién ctia dong lineage 2 va lineage 2.2.1. Lineage 2.2.1
la mot sublineage ctia chinh lineage 2, chir khong phai
hai dong khac biét nhau vé mat di truyén. Cac nghién
ctru cling da chi ra rang, phwong phap phan loai dua
trén SNP c¢6 nguy co nham lan giita trudrng hop nhiém
hén hop that sw (hai ching 1y nhiém doc 1ap) va sy da
dang tién hoa ctia dong c6 chung ngudn gdc, to tién trong
qua trinh nhiém trung kéo dai. Hon nita, bd kit Deeplex
Myc-TB dwgc thiét ké dé giai trinh tw cac viing gen muc
tiéu, khong phai toan bo bd gen nén kha ning nhén biét
va phén biét hai trwong hop nay chwa thuc sw tét [13].
Tuy nhién, néu xac nhan dwoc treong hop 1a nhiém hén
hop thwce s, ¢é y nghia rat 1én trong 1am sang, do day la
nguyén nhan din dén phan 16n cac that bai trong phac
d6 diéu tri. Dong thoi, c6 thé gy ra két qua khang sinh
d6 kiéu hinh khong nhat quén, 1am phtrc tap phac d6 va
qua trinh diéu tri [9, 13].

Nghién ctru con mot s6 han ché nhu: Cadc mau nghién
ctru déu thye hién trén ching nudi ciy, khong thuc hién
trén mau dom. P8i véi mot sd thudc co hé sé Kappa thap,
hau hét cac ching déu cing khang hodc nhay cam, khéng
c6 nhém d6i chirng dan dén hé s6 Kappa bi giam. Nghién
clru nay chwa so sanh vé&i cac ky thuat sinh hoc phan tir
khac nhw Xpert hay LPA.

4. Két luan

Ky thuat giai trinh tw gen thé hé mai st dung bo kit
Deeplex Myc-TB cho thdy d6 twong déng cao so véi ky
thuat khang sinh d6 ki€éu hinh 16ng
MGIT, dic biét d6i véi thude INH va SM
(k=0,87 va 0,85). Trong khi d6, mic
dd twong dong thap hon Ian lwot & cac

thudc PZA, RIF, EMB, KAN, AMI.

Khao sat dic diém dich té phan tir
cho thiy, dong lineage 2 (Beijing) chiém
wu thé khoang 84,8% phan anh sy phu
hop véi xu hwdng lwu hanh ctia chiing
nay ghi nhan tai Viét Nam. Ty 1é nhiém
hén hop twong ddi cao (41,8%) nhung
phan 1én 13 cdp lineage 2 va lineage
2.2.1 ¢6 quan hé gin, c6 thé phan anh
da dang hoa su tién héa vi mé hon 1a
nhiém hai chiing doc lap.
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Thich thir trong diéu tri loc mau chu ky: Nehién ciru dinh tinh i goc nhin nguds bénh
va nhan vién y té tai Bénh vien Da khoa Gia Lai
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Tém tat:

Loc mau chu ky (maintenance hemodialysis) 1a phwong phap diéu tri thay thé thian dwoc thwc hién déu din 2-3 budi
modi tuin nham duy tri cAn bang ndi moi va sw séng cho ngwdi bénh suy than man giai doan cuéi [1]. Bai bAo mé ta khé
khan va thach thirc trong diéu tri loc mau chu ky tir géc nhin ngwei bénh va nhin vién y té€ (NVYT) tai Bénh vién Da khoa
Gia Lai tir thang 1 dén thang 8 nam 2025. Nghién ciru dinh tinh theo hién twgng hoc. Phéng vin sdu ban ciu tric véi 10
ngwoi bénh va 6 NVYT. Cac cudc phong vin dworc ghi Am va go bang; dir liéu ma hoa doc 1ap béi hai nghién cliru vién va
phan tich theo Braun & Clarke. Bio hoa thong tin dwoc xem la dat khi khéng phat sinh ma méi trong hai dén ba cudc
phong vin lién tiép. Xac dinh nim chu dé: (1) ganh ning kinh té€ va cam giac 1a ganh ning cho gia dinh; (2) gia dinh la
ngudn hé tro’ vat chit va tinh thin chinh; (3) ho tro’ céng ddng con roi rac; (4) anh hwéng téi sivc khée tam than; (5) han
ché& hé théng va nd lwc NVYT. Béi canh dia phwong (dia hinh mién nii, trinh d6 hoc van con thip) 1am ting rao can di lai
dé tiép can dich vy, anh hwéng tiéu cwe t¢i tudn thia diéu tri. Loc mau chu Ky tai Gia Lai 1a thach thirc da chiéu. Can cac
can thiép tich hgp: ting ning lwc hé théng, mé réng ho tro' tam ly va co ché hé tro tai chinh nhdm cai thién tuan tha va
chit lwgng cudc sdng (QolL).

Tir khéa: chiat lwgng cudc song, dinh tinh, Gia Lai, loc mau chu ky, suy thin man.

Chi s6 phdn logi: 3.2, 3.3, 3.5

Challenges in maintenance haemodialysis care: A qualitative study from

the perspectives of patients and healthcare providers at Gia Lai General Hospital
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Abstract:

Maintenance haemodialysis is a renal replacement therapy performed regularly two to three times per week to maintain
homeostasis and sustain life in patients with end-stage chronic kidney disease [1]. This study describes the difficulties
and challenges of maintenance haemodialysis from the perspectives of patients and healthcare providers at Gia Lai
General Hospital between January and August 2025. A qualitative phenomenological approach was employed. Semi-
structured in-depth interviews were conducted with 10 patients receiving maintenance haemodialysis and 6 healthcare
providers. The interviews were audio-recorded and transcribed verbatim; the data were independently coded by two
researchers and analysed using Braun and Clarke’s thematic analysis. Data saturation was considered achieved when no
new codes emerged across two to three consecutive interviews. Five themes were identified: (1) economic burden and
the perception of being a burden on the family; (2) family as the primary source of material and emotional support; (3)
limited and fragmented community support; (4) impacts on mental health; and (5) systemic constraints and healthcare
staff efforts. Local contextual factors, including mountainous terrain and low educational levels, intensified barriers to
transportation to accessing services, negatively affecting treatment adherence. Maintenance haemodialysis in Gia Lai
presents multidimensional challenges. Integrated interventions are needed, including strengthening system capacity,
expanding psychological support, and enhancing financial assistance mechanisms to improve treatment adherence and
patients’ quality of life.

Keywords: chronic kidney disease, Gia Lai, maintenance haemodialysis, qualitative study, quality of life.
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1. Dt van de

Bénh thin man giai doan cu6i (ESRD) 1a mot ganh
nang strc khde cdng dong ngay cang gia ting trén toan
thé gi¢i. Udc tinh hang triéu ngwoi can diéu tri thay thé
chtrc nang than, trong do, loc mau chu ky 1a hinh thic
phé bién nhit va tiéu tén nhiéu ngudn lwc y té [2]. Tinh
trang nay kéo theo chi phi diéu tri 16n, nhu ciu nhan lwc
va thiét bi chuyén dung, cling nhu ty 1é nhap vién va t&
vong cao néu khong dwoc quan ly tot [3].

Tai Viét Nam, s6 ngwdi méc bénh than man giai doan
cudi va nhu ciu loc mau chu ky ting déu qua cac nam,
dat ap lwc 16m 18n hé théng y té tuyén tinh va hé gia dinh
do chi phi triec tiép va chi phi gian tiép [3, 4]. Nghién cttu
dinh lwgng trong nwéc cho thiy QoL ctia nguwdi loc mau
chu ky thuwdng & mic trung binh - thap, dic biét diém
thé chit va tinh than thip hon cac linh vuc khac, phan
anh c& ganh ndng thé chit 14n tAm ly - xa hoi. Ngoai ra,
viéc ti€p can dich vu, chi phi vat tw tiéu hao va co ché hd
tro tai chinh chwa day du lam ting nguy co bd budi, gidam
litu loc va xau di két qua 1am sang [5, 6].

Mic du c6 nhiéu nghién cru dinh lwgng mod ta mirc
do QoL va cac yéu td lién quan, cac bang chirng dinh tinh
vé trai nghiém song, nhitng cdm nhén, chién lwgc déi
phé clia ngwoi bénh va goc nhin thwe hanh cia NVYT
- ddc biét & nhitng khu vwc mién nui, dan toc thiéu so
dong - van con han ché. Tiép cin hién twong hoc cho
phép kham phé sau sic ban chat trai nghiém ctia nguoi
bénh, tlr 6 giai thich dwoc “vi sao” cac chi s6 dinh lwong
nhu diém QoL lai & mic thip va lam ré cic rao can van
héa, giao ti€p va t6 chic dich vu ma cac khao sat dinh
lwgng khé boc 16. Do d6, nghién ctru nay dwoc tién hanh
tai Bénh vién Da khoa Gia Lai - m6t bénh vién tuyén tinh
& khu viec Tay Nguyén, noi dia hinh mién nui trai dai,
nhiéu x3 cach xa trung tdm 30-140 km, giao thong kho
khin, va ty 1& ngudi dan tdc thiéu sd (Jrai, Bana) chiém
ty 1& 1ém. Cac yéu t6 nay tao ra rao can vé di chuyén, ngon
ngit va kha ning tiép cin dich vu y té - nhirng didc diém
anh hwdng truc tiép dén viéc tuin thu diéu tri loc mau
chu ky. Trén co s& do, nghién ctru hwéng téi: (1) mo ta
cac kho khan va thach thirc trong qué trinh diéu tri loc
mau chu ky theo kinh nghiém ctia ngudi bénh; (2) nim
bat géc nhin va nd lwc ciia NVYT trong viéc hd tro ngudi
bénh; (3) dé xuit cadc hwéng can thiép kha thi phu hop
boi canh dia phwong dé cai thién tuin thu diéu tri va
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QoL. Két qua nghién ctru huéng téi cung cip bang chirng
thuc tién cho hoach dinh chinh sich va cai thién chiam
soc tai tuyén tinh.

2. Phuong phap nghién ciu
2.1. Thiét ké nghién ciru

Nghién ctu dinh tinh vi tiép cin hién twgng hoc
dwgc st dung nham kham pha trai nghiém nhirng khé
khan va thach thitrc ma nguwdi bénh suy than man giai
doan cudi gap phai trong qua trinh diéu tri loc mau chu
ky.

2.2. Dia diém va tho'i gian

Nghién ctru dwgc tién hanh tai Khoa Hoi strc tich cuc
- chdng ddc, Bénh vién Da khoa Gia Lai. Dit liéu dworc thu
thap tlr thang 1 dén thang 8 nam 2025.

2.3. D6i twgrng nghién ciru

Nguwdi bénh (NB): Ngwdi bénh 218 tudi, chdn doan
suy thian man giai doan cu6i, dang diéu tri loc mau chu
ky =3 thang tai khoa; c6 kha nang hiéu va tra 1o phong
van; dong y tham gia bang vin ban. Loai trir: ngwdi bénh
trong tinh trang cip ctru, mit ning lwc nhin thirc, hodc
tir choi tham gia.

Nhén vién y té: Can bé tham gia truc tiép cham séc
ngudi bénh loc mau chu ky, gbm bac sy diéu tri, diéu
dwdng truc/diéu duwdng triedng; cdn bd lam cong tac
quan ly bao gom: lanh dao khoa, diéu duéng truwdng
khoa va nhan vién céng tac xa hoi.

2.4. Chon mdu va c& mau

MAu dugc chon theo phwong phap chon mau c6 chi
dich nham ddm bao da dang vé tudi, gi¢i, dan toc va hoan
canh kinh té. Thuyc té, nghién cru da thwc hién téng cong
16 cudc phong vin (10 NB va 6 NVYT), qud trinh thu
thap tiép tuc dén khi dat bio hoa thong tin - dwoc dinh
nghia la khi hai dén ba cudc phong vén lién ti€p khong bo
sung chi dé méi.

2.5. Thu thap div liéu

Dit liéu thu thap bang phéng van siu ban ciu truc
theo hwéng dan phdéng van soan sin, bao gdm cac chu
deé: chi phi va gdnh ning kinh t&, hd tro gia dinh - x4 hdi,
tac dong tinh thin, trai nghiém dich vu y té va dé xuit cai
thién. Mdi cudc phdong van kéo dai khodng 30-45 phut,
dugc thuc hién bang tiéng Viét va tiéng dia phwong; ddi
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v&i ngudi tham gia 12 dong bao dan toc thiéu s8, c6 hd
tro phién dich 12 NVYT. Toan bd cudc phéng van dwgc
ghi Am va nghién ctvu vién ghi chd hién trweong. Ban ghi
am dwoc g& bing nguyén vin ngay sau phong van.

2.6. Phan tich dir liéu

Ban ghi dwgc ma hdéa bang phwong phap thematic
analysis theo sau buéc cda Braun & Clarke: (1) lam quen
véi dir lidu; (2) tao ma so bd; (3) tim kiém chu dé; (4) ra
soat chu dg; (5) dat tén va dinh nghia chu dg; (6) viét bao
cdo. Hai nghién ctru vién doc l4p tién hanh ma héa, moi
khac biét dworc thao ludn cho téi khi dat dong thuén. D
liéu dwoc nhap quan ly bang file Word.

2.7. Pao dirc nghién ciru

Nghién ctru dwgc phé duyétbdi Hoi dong Pao dirc ctia
Trwong Pai hoc Y té Cong cong (Quyét dinh s6 96/2025/
YTCC-HD3, ngay 8/4/2025) va dwgc Ban Gidm d6c Bénh
vién Da khoa Gia Lai chdp thuén. Tt cd ngwoi tham gia
da cung c4p sw dong y bang van ban trwdc khi tham gia.

3. Ket qua

Phén tich theo phwong phap chu dé da xac dinh dworc
nam nhém kho khan va thach thirc chinh trong qua trinh
diéu tri, bao gom:

3.1. Ganh ndng kinh té va cdm gidc tré thanh
gdanh ndng cho gia dinh

Ganh ning tai chinh 13 tré ngai ndi bat ma nguoi
bénh phai ddi mit trong suét qua trinh diéu tri. Chi phi
di lai, day loc mau, thudc va sinh hoat hing ngay khién
nhiéu gia dinh roi vao tinh trang rit khé khan. Khong it
nguwoi bénh phai vay muwon tir nguwdi than, ban bé hoac
hang x6m, thdm chi ban tai sdn nhw nwong riy dé tiép
tuc diéu tri. Mot s6 treong hop khi khéng thu x€p dwgc
tai chinh, ngwoi bénh budc phai dirng cac budi loc mau,
diéu nay c6 thé de doa truc tiép dén tinh trang strc khoe.
Nhiéu nguoi bénh cling chia sé nhitng cdm xidc va tim
trang ludén thdy day dit, cho rang ban than tré thanh
ganh nang cho gia dinh khi vira khong tao ra thu nhap,
vira tiéu ton nhiéu tién bac. CAm giadc phu thudc va mic
cam nay xuit hién ldp di lap lai, nhat1a & ngwoi bénh con
tré, dang nudi con nho hodc trong gia dinh chi c6 mot
nguén thu. “Gia dinh lo tdt cd vé kinh té, cé di vay mwon &
ngoai dé chira bénh... Vira chiva bénh, hai con nhé con di
hoc va chdm séc dng ndi hon 90 tudi nén rdt dnh hwdng
dén kinh té” (NB-NO1, nir).
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“Trir bdo hiém y té ra mdi thdng minh phdi déng 700
nghin dé mua ddy, khi khéng cé thi di mwon anh em, c¢é
tudn khéng cé tién minh khéng di chay nita” (NB-NO3,
ni¢). “Mét minh chéng lam hét moi viéc, nuéi con di hoc,
nuéi v bénh... nhidu liic nghi minh ma séng thi chbng con
cang khd” (NB-N04, nir).

K&t qua cho thay, ganh nidng kinh té khong chila van
dé tai chinh thuin tiy, ma con kéo theo 4p lwc tAm 1y 16mn,
lam ngwoi bénh cdm thiy mic cdm, bat lwc va gia ting lo
4u vé twong lai cua gia dinh.

3.2. Gia dinh va sw déng hanh trong qud trinh diéu
tri

HAau hét nguwdi bénh déu khang dinh ring, gia dinh
chinh 12 chd dwa virng chic nhit gitip ho duy tri viéc diéu
tri bénh. Vai tro cta gia dinh thé hién trén nhiéu phwong
dién khac nhau bao gdom: ho tro kinh t&, chdm séc truc
ti€p, va déng vién tinh than. Ngwoi than khong chi ganh
vac chi phi di lai, n &, chi phi y t€ ma con danh thoi gian
dwa dén nguwoi bénh trong nhirng 14n dén bénh vién dé
loc mau, gitup ho an tAm hon khi diéu tri. CAm gidc dwoc
quan tam, che ché tir nguwdi than gitp nguwdi bénh céd
thém dong luc vwot qua nhitng dau dén thé chit va lo
4u tinh than. D6i véi nhitng ngwdi bénh con tré, chwa lap
gia dinh riéng, cha me thwong 12 chd dwa toan dién veé ca
chi phi va qua trinh cham s6c. M6t ngwdi bénh nam cho
biét: “Ba me la ngwoi lo tdt cd vé chi phi di lai, tién dn, tién
xe méi tudn. Em chwa cé vor nén moi thir déu néi véi ba me
nhiéu nhdt” (NB-N02, nam). O nhém nit gi6i, dac biét khi
& xa bénh vién, vai tro ngudi me/ngudi chi trong viéc
dwa don dwoc nhidn manh: “Me va gia dinh hé tro em rdt
nhiéu... méi lan di chay than me déu dwa em di” (NB-NO5,
nit). Sy nang d& nay giup ngudi bénh gidm lo au, duy
tri lich loc mau déu din va gan bo diéu tri tét hon; dong
thoi, sw phu thudc kéo dai lam phat sinh gdnh nang cham
s6c va cang thang kinh té - tAm ly cho ngudi than, nhat la
khi gia dinh c6 mot nguén thu duy nhit hodc phai cham
thém ngui cao tudi. Diéu nay cho thiy gia dinh vira la
diéu kién quyét dinh d€ duy tri diéu tri, vira 1a nhém cin
duwoc hd tro (tw vadn ngin cho ngwdi cham sdc, hwéng
dan theo ddi tai nha, két ndi ngudn tro gitp xa hoi) dé
han ché kiét strc va bao toan tinh bén virng ctia cham séc.



3.3. Han ché trong hé tro’ xa héi va cong dong

Ngoai gia dinh, da s6 ngudi bénh it nhan dwoc hd
tro chinh thirc tir dia phwong/doan thé. Trg gitup chu
yéu 13 tir thién, ngin han va khong 6n dinh: “0’ budn thi
ai ciing nghéo nén khéng ai cho minh gi cd, & xd ciing thé,
minh lam don xin tién ho nghéo nhwng bao nhiéu ndm
nay roi van khéng dwoc” (BN-NO5, nir). Mot s6 it ngudi
bénh c6 nhac dén sw gidp d& tir cac doan tir thién, nhwng
ngudn hé tro ndy mang tinh ngan han, khong 6n dinh va
khong du dé gidm bét ganh niing 14u dai. Sw han ché vé
ngudn lwc ciia cong déng, dic biét tai viing mién ni con
nhiéu kho khin, cang lam cho ngwoi bénh cam thiy don
ddc trong hanh trinh diéu tri. “Cé doan tie thién hay cho
nhitng nguwoi ¢ hoan cdnh khé khdn nhw minh 1 thdng 1
triéu dong dé déng tién ddy, con tét thi cho gao va banh”
(NB-NO01, nir). Nhitng chia sé nay cho thdy mic du cong
dong dia phwong c6 sw hién dién nhat dinh cia hoat
dong tlr thién, nhuwng d6 chila ngudn lwc ngén han, chwa
thé thay thé cho cac chinh sach hé trog bén virng. Viéc
thi€u mot hé théng hd tro xa hoi chinh thirc khién ganh
nidng bénh tat va kinh t& van don chd yéu 1én vai gia dinh
nguoi bénh.

3.4. Anh hwéng tam Iy va sirc khée tinh thin

Cac van dé tAm ly n6i 1én nhw mot thach thirc quan
trong d6i véi ngwdi bénh suy thin man dang diéu tri loc
mau chu ky. Nhiéu ngwoi bénh thé hién cam giac lo au,
chan nan kéo dai, thAm chi xuit hién suy nghi bi quan vé
twong lai va sw s6ng cia ban thin. Bén canh d6, mot s
ngudi bénh sau thoi gian diéu tri da dan thich nghi, tim
cach duy tri thai do lac quan d€ gidm bét cing thang.
“Dém ndm nghi ma thdy budn chdn Idm, minh la gdnh
ndng cho chong, con va cd gia dinh nhung chd biét lam
sao cd, nhiéu liic nghi dai muén chét di cho xong” (NB-
NO1, ni¥). “Mdy ndm ddu toi suy sup Idm nhung bdy gior
ciing thanh quen, cé lo ldng ciing khong gidi quyét dwoc
gl nén téi luén lac quan méi ngay” (NB-N06, nik).

Nhitng chia sé ciia ngwdi bénh cho thiy tinh trang
bénh kéo dai cling ganh ndng kinh té khong chi anh
hwdng dén thé chit ma con lam suy giam dang ké sirc
khoe tinh than. Pong thoi phan anh sy da dang trong
chién lwgc rng pho - tir bi quan dén thich nghi tich cwe.
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3.5. Khé khdn hé théng va né Iwc ciia nhén vién y té

Nhén vién y té cho biét vai tro cong viéc cia ho vugt
xa ngoai nhitng thao tac kj thuét loc mau, bao gom ca tw
van - nang d& tinh than va gido duc stirc khde cho ngudi
bénh. Tuy nhién, nhiéu rao can hé théng khién nd luc
nay chwa dat nhw ky vong. Trwéc hét, nhirng khé khan
nhu thiéu thiét bi sé& 1am gia ting nguy co “gidm tin suit
loc” va thu hep “thoi gian chit lwgng” hd tro tAm ly va
gido duc strc khée cho ngudi bénh: “Bénh vién hién dang
loc mdu cho gdn 200 bénh nhdn nhwng chi ¢ 19 mdy...
nhiéu bénh nhdn diing ra phdi chay 3 ldn/tudn nhung vi
thiéu mdy ma chi chay dwoc 2 ldn/tudn” (NVYT-03-11).
Tinh trang qua tai tai dién khi “S6 Iwong bénh nhdn déng,
mdy thi thiéu... nhitng liic mdy hw thi bénh nhdn sé bi
don lai, ddn dén nhiéu ngay sé bi qud tdi” (NVYT-01-1).
Cung véi d6, viéc thi€u nhan lwc diéu dwéng chuyén
khoa dan t&i tang ca lién tuc va gidm kha ning theo sat
ngudi bénh: “Piéu dwdng phdi tdng ca nén khéng thé tw
vdn ky cang va sdu sdt bénh nhdan dwoc” (NVYT-03-11).
O phwong dién ngwdi bénh, bac sy ghi nhan ganh ning
tam ly (hoang mang, bi quan) anh hwéng truc ti€p dén
tuan tha diéu tri: “Cé nhiéu ngwdi bdt ddu hoang mang,
té ra rdt lo ldng khi vira nghe dén bénh suy than la nght
chi c6 mét con dworng la chét théi” (NVYT-03-11). B6i canh
dia phwong con 1am néi bt rao cadn ngdn ngit - van hoa
véi nhém bénh nhian dan téc thiéu s6, nhirng khuyén
cdo vé dinh dwdng va dung thudc rat kho dé nguwdi bénh
c6 thé hiéu, ghi nh& va thwe hanh tai nha. “Bénh nhdn
nguwdi dong bao la chii yéu, trong qud trinh loc mdu bdc sy
ddn dirng uéng nwéc nhiéu, nhwng ho khéng nghe van ci
uéng rdt nhiéu” (NVYT-01).

Sw két hop tir cac yéu t6 trén cho thdy nd lwc cta doi
ngl nhan vién truc tiép diéu tri, chdm séc dang bi gidi
han bé&i nhitng khé khan c6 thé giy tré ngai giao tiép.
Nhitng phén tich nay cho thiy, du phai lam viéc trong
diéu kién ngudn lwc con han ché NVYT van ludn phai nd
lwc can bang gitta nhiém vu chuyén mén va nhu ciu hd
tro tinh thin, nhwng hiéu qua chwa thé dap rng day du
ky vong clia ca ngwdi bénh 1an ban than ho.

Nghién cru ndy vé nén birc tranh da ting cla diéu tri
loc mau chu ky tai Gia Lai: trong tdm la ganh nang kinh té
va hé qua tAm ly clia ngudi bénh, khoang tréng trong hd
trg xa hoi, nat thit hé thong (thi€u may, thi€u nhan luc,
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rao can ngdn ngir - van héa) kém theo nd lwc lén nhwng
c6 gi¢i han cta NVYT, trong khi gia dinh van 1a ngudn
gitip d& chinh. Trwéc hét, khé khin néi bat dé chinh la
chi phi di lai, chi phi vat tw va sinh hoat hang ngay, khong
chi khién ngui bénh vay mwon hoic tam dirng diéu tri
ma con sinh ra mdc cdm “la ganh ndng” lam gidm dong
lwc tuan tha [7, 8].

Vé mat tdm ly, dao dong gitra bi quan va thich nghi
cho thay cin can thiép tAm ly lién tuc chi khéng phai
chi ho trgr 1€ té [9]. N.T.T. Mai va cs (2021) [10] ciing ghi
nhin mién tinh than cia QoL dat diém thip nhat [9, 10].
Nhitng phat hién nay khang dinh rang cham séc tim ly
can duogc tich hop nhw mét phan khong thé thiéu trong
quan ly bénh than man. Mot diém noi bat khac tir di
liéu dinh tinh 12 sy hd tro tir cong ddng mang tinh tw
phat, ngin han nén khong thé bu dip cho thiéu hut chinh
sach an sinh, din dén phu thudc qua mirc vao gia dinh
va nguy co kiét strc cho ngwdi cham sdc. Tai Viét Nam,
nghién ctru ciia N.V. Thong (2024) [11] cling chi ra rang,
vai tro cong dong trong chdm séc bénh nhin thin man
giai doan cu6i con rat m¢ nhat. Va vin dé quan trong
vé sw an toan, nudt that thiét bi - nhan lwc (may loc han
ché, phai xép ca dém hoic giam budi loc mau) truc tiép
lam tang nguy co thiéu liéu loc va cac bién c6 lam sang,
dong thoi thu hep “thoi gian chit lwgng” d€ tw van tAm
1y va gido duc strc khoe. Pay khong phai hién twong ca
biét, ma phan anh thyc trang chung & nhiéu bénh vién
tuyén tinh, khi nhu ciu ting nhanh nhung dau tu co sé&
vat chit chwa twong xtrng theo B6 Y té€ (2023) [2]. Két
qua nay cong hwéng véi nhan dinh cta T. Liyanage va cs
(2015) [8] cho thiy thiéu may chay than van la vin dé
toan ciu, dic biét & cdc nwée thu nhap thip. Diéu nay dit
ra yéu cau cip thiét trong viéc dau tw m¢é réng ha ting
va dao tao nhan lwc chuyén nganh thin - tiét niéu, mot
thwc trang da dwoc canh bao trong téng quan qudc té
veé tiép cin diéu tri bénh thin man giai doan cudi cta T.
Liyanage va cs (2015) [8]. Quan diém cua bac sy va diéu
dudéng cho thay cong tdc cham séc ngwdi bénh thin man
giai doan cudi khdng chi gi¢i han & k§ thuit ma con bao
gém hd tro tinh than va gido duc strc khde. Tuy nhién,
ho gip nhiéu tré ngai nhw ap lwc cong viéc, thiéu nhan
lwc, khac biét ngén ngit va van hoéa véi bénh nhan dan
tdc thiu s6. R.K. Hall va cs (2020) [12] cling nh4n manh

%HI\OIGCHE 68(8) 8.2026

tinh trang twong tw khi NVYT tai My phai can bang gitra
nhiém vu ky thuat va nhu ciu hé tro tam ly.

Mit khéac, diém manh ctia bdi canh 13 sy déng hanh
tich cwc cla gia dinh va tinh than trach nhiém cia NVYT
tai bénh vién; hai ngudn lwc ndy tao nén tang dé trién
khai nhitng can thiép thuc tién. Tir nhirng phan tich trén,
ham y thwc té rd rang: tai tuyén tinh cin wu tién ting
nang lyc hé théng nhw cung cip thém may loc mau, gia
tang diéu dwdng chuyén khoa; thiét ké cac bién phap
gidm boé tan suit loc mau c6 thé thuwc hién ngay nhw hd
tro chi phi di chuyén, nhic lich chi déng; chuin hoa cac
bang kiém dé tw van ngan sau loc mau vé tAm Iy (sang
loclo 4u/trAm cdm), va phat trién truyén thong sirc khoe
thich trng van ho4 (tai liéu song ngtt, ho tro vién ban dia)
- nhitng can thiép nay vira nham vao “diém nghén” hé
théng vira hd tro gia dinh, tir d6 c6 kha ning cai thién
tuén thu diéu tri va QoL cho nguwoi bénh.

Nghién ctru con mot sd han ché: C& mau dinh tinh
tuy dat bdo hoa nhung van nhé va dwoc chon cé chu
dich, nén khéng nham dai dién cho toan bd ngudi bénh
loc mau. Di¥ liéu phéng van c6 thé chiu dnh hwéng cha
sai léch hoi twéng va mirc dd cdi mé ctia ngwdi tham gia;
véi nhém dan tdc thiéu s6, rao can ngon ngit ¢6 thé lam
gidm sic thai dién dat khi phién dich. Nghién ctru dwoc
thwc hién tai mot bénh vién tuyén tinh nén chwa phan
anh day du sy khac biét gitra cac co sé loc mau khac. Tuy
vay, b6i canh mién nui véi ddc thu van héa da dang lai
giip lam ré nhitng rao can ma cac nghién cttu & do thi
khé ghi nhén, va viéc ma héa doc 1ap baéi hai nghién ctru
vién cung dat bdo hoa thong tin gép phén ting dé tin ciy
cho két qua.

5. Két luan va khuyén nghi

Nghién ctru dinh tinh nay cho thay diéu tri loc mau
chu ky tai Gia Lai 12 m6t thach thirc da chiéu, chiu anh
huéng bdi ganh ning kinh té han ché hé treg xa hoi va
diém nghén hé théng. Can cac can thiép tich hgp & mirc
hé théng va cdng dong - bao gom tiang nang lwc dich vy,
mé rong hod tro tAm ly va co ché hd tro tai chinh/van
chuyén - dé cai thién tun thu diéu tri va QoL bénh nhan.
Viéc cai thién cac khia canh nay sé& gop phan niang cao
chat lwgng chiam séc va cudc song cho bénh nhan suy
than man, dic biét tai nhirng khu virc mién ndi con nhiéu
khoé khan nhuw Gia Lai.
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Ténbai bao
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Tom tit
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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
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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.
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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)
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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.
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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
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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.
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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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