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Auh hurémg cia chat tro tuomg ho glycidyl methacrylate va khoang sét montmorillonite
dén tinh chit va cdu tric cia blend PBAT/PLA

Tuwéng Thi Nguyét Anh*, Hoang Thi Hwong, Poan Hoang Linh, Nguyén Tién Dat, Nghiém Thi Thio,
Nguyén Ngoc Diép, Ping Thio Yén Linh, Poan Vin Hwéng, Chu Xuan Quang
Vién D6i méi sang tao Quéc gia, C6, phuwong Thanh Xudn Ha Néi, Viét Nam

Ngay nhan bai 2/4/2025; ngay chuyén phan bién 5/4/2025; ngay nhan phan bién 21/4/2025; ngay chép nhan dang 25/5/2025
Tom tit:

Polymer blend trén co sé polybutylene adipate terephthalate (PBAT) két hop véi polylactic acid (PLA) véi tinh
chit co ly dwoc cai thién da dwge ché tao thanh cong trén may dun truc vit, sitr dung chit trg twong hop glycidyl
methacrylate (GMA) va chit gia cwong khoang sét montmorillonite (MMT). Cac tinh chit cia blend dwoe danh
gia bang cac phwong phap: ky thuat phan xa toan phan suy giam - pho hong ngoai bién ddi Fourier (ATR-FTIR),
phan tich nhiét trong lwong (TGA), kinh hién vi dién tir quét (SEM) va thir nghiém co hoc. Két qua nghién ciru cho
thay, ty 16 PBAT/PLA 40/60 cho cac tinh chit co hoc tdi wu, chit tro' twong hop trén co s¢ GMA lam ting tinh twong
hgp trong blend PBAT/PLA thong qua phén tng giira nhém epoxy véi cac nphém COOH va OH cudi mach polymer.
Viée sir dung GMA két hop véi clay di cai thién dd bén co hoc, dd bén nhiét, do 6n dinh céu tric ciia vat liéu. Blend
PBAT/PLA/chit tro twong hop/clay véi ty 18 khoi lwong 40/60/10/20 cho dd bén kéo 30,06 MPa, dd dan dai khi drt
70,38%, module kéo 1568 MPa. Két qua cho thiy, vt liéu cé tiém ning trong sian xuit bao bi va d6 dung thuc phim
dung mét 1an than thién véi méi truong.

Tir khoa: khoang sét, polybutylene adipate terephthalate, polylactic acid, polymer blend, tinh chét co hoe, trg twong
hop glycidyl methacrylate.

Chi s6 phén loai: 1.4, 2.5

Effect of glycidyl methacrylate compatibiliser and montmorillonite reinforcement on the
properties and morphology of PBAT/PLA blends

Thi Nguyet Anh Tuong”, Huong Thi Hoang, Hoang Linh Doan,
Tien Dat Nguyen, Thi Thao Nghiem, Ngoc Diep Nguyen, Thao Yen Linh Dang, Van Huong Doan, Xuan Quang Chu

National Academy for Advanced Technology and Innovation, C6 Building, Thanh Xuan Ward, Hanoi, Vietnam

Received 2 April 2025; revised 21 April 2025; accepted 25 May 2025
Abstract:

A polymer blend based on polybutylene adipate terephthalate and polylactic acid (PBAT/PLA) with enhanced
mechanical properties was successfully fabricated by melt mixing in a twin-screw extruder using glycidyl
methacrylate (GMA) as a compatibiliser and montmorillonite clay (MMT) as a reinforcement. The properties
of the blend were characterised by a series of methods including ATR-FTIR spectroscopy, thermogravimetric
analysis (TGA), scanning electron microscopy (SEM), and mechanical testing. The results showed that the PBAT/
PLA blend with a weight ratio of 40/60 exhibited optimal mechanical properties. In addition, the GMA-based
compatibiliser increased the compatibility of the PBAT/PLA blend through reactions between epoxy groups and
the terminal COOH and OH groups of the polymer chains. The study also confirmed that the combined use of a
GMA-based compatibiliser and clay improved the mechanical strength, thermal stability and structural stability
of the materials. The PBAT/PLA/compatibiliser/clay blend with a mass ratio of 40/60/10/20 exhibited a tensile
strength of 30.06 MPa, an elongation at break of 70.38%, and a tensile modulus of 1568 MPa. These results indicate
significant potential for the production of environmentally friendly packaging and disposable food containers.

Keywords: clay, glycidyl methacrylate compatibiliser, mechanical properties, polybutylene adipate terephthalate,
polylactic acid, polymer blend.

Classification numbers: 1.4, 2.5

“Tac gia lién h¢: Email: nguyetanhk28@gmail.com

‘ %H%-IE 68(3) 3.2026 1



1. Ddt van de

Polybutylen adipat terephthalate (PBAT) la mét polyester
mém déo, c6 do dan dai cao va kha ning phan huy sinh
hoc trong moi truong i phan composite [1]. Vi vay, PBAT
thuong duoc tmg dung trong san xuét cac san pham nhua,
bao bi ding mot 1an than thién v6i méi truong va bao bi tiép
xuc truc tiép voi thue phém. Tuy nhién, do bén co hoc th?ip
ctia PBAT han ché viéc ing dung vao cac san phim yéu ciu
d6 bén, do clmg cao va kha ning tao hinh bai phuong phap
dinh hinh nhiét hodc duc phun [1].

Dé nang cao do bén co hoc ciia PBAT, cac phuong phép
phé bién duoc sir dung nhu bd sung cac chét gia cudng; ché
tao polymer blend v&i mot hodc nhiéu polymer khéc. Trong
do, viéc két hop PBAT véi cac polymer khac dé tao thanh
blend hai hoic da c4u tir 1a phwong phap hiéu qua nhat, giap
cai thién cac tinh chit co hoc mot cach dang ké, tuy thude
vao loai polymer va ty 18 cac polymer phdi tron [2].

Céc polymer dugc két hop véi PBAT dé ting cudng tinh
nang co ly 1a nhitng polymer phan huy sinh hoc ¢6 d¢ cung
cao, module cao, dd bén kéo dut 16n, nhu: polyhydroxyl
butyrate-co-valerate (PHBV), poly caprolactone (PCL),
polylactic acid (PLA); trong d6, PLA nbi bat nho do bén
kéo dut va module kéo 16n [3], c6 kha nang dinh hinh nhiét,
phan huy sinh hoc trong moi truong u compost. Tuy nhién,
PLA c6 déc tinh gion (d6 gian dai khi dut nhé hon 5%),
khién kha nang ung dung bi han ché.

Do d6, polymer blend PBAT/PLA thudong dugc ché
tao nham khac phuc nhitng nhuoc diém va tan dung uu
diém ctia ca hai polymer [3]. Tuy nhién, cdu trac hoa hoc
ciia PBAT va PLA la khac nhau, nén vé 1y thuyét chung
khong tuong hop. Vi vay, viéc lya chon chét tro tuong
hop va ham lugng thich hop 13 yéu t6 quan trong dé cai
thién cdu tric va tinh chat ciia polymer blend [4]. Cho dén
hién nay, viéc tim ra loai chat tro twong hop phu hop cho
blend PBAT/PLA tiép tuc thu hut sy quan tam cua cac nha
nghién ctru véi nhiéu van dé can duoc 1am sang to.

Ngoai viéc sir dung chét trg twong hop, cic chit gia
cuong ciing di duoc sir dung dé ting cudng tinh co 1y cua
polymer blend. Trong sé d6, khoang sét montmorillonite
(clay MMT) 1a mét chét gia cuong hiéu qua, gitip cai thién
tinh co 1y va c6 ngudn gdc khoang tu nhién, gia thanh thap,
d& dang st dung trong san xut cong nghiép [5].

M. Shahlari va cs (2012) [6] da ché tao vat lidu blend
composite PBAT/PLA dugc gia cuong bdi khoang sét MMT
montmorillonite bién tinh ma khong can ding thém chat trg
tuong hop. Nhom nghién ctru da bd sung MMT gilip ting
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cuong vuot troi module dan hdi, module du trix (tang ~2,1
1an) so v&i blend khong twong hop PBAT/PLA, MMT; dong
thoi dong vai trd tro twong hop, gitp ting do bam dinh bé
mat gitta PLA va PBAT dugc chiing minh boi SEM [6]. Tuy
nhién, do gidn dai giam dang ké (giam ~7.9 1in). G. Zhang
va cs (2024) [7], Y. Zhang va cs (2021) [8] da ché tao blend
PBAT/PLA str dung chit tro twong hop trén co s polymer
ghép GMA va khong dung chét gia cuong. Két qua cho thiy,
chat tro trong hop gitp gia ting dang ké do gian dai khi dut
s0 voi blend PBAT/PLA khong tuong hop; tuy nhién d¢ bén
kéo va module dan hoi ting rat it, c6 trudng hop con giam
nhe. Trong khi d6, su két hop dong thoi cia MMT va GMA
dé ting cuong do bén, module va do gidn dai cho blend
PBAT/PLA van chua dugc khai thac 1am sang to. Tai Viét
Nam, cho dén hién tai van chua c6 cong bd nao vé ché tao
vat liéu blend PBAT/PLA chtra chit gia cuong clay va st
dung chit trg tuong hop GMA.

Nghién ctru nay tién hanh ché tao blend PBAT/PLA véi
chat trg trong hop glycidyl methacrylate (GMA) va chat don
clay MMT bang méay dun hai truc vit. GMA s& ting cuong
cAc tuong tac bé mit gitra PBAT va PLA; trong khi do, clay
MMT ting cudng kha ning phan tan tng suit. Blend voi
chét tro twong hop maleic anhydride (MA) ciing dugc ché
tao va so sanh tinh chét véi blend st dung GMA. Céac dac
trung co 1y hoa cua blend dugc xac dinh boi cac phan tich:
ATR-FTIR, TGA, tinh chit co hoc (d6 bén kéo dit, dan dai
khi dut, module kéo) va cAu tric hinh thai bai SEM, tir d6
danh gia su tuong tac gitta PBAT, PLA va MMT.

2. Thuc nghiém
2.1. Nguyén vit li¢u

PBAT Ecopond KB100 dwoc cung cép boi Zhuhai
Kingfa Biomaterials, Guangdong; chi sé chay 3~5 g/10
phut (190°C, 2,19 kg), nhi¢t dg nong chay 125°C. Polylactic
acid Luminy LX175 Total Energies-Corbion, Thai Lan;
chi s chay 3 g/10 phut (190°C, 2,19 kg), nhiét do néng
chay 155°C. Glycidyl methacrylate (GMA) d6 tinh khiét
>99%; benzoyl peroxide (BPO) do tinh khiét >98% duoc
mua tir Shanghai Macklin Biochemical Technology. Maleic
anhydride (MA) d¢ tinh khiét >98%, phu gia trg gia cong
oleamide d¢ tinh khiét >98% la sin pham cua Shanghai
Zhanyun Chemical. Khoang sét MMT, loai ding lam chat
don cho polymer composite duoc bién tinh bé mat boi
Octadecyl trimethyl ammonium, dugc mua tir Nanomer
Beijing East-West Company, kich thudc hat: ~15-20 pm.
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2.2. Ché tao blend PBAT/PLA chita chit tro twong hop
va clay MMT

Ché tao chdt tro twong hop: PBAT ghép glycidyl
methacrylate (PGMA) va PBAT ghép maleic anhydride
(PMA): Chét tro trong hop PGMA duoc ché tao trén may
dun hai tryc vit; bang phan Gng ghép GMA 1én mach PBAT,
sir dung chat khoi mao BPO. Hon hop nguyén liéu gom:
PBAT 100 phan khéi luong (pkl), GMA 10 pkl, BPO 0,5
pkl va oleamide 0,5 pkl dugc tron co hoc dong déu bang
may trén Labtech LMX10-V, sau d6, tron hop néong chay
trén may dun hai truc vit Labtech LTE16-52, tde do truc vit
100 vong/phut, nhiét do 13 khoang tron cua may dun dugc
cai dat trong khoang ~125-165°C. Hon hop nhwa néng chay
duoc lam mat, kéo soi, cit tao hat va séy chan khong tai
60°C trong 24 gid dé loai bo hét vét GMA sot lai. Dé chimg
minh khong con GMA chua phan tng trong PGMA, mau
hat nhya PGMA sau khi séy kho duoc ngam thoi nhiém
trong nuoc ct tai nhiét do 95°C trong 24 gid; sau do, dung
dich nudc thdi nhiém duoc phan tich béi thudc thur kali
permanganate (mau hdng tim cua thubc thir gitt nguyén
khong d6i), phd FTIR (khong xuat hién sy khac biét so véi
phé cta nude cat). Cac két qua ching to khong co su xuét
hién cia GMA du trong PGMA bi thoi nhiém ra moi truong
bén ngoai. PGMA dugc do phd IR va chuan d6 dé xac dinh
ham lugng GMA, ham lugng GMA dat 7% khdi lugng so
v6i PBAT xac dinh bang chuan d6 [9].

Chét tro trong hop PMA dugc ché tao bang phan tng
ghép MA 1én mach PBAT tuong tu nhu ché tao PGMA;
hén hop gdm: PBAT 100 pkl, MA 15 pkl, BPO 0,75 pkl,
oleamide 0,5 pkl duoc tron co hoc déng déu, sau do tron
hop nong chay dun tao s¢i, lam mat, kéo soi, cit tao hat va
sdy chan khong tai 60°C trong 24 gio. Ham lwong nhom MA
dat 7% khoi luong so v&i PBAT dugce xac dinh b?mg chuén
do [10, 11].

Ché tao blend PBAT/PLA cé va khéng c6 chit tro twong
hop: Céc mau blend PBAT/PLA c6 va khong c6 chat trg
turong hop dugc ché tao v6i don phéi liéu trinh bay trong
bang 1. Trong do, PBAT, PLA dugc ky hi¢u lan lugt 1a T va
A tuong ung, blend khong tuong hop dugce thém ky hi¢u uc;
blend v&i ty 1& phan khdi lugng PBAT/PLA=x/y duoc ky
hiéu la TAxy tuong ung.

Quy trinh chung ché tao cac mau blend PBAT/PLA: Can
chinh xac khéi luong cia nhya va cac phu gia, tién hanh
tron co hoc dong déu trong 2 phit, sau do, chuyén hén hop
nguyén liéu vao phéu nap liéu ctia may dun hai tryc vit dé
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Bang 1. Pon phéi liéu ché tao blend PBAT/PLA c6 va khong cé
chat tro twong hop.

Ky hi¢u mAu fp?(%::(l;;A PGMA (pkl) g’ 1\1/(111; glﬁ;mide
ucTAS2 80/20 ; - 1
ucTA73 70/30 - - 1
ucTA64 60/40 - ; 1
ucTAS5 50/50 - - 1
ucTA46 40/60 - - 1
ucTA37 30/70 - - 1
TA82-PGMA1  80/20 1 - 1
TA73-PGMA1  70/30 1 - 1
TA64-PGMAL  60/40 1 - 1
TAS55-PGMA1  50/50 1 - 1
TA46-PGMA1  40/60 1 - 1
TA37-PGMA1  30/70 1 . 1
TAS2-PMAl  80/20 - 1 1
TA73-PMAL  70/30 - 1 1
TA64-PMA1  60/40 - 1 1
TAS5-PMAL  50/50 ; 1 1
TA46-PMAL  40/60 ; 1 1
TA37-PMAL  30/70 - 1 1

bat dau qua trinh tron hop nong chay, nhiét do 13 khoang
tron cia may dun tir hong cip liéu dén dau dun nhu sau:
175/180/185/190/195/200/200/195/190/180/175/170/165°
C, toc do tryc vit 100 vong/phit. Hon hop nhwa nong chay
thoat khoi dau dun hinh thanh soi nhua; soi duoc kéo, lam
mat trong bé nude va cét tao hat. Thu san phém hat nhua tao
thanh va danh gia tinh chat.

Ché tao blend PBAT/PLA/clay MMT: Dé khao sat hiéu
qua tang cudng co tinh cua chét gia cuong khoang sét MMT
dbi voi cac blend da co tro tuong hop, tién hanh ché tao cac
mau blend chira MMT véi don phéi liéu trinh bay trong
bang 2. Quy trinh cong nghé tuong ty nhu ché tao blend co
chat trg trong hgp PGMA & trén, giit nguyén céc thong sb
gia cong trén may dun hai truc vit. Nhya nguyén li¢u, phu
gia va MMT dugc can va trdn co hoc d@)ng déu, sau d6 hdn
hop dugc nap vao phéu nap liéu ciia may din va bat dau qua
trinh trén hop néng chay, dun tao sg¢i, lam mat, kéo soi va
cét hat.



Bang 2. Don phdi liéu cho ché tao blend PBAT/PLA c6 chira MMT.

K hidu miu PBAT/PLA PGMA MMT Oleamide
(pkl/pkI) (pkD) (pkD) (pkD)
TA46-MMT10  40/60 10 10 1
TA46-MMT15  40/60 10 15 1
TA46-MMT20  40/60 10 20 1
TA46-MMT25  40/60 10 25 1

Khoang sét montmorillonite (MMT) la vat li¢u gia cuong
v6 co hiéu qua trong cai thién tinh chit co 1y cta polymer
composite. O déy, clay MMT dugc sir dung 6 kich thuéce
hat ~15-20 um, dién tich bé mat cua chat don micro nhé hon
dién tich bé mat cua chét don nano cung loai (kich thudc hat
<100 nm); dan dén s luong twong tic bé mit gitra chit don
micro véi nhya nén s& it hon so véi truong hop chat don
nano - nhya nén, hiéu qua gia cuong cua chit don micro
ciing thip hon so v6i chit don nano. Do dé, chit don micro
clay MMT s€ dugc st dung véi ham luong 10-25 pkl, cao
hon so v&i ham luong thuong st dung véi chit don nano dé
tang cuong hiéu qua gia cuong cta chat don véi nhua nén.

2.3. Phwong phdp phdn tich

Phé hong ngoai ATR-FTIR dugc thyc hién trén quang
pho ké hong ngoai Nicolet iS20, dai song 4000-400 cm!, s6
1an scan: 32, d6 phan giai 4 cm’.

Phan tich nhiét trong lugng (TGA) dugc tién hanh trén
thiét bi Mettler Toledo TGA/DSC 3*, nhiét do 25-600°C, toc
d¢ gia nhi€t 10°C/phut trong moi truong khi N, 20 ml/phit.

Tinh chét co hoc duge thuc hién trén thiét bi INSTRON
5900R theo tiéu chuan ASTM D638, toc d6 kéo 200 mm/phit.

Céu trac hinh thai cua vat liéu duoc danh gia bé'mg anh
SEM trén thiét bi JEOL JSM-6510LV, dién thé 10 kV. Mau
dugc bé giy trong nito 16ng, sau do tiét dién cat ngang nay
dugc phu vang va tién hanh chup anh SEM.

3. Két qua va ban luan

3.1. Tinh chit co hoc

Anh hieong ciia logi chat tro twong hop va ty 1é polyme:
Dé danh gia anh huong cta chat tro twong hop dén tinh chit
cta blend, cic miu PBAT/PLA khong chira chit trg tuong

hop da dugc khao sat va danh gia tinh chét co hoc (d bén kéo
dut, gian dai khi dut), két qua dugc trinh bay trong bang 3.
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Bang 3. Tinh chat co hoc ciia cac mau blend PBAT/PLA khéng
chtra chét tro’ twong hop.

KY hi¢u PBAT/PLA D) bén kéo dit  Giéin dai khi dut
mau (pkl/pkl) (o, MPa) (g, %)

PLA 0/100 35,00+0,20 3,60+0,50

PBAT 100/0 17,00+0,50 >450% (khong dut)
ucTA82 80/20 7,02+2,50 6,95+2,00

ucTA73 70/30 4,91+2,00 6,00+2,00

ucTA64 60/40 22,09+3,00 3,46+1,50

ucTAS5 50/50 15,5342,50 3,35+1,50

ucTA46 40/60 21,65+2,80 4,50+1,00

ucTA37 30/70 9,62+2.,00 4,94+1,70

C6 thé nhan thdy, cac mau blend khong chira chit tro
tuong hop c6 do bén kéo dut khong 6n dinh, do dan dai khi
dut rat thap (dudi 7%), khong thé hién rd xu hudng bién
thién khi ham luong PLA thay d6i. Két qua nay duogc giai
thich 1a do céc tinh chat cudi cung cua blend tiy thudc vao
cAu tric hinh thai bén canh cac dic diém vén co cua tung
polymer; viéc pha tron cac polymer khong gidng nhau s&
tao ra cac cAu triic tach pha (giot phan tan trong nén, hodc
try, hodc cdu) tity thudc vao tuong tic polymer-polymer, cac
thong s (téc do truc vit, nhiét do, ty 1& do nhat, thong sé hoa
tan va strc cang giao di¢n), strc cdng giao di¢n polymer cang
16n thi kich thudc pha phan tan cang 16n, dan dén tinh chét
ctia blend cang suy giam [12]. PBAT va PLA c6 ban chét cau
tric héa hoc khac nhau, blend khong tron 1an PBAT/PLA
s& co su tach pha polymer véi suc cang giao dién 16n gitra 2
polymer, it c6 sy bam dinh tuong tac bé mit [12, 13]; hé qua
13, tinh chét cua vat liéu khong duoc cai thién.

Su twong hop gitta PBAT va PLA dugc ting cuong bang
cach sir dung cac chét trg twong hop PGMA va PMA. Tinh
chét co hoc bao g@)m d6 bén kéo, do gian dai va module kéo
ctia cac mau blend PBAT/PLA c6 chira PMA 1 pkl, PGMA
1 pkl dugc thé hién trong hinh 1.

C6 thé nhan thdy, cic mau sir dung chit trg twong hop
PGMA 1 pkl cho tinh chat co hoc cao hon so véi cac mau sir
dung PMA 1 pkl (v6i cing ty 16 PBAT/PLA). Diéu nay cho
thdy, & ham lugng 1 pkl PGMA c6 hiéu qua tro twong hop
trong blend PBAT/PLA tét hon so vi PMA. Chét trg twong
hop hiéu qua 1am giam strc cing bé mat gitra 2 polymer, tir
d6 giam kich thudc ciia giot phan tan trong pha nén; ciu tric
giot phan tan trong nén trd nén min hon, déng nhat hon; tir
d6 din dén ting cuong cac tinh chit cia vat lidu.
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Hinh 1. Tinh chét co’ hoc cua blend khi stv dung PGMA 1 pkl va PMA 1 pkl, v&i ham lwgng PLA thay déi.

20 30 40

Vi ca 2 loai trg twong hop, khi ham lugng PLA tang tir
20 dén 70 pkl, twong mg v&i ty 1¢ PBAT/PLA thay doi tir
80/20 dén 30/70 thi d6 bén kéo dut, module kéo ting dan.
bic biét, module tang dang ké tai 60 va 70 pkl PLA. Nguoc
lai, d6 gidn dai giam dan khi ham lugng PLA ting tir 20 dén
60 pkl va giam manh tai 70 pkl PLA. Mau TA82-PGMA1
cho 6=10,86 MPa, module kéo=238 MPa, £=208,82%:;
mau TA46-PGMAI1 cho gia tri d6 bén va module ting
manh: 6=15,89 MPa, module kéo=540 MPa, £=50,27%;
mau TA37-PGMA1 cho: 6=17,05 MPa, module kéo=660
MPa, e=11,31%. Su thay dbi tinh chat co hoc nay duogc giai
thich 1a do: khi ham luong PLA nho hon 50 pkl thi blend
PBAT/PLA s& c6 ciu triic v6i pha nén PBAT mém déo va
pha phan tan PLA cimg, PLA ddng thoi gia cuong cho nén
PBAT; ham lugng PLA ting s& dan dén ting do bén kéo,
tang module kéo, giam d¢ gian dai khi dut cia vat licu [14].
Tuy nhién, khi ham lugng PLA>60 pkl, vat liéu PBAT/PLA
¢6 su thay déi cdu tric voi PLA 1am pha nén cimg va PBAT
dong vai tro 1am pha phéan tan mém déo [14]; do d6, do bén
kéo dut va module kéo cua vat liéu blend véi nén PLA s&
cao vuot troi so vai vat lidu blend ¢ pha nén PBAT.

Tt tinh chét co hoc trén, ¢ thé két luan réng PGMA ¢6
hiéu qua trg twong hop trong blend PBAT/PLA tét hon so
v6i PMA; ham lugng PLA trong blend ting tir 20 dén 70
pkl thi dn dén d6 bén kéo, module kéo ting dan, ting déng
ké khi PLA>60 pkl, d6 gian dai giam dan. Ty 1é PBAT/PLA
40/60 (TA46) dugc chon dé ché tao cac mau blend cho céc
nghién clru tiép theo do mau vat liéu vira c¢6 do bén kéo,
module kéo 16n - phan anh d¢ cing cua toan khéi vt liéu;
ddng thoi d6 gidn dai khong qua thip.

Anh hwéng cia ham leong chat tro twong hop PGMA:
Pé danh gia anh huéng cia ham lugng PGMA dén tinh
chét cua vat liéu, cac mau blend PBAT/PLA 40/60 véi ham
luong PGMA thay déi: 1,0; 5,0; 7,5; 10,0; 12,5 pkl duoc
ché tao. Két qua tinh chét co hoc ctia cac mau trong hinh 2
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cho théy, khi ting ham lugng PGMA tir 1,0 dén 12,5 pkl,
d6 bén kéo dit, o gian dai khi dat. Module kéo ting dan
va dat céc gia tri cuc dai tai PGMA 10 pkl, sau d6 giam nhe
khi PGMA tiép tyc tang 1én 12,5 pkl. Mau TA46-PGMA 10
cho d6 bén kéo dit, module kéo, gidn dai khi dut 1an luot 1a
24,28 MPa; 725 MPa va 102,17% tuong tmg. Két qua nay
duogc giai thich 1a khi ting ham luong PGMA s€ lam tang sy
lién két bé mat gitra PBAT va PLA, tir d6 tinh chét co 1y cua
vat liéu dugc cai thién. Tuy nhién, khi ham lwong PGMA
vuot qua gia tri t8i wu s& gdy ra su khau mach cuc bd cua
polymer, xuat hién suy pha hiy gion tai cac khdi polymer
khau mach d6; hé qua 1a lam giam ddng thoi ca do bén kéo,
module dan hoi va gidn dai khi dat cia vat liéu. Két qua
nay twong déng v6i nghién ciru cua N. Zhang va cs (2009)
[15], v&i blend PBAT/PLA dugc tro tuong hop boi GMA,
khi ham luong GMA ting qua gia tri tdi uu s& ¢6 qua nhidu
nhom epoxy cua GMA phéan tmg v6i nhom -COOH, -OH
cudi mach PBAT va PLA; gay ra su khau mach cuc b cua
polymer, tir d6 1am suy giam dong thoi d6 bén kéo, d6 dan
dai va d¢ dai va dap.
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Hinh 2. Tinh chét co hoc cua blend TA46-PGMA vé&i ham lwong
PGMA thay dbi.



Do d6, ham lugng trg twong hop duogc st dung la 10 pkl
cho hiéu qua twong hop tt nhat giita PLA va PBAT. P9
bén kéo, module kéo va do dan dai cua vat liu 1an luot dat
24,28 MPa, 725 MPa va 102,17%.

Anh hieong cia chat gia cwong khodng sét MMT: Cac
mau TA46-PGMA 10 duoc ché tao voi cac ham luong MMT
thay ddi: 10, 15, 20, 25 pkl; cac tinh chét co hoc duoc trinh
bay trong hinh 3.
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Hinh 3. Tinh chat co hoc cta blend TA46-PGMA10-MMT vé&i ham
lwgng MMT thay dbi.

Céc két qua tinh chdt co hoc cho thdy, khi ham lugng
MMT ting tir 10 dén 25 pkl thi d6 bén kéo dut, module kéo
tang dan va dat gia tri 16n nhét tai 20 pkl MMT, sau do cac
tinh chat giam nhe khi MMT tiép tuc tang 1én 25 pkl. Trong
khi d6, d6 gian dai khi dit giam dan khi ham lwong MMT
tang dan. Mau TA46-MMT20 cho gia tri cuc dai cua do
bén kéo dut va module kéo, 1an lugt 12 30,06 va 1568 MPa
tuong tmg; gidn dai khi dut dat 70,38%. Diéu nay duoc giai
thich 1a do ham luong MMT cang tang 1én s€ lam gia tang
mat do tuong tac ky nudc giita nhwa nén voi chudi alkyl béo
trén bé mat MMT, tir d6 ting kha ning truyén tai ing suét
tr nhya nén sang chit don; do do, tinh chét co 1y cua vat
liéu dugc cai thién. Tuy nhién, ham lwong MMT tang 1én
qua cao s& dan dén su két ty ctia cc hat clay trong qua trinh
tron hop nong chdy; hé qua 1a blend tao thanh s& dé bi pha
huy cuc bg tai cac khéi két tu; tir d6 dan dén suy giam tinh
chét cua vat lidu.

Tém lai, tinh chét co hoc ctia blend PBAT/PLA s& duoc
cai thién dang ké khi sir dung chat tro twong hgp PGMA va
chit gia cuong MMT, phu hop véi cic tmg dung ché tao
bao bi dung thuc phém (chai, lo, cde, dia, khay) dung mot
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1an v6i d6 bén kéo dirt >18 MPa, gian dai >4%, module kéo
>1000 MPa [16, 17]. Vi 10 pkl PGMA va 20 pkl MMT; do
bén kéo, module kéo va do gidn dai cua vat lidu lan luot dat
30,06 MPa, 1568 MPa va 70,38%.

3.2. Phé h&ng ngoai

Su ting cudng twong tac bé mat giita PBAT va PLA khi
str dung chat tro twong hop duoc chimg minh béi phd ATR-
FTIR cua cic miu: khong c6 chat trg tuong hop (ucTA46)
va c6 chat tro twong hop (TA46-PMAI1, TA46-PGMAL,
TA46-PGMA10, TA46-MMT?20). Phé IR cia cac miu duge
trinh bay trong hinh 4.

TA46-MMT20 ' -; == 1470 [eEamamaama -

TA46-PGMA1

TA46-PMA1

ucTA46

Do truyén qua (%)

—— T T
2000 1800 1600 1400 1200 1000
S6 séng (cm™)

T T T
800 600

Hinh 4. Phé ATR-FTIR clia cac mau blend khéng chira va cé chira
chét trg twong hop PGMA, PMA.

C6 thé nhan thdy, phd IR cua blend khong twong hop
ucTA46 xuat hién peak tai 1123 va 1019 cm™! véi cuong do
trung binh chi ra sy tdn tai ca cac lién két C-O trong nhom
-COOH va C-OH cudi mach PBAT va PLA. Véi cic mau
chtra chét tro twong hop, hai peak nay dich chuyén vé tan
) thép hon; cu thé, TA46-PMA 1 xut hién peak tai 1121 va
1017 cm'; TA46-PGMA1 va TA46-PGMA10 cho peak tai
1118 va 1016 cm’'. Diéu nay chimg to rang, di xay ra phan
g héa hoc gitra cac nhoém -COOH, -OH cudi mach PBAT
va PLA vo6i cac chuc epoxy, maleic cia PGMA, PMA va
hinh thanh cac lién két C-O-C méi didc trung boi cac peak
trong dai 1300-1000 cm™'. Piéu nay dan dén sy gia tang lién
két bé mat gitta PBAT va PLA; tir d6 cai thién tinh tuong
hop, tinh chit co hoc so véi blend khong chira chat twong
hop [3, 18, 19], ma chimg minh boi cac két qua co tinh &
trén. Co ché twrong hop giita PBAT va PLA dugc minh hoa
trén hinh 5.
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Hinh 5. Minh hoa co’ ché twong hop giira PBAT va PLA bing hop
chat chira nhém epoxy [3, 18-20].

" chira nhém epoxy

Phé IR cta TA46-PGMA 10 cho thay, cudng do cac peak
1118, 1082, 1016 cm™ manh hon so vdi cac peak twong ting
cua TA46-PMA1 va TA46-PGMAT; chiing t6 mat do lién
két C-O-C trong cic mau st dung PGMA 1a 16n hon so véi
mau st dung PMA. Khi ham lugng PGMA tang tir 1 1én 10
pkl, mat do lién két C-O-C ting 1én. Nhom epoxy cé thé
phan tmg voi ca -COOH va -OH dé tao thanh lién két C-O-C
méi [18]. Trong khi do, nhom maleic chi phan ung véi
nhom -OH dé hinh thanh nhom ester. Do d6, mat do cac lién
két C-O-C hinh thanh tai bé mat tiép xtic pha PBAT/PLA
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khi sir dung PGMA s& 16n hon so v6i khi sir dung PMA. Pho
IR ctia TA46-MMT20 chira clay MMT xuét hién peak 1470,
1600-1650 cm* duoc quy cho lién két N-H va C-N trong
hop chit amoni trén bé mit MMT bién tinh.

C6 thé két luan, PGMA c6 hiéu qua trg twong hop cho
blend PBAT/PLA v6i co ché phan tmg gitra nhom epoxy va
cac nhéom COOH, OH cudi mach PBAT va PLA. Tang ham
lwong PGMA lam tang muc do twong hop cua PBAT/PLA,
su On dinh céu trac va cac tinh chét coa vat lidu.

3.3. Phdn tich nhiét

Phan tich nhiét trong lugng (TGA) cho biét mirc d6 on
dinh nhiét cta mot vat liéu, tir d6 danh gia dugc do bén ciu
trac, mirc do twong hop giita cac cau tir thanh phan cua vat
lidu. Gian d6 TGA va DTG cuia cac mau blend khong chira
va c6 chira chét tro tuong hop, c¢6 clay MMT dugc thé hién
trong hinh 6.

Gian d6 TGA va DTG cho thdy, nhiét d6 bat dau phan
hay va nhiét d6 tai tde do phan hiy lon nhét cta cidc mau

1(B)
= 427°C
[ -
4 —=— PLA 386°C

—e— PBAT

100 200 300 400 500 600
0.002

-0.002

-0.004

-0.006

-0.008

-0.010

V01T o ucTAds a74°C

—+— TA46-PMA1
—e— TA46-PGMA1
—=— TA46-PGMA10

—— TA46-MMT20
-0.018 —

100 200

-0.014
373°C
-0.016 4
426°C

T T T 1
300 400 500 600

Nhiét 45 (°C)

Hinh 6. (A) Gian dé TGA ctia PLA, PBAT; (B) Gian d6 DTG cuia PLA, PBAT; (C) Gian dé TGA ctia ucTA46, TA46-PMA1, TA46-PGMA10, TA46-
MMT20; (D) Gian dé DTG cuia ucTA46, TA46-PMA1, TA46-PGMA10, TA46-MMT20.
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Hinh 7. Anh kinh hién vi dién tlr quét (SEM) cac mau: (A) ucTA46, (B) TA46-PMA1, (C) TA46-
PGMAT1, (D) TA46-PGMA10, (E) TA46-MMT20.

blend tang theo thir ty: ucTA46<TA46-PMA1<TA46-
PGMA1<TA46-PGMA10~=TA46-MMT20. Maiu TA46-
PGMA10 ¢6 nhiét do bat dau phan hay 1a 335°C va nhiét do
tai toc do phan hity 16n nhat (T_ ) 1a 374, 426°C. ucTA46
khong chira chit tuong hop, do d6 kém bén cdu trac, kém
6n dinh nhiét va phan huy sém hon so véi blend ¢ chta
PMA va PGMA; cu thé, nhiét d6 bat dau phan huay dat tai
258°C, nhiét do T, dat tai 301 va 419°C, déu thép hon so
Vi cac gia tri twong tng cia cac blend chira chit tro tuong
hop PMA va PGMA. Mau TA46-PMA1 kém 6n dinh nhiét
so voi TA46-PGMA1, TA46-PGMA10, va TA46-MMT20
do su bam dinh, lién két bé mat gitta PBAT va PLA thép
hon. Mau chira MMT 20 pkl cho nhiét d6 bat ddu phan huy
vanhi¢tdo T (335, 373, 425°C tuong ung) thip hon mot
chut so véi mau TA46-PGMA 10 khong chita MMT, do hop
chat hitu co quaternary alkyl ammonium trén bé mit MMT
thyuc hién trude qua trinh phan huy.

Nhu vay, PGMA c6 hi¢u qua tr¢ tuong hop gitta PBAT
va PLA tot hon so v6i PMA; tir d6 dan dén tang do 6n dinh
cAu tric, tang do bén co hoc, do bén nhiét cua vat lidu.

3.4. Ciu trisc hinh thai

Mirc d6 tuong hop, su tuong tac bé mit gitra cac cau
tur trong polymer blend dugc danh gia thong qua dac trung
hinh théi cta vat li¢u, thé hién trén anh SEM. Anh SEM céc
mau blend khong va c6 chét tro twong hop, c6 khoang sét
MMT dugc trinh bay trong hinh 7.

Nhén thiy, ucTA46 (khong chta chét tro tuong hop)
bi pha huy véi su tach pha 1o rang, cac giot PBAT tach ra
khoi nén PLA (hinh 7A). Céc blend c6 chit trg twong hop
(hinh 7B-E) rat it hodc khong xuat hién sy tach pha, bé mat

KHOA HOC
SCONG NGHE

68(3) 3.2026

messssmmmm Khoa hoc Tu nhién | Hoa hoc; Khoa hoc Ky thuat va Céng nghé | Ky thuat vat liéu va luyén kim

tuong d6i min do PMA va PGMA
da lam tang sy bam dinh giita
PBAT va PLA. Mau TA46-PMA1
(hinh 7B) ¢6 su tach pha polymer
rat it; TA46-PGMA1 khong thiy
su phan tach pha PBAT vdi PLA
(hinh 7C); TA46-PGMAI10 cho
bé mat pha huy rit min va dong
nhét (hinh 7D). Két qua cho thay,
PGMA gitp PBAT phan tan dong
déu hon va tao lién két tot hon véi
nén PLA so voi PMA; ham luong
PGMA tang lén lam tang sy lién
két bé mit giita PBAT va PLA,
lam c4u tric blend ddng nhit hon.
Mau TA46-MMT20 chi xuit hién
mot vai diém tring nho (hinh 7E);
chung to6 MMT da phan tan kha
ddng déu vao nén polymer.

C6 thé két luan rang, PGMA 10 pkl gitp ting lién két
bé mit gitta PBAT va PLA, gitp PBAT phén tan vao nén
PLA dong déu hon, tao ra ciu triic blend dong nhét va bén
vitng. Clay 20 pkl ciing phan tan dong déu vao nén polymer,
khong két ty tap hop hat, mang lai hiéu qua gia cudng cho
mau vt liéu.

4. Két luan

Polymer blend trén co so PBAT két hop voi PLA dugc
tang cuong tinh chat co 1y da dugc ché tao thanh cong trén
may dun hai tryc vit, sir dung chat trg twong hop Glycidyl
methacrylate (PGMA) va chat gia cuong khoang sét MMT.
Céc két qua chi ra, ty 18 PBAT/PLA 40/60 cho cac tinh chit
co hoc t6i uu; PGMA tang tinh tuong hop ciia blend bang
phan tng giita nhom epoxy véi nhom -COOH, -OH cudi
mach polymer; st dung PGMA két hop véi MMT lam ting
dd bén co hoc, 46 bén nhiét, do 6n dinh cAu trac cua vat lidu.
Mau blend PBAT/PLA/PGMA/MMT (40/60/10/20) da ché
tao cho cac tinh chit co hoc: 6=30,06 MPa, £=70,38% va
module kéo 1.568 MPa.

LO1 CAM ON

Nghién ciru nay duoc thyc hién trong khuén kho dé tai
“Nghién ctru ché tao hat nhya trén co sé Polybutylen adipat
terephtalat (PBAT) va cac phu gia phan hiy sinh hoc ung
dung san xuét dod gia dung dung mot 14n” do Bo Khoa hoc
va Cong nghé cip kinh phi. Nhém tac gia xin trin trong
cam on.
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Tom tat:

Viéc thiét 13p cac tiéu chuin kiém soat chit hrgng trong cic phong nuéi cdy té bao gbe va ngin hang luwu trir té bao
goc dong vai tro then chdt dé dam bao an toan, hiéu qua va kha nang u’ng dung lam sang cua liéu phap diéu tri str
dung te bao goc. Hé thong nay yéu ciu céc tiéu chi nghiém ngat vé: nguon goc té bao, dic tinh sinh hoc, d¢ tinh khlet

Iy
A

ty 1¢ séng, kha nang biét hoa, sy 6n dinh b¢ gen, danh gia chit lwgng dinh ky, ho so day dii dé truy xuét ngudn goc.
Céc co s6 nudi cay va ngian hang té bao goc can tuin thu quy trinh thue hanh san xuit tot (GMP) va Thue hanh mé
tot (GTP) dé kiém soat tbi da nguy co' nhiém bén va duy tri diéu kién nudi cdy t6i wu. Bén canh dé, cic van dé vé dao
dire y sinh, quy trinh sang loc nglrm hién tang va viéc tuan thu cAc tiéu chuén quoc té (FDA, EMA) 1a nhirng yeu to
khong thé thiéu nham dam bao chit lwgng san pham te bao goc. Trong bai bao nay, cac tiéu chuén dé danh gia chat
lwgng trong nudi ciy té bao gdc va ngin hang té bao gbe dwge trinh bay cu thé. Pic biét, cic tiéu chuin co ban vé co

s& vat chat, nhan dién té bao, dém té bao va danh gia ty 1€ séng, danh gia an toan vi sinh duwg'c mé ta cu thé.
Tir khéa: Kiém soat chit lwgng, té bao goc, té bao gbc tao mau, té bao goc trung ma.
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Abstract:

Establishing quality control standards in stem cell culture facilities and stem cell banks plays a pivotal role in
ensuring the safety, efficacy, and clinical applicability of stem cell-based therapies. This regulatory framework
requires strict criteria, including cell origin, biological characteristics, purity, viability, differentiation potential,
genomic stability, periodic quality assessments, and complete documentation for traceability. Stem cell culture
facilities and stem cell banks must comply with Good Manufacturing Practice (GMP) and Good Tissue Practice
(GTP) to minimise contamination risks and maintain optimal culture conditions. Additionally, biomedical ethics,
donor screening procedures, and compliance with international regulatory standards (FDA, EMA) are essential for
guaranteeing the quality of stem cell products. This article presents detailed quality control standards for stem cell
culture and banking. Particular emphasis is placed on basic standards concerning facilities, cell authentication, cell
counting and viability assessment, and microbiological safety evaluation.

Keywords: hematopoietic stem cells, mesenchymal stem cells, quality control, stem cells.
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1. Md dau

Co s nudi cay va ngan hang té bao gbc dong vai tro
quan trong trong nghién ctru va tng dung lam sang trong
y hoc tai tao. DPé dam bao chét lugng, an toan va kha nang
song cua té bao gbc, co s nudi cdy va ngan hang té bao
gbc can tuan thu nghiém ngit cac bién phap kiém soat chat
luong (QC) & moi giai doan, tir thu nhén, xu Iy té bao dén
luu trit va phan phdi. Co s& phai tuan thu cac tiéu chuan
qudc té va quy dinh qudc gia dé ngin ngira nhiém ban, dam
bao 6n dinh di truyén va duy tri tinh toan ven chirc ning ciia
té bao gbc [1].

Ngan hang t& bao gdc va co sd nudi cay dong vai tro
quan trong trong san xudt, bao quan va phan phdi té bao gdc
chat luong cao cho nghién ctru va tmg dung 1am sang. Viéc
ap dung cac quy trinh QC manh mé la can thiét [1, 2] dé:

- Duy tri kha ning séng, kha ning biét hoa va 6n dinh di
truyén cua t€ bao.

- Ngin ngira nhiém vi sinh va nhiém chéo.

- bam bao kha nang tai 1ap va tiéu chuan hoa san pham
té bao goc.

- Tuan thil cac yéu cau quy dinh dé chuyén giao 1am
sang.

Céc co quan nhu Hiép hoi Nghién ctru té bao ge qudc
té (ISSCR), TH chirc Y té Thé gigi (WHO), Cuc Quan Iy
Thyc pham va Dugc pham Hoa Ky (FDA), Co quan Dugc
phém chau Au (EMA), Té chic Chtng nhan liéu phap té
bao (FACT), Hoi ddng Dugc dién Hoa Ky (USP) da thiét
1ap mot sb huéng dan vé nudi céy va ngan hang té bao géc
[1-4]. C4c tiéu chuin nay bao gdm quy trinh an toan sinh
hoc, yéu ciu tai liéu truy nguyén ngudn gdc va cac van dé
dao dirc sinh hoc dé dam bao san pham té bao gbc dat chat
luong cao va c6 thé truy xuat ngudn gdc khi ¢é sy cb. Tuan
thi huéng dan gitp giam thiéu rii ro nhu nhidm vi sinh,
bién d6i di truyén va suy giam chtrc ning cua té bao duoc
luu trir [5].

Tai Viét Nam, nim 2020, BO Y té da ban hanh Huoéng
dan nghién ctru Gmg dung té bao va san pham tir t& bao
kém theo Quyét dinh sb 4259/QD-BYT ngay 12/10/2020.
Hudng dan nay dwa ra cac quy tac chung cho nghién ciru thir
nghiém 1am sang té bao gdc va san pham tir t& bao gdc [6].

Cu thé, dé duy tri tiéu chudn cao, cic co sé nudi cdy va
ngan hang té bao gdc phai thyc hién cac bién phap kiém soat
chat lugng [7], cu thé nhu sau:

- Thiét ké co so va kiém soat moi truong: dép ung tiéu
chudn phong sach (ISO 14644-1:2015, ISO 14644-3:2019)
[8, 9], giam sat dinh ky chit luong khong khi, nhiét do va
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do am.

- Nhan dién té bao (Cell identity): nhan dién té bao thong
qua hinh thai va cac dau an bé mat, vi du: CD34+ cho t€ bao
g0c tao mau.

- Panh gia kha ning séng va chirc nang: dém ty 1¢ séng,
chét va kiém tra kha nang biét hoa, vi du: biét hoa 3 dong
cho t€ bao goc trung moé (MSC).

- An toan vi sinh: kiém tra vo trung (vi khuén, nim,
mycoplasma) [10, 11], sang loc ndi ddc t6 (endotoxin) va
nhiém virus [2, 12].

- On dinh di truyén: phan tich nhiém séc thé dé phat hién
bét thudng [1].

- Tai liéu va truy xuat ngudn gdc: ho so 16 hang, vin ban
ddng v cua nguoi hién va tai liéu tuan thu thyc hanh san
xuat tot (GMP)/thyc hanh mo6 tot (GTP) [2, 7].

Trong khuon khd bai bao nay, chung toi trinh bay cac
tiéu chuan kiém soat chat lwong co ban 4p dung cho cac
co sO nudi ciy té bao gbc va ngan hang té bao gdc, bao
gém: dém té bao va xac dinh ty 1& séng chét, nhan dién té
bao, xét nghiém phat hién khang nguyén khang bach cau
ngudi trong mau (HLA typing), phan tich d sach (nhiém
vi khuan, nim, mycoplasma, ndi doc td va virus), kiém tra
tiém nang biét hoa va do on dinh di truyén.

2. Dol tuong va phuong phap nghién ciiu

Bai bao lya chon nhiing t chtc uy tin cao vé quy dinh,
tiéu chuan cho nudi céy té bao va ngan hang té bao géc,
va duoc ap dung rong rdi bai nhiéu nude trén thé gisi nhu
FDA, EMA, FACT, WHO, ISSCR. Céac hudng dan cu thé
lién quan dén nudi cay té bao, ngan hang té bao gdc, tri liéu
gen va té bao theo cac huéng dan phu hop tir ISO, GMP,
USP dugc st dung. Ngoai ra, cac tai liéu tham khao 1a cac
4n pham ding trén cac tap san uy tin va c6 luot trich din
cao, sach chuyén khao lién quan t6i chi dé duoc st dung dé
cho céi nhin toan canh va xuyén su6t. Tai li¢u tham khao la
cac tai li¢u cap nhat, phan anh cac thong tin va tiéu chuén
hién hanh.

Céu trac ndi dung bai bao dwoc xay dung trén co s cac
muc thong tin ¢6 tinh thong nhat, da dwoc dé cap trong it
nhét hai t6 chirc hodc b tiéu chuan uy tin. Nghién ctru st
dung phuong phap liét ké va tong hop.

£ 2 ~ ~ ~
3. Két qua va ban luan

3.1. Co sé vit chit va kiém sodt méi trwong phong
sach

Viée dam bao co s vat chit tdi thiéu vé thiét bi, phong
oc va dam bao mdi truong phong sach 1a diéu kién tién

1n



quyét cho cac co s& nudi cdy té bao va ngan hang luu trix
té bao gdc. Viéc thiét ké phong thi nghiém chuan, c6 cac
thiét bi pht hop va c6 san cac quy trinh chuén (SOP) theo
tiéu chuan qudc t& GMP va theo hudng dan ciia FDA, EMA
1a mot trong nhitng thanh t6 gitip viéc nudi cdy, luu trir té
bao gbc hiéu qua va dam bao an toan (hinh 1, theo R.L.
Wesselschmidt va cs (2011) [13]).

Nhan sw
c6 chuyén
moén

Thiét ké
phong thi
nghiém tét

Thiét bi
phu hop

Hinh 1. Bén thanh t6 chinh dam bao sw hoat dong hiéu qua cua
mét trung tam té bao gbc: Thiét ké phong thi nghiém, nhan sw
dworc dao tao, thiét bi phu hop va quy trinh chuén (SOP) [13].

Co s6 nudi cdy va luu trit can dugc phan ving nghiém
ngit, bao gdm cac phan khu riéng [1-3, 7, 8].

- Khu vuc sach (phong nudi ciy, khu xir 1y): khu vue nay

can dam bao dat tiéu chuén phong sach cép do A, B hoac
ISO 5.

- Khu vuc ban sach (khu luu triv, kiém soét cht lugng):
khu vyc nay cAn dam béo dat tiéu chuin sach cép do C,D
hoac ISO 7, 8.

- Khu vyc hd trg (trang thiét bi, phong thay do, khu xir
1y chét thai).

- Thiét ké huéng di chuyén mot chiéu dé ngin ngira
nhiém chéo.

Déi voi hé thong didu hoa, thong gi6 (HVAC - Heating,
Ventilation, and Air Conditioning) va kiém soat moi truong:
phong sach can dugc lip hé thong loc khi HEPA, dat tiéu
chuan ISO 5 cho ti thao tac sach hoic phong sach cho cac
h¢ thong thao tic ha, va dat ISO 7/8 cho khu vic phong thi
nghiém thong thuong. Mau khong khi, bé mit can dugc ldy
dinh ky dé dam bao do sach phong nudi cay va thao tac [7, 8].

Yéu cau vé trang thiét bi (R.L. Wesselschmidt va cs (2011)
[13]):

Phong nuéi cdy:

1. Tu an toan sinh hoc cép 11 (BSC level 1I).

2. Tunuoi CO,.

3. Pipet ty dong.

4. Hé binh chan khong/hé théng hut chan khong.
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5. B& diéu nhiét (37°C).

6. May ly tim tdc d6 thap (cap 1am sang, cho ly tam té bao).
7. H¢ théng 1én men.

Phong luvu trie:

1. Ké va ta dé trir vat tu.

2. Tu mat (4°C).

3. Tu dong (-20°C, khong xa da tu dong).

4. Ta dong séu (-70 dén -85°C).

5. Binh trit mau nitrogen (luu dudi -140°C).

Phong QC:

1. PCR thoi gian thue.

2. May dém té bao dong chay.

3. Kinh hién vi quang hoc dao ngugc.

4. Kinh hién vi phan pha (c6 thé trong khu thiét bi chung).

5. Kinh hién vi huynh quang (c6 thé trong khu thiét bi
chung).

6. May doc dia da nang.
7. May dém ty 1¢ té bao song, chét.

8. May phat hién nhanh vi khuan, ndm (vi du: BACT/
ALERT® 3D, bioMérieux).

9. May phat hién nhanh mycoplasma (vi du: BIOFIRE®
Mycoplasma, bioM¢érieux).

Phong nudi cdy cdch ly:

Dung cho cac dong té bao mai hodc t& bao/md méi co
lap dé tranh iy nhidm cho ci quy trinh. Thiét bi tuong tu
mot phong nudi cdy nhung khong can cac binh 1én men.

3.2. Tiéu chuén ddinh gid chit lwong té bao géc va
ngdn hang té bao géc 0 Viét Nam va trén thé gioi

C6 nhiéu co quan quan 1y va t6 chirc khac nhau ban hanh
céc quy dinh hodc hudéng dan kiém tra chat luong t& bao
gbc va ngan hang té bao gbc. Trong d6, cac co quan quan
ly (FDA, EMA) [3, 14-16] yéu cau tiép can hd so CMC
(Hoa hoc - San xuat - Kiém soat) dé giam thiéu rui ro, tap
trung vao nhan dang té bao, do tinh khiét, hiéu luc, do an
toan (vi sinh, tac nhan ngoai lai, kha nang sinh u) va kiém
soat san xut; trong khi cac hiép hoi va td chure tiéu chuan
(ISSCR, FACT, ISO) [1, 17, 18] tap trung vao thyc hanh
tt, nang luc phong thi nghiém/ngan hang té bao gdc va
khung cong nhan - hd trg nhung khong thay thé quy dinh
phéap 1y. Bang 1 so sanh quy dinh vé danh gia chit luong té
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Bang 1. So sanh quy dinh vé danh gia chat lwong té bao gbc & mét

X 2 -
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Tén co quan quin ly/td
chire

Trong tim/yéu ciu chinh trong danh gia
chét lrgng té bao gbe va té bao tri licu

FDA (Cuc Quan ly Thyuc
phém va Dugc phim Hoa
Ky)

Quy dinh phap 1y chat ché cho HCT/P

(san phdm té bao, md), yéu cau rd vé dinh
danh (identity) - d0 sach (purity) - hi¢u luc
(potency) - an toan (safety) va tuan thu GMP/
cGTP.

Yéu ciu ddy di dinh danh - d6 sach - hiéu
luc -an toan, GMP cho san phém tri liéu tién

EMA (Co quan Dugc phim  tién (ATMP), nhén manh tinh twong dwong

chau Au) quy trinh, kiém soat nguyén liéu dau vao,
dit liéu 6n dinh, phit hop v&i san pham quy
mo nho.

TR (@) i B Quy dinh san pham y hoc tai tao va tri liéu

phim va Thiét bi Y t&, Nhat
Ban)

té bao véi GCTP (thyc hanh san xut tot cho
gen, t& bao va mo phién ban Nhat), yéu cu
hiéu luc va an toan virus rd rang.

NMPA (Co quan quan ly
san pham y té qudc gia,
Trung Quéc)/CDE (Trung

Hudng dan k§ thuét hd so CMC cho san
phim té bao va té bao gbc, yéu ciu kiém tra
chit lugng nguyén liéu, higu luc, an toan,
theo ddi dai han, chd trong cai tién quy dinh,

tam Thim dinh thudc, o £ 212
I yéu cau dir liéu 16 rang vé truy xuat va kiém
Trung Quoc) 2 R s
soat qua trinh.
ISSCR (Hiép h6i Nghién Hudng dan khoa hoc va dao dirc, nhan manh

ctru Té bao gde Quéc té)

tinh minh bach trong phan tich va danh gia
nguy co.

ISO (T chirc Tiéu chuén

Chuén dam bao nang luc ngén hang té bao
gbc, tap trung vao tinh toan ven mau va truy

h(.)a quoc' ) AERST = xuéit nguon géc, van chuyén, truy Xuit, phu
Biobanking oA " A BA AR op

hop cho kiém soat nguyén liéu dau vao.
ISCT/FACT-JACIE

(Foundation for the
Accreditation of
Cellular Therapy - Joint
Accreditation Committee

Chuén cong nhan co so tri liéu té bao, tap
trung vao kiém soat chat lugng va quy trinh
cho té bao gdc tao méu.

ISCT-Europe & EBMT)
°% Thu
Dinh gis A’ thap
nguon cho x

* Sang 11_:9' bénh truyén nhiém (dj than) .
+  Form dong thuin
*  Truy xuat nguon goc

4

mau

Pam bao v6 khuin
*  Metadata
*  Pam bao dinh danh chinh xac

- Luu trir
@ Jﬁ va phan
T—,

phoi

* L trir Cryogenic
*  Theo doi nhiét ¢
*  Bao bi, van chuyen

bao gbc va ngan hang té bao goc & mot s6 co quan/td chirc
trén thé gidi. Trong do, tiéu chuan ISO 20387 [17] 1a mot vi
du dién hinh tp trung cho ngin hang té bao gbc, dong vai
trd quan trong trong danh gia nguyén liéu dau vao, ISCT/
FACT-JACIE tap trung vao cac tiéu chuan cho té bao gbc
tao mau [18], FDA va EMA tap trung vao cac quy dinh cho
quy trinh QC trong nudi cdy, san xuét. Tuy cac quy dinh co
su khac bi¢t, nhung c6 nhirng tiéu chi chung xuyén subt cac
co quan/td chirc trén bao gdm: nhan dién té bao, danh gia
hiéu lyc, danh gia an toan, kiém soat qué trinh san xuét va
tiéu chi xuét xuong [1, 3, 14-18].

Pé dam bao chit lugng té bao gdc trong tri lidu, ngoai
phan tich cac chi tiéu cu thé bang thiét bi chuyén dung, cac
quy dinh v& mit hd so truy xudt ngudn gdc, kiém soat didu
kién luu trit, theo ddi diéu kién van chuyén va SOP cho qua
trinh thu thap, tién x 1y, xtr 1y, luu trit va van chuyén mau
dong vai tro quan trong quyét dinh chét luong san pham té
bao gbc [3, 16-18] (hinh 2).

Tai Viét Nam, ndm 2020, BO Y té d3 ban hanh huéng dan
nghién ctru tng dung té bao va san pham tir té bao kém theo
Quyét dinh s6 4259/QD-BYT [6]. Ngoai ra, mot sd vin ban
chinh thirc khéc lién quan dén nghién ctru, thir nghiém 1am
sang, sir dung té bao gc nhu Luat Duogc 2016, 2024 [19,
20] xem té bao va san pham tir té bao 1a thude sinh hoc (sinh
pham) va Luat Kham chita bénh xem té bao va san pham tir
té bao 14 k¥ thuat mdi, phuong phap méi. Trong Chuong V,
Nghi dinh s6 96/2023/ND-CP ngay 30/12/2023 cta Chinh
phii quy dinh cu thé vé “Ap dung k¥ thuat méi, phuong
phdp maéi va thir nghiém 1am sang trong kham bénh, chira
bénh” [21]. Ngay 31/12/2023, Bo trudng BO Y té ban hanh
Thong tu s6 32/2023/TT-BYT c¢6 quy dinh vé “Thyc hanh
t6t thir k§ thuat méi, phuong phap méi hoidc thir thiét bi y

. Kiém -
M tra sau rI:‘e“ xr
= thu thap ly

SOPs

+  Kiém tra té bao séng s ) .
Kiem tra diéu kién van chuyen

+ Ty lé té bao dich B

* Ngoai quan, vi sinh +  Co sé vt chit, phong sach
Kiém tra u. .
=2, thanh ik
an x
:( A 5 mau
pham
« Tylé séng +  Giam sét thong sé
* Nhén dang *  QC trong qua trinh xur ly
+  Hiéu lye, do sach... *  Su ddng nhét cac mé

Hinh 2. Cac giai doan trong thu thap, xt ly va bao quan té bao géc.
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té trén 1am sang” [22]. Quy dinh vé viéc thanh lap, t6 chirc
va hoat dong cua Hoi dong dao dirc trong nghién ciru y sinh
hoc ciing dwoc 1am rd trong Thong tu sé 43/2024/TT-BYT
[23]. Tuy vay, hién nay van chua c6 van ban huéng dan chi
tiét cac tidu chi cho kiém soat chat lwong té bao gbc va san
pham tir té bao cho Viét Nam. Vi vy, ngay 6/10/2025, Cuc
Khoa hoc Cong nghé va Pao tao, BO Y té da to chuc Hoi
thao “Xay dung Tiéu chuan qudc gia ddi v6i té bao va san
pham tir t& bao st dung trong nghién ctiru” [24]. Sau Hoi
thao, theo Thong bao s6 1433/TB-BYT, cac tai liéu ISO lién
quan da dugc cac td chuc quéc té ban hanh, s& dugc dich va
1am co s xay dung tiéu chuan qudc gia ddi véi té bao va san
pham tir t& bao lam co s¢ trién khai nghién ctru tng dung.

3.3. Nhdn dién té bao (Cell identity)

Nhiéu xét nghiém khac nhau duoc ap dung dé xac minh
té bao gdc trude khi lwu trit, trong qua trinh bao quan va
trude khi chuyén dén don vi 1am sang. Nhan dién té bao
gbc giup:

- Ngin ngira nhiém chéo va nhan dang sai dong té bao
[25].

- Bam bao tinh 6n dinh di truyén va d6 nguyén ven cho
ung dung lam sang va nghién ctu [2].

Céc phuong phap phd bién dé nhan dién té bao gbc nhu
sau:

Phan tich hinh thai:

Khao sat bang kinh hién vi vé hinh dang, kich thudc va
ddc tinh bam dinh cua té bao. Vi du, té bao géc trung mo
(MSC) c6 dang hinh thoi trong khi té bao gbc phdi (ESC)

tao thanh cum té bao dic [26].

Pinh  danh mién dich (Flow

Immunostaining) [2, 7]:

cytometry  va

- Flow cytometry: Sir dung khang thé huynh quang dé
phat hién marker bé mit dic hiéu.

- Immunocytochemistry (ICC): Nhudém té bao bing
khéng thé dic hi¢u dong.

Marker tiéu biéu: Té bao géc tao mau (HSC): CD34+,
CD45+; Té bao gbc trung md (MSC): CD73+, CD9O+,
CD105+ va am tinh v6i CD45, CD34, CD14, CD19, HLA-
DR; Té bao gbc van niang (iPSC/ESC): duong tinh véi
OCT4, SSEA-4, TRA-1-60.

Phan tich STR (Short Tandem Repeat):

- Phuong phép ldy du van tay di truyén dé xac thuc
ngudn gdc té bao gdc.
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Bang 2. Nhirng xét nghiém bat budc cho ngan hang té bao géc
day rén.

Méu mau diy ron

Tién xie Iy (két thiic thu méu)
Gu mdu cuéng ron

Xét nghiém

Ap dung véi méu phit hop va ¢ thoi

Ap dung véi méu phit hop va  thoi

Miiu rii dong hodc méu dai dign trde

diém trweée khi lén danh sach (listing)
khi dwa téi don vi lim sing

Bt cit khi ndo trude khi tri lanh
diém trwréc khi dwa t6i don vi lim sing
Thuee hién trong bdy ngay truée hodgc

Sau xit Iy, trude triv lanh

sau khi thu m

Dém té bao

Pém té bao méu tong sb X

Nén thuc

Dém tong té bio c6 nhan X o
hién

Téng CD34 X

Nén thuc

Téng CD34 song X e

Dém té bao song

% té bao c6 nhan song X X

% CD34 song X

CFU hoac xét nghiém hi¢u Nén

lyc (validated potency thuce X
assay) hién
HLA typing

Do phan giai thip: HLA-A,

HLA-B, HLA-DRBI

X

Nén thyc

D0 phan giai thap: HLA-C hién

Do phan giai cao: HLA-A,
HLA-B, HLA-DRBI

D0 phan giai cao: HLA-C ¢

Xét nghiém dinh danh
xac nhan

Bénh truyén nhiém
HIV1

HIV2

Viém gan B

Viém gan C
HTLV I

HTLV II

Bénh giang mai

CMV

R T i e i Rl e
ElE R T Bl B e B e ]

Nhimg xét nghiém khac

Nubi cdy vi sinh X
Nhom méau ABO/Rh X

Bénh Iy huyét séc t6
(Hemoglobinopathy)

¢+

X: 4p dung cho tat ca don vi mau; ¢: chi ap dung cho nhitng ngudi
khéng cung huyét théng [5].
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- Phat hién tinh trang nhiém chéo hodc nhan dang sai

bang cach so sanh voi STR mau.

- Pugc khuyén céo 4p dung cho tit ca dong té bao nguoi

trudce khi luu trit va sau nudi céy dai han [25].

Nhirng yéu cau vé xét nghiém dinh danh té bao va thong
sb ky thuat dat yéu cAu cho mot don vi méu luu trit duoc
trinh bay chi tiét trong bang 2 va 3.

Bang 3. Thong s6 yéu cau cho cac don vi lwu triv té bao gbc day
rén [5].

Théng s6 cho ngwdi khong cing  Théng sb cho ngwdi ¢é ciing

huyét thﬁng huyé't théng
o Miu ré dong
Mau ri dong hotc ml dai
s LR . odc mdu dgi
Xét nghi¢m Sauxticlf,  hojc mdu dai dién » T
L Lo . Sauxirly, dién trwdc khi
trude triy trude khi chuyén . s
. trwde triv lanh  chuyén cho
lgnh cho don vi lim .
. don vi lim
sang i
sang
Pém tong s6 té bao o
o >5,0x10° Ghi 50 ligu
6 nhan
Téng s6 té bao co
Nén >60% Nén >60%
nhan sau luu dong
Ty 16 song té bao
o >85% >70%
6 nhan
SotébaoCD34  >125x10°
Ty 16 sdng té bao
y e >70%
CD34
CFU (hay phuong Phit trién CFU Phit trién CFU
phap xét nghiém hodc duong tinh hodc duong
hiéu lyc da tham cho kiém tra tinh cho kiém
dinh) potency tra potency
Am tinh cho vi
R khuan hiéu khi,
Am tinh cho ;
L ky khi va nam
| . vi khuan hiéu .
Tam soat vi sinh hodc dinh danh
khi, ky khi va . P
p va cho thay
nam .
nhay cam vdi
khang sinh
Puoc chép P
. Duge chap
nhan theo .
N nhan theo
A .. n luat so tai va N
Tam soat nguon cho e luat so tai va
tiéu chuan N A
tiéu chuan
NetCord-
NetCord-FACT
FACT
Nhan dang Dugc nhan dién Dugc nhan dién

Theo NetCord-FACT, 2019 [5].
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3.4. Pém té bao, dinh gid khd ning séng, mirc dp sach
va chirc nang

Céc co s¢ nudi cdy va ngan hang té bao gdc phai thuong
xuyén danh gia s6 luong, kha ning séng va chtc ning cua
té bao dé dam bao chat lugng, an toan va hiéu qua cua cac
mé té bao dugc luu trir va xir y. Nhitng danh gia nay giup
xac dinh tinh trang strc khoe té bao, tiém ning ting sinh va
kha ning biét hoa trude khi Gmg dung trong diéu tri hodc
nghién ctru [5].

DPém té bao:
a. Pém té bao thii cong (Hemocytometer)
- Sir dung budng dém Neubauer va kinh hién vi.

- Yéu cau nhudém Trypan Blue dé phan biét t& bao song/
chét.

- Phu hop cho danh gia thuong quy nhung dé& sai sé do
con nguoi [26, 27].

b. Bém bing may

- May dém té bao tu dong kiéu Coulter hodc hé thong
dya trén hinh anh cho két qua chinh xéc.

- Flow cytometry cho phép phan tich quy mé 16n [4],
gitip giam sai s6 va nang cao do chinh xéac trong ngan hang
té bao gbc [26].

Pdnh gid kha ndng song ciia té bao:

a. Phuong phap loai trir thuéc nhudém [7]

- Trypan Blue: Té bao chét bit mau, té bao séng khong
bat mau.

- Propidium lodide (PI): Dung trong Flow cytometry dé
kiém tra tinh toan ven mang té bao.

b. Phan tich kha ning sdng bang Flow cytometry

- Sir dung thudc nhuém huynh quang (Annexin V/PI,
7-AAD) d phan biét t& bao song, chét theo chuong trinh
va hoai tir [2].

- Phuong phap nay cung cp danh gia dinh luong nhanh
chong [4, 28].

Kiém tra d¢ sach té bdo va san phcfm tir 16 bao:

Ty thudc vao loai té bao gdc va img dung, nhitng gidi han
vé do sach, bao gf”)m ty 1¢ té bao khoéng phai dich, tac nhan
nhiém trong qua trinh nuéi cdy nhu huyét thanh, yéu té ting
trudng, khang sinh, cytokine, tac nhan virus can duoc kiém
soat chat lugng trude khi dua san phdm vao st dung [29].
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Kiém tra chirc nang té bao goc:

a. Panh gia kha niang biét hoa: vi du, t& bao gdc trung
mé: biét hoa thanh té bao mad, Xuong va sun; té bao géc da
nang (iPSC/ESC): tao ra té bao thudc ca ba 16p phoi [26].

b. Xét nghiém CFU (tao cum té bao):
- Banh gia kha nang ty [am mai va tang sinh.

- Ap dung cho té bao gdc tao mau trong méi truong ban
ran [2, 7].

¢. Thir nghiém tao u in vivo (Teratoma Formation Assay):
giup danh gla tinh da nang bang cach ciy té bao vao chudt
suy giam mién dich. Pay 1a tiéu chudn vang cho iPSC va
ESC[2, 7].

Cho té bao gbc tir ddy ron, cac tiéu chi vé tong sb té bao
toi thi€u, ty 1€ song va ty 1¢ té bao duong tinh CD34 cho t&
bao goc tao mau dugc liét ké cu thé trong bang 3.

3.5. Kiém tra tinh an toan

Kiém tra tinh an toan bao gém vi khuan, ndm, ndi doc to,
mycoplasma [29, 30]. Tiéu chi QC té bao gdc va san pham
tr té bao trong tri liéu c6 sy khac biét vé muc do phu thudc
vao mirc do can thiép va ngudn gdc té bao [31]. Nhin chung,
té bao tu than va can thiép ti thiéu sé& trai qua quy trinh
kiém soat chit luong don gian nhét, tiép t6i 13 té bao di than
va can thiép t6i thiéu (khong nuoi tang sinh) (bang 3), sau
d6 1a té bao c6 trai qua nudi tang sinh ex vitro hodac cam ung
(bang 4). Trong truong h0’p thuoc RegeneCyte (StemCyte)
[32], 1a liéu phap ghép té bao gdc tao mau ddng loai tir ngan
hang mau day ron thi cac tiéu ch1 kiém soét chét lugng s&
tuong ty nhu bang 2, khong bao gdm kiém tra mycoplasma
va ndi doc t6. Pbi voi thude Omisirge (Gamida Cell) [33],
1a liéu phép té bao ghép té bao gdc tao mau dong loai c6
trai qua nudi cdy tang sinh thi can kiém tra thém kha ning
nhiém mycoplasma va noi doc t6 trude khi xuit xuong.
Tuong tu, cho liéu phap té bao gdc trung mé Ryoncil [34],
¢6 trai qua nudi cdy ting sinh thi tiéu chi kiém tra am tinh
v6i mycoplasma va noi doc té <5 EU/ml 1a bat budc trong
quy trinh dwoc FDA chap thuan (bang 4).

Phirong phadp kiém tra vo tring:

a. Phuong phéap nudi ciy truc tiép [10]

- Mau dugc cdy vao hai loai méi trudng dinh dudng:

+ Moi truong Fluid Thioglycollate (FTM) - Phat hién vi
khuén ky khi va mét s6 vi khuén hiéu khi.

+ Moéi truong Tryptic Soy Broth (TSB) hoac Soybean-
Casein Digest - Phat hién nim va vi khuan hiéu khi.

- U 6 32-35°C cho vi khudn va 20-25°C cho ndm trong
14 ngay.
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Bang 4. Tiéu chi xuat xwéng san pham cudi cuing Ryoncil (MSC)
theo quy dinh cta FDA.

;[;:;lloc Kiém tra Phwong phap Tiéu chi chip nhén
Dung dich trong dén hoi duc,
Hat lo limg Kiém tra truc quan khong c6 hat nhin thay bing
mét thuong
Hinh thirc Tt i
U nghi¢m tham thuoc N )
. Kh hodc hu h
D6 kin ctia bao bi nhudm hogc do ap suat °"? forhoge hrhong
T bao bi
chan khong
Biéu hién CD166* Flow cytometry >95% té bao dwong tinh

Nhandién o ,

& bio " Biu hién CD105* Flow cytometry >95% te bao duong tinh
Biéu hién CD45~ Flow cytometry <2% té bao duong tinh
Thirnghiém e ché  Phép thir dong nudi chy  >70% trc ché biéu hién IL-

) IL-2Ra (CD25) ((rc ché té bao T) 2Ra 50 v6i ddi ching
Hiéu luc . .
Thur nghiém e che ELISA dinh lugng >50% giam tict TNF-o so
TNF-a cytokine voi ddi chimg
Nhu¢m Trypan blue
Ty 16 sng  Dg song cia & bao hoiic Flow cytometry ~ >85% té bao sdng
(7-AAD)

NOgdd  rng btébiosing Y demEbRON o oo 106 t biofml

te bao dong

Potinh  Protein BSA con lai ELISA <100 ng/ml

khiét Trypsin con lai ELISA <10 ng/ml

A A . USP<7I>Kiém tra
Vf) kh1}an tr?ng qua vo khuin hodc tuong Am tinh
trinh san xuat
dwong
USP <71> Kiém tra

Antoan  VOkhudn thanh phdm  vo khudn hogc twong  Am tinh

duong

Nubi céy hodc phuong ~ »
Mycoplasma phip thay thé Am tinh
Noi doc th Thir nghiém LAL <5 EU/ml

- Yéu cau: khong co sy phat trién cta vi khudn, ndm.
b. H¢ théng phat hién vi sinh tu dong

Céac phuong phap kiém tra dya trén nudi cdy truyén
thong yéu cau 14 ngay va do d6 chi phu hop cho céc san
pham liéu phap té bao c6 thoi han sir dung dai (vi du: tiép
sau bao quan lanh). Nhiéu liéu phap té bao c6 thoi han sir
dung ngin va phai dugc chuyén dén bénh nhan trude khi co
két qua kiém tra 14 ngay. Do do, cac phuong phap thay thé
da dugc ap dung dé kiém tra vo tring bao gdm sir dung hé
thdng BacT/ALERT (bioMérieux) va Bactec (BD) dé phat
hién su phat trién cua vi sinh vat thong qua nhiing thay d6i
vé chuyén hoa [3, 7].

Kiém tra noi doc to:

Noi doc td, chu yéu 1a lipopolysaccharide tir vi khuan
Gram am, c6 thé kich hoat phan tng viém & bénh nhan nhan
lidu phap té bao gbc [4].
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(Vero cells)
1ml mau
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Thu va nhuém Banh gia nhiem
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Nubi trén moi
trwdng agar (SP4)
0,2 ml mau

Hinh 3. Phwong phap nudi cay kiém tra nhiém Mycoplasma [35].

Mirc d6 nhidm ndi doc t6 phai <0,5 EU/ml ddi véi san
pham tiém truyén hodc <5,0 EU/ml ddi véi liéu phép té bao
khong ding dwong tinh mach [3, 12]. Néu muc do ndi doc
td vuot qua gidi han, 16 san phém phai duogc kiém tra lai
hodc loai bé.

Kiém tra Mycoplasma:

Nhidm mycoplasma 1a mdi quan tim 16n trong nudi ciy
té bao vi n6 c6 thé lam thay doi biéu hién gen, chuyén hoa
va sy phat trién té bao, dong thoi 1am sai 1éch phat hién do
mat thanh té bao va gy anh hudng 16n dén két qua 1am sang
cling nhu nghién ctru [2, 7, 26].

Dé kiém tra nhiém mycoplasma, c6 thé dung phuong
phap nudi cdy [11, 35] (hinh 3). Phuong phép truyén thong
nay can 28 ngay nudi cdy. Vi vy, phuong phap kiém tra
nhanh dya trén PCR dugc st dung [11], nhu BIOFIRE®
Mycoplasma (bioM¢érieux) [35].

Ngoai ra, kiém tra virus cho cac bénh truyén nhiém cho
cac don vi té bao géc mau trude khi 1én danh sach va tim
soat ngudn cho tir ngudi me can dugc thuc hién trong vong
7 ngay trudc hodc sau khi thu té bao gdc [5] (bang 2).

3.6. Pdnh gid én dinh di truyén

On dinh di truyén 1a mot thudc tinh chat luong quan
trong ddi véi cac san phém té bao, dic biét la té bao géc
trung moé dugc nudi cdy mo rong nhiéu 1an cdy truyén, té
bao gdc cam Umg da ning va té bao gdc phoi. Trong qua
trinh nudi cy in vitro, cc té bao c6 nguy co phat sinh bat
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1 1
Chuyén dinh ky sang moi truong
agar va kiém tra cho t6i 28 ngay

oo

- ~
Kidm tra trén kinh S~
hién vi cAu trac “fried
egg” hay Mycoplasma
colony

thuong nhiém séc thé, léch boi, tai sép xép cAu trac, bién
d6i s6 lugng ban sao (CNV) va dot bién soma, anh hudng
dén d6 dic hiéu sinh hoc, an toan va tinh déng nhét gilta
céc 16 san pham [1, 3, 7, 36-38]. Nhiing bién ddi nay ciing
lam ting nguy co ting sinh bat thuong hodc sinh khdi u, vi
vy danh gia on dinh di truyén 1a mot thanh phan bat budc
trong quan 1y chét luong cia cac san pham thudc tién tién
(ATMP) [1-3, 36].

Sau day 1a mot s6 phuong phéap thuong ding dé danh gia
on dinh di truyén trong té bao nudi cay:

Karyotyping:

Phan tich karyotype G-banding giup phat hién bat
thuong s luong va ciu trac nhidm sic thé, bao gdm léch
boi, chuyén doan, mét doan va 1ap doan [1]. Cén thuc hién
phan tich karyotyping sau mdi 5-10 1in cdy truyén trong
nudi cdy té bao gbe [26] hodc sau khi bao quén té bao trong
thoi gian dai [4].

Array-CGH (Comparative Genomic Hybridisation)/
SNP Array:

Ky thuat d¢ phan giai cao nay cho phép phat hién cac
bién d6i ban sao/SNP ma karyotype co dién khong thé thdy
[36].

Giai trinh ty toan bg gen:

Giai trinh tu toan b hodc giai trinh ty thé hé méi (NGS)
gitip phat hién dot bién diém, bién ddi cdu trac, va tong tai
dot bién trong toan bo b gen [38].
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Do chiéu dai telomere va marker ldo hoa:

Theo di telomere va cic marker lién quan dén 3o hoa
gitip phat hién stress sao chép hodc ting sinh bat thudng, bd
sung cho danh gia di truyén [1].

Bdnh gid kha ndang sinh u va tang sinh bdt thiwong:

Céc thir nghiém chirc ning dé phat hién ting sinh khong
kiém soat hodc nguy co bién ddi thanh khéi u dac biét quan
trong v6i t& bao nudi nhidu lan ciy truyén hoic té bao bién
d6i gen [3].

Panh gia 6n dinh di truyén thuong dugc tién hanh &
cac thoi diém quan trong trong qua trinh nudi cdy: Master
cell bank (Ngan hang té bao ban dau - PO hodc cac lan ciy
truyén sém); cac lan cdy truyén trung gian; san pham cudi
cung (trude khi truyén cho bénh nhan). Cac tiéu chi chép
nhan thudng bao gdm: khong c6 1éch bdi hodc bat thudng
céu trac nhidm sic thé, khong c6 su ting sinh bat thuong
trong quan thé t& bao, duy tri tinh toan ven cua bd gen qua
cac lan cdy truyén. Ngoai ra, so sanh giita cac 16 san xuét
ciing dugc thuc hién dé dam bao tinh nhit quan cua quy
trinh [36, 38].

4. Két luan

Kiém soat chit lwong trong nudi ciy va luu trit té bao
gbc 1 yéu td quan trong dé dam béo tinh an toan, hiéu qua
va do tin cdy cua cac san pham té bao gc phuc vu nghién
clru va tng dung 1am sang. Cac bién phap kiém soét chat
luong nghiém ngat, bao gém kiém tra do vo trung, ndi doc
t6, mycoplasma, danh gia tinh 6n dinh di truyén va xéac thuc
chire ning, gitp duy tri tinh toan ven ciia dong té bao gdc.
Viéc tuan tha cac tiéu chuan quy dinh quéc té nhu FDA,
EMA, ISO, WHO va ISCT, dam bao ring cc san pham té
bao gdc dap ing cic yéu cau nghiém ngit vé an toan va hiéu
qua diéu tri.

Bing cach thuc hién cic quy trinh kiém soat chat lwong
tidu chudn, cic co sd nudi cdy c6 thé ngin ngira nhiém ban,
bién d6i di truyén va nham 1an dong té bao, tir d6 nang cao
tinh tai 1ap va dam bao an toan cho bénh nhan. Khi cac
lidu phép té bao gbc ngay cang phat trién, viéc chuén hoa
cac phuong phap kiém soat chit lugng sé& dong vai tro quan
trong trong viéc toi uwu hoa san xuét va luu trir t& bao gdc,
gop phan thiic ddy phat trién cac san pham té bao gdc dap
{mg yéu cau Gmg dung 1am sang.

Nhom tac gia cam on Truong Pai hoc Y Duogc, Dai hoc
Qudc gia Ha Noi va Cong ty TNHH Thuong mai Dich vu
K§ thuat Minh Khang da hd trg kinh phi cho bai bao nay.
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Nghién ciru nhan giong loai Lan Hoang thdo Thai Binh
(Dendrobium moschatum Buch.-Ham, ex Sw.) bing phwong phap nudi cay in vitro

Julieta Albano Tiago!, Pham Phwong Thu?’, Nguyén Thij Tuyét Nhung?,
Phan Thi Thu Hién?, Vii Thi Thwong?, Nguyén Thi Tinh!
"Truong Pai hoc Nong Lam, Dai hoc Thadi Ngtfyén, phueong Quyét Thing, tinh Thdi Nguyén, Viét Nam
*Truong Dai hoc Sw pham Ha Noi 2, 32 Nguyen Van Linh, phuong Xudn Hoa, tinh Phii Tho, Viét Nam
Ngay nhén bai 24/2/2025; ngay chuyén phan bién 26/2/2025; ngay nhan phan bién 17/3/2025; ngay chip nhan ding 21/3/2025
Tom tit:

Nhiam xéic dinh mdi trudng nudi cdy téi wu dé nhan gidng in vitro ciy Lan Hoang thao Thai Binh (Dendrobium
moschatum Buch.-Ham. ex Sw.), mjt loai lan quy hiém dang dbi mit véi nguy co tuyét chiing, nghién ciru nay da
danh gia tac dfng cia cac chz"it‘diéu hoa sinh t‘ru'(”)’ng (GA,, BAP, TDZ, NAA) va than hoat tinh dén cac giai doan sinh
trudng quan trong nhw ndy mam, tai sinh choéi va ra ré truéc khi tao cay con hoan chinh. Cac thi nghiém dwgrc thue
hi¢n trong di¢u kién phong thi nghi¢m. Két qua cho thiy, méi trwong Murashige & Skoog (MS), bd sung 3% sucrose,
5 g/l agar, duy tri pH 5,8+0,1 cho ty 1¢ niy mam cao nhit (89,67%). O giai doan tai sinh chdi, BAP 3,0 mg/I gitip gia
tang hiéu qua hinh thanh chﬁi, dat 4 25 choi/mAu. Trong giai doan ra ré, méi truwong cé bo sung 0,2 mg/l NAA va 2,0
g/l than hoat tinh dat hiéu suét ra ré tot nhat. Nhirng Kkét qua nay gop phan hoan thién quy trinh nhéan glong in vitro
cAy Lan Hoang thao Thai Binh, hd tr¢ cong tic bio ton va phat trién nguon gen loai lan quy nay.

Tir khéa: auxin, cytokinin, Dendrobium moschatum, nhan gidng in vitro, nudi cay md.

Chi s6 phan logi: 1.6, 4.1, 4.6

Research on the in vitro propagation of Dendrobium moschatum Buch.-Ham. ex Sw.

Julieta Albano Tiago', Phuong Thu Pham?*', Thi Tuyet Nhung Nguyen?, Thi Thu Hien Phan?,
Thi Thuong Vu?, Thi Tinh Nguyen'!

"Thai Nguyen University of Agriculture and Forestry, Thai Nguyen University, Quyet Thang Ward, Thai Nguyen Province, Vietnam
’Hanoi Pedagogical University 2, 32 Nguyen Van Linh Street, Xuan Hoa Ward, Phu Tho Province, Vietham
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Abstract:

To determine the optimal culture conditions for the in vitro propagation of Dendrobium moschatum Buch.-Ham. ex
Sw., a rare orchid species facing a high risk of extinction, the study evaluated the effects of plant growth regulators
(GA,, BAP, TDZ, NAA) and activated charcoal on key developmental stages, including seed germination, shoot
regeneration, and root induction prior to plantlet formation. All experiments were conducted under laboratory
conditions. The results showed that Murashige & Skoog (MS) medium, supplemented with 3% sucrose and 5 g/l agar
and adjusted to pH 5.8+0.1, produced the highest germination rate (89.67%). During the shoot regeneration stage,
3.0 mg/l BAP significantly promoted shoot formation, producing 4.25 shoots per explant. During the rooting stage,
medium supplemented with 0.2 mg/l NAA and 2.0 g/l activated charcoal resulted in the highest rooting efficiency.
The findings contribute to the optimisation of the in vitro propagation protocol for Dendrobium moschatum and
support the conservation and development of this valuable orchid genetic resource.

Keywords: auxin, cytokinin, Dendrobium moschatum, in vitro propagation, tissue culture.

Classification numbers: 1.6, 4.1, 4.6
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1. Dt van de

Lan Hoang thao Thai Binh 1a mot loai lan rimg quy hiém
cua Viét Nam, co gia tri tham my va kinh té cao nho hoa ¢6
mau sic ndi bat va hinh dang dep. Loai nay phan bd chu
yéu ¢ khu vuc Béc B, Bic Trung Bo va Tay Nguyén, thich
nghi véi didu kién khi hau nhiét doi. Tuy nhién, do bi khai
thac qua muc dé phuc vu thi trudng cdy canh cung véi su
suy giam dién tich rung tu nhién, sb luong ca thé hién tai da
giam dang ké. Theo tai liéu Sdach do Viét Nam (2007), loai
nay duoc xép vao nhom nguy cap (EN), do d6 nhu cau bao
ton 1a rat cap thiét [1].

Hién nay, D. moschatum chu yéu duoc nhan giéng bang
phuong phap truyén théng 1a tach nhanh, méic du d& 4p dung
nhung c6 nhugc diém: toc do sinh truong cham, ty 1¢ séng
thap va ngudn ciy gidng khong on dinh. Trong bdi canh do,
nhan gidng in vitro 1a mot giai phap kha thi gitp tao cay
con dong nhat véi s6 luong 16n, vira dép tmg dwoc nhu cau
thuong mai lai vira gép phan bao ton loai lan quy hiém mot
cach bén viing.

Nghién ctru ndy nham xac dinh méi truong nudi ciy toi
wu cho viéc nhan giéng D. moschatum, tir d6 d& xuit quy
trinh nhan giéng hiéu qua, phuc vu san xuét cy giéng quy
mb 16n, gop phan bao ton va phat trién bén vimg loai lan nay.
2. Vat liéu va phuong phap nghién ciiu

2.1. Vat li¢u

Mau qua Lan Hoang thao Thai Binh duoc thu thap tir cay
me trong moi truong ty nhién. Thi nghiém st dung nam moi
trudng dinh dudng (MS, B5, WPM, Knudson, Phong lan) dé
danh gi4 kha ning nay mam cua hat. Cac chit diéu hoa sinh
truong GA,, BAP, TDZ va NAA dugc bo sung nhim khao sat
tac dong dén kha ning tai sinh chdi va qua trinh hinh thanh
ré. Ngoai ra, than hoat tinh dugc sir dung trong mot s cong
thirc dé d4nh gia anh huong dén sy phat trién cay in vitro.

2.2. Phuwong phdap nghién ciru

Thi nghiém 1: Panh gia anh huong cia moi truong nuodi
cay (MS, B5, WPM, Knudson, Phong lan) dén kha ning nay
mam cua hat.

Thi nghiém 2: Khao sat tac dong cua cac chét diéu hoa
sinh trudng thudc nhém cytokinin (BAP, TDZ), gibberellin
(GA)) dén kha ning tai sinh chdi cua D. moschatum.

Thi nghiém 3: Panh gia anh huong ciia NAA dén kha
nang ra ré cua loai D. moschatum.

Thi nghiém 4: Khao sat sy phbi hop giita NAA va than
hoat tinh (THT) nham t5i wu hoa qua trinh ra & cta loai
D. moschatum.
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Phuong phap bd tri thi nghiém dugc thyc hién nhu sau:

- Thi nghiém dugc b tri theo phuong phép ngau nhién
hoan toan (CRD) v6i 3 1an lap lai.

- Thi nghiém vé méi trudng nudi cay: Mdi cong thirc thi
nghiém gdm 3 binh, mdi binh chira s6 lugng mau phu hop
deé dam bao do tin cdy cua két qua.

- Cac thi nghiém con lai: Mdi cong thirc str dung 10 binh,
mdi binh ciy 3 mau.

- Piéu kién nudi cdy: Phong nudi cdy dugc duy tri &
nhiét d 25+1°C, d6 4m 60-70%, cudng do chiéu sang 2.000
lux v6i ché do chiéu sang 16 gio sang/8 gio téi mdi ngay.

2.3. Phwong phdp xir Iy so ligu

S6 liéu thu thap dugc xir Iy thong ké bang phan mém
Microsoft Office Excel 2010 va Sirichai Statistics Version
7.00, véi su sai khac gitta cac nghiém thiic dugc phan tich
bang phuong phap Duncan (p<0,05).

e 2 ~ ~ ~
3. Két qua va ban luan

3.1. Anh hwong ciia moi truwong nudi céy dén kha nang
ndy mam ciia hat Lan Hoang thdo Thdi Binh

Qua lan dugc st dung lam nguén vat liéu nhan giéng in
vitro. Hat lan sau khi xtr 1y v0 trung dugc gieo trén ndm moi
truong dinh dudng khac nhau (MS, BS, WPM, Knudson,
Phong lan) dé danh gia kha ning nay mam va phat trién
protocorm. Thi nghiém dugc thuc hién theo phuong phap
cua P. Mohanty va cs (2012) [2], v6i m0i truong bd sung
3% sucrose, 5 g/l agar, duy tri pH 5,84+0,1 va theo ddi trong
12 tuan.

Bang 1. Anh hwéng clia moi trwdng nudi cdy dén kha nang nay
mam cla hat Lan Hoang thao Thai Binh (sau 12 tuan).

Thoi gian hat bit Thoi gian hinh T¥ 16 hat niy mim

CT dAu phat trién thanh protocorm ("Z )' S
thanh phdi (tudn)  (tudn) ¢

CT1 (MS) .

®I0) 3-5 7-8 89,67

CT2 (B5) 4-6 10-12 70,00°

CT3 (WPM)  5-7 10-12 61,00°

CT4 .

ks 5-7 10-12 62,67

CT5 (Phong 5 10-12 62,33

lan)

LSD 0,05 2,21

ClV% 1,70

Céc chir s6 khac nhau di kém theo gia tri trong cling mot cot thé hién
sw sai khac cd y nghia & mire d6 tin cay 95% (theo phwong phap phan
tich Duncan).
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Qua Lan Hoang thao Thai Binh sau 9 thang thu Qua Lan Hoang thdo Thai Binh khi l4y mau.

phén.

Hat dwoc gieo trén mai triéng nudi cdy MS.

Protocorm so’ cap.

Protocorm thiv cp.

Hinh 1. Két qua tao vat liéu khéi dau tir qua Lan Hoang thao Thai Binh trén méi trwéng MS.

Két qua bang 1 va hinh 1 cho thdy, méi trudng nudi
cdy co tac dong kha rd dén qua trinh ndy mam cua hat Lan
Hoang thao Thai Binh, trong d6 méi truong MS cho ty 1¢
nay mam cao nhét (89,67%) va thoi gian hinh thanh phoi
nhanh nhéit (3-5 tuin). Trong khi d6, cac mdi trudng BS,
WPM, Knudson va Phong lan c6 ty 1& nay mam thap hon
(61,00-70,00%) va thoi gian phat trién kéo dai hon (5-7 tuan
d6i voi phdi va 10-12 tudn ddi véi protocorm). Didu nay cho
thdy, méi truong MS khong chi gitip ting ty 16 ndy mam ma
con rat ng:"an thoi gian nuoi céy, tao diéu kién thuan lgi cho
su phat trién ctia protocorm va cdy con.

Su vuot trdi cua moi truong MS céd thé dugc giai thich
boi thanh phan dinh dudng can dbi, dic biét 1a ham lugng
khoang da lugng cao, hd trg cho viéc tong hop protein va
axit nucleic - cac yéu té quan trong trong qua trinh phin
chia té bao va hinh thanh protocorm. Céc ion NO,, NH," va
K* dong vai trd quan trong trong viéc thiic dy sy phat trién
ctia phoi, dong thoi giup protocorm chuyén hoa nhanh hon
tir giai doan hép thu dinh dudng sang giai doan phat trién
doc lap. Trong khi d6, méi truong BS ¢6 ty 1é nay mam thap

JHOAHOC . -

hon (70,00%) do ham lwong nitrogen thap, 1am giam toc do
phan chia té bao. Cac méi truong WPM, Knudson va Phong
lan ¢6 ty 1é nay mam twong dwong nhau nhung thap hon
dang ké so véi MS, chimg to viéc cung cip dinh dudng cho
hat lan han ché hon, dan dén thoi gian hinh thanh protocorm
kéo dai hon.

Két qua nghién ctru nay hoan toan phu hop vdi cac
cong bd trude day vé nhan gidng in vitro. P. Mohanty va cs
(2012) [2] khi nghién ctu trén Cymbidium mastersii cling
ghi nhén ty 1& nay mam cao nhat (93,58%) trén moéi truong
MS, cao hon déng ké so v6i cac méi trudong khac. Tuong tu,
nghién ctu cia P.P. Thu va cs (2023) [3] trén Cymbidium
wenshanense ciing khang dinh MS gitp protocorm hinh
thanh nhanh hon va phat trién manh mé& hon. Ngoai ra,
nghién ciru ctia J. Arditti va cs (1993) [4] ciing cho thdy, MS
12 méi truong pho bién trong nhan gidng in vitro cc loai lan
thudc chi Dendrobium, giup ting ty 16 ndy mam, rat ngin
thoi gian hinh thanh protocorm va cdi thi¢n kha nang phat
trién ciia cy con so véi cac moi truong khac nhu B5, WPM
hay Knudson.

22



Khoa hoc Tu nhién | Khoa hoc su sdng; Khoa hoc Néng nghiép | Trong trot; Céng nghé sinh hoc trong néng nghiép, thily san

Nhu vay, MS 1a méi truong tdi wu gitip ting ty 16 nay
mam, rat ngz‘in thoi gian nudi céy va tao diéu kién thuan loi
cho sy phat trién cua ciy con.

3.2. Anh huéng ciia BAP, TDZ va GA, dén khi ning
tdi sinh chéi Lan Hodng théo Thdi Binh

Két qua bang 2 va hinh 2 cho thay, tac dong ctia cac hop
chat trong nhom cytokinin dén kha ning tai sinh chdi Lan
Hoang thao Thai Binh 1a rat khac nhau va déu c6 anh huong
dén s lugng va chét lugng chdi. Trong d6, BAP ¢ ndng do
3,0 mg/1 cho két qua tai sinh chdi tét nhét, voi s6 lugng chdi
dat 4,25 chdi/mau va chdi co chat lugng cao (xanh, map).
GA, ciing c6 tac dung kich thich sy hinh thanh chdi, nhung
hi€u suat thap hon so véi BAP, trong khi TDZ gitp cai thién
su phan hoa chdi nhung khong vuot troi vé sb luong.

Béang 2. Anh hwéng cia BAP, TDZ va GA, dén kha ning tai sinh
chéi Lan Hoang thao Thai Binh.

Chét diéu hoa

S (g Mg/l So lwgng choi (choi/mau) Chat lwgng choi

CT1 (B/C) 0,0 1,50 Chdi xanh, gay
0,5 2,00 Choi xanh, giy
1,0 3,000 Chdi xanh, map

GA3 3 2
1,5 2,50® Choi xanh, gay
2,0 1,75 Chdi xanh, gy

LSD, 0,77

Cr% 23,26

CT1 (B/C) 0,0 1,50 Chdi xanh, gay
1,0 2,75 Chdi xanh, gay
2,0  325% Choi xanh, map

BAP :
3,0 425 Choi xanh, map
40 3,50 Chdi xanh, map

LSD, . 1,20

Cr% 25,57

CT1 (P/C) 0,0 1,50 Chdi xanh, gay
0,5 1,75 Chdi xanh, gay
1,0 2,75 Choi xanh, map

TDZ :
1,5 2,75° Choi xanh, map
2,0  2,00® Chdi xanh, map

LSD, . 0,83

Cr% 25,12

Cac chi¥ s6 khac nhau di kém theo gia tri trong cung mot coét thé hién
s sai khac c6 y nghia & mdre d6 tin cay 95% (theo phwong phap phan
tich Duncan).
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Chéi lan & cong thirc
bb sung 1,0 mg/l
BAP

Chdi lan & cong thirc
bd sung 0,5 mg/l
BAP

Chéi lan & cong
thre dbi chirng
khéng bb sung BAP

Chbi lan & cong
thtrc bb sung 2,0
mg/| BAP

Chéi lan & cong
thire bd sung 1,5
mg/l BAP

Hinh 2. !(ét qua nghién ctru anh hwéng ctia BAP dén kha nang tai
sinh choi Lan Hoang thao Thai Binh.

GA, ¢6 vai tro quan trong trong kich thich kéo dai va
phan chia té bao. Két qua nghién ctru cho thay, 1,0 mg/1 GA,
gitp tai sinh choéi tot nhat (3,00 chéi/mau), nhung khi tang
néng do 1én 1,5 va 2,0 mg/l, ) luong chdi giam con 2,50 va
1,75 chdi/mau, ddng thoi chdi co xu huéng manh hon. Pidu
nay cho théy, GA, ¢ ndng do cao c6 thé kich thich kéo dai té
bao qua mirc ma khong thiic day phén chia té bao hiéu qua,
dan dén giam kha ning hinh thanh chdi mai.

Trong khi d6, BAP c6 tac dung kich thich phéan chia té
bao manh hon. Khi bd sung 1,0 mg/l BAP, sb luong chdi
tang lén 2,75 chdi/mau, va khi tang néng do 1én 3,0 mg/l,
s6 luong chdi dat muc cao nhat (4,25 chdi/mau). Tuy nhién,
khi ndng d6 BAP tang 1én 4,0 mg/l, sé luong chdi giam nhe
(3,50 chdi/mau) cho thiy, ndng do cao co thé giy wrc ché
sinh trudng. Nhu vay, 3,0 mg/l BAP 1a ndng d6 toi uu dé dat
s6 lwong chdi cao va chat luong chdi tot nhat.

TDZ ciing ¢ tac dong dén su tai sinh chdi, nhung sb
luong chdi khong cao b?mg BAP. Khi bd sung 1,0-1,5 mg/l
TDZ, s6 luong chdi dat 2,75 chdi/mau va chét luong chdi
dugc cai thién. Tuy nhién, khi tang néng d6 1én 2,0 mg/l, sb
lwong chdi giam con 2,00 chdi/mau cho thiy, TDZ & ndng
d6 cao co thé gdy mat can bang hormone, wrc ché qua trinh
phan chia té bao va giam hiéu suat tai sinh choi.
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So sanh giita ba loai hormone sinh truong thuc vat cho
théy, BAP mang lai hi€u qua tai sinh chdi cao nhét, voi sb
luong chdi t6i vu ¢ 3,0 mg/l (4,25 chdi/mau). TDZ c6 tac
dung thiic ddy phan hoa chdi nhung sé lugng chdi thip hon
(2,75 chdi/mau). GA, gitp kich thich kéo dai té bao nhung
hiéu sudt tai sinh chdi thap hon (3,00 chdi/mau & 1,0 mg/l).
Két qua nay phu hop v6i nghién ciru ciia K.Y. Paek va cs
(1991) [5] trén Cymbidium forrestii, diéu nay cho thdy BAP
1a chat diéu hoa sinh truong hiéu qua nhét trong kich thich
phan chia té bao. Nghién ciru cia P. Mohanty va cs (2012)
[2] trén Cymbidium mastersii cho thdy BAP c6 tic dung
kich thich phan chia té bao manh hon so véi GA, va TDZ.

Nhu vay, BAP & n6ng do 3,0 mg/l c6 tac dung tdt nhat
trong viéc tai sinh chdi Lan Hoang thao Thai Binh, cho s
lwong va chat lugng chdi tot nhat. TDZ hd trg phan hoa chdi
nhung kém hiéu qua hon, trong khi GA, chi gitip kéo dai té
bao ma khong to1 uu cho tai sinh choi.

3.3. Anh huéng ciia NAA dén kha nang tdi sinh vé Lan
Hoang thdo Thdi Binh

Két qua bang 3 va hinh 3 cho thay, anh hudng rd rét cia
NAA dén kha ning tai sinh r& cua Lan Hoang thao Thai
Binh. Khi khong b6 sung NAA (CT1), hé s6 nhén ré chi dat
2,00 r&/méu, ré gay va ngin, chtng t6 néu chi dya vao auxin
noi sinh, hiéu suit ra ré thip. Khi b sung NAA ¢ nong do
0,1 mg/l (CT2), sb lugng ré ting nhe 1én 2,50 ré&/mau, ré
map hon nhung vin ngan. O ndéng d6 0,2 mg/l (CT3), hé
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Ré& lan & cong thirc bd sung 0,3 mg/l NAA.

Ré& lan & cong thirc bd sung 0,1 mg/l NAA.

s Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Néng nghiép | Trong trot; Cong nghé sinh hoc trong ndng nghiép, thdy san

s6 nhan ré dat muc cao nhét (3,25 r&/miu) va chat luong
1& t6t nhat (map, dai), chimg to day 1a ndng do t6i wu giup
thiic ddy manh m& qua trinh hinh thanh va phat trién r&. Tuy
nhién, khi ting nong d6 NAA 1én 0,3 mg/I (CT4), s6 luong
1& giam con 2,50 r&/mau du chat lwong van duy tri. O mirc
0,4 mg/l (CT5), hé s6 nhan ré giam xudng con 2,00 r&/mau,
1& gdy va ngin twong ty dbi ching, cho thay ndng do cao co
thé gay tc ché sinh truong ré.

Bang 3. Anh hwéng ciia NAA dén kha ning tai sinh ré cia Lan
Hoang thao Thai Binh.

CT Nong dj NAA (mg/l) H¢ s6 nhan ré (rf/mAu)  Chit luong ré
CTI(B/C) 00 2,000 Gay, ngén
CT2 0,1 2,50® Mép, ngin
CT3 02 3,25 Mip, dai

CT4 03 2,50% Mip, dai

CT5 04 2,00° Gay, ngén
LSD, 0,95

% 25,27

Cac chiv s6 khac nhau di kém theo gia tri trong ciing mét cot thé hién
s sai khac co y nghia & mire do tin cay 95% (theo phwong phap phan
tich Duncan).

Su suy giam sé luong ré & ndng d6 NAA cao c6 thé do
co ché phan hdi tiéu cuc cta auxin khi du thira, 1am mét can
béng hormone néi sinh, hodc kich thich san sinh ethylene -
mot hormone c6 tac dung trc ché kéo dai ré. Nghién ciru ctia
D. Blakesley va cs (1991) [6] cling ghi nhan rang, NAA c6

Ré lan & cong thirc bd sung 0,2 mg/l NAA.

0
|

z
il

]
1111

L

£
|
i

{
(T

5
il

Ré& lan & cong thirc bd sung 0,4 mg/l NAA.

Hinh 3. Két qua nghién ctru anh hwéng ciia NAA dén kha ning tai sinh ré Lan Hoang thao Thai Binh.
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thé kich thich hinh thanh r& & mirc ndng d6 thap nhung gay
{rc ché khi vuot qua ngudng tdi wu. Tuong ty, nghién ciru
ctia S. Kaur va cs (2005) [7] trén Eucalyptus ciing cho thay,
auxin & muc cao c6 thé lam giam hiéu suét ra r& do tac dong
dén qua trinh phan chia t& bao va sinh truéng mo ré.

Nhu vy, ndng d6 0,2 mg/l NAA 1a t6i wu dé kich thich
tai sinh r& & Lan Hoang thao Thai Binh, giup ting s6 luong
ré va cai thién chat lugng ré. Cac ndng do cao hon khong
mang lai lgi ich bd sung ma c6 thé lam suy giam hiéu qua
tai sinh ré.

3.4. Anh hwong ciia sw phéi hop NAA va than hoat
tinh dén khd ndng tdi sinh ré

Két qua bang 4 va hinh 4 cho thay, su phdi hop giita
NAA va THT c6 anh huéng déang ké dén kha ning tai sinh
1& ctia D. moschatum. O cong thirc dbi ching (CT1, khong
b6 sung THT), hé s6 nhan r& dat 3,25 r&/mau, v4i chét lugng
& map nhung khong dai. Khi bd sung 1,0 g/l THT (CT2),
hé s6 nhan ré tang 1én 4,00 r&/mau, cho thiy THT c6 tac
dong tich cuc dén su hinh thanh r&. Tai n6ng d62,0 g/ITHT
(CT3), hé¢ s6 nhan ré dat mic cao nhit véi 4,75 ré/mau,
chirmg minh rang ddy 1a mic toi wu gitp can bang giira viéc
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Ré lan & cong thirc di chirng khong bd sung THT.

]
4

0]

||tnuil|u11ui|m|'~_(mﬂm{iltuﬂjmmwﬁ

i

e

S

9

Ré& lan & cong thirc bd sung 3 g/l THT.

Ré& lan & cong thire bd sung 1 g/l THT.

hap thy chét dinh dudng va kich thich phét trién ré. Tuy
nhién, khi tiép tuc ting nong d6 THT lén 3,0 g/l (CT4) va
4,0 g/l (CT5), hé s6 nhan ré giam lan luot con 4,00 va 3,50
r&/mau, déng thoi ré tré nén gay va ngan hon. Diéu nay co
thé do THT & nong d6 cao hép thu qua muc cac chat diéu
hoa sinh truong, khién hiéu qua ra ré bi suy giam.

Bang 4. Anh hwéng phdi hop clia NAA vé&i than hoat tinh dén kha
nang tai sinh ré ctia Lan Hoang thao Thai Binh.

Nong @) NAA  Nong do than hoat tinh ~ HE s6 nhén ré

CT (mgl) @ (ri/miu) Chét lrgng ré
CT1 0,0 325 Mip, khong dai
CT2 1,0 4,00® Mip, dai

CT3 02 20 4,75 Mip, dai

CT4 30 4,00° Mip, dai

CT5 40 3,500 Géy, ngin
LSDI)’ 5 0,96

% 16,05

Céc chir s6 khac nhau di kém theo gia tri trong cung mét cot thé hién
s sai khac co y nghia & mirc do tin cay 95% (theo phwong phap phan
tich Duncan).
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Ré& lan & cong thirc bd sung 2 g/l THT.
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Ré& lan & cong thirc bb sung 4 g/l THT.

Hinh 4. Két qua nghién ctru anh hwéng ciia NAA két ho'p véi than hoat tinh dén kha nang tai sinh ré Lan Hoang thao Thai Binh.
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Bén canh do, chét lugng ré ciing co sy thay doi dang ké
giita cdc cong thirc thi nghiém. Khi bd sung 1,0-2,0 g/l THT,
1& phat trién t6t nhat véi hinh thai map va dai. Tuy nhién, &
mirc 3,0-4,0 g/l THT, r& tr& nén gay, ngén va phat trién kém
hon, c6 thé do than hoat tinh hép thu dinh dudng qua mirc
két hop v6i didu kién anh sang bi han ché trong binh nubi
cdy, 1am anh huong dén qua trinh tai sinh ré.

Két qua nghién ctru nay phu hop véi cac nghién ciru
trude do, trong d6 D. Blakesley va cs (1991) [6] chi ra ring,
NAA c6 thé kich thich hinh thanh r&, nhung hiéu qua ra ré
cao nhat khi két hop voi cac yéu té méi truong phu hop.
T.D. Thomas (2008) [8] ciing khing dinh rang, THT gitip
giam tich lily phenolic va cai thién chat luong ré, nhung khi
sir dung & ndng do cao co thé gy trc ché sinh trudng.

Nhu véy, cong thirc tbi wu cho qua trinh tai sinh r& ctia D.
moschatum 13 bd sung 0,2 mg/l NAA va 2,0 g/l THT, giup
dat hé s6 nhan r& cao nhét (4,75 r&/mau) va dam bao chét
lugng ré t6t nhat (mép, dai).

4. Két luan

Trong nhan gidng in vitro cdy Lan Hoang thao Thai
Binh, méi truong MS phil hop nhit cho qua trinh nay mam
ctia hat (ty 16 nay mam cao nhat dat 89,67%), chit diéu hoa
sinh truong BAP 3,0 mg/I cho hiéu suét tai sinh chdi tot nhat
(4,25 chdi/mau), trong khi NAA 0,2 mg/l két hop véi 2,0 g/l
THT gitp t6i wu hda qua trinh ra ré (4,75 r&/mau).

Can tiép tuc nghién cuu kha nang sinh trudng va thich
nghi cda cay con sau khi chuyén ra vuon wom va diéu kién
ngoai canh dé nang cao hi¢u qua bao ton loai.
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Tong hop va nghién ctru tinh chit ciia composite PbO,-5n0,
trén nén thép khong gi

Pham Thij T6t', Phan Thi Binh?, Mai Thj Thanh Thiy**
'Khoa Cong nghé Dét May, Trueong Pai hoc Cong nghiép va Thuong mai Hd Noi, xa Thuan An, Ha Néi, Viét Nam
*Vién Hoa hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 18 Hoang Quoc Viét, phuong Nghia Do, Ha N¢i, Viét Nam
Ngay nhan bai 23/12/2024; ngay chuyén phan bién 25/12/2024; ngay nhan phan bién 29/1/2025; ngay chép nhan dang 5/2/2025
Tom tit:

Composite PbO,-SnO, duge tong hop thanh cong bing phwong phap quét thé tuin hoan (CV) trén nén thép khong
gi (SS) trong dung dich Pb(NO,), 0,5 M; HNO, 0,1 M; Cu(NO,), 0,05 M; C,HO, 0,1 M va SnO, véi ,hz‘lm lwgng t'fr
500 dén 2500 mg/l. Khi ham lwgng SnO, trong dung dich 12 1500 mg/l, vét li¢u composite c¢é tinh chat di¢n hoa tot
nhat. Cau tric hinh thai hoc bé mét va thanh phan cac nguyén to cé trong composite dwgc nghién ciru thong qua cac
phuong phap kinh hién vi dién tir quét (SEM), nhiéu xa tia X (XRD) va tin xa ning luweng tia X (EDX). Dic tinh dién
hoa cia di¢n cwe SS/PbO,-SnO, dwge nghién ciru trong dung dich H,SO, 0,5 M bang phwong phap CV va phép do
dwong cong phan cuc I-E. Dién cuc composite nay dwoc sir dung lam anot cho qua trinh xir ly metyl da cam (MO) &
diéu kién phu hop véi thoi gian xir Iy khac nhau. Hi¢u suét ciia qua trinh xir Iy MO cao, dat trén 90% sau 30 phut.
Pong hoc ciia qua trinh xir Iy MO tuén theo mé hinh dong hoc ciia phan &ng béc 1 v6i dd tuyén tinh R=0,9736.

Twr khéa: composite PbO,-SnO,, tinh chit dién héa, xir Iy metyl da cam.

Chi s6 phén loai: 2.4,2.5

Synthesis and characterisation of PbO,-SnO, composite on a
stainless steel substrate
Thi Tot Pham', Thi Binh Phan?, Thi Thanh Thuy Mai**

'Faculty of Textile Technology, Hanoi Industrial and Trade University, Thuan An Commune, Hanoi, Vietnam
’Institute of Chemistry, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet Street, Nghia Do Ward, Hanoi, Vietnam

Received 23 December 2024; revised 29 January 2025; accepted 5 February 2025
Abstract:

A PbO,-SnO, composite was successfully synthesised by cyclic voltammetry (CV) on stainless steel (SS) substrate
in an electrolyte containing 0.5 M Pb(NO,),, 0.1 M HNO,, 0.05 M Cu(NO,),, 0.1 M C,HO,, and SnO, with
concentrations ranging from 500 to 2500 mg/l. This composite exhibited the best electrochemical properties when
the SnO, concentration in the solution was 1500 mg/l. The surface morphology and elemental composition of the
composite were determined by scanning electron microscopy (SEM), X-ray diffraction (XRD), and energy-dispersive
X-ray spectroscopy (EDX). The electrochemical properties of the SS/PbO,-SnO, electrode were investigated in 0.5
M H,SO, using CV and potentiodynamic polarisation I-E methods. The obtained SS/PbO,-SnO, composite electrode
was used as an anode for the electrochemical removal of methyl orange (MO) from aqueous solution under suitable
conditions with different treatment times. The removal efficiency of MO was high, exceeding 90% after 30 minutes

of treatment. The kinetics of MO removal followed a first-order reaction model with a linearity of R*>=0.9736.

Keywords: electrochemical properties, methyl orange removal, PbO,-SnO, composite.

Classification numbers: 2.4, 2.5
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1. Dédt van de

Su phat trién ciia khoa hoc va cong nghé ngay cang tao
ra nhiéu loai thudc nhuém méi véi cac wu diém ndi bat
nhu: d6 bén mau cao, mau sic da dang va dé nhudém trén
nhiéu loai vat liéu. Tuy nhién, viéc xu 1y thude nhudm du
thira trong qua trinh san xuat trude khi thai ra méi truong 1a
mot van dé can dugce cha trong hién nay. Néu thube nhudom
khong dugce xu 1y trudce khi thai ra ngoai moi truong, s€ gay
anh huong nghiém trong dén hé sinh thai, doi séng cua cac
loai thuy sinh va sttc khoe con nguoi [1, 2].

Mot trong cadc nhom thubc nhuom quan trong va dugc su
dung phd bién hién nay 1a thuéc nhuém chira nhom mang
mau azo (-N=N-), nhém thubc nhudém nay dugc su dung tir
lau va chiém t&i gan 50% tong san luong thude nhudm hién
nay [3, 4]. Trong nhom thudc nhudém azo thi metyl da cam
(MO) 1a mot loai thuéc nhuom dién hinh, chat nay dé hoa
tan trong nude va kho xur 1y bang phuong phap sinh hoc [5,
6]. Vi vay, viéc nghién ctru dé tim ra phuong phap xir Iy MO
phu hop 1a rat can thiét. Hién nay, c6 nhiéu phuong phap
dé xtr 1y thudc nhuém trong nude thai nhu phwong phap
dién hoa, quang hoa, hip phy, xtr 1y vi sinh [5-9]. Trong do,
phuong phap dién hoa c6 nhiéu vu diém nhu xir Iy duge &
nhiét d6 va ap sudt thuong, hiéu qua xtr 1y cao va khong tao
ra chét thai thir cép. Vit liéu anot 1a mdt yéu td quan trong
anh huong 16n dén kha nang xtr Iy MO ciing nhu cac chat
hltu co ddc hai trong nudc thai. bé dat dugc hiéu qua xu ly
cao thi vat liéu anot phai tro, kich thudc 6n dinh, dan dién
t6t, c6 hoat tinh xuc tac dién hoa va qua thé thoat oxy cao
[10].

Chj dioxit (Psz) 1a mot oxit dién hinh c6 kha nang dan
dién tot, co6 qua the thoat oxy cao, chiu dugc hoa chat vi vay
ma PbO, thuong dugc s dung 12‘1}11 vat li€u anot trong cac
qua trinh xtr Iy dién hoa [11]. B¢ tang hoat tinh di¢n hoa
va do bén cua PbO,, phiéu nghién ctru da pha tap thém cac
oxit kim loai khac d€ tao thanh cac composite nhu: Co,O,
-PbO, [12], PbO,-TiO, [13], PbO,-AgO [14], PbO,-Mn,O,
[15], PbO,-SnO, [16, 17]...

W. Wang va cs (2020) [16] dd nghién ctu tong hop
composite PbO,-SnO, bang phuong phap dién phan dong
khong doi tai mat do dong 20 mA/cm*. Composite PbO,-
SnO, sau khi tong hgp dugc st dung lam anot xﬁg tac cho
qué trinh oxy hod m-nitrophenol. Két qua cho thay, su co
mdt ctia SnO, trong composit,e d3 tang qua thé thoat oxy,
cdi thién dugc qua trinh tao goc hydroxyl va tang kha nang
xuc tac [16]. Nghién ciru trong tu ciing tong hop composite
PbO,-Sn0O, bang phwong phap dién phan dong khong ddi va
su dung composite lam anot xtc tac cho qua trinh phan huy
3-chlorophenol [17]. Trong nghién ciru nay, cac tac gia tién
hanh tong hop composite PbO,-Sn0O, bang phwong phap
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quét thé tuan hoan trén nén thép khong gi, nghién ciru tinh
chat ctia composite va tmg dung composite nay lam anot
cho qua trinh xtr [y MO bang phuong phap dién hoa.

2. Hoa chat va phuong phap nghién ciiu, téng hop
2.1. Héa chit

Str dung cac hoa chét tinh khiét dung trong phan tich:
HNO, (65-68%), Cu(NO,), (>99%), NaOH (>96%), MO
(>99%), C,H,0, (99%) cua hang Xilong (Trung Quoc) va
bot nano S’onO2 (10-20 nm) (>99%) cua hang Dongguan
(Trung Quoc) va Pb(NO,), (99,5%) cua hing Merck (D).

2.2. Tong hop vit liéu composite PbO,-SnO0, trén nén
thép khong gi

Composite PbO,-SnO, dugc tong hop trén nén thép
khong gi da dugc danh bong bang gidy nham, xu ly lam
sach trong dung, dich KzCr‘zO7 + H,SO, (98%) va loai bo
hoan toan tap chat con lai bang phuong phap dién hoa trong
dung dich NaOH 60 g/l véi téc do quét 200 mV/s trong 5
chu ky tir -700 dén 500 mV. Sau d6, composite PbO,-SnO,
duogc tong hop bang phuong phap quét thé tuan hoan véi toc
d6 quét 50 mV/s, 300 chu ky trong khoang dién thé tir 1200
dén 1700 mV. Thanh phan dung dich tong hop: Pb(NO,),
0,5 M; HNO, 0,1 M; Cu(NO,), 0,05 M, C,HO, 0,1 M va
nano SnO, v6i ham lugng tir 500 dén 2500 mg/l. Phuong
phap tong hop va cac thong so trong thi nghiém dugc lya
chon dya theo két qua nghién ctru da dugc cong bd trude
day cua chiing t6i [9, 18].

2.3. Nghién civu tinh chit vit liéu

Phuong phap SEM duogc st dung dé nghién ctru hinh
thai hoc ctia composite, nhiéu xa tia X (XRD) va EDX dugc
st dung dé nghién ciru ciu trac va thanh phan cac nguyén
tb trong composite.

Tinh chét dién hoa ciia composite dugc nghién ciru trén
thiét bi IM6 ciia hiang Zahner Elektrik (Dirc) st dung hé 3
dién cyc: dién cyc dbi (Pt tim), dién cuc so sanh (Ag/AgCl,
KCl bao hoa), dién cuc nghién ctru la SS/PbO,-Sn0O,,.

2.4. Nghién cvwu xiwr ly metyl da cam

Metyl da cam duoc xir Iy bang phwong phap dién hoa
trén hé 3 dién cuc: tdm Pt 1a dién cyc d6i, Ag/AgCl, KCI
la qién cuc so sanh va SS/PbO,-Sn0O, 1a diép cuc lam viéc.
biéu kién xu ly MO tuong tu nhu cong bo trudc day cua
nhém nghién ctru [9]: ndng d6 MO 50 mg/l, pH dung dich 1a
6, mat d6 dong dién 1,75 mA/cm? véi thoi gian tir 10 dén 60
phut. Dung dich MO sau khi xir Iy dugc phan tich UV-Vis
trén thiét bi Perkin Elmer Lambda 35 (M¥) dé xac dinh hiéu
suét xir Iy. Hiéu suét qua trinh xtr Iy MO duoc xéac dinh theo
phuong trinh sau:
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(Co-Ct)

x 1
Ca 100 (1)

H=
trong do: C, la ndng d6 MO ban dau, C la ndéng d6 MO tai
thoi gian xu 1y t.

3. Két qua va ban luan

3.1. Nghién civu tinh chit dién héa ciia composite
PbO -SnO0,

100 -+ B
-

SnO2 (mg/l)
o 500
1000

\.

v = =1500
- -2000

B a 2500

i (mA/cm?)

-100 1

-200

700 900 1100 1300 1500 1700 1900
E ag/agci (mV)

Hinh 1. Phé quét thé tuin hoan cua dién cwe SS/PbO,-SnO, trong
dung dich H,SO, 0,5 M khi thay dbéi ham lwong Sno,,.

Trén hinh 1 1a két qua phd quét thé tuan hoan cua dién
cuc SS/PbO,-Sn0O, trong dung dich H,SO, 0,5 M tai chu ky
30 voi toc do quét the 100 mV/s ¢ khoang thé tir 800 dén
1800 mV. Quan sat hinh 1 thdy dugc hai peak oxy hoa tai
1650 va 1760 mV la cﬁ? dang a va B-PbO,, peak khir tai
1190 mV cua B-PbO, \fé PbSO, [16, 17]. Khi ham lugng
SnO, trong dung dich tong hop tang tu 500 [én 1500 mg/l,
thi chiu cao peak oxy hoa va peak khu déu tang (twong ung
tur 50,07 1én 74,49 mA/cm? va tir 93,42 1én 134,75 mA/cm?),
nhu vay, hoat tinh dién hoa cua dién cuc da tang theo ham
luong SnO,. Tuy nhién, khi tiép tuc tang ham luqng‘ SnO,
1én 2500 mg/1, thi hoat tinh dién hoa lai giam, do chiéu cao
peak oxy hoa va peak khir déu giam (twong tmg tir 74,49
xudng 57,61 mA/cm?va tir 134,75 xudng 104,88 mA/cm?).
Nguyén nhén la do SnO, trong dung dich di lam thay doi
cau triic cua PbO, lam cho cau trac tinh thé x0p hon nén
tang dién tich lam vi¢c. Tuy nhi€n, khi ham lugng SnO,
trong dung dich 16n hon 1500 mg/1, thi d¢ dan dién giam do
SnO, la chét ban dan kém dan dién. Nhu vay, voi ham lugng
SnO, trong dung dich la 1500 mg/I thi vat li¢u composite
PbO,-SnO, ¢6 hoat tinh di¢n hoa tot nhat. Duong cong phéan
cuc I-E dang logarit cta di¢n cuc SS/PbO,-SnO, trong dung
dich H,SO, 0,5 M véi ham lugong SnO, khac nhau duoc thé
hién ¢ hinh 2.
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Hinh 2. Bwong cong phéan cwec I-E dang logarit cua dién cwc
S§S/PbO,-Sn0O, trong dung dich H,SO, 0,5 M véi ham Iwong SnO,
khac nhau khi tdng hop vat liéu composite.

Bang 1. Cac théng sé dong hoc méat dé dong trao déi i va dién thé
E, xac dinh dworc tiv hinh 2.

Ham luwgng SnO, (mg/l) i, (nA/em?) E (mV)
500 60,51+0,05 124949
1000 64,05+0,02 126248
1500 65,12+0,04 1251+8
2000 63,69+0,06 124945
2500 59,45+0,03 1262+8

Két qua bang 1 cho thay, khi ham lugng SnO, trong dung
dich tong hgp tang tir 500 [én 1500 mg/1 thi i_ tang tir 60,51
1én 65,12 pA/cm?, chitng to hoat tinh dién hoa ting. Nhung
khi tiép tuc tang lugng SnO, 1én 2500 mg/l thi i lai giam tir
65,12 xuéng 59,45 pA/cm?’. Nhur vay, ham lugng SnO, 1500
mg/l 1 phu hop nhat dé tong hop composite. Két qua nay
phu hop véi két qua khao sat pho quét thé tudn hoan & trén.

3.2. Nghién civu cdu triic hinh thdi hoc ciia composite
PbO,-Sn0,
3.2.1. Gian do nhiéu xa tia X

6000

. 4000 1 = -PbO2

* a-PbO2

a
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Cuing dj nhiéu x;

Hinh 3. Gian d6 nhiéu xa tia X cia composite PbO,-Sn0,.
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Két qua hinh 3 cho thy, xuat hién rd cac peak dic trung
cho dang thu hinh B-PbO, tai cac goc 26, khoang 25,5°; 32°;
36,5°% 49,5° 52,5° 54,5° 61,5° 62,5° va 67,5°. Tuy nhién,
mdt sé peak dic trung cho dang thu hinh a-PbO, tai cac goc
20 g?m 28,5° 32,5°; 48° khong ro rang va khong quan sat
théy su xuét hién céc peak ddc trung cua SnO,, diéu nay la
do SnO, c6 kich thuéc rt nho (10-20 nm) va luong it nén
khong tao duoc cac dinh nhiéu xa rd rang [16].

3.2.2. Phé tan xa ndng heong tia X

8000 -

6000 -

Cwirng dd nhiéu xa

Ph 4
O =
on A

2000 -

] 2 4 6 8 10 12 14 16 18 X
keV
Hinh 4. Phé tan xa ning lwong tia X clia composite PbO,-Sn0,.

Trén hinh 4 thé hién phé tan xa nang luong tia X cla vat
li¢u composite PbO,-SnO,. Két qua cho thy rd cac peak
dac trung cho Pb, O, Sn [17]. Diéu nay chung to su c6 mat
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Hinh 5. Anh kinh hién vi dién ttr quét ciia composite PbO,-SnO,.
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cua SnO, trong composite. Nhu vay, co thé khéng dinh da
tong hop thanh coéng vat liéu composite PbO,-Sn0O, bang
phuong phap quét CV.

3.2.3. Anh kinh hién vi dién tir quét

Anh SEM cua composite PbO,-SnO, duge thé hién trén
hinh 5. Trong hinh thay xuat hién cic tinh thé 16n hinh tt
dién (B-PbO,) xen k& véi céc tinh thé nhé (a-PbO,), nhu
vay, vat lieu PbO, téng hop duoc tdn tai & ca hai dang thu
hinh [16, 17]. Trén bé mat tinh thé va phan tiép giap gitra
céc tinh thé PbO, xuét hién céc hat tinh thé nhé 1a SnO,.

3.3. Nghién ciru xii ly metyl da cam bcing phwong phap

di¢n héa s dung anot composite PbO,-Sn0,

Dung dich MO ban dau c¢6 néng do 50 mg/l duge xir
ly bang phuong phap dong khong ddi trén dién cuc anot
PbO,-SnO, v6i mat do dong 1,75 mA/cm’ trong diéu kién
pH=6 (hinh 6). Két qua cho thdy, ¢ giai doan du cta qua
trinh xtr Iy (30 phut dau tién) hiéu suét xu 1y ting nhanh va
dat khoang 90%, dong thoi nong d6 MO trong dung dich
cling giam nhanh xudng con dudi 5 mg/l. Sau 30 phut xur
ly, hiéu suat xir Iy ting cham va gan nhu khong ddi sau thoi
gian 50 phut, ndng d6 MO trong dung dich ciing giam chdm
va dat dudi 1 mg/l sau 50 phat. Diéu nay co thé giai thich

nhu sau: ¢ giai doan dau cta qua trinh xtr 1y, lugng MO

x5,000°" /5pm

Di3mm : 5522
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Hinh 6. Hiéu suét va néng dé metyl da cam con lai theo th&i gian
X ly (i=1,75 mA/cm?, C_=50 mg/l, pH6).
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Tir két qua thu dugc cia do thi In (C/C) theo thoi gian
(hinh 7A) va db thi (theo thoi gian (hinh 7B), ¢ thé xac
dinh duoc hing s6 tbc do phan ung va gia tri R2. Két qua
cho thy, d6 tuyén tinh theo phan tng bac 1 kha cao (dat
0,9736), trong khi theo phan tng bac 2 thi thdp (chi dat
0,6383). Do vay, dong hoc cua qua trinh xur [y MO tuan theo
dong hoc cua phan ung bac 1 1a phu hop.

4. Két luan

Composite PbO,-SnO, dugc tong hop thanh cong trén
nén thép khong gi bang phuong phap CV. Két qua cho thiy,
PbO, ton tai & ca hai dang thu hinh o va p xen k& nhau.

(B)
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Hinh 7. D4 thi In (C_/C) (A) va db thj L- L (B) theo th&i gian xt Iy MO trén dién cwc SS/PbO,-SnO,.

¢ c

trong dung dich nhiéu nén kha ning oxy hoa dé phan hay
MO cao, vi vdy, hiéu suat xir Iy ciing ting nhanh nhung sau
mot thoi gian xu 1y thi lugng MO con lai trong dung dich
rat it, nén khi ting thoi gian xir 1y thi hiéu sudt xir 1y ciing
khong tang nhiéu, vi lac nay chi yéu xay ra qué trinh dién
phéan nudc.

DPong hoc qué trinh phan hity mot chét hitu co n6i chung
c6 thé theo dong hoc cua phan tng bac 1 (Phuong trinh 2)
[19-21] hoac dong hoc cua phan Gng bac 2 (Phuong trinh
3) [21].

In [%] = kt )

G- o) =kt 3

trong do: C (mg/l) 1a ndng do chit hitu co ban dau va C,
(mg/1) 1a ndng d6 chat hitu co sau thoi gian xir Iy t (phut); k
1a hang s6 toc do phan tng.
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Céc hat nano SnO, bam déu trén bé mét tinh thé PbO, va ¢
khe gifta céc tinh thé. Vi ham lugng SnO, 1a 1500 mg/! thi
vat lidu composite co chiéu cao peak oxy hoa khir cao nhat
va mat d§ dong trao ddi 16n nhét nén c6 hoat tinh dién hoa
tdt nhat. Vat liéu composite dugc st dung lam anot cho qua
trinh xtr Iy MO véi hiéu suit kha cao dat trén 90% sau 30
phut xt ly. BPong hoc ctia qua trinh xtr Iy MO tuan theo dong
hoc ctia phan tng bac 1 voi do tuyén tinh dat 0,9736.
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Ché tao vit liéu to hop TiO J/HAP bing phwong phap thuy nhiét
va ung dung quang xic tac phan hily pham mau dét nhugm

Tran Minh Hiéu', Lé Pinh Nam', Lwong Hoang Minh?, Pham Thi Hing?, Nguyén Xuin Hoan
"Truong THPT chuyén Khoa hoc Tu nhién, Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Qué'c gia Ha Ngi, 182 Luong T hé Vinh, phuong Thanh Xuan, Ha Noi, Viét Nam
’Khoa Hoa hoc, Truong Dai hoc Khoa hoc Tw nhién, Pai hoc Quoc gia Ha N¢i, 19 Lé Thanh Tong, phwong Cita Nam, Ha Noi, Viét Nam
Ngay nhén bai 24/3/2025; ngay chuyén phan bién 26/3/2025; ngay nhan phan bién 17/4/2025; ngay chép nhan dang 23/4/2025
Tom tat:

Trong nghién ctru nay, vat liéu hap phu va quang xtc tac trén co s6 HAP (tl‘r tién chit Ca(NO,),, NH H,PO, va HAP
¢6 dinh oxit titan (tl‘r TiCl, - TiO /HAP) dwgc ché tao bang phu’(mg phip tong hop thuy nhiét. Vat lleu che tao dwge
dic trung tinh chit: nhleu xa tia X, hién vi di¢n tir quét Kkét hop phin tich thanh phan nguyén t6 (SEM/EDX), xdc
dinh dién thé bé mat - thé Zeta. Kha nang hap phu va quang xuc tic cia vat li€u dwge danh gia théng qua thi nghiém
phan hity mau methylen xanh (MB), alizarin vang G (AYG), xanh hd thiy (XHT) 12 phAm mau dét nhudém thu thap
tir h gia dinh lang nghé, phAm mau truée va sau xir Iy dwoce xac dinh qua phép do quang pho UV-Vis. Két qua dic
trung tinh chét cho thiy, oxit titan di dwoc ¢ dinh va phan tan dong déu cung vat liéu HAP; cac hat c6 kha ning
on dinl} tot trong‘mﬁi trwong phan tan. Kha nz“l,ng quang xtc tac oxy hoa \"‘21 pl}ﬁn hiy cua vat li¢u TiO,/HAP df)i voi
ciac phim mau déu dat trén 90% sau 3 gio’ chiéu sang UV. Qua dé cho thay tiém ning irng dung cia vat liéu to hop
TiO,/HAP trong xir ly quang xuc tac cac chit mau 6 nhiém.

Tir khéa: hydroxyapatite, pham mau, phwong phap thity nhiét, quang xiic tac, TiO,/HAP.
Chi 56 phin logi: 2.4, 2.5

Preparation of a hydroxyapatite-supported titanium oxide via the
hydrothermal method for photocatalytic degradation of textile dyes

Minh Hieu Tran!, Dinh Nam Le!, Hoang Minh Luong?, Thi Hang Pham?, Xuan Hoan Nguyen*
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Abstract:

In this study, the HAP-based adsorbent and photocatalytic materials, including hydroxyapatite synthesised from
Ca(NO,), and NH H,PO, precursors and titanium oxide-immobilised HAP (TiO,/HAP) derived from TiCl,, were
produced using a hydrothermal method. The obtained materials were characterised by several techniques: X-ray
diffraction, scanning electron microscopy coupled with energy dispersive X-ray analysis (SEM/EDX), and surface
charge determination via zeta potential measurements. The adsorption and photocatalytic performances of the
materials were evaluated through degradation experiments of methylene blue (MB), alizarin yellow G (AYG), and
indigo dye (XHT - textile dye collected from household-scale traditional weaving villages), with dye concentrations
before and after treatment determined by UV-Vis spectrophotometry. Characterisation results indicated that
titanium oxide was successfully immobilised and uniformly dispersed within the HAP matrix, and the particles
exhibited good stability in the dispersion medium. The TiO,/HAP composite exhibited photocatalytic oxidation and
degradation efficiencies exceeding 90% for all tested dyes after three hours of UV irradiation. This highlights the
potential application of TiO,/HAP composite materials in the photocatalytic treatment of dye pollutants.

Keywords: dye, hydrothermal method, hydroxyapatite, photocatalysis, TiO,/HAP.
Classification numbers: 2.4, 2.5
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1. it van de

Oxit titan (TiO,) va cac TiO, bién tinh 1a mot trong nhirng
vat liéu duoc quan tim nghién ciru trong nhitng nim gan day
nho tinh chit quang hoé hodc quang dién hoa xuc tic phan
huy céc hop chét hitu co doc hai [1]. Tuy nhién, TiO, ¢6 kha
nang hip phu thip dbi voi cac chit giy 6 nhidm va toc do
tai to hop nhanh cua cac cip electron - 16 tréng, 1am giam
hiéu sudt xtic tic quang cua vat lidu [2]. Hydroxyapatite,
Ca,(PO,)(OH), (HAP) dugc biét dén la vat liéu duoc sir
dung nhiéu trong cac qua trinh hap phu xt ly cac chat hitu
co doc hai, cling nhu cac kim loai nang [3, 4]. Do do, tao
vat liéu composite TiO,/HAP dugc mong doi s€ két hop cac
uu diém ctia HAP v6i TiO,; va ¢ thé cai thién kha nang hap
phu ctia TiO, dbi véi cdc chat 6 nhiém dong thoi giam su téi
hop ciia cac cip electron - 16 tréng. Hién tai, vat liéu t6 hop
TiO,/HAP da bat dau thu hiit sy cha ¥ clia cdc nhém nghién
ctru, va str dung nhu mot chat xuc tic quang dé xur 1y cac
chat 6 nhidém trong méi trudng nudc [5]. Trong nghién ctru
ctia S. Murgolo va cs (2018) [6], vat liéu to hop TiO/HAP
dugc ché tao bang cach nung Ti(SO ,), Vo1 HAP tu nhién
dugc tach tir xuwong ca tuyét (nhiét do nung tai 800°C), dé
phan huy diclofenac. Vat lidu nay thé hién kha ning quang
xtc tac vuot troi so voi vat liéu TiO, hay HAP, hi¢u SUAt xir
ly dat 95% sau 24 gid chiéu sang dudi dén UV. Trong mot
nghién ciru khac, vat liéu to hop trén co s TiO, va HAP
(TiO, chiém 10, 30 va 50% khdi lugng, dugc diéu ché bang
phuong phép sol-gel kém theo nung nhiét trong diéu kién
toi wu: 500°C/50 phut; tir alkoxid Ti, Ti(C,H,0), va HAP,
dugc 1ay chu yéu tir xwong va moém xwong); thé hién hiéu
qua quang xdc tac trong qua trinh phan huy thudc nhuém
acid red B. Ty 1€ phan huy acid red B (dung dich 10 mg/I)
dat dugc khi sir dung 3 loai vat lidu trén (hat ran 1 g/l) lan
luot 1a: 92,41, 87,25 va 82,13%; vuot trdi hon hin do phan
htty 74,32% khi sir dung vét li¢u TiO, tinh khiét [1].

Gan day nhat, composite TiO/HAP dugc ché tao bang
phuong phép téng hop thity nhiét tir tién chat: TiOCI, CaO,
NH,H,PO,, cetyl trimethyl ammonium chloride tai nhiét do
150°C (ty 18 Ti thay ddi tir: 5, 10 va 20%) dé xur Iy methyl
violet (MV) trong nghién ctru [7]. Két qua phan huy quang
phim mau MV dat t6t nhat (96,46%) véi vat lieu TiO,/HAP
chira 20% Ti, sau khi chiéu sang UV - 2 gid, trong diéu kién
sir dung 1 g/I hat vat liéu, dé xir Iy MV ndng d6 20 mg/l.
Trong nghién clru nay, chung t61 da sir dung phuong phap
tong hop thuy nhiét véi tién chat: canxi nitrat, amoni dihydro
photphat, TiCl; dé ché tao vat lidu composite TiO,/HAP v6i
ty 1¢ lva chon 30% khéi luong TiO, trong composite, & diéu
kién phan tung 150°C/7 gio; 1a diém khac biét so v6i cac
nghién ciru khac. Muc dich nham tao vat lidu voi su két hop
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cac uu diém cia HAP va TiO, dé c6 thé céi thién kha ning
hap phu/phén hiy quang xuc tic clia TiO, dbi v6i cac chat
hitu co kho phan hiy/6 nhiém c6 trong méi trudng nude. Co
ché tao composite TiO, trén co so nén HAP trong qua trinh
phan ung thuy nhiét cling dugc trinh bay thong qua phép do
dac trung dién thé bé mit - thé Zeta. Tiép dén, khao sat hoat
tinh quang xtc tdc phan hiy mau cia vat liéu composite
TiO,/HAP ché tao dudi anh sang dén chiéu UV d6i véi cac
phidm mau co ban va pham mau nhudm vai thu thap tai lang
dét lua Van Phuc. Cubi cung, danh gia kha nang tai su dung
cua vat liéu. Tir d6, gop phan lam sang t6 hiéu ung hiép
dong cia TiO, va HAP trong vat li¢u composite TiO,/HAP
(ché tao theo phwong phap thuy nhiét) ddi voi qué trinh oxy
ho4 quang hoa phan hity cac chit mau khi so sanh dbi ching
v6i vt liéu tron co hoc gitra HAP va TiO, ¢ cung ty 1& khéi
lugng.

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

Céc hoa chat stir dung gdm: canxi nitrat (Ca(NO,),.4H,0,
>99%, Trung Qudc), amoni dihydrophotphat (NH,H,PO,,
>99%, Trung Quéce), TiCl, (>12%, Sigma Aldrich), KOH
(85%, Merck), TiO, thuong mai (99,4%, Roha DyeChem
Viét Nam). Cac pham mau gém: methylen xanh (99%,
Trung Qudc), alizarin vang G (>95%, Trung Qudc), va xanh
ho thuy - tén thwong mai chit mau dét nhuém cong nghiép
su dung trong qua trinh nhudém vai (dugc thu thap tai hg gia
dinh, lang dét lya Van Phuc).

2.2. Ché tao hydroxyapatite va vit ligu t6 hop TiO /HAP

Hydroxyapatite duoc diéu ché truc tiép tir tién chat mudi
canxi nitrat bang quy trinh thuy nhiét [3, 8] nhu sau: dung
dich NH,H,PO, va Ca(NO,),, ty 1¢ Ca/P=1,67; dugc khuéy
déu lién tuc & nhiét d6 phong. pH hdn hop duge diéu chinh
bang dung dich KOH dén pH~10. Chuyén hdn hop phan
(g véo binh thiy nhiét bang Teflon, tién hanh phan tng &
150°C/7 gio. San pham sau phan tng duoc loc loai bo ion,
va sdy & 90°C/12 gid, nghién min (vat liéu duoc ky hiéu
HAP).

Vat liéu composite TiO,/hydroxyapatite (TiO,/HAP)
duoc ché tao theo quy trinh sau: HAP diéu ché & trén duoc
phan tan trong nudc cit nho thiét bi siéu am. Dung dich
TiCl, duoc thém vao hdn hop (sao cho ty 1 TiO,/HAP chiém
30% khoi lugng theo tinh toan ly thuyét), khuay déu lién
tuc va thém tiép KOH dé hdn hop phan tng dat pH~12. Sau
d6, thuc hién phan tng thiry nhiét ¢ diéu kién 150°C/7 gio.
San pham sau phan tng dugc loc loai bo ion va siy kho,
nghién min. Mau vat liéu duogc ky hiéu HAPTi30.
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2.3. Cac phwong phap khao sdt dac tinh vt liéu

Céc vat liéu ché tao duoc do nhidu xa tia X trén thiét bi
XRD PANalytical Empyrean voi birc xa CuK  (4=1,5418 A,
20/steps=0,03°/step). Hinh thai bé mit hat vat liéu va thanh
phan nguyén t6 duoc phan tich trén thiét bi chup SEM/EDX
(Hitachi-4800 tich hop dau do EDX). Phan b6 vé kich thudc
hat cta vat liéu xac dinh trén thiét bi Shimadzu SALD-2101.
Dién thé Zeta cua cac hat vt liéu duoc xac dinh trén may do
Zeta phoremeter IV (CAD instrumentation) trong cac diéu
kién sau: nhiét do phong, mau duoc phan tan siéu 4m trong
dung dich KCI 103 M. Gan ding Smoluchowski dugc sir
dung dé tinh gia tri thé Zeta, mdi mau duoc thuc hién do tdi
thiéu 15 l1an, tir 46 cho phép tinh gia tri trung binh cta dién
thé bé mat cac hat.

2.4. Khdo sat khd nang quang xic tac xw ly mau dét
nhuom

Mot lugng 0,50 g/l vét ligu HAPTi30 dugc phén tan déu
trong nudc cat nho thiét bi rung si€u am trong 5 phut, tiép
d6 bo sung dung dich phdm mau (methylen xanh, alizarin
vang G, hodc xanh ho thuy) dé dat ndng d6 dau C,=50 mg/l,
khuay déu. Sau khi dat trong t6i 30 phut dé dat can bang
hap phy/giai hap; hé tiép tuc duoc chiéu dén UV (cong sut
9 W, sat bé mat dung dich miu) dé khao sat kha niang phan
hiy quang xtc tac trong diéu kién nhiét do phong. Thiét bi
quang phé UV-Vis (D4000/HACH) dugc sir dung dé xac
dinh ham luong phim mau con lai theo thoi gian (C); tai
moi diém thoi gian, 10 ml dung dich mau phan tich dugc
léy va tach loai hat vat liéu nho hd tro cua thiét bi li tam
trude khi do. Dya trén d6 hip thu quang (Abs) cuc dai ciia
cac phim mau va dudng chuan. Cac miu dung dich khi do
quang déu duoc pha lodng twong tmg va dwa vao dudng
chudn dé tinh ndng do, tir d6 cho phép tinh toan % luong
pham mau con lai (X%) hodc hiéu suat phan hiy mau (H%)
theo biéu thire:

X% =(C,/C,) x 100%
H% = {(C,— C)/C,} x 100%

(M
2

Véi thi nghiém quang xtc tac hdp phu/phan huy MB
trén vat liéu HAP: st dung 2,00 g/1 vat liéu, dung dich phém
mau nong d6 C,=20 mg/l, miu duoc chiéu sing dudi dén
chiéu UV cong suat 28 W. Mau pham mau MB d0i chung,
véi nong do C ;=20 mg/l, dugc thuc hién song song trong
cung dicu kién thi nghiém.

Budc song sir dung ctia cac pham mau khao sat twong
ung: methylen xanh (4,,=664 nm), alizarin vang G
(4,yc=418 nm), xanh ho thuy (4,,,,=618 nm). Duong chuan
Abs vao nong d6 duoc xay dung trong dai nong d9 chat mau
tir 1 dén 10 mg/1.
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3. Két qua va ban luan

3.1. Két qud khdo sat dac trung tinh chit ciia vit lidu
ché tao

Hinh 1 1a gian dd XRD ciia mau bot HAPTI30, va anh
chup trén kinh hién vi dién tr quét (SEM) & cac d6 phong
dai khac nhau (hinh 2), quan sat trén mau vat liéu HAP va
composite HAPTi30.

et et e ool e

=

count _LLLIL Ll 1y

Hoan-khHOA-HAPDTTI30
Hydroxylapaite 99.8 %
Pe rovskite 0.0%
1500 - %

1000+

500-

30 40
2 Theta (°)
Hinh 1. Gian d6 nhiéu xa tia X cua vat liéu HAPTi30.

Trén gian d6 XRD thu dugc chu yéu pha tinh thé véi
cac pic nhidu xa dic trung cua vat liéu HAP (hé tinh thé
lyc phuong, thuoc nhom khong gian P6,/m voi céac hang
s mang a=9,423 A va ¢=6,875 A [3, 7, 8]. Céc pic nhiéu
xa ddc trung cua TiO, (dang anatase) [1, 9] dugc xac dinh
v6i ham lugng nho, cod thé do cac vi tri pic nhiéu xa bi che
lip boi pic nhiéu xa cta vat lieu HAP; hodc vat liéu hat
TiO, ché tao trong diéu kién phan tng thuy nhiét c6 do két
tinh kém. Qua trinh phan ung thuy nhiét khong tao pha
perovskite (nhu CaTiO,). Trén anh SEM (hinh 2A, 2B) c6
thé quan sat théy su hinh thanh cac hat HAP ¢ dang hat hinh
que kha ddng déu vé kich ¢& (khoang 100-150 nm). V&i
vat liéu HAPTi30, trén anh SEM ¢ cung d6 phong dai, quan
sat théy cac dam hat nhé hon, c6 thé minh chung cho su
xudt hién cua cac nano TiO, c6 dang gan cau bam dinh/bao
pht xung quanh cac hat HAP hinh que (hinh 2C, 2D).

Két qua phén tich nguyén t6 (EDX) trén ving dién tich
15%20 um ctia mau HAPTi30, duoc trinh bay trén hinh 3
(kém bang thanh phan cac nguyén t6 co6 mit trong mau).
Ty 18 Ca/P~1,694 (so sanh v&i gid tri 1y thuyét 1,67); bén
canh nguyén t6 Ti chiém ty 18 4,98% vé s6 nguyén tir (hay
10,29% vé khdi lugng), mot lwong nho nguyén t6 K ciing
duoc phat hién (do phan ng thyc hién trong mdi truong
KOH du), ion K* ¢6 ban kinh nho (=1,33 A) c¢6 thé di chui
vao trong cau triic cua HAP.
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IMS-NKL 5.0kV 5.0mm x80.0k SE(M) 300nm

Element | Weight, Atomic,
% %
46,97 68,07
13,03 9.75
1.14 0,68
28,57 16,52
10,29 4.98
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KK
CaK

TiK
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ull Scale 4766 cts Cursor; 14.993 keV (8 cts)

Hinh 3. Két qua phan tich nguyén t6 EDX cua vat liéu HAPTI30.
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Hinh 4. Gian dd phan bé dién thé bé mat. (A) Hat HAP, (B) HAP thém TiCl,; (C) HAP da thém TiCl,
va sau do thém KOH; (D) Composite TiO,/HAP (HAPTi30) ché tao thly nhiét, va so dd mo ta co ché
hinh thanh vét liéu composite TiO,/HAP twong tng.

‘ KHORHOC [P

Dé minh hoa va giai thich co
ché tao vat liéu t6 hop TiO,/HAP,
nhom tac gia da thuc hién thi
nghiém mo phong sau trén thiét bi
do thé bé mat hat - thé Zeta. Dung
dich chtra cac hat HAP véi duong
phan b dién thé bé mat thé hién
trén d thi hinh 4.

Nhan thdy, bé mat hat HAP
ban dau co dién thé am (dinh pic
tap trung tai -50 mV, gia tri trung
binh -29,85 mV, hinh 4A) nguyén
nhan do sy cd mat ciia cac nhom
hydroxyl tao lién két trén bé mat
hat HAP trong mdi truong kiém
cao cua phan ung thuy nhiét [10].
Khi thém TiCl, vao h¢ thi nghiém
chura cac hat phan tan HAP, gia tri
dién thé bé mat dich chuyén vé
phia duong hon (dinh pic tép trung
0 +1mV), chimg t6 khi thém TiCl,,
cac ion Ti*" da hip phuy 1én bé mat
hat HAP va lam dich chuyen dién
thé bé mat hat vé phia duong,
gia tri trung binh cua thé Zeta la
-12,25 mV (hinh 4B). Khi thém
tiép KOH vao h¢ thi nghiém, co
su dich chuyén dién thé nguoc vé
phia 4m, dinh pic tap trung hau hét
& khoang -50 mV (hinh 4C), diéu
nay cho thiy cac ion OH" di tiép
tuc hap phu 1én trén 16p ion Ti** da
hap phu trude d6 trén bé mit cac
hat HAP, tao thanh cac hydroxit
titan Ti(OH),/Ti(OH), (v6i su c6
mat cua oxy hoa tan trong moi
truong phan tmg). Trong diéu
ki¢n phéan ung thuy nhiét, da hinh
thanh cac hat TiO, bam dinh/phu
xung quanh céc hat vat liéu HAP
dé tao composite TiO ,/HAP. Mau

composite TiO,/HAP sau diéu ché
thiy nhiét co dmh pic tap trung tai
-60 mV, véi gia tri thé trung binh
la -35,37 mV (hinh 4D). Gia tri
dién thé 4m trén bé mit cac hat
HAP va TiO/HAP minh ching
kha nang | ben phan tan trong moi
truong, hd trg cho qua trinh twong
tac hap phu cac phan tir mau trén
bé mit va tiép tuc xdy ra qua trinh
tuong tac véi cac goc tu do trong
phan ing quang xuc tac phan hiy
mau.
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Hinh 5. D6 thi biéu dién kha ning hap phu - phan hiy mau methylen xanh ciia cac mau vat liéu khac nhau theo th&i gian chiéu dwéi anh
sang UV (A); dac trng quang xtc tac phan hdy cac pham mau theo th&i gian chiéu sang UV ciia HAPTI30 (B).

3.2. Khdo sdt khd nang phdn hiiy cdc chit mau

Hinh 5A trinh bay két qua thi nghiém hép phy/phan hiy
mau methylen xanh trong diéu kién phoi chiéu duéi anh
sang cua dén tir ngoai (cong sudt 28 W) duoc khao sat véi
cac mau vat liéu HAP, mau vat liéu HAPTi30TM 1a mau
tron co hoc 70% HAP voi 30% TiO, thuong mai vé kh01
luong (Roha DyeChem Viét Nam, vat ligu c6 phéan b6 vé
kich thuéc hat dugc xac dinh: 50-100 nm), mau dung dich
methylen xanh khong chira vat ligu dugc st dung lam déi
ching (ky hiéu MB). Riéng mau composite TiO,/HAP
(HAPT13O) duoc khao sat dudi anh sang dén chiéu UV cong
suat 9 W.

So sanh v6i mau ddi chung (MB), vat lieu HAP tng
hop gan nhu khong thé hién tinh chat quang xuc tac ddi voi
qua trinh phan hily mau methylen xanh, ngoai trir kha nang
hap phu. Vat liéu tron co hoc HAP vé6i 30% khéi lugng
nano-TiO, thuong mai, (HAPTi3OTM) hap phu/phan hity
mau MB khoang 27% trong cung diéu ki¢n thi nghi€ém (4nh
sang chiéu UV cong suat 28 W, ham luong hat ran 2,00
g/l, dung dich mau MB, C =20 mg/l). Trong khi do, vat
li¢u composite TiO,/HAP (HAPT130) ché tao theo phuong
phéap thuy nhiét, cho kha niang hdp phu va phan hiy mau
methylen xanh t6t hon han: dat khoang 85% sau 180 phut
chiéu dudi ngudn sang UV (cong sudt 9 W), nhung chi st
dung ham luong hat rin 0,50 g/l dé xu ly dung dich mau
MB, C=50 mg/l tuong (mg. Két qua cho thiy, vat liéu
composr[e TiO,/HAP ché tao tir phuong phap thiy nhiét co
thé da thé hlen hiéu tmg cong huong gilra hai vat li¢u TiO,
(hoat tinh quang xtc tac bén canh kha ning hap phu) va
HAP (kha ning hip phu), tir d6 ting kha nang hap phu/oxy
hoéa quang hoa phan hity méau ddi véi MB. Co ché hoat dong
quang xuc tac trén vt ligu TiO,/HAP c6 thé duoc giai thich
tuong tu nhu trén TiO [1 1], duoc biét téi do vat liéu twong
tdc voi photon tir nguon chiéu sang va chuyén sang trang
thai hoat dong; trong dung dich, chung tuong tac véi cac
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phan tir nude, hodc oxy hoa tan va sinh ra cac gbe hydroxyl
tu do (OH®)/O,* la tac nhan chinh tham gia qua trinh oxy
hoé phan hily mau methylen xanh. Khi vat li¢u composite
TiO,/HAP tuong tac véi photon ca hai thanh phan TiO,,
HAP trong vat li¢u cung hd tro chuyén sang trang thai hoat
dong, va tang cudng hd trg qua trinh sinh cac goc tu do [7,
12-14], 14 nguyén nhan thiic ddy nhanh qua trinh phan huy
mau chit hitu co. Co ché quang xtc tac oxy hoa phan huy
cht mau i v6i vat ligu TiO,/HAP, ma dic biét v6i TiO, 1a
thanh phan quang hoat chinh trong composite c6 thé dugc
viét lai nhu sau [7, 13, 14]:

HAP/TIO, + hv — HAP/TiO,-h " + HAP/TiO-¢ - (3)
H,0 + HAP/TiO,-h * — H* + HAP/TIO -OH* (4
OH-+ HAP/TIO,-h ;" — HAP/TiO,-OH* (5)
0, + HAP/TiO,-¢,— HAP/TiO,-0,* (6)

MB + HAP/TiO,-OH* + HAP/TiO,-O,* — San phim
trung gian (7)

Nho hiéu ung hiép df")ng [14] gilra TiO, va HAP trong
vat liéu composjte TiO,/HAP, qué trinh quang xtc tég phéan
hiy mau céc chat: MB, AYG va XHT (Hinh 5b) c6 thé dugc
giai thich voi sy tham gia dong thoi ciing luc ca 3 qua trinh:
(7) qué trinh hap phu cac phan tir mau tai bé mat cac hat rin
TiO,/HAP, (ii) cac goc tu do (OH®)/(0,*) méi hinh thanh
tai bé mat vat liéu s€ oxy hoa phan huy truc tiép cac phan
tor mau tai ranh gidi bé mat, 2 qué trinh dién ra déng thoi va
lién tyc, (iif) kém theo v6i su phan hity mau truc tiép dudi
anh sang chiéu UV. Dong hoc phan tng cta qua trinh phan
hiy quang xtc tac cta vat liéu HAPTi30 trén cac phém mau
MB, AYG va XHT duoc gia dinh gan ding theo dong hoc
phan tng bac 1 [1, 7, 14], qua viéc biéu dién mbi quan hé
gitia [— ln(C /C,)] va thoi gian chiéu sang dudi anh sang UV
(9), duoc bleu dlen trén hinh 6. Két qua cho théy, cc phan
tng phan huy mau cua vat liéu TiO,/HAP dudi cac diéu kién
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Hinh 6. D6 thi biéu dién dong hoc gia dinh bac 1 - quang xtc tac
phan hly cac phdm mau theo th&i gian cha vat liéu composite
TiO,/HAP.
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thi nghiém gan nhu tuan theo dong hoc phan tmg gia dinh
bac 1. Hé'mg sb toc do cua phan ung bac 1 dugc tinh toan
tir d6 thi (k) 1a: 0,5088, 0,9798 va 0,7272 gio™', tuong ting
cho MB, AYG va XHT. Két qua thu dugc trén hinh 5B va
hinh 6 cho thy ring, kha ning hoat dong quang xtc tac cia
vat lidu TiO,/HAP tang dan ddi v6i qu trinh phan hily mau
theo thir tu: MB<XHT<AYG.

Hinh 7 biéu thi két qua thi nghiém danh gia kha ning tai
su flung vat liéu composite TiO,/HAP (HAPTi30) trén 2 loai
pham mau AYG va XHT (5 chu ky) theo quy trinh: sir dung
0,50 g/l vat liéu quang xuc tac dugc phan tan trong dung
dich phdm mau c6 ndng do dau C =50 mg/l; qhiéu sang dudi
den UV (9 W) lién tuc trong 2 gid/chu ky. K&t thiic moi chu
ky chiéu sang dudi dén UV, dung dich chat mau duoc 1ay ra
khoi hé, tach va loai bo vt liéu rdn nho ly tdm va xac dinh
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Hinh 7. BDanh gia kha nang tai str dung vat liéu composite TiO,/HAP v&i pham mau alizarin vang G (A) va xanh hé thay (B).

Bang 1. So sanh hoat tinh quang xuc tac phan hiy cac chat hivu co’ déc hai cla TiO,/HAP dwéi anh sang UV.

Tién chit sir dung, Khdi Chit hiru co,

Hiéu suit phén hity (%),

Hiing sb toc do

phwong phap téng hop lwgng hat  ndng dd thoi gian chiéu sang k (gio ™) Tai str dyng Nguon
B -

Ti(SO,), va HAP tir xuong cé SZ;’ g fl;?,)

£ - o g : 0 }
;{itﬁg?%utglﬁetﬁ(())of (1,45va 4¢1 Diclofenac, 5 mg/l Pén XX-15 BLB UV, cuong [6]

’ ong 2 do sang 1,80 mW/cm?
TiOCl va CaO dé tao HAP, thiy . s .

T PV Methyl violet, 20 . 7 lan (moi chu ky

0, 0, 0,
r%}il(l)qzt)ISO C (20% khoi lugng 1gl mg/l thém H,0, 3% 96,46% (120 phat, UV 20 W) 0,720 3 i), 96-93% [7]
2
TiO,: HAP tir Ca(OH), (ty 1¢ khi Methylen xanh, 10 o ) .
lugng 1:1), dong két tia ppm 90% (180 phit, UV-Vis) [15]
HAP (tur xwong dui ctru) Titanium A x.
. . A 10 lan (moi chu
isopropoxide (TTIP), ty 1¢ TTIP/ Methylen xanh, 20 o . s
HAP=2 ml/g, Sol-gel, nung nhiét g/l M 93% (250 phut, UV 12 W) 0,4458 19(; 49& %1:)5,0/ [16]
500°C/120 phat ,9-84,5%
. . X 50 mg/1 a) 84,44%

HAP, tir Ca(NO,), HAPTi30, thuy o a) 0,5088 X x. . A,
nhiét tir TiCL, 150°C (30% khéi 0,5 g/l a) Methylen xanh — b) 96,00% b) 0,9798 > lan (moi chuky  Nghién ciu
hrong TiO,) S b) Alizarin vang G ¢) 93,52% ¢)0.7272 2 gio) nay

one M ¢) Xanh hé thuy (180 phut, UV 9 W) ’
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luong phém mau con lai, tir d6 tinh hiéu suét phéan hily mau
theo phuong trinh (2). Sau mdi chu ky phoi sang, b6 sung
dung dich phim mau gdc vao hé dé dua vé ndng do dau C,
va lap lai thi nghiém. Tu két qua thu duoc, doi voi pham
mau AYG, trong ca 5 lan tai sir dung ham lugng mau déu
bi hip phu/phan huy trén 90% (hiéu suit phan hiy mau dat
trung binh khoang 91,3 dén 93,1%, hinh 7A). Trong khi do,
v6i XHT, phan trim mau phan hity ¢6 xu huéng giam dan.
O 1an tai st dung thir 5, mtc d6 phan huy mau XHT chi con
dat trung binh khoang 71,8% (hinh 7B). Bang 1 so sanh két
qua xur ly quang xuc tac cua TiO,/HAP v6i mot sO nghién
ctru khéc nhau trén the gidi.

4. Két luan

Trong nghién ctru nay, vat liéu composite HAP ¢ dinh
TiO, (30% khoi luong) da duge ché tao theo phuong phap
thuy nhiét tir tién chat TiCl, va HAP (tu ngu(‘)n canxi nitrat).
Vat liéu thu dugc voi pha tinh thé thudc cau triac luc phuong
dac trung cua HAP; ¢6 hinh thai dang que, kich thudc khoang
100-150 nm, kha déng déu, cung véi su cd mat cua cac hat
nano TiO, bam dinh va bao phu xung quanh bé mat HAP.
Vit li¢u TiO/HAP thé hién tot kha nang quang xtc tic phan
htly mau céac chat mau véi hi¢u suat phan huy khoang 85%
(methylen xanh); 96% (alizarin vang G) va 94% (xanh hd
thily) sau 3 gio chiéu sang dudi birc xa tia UV cong suét 9 W.
Panh gia kha nang tai str dung trong 5 chu ky lién tiép/2 gio
chiéu sang UV cho thay vat lidu dap tmg kha tdt trén pham
mau alizarin vang G, hi¢u sudt dat trén 90% va duy tri on
dinh. Phim mau xanh ho thity cho kha ning tai sir dung vat
liéu thdp hon va suy giam con khoang 71,8% sau 5 chu ky.
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Cim bién dign hda voi dign cye lam vige bién tinh bang hat nano siéu thudn tir Fe, 0,
i phit hitn dir hrong chloramphenicol trong mau sia
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Tom tat:
Ton du khéng sinh trong thye phim, dic biét trong cic sin pham nong nghiép va thiiy san, dang tré' thanh mgt vin dé nghiém trong cin dua ra giai
phap hiru hiéu tai Viét Nam. Nguyén nhan ciia hién twong nay 13 viéc lam dung khéng sinh trong chiin nudi, khong chi gay ra cac hé luy dén sirc khoe
cong df)ng ma con dnh hlro’ng tiéu cure dén uy tin va gid tri thwong mai clia cdc sin ph;lm xuét khau, Trong bdi canh d6, cam bién dién héa 12 mgt gidi
phap tiém nang nho cac vu diém vuot troi ve do nhay, chi phi thap, thao tac don gian va kha ning sir dung linh hoat tai hién trlr(rng Trong nghién ciru
nay, chung toi sir dung hat nano Fe O, ¢6 tinh chit siéu thuén tir, do truyen din di¢n tir cao, dgc tinh thap, twong thich sinh hoc tot, c6 kha nang hap
phu cic cht hiru co nhu thude khang smh dé bién tinh dién cwc lam vi€e ciia cac cam bién dién hoa thwong mai C110 (Metrohm, Thuy, S§) nhim nang
cao tin hi¢u dién héa va céi thién do nhay ciia cim bién. Két qud nghién ciru cho thay, cim bién dién héa phat hién nong d9 khang sinh chloramphenicol
(CAP) trong dung dich dém phosphat (phosphate buffer solution - PBS) c6 giéi han phat hién thép LOD=0,06 uM, dg 1éch chuin RSD<5%, dg thu hoi
94,77%. Cim bién di dwoc sir dung dé xéc dinh nhanh dur lwgng chit khéng sinh CAP trong mau sira tai ndng do Cep=1 M, 6 g thu hoi dat 95-109%
va dg léch chuin 2,14%. Cac két qua kha quan nay la tién dé cho viéc phat trién cam bién dién hoa - k¥ thuat phan tich khong danh du, hién truwong
di dong, ting dung trong vi¢c kiém soat an toan thwe pham va bao v¢ sirc khoe ngwoi tiéu ding Viét Nam,

Tir khéa: bién tinh dién e, cim bién di¢n hoa, chit khang sinh chloramphenicol, hat nano siéu thuin tir Fe,0,.
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electrode modified with Fe O, superparamagnetic nanoparticles
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Abstract:

Antibiotic residues in food, particularly in agricultural and aquaculture products, have become a serious issue requiring effective solutions
in Vietnam. This problem is largely attributed to the excessive use of antibiotics in livestock farming, which not only poses risks to public
health but also negatively affects the reputation and commercial value of exported products. In this context, electrochemical sensors have
been recognised as a potential technological solution due to their advantages, including simple fabrication, low analytical cost, quick response,
and high sensitivity and selectivity. In this study, Fe,O, superparamagnetic nanoparticles, characterised by high electron conductivity, low
toxicity, good biocompatibility, and strong adsorption capacity for organic compounds such as antibiotics, were used to modify the working
electrode of commercial C110 electrochemical sensors (Metrohm, Switzerland) in order to enhance the electrochemical signal and improve
sensor sensitivity. The results showed that the electrochemical sensor detected chloramphenicol (CAP) in phosphate buffer solution (PBS)
with a low limit of detection (LOD) of 0.06 pM, a relative standard deviation (RSD) of below 5%, and a recovery rate of 94.77%. The sensor
was applied for the rapid determination of CAP residues in milk samples at a concentration of 1 pM, achieving recovery rates of 95-109%
and a relative standard deviation of 2.14%. These promising findings serve as a foundation for further research to develop label-free, portable
electrochemical sensors for on-site analysis, contributing to food safety monitoring and the protection of consumer health in Vietnam.

Keywords: chloramphenicol antibiotic, electrochemical sensor, electrode modification, Fe,O, superparamagnetic nanoparticles.
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1. Dt van de

Khang sinh chloramphenicol (CAP- C, H ,CLN.O,) 1a
mot loai khang sinh pho rong, thuong dugc st dung trong
chian nudi va nudi trong thuy san & Viét Nam voi muc dich
tri bénh, phong bénh hi¢u qua va kich thich ting trudng.
Céc co quan quan ly va giam sat chét lugng thyc phdm da
dua ra cac hudng dan vé viée sir dung CAP an toan va gioi
han dinh lugong cho thuc phé"im. Tuy nhién, viéc st dung
thudc dung cach, khong nim rd cac thanh phan va tac dung
ctia thude, thiéu kiém soat va vuot muc cho phép cuia chat
khang sinh CAP vi thiéu hiéu biét, loi nhuan kinh té va
khong duoc giam sat vé chuyén mon di dua ra nhimg mbi
lo ngai vé an toan thyc phdm va strc khoe nguoi tiéu dung
[1, 2]. Cac nghién ctru cho thiy, thudc khang sinh néu duoc
tich lily trong co thé con nguoi thong qua chudi thirc an, c6
thé gay anh hudng tiéu cuc dén sirc khoe con ngudi ngay ca
& ndng do thap, chang han nhu mét thinh giac, doc tinh ddi
véi cac co quan (gan, than) va vé lau dai gdy ra cac bénh
mén tinh gdy suy tiy xwong, hoi chimg tré xam, thiéu mau
bét san, gy quai thai... [2-6].

Trén thuc té, viéc phan tich va xac dinh du lugng chat
khang sinh trudc day thuong duoc thuc hién qua mot )
phuong phap nhu sic ky 16p mong, sic ky khi két hop véi
khéi phd, sic ky khi két hop voi bit dién i, sic ky 1ong hiéu
nang cao, dién di mao quan, do ion hoa, xét nghiém chat
hép thu mién dich lién két voi enzyme, cam bién sinh hoc
quang hoc... [7-10]. Cac phuong phap nay da dugc nghién
ctru thanh cong dé phat hién chat ton du trong thuc pham
mot cach chinh xac. Tuy nhién, ching vin con ton tai mot s6
nhuogc diém nhu: qua trinh xt Iy mau phrc tap, yéu cu cac
nhan vién k¥ thuat dugc dao tao ky thudt van hanh chuyén
sau dé phan tich mau va gia thanh cao.

Bai toan ddt ra phai tim mét giai phap cong nghé¢ méi
dé co thé xac dinh chat khang sinh mot cach nhanh chong,
chinh xac, hiéu qua véi chi phi hop 1y. Cam bién dién hoa
da dwoc ching minh 1 mot giai phap cong nghé ¢ nhidu
uu diém hon so voi cac phuong phap phén tich khac: do
dap tmg nhanh, d6 nhay cao, kha ning phan tich tai chd,
giéi han phat hién thip, c6 thé tich hop véi hé thong IoT
(Internet of Things) va Al (Artificial intelligence) [11-14].

Cung véi su phat trién cua cong ngh¢ nano hién dai,
viéc dua cac vat li¢u nano chic nang bién tinh trén bé mat
dién cuc 1am viéc cta cam bién dién hoa nhim nang cao tin
hiéu va do nhay ctua cam bién dién hoa dang nhan dugc sy
quan tam 16n tir cac nha khoa hoc va cac nha cong nghé trén
thé gidi. Vit licu bién tinh dién cuc c6 thé 1a cac polymer
[15], kim loai quy [16, 17], oxit kim loai [18, 19], éng nano
cacbon va céac vat liéu nano khac... [20, 21]. Qua trinh bién
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tinh dién cuc lam thay ddi giao dién gilra dién cuc lam viéc
va mdi trudng xung quanh, nhim ting kha ning phat hién
va truyén tai tin hiéu tir méi truong dén dién cuc. Khi bién
tinh dién cuc, mdt 16p vat liéu dugc phu Ién bé mat cta dién
cuc lam viéc lam thay ddi tinh chit hoa hoc va vt 1y cta
n6. Viée nay c6 thé lam thay doi dién tich, tinh chat bé mat
hodc tao ra cac phan ung héa hoc phu hop vdi moi truong
can do. Vi viée bién tinh dién cuc, cam bién dién hoa c6
thé dap tmg t6t hon voi yéu cau cia ing dung cu thé. Cac
thanh twu va két qua nghién ctru kha quan cia linh vuc cam
bién dién hoa ing dung phat hién ton du chit khang sinh ¢
¥ nghia khoa hoc va thuc tién rat 16n trong viéc kiém soat an
toan thuc phr?im, bao v¢€ stic khoé nguoi tiéu dung Viét Nam.

’ Trong cac vat li€u nano, hat nano oxit st tir FeQO4 C(:)
cau truc 1ap phuong thu¢c nhém doi xing Fd-3m, hang so
mang a=8,34 A ngay cang dugc chu ¥ do c6 tir do 16m, tinh
chat truyén dan dién tir cao, tinh tuong thich sinh hoc tdt,
thich hop lam vat liéu bién tinh dién cuc 1am viée cta cam
bién dién hoa, tang cuong tin hiéu va do nhay phat hién
khang sinh [22-26]. Vi uu diém nay, hat nano siéu thuan tir
Fe,0,duogc lya chon dé bién tinh dién cuc tran cacbon nham
tang bé mat di¢n tich hoat dong, tin hi¢u va hi€u suat dién
hoa ctia cam bién. Cam bién dién hoa bién tinh bang cac
hat nano si€u thuén tir Fe,O, duoc ching toi ché tao béng
phuong phap thuy nhiét, dya trén céc co s& nghién ctru cac
hat vat liéu bién tinh. Cac cam bién dién hoa c6 wu diém
chi phi thip, c6 téc dd phan hdi nhanh va c6 thé phan tich
v6i cac mau thye phim, méi truong, duge pham ma khong
can xtr Iy mau phie tap so véi cac ki thuat xac dinh khang
sinh truyén théng s& dugc sir dung trong nghién ctru nay. Dé
nang cao hiéu qua truyén tin hiéu va do nhay cia cam bién
dién hoa, chung t6i da tién hanh bién tinh bé mat dién cuc
lam viéc bang cac hat nano sat tir Fe,O,. Vi‘éc phu céc hat
nano nay khong chi gitip gia tang di¢n tich bé mdt hoat hoa,
ma con cai thién tinh dan dién va kha ning tuong tic véi cac
phan tir myc tiéu. Cac cam bién sau bién tinh nay dugc st
dung trong viéc phat hién du lugng chloramphenicol (CAP)
& ndng do thp trong cac mau thuc pham & nghién ciru nay.

2. Thuc nghiém

Hat nano siéu tbu;ﬁn tr Fe,O, duge C‘hé tao bang phwong
phap thuy nhiét két hop véi vi song bang hé phan ung vi
song da nang (UWave-2000, SINEO Microwave Chemistry
Technology, Trung Qudc) trong diéu kién ché tao pH=10,
thoi gian ché tao =60 phut, nhiét do T=180°C theo nghién
ctru duge cong bd trude do [27]. Cac tién chit do hing
S,igma—Aldrich cung céap, gom st (I1) clorua’ (FeCl,.6H,0),
sat (I) clorua (FeCl,.4H,0) voi do tinh khiet 99% va Kali
Hydroxide (KOH). Dé tong hop Fe,O,, tron 2 muoi kim loai
Fe?*/Fe’* ¢o ty 1€ s6 mol 1a 1:2. Dung dich KOH nong do
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4 M duge nho giot vao hon hop 2 mudi trén dé diéu chinh
pH. Sau dé, hon hop dung dich duoc cho vao binh Teflon va
tién hanh thuy nhiét vi song véi cong suat 800 W. Két thiic
thoi gian thily nhiét, mau duoc léy dem loc va rtra nhiéu
lan trong nude cat. Két tia thu duge dem sdy trong nhiét
d6 80°C trong thoi gian 6 gid va dem nghién bang cbi ma
nio (Agate Mortar, Biosharp, Tekcovina) trong 2 gi& dé thu
duoc V:Qlt li,éu Fe O, dang bot min Ipétu nau den. Ciu trac
tinh thé, cau trac vi mo va tinh chat tir cia vat liéu duoc
khéo sat bang phép do nhidu xa tia X (XRD, EQUINOX
5000, Thermo Scientific, Phap), kinh hién vi dién tir quét
FESEM (ZEISS Supra 55-VP FEG-SEM, Carl Zeiss, Dtc)
va hé do tir ké mau rung VSM (Lake Shore 7404, Hoa Ky).

Pé bién tinh dién cuc lam viée cua cam bién, hat nano
Fe,O, dugc can theo ty 1€ va phan tan vao trong nude cét
v6i nong do mol 1a 0,1 M; sau d6 dugc nhd 3 pl dung dich
bién tinh 1én bé mit dién cuc lam viée cua cam bién dién
hoa bang micropipette va sy kho & nhiét do 55°C trong
thoi gian 2 gio. Cac tinh chat ctia cam bién dién hoa dugc
khao sat bang hé do dién hoa pStat 400 (Metrohm, Thuy
Sy) thong qua cac phép do dién hoa: quét thé vong tudn
hoan (CV: Cyclic voltammetry), phd tong tro dién hoa (EIS:
Electrochemical impedance spectroscopy) va quét thé xung
vi phan (DPV: Differential pulse voltammetry). Nghién
ctru duge thuc hién trén cac cam bién thuong mai phé bién
trén thi truong véi ky hiéu twong tmg 1a cam bién carbon
110 (SPE C,,, Metrohm, Thuy Sy), cam bién vang C223AT
(SPE Au,,, Metrohm, Thuy Sy) va cam bién carbon (C
Biodevice Technology, Nhat Ban) (bang 1).

P

Bang 1. Cac théng sé cua cac cam bién carbon 110, vang C223AT
va carbon.

Dién
L Vit liéu Kich thuéc Pién cwclam  DPién cwe  cue
TT  Cam bién NI .k P T .
nén cam bién (cm’)  viée doi tham
chiéu
A2 Carbon
1 Carbon 110 Gom sir 3,4x1,0x0,05 Carbon  Bac
d=4 mm
) VingCOBAT Géms  34x10:005 '8 Ving  Bac
d=1,6 mm
) Carbon . Ag
3 Carbon Mica 1,25x0,4x0,025 d=1.8 mm Vang AgCl

Phép do CV xac dinh tinh chét cua dién cuc SPE C, va
dign cyc bien tinh Fe,0,/SPE C,; duoc thyc hi¢n trong hon
hop dung dich K3/K4 (K [Fe(CN) /K [Fe(CN),]) 5 mM va
KC10,1 M (pH=7). Phép do EIS do trong dai tan so6 0,01-50
Hz. Dé khao sat 6 nhay ciia cam bién dién hoa, thuc hién
do DPV tai cac nong do CAP trong khoang 2,5-100 pM
trong dung dich PBS 0,1 M; pH=7. Dung dich PBS la hén
hop dung dich bao gdm 2 mudi NaH_PO, va Na, HPO, pha
trong nudc cat voi ty 1é dung dich 1a 3,9:6,1. Cac thong sd
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quét bao gdm: cira s6 dién thé -0,65-0,4 V; bién do ting thé
50 mV, gia s6 dién thé 10 mV va dé rong xung 0,25 gidy.
Céc thong s6 dong hoc lién quan dugc tinh toan nhu sau:

Giatri diéntich bé mathoat dong (EASA-electrochemical
active surface area) dugc xac dinh thong qua phuong trinh
Randles-Sevcik [28]:

3 1 1
I, = 2,68 x10°xn2 X AX D2 X Cy X V2 (1)

trong do: n la s6 electron trao ddi, D 1a hé sb khuéch tan,
C,la nong do mol dung dich K3/K4 (5 mM), v 1a toc do
quét thé (Vxs™), 1 1a dong dién dinh (uA), A 1a dién tich bé
mat hoat dong (cm?), phwong trinh Randles-Sevcik dugc st
dung dé udc tinh hé sb khuéch tan D, gia tri hé sb khuéch
téln D=6,5x10" cm?xs™! thu dugc tir d6 ddc dd thi giita Ip va
vz [29].

Hé sb chuyén dién tich k° dugc xac dinh theo cong thirc:

RT )

ko= ——
R, ACF?

trong do: hang sb khi 1y tuong R=8,314 JxK-'xmol"!, nhiét
d6 phong T=298 K, hing s Faraday F=96485 Cxmol"!, k°
1a hé s6 chuyén dién tich (cmxs™), R, 1a di¢n tro chuyén
dién tich (Q), A 1a dién tich cua dién cuc lam viéc (cm?), C
1a néng d6 mol dung dich PBS (mM) [30].

D6 léch chuan cua phép do duge tinh theo cong thirc:

N2
o= |2 (%) (3)
n—1

trong do: SD la d6 1éch chuén tin hiéu do; x, 1a gia tri cua
ting phép do trong mau; ¥ 14 gia tri trung binh ctia mau; »
1a s6 phép do trong mau.

LOD xéc dinh dya vao do dbc cua duong chuan a va do
léch chuan tin hiéu do SD duoc tinh theo cong thic [31]:

3,3x 5D

LOD = 4)
Do léch chuan tuong ddi dugc tinh theo cong thuc:

SD
RSD(%) = < X 100 (5)

trong do: SD 1a do 1éch chuén ctia mau, ¥ 1a gia tri trung
binh mau.

Do thu hdi duoc xac dinh b.%mg cach thém méot lugng
chét chudn xac dinh vao mau thir hodc miu trfing, phan tich
céc mau thém chuan do va tinh theo cong thirc sau:

Déi v6i mau thir:

Crve — C,
R(%) = ——"x 100 (6)

c
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Db voi mau tréng:
_Cu (7)
R(%) = = x 100
Ce

trong d6: R% la d¢ thu hoi; C,. la nong do chat phan tich
trong mau thém chuan, d6 thu hoi chung 1a trung binh cia
d6 thu h6i céc lan lam lap lai; C, la nc‘*mg do chat phan tich
trong mau thi; C la nong do them chuén (ly thuyet) C,1
nong d6 chat phan tich trong mau tring thém chuan [32]
Dé xac dinh kha ning phat hién khang sinh CAP trong miu
thuc, quy trinh bt dau béng viéc chuan bi mot lugng mau
sira tuoi, sau do tién hanh loc qua gidy Whatman dé loai bo
cac tap chét va chét béo hitu co. Dung dich sau khi loc dugc
thém vao dung dich PBS c¢6 pH=7, khudy déu dé tao ra mot
hén hop duge goi 1a dung dich A. Sau d6, tiép tuc thém
ting lugng chit khang sinh CAP vao dung dich A dé tao ra
cac dung dich mau thyuc c6 cac n6ng d6 khang sinh tu 0,1,
1, 2,5 va 10 pM, ding dé danh gia hiéu suat phén tich va
kha ning phat hién CAP ciia cam bién dién hoa FO NEH/
SPE trong mau sita. Mau thyc sau d6 duoc phan tich bang
phuong phap do DPV dé xéc dinh tin hi¢u dong dién twong
g v&i ndng d6 chinh xac cia khang sinh CAP.

3. Két gqua va ban luan
3.1. Tinh chét hat nano tiv Fe,0,

Hinh 1A thé hién gian d nhidu xa tia X (XRD) véi
20=20-80° ctia mau ché tao & nhiét d6 T=180°C, pH=10. Ta
thdy xuat hién cac dinh dic trung twong tng véi chi s (hkl)
lan luot 14 (220), (311), (400), (422), (333), (440) tai cac goc
nhiéu xa 20=30,37; 35,51; 43,5; 52,68; 57,15 va 62,58°. Céc
dinh XRD sic nét cho théy, cac hat két tinh tét, thé hién cAu
trac tinh thé dic trung cua Fe,O, (twong ung s6 thé JCPDS:
01-071-6336). Kich thudce hat tinh thé da dugc tinh bang
cong thirc Scherrer d=22,5 nm [27].

(A) (B) (%)

1(dv.ty)

5
g
£
£
=

-20

[ m L

o -60
20 30 40 50 60 70 80
26(%) -10000  -5000 0

H(G)

5000 10000

Hinh 1. Gian dé nhiéu xa tia X (A), anh FESEM (B), dworng cong tiv
héa M(H) caa hat nano siéu thuéan tir Fe, O, (C).

Hinh 1B cho thiy, hinh anh céc hat nho dong déu c&
nanomét kich thudce trong khoang 20-25 nm, phu hop voi
cac tinh toan tir phép do XRD. Khao sat tinh cht tir cia
hat Fe,O,, két qua cac gia tri tir 4o bio hoa M =53 emu/g,

tr du M =5,5 emu/g (hinh IC). Céc hat sat tir Fe,O, sau
khi ché tao ¢6 ciu tric tinh thé don pha, kich thuéc hat nho

%HN%?-IE 68(3) 3.2026

déng déu d=20-25 nm, tir 0 cao va cé tinh chit siéu thuan
tr s€ dugce su dung lam vat ligu bién tinh dién cuc lam viée
clia cam bién dién hoa. Nhu véy, viéc sir dung ngudn ning
lwong vi song cong suat cao trong phuong phap thity nhiét
tao ra su gia nhiét cuc bd cho hon hop dung dich, khién cac
phan tir, nguyén tir chuyén dong rit nhanh, din dén cai thién
tbt do két tinh‘, phén tach hat va tao ra cac hat Fe,O, co kich
thudc dong déu. Dac tinh kich thude cd nano lam tang di¢n
tich bé mit riéng, do d6 khi str dung 1am chat bién tinh dién
cuc 1am viéc cua cam bién dién hoa s& 1lam tang dién tich
tiép xuc voi cac chat phan tng. Didu nay gitup cam bién dién
hoa c6 thé phat hién cac chat phan tir mot cach nhay hon va
chinh xac hon.

3.2. Tinh chit ciia cdc di¢n cwe tran SPE thwong mai

Trong nghién cttu nay, cac phép do CV duoc thuc hién
cho h¢ K,[Fe(CN)J/K [Fe(CN),] tai cac t(”)'c do quét thé v
khéac nhau, voi muc dich lya chon cam bién c6 cac thong
s6: dién tich bé mit hoat dong, dién tro chuyén dién tich, tin
hiéu dién héa thich hgp nhat dé bién tinh dién cuc.

Do thi CV cua 3 dién cuc SPE C,, SPE Au,, va SPE C,,
tai toc do quét thé v=50 mVxs! dugc thé hién trén hinh 2.
Két qua cho thay, tai cing mot toc do quét thé v, dinh I coa
dién cuc SPE C, 16n hon so vdi hai dign cuc SPE Au,, va
SPE C,,. Dong thdi, so sanh ket qua tinh EASA tir sy phy
thudc cua cuong do dong dién dinh anot I, va dong dién
dinh catot I, vao v2 clia cac dién cuc lam viéc trén hinh
3 va bang 2 co the thay, do 16n EASA cua cac dién cuc
khao sat dugc sip xép theo thir ty EASA SPE C,=0,067
cm*>EASA SPE Au,,=0,014 cm*>>EASA SPE C,,=0,01 cm®.
Su khac biét vé gia tri EASA cuia cac dién cuc nay co the
anh hudng dén hiéu suét va tinh chat dién héa cua tung dién
cuc trgng cac ung dung cu thé. Pién cuc S?E C,, ¢6 dién
tich bé mat hoat dong lon hon dugc tinh bang cong thuc
(1) thuong cung cép nhiéu diém tiép xac hon, thé hién vai
tro cua viéc bién tinh cac hat nano siéu thun tir Fe,O, 1am
tang cuong tin hi€u, tuwong tic hoa hoc va hi¢u suat cua qua
trinh dién hoa.
120

——SPEC,,
——SPECy

80 spE Au,

40

0

1(1A)

-40

-80

v = 50 mVxs™
-120
04 02 0,0 0,2 0,4 0,6
E (V)

Hinh 2. D6 thi quét thé tuin hoan cua cac dién cwc SPE C , SPE

C,, va SPE Au,,.
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80 80 80
(A) SPE C,, (B) SPE Auy (C)SPEC,,
40 1,s=194,12"v'2+25,15; R? = 0,99 40 40
1,4=40,32'v'2+3,02; R? = 0,99 1,4=36,23'v"2+6,35; R = 0,99
_ o _— 0 e - 0
g g — | 3| —
= = Ipc=-61,87‘v1’2-1 ,65; R?=10,99 = Ipc=-73,04'v“’~4,88; R?=0,99
-0 1,:=-333,51°'2-19,03; R2=0,99 " lpa -40 —l - ——la
—y —_p —
-80 -80 -80
120 i 3 i i 120 ; ; i & 120 i ;. i i
008 012 016 020 024 028 008 012 016 020 024 028 008 012 016 020 024 028
V2 (Vxs™) V12 (Vxs) v'2 (Vxs™)

Hinh 3. Sw phu thuéc tuyén tinh ctia cwong dé tin hiéu dong dién | vao v'2 clia cac dién cwe: SPE C, (A), SPE Au,, (B), SPE C , (C).

Pé so sanh d6 16m cua tin hiéu cta 3 cam bién thuong
mai c6 dién tich biéu kién cta dién cuc 1am viéc khac nhau,
thong s6 mat do dong dugc tinh toan va thé hién trén bang 2.
Két qua cho thy, I, , =2426,11 pAlem>J,_ . =1824,82
nA/em®>J . . =1326,11 pA/em?. Diéu nay c6 thé giai thich
la do vang 1a mdt kim loai dan dién t6t (c6 mat do electron
tu do) cao hon carbon. P& minh ching kha ning chuyén
dién tich cua cac dién cuc duoc khao sat, phé téng tré dién
hoa (EIS) duoc coi 1a phwong phap truc tiép, hiéu qua,
nhanh chong dé danh gia kha ning truyén dan dién tir cua
cac dién cuc. Tir bang 2 va hinh 4A cho thay, pho tong tré
cua cac dién cyc trong dung dich chira 5 mM K, [Fe(CN),]
+ K,[Fe(CN),] c6 su khac nhau trong qua trinh chuyén dién
tich xdy ra & moi dién cuc.

Bang 2. Dién tich bé mét hoat dong EASA, mat dé dong J va gia tri
dién tré chuyén dién tich R, cua cac dién cwc.

Gia tri dién tr& chuyén dién tich R la mdt trong nhimg
thong s6 quan trong nhit dé danh gid dong hoc ciia cac
phan tmg chuyén dién tich lién quan dén qua trinh oxy hoa
kht tai bé mat dién cuc. Gia tri nay dugc xac dinh truc tiép
thong qua duong kinh hinh ban nguyét tai dai tan sb cao
cuia duong cong Nyquist. Cac két qua trén hinh 4 cho thiy
gia tri dién tro chuyén dién tich cua SPE C; (R =89,88 Q)
lu6n nho hon so v6i dién cuc SPE Au,, (R =4312,89 Q) va
SPE C,,(R_=115,43 Q). Diéu nay thé hién dién cuc SPE C,,
¢6 phan ung dién hoa, dan dién va chuyén dién tich tot hon
cac dién cuc con lai. Nhu vay, tur cac két qua khao sat cac
tinh chét dién cuc thong qua cac phép do CV, EIS, nhom
nghién ctru da chon lya duoc dién cuc SPE C, dé bién tinh
¢6 dién tich bé mat hoat déng 16n EASA=0,067 cm?, mat do
dong cao J=1824,82 nA/cm?, dién tré chuyén dién tich nho

Pién cuc SPE C,, SPE Au,, SPEC,, R_=89,88 Q.
EASA (cm) 0,067 0,014 0,01 3.3. Tinh chit ciia di¢n cuc bién tinh Fe,0 /SPE C,,
T (uA/em?) 1824.82 242611 1326.11 Hinh 5A thé hién cic duong cong CV ciia cic cam bién
¢6 dién cuc tran SPE C,, chua bién tinh va duge bién tinh
R0 il Lt L Fe,0,/SPE C,, trong dung dich K /K,, pH=7 trong khoang
3000 —Troerprem 0,08
(A) . (B) B Dién tich bé m3t hoat ddng (EASA)
30000 F 2500 242811
B 0,06
‘ _. 2000 o
A o~
& 20000 . E 5
N A“ Aa At E‘; 1500 1326,54 0,04 :’i)
at L) - <
10000f .+ ." 1000 u
A o= ] ::E éu 0,02
A o .
V. s SPE cTP 500
o 2 2
0 20000 40000 6000 0 0,00
Z'(Q) SPE Cy, SPE Au SPE Cp

Hinh 4. Phé téng tré clia cac dién cwe SPE (A), gia tri mat dd dong J va dién tich bé mit hoat dong EASA clia cac dién cwc (B).
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Hinh 5. D6 thi CV cua cac dién cwc SPE C, (A), Fe,0,/SPE C, (B).
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Hinh 6. Sw phu thuéc tuyén tinh cta cwéng dé tin hiéu dong dién | theo v'2 clia cac dién cwe SPE C, (A), Fe,0,/SPE C, (B).

quét thé -0,3-0,6 V. Két qua cho thy, dong dién I , I _cuc
dai ting dan theo ting toc d6 quét v thé hién qua phuong
trinh hoi quy tuyén tinh.
(®)
)
Theo phuong trinh trén, gia tri cua cuong do dong dién
dinh Ipa cua dién cyc Fe,O,/SPE C,, da tang 1én 1,92 lan so
voi Ipa cua dién cuc SPE C truge bién tinh. Hinh 6 1a duong
tuyén tinh cia cuong d¢ dong dién I theo can bac hai van tde

Ly (nA) = 194,12 v'/2(Vs™) + 25,15 (R? = 0,99)

Ly (nA) = 344,10 v*/2(Vs™) + 15,05 (R?* = 0,99)

quét thé v cua céc dién cuc SPE C,, va Fe,O,/SPE C,,. Co6
thé théy, Fe,O,/SPE C,, c6 tin hi¢u 16n va rd nét hon so véi
dién cyc tran SPE. Piéu nay co thé duoc giai thich la do khi
bién tinh bé’lng cac hat nano Fe,O, lam tdng mat d0 hat tai
mang dién, cac hat nano c6 ty I¢ dién tich bé mat riéng 1on
nén tang dién tich tiép xuc dién hoa, dan dén tang cuong do
dong dién trong phan tng dién hoa. Dién tich bé mat hoat
dong cua dién cuc duoc bién tinh: Fe,O,/SPE C,, 16n hon
1,76 1an so véi dién cuc chua bien tinh SPE C,; (0,099:0,06
=1,76:1).

(A) (B) (C)
SPECM Fe,0,/SPE C,, 5000 I Wit 36 dong (J) 0,18
3000 ——Ly thuyét Ly thuyét B Dien tich bé mat hoat dong (EASA)
= Thirc nghiém = Thyrc nghigm
o . el .
‘rﬂ‘l - — _/_fg"i_@ o 3514,11
" LoANe—of | o ' ) s
_ 2000} MefEl- z Myl
A
2
N ;
I / 1824,92
1000 7
=\
N
o ...‘v 3
0 M . i) . "
0 1000 2000 3000 0 1000 2000 3000 SPE C,, Fe 0,/SPE Cy,
Z'Q) Z'¢y

Hinh 7. Phd téng tré EIS cua cac dién cwc SPE C, (A), Fe,0 /SPE C, (B), so sanh di¢n tich bé mat hoat déng dién cwc EASA va mat do

dong J cua céac dién cwe SPE C, va Fe,O,/SPE C,, (C).
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Hinh 7A biéu dién phé tré khang cua dién cuc chwa bién
tinh SPE C, va bién tinh Fe,O,/SPE C,,. Di¢n cuc sau khi
bien tinh bang hat nano siéu thuan tir Fe,O, cung cap dién
tich bé mat hoat dong cao hon dan dén kha nang tuong tac
v6i cac chat tot hon. DO nhay va hé s6 chuyén dién tich k°
ciing nhanh hon dién cyc tran, thé hién qua gia tri R, giam
tlr 89,88 xudng 68,00 Q va k° tiang tir 3,54x10° dén 6,5x10°
cmxs™!. Nhu vay, viéc st dung cac vat liéu nano chirc nang
phu hop dé bién tinh dién cuc lam tang dién tich bé mat hoat
dong dién cuc, giam gia tri dién tro chuyén dién tich. biéu
nay co vai tro quan trong trong viéc tang tin hi¢u va do nhay
ctia cam bién, phu hop va dap tng tot véi viée truy vét va
phén tich khang sinh nong do thap.

3.4. Khdo sdt khd néing phdt hién chit khdng sinh CAP
ciia cim bién Fe,0 /SPE C,,

Cam bién sau khi dugc bién tinh va khao sét tinh chat
da dugc sir dung dé danh gia kha nang phét hién khéng sinh
CAP. Trong nghién ctru ndy, phuong phap quét thé xung vi
phan (DPV- Differential pulse voltammetry) da dugc chiing
t6i sir dung dé phan tich khang sinh CAP, véi cac ndng do tir
0 dén 100 pM trong dung dich dém PBS 0,1 M; pH=7. Hinh
8 cho thiy, khi chua c6 khang sinh CAP, khong thay xuét
hién dinh khir I, do d6 khong c6 qua trinh khir nao duoc dién
ra. Khi néng do C_,,=100 uM xuat hién ctia dinh khir v=50
mVxs! cho thay, cac dinh khtr cuc dai tai E_=-0,55V. Dinh
khu tai -0,55 V dugc cho 1a sy khir dién t& khong thuan
nghich cua nhom -NO, cua CAP thanh gbc hydroxylamine
(-NHOH), chimg t6 ¢6 sy twong tac giita chat phan tich va
vat liéu bién tinh dién cuc 1am viéc cua cam bién dién hoa,
cho thay kha nang phat hién chét khang sinh cta dién cuc
Fe,O,/SPE C,, [33].

bé khdo sat d§ nhay cua cam bién 0
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Hinh 8. D4 thi quét thé tuin hoan CV cta cam bién dién héa Fe, 0,/

SPE C,, trong dung dich PBS c6 khang sinh CAP néng do C.rr=0,
100 uM.

(10)

Trong qua trinh phan g dién hoa, cac phan tir cia chat
khang sinh (C H C N O,) s€ tuong tac voi cac hat Fe O,

12712

1 (HA) = 0,16xC(iM) + 2,36 (R*=0,99)

trén bé mat cua dién cuc, cac electron s& chuyén ddi vi tri
gitra cac phan tir va ion trong dung dich. Véi phuong phap
DPV, dién thé dugc thay doi lién tuc trong khoang thoi gian
ngin, cudng dd dong dién dugc ghi nhan va phan ung dién
hoa s& xay ra khi tic dong dién thé du 16n. Két qua tinh toan
cho théy, cam bién dién hoa cd gidi han phat hién LOD=0,06
uM. Véi kha ning tuong thich sinh hoc tét, 6 truyén dan
dién tir cao, cam bién c6 dién cuc 1am viée duge bién tinh
bing Fe 0, c6 do nhay cao, thoi gian dap ing nhanh, c6 kha
nang phan tich phat hién chat khang sinh trong dung dich
PBS tai néng do thap, cho th?iy hiéu suit phan tich CAP ctia
cam bién 1a dang tin cdy va c6 do chinh xéc cao.

20

dién hoa tai cac ndng d6 khac nhau cta (A)
Cpp=2,5-100 pM, phép do DPV trong St
dung dich PBS 0,1 M; pH=7 dugc khao
sat. Hinh 9A cho théy, dong dién cuc

(8)

y=0,16x+2,36 R’=0,99

dai giam khi giam nong d6 CAP. Tai 5:545 I —0um §

nong do C,,,=100 uM, dinh khir xuat ~ T T

hién rat ro nét, sau d6 cuong d6 dinh 20} —10M

khir giam déan va tai nong d6 C_,,=2,5 ——25puM 4

MM xuét hi¢n dinh v6i cuong d6 nho. 25 :fgu“n"M

Khao sat trén toan bd dai nong do 2,5- 065 060 055 050 045 040 % m m = = =

100 uM, dong dién cuc dai catdt phu
thudc myén tinh voi n6ng do CAP duoc
thé hién trén hinh 9B. Phuong trinh hdi
quy tuyén tinh thu dugc tir dién cuc
Fe,O,/SPE C| la:

sinh C

CAP

Cear (B)-
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E(V)

Ceap (uM)

Hinh 9. Pwéng cong DPV ciia cam bién dién héa Fe,0,/SPE C,, do tai cac néng do khang
=2,5-100 uM trong dung dich PBS 0,1 M; pH=7 v&i toc do quét thé v=6 mVxs!
(A); dworng hoi quy tuyén tinh ctia cworng do tin hiéu dong dién | theo ndng dé khang sinh
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Nham danh gia kha ning truy vét va phan tich khang
sinh ctia cam bién trong miu thuc, chung t6i dd khao sat
tuong tac ion cda vat liéu lam dién cuc vdi cac phan tu chét
hiru co. Cu thé, d6 1a qué trinh khir nhém nitro (-NO,) thanh
hydroxylamine (-NHOH), sau d6 xay ra phan tng oxy hoa
thuén nghich gitta hydroxylamine va oxime (-ON), tao tin
hiéu dong dién dic trung, giup dinh lugng CAP thong qua
phép do do tai 1ap nhu chi ra trén hinh 10.

100uM RSD=2,871%

16}

50uM RSD=3,657%

12 '_‘*:—-‘:‘/‘_\/_.\"‘VMS‘V-

Al (pA)

25uM RSD=4,329%

5 , . 10,

s 1an quét
Hinh 10. D tai lap cia cam bién cam bién dién héa Fe,0,/SPE C,,
sau 20 lan do lién tiép.

Do léch chuan twong ddi RSD trong 20 lan do lién tiép
cua dién cuc Fe, O /SPE C, tai cac néng do khang sinh khac
nhau déu dudi mic cho phép 1a 5%. Do léch chuan vao
khoang 2,87% tai nong do C_,,=100 uM. Nong do C_,,
cang lon s€ tang kha nang dap ing cia cam bién va gidm sai
s6 khi do ludong. Két qua nay ching té 6 chon loc va do on

dinh cua cam bién la rat tot.

Cam bién sau khi khao sat cac tinh chat dién hoa co két
qué tbt, dugc tmg dung phat hién chat khang sinh CAP trong
mau sita bang phuong phap DPV. Mau sita dugc chuan bi
theo quy trinh chudn bi mau thuc phan tich theo tiéu chudn
TCVN 8140-2009. Hinh 11 chi ra két qua do DPV trong
dung dich mAu sita khi thay doi nong d6 C_,,=1-25 uM tai
toc d6 quét v=6 mVxs™'. Tai nong do C.p=1 uM, dinh khur
da théy xuét hién rd, chung té cam bién x4c nhan duoc su
¢6 mat cua chit khang sinh CAP trong dung dich. Khi ting
néng do chat khéang sinh, cac dinh khu xuét hién rd nét hon,
nong do cang cao thi dinh khir cang rd quan sat. Sy dich
dinh cua cudng d6 dong dién xuit hién khi ndng d6 khang
sinh tang 1n c6 thé 1a do cac phan tir trong chat khang sinh

tuong tac manh va nhi€u hon voi cac hat Fe,O, trén bé mat
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dién cyc lam viéc, lam tang kha nang hap phu khang sinh
trén bé mat dién cuc, dan dén su tang tin hiéu dong dién
trong phép do DPV.

-4

St

I(nA)
4

9t

-10 - .
065 -060 055 -0,50 -0.45

E(V)

-0,40

Hinh 11. Phép do DPV cla cam bién dién héa Fe,O,/SPE C, tai
cac néng dé C_,,=1-25 pM trong mau sira tai téc dé quét thé v=6
mVxs-1,

Két qua khao sat phép do DPV tai cac nong do khac nhau
cta khang sinh CAP dugc téng két trén bang 3 cho thay, do
thu hoi dat 94,77-108,44%, chirng minh phuong phéap c6 do
chinh xac cao. Dac biét, tai néng do thép C=1 uM van dat
d6 thu hoi 96,8%, khang dinh kha nang phat hién tot va higu
qua cuda viéc bién tinh dién cuc trong viéc tang cuong tin
hiéu, d6 nhay cta cam bién dién hoa. Lam phép so sanh cac
gi4 tri gioi han phat hién LOD, khoang tuyén tinh LR dugc
liét ké trén bang 4 véi mot sé loai vt liéu khac da cong bd
cho théy, cam bién Fe,O,/SPE C,, c6 cac két qua kha quan
phat hién CAP ¢ nong d6 thap. Pay cling la két qua tién de
kha quan dé nhom nghién ctru tiép tuc t6i wu hoa quy trinh
cong nghé bién tinh dién cuc 1am viéc, tim ra vat liéu phu
hop c6 kha nang tang cuong tin hi¢u, d nhay, do bén cua
cam bién.

Bang 3. Mirc Spike va dd thu héi ciia cam bién dién héa Fe,0,/SPE
C, tai cac nong dd khang sinh CAP trong mau siva.

ﬁif[)““"c Spike ﬁfﬁ) Dj thu hdi (%) RSD (%)
1 0,96 96,8 2,14
5 4,88 108,44 2,66
10 9,57 94,77 3,04
25 248 100,78 1,3
a1



Bang 4. So sanh kha nang phat hién khang sinh CAP ctia cam bién
dién hoa Fe,0,/SPE C,, va mdt s6 cam bién dién hoa c6 dién cwe
lam viéc bing cac vat liéu khac.

Phép  Digncyehifp Cloinan  Donhay Gllth 11:?;1 alicy
st P e tuybntinh  (Axpy PP gy
Do tinh e o wopy o
n oM
I DPV  aFeO/SPE 2550 092 0,11 [34]
2 DPV  FeO/N1GO 1200 0,03 35]
3 DPV  CBNGCE 1200 0,035 36]
MoS,/PANI/
TR 0,1-100 0,069 [37]
Fe,0,-CMC-
S A A K52 3,627 0,066 38]
6  DPV  ZnCoO/SPE 13300 - 0,15 [39]
7 DRV FeO/SPE 25100 - 0,06 Nehién
clru ndy
4. Két luan

Céc hat nano tir Fe,O, duoc ché tao thanh cong bé‘mg
phuong phap thity nhiét vi song véi cac diéu kién cong
nghé: pH=10, nhiét d6 ché tao T=180°C, thoi gian ché tao
t=60 phut. Két qua cho thay, cac hat Fe,O, c6 céu trac tinh
thé don pha, kich thudc hat nho, d@)ng déu d=20-25 nm, co6
tr d§ cao M =53 emu/g. Mau sau khi ché tao dugc st dung
dé bién tinh dién cyc lam viéc SPE C,, ciia cam bién dién
hoa. Khao sat tinh chat ciia cam bién Fe,0,/SPE C,, cho
thdy tin hiéu dugc ting cudng rd nét, co gidi han phat hién
LOD=0,06 uM. Cam bién di duoc sir dung dé phan tich va
truy vét du luong khang sinh CAP trong PBS va trong miu
thuc. V&i mau sita, cam bién c6 thé phat hién duoc khang
=1 UM, d0 thu hoi dat 95-109% véi
d6 léch chuan 2,14%. Day 1a mot két qua kha quan va dang

sinh tai néng do C

tin cfly cua cam bién Fe,O,/SPE C, . Nhu vy, nho tinh chét
si€u thun tir cua cac hat Fe,O,, viée bién tinh dién cuc lam
viéc bang cac hat nay lam ting dang ké dién tich bé mat
hoat dong, cai thién hi¢u suat va do nhay ctia cam bién dién
hoé xéc dinh chét khéang sinh CAP. Bay thuc su dugc chung
minh 12 mot giai phap cong nghé tién tién nham kiém soat
an toan thuc pham, va c6 y nghia thiét thuc trong viéc cham
soc stc khoé nguoi tiéu dung Viét Nam.
LO1 CAM ON

Nghién ciru nay duoc tai tro boi Quy Phat trién Khoa

hoc va Cong nghé Qudc gia (NAFOSTED) trong d& tai ma
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Panh gia ty I¢ di cin hach co trong ung thw amidan
tai Bénh vién Chg Ray (2019-2024)
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Tom tit:

Muc tiéu: Panh gia ty 1¢ di cin hach ¢b trong ung thu amidan tir nim 2019 dén 2024 tai Bénh vién Cho Riy. Doi
tuwong va phlr(mg phap nghién ciru: Bénh nhan da dwec chan doan xac dinh ung thuw amidan bang giai phiu bénh ly
va duorc diéu tri tai Khoa Ta1 Miii Hong, Bénh vién Chg Riy tir thiang 6/2019 dén thang 6/2024. Két qua va ban luin:
Bénh nhan tiap trung chu yeu trong do tudi tir 40 dén 60 (chiém 70,8%). Ty 1€ nam/nir 1a 3,8/1. Triéu ching dau tai
u 12 tridu chirng co ning gip nhidu nhit, chiém 66,7%; tiép theo 12 nudt vwéng va ndi hach viing cb, chiém lin luot
50,0 va 33,3%. Vi tri khoi u bén phai chiém 54,2%, con lai bén trai. Bénh c6 lién quan dén cic yéu t6 nguy co nhw
rwou, thude 14, nhai trau. Két qua giai phiu bénh 13 ung thw biéu mé té bao gai amidan, thwong khu tri & mot bén.
Vé hach di ciin, trong nghién ciru ciia ching ti, ty 1& bénh nhan c¢é hach di ciin 1a 70,8%, bénh nhan khong cé hach
13 29,2%. Két luan: U gip chii yéu 6 T1 va T2 (chiém 87,5%). Giai doan T1 ¢6 di cin hach 40%, T2 1a 75%, T3 la
100%; tir d6 cho thay, khi giai doan cang tré thi ty 1¢ di cin hach cang cao.

Tir khod: di cin hach cd, nao vét hach c6, ung thu amidan.

Chi s6 phén loai: 3.1, 3.2

Evaluation of cervical lymph node metastasis
in tonsil cancer at Cho Ray Hospital (2019-2024)

Anh Bich Tran", Cong Chanh Ha?

!Cho Ray Hospital, 201B Nguyen Chi Thanh Street, Cho Lon Ward, Ho Chi Minh City, Vietham
’Eastern People Military Hospital, 50 Le Van Viet Street, Tang Nhon Phu Ward, Ho Chi Minh City, Vietnam
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Abstract:

Objective: To evaluate the rate of cervical lymph node metastasis in tonsil cancer at Cho Ray Hospital from 2019 to
2024. Subjects and methods: Patients who were diagnosed with tonsil cancer through pathological examination and
treated at the Department of Otorhinolaryngology, Cho Ray Hospital, from June 2019 to June 2024 were included
in the study. Results and discussion: The majority of patients were aged between 40 and 60 years (70.8%). The male-
to-female ratio was 3.8/1. The most common functional symptom was pain at the tumour site (66.7%), followed by
dysphagia and cervical lymphadenopathy, which accounted for 50.0 and 33.3%, respectively. Tumours were located
on the right side in 54.2% of cases and on the left side in the remaining patients. The disease was associated with risk
factors including alcohol consumption, smoking, and betel chewing. Pathological results indicated that squamous
cell carcinoma of the tonsil was typically localised to one side. Regarding lymph node metastasis, our study showed
that 70.8% of patients presented with cervical lymph node metastasis, whereas 29.2% had no metastatic lymph
nodes. Conclusion: Tumours were predominantly staged as T1 and T2 (87.5%). The rate of lymph node metastasis
was 40% in T1, 75% in T2, and 100% in T3, suggesting a greater incidence of metastasis in advanced stages.

Keywords: cervical lymph node metastasis, neck dissection, tonsil cancer.

Classification numbers: 3.1, 3.2

‘Tdc gia lién hé: Email: trananhbich2015@gmail.com
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1. Dat van de

Ung thu amidan 13 bénh phat sinh do sy bién doi ac tinh
ctia t& bao biéu mo phu amidan hodc cac mé lién két trong
cau triic amidan.

Vén dé phau thuat cit u va nao vét hach cb trude xa tri
hodc hoa tri kém theo sau phau thuat dugc dit ra 1am giam
ty 18 tai phat, ngin ngira di cin xa. V& hach di can, trong
nghién ctru cia V.T.T. Uyen (2014) [1], ty 1€ bénh nhan c6
hach di can chiém 52%, bénh nhan khong co6 hach 48% [1].
Ung thu amidan c¢6 dién tién 1am sang nhanh chong véi tai
phat tai chd va xam 1an ¢ giai doan som, két qua 1a 60-80%
bénh nhan ung thu amidan dugc tim théy ¢6 di can hach ¢b
ngay tir chan doan ban dau [2].

Di cin hach ving 1a mot yéu t6 tién luong quan trong
trong ung thu amidan. Van dé nao hach c6 phong ngira 1a
mdt trong nhiing van d& con dang ban cii, nhét 1a cac truong
hop ung thu amidan giai doan sém (T1, T2). Ty 1¢ di cin
hach ¢6 trong giai doan sém con dang dugc nghién ctru va
van dé hoa xa tri sau khi c6 két qua cia hach ¢6 di can. Do
do6, ching t6i thyc hién nghién ctru “Panh gia ty 1€ di can
hach ¢6 trong ung thu amidan tir nim 2019 d&én nam 2024
tai Bénh vién Cho R?ly”.

2. Doi tuong va phuong phap nghién ciiu

2.1. Péi twong

Bénh nhéan d3 dugc chan doan xéac dinh ung thu amidan
bang giai phau bénh 1y va diéu tri tai Khoa Tai Miii Hong,
Bénh vién Cho Riy tir thang 6/2019 dén thang 6/2024.

Tiéu chudn chon bénh nhén:

- Ung thu nguyén phat tai amidan.

- Pugc chin doan xac dinh bang giai phiu bénh 1y.
- C6 chi dinh phau thuat cit u va nao vét hach cd.

- Puogc khai thac bénh str, tham kham lam sang va c6 keét
qua can lam sang (ndi soi Tai Mili Hong, siéu am vung c0,
CT scan dau - ¢6 c6 can quang...).

- Bénh nhan ddng y tham gia nghién ciru.
Tiéu chuan logi trir:

- Khong c6 gidi phau bénh 1y xac dinh ung thu trudc
phau thuat.

- T6n thuong ung thu tir vi tri khac lan dén amidan.

- Bénh nhan khong dong ¥ tham gia nghién ctru.
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2.2. Phwong phdp nghién ciru

Thiét ké nghién ctru: Nghién ctru tién ctru mo ta hang
loat ca.

C& mau: Chon mau tién loi.

Céc bién s nghién ciru:

- Tudi: 12 bién dinh luong va lién tuc, dugc ma hoa thanh
bién dinh tinh gom 3 gid tri: <40 tudi, 41-60 tudi, >60 tudi.

- Gi6i: 1a bién dinh tinh gdm 2 gi tri nam va nir.

- Nghé nghiép: 14 bién dinh tinh.

- Théi quen udng rugu, bia: 14 bién dinh tinh gém 2 gia
tri “c6” va “khong”. Ghi nhan 1a “c6” khi co uéng ruou, bia
it nhat 4 ly chuan/ ngay hodc 14 ly chuan/tuan. Mot ly chuan
dugc tinh khi d6 ung c6 con chira 14 g ethanol.

- Théi quen hat thude 14: 1a bién dinh tinh gom 2 gié tri
“c6” va “khong”. Ghi nhén la “c6” khi bénh nhan hién tai
dang hut hodc da timg hut thude 1a >10 gbi/nam.

- Pic diém 1dm sang u nguyén phat (thoi gian phat hién
u, triéu chimg khoi phat, vi tri u, hinh thai u): 1a bién dinh
tinh.

- Bic diém hach ¢b di cin trén 1am sang (thoi gian phat
hién hach, vi tri hach, sé lwong, kich thuéc): 1a bién dinh
tinh.

- Xép loai giai doan bénh: 12 bién dinh tinh gdm 5 gia tri:
T1, T2, T3, T4a, T4b theo phan loai UICC-2024 [3].

- Giai phau bénh ctia u: 1a bién dinh tinh gém céc gia tri:
Carcinom té bao gai, Sarcoma, Lymphoma, khac.

- Mic do biét hoa cta u: 12 bién dinh tinh gf")m cac gia
tri 10, trung binh, kém.

- Pic diém hach trén giai phiu bénh: gdm cac bién: dic
diém cua hach di can, tinh trang xam 14n vo bao hach 1a bién
dinh tinh.

- Di can hach ¢6 Am thim: 1a bién dinh tinh gom 2 gi4 tri
“c6” va “khong”.

2.3. Cich tién hanh nghién ciru

Cdc budc tién hanh:

Budc 1: Lua chon bénh nhan nghién ctru theo tiéu chuin
lra chon va tiéu chuan loai trir.

Budc 2: Sau khi bénh nhan dong ¥ tham gia nghién ciru
s& dugc phong van truc tiép, thu thap dir liéu trong bénh an
theo nhu phiéu thu thap s liéu (dinh kém).
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+ Ghi nhén triéu ching 1am sang: khéi u, dau tai u, nudt
vudng, hach co, khac (khit ham, khac dam mau...).

+ Ghi nhan yéu td lién quan: rugu, bia, hut thude 14.

+ Kham va ghi nhan thoi gian phat hién bénh duoc phan
thanh: dudi 3 thang, 3-6 thang, 6-12 thang, trén 12 thang;
cac dic diém ctia u amidan: vi tri, hinh thai, kich thudc, mirc
d6 xam l4n tai chd.

+ Kham va ghi nhan cac dic diém cua hach ¢b di can
(néu co): s6 lugng hach, kich thude, tinh chat hach (mat do,
d6 di dong, phan bd, tinh chit dau) vi tri cting bén/ddi bén/
hai bén so v&i vi tri u, phdn nhém hach ¢6 theo Hoi Phiu
thuat dau - c¢6 va ung thu tai miii hong Hoa Ky [4].

+ Ghi nhan két qua c4n 1am sang (CT scan): ghi nhan dic
diém u: vi tri, kich thudce; dac diém hach di can (néu co): $6
luong hach, vi tri, kich thuoc, dac diém hach nghi ngo di
can trén CT scan: hach >1 cm, mat rén hach, ranh gidi o
hay khong, by déu hay khong déu.

+ Két qua giai phau bénh sinh thiét u amidan trude phiu
thuat.

+ Ghi nhan tinh hinh phau thuat, dic diém cua u amidan
va hach co trong mo.

Quy trinh phau thuat: Nao vét hach ¢d dugce tién hanh
trudc khi phau thuat cit u amidan.

Nao vét hach co: Tat ca bénh nhan duogc xép loai giai
doan 1am sang NO s€ dugc tién hanh nao hach cd trén co vai
mong nhom I, 11, I11. Déi voi bénh nhan N (+), thue hién nao
vét hach ¢b tiét can chon loc tuy theo nhom hach.

+ Puong rach da tily theo phuong phap nao hach, ddi
v6i nao hach ¢b trén co vai moéng nhom 1, 11, 1T thue hién
rach da theo dudng Apron cai tién cach bd ham dudi 2 khoat
ngon tay (hinh 1).

Hinh 1. Phau trwéng nao hach ¢b trén co’ vai méng nhém |, i, 111
Bénh nhan Tran Ngoc B. 69 tudi.

JHOAHOC . -

+Pbi voi nao vét hach ¢b tiét can chon loc rach da theo
duong Hockey Stick.

!
i
Hinh 2. Phan chia nhém hach sau nao vét. Bénh nhan Tran Ngoc
B. 69 tudi.

B RN

Hinh 3. H6 md sau cat u amidan trai. Bénh nhan Tran Ngoc B. 69
tudi.

- Hach ¢ sau khi duoc nao vét s& duge chia thanh cac
nhom riéng biét theo diing gidi phau phan nhom, dung vao
cac lo bénh phém riéng biét, ¢ dinh béng dung dich formol
10%, gtri Khoa Giai phau bénh ctia Bénh vién Chg Ry thuc
hién phau thuat (hinh 2).

Cdt u amidan: Cac phuong phap cit u amidan tuy cé
khac nhau nhung nhin chung déu dua vao mot sb co s¢
giai phau hoc nhu: hé amidan, khoang quanh amidan, chan
cuéng amidan va dong mach amidan, dac biét la khoang ké
can amidan va cac mdi lién hé mach mau, than kinh ving
0.
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Sau khi cit u amidan, sinh thiét tirc thi (cit lanh) cac
bién phau thuat: bién trudc, bién sau, bién trén, bién dudi,
giwong u, giri 5 lo riéng biét, doi két qua sinh thiét tic thi
(hinh 3). Néu két qua bién phau thuat con té bao ung thu thi
tiép tuc cét bién guri sinh thiét tirc thi 1an 2.

Ghi nhén két qua giai phdu bénh (GPB) trong va sau mo:
dic diém cua u (kich thude u, xdm 14n cta u) va hach cb (c6
di can khong, kich thudc hach).

£ 2
3. Ketqua
3.1. Ddc diém chung ciia mdu nghién ciru

Trong nghién ctru ciia chung toi, tudi bénh nhan mac
ung thu amidan c6 nao vét hach cd thép nhét 1a 33, cao nhét
1a 91. Tap trung chi yéu trong do tudi tir 40 dén 60 (chiém
70,8%). Tudi trung binh ciia bénh nhén trong nghién ciru 1a
56,3+9,3. Trong nghién ctru cuia chung t6i, ¢6 30 bénh nhan
la nam gidi (chiém 79,2%), 5 bénh nhén 1a nit gidi (chiém
20,8%). Ty 1¢ nam/nir 1a 3,8/1.

Qua bang yéu té nguy co nhan thiy sé lugng bénh nhan
ung thu amidan ting 1én khi c6 tiép xtc véi cac yéu té nhu
ruou va thude 14.

Co6 5 bénh nhan ung thu amidan khéng su dung rugu,
thuéc 14.

Co6 6 bénh nhan chi uéng ruou, khong hut thudc 14.
C6 5 bénh nhan chi hat thudc 14, khong uéng ruou.

C6 19 bénh nhan vira c6 udng ruou, vira ¢6 hat thude
hing ngay.

3.2. Pdc diém lim sang

Ly do vao vién: Qua tham kham 35 bénh nhan cho théy,
cac bénh nhan khi dén kham thuong co nhiéu hon mot triéu
chung co nang, trong d6 dau tai u la tri¢u ching co nang
gip nhiéu nhat chiém 66,7%. Tiép theo 1a nubt vudng va ndi
hach vung ¢6 chiém 50,0 va 33,3%, tu phat hién u chi c6 2
truong hop chiém 8,3%, cac triéu chimg khac nhu khit ham,
khac dam mau khong ghi nhan.

Vi tri khéi u: Trong 35 bénh nhan tham gia nghién ctru,
chung t6i thay ¢6 19 bénh nhin c6 u & bén phai (chiém
54,2%), 16 bénh nhan c¢6 u ¢ bén trai (chiém 45,8%). Ching
t6i chua ghi nhan truong hop ndo mac ung thu amidan hai
bén.

Giai doan u trén lam sang: khdi u chi yéu & giai doan
T2 chiém 66,7%, giai doan T1 chiém 20,8%, giai doan T3
chiém 12,5%, hau nhu khong gip giai doan T4.
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3.3. Diic diém hach cé trén lim sang

Céc hach phat hién trén lam sang déu co mat do cung
chiém 100%, khong gip truong hop nao hach c6 mat do
mém.

Gap 5/14 hach trén 1am sang con di dong (chiém 35,7%)
va 9/14 hach ¢6 dinh trén 1am sang (chiém 64,3%).

C6 5 bénh nhan c¢6 hach phan bé chum chiém 35,7%
téng s6 hach. Con lai 9 hach déu phéan bd dang don 1¢ chiém
64,3%.

Tat ca hach ¢6 (100%) khi kham 1am sang c6 biéu hién
khong dau.

3.4. Bdc diém hach cé trén CT scan

Trong s 17 bénh nhan phat hién hach ¢ trén CT scan,
c6 9/17 bénh nhan c6 hach hoai tir (chiém 52,9%), 8/17
bénh nhén c6 hach khong hoai tir (chiém 47,1%).

C6 15/17 bénh nhan c¢6 bo hach déu (chiém 88,2%), 2/17
bénh nhan c6 bd hach khong déu (chiém 11,8%).

C6 15/17 bénh nhan c6 ranh gidi rd (chiém 88,2%), 2/17
bénh nhéan c6 ranh giéi khong rd (chiém 11,8%).

C6 5/17 bénh nhan con rén hach trén CT scan (chiém
29,4%), 12/17 bénh nhan mat rén hach (70,6%).

3.5. Moi lién quan giita CT scan va gidi phdu bénh ciia
hach co

Trong s6 35 bénh nhan, ¢6 17 bénh nhan thdy hach trén
CT scan, trong d6 c6 15 bénh nhan c6 hach c6 dac diém di
can (bang 1).

Bang 1. Chan doan c¢6 hach giira CT scan véi giai phau bénh.

CT scan GPB(+) GPB(-) Téng Ty I¢ di cin (%)
C6 hach nghi di can 14 3 17 82,3
Khong c6 hach nghi di can 10 8 18 55,6
Téng 24 11 35 70,8

Ty 1€ % CT scan c6 hach 82,4
nghi ngo di can

Két qua bang 1 cho thay, do nhay (Sn) 1a 58,3%, do dic
hiéu (Sp) 1a 72,7%, gia tri TP dwong tinh (PPV) l1a 82,4%,
gia tri TD am tinh (NPV) 1a 44,4%. CT scan nghi ngd c6 17
bénh nhan ¢ hach di cin, giai phau bénh khang dinh c6 dén
14 bénh nhan c6 di can, voi ty 1¢ 82,4%. C6 2 bénh nhan
trén CT scan phat hién c6 hach nhung khong nghi ngo di
can, trong do c6 1 bénh nhan c6 GPB(+). Qua d6 cho théy,
CT scan da khong phat hién dugc bénh nhan c6 hach di can
nay.
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Ngoai ra, trong nghién clru ctia ching t6i ¢6 7 bénh nhan
trén CT scan khong thay hach nhung két qua GPB khéng
dinh c6 3 truong hop c6 hach di can (42,8%). CT scan da
bod sot khong phat hién duoc hach di can trong 3 truwong hop
nay.

Su khac bi¢t gitra hach di can trén CT scan va GPB
khong c6 ¥ nghia thong ké (phuong phap kiém dinh Fisher
Exact Test p=0,06).

4. Ban luan
4.1. Ddc diem chung ciia mau nghién ciru

Céc nghién ciru trong va ngoai nudc cho thiy, ung thu
biéu mo6 amidan gip ¢ nhiéu Itra tudi c6 thé trai dai tir 20 dén
85 [5] nhung gip chu yéu ¢ Itra tudi trén 50. Mic du nhiéu
nghién ciru cho thy c¢6 su khac nhau vé tui trung binh méc
bénh, nhu tudi 59 [6] va 60 [7].

Tai Viét Nam, theo nghién cuu cuia T.B. Ngoc (2001) [5]
trén 141 bénh nhan, tudi dudi 40 chiém ty 1¢ thap 12,1%,
khoang tudi mic cao nhat 1a 50-69 (chiém 53,9%), ty 1&
nam/nit 1a 2,3/1. Két qua nay c6 su phu hop v6i mot sd
nghién clru cua nudc ngoai nhu nghién ciru cia G. Calais
va cs (1990) [8] véi tudi trung binh 1a 54,3, trong d6 dinh
cao mic bénh & nhém tudi 50-69 1a 53,9%. Nghién ciru
ciia N.Q. Hung (2012) [9] cho thdy, ung thu amidan nhiéu
& khoang tudi 50-59 (chiém 40,8%) va bénh gip nhiéu &
khoang 40-69 (88,3%). Nghién ctru cia V.T.T. Uyen (2014)
[1] cho thdy, ung thu amidan c6 ty 1& cao nhat 1a 50-59 tudi
(chiém 40%).

Trong nghién ctu cua ching t6i, ung thu amidan gap
& nhiéu lra tudi khac nhau, dinh cao & khoang tudi 40-60
(chiém 70,8%) trong d6 ngudi thip tudi nhét 1 33, cao nht
91 tudi va bénh gip nhiéu & khoang 40-60 (70,8%).

Nhu vay, s6 lieu vé tudi mic bénh cua chung t6i thu
duoc tuong tu két qua cia mot s6 nghién ctru trong nudc va
qudc té da cong bd [1, 5, 8, 9].

Nghién ctru trong nude cua T.B. Ngoc (2001) [5] cho
théy, ¢6 61,7% bénh nhan di co di can hach. Két qua cua
chiing t6i cho thiy, ¢ 29,2% bénh nhan khong c6 di can
hach va c6 70,8% truong hop da co di can. Trong do, cod
33,4% da & giai doan mudn (N2, N3). Didu nay mot 1an nira
khing dinh lai cac nghién ctru trong va ngoai nudc vé ty 18
di can sém ctia ung thu amidan. Phu hop véi gia thuyét ung
thu amidan cling nhu cac ung thu ¢ vong Waldeyer thuong
hay cho di cdn hach sém [9]. Nghién ctu cia R. Maltz va
cs (1974) [10] ciing cho thay, ty 1& di can hach ving trong
ung thu amidan rat cao, khoang 63%.
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Hach 14 co quan bach huyét nho nam trén dudng di cua
cac mach bach huyét. Cac té bao ciia hé thong mién dich nay
¢6 thé nhan biét dugc khang nguyén cia co thé va khang
nguyén ngoai lai, trung hoa hodc bit hoat nhiing phan tir
ngoai lai va tiéu diét vi sinh vat hodc t& bao khac (& bao
nhidm vi rat, té bao cua co quan ghép, té bao ung thu), hach
thuong dung thanh tirng nhom, c6 hinh tron, hinh hat dau,
kich thudc 3-5 mm, c6 mot noi hoi 1o0m vao goi la ron hach.
Rén hach 1a noi dong mach di vao, tinh mach va mach bach
huyét di ra. Cac mach nay déu c¢6 van mot chiéu, bd tu do
ctia cac 14 van hudng vé phia hach dam bao dong bach huyét
chi chay theo mét chiéu.

Chtre nang: Nhig chat la va t& bao c6 hai (t bao u) cia
co thé cling nhu céc thanh phan khac trong bach huyét s& bi
giit lai khi qua hach. Vi vdy, bach huyét sau khi qua hach da
duoc lam sach trude khi dd vao tudn hoan méu. Vai tro loc
do dai thuc bao va té bao vOng cua xoang bach huyét thuc
hién. Tuy nhién, né it ¢6 hiéu luc vdi té bao ung thu. Té bao
tur u nguyén phat theo dong bach mach téi hach va tich lai &
do. Tt do, no theo bach mach di khép co thé. Vi vay, khi cit
b6 khéi u can nao vét hach ving.

Hach dugc chan doan 1a di cin khi thay hinh théi cac té
bao bét thuong trong 1ong hach: té bao da dién, nhan & trung
tam, to nho khong déu nhau, nhan quai - nhan chia, hoai tu
trong long hach.

- Giai doan sém: Thiy té bao u trong xoang bach huyét.

- Giai doan muon: T¢ bao u lan tran, xdm nhap, pha v&
cau tric mo hach.

Vé gi6i tinh, nhiing théng ké trong s6 liéu nghién ciru
ctia chiing t6i cho thdy, nam gi¢i méc nhiéu hon nit gidi,
diéu nay 1a phu hop voi cac nghién ctru tir trude ti nay.

Bén canh do, ty 1€ nam/nir rt cao 3,8/1 (30/5 bénh nhéan).
Nhu vay, két qua nay tuong tw, nhung khac biét khong 16n
vGi mot s6 nghién ctru di cong bd ctia G. Calais va cs (1990)
[8] voi ty 1€ 7/1, 5/1 cua R. Maltz va cs (1974) [10], 4/1 cua
R. Amornmarn va cs (2024) [6].

Chung t6i cho rang, sy khac biét vé ty 1& nay c6 thé do
¢& mau nghién ctru ctia chung t6i nho hon nghién ctru ctia
chc tac gia néu trén. Nhu vay, qua so liéu trén, chung toi
nhén dinh, trong ung thu amidan c6 sy khac nhau vé phan
bd gilta nam va nlt. Méac du ¢é su chénh léch vé ty 1€ trong
cac nghién ctru khac nhau, nhung ty 1& mac bénh ctia nam
la cao hon ni.

Giai thich cho hién tugng nay nhiéu tic gia cho rang,
nam gi6i chiu anh hudng cia cac yéu té thuan loi sinh
ung thu nhu hit thude, udng rugu... Nghién ciru ciia S.M.
Kregar (1995) [11] c6 téi 70% bénh nhan lién quan dén
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thudc 14 va 61% lién quan téi ruou, ma nhing truong hop
¢6 mdi lién hé véi thube 14 6 tién lugng x4u hon khi dugce
danh gia két qua diéu tri.

4.2. Pic diém lim sang

Ly do vao vién: Ly do khién bénh nhan dén kham bénh
hau hét 1a dau tai vi tri u (66,7%) va nudt vuéng (50,0%).
Két qua niy twong ty nhu cac nghién ctru khac ¢ trong va
ngoai nudc nhu T.B. Ngoc (2001) [5] 1a 63,2%, N.Q. Hung
(2012) [9] 1a 68,3%, V.T.T. Uyen (2014) [1] 1a 76% [3], R.
Maltz va cs (1974) [10] 1a 83%. Chimg to, triéu chimg dau
tién cua bénh thuong la nhitng kho chiu ¢ ving hong. Pay la
nhimng diu hiéu khong dic hiéu trong ung thu amidan, diéu
ndy dan dén tinh trang chu quan cta nguoi bénh, cling nhu
nhan vién y té trong véan dé sang loc va phat hién bénh som.
N6 ciing 1y giai tai sao da s6 bénh nhan ung thu amidan dén
vién ¢ giai doan mudn.

Trong nghién ctu cua chung t6i, c6 33,3% bénh nhan
dén vién da c6 hach c6. Diéu nay c6 thé ly giai 1a do su tién
trién nhanh cua bénh, dic biét bénh cho di cin hach vung
nhanh va nhiéu.

Vi tri khoi u: Trong nghién ctru cua chung toi chi thay
xuét hién u & mot bén, ty 1€ gap u bén phai l1a 54,2%, bén trai
1a 45,8%, ty 1¢ bén phai va trai trong duong nhau. Ty 1€ nay
cling trong tu nhu nghién ctru cia cac tac gia V.T.T. Uyen
(2014) [1], N.Q. Hung (2012) [9] va T.B. Ngoc (2001) [5].

Trong nghién ctru ctia ching t61, khong c6 bénh nhan
nao c¢6 u ca hai bén, theo nghién ctru ctia T.B. Ngoc (2001)
[5], ty 1& gdp u ca hai bén ciing rat thap, chiém 2,1%.

Nhu vay, ung thu biéu mé té bao gai amidan thuong khu
tri & mot bén. Vi tri u nguyén phat khong cé y nghia trong
tién luong bénh.

Giai doan u trén lam sang: Ty 18 giai doan khbiu T1, T2
chiém ty 18 (87,5%), cao hon & giai doan u T3, T4 (12,5%)
(bang 2). Ty 1& nay co6 khac so voi mot sd tac gia.

Bang 2. Ty lé giai doan u cta cac nghién ctru.

Tac gia T1, T2 (%) T3, T4 (%)
R. Maltz va cs (1974) [10] 14,0 86

G. Calais va cs (1990) [8] 37,0 63

T.B. Ngoc (2001) [5] 24,1 75,9

N.Q. Hung (2012) [9] 433 56,7

V.T.T. Uyen (2014) [1] 78,0 22,0
Nghién ctru ctia ching t6i 87,5 12,5

%H%-IE 68(3) 3.2026

Khoa hoc Y - Dugc | Y hoc co sG; Y hoc Idm sang s

Su khac biét nay, c6 thé trong nghién ctru clia chung toi
hau hét cac bénh nhan duoc diéu tri bang phuong phap phiu
thudt, vay nén ty 1€ bénh nhan cé khéi u giai doan T1, T2
trong nghién ciru cia chung toi chiém phan 16n. Hon nita,
ngdy nay v6i phuong tién tham kham hién dai bang ndi soi
tai mii hong, viéc phat hién cac ton thuong ¢ giai doan so6m
khéng kho.

Vé hach di can, trong nghién ctru cta ching toi, ty 1¢
bénh nhan c¢6 hach di can chiém 70,8%, bénh nhan khong co
hach 29,2%. Trong cac nghién ciru trong nudc, ty 1€ hach di
can ciing chiém ty 1& cao: nghién ciru cia T.B. Ngoc (2001)
[5], N.Q. Hung (2012) [9] 1a 61,7%. Trong nghién ctru ctua
chung t61, khong gip bénh nhan nao hach N3. Qua phan tich
trén cho thdy, ung thu amidan ciing nhu cac ung thu vong
Waldayer c6 ty 18 di can hach cao, tén thuong dii bé nhung
di can hach twong dbi 1on.

4.3. Diic diém hach cé trén lim sang

Céc hach duoc phat hién trén nén ctia bénh nhan ung thu
nén mang nhi¢u dac diém cua hach di can.

Vé mat dp: 100% cac hach déu c6 mat do cung chéc,
khong gip truong hop nao ¢6 hach mém (1a dic diém cua
hach viém, hoac ap-xe hoa) [12].

D¢ di dong: Chiung t61 nhan théy, c6 64,3% hach duogc
phat hién c¢6 dinh, khi d6 hach di c6 xam 14n véi cac to chirc
1an can nhu mé co, mach méu, md lién két, 35,7% hach con
di dong. Hach ung thu dinh 1a mét yéu t6 tién lugng xau, va
la mdt can cu trong viéc chi dinh nao vét hach ¢6 khi phdu
thuat.

Vé phan bé: Chung t6i chi gip 5 bénh nhan c6 hach phan
b thanh chim, con lai v6i 9 bénh nhan khac, hach déu phan
bd doc lap, rai rac doc theo b6 canh & cac nhom.

Vé tinh chat dau: 100% cac bénh nhan tham gia nghién
ctru déu tra 10 khong dau, cac hach déu to 1én mot cach tur
tir, trong mot thoi gian va khong c6 déu hiéu sung, nong,
d6 hay dau.

Hach dong vai tro quan trong trong chi dinh phuong
phap diéu tri, cling nhu tién lugng bénh. Khi xuét hién hach
di cin sé tién luong x4u di rat nhidu. Viéc danh gia c6 hay
khong c6 hach trén 1am sang, vi tri, s6 lwong, tinh chat, do di
dong cua hach phu thudc vao k¥ nang, kinh nghiém.

Trong nghién ciru cta chiing t6i trén 1am sang so théy,
14 hach ¢ 35 bénh nhéan, trong d6 chu yéu & cac nhom 11
(nhém hach canh trén) ¢6 11/14 hach (chiém 78,6%); nhom
III (nhém hach canh giita) co 3/14 hach (chiém 21,4%),
nhém I, IV, V khong so thay hach trén 14m sang.
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Thuong do nhém hach 11, III dé& tham kham trén 1am
sang, nhém IV (nhom hach canh dudi), nhom V (nhém hach
¢b sau) bi che khuat boi nhiéu ciu truc nén kho tham kham
lam sang. Trong nghién ctru ctia ching t6i, phat hién ung
thu amidan giai doan T1, T2, nén chua di can lam tang kich
thudce hach trén 14m sang. Tuong tu nhu két qua nghién ciru
ctia F. Zanetti va cs (2009) [13] vé kiéu di can hach trong
ung thu biéu mé té bao gai amidan dé danh gia tinh hi¢u qua
trong nao vét hach ¢d chon loc, trong 22/58 bénh nhan chua
phat hién hach c¢6 trén 1am sang c6 4 bénh nhéan (18,2%) da
di can hach c6 trén két qua GPB. Hach di cin thim lang chu
yéu mot bén va thudc hach nhém II. Chua tim théy hach di
can thAm lang & nhom I va V. Trong 36 bénh nhan vai hach
b phat hién trén 1am sang, c6 3 bénh nhan (8,3%) c6 két
qua di can hach ¢6 trén GPB ¢ hach nhom V cung bén. Chua
ghi nhan hach di can ¢ nhom I. bdi véi nhitng bénh nhan
danh gia giai doan lam sang >N2a (p=0,003), hach di can
nhom IIT (p=0,026) va IV (p=0,009) c6 lién quan déng ké
ddi v6i su di can & hach nhom V.

4.4. Dac diém hach ¢é trén CT scan

Hogi tir hach: Trén CT scan phat hién dugc 9/17 bénh
nhan ¢6 hach hoai tir (chiém 52,9%), c6 8/17 bénh nhan
(chiém 42,9%) c¢6 hach nhung khong thay hoai tir hach.

Cdt triic bo hach: Ching t6i nhan thay, c6 15/17 bénh
nhan c¢6 bd hach déu chiém 88,2%, 2/17 bénh nhén c6 bo
hach khong déu hach chiém 11,8%.

Ranh gioi hach: Hach phat hién trén CT scan ¢ 17 bénh
nhan trong nghién ctru thdy c6 15/17 bénh nhéan (chiém
88,2%) c6 ranh gi6i 15, 2/17 bénh nhan (chiém 11,8%) c6
ranh gidi hach khong rd.

C6 5/17 bénh nhéan con rén hach trén CT scan (chiém
29,4%), 12/17 bénh nhan mat cu tric ron hach (chiém
70,6%).

Pac diém hach trén gidi phcfu bénh: Boi tuong bénh
nhan trong nghién ctru ctia ching t6i 1a cac bénh nhan dugc
chan doan 1am sang ung thu amidan, dwoc phau thuat cit
u amidan kém theo nao vét hach cd6 mot bén hodc hai bén.
Hach duoc lay ngay sau khi nao vét xong, dugc chia nho
thanh cac nhom riéng biét, dugc ¢ dinh béng formol 10%
sau d6 duoc giri sang Khoa Giai phau bénh. Trong 35 bénh
nhan tham gia ¢6 34/35 bénh nhan dugc nao vét hach c6 mot
bén, va mot bénh nhan duoc nao hach ¢ hai bén.

Vé két qua hach di can: Qua md bénh hoc phét hién c6
45 hach dugc xac dinh 1a hach di can. C6 11 bénh nhan phat
hién c6 hach trén 1am sang, 17 bénh nhan phat hién hach
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¢ dic diém di cin béng CT scan, md bénh hoc phat hién
dugc 17 bénh nhan ¢6 hach di can. C6 nhiing ca ¢ lam sang
hodc CT scan phat hién hach nhung mo6 bénh hoc am tinh va
nguoc lai. Nhu vay c6 thé thdy, cac phuong phap thim do
khong xam 1an trude mo c6 thé bo sot bénh nhéan co di cin
hach. Diéu nay anh huéng trong viéc dua ra phwong phap
diéu tri va co thé that bai trong diéu tri.

4.5. Di can hach trén gidi phdu bénh véi thoi gian dén
kham lam sang

Trong nghién ctru nay, chung t6i phat hi¢n 66,7% bénh
nhan c6 biéu hién 1am sang dudi 3 thang c6 di can hach
trén giai phdu bénh. Con sé nay & nhom bénh nhén c6 tridu
ching trong vong 3-6 thang 1a 77,8%. Tuy nhién, & nhom
bénh nhan c6 biéu hién kéo dai hon (tir 6 thang tré 1én), thi
phat hién 66,7% 6 bénh nhan c6 hach di can. Céc ty 1€ di
can hach ¢ theo thoi gian dén kham 1am sang ciing gan nhu
nhau. Diéu nay cé thé 1y giai do biéu hién ban dau cta ung
thu amidan da dang va khong dic hiéu, dé nham 1an véi
nhitng bénh 1y khac nhu viém hong cap, viém amidan. ..
nén bénh nhan c6 thé dén kham lam sang sdm, nhung ching
ta c6 thé khong phat hién ra dwoc din dén diéu tri tré hon.

4.6. Méi lién quan giita CT scan va gidi phdu bénh ciia
hach co

Di can hach trén giai phd~u bénh voi phat hién hach trén
CT scan: Trong nghién ctru nay, ching toi phat hién co 17
truong hop co dic diém hach nghi ngd di can trén CT scan,
trong d6 14 ca c6 giai phau bénh duong tinh. CT scan da
bo sot 10 bénh nhan di cin hach so véi giai phau bénh, do
nhitng truong hop nay khong phat hién dugc hach trén CT
scan hodc c6 hach nhung c6 nhimng dic diém goi ¥ di can.
Diéu nay co thé do qua trinh di cdn 4m tham, chua lam bién
ddi vé mat dai thé cua hach dé phéat hién trén CT scan, do do6
dé bo sot hach di can trén nhom bénh nhan nay.

Két qua phat hién hach trén CT scan va giai phcfu bénh
theo giai dogn u: Ty 1€ phat hién bénh nhan c6 hach di can
cao nhat & giai doan T3, vdi 100% cac truong hop bénh
nhan c6 nghi ngd hach di can trén CT scan thi déu c6 giai
phiu bénh duong tinh. O giai doan T2, ¢6 4 ca khong co
hinh anh nghi ngo hach 4c tinh trén CT scan, nhung két qua
giai phau bénh duong tinh. Mot truong hgp bénh nhan cé
két qua mo bénh hoc am tinh nhung hinh anh trén CT scan
201y hach di can ¢ giai doan T1.

Diéu nay c6 thé giai thich do giai doan cang mudn, hinh
anh di can hach trén CT scan cang rd rang, kha ning chan
doan chinh xac cang cao. Ngugc lai, & nhiing giai doan sdém
hon, CT scan c6 thé bo sot. Viéc danh gia hach gip nhiéu



kho khin do hach c6 kich thudc nhd nam sau, nhit 1a cac
hach nhém IIb ndm phia sau thily dudi tuyén mang tai, nén
rat d& bo sot cac hach thudc nhom canh cao trong truong
hop bénh nhan c6 di can hach & nhém nay.

Két qua phdt hién hach trén CT scan va giai phdau bénh
theo giai doan hach: O giai doan NO va N2b da bo sot 3
truong hop bénh nhan khéng ¢ yéu td nghi ngo di cin trén
CT scan nhung két qua giai phau bénh (+). Kha ning phat
hién chinh x4c hach di cin cao nhat cua CT scan 1a & giai
doan N2c. Diéu nay c6 thé do giai doan cang tré thi cang co
nhiéu hach va kich thudc hach cang to, c¢6 nhiéu dic diém
goi v 4c tinh trén hinh anh hoc. Tuy nhién, do ¢c& mau con
han ché, cin c6 nhiéu nghién ciru sdu hon vé van dé nay.

5. Két luan

Qua nghién ctu 35 truong hop ung thu amidan dugc
phéu thuat c6 nao vét hach cd tir 2019 dén 2024, chung toi
rat ra mot s6 két luan nhu sau: tudi trung binh cua bénh nhan
14 56,3+9,3 tubi, chu yéu nim trong do tudi 40-60. Phan 16n
gidp & nam gidi, c6 lién quan voi ruou va thude 1a. U gip chi
yéu & T1 va T2 (chiém 87,5%). Giai doan T1 di can hach
40%, T2 c6 75%, T3 c6 100%, khi giai doan cang tré thi ty
1€ di can hach cang cao.

Ty 1¢ di can hach cd trong amidan con cao nén can hoa
xa tri bd tro sau khi phau thuat d6i voi nhitng truong hop co
hach ¢b di can. Nhung truong hop ung thu giai doan sém
T1-T2 vAn nén nao hach ¢ chon loc do ty 1¢ hach ¢6 di can
am tham.
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Danh gia hiéu qua chwong trinh dao tao “Cap ciru so' sinh”
tai cac bénh vién cua tinh Ha Nam
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Tém tiit:

Nghién ctru nay nham danh gia hiéu qua ciia chwong trinh dio tao “CAp ciru so sinh” tai cac bénh vién ciia tinh Ha
Nam (truée sap nhap), véi trong tim la cai thién kién thire, k§ ning thwe hanh ciia nhin vién y té va giam thiéu ty
1¢ bénh tat cip ciru, tir vong & tré so sinh. Nghién ciru can thiép c6 so sanh trwéc sau dwoge thye hién trén 317 tré so
sinh <30 ngay tudi trong tinh trang cip ciru, diéu tri tai cac bénh vién thudc tinh Ha Nam tir thiang 6/2023 dén thang
6/2024. Pong thoi, 116 nhan vién y té (bao gdm bac sy, diéu duwdng va nir hd sinh) tham gia chwong trinh dao tao va
dwge danh gia sau dao tao trong cung thoi gian trén. Két qua cho thiy, sau chwong trinh dao tao, ty 1¢ tré so sinh
niing Ién va tir vong déu gidm (tir 2,3 xudng 0,9% va 0,7 xudng 0,6%), dong thi s6 ca chuyén tuyén dén Bénh vi¢n
Nhi Trung wong ciing giam (tir 16,9 xudng 8,2%). Du kién thirc 1y thuyét ciia nhin vién y té dwoc cai thién, ky ning
thwe hanh vin cin ning cao thém. Chwong trinh dio tao “Cip ciru so smh” da chirng minh tinh hiéu qua trong viéc
ning cao chét lwgng cham séc tré so sinh tai tinh Ha Nam. Tuy nhién, cin tlep tuc cac chwong trinh dao tao nay va
giam sat lién tuc dé dam bao tinh bén virng trong viéc cai thién k§ ning thyc hanh ciia nhan vién y té.

Tir khod: cap ciru so sinh, so sinh, tir vong.

Chi sé phin logi: 3.2, 3.5

Assess the effectiveness of the “Neonatal resuscitation” training programme
at hospitals in Ha Nam province
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Abstract:

This study aimed to evaluate the effectiveness of the “Neonatal resuscitation” training programme at hospitals in
Ha Nam province (before the administrative merger), focusing on the improvement of healthcare professionals’
knowledge and practical skills and the reduction in neonatal morbidity and mortality rates. A before-and-after in
terventional study was conducted on 317 neonates (<30 days old) in critical condition who were treated at hospitals
in Ha Nam province from June 2023 to June 2024. Additionally, 116 healthcare professionals (including doctors,
nurses, and midwives) participated in the training programme and were assessed after training during the same
period. After the training programme, the rates of neonatal deterioration and mortality decreased (from 2.3 to
0.9% and from 0.7 to 0.6%, respectively), along with a marked reduction in referrals to the National Children’s
Hospital (from 16.9 to 8.2%). Although theoretical knowledge among healthcare professionals improved, further
enhancement of practical skills is needed. The “Neonatal resuscitation” training programme proved effective in
improving the quality of neonatal care in Ha Nam province. However, continued training programmes and regular
supervision are essential to ensure sustainable improvement in healthcare professionals’ practical skills.

Keywords: mortality, neonatal resuscitation, neonate.

Classification numbers: 3.2, 3.5
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1. Dt van de

Thoi ky so sinh, kéo dai tir khi sinh dén 30 ngay dau doi,
1a giai doan quan trong nhat déi véi su sdng con cua tré [1].
Giai doan nay duoc chia thanh thoi ky rit som (sinh dén <24
gio), som (24 gio dén <7 ngay) va muon (7 ngay dén <28
ngay) [2]. Day 1a thoi diém tré d& gip nguy hiém nhét, voi
cac nguyén nhan tir vong hang diu bao gdm ngat va chén
thuwong lic sinh (29%), nhiém khuén (32%), sinh non hogc
nhe cin (24%) va di tat bam sinh (10%). Dang chii y, 36%
truong hop tir vong xay ra trong ngay diu tién va 76% trong
tuan dau tién [3, 4]. Do do, viéc cham séc kip thoi va hoi
stc so sinh dong vai trd quyét dinh trong giam tir vong &
nhém tudi nay.

Tai Viét Nam, mot s6 mé hinh can thi¢p da duoc trién
khai dé giam ti vong me va tré so sinh. Dac biét, chuong
trinh nang cao chit lugng cip ciru so sinh tai Lao Cai va
Hoa Binh (truéc sap nhap) di mang lai két qua dang ké.
Sau 2 nam can thiép, ty 1& cip ctru va chuyén tuyén so sinh
tai Lao Cai giam tir 6,3 xudng 3%, tai Hoa Binh giam tir 30
xudng 8,4% [5, 6].

Ha Nam cii, mdt tinh thudc ving Pong bang séng Hong,
hién dbi mat v6i nhiéu thach thue trong cham soc so sinh,
bao gdm han ché vé nhan luc va trang thiét bi y té. Ty 1é cap
ctru va chuyén tuyén so sinh ting cao, cho thiy sy can thiét
ctia viéc nang cao ning lyc cAp ctru so sinh tai ddy. Dya trén
khao sat thuc trang ndm 2022, chiing toi da to chiic cac 16p
tap huén vé “Cfip cliru so sinh” tai cac bénh vién trén toan
tinh Ha Nam tir thang 6/2023 dén thang 6/2024 nhim nang
cao kién thirc va k¥ nang thuc hanh cho nhén vién y té.

Vi véy chiing t6i tién hanh nghién ctru “Hiéu quéa cua
chuong trinh dao tao “Cép ctru so sinh” tai cac bénh vién
ctia tinh Ha Nam” v&i muc tiéu: (1) Panh gia thay doi kién
thirc, k§ ning ctia can bo y té Ha Nam sau ddo tao “Cép ciru
so sinh”, (2) Nhan xét két qua didu tri tré so sinh cip ctru
sau dao tao.

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

Déi twong: Nguoi bénh: 302 tré so sinh <30 ngay tudi
(tir thang 1/2022 dén 12/2022) va 317 tré so sinh <30 ngay
tudi (tir thang 6/2023 dén 6/2024) vao vién trong tinh trang
cép ctru, duoc diéu tri tai cac bénh vién thudc tinh Ha Nam.

116 nhan vién y té (bao gdm bac sy, diéu dudng, nit ho
sinh) Iam cong tac diéu tri va cham soc tré so sinh tai cac
bénh vién thudc tinh Ha Nam, tham gia chuong trinh dao
tao va dugc giam sat sau dao tao vé “Cép ctru so sinh” tur
thang 6/2023 dén thang 6/2024.
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DPia diem:

Bénh vién Pa khoa tinh Ha Nam va cic trung tim y té
cac huyén Thanh Liém, Duy Tién, Ly Nhan, Binh Luc, Kim
Bang... (trudc sap nhép).

2.2. Phwong phdp nghién ciru

Thiét ké nghién ciiu:

Nghién ctru can thi€p c6 so sanh trudc sau.

Phwong phap thuc hién:

Do tao tai chd két hop huéng dan thyc hanh truc tiép.
Quy trinh tién hanh cu thé:

- D6i v6i bénh nhan so sinh:

Céc tré so sinh <30 ngay tudi duoc sinh tai bénh vién
hodc nhap vién trong tinh trang cip ciru. Tiéu chudn cip
ctru (theo hudng dan cia Bo Y té va T chire Y t& Thé gidi)
bao gdm it nhit mot trong cac ddu hiéu sau: suy ho hép (the
nhanh >60 lan/phuat, thé rén, co rit 16ng nguc), suy tudn
hoan (tay chan lanh, thoi gian d6 diy mao mach >3 gidy,
mach nhanh nhd), ha than nhiét, co giat, s6t cao, xuat huyét,
n6n nhiéu, tiéu chay mét nuéc, ha dudng huyét, tim trung
wong va cac di tat can xir tri ngay 1ap tac [7, 8].

- Dbi véi can bo y té:

Céc 16p tap hudn vé “Cip ctru so sinh” duge td chic tai
Bénh vién Pa khoa tinh Ha Nam. T6 chtc va quan 1y cac
16p dao tao do S&'Y té tinh, Bénh vién Pa khoa tinh Hi Nam
phdi hop véi Ban quan 1y dé tai dam nhiém.

Thoi gian cho mbi 16p dao tao 1a 10 ngay, trong d6 co 3
ngay hoc 1y thuyét va 7 ngay thuc hanh. Qué trinh dao tao
cho 4 16p dao tao kéo dai trong 2 thang tir thang 6/2023 dén
thang 7/2023.

Giang vién 1a cac bac sy, didu dudng so sinh cua Bénh
vién Nhi Trung wong. Tai li€u giang day cua cac 16p dao tao
co ban dugc xdy dung riéng cho can bo y té tinh Ha Nam
trén co sd tai li¢u dugce cung cép ctia BO Y té va khao sat
thuc trang cip ciru tir vong so sinh, ciing nhu thuc trang vé
nhan lyc, trang thiét bi, thudc cua cac bénh vién trong tinh
Ha Nam. Viéc thyc hanh trén 16p duoc tién hanh trén mo
hinh va thuc hanh trén bénh nhan tai bénh vién cua tinh.
Nhém chuyén gia xay dung tai liéu l1a nhitng can b c6 kinh
nghiém lam sang va giang day trong linh vuc cham soc va
cAp ctru so sinh.

- Chuong trinh giang day bao gom:

+ Ly thuyét chung: 9 bai giang vé: hdi strc so sinh tai
phong sinh; on dinh tré so sinh sau hoi sttc, cham soéc so
sinh thi€t yéu, phat hién cac dau hiéu ning cua tré so sinh,



van chuyén an toan; mot sd bénh 1y so sinh hay gip nam
trong chwong trinh “Cép ctru so sinh co ban” theo Quyét
dinh s6 107 QD-K2DT ctia Bo Y té.

+ Thyc hanh: ¢6 ndi dung riéng cho bac sy, diéu dudng
va ho sinh.

Dbi voi didu dudng va ho sinh: Quy trinh k§ thuét co
ban hay gip trong cham soc so sinh: thé may; chiéu dén;
dat sonde da day cho tré so sinh; hut ndi khi quan; va thuc
hanh trén mé hinh k¥ thuét hdi sitc so sinh tai phong sinh.

Ddi vai bac sy: Ba quy trinh chinh: kham 14m sang cho
tré so sinh; dat ndi khi quan va cac ky thuat hoi stic so sinh
tai phong sinh.

Trudc va sau mdi 16p ddo tao, nhan vién y té duoc danh
gi4 qua cac bai kiém tra 1y thuyét va thyc hanh. Ly thuyét:
bo cau hoi danh gia 1y thuyét bao gdm 28 cau hoi véi noi
dung 1a nhitng kién thirc vé cham soc, cp ctru so sinh. Tong
diém 1a 20 diém. Thuc hanh: quy trinh hdi stc so sinh tai
phong sinh, quy trinh thu thuét cham sdéc thuong xuyén gép
trong cham soc va cip clru tré so sinh cia didu dudng va hd
sinh. Téng diém 1a 10 diém.

Cdc bién so nghién curu:
- Tré so sinh: gidi, dan tdc, can nang luc sinh, cach thic

sinh, tinh trang sau sinh, ngay tudi khi nhép vién, tinh trang
nhap vién.

- Cac bién sé danh gia hiéu qua cua chuong trinh dao
tao: tinh trang sau cép cuu (6n dinh, khong ddi, nang lén,
tir vong), ty 1& chuyén tuyén, diém dao tao 1y thuyét va thuc
hanh trudc va sau dao tao.

Xir Iy 56 liéu:

Dir liéu du’qc cap nhat, lam sach va nhédp vao phﬁn mém
SPSS 20.0 dé phan tich.

Dao dirc nghién curu:

Nghién ctru dd dugc phé duyét boi Hoi dong Y dic
Bénh vién Nhi Trung uong theo Quyét dinh s6 48/BVNTW-
HDDD. Pay la nghién ciru khong can thiép truc tiép 1én
bénh nhan ngodi quy trinh diéu tri chuin, nhung c6 can
thiép dao tao trén nhan vién y té. Cac phuong phap thu thap
dir liéu dugc thiét ké can than dé khong anh hudng dén sirc
khée hay an toan ctia bénh nhan, va thong tin ca nhan cua
ho duoc bao mat hoan toan.

3. Két qua

Trong thoi gian nghién ciru, trong nhom tré cip ctru tai
cac bénh vién tinh Ha Nam, tinh trang cua bénh nhan khi
nhap vién chi yéu 1a suy ho hap, tiép theo 1a sét, nén. Trén
70% tré c6 can nang so sinh >2500 g (bang 1).
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Bang 1. Bic diém chung ctia bénh nhan nghién ciru giai doan nim
2022 va giai doan tir thang 6/2023 dén 6/2024.

Niam 2022 Thang 6/2023-6/2024
Dic diém chung 37
: _ Ty ¢ _ 37/
n=302 %) n=317 Ty l¢ (%)
Nam 173 57,3 204 64,4
Gi6i
N 129 42,7 113 35,6
L <2500 g 69 22,8 33 26,2
Can nang
khi sinh
>2500 g 234 77,2 234 73,8
Sinh thuong 188 62,2 189 59,6
Cach thtre sinh
Sinh md 114 37,8 128 40,4
£ a2 <I ngay 215 71,2 196 61,8
SO ngay tudi
khi nhap vié
TIEP VIS ngay 87 288 121 382
Suy hé hip 154 51 192 60,6
Suy tudn hoan 13 43 7 2,2
Chay mau 19 6,3 1 0,3
Noén 41 13,6 12 3,8
Tinhtrang — pr hannhiet 10 34 9 2.8
nhap vién
Sét 27 8,9 26 8,2
Co giat 12 3,9 13 4,1
Di tat 11 3,6 15 4,7
Khac 170 56,2 180 56,8

Sau khi tap huén, chi c¢6 0,9% bénh nhan nang l1én va
0,6% bénh nhan tir vong sau khi dugc xur tri cép cuu tai
bénh vién tinh. So v&i nam 2022, ¢6 2 bénh nhan (chiém
0,7%) tir vong sau khi cip ctru tai bénh vién tinh. Su khac
biét khong c6 y nghia thong ké (p>0,05). Hai truong hop tir
vong sau tip hudn déu 14 hai tré ngat ning, c6 suy thai trudc
khi sinh. Hai tré nay da dwoc cép ciru tai phong sinh 30-40

phut nhung khong co tim tro lai.

Trong thoi gian nghién ciru, sau khi tip hudn, sb bénh
nhan phai chuyén tuyén dén Bénh vién Nhi Trung wong
giam r0 rét, con 26 bénh nhan, chiém 8,2%, thép hon so voi
nam 2022 (16,9%). Su khac biét c6 y nghia thong ké véi
p=0,001 (bang 2).
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Bang 2. So sanh két qua xtr tri cAp ctbu bénh nhan so sinh, ty Ié
chuyén tuyén trwéc va sau khi dwoc tap huan dao tao.

::;g:c tp Sau tip huin
Pic diém p
n % n %
On dinh 227 752 229 72,2
Tinh trang bénh Khong ddi 66 21,8 83 26,2
nhan LA
Ninglén 7 23 3 0,9
Tu vong 2 0,7 2 0,6
Bénh nhan chuyén  Chuyén 51 169 26 8,2
Bénh vién Nhi = 0,001
T Khéng 251 83,1 289 91,8

Str dung phuong phap so sanh théng ké véi gia tri cua
p cho théy, kién thirc cua tat ca cac hoc vién 1a bac sy, didu
dudng va ho sinh & ca 2 tuyén tinh va huyén déu ting lén
sau dao tao (bang 3).

Bang 3. Phan tich sw khac biét vé diém trung binh ly thuyét trwéc
va sau khéa hoc giira bénh vién cac tuyén va giira cac déi twong.

Doi twgng n  Min Max MeantSD p

Bénh vién tuyén tinh

Bic s§ Tru6e dao tao 7 10,6 19 13,6+3,01

0,028

Sau dao tao 7 158 19 17,7+£1,07
Truéc dao tao 11 1 16,8  9,6+4,09

Diéu dudng 0,001
Sau dao tao 11 145 18 17+1,09
Truée dao tao 3 15,7 16,6  16,1+0,37

Ho sinh 0,135
Sau dao tao 3 17 18 17,5+0,41

Bénh vién tuyén huyén
Truéc daotao 32 6,3 16,7 10,7£2,18

Béc sy 0,001
Sau dao tao 32 94 16,7 13,1+£2,36
Truée daotao 39 4,2 14,2 9,4+2,08

Diéu dudng 0,001
Sau dao tao 39 7 17,9  14,1£2,51
Truéc dao tao 24 42 14,7 9,9+2,79

Ho sinh 0,017
Sau dao tao 24 84 18,6  14,1+2,51

Ci 2 tuyén trén 3 doi twong (bdc sy, diéu dudng, niv ho sinh)

Chung (Tdt  Trudc daotao 116 1 19 10,3+2,91
ca cac dbi 0,034
tuong) Sau dao tao 116 7 19 14,4+2,58
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V6i tong diém thyc hanh 1a 10 diém, diém trung binh
vé thuc hanh cua tit ca cic hoc vién & mic trung binh, thap
nhat 1a 5 diém, cao nhit 1a 6,5 diém. Khong c6 su khac biét
1o rét gilta cac nhom hoc vién (bang 4).

Bang 4. Biém trung binh vé thwc hanh ciia cac nhan vién y té sau
khéa hoc (n=116).

Két qua  Bénh vién tinh Bénh vién huyén oy
a
thue Piéu  Hp Diéu £
N P ¢ oD b si tuyén
hanh Bdc sy GG O Bac sy A H¢ sinh tay
S0 hoc 1 3 32 39 24 116
vien
DPiém
+ + = =+ + +H He
TRegp 0402 57:0.6 58:02 605 56+04 57£03 58£03
Min - 6-65 5565 556 5565 56 5-6
Max

Ty 1é dat cac k¥ ning cap clru cia cic nhan vién y té tai
bénh vién tinh cao hon cac bénh vién huyén, nhin chung ty
1& van con thép. Vi vay can phai lién tuc cap nhat, nang cao
k¥ ning thuc hanh cho cac bac sy, diéu dudng va ho sinh
trong toan tinh (bang 5).

Bang 5. Diém thwc hanh theo nhém cla cac nhan vién y té sau
khéa hoc (n=116).

Bénh vién

Keét qua Bénh vién tinh N Ca 2 tuyén

Ty l¢ dte,m phan % n % n %

theo nhom

Dat 13 61,9 40 42,1 53 45,9

Chua dat 8 38,1 55 57,9 63 54,3

Téng 21 100,0 95 100,0 116 100,0
4. Ban luan

Nam 2022 ¢6 302 ho so va tir thang 6/2023 dén thang
6/2024 c6 317 hod so bénh nhan cép ctru du tiéu chuén lua
chon dugc dua vao phén tich. Cung véi do, két qua dao tao
ctia 116 nhan vién y té cling dugc thu thap. Theo do, két qua
nghién ctru cho thay trong thoi gian nay, trong nhom tré cap
ctru tai bénh vién tinh Ha Nam, tinh trang cua bénh nhan khi
nhap vién cha yéu 1a suy ho hap (chiém 60,6%), tiép theo la
sot chiém 8,2%. 73,8% la tré ¢6 can ndng so sinh >2500 g.
Nhin chung, m6 hinh bénh tat cua tinh Ha Nam trong thoi
gian tir thang 6/2023 dén thang 6/2024 tuong ty véi mo hinh
bénh tat cia nam 2022 da dugc bao cao trudc do [9].

Nghién ctru cia chiung t6i da chi ra hiéu qua 10 rét cua
chwong trinh ddo tao “Cap ciru so sinh” tai tinh Ha Nam, dic
biét 1a trong viéc cai thién kha nang xu tri cic tinh huéng
cép ciru va giam ty 16 tir vong & tré so sinh. Két qua nghién
ctru cho thdy, mic du trang thiét bi y t& khong thay doi, co
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s& vat chat nhu cii, nhung sau khi ap dung chuong trinh
dao tao, khong chi ty 1¢ bénh nhan ning 1é€n hoac tir vong
giam di (tir 0,7 xudng 0,6%), ma ty 1¢ bénh nhan can chuyén
tuyén 1én Bénh vién Nhi Trung wong ciing giam manh tir
16,9 xudng 8,2%. Diéu nay nhan manh tim quan trong ciia
viéc dao tao nang cao nang lyc cap clru tai chd, tir 6 giup
giam ganh ning cho cac bénh vién tuyén trén va cai thién
két qua diéu tri cho bénh nhan.

So véi cac nghién cuu trudce do tai cac dia phuong khac
nhu Lao Cai va Hoa Binh, noi ma cac chuong trinh can
thi€p tuong tu da duogc trién khai, két qua tai Ha Nam tuong
tu v4i sy giam thiéu déng ké ty 1 chuyén tuyén va cai thién
tinh trang sirc khoe cua tré so sinh [5, 6]. Diéu nay cho thy
mo hinh do tao ciia chuong trinh c6 hiéu qua va co thé ap
dung ¢ céc dia phuong tuong tu.

Mot diém dang chii y 1a s khac biét giira cac nhoém nhan
vién y t& & cac bénh vién tuyén tinh va huyén trong viéc
nang cao kién thirc va k¥ ning sau khoa dao tao. Két qua
cho théy, kién thic cua cac bac sy, diéu dudng, ho sinh tai
ca hai tuyén tinh va huyén déu tang 1én sau dao tao, voi gia
tri p<0,05, cho thdy su khac biét ndy c6 ¥ nghia thong ké.
Tuy nhién, diém thuc hanh cta cac nhém van con & mire
trung binh, vdi su chénh Iéch nho gitta cac tuyén bénh vién.
Diéu nay goi ¥ rang, mic du khoa dio tao d giup ning cao
kién thirc 1y thuyét, viéc cai thién k¥ nang thyc hanh can
phai duoc tiép tuc va co thé yéu ciu cac khoa dao tao bd
sung, hodc gidm sat thuong xuyén hon. Hon nira, nghién
ctru ny dit ra mot cdu hoi quan trong vé tinh bén vimg cia
nhitng cai thién dat dugc sau tap huan. Bé dam bao su tiép
tuc tién b trong linh vuc cép ctru so sinh, can c6 su hd trg
lién tuc tir phia chinh quyén va cac to chirc y té, nhim dam
bao rang cac nhan vién y té tai moi cap d6 déu dugc trang bi
day du kién thirc va k¥ ning dé ddi phé véi cac tinh hubng
khan cip. Viée tiép tuc du tu vao dao tao va nang cao ning
luc cho nhan vién y té 1a chia khoa dé duy tri va nang cao
nhiing két qua da dat dugc, gop phan giam thiéu nguy co tir
vong va bién chimg nghiém trong & tré so sinh, dic biét 1a &
cac khu vuce ¢6 diéu kién y té han ché.

Nhitng han ché cta nghién ctru bao gdm viéc khong c6
nhom d6i chimg dé so sanh, cling nhu viéc str dung miu
thuan tién c6 thé lam giam tinh tong quat cta két qua. Vi
véy, chung t6i khong thé khing dinh chic chin mébi quan
hé nhan qua giita chuong trinh dao tao va két qua 1am sang,
ma chi ¢6 thé dua ra gia dinh dya trén mdi tuong quan quan
sat duogc.
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Trong tuong lai, cac nghién ctru tiép theo nén tap trung
vao viéc danh gia dai han hiéu qua cua cac chuong trinh dao
tao ndy, ciing nhu tim hiéu cac yéu té anh huong dén kha
nang tiép thu va ap dung kién thirc cia nhan vién y té. Piéu
nay sé& gitp t6i uru hda cac chuong trinh dao tao va dam bao
tinh bén vitng cua nhiing cai tién trong chim soc strc khoe
tré so sinh tai cac dia phuong c6 diéu kién y té twong tu.

5. Két luan

Chuong trinh dao tao “cép ctru so sinh” dé cho thay hiéu
qua bude dau trong viéc cai thién chit luong chim soc so
sinh tai tinh Ha Nam. Tuy nhién, dé dam bao tinh bén viing,
can tiép tuc cac chuong trinh dao tao bd sung va giam sat
thudng xuyén nham nang cao k¥ ning thyc hanh cta nhan
vién y té.
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Thyre hanh tudn thi diéu tri dy phong truge phoi nhiém HIV
¢' nam quan hé tinh duc dong gidi tai Thanh Hoa
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Tém tit:

Muc tiéu: M ti thue hanh tuan thi diéu tri dy phong trwée phoi nhiém HIV ciia nam quan hé tinh duc dong giéi
(Men who have sex with men - MSM) tai tinh Thanh Hoéa nim 2024. Phuwong phap nghién ciru: M ti cit ngang
dwoe tién hanh véi 374 nam gi6i tir 16 tudi tré 1én, ¢é quan hé tinh duc dong giéi dang sir dung dich vu diéu tri du
phong truéc phoi nhiém HIV (PrEP) tir thiang 4/2024 dén thang 6/2024. Két qua cho thay, 21,2% MSM sir dung
PrEP tir 12 thang tré 1én. Trong d6, 87,2% MSM sir dung PrEP két hop véi viéc dung bao cao su khi quan h¢ tinh
duc; c6 2,9% MSM quén udng thuéc PrEP trong mdt thang; c6 81,8% MSM quén thudc trong vong 1 dén 7 ngay
va 18,2% MSM quén thudc trén 7 ngay. Bién phap nhic udng thudc phé bién 1a dit chudng bao thirc (90,9%) va
1én lich udng thudc (72,7%). Khi gip tac dung phu, 91,4% MSM di thong bio cho nhan vién phong kham PrEP.
Két luan: Thuc hanh tun thi diéu tri du phong truée phoi nhiém HIV ciia MSM con thap. Vi vy, cin ting cuong
truyén thong dé duy tri tinh bén virng véi MSM sir dung PrEP.

Tir khod: diéu tri dy phong trwée phoi nhiém HIV, nam quan hé tinh duc dong giéi, Thanh Héa, tun thi diéu tri.

Chi s6 phén loai: 3.3, 3.5

Adherence to HIV pre-exposure prophylaxis among
men who have sex with men in Thanh Hoa province

Phong Tuc Vu'*, Xuan Khanh Bui? Thi Phuong Tran'

Thai Binh University of Medicine and Pharmacy, 373 Ly Bon Street, Tran Lam Ward, Hung Yen Province, Vietnam
’Thanh Hoa Centre for Disease Control, 474 Hai Thuong Lan Ong Street, Dong Quang Ward, Thanh Hoa Province, Vietnam
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Abstract:

Objectives: To describe adherence to HIV pre-exposure prophylaxis among men who have sex with men (MSM) in
Thanh Hoa province in 2024. Methods: A cross-sectional study was conducted among 374 men aged 16 years and
older who had sex with men and were using HIV pre-exposure prophylaxis (PrEP) services from April 2024 to June
2024. Results showed that 21.2% of MSM had used PrEP for 12 months or longer. Among them, 87.2% of MSM
used PrEP in combination with condom use during sexual intercourse; 2.9% of MSM reported forgetting to take
their PrEP medication in the past month. Among those who missed doses, 81.8% forgot to take their medication
for 1- 7 days, and 18.2% for more than 7 days. Common reminder methods included setting alarms (90.9%) and
scheduling medication times (72.7%). When experiencing side effects, 91.4% of MSM reported them to PrEP clinic
staff. Conclusions: Adherence-related practices still require strengthening in some areas. Therefore, communication
interventions should be strengthened to ensure sustainable PrEP use among MSM.

Keywords: HIV pre-exposure prophylaxis, men who have sex with men, Thanh Hoa, treatment adherence.

Classification numbers: 3.3, 3.5
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1. Ddt van de

Diéu tri du phong trude phoi nhiém HIV bing thudc
ARV (PrEP) duoc giodi thiéu lan dau tién tai Viét Nam vao
dau nam 2017. Tiép theo, BO Y té da ban hanh Ké hoach
diéu tri PrEP giai doan 2018-2020 vao nam 2018 [1]. Bén
nay, toan qudc hién c6 trén 200 co sé PrEP tai 29 tinh, thanh
phd véi lity tich hon 67.000 khach hang tham gia PrEP. Hién
nay, hinh thai dich HIV/AIDS ¢ Viét Nam chuyén sang lay
truyén chi yéu qua duong tinh duc va nhém MSM dugc coi
la nhom nguy co chinh gy dich [2]. Chinh phu da phé duyét
Chién luoc quéc gia chdm dut dich bénh AIDS vao nam
2030, trong d6 mot trong nhitng muc ti€u la “ty 1¢ nguoi
MSM duoc diéu tri du phong trude phoi nhim HIV bing
thudc ARV dat 30% vao nam 2025 va 40% vao nam 2030”
[3]. Trong b6i canh HIV/AIDS van la van dé y té mang
nhiéu thach thirc, viéc mé rong chuong trinh diéu tri PrEP
dugc coi 1a mot trong nhiing giai phap chién lugc gop phan
giam cac trudong hop lay nhiém HIV méi, trong d6, dic biét
lwu ¥ t6i viée tudn thu diéu tri ctia nguoi tham gia PrEP.

Song cho dén nay van con it nghién ctru vé van dé nay.

Tuén thu diéu tri cua ngudi bénh nhidm HIV/AIDS la
mutrc d§ nguoi bénh thuc hién dang theo cac chi dinh cta
nhan vién y té trong qua trinh diéu tri. Tai tinh Thanh Hoa,
PrEP dugc trién khai tir ndm 2020 tai 3 co s& y té tu nhan.
Tinh dén d4u nam 2024, Thanh Hoéa c6 khoang 12.000
nguoi MSM nhung méi chi cé khoang 6% trong nhdém nay
dang tham gia vao cac hoat dong can thi¢p giam tac hai du
phong lay nhiém HIV, téng s6 khach hang dang sir dung
dich vu PrEP chi méi dung lai & con s6 1.838, song viéc
tuan thu diéu tri cia nhom ngudi bénh nhiém HIV/AIDS sir

dung PrEP chua dugc dé cap mot cach dﬁy du [4].

Xuit phat tir thuc té néu trén, chung toi di tién hanh dé
tai nghién ctru voi muc tiéu: mo ta thuc hanh tuan thu diéu
tri du phong trudc phoi nhiém HIV ctia MSM tai tinh Thanh
Hoa nam 2024.
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2. Boi tugng va phuong phap nghién ciiu
2.1. Poi twong, dia diém, thoi gian nghién ciru
Déi tiwgng nghién ciru: Nam quan hé tinh duc dong gidi.

Tiéu chudn lwa chon: Nam quan h¢ tinh duc déng gidi
dang str dung dich vu diéu tri du phong truéc phoi nhidm
HIV (PrEP), tir 16 tudi tro 1én, c6 di sirc khoe va ty nguyén

ddng y tham gia nghién ciru.

Pia diém nghién ciru: Nghién ctiru dugc thyc hién tai 3
o 6y té tw nhan d trién khai cung cip PrEP tir ndm 2020
tai Thanh Hoa, bao gdm: Phong kham 246 Hai Thuong Lin
Ong, Phong khdm 116 Dinh Céng Trang, Phong kham 161
Quang Trung.

Thoi gian nghién ciru: Nghién ctru duge tién hanh tir
thang 4/2024 dén thang 6/2024.

2.2. Phwong phap nghién ciru
Thiét ké nghién ciru: Nghién ciru mo ta cit ngang.
C& mau va chon mdu:

- C& miu: Ap dung cong thirc tinh c& mau cho mét ty 1¢

trong quén thé nhu sau:
1-P
nzle—a/z X p(dz )
trong do: n: co mau téi thiéu cho nghién ctru; Z: d6 tin cay
ldy & ngudng xac suat a=5% (Z=1,96); p: ty 1é d6i tuong
MSM tuén thu diéu tri PrEP (1ay p=0,70 [5]); d: sai s6 tuyét
dbi (1ay d=0,05).

Thay vao cong thirc trén tinh duge n=323 MSM, b6 sung
15% du phong s6 MSM bo cudc nén mau tinh toan la: n =
323 +(323x15%) = 374 nguoi.

- Chon mau: Tinh dén dau niam 2024, s khach hang
dang st dung PrEP tai Thanh Hoéa 1a 1.838. Nhom nghién
ctru da ap dung phuong phap chon mau thuén tién khi MSM
dén tai kham va nhan thuéc PrEP. Ngudi diéu tra thu thap
thong tin 1a cac can bd ctia Trung tam Kiém soat Bénh tat
Thanh Hoéa. Cac can bd didu tra déu co kinh nghiém thu

thap thong tin phuc vu cho nghién ctru khoa hoc, dugc tap
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huén day da vé ndi dung va muc tiéu nghién ctru, phuong
phap phong van dé nhan duogc cau tra 161 chan thuc, chinh
xéac. Nguoi tham gia nghién ctru duoc kiém soat dé dam bao

khong bi lay s6 liéu 2 lan.

Trong thoi gian 3 thang diéu tra s6 liéu, chon MSM dau
tién dén kham du tiéu chuan tham gia cho dén khi du ¢& mau

theo tinh toan o trén.
Cong cu thu thdp thong tin:

Str dung bo phiéu phong van c6 cau triic cho MSM dang
st dung dich vu PrEP. Phiéu khao sat y kién MSM st dung
dich vu PrEP duoc xdy dung dua trén mau s6 2, ban hanh
kém theo Quyét dinh s6 3869/QD-BYT ngay 28/8/2019 ciia
B0 Y té vé Ban hanh cac miu phiéu va hudng dan khao sat

hai 1ong ngudi bénh va nhan vién y té [6].

Bién s6 nghién ctru bao gdm cac yéu t6 vé nhan khau
hoc, thu nhap cua ddi twong nghién ctru va cac ndi dung
thuc hanh diéu trj dy phong trudc phoi nhidm nhu: thoi gian
su dung thudc diéu tri, su két hop thudc va st dung bao cao
su khi quan h¢ tinh duc, xur tri khi gdp tac dung phu cia

thude.
2.3. Phuwong phdp xir Iy so liéu

S6 lidu dugc kiém tra va 1am sach bE“mg chuong trinh
Epidata 3.1, str dung chuwong trinh SPSS 20.0 dé phén tich
va xur 1y sb lidu. Cac két qua dugc biéu thi dudi dang sb

lwong va ty 1¢ phan tram.
2.4. Dao dirc nghién ciru

Nghién ctru dugce thuc hién theo Quyét dinh thong qua
dé cuong nghién ctru s6 540/QD-YDTB ngay 12/3/2024
cua Truong Pai hoc Y Dugc Thai Binh. Sy tham gia cia
MSM 14 hoan toan ty nguyén. MSM dugc giai thich rd vé
muc dich nghién ctru. Cac thong tin thu thap dugc chi phuc

vu cho muc dich nghién ctru.
3. Két qua

Két qua bang 1 cho thiy, MSM chu yéu & d6 tudi 16-29
(70,6%), trinh d6 hoc vén tir trung cip tro 1én chiém 39,4%.
Pa s6 MSM dang ¢ tinh trang doc than (74,7%). Hon mot
ntta MSM 1a cong nhan (54,3%), véi muac thu nhap ca nhan
hang thang 5-10 tridu dong (58,6%).
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Bang 1. Dic diém chung cta déi twong nghién clru (n=374).

Théng tin chung S6 lwgng T 18 (%)
Nhom tusi

16-29 tudi 264 70,6
30-39 tudi 94 25,1
>40 tudi 16 4.3
Trinh dé hoc vin

Chua tirng di hoc 17 4.5
Tiéu hoc (16p 1-5) 4 1,1
Trung hoc co so (16p 6-9) 51 13,6
Ph thong trung hoc (16p 10-12) 155 41,4
Trung cép, cao déng, dai hoc... 147 39,4
Tinh trang hon nhin

Doc than 279 74,7
Kéthon 45 12,0
Ly than 12 32
Ly di 36 9,6
Goa bya 2 0,5
Nghé nghiép

Nong dan/tho thu cong 49 13,0
Cong nhan 203 54,3
Cong chtre/vién chirc 68 18,2
Hoc sinh/sinh vién 47 12,6
Thét nghiép 7 1,9
Thu nhdp cd nhin hang thang

Dudi 5 triéu 38 10,2
Tir 5 dén dudi 10 trigu 219 58,6
Tur 10 tridu dén duéi 15 triéu 74 19,8
Trén 15 tri¢u 43 11,4

Két qua bang 2 cho théy, ¢6 26,2% ngudi mdi st dung
PrEP duéi 6 thang, 38,8% nguodi st dung PrEP tr 6 thang
dén dudi 12 thang. Trong 1 thang qua, c6 87,2% dbi tugng
nghién ctru sir dung PrEP két hop vdi viée ding bao cao su

khi quan h¢ tinh dyc.



Bang 2. Th&i gian stv dung thubc PrEP va két hop duing bao cao su
(n=374).

Noi dung S6 lwgng Ty 1€ (%)
Théi gian sir dung thuéc PrEP

Dudi 6 thang 98 26,2

6 thang - dudi 12 thang 145 38,8

12 thang - dudi 24 thang 79 21,2

Trén 24 thang 22 5,8
Khong nhé 30 8,0

Két hop PrEP va sik dung bao cao su

Co 326 87,2
Khong 48 12,8

Két qua bang 3 cho théy, chi ¢6 2,9% MSM quén udng
thuéc PrEP trong mot thang. Trong d6 9/11 MSM quén
thudc trong vong 1 dén 7 ngay. Véi MSM quén thude trong
vong 1 dén 7 ngay, 9/9 MSM di udng ngay khi nh¢ ra,
nhung c6 t6i 4/9 MSM dé ubng qua 2 vién vao ngay dau sau
quén thudc va 2/9 MSM khéng udng nhu binh thudng vao
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Két qua bang 4 cho thiy, trong s6 11 dbi tuong quén
uéng thudc, bién phap nhic uéng thudc phd bién la dat
chuéng bao thirc (90,9%) va 1én lich udng thube (chiém
72,7%). Chi c6 2/11 ngudi cho biét ho khong lam gi dé nhéc
viéc udng thudc.

Bang 4. Cac bién phap nhac nhé udng thuéc (n=11).

Bién phép nhic udng thudc S6 Iwong TV 18 (%)
Lén lich udng thuée 8 72,7
bit chudng bao thirc 10 90,9
Nho ngudi hd tro diéu tri nhic nho 3 45,5
2 18,2

Khong lam gi

Két qua bang 5 cho thdy, c6 84,5% MSM khong thdy tac
dung phu cta thudc. Trong do, tic dung phu hay gip nhat
1a hoa mat, chéng mat (10,7%), budn noén/nén (7,2%). Cach
xUr tri phd bién cua dbi twong nghién ctru khi gdp tac dung
phu 1a thong bao cho nhan vién phong kham PrEP (91,4%).
Bang 5. Tac dung phu cuta thudc gip phai va xi tri (n=374).

- . A 2 oA X . 4~  Noidung Solwgng Ty 18 (%)
nhitng ngay sau. V&i quén thudc trén 7 ngay, 1/2 nguoi da
tiep tuc uong khi nhd ra, dong thoi thong bao cho can by y — Tde dung phu gdp trong mgt thang qua
te tai phong kham PrEP dé tu van lai. N&i mén 8 2.1
Bang 3. Thwc trang quén thubc va xtr tri quén thubec. Budn nén/nén 27 72
Noi dung S6 lwong  T§ 18 (%) Tiéu chay 4 1,1
Quén thuoc (n=374) e T 9 24
Co 11 2,9 :
Pau dau 23 6,1
Khong 363 97,1
. . Hoa mit, chong ma 4 1
Sé ngay quén thude (n=11) 0a mat, chong mat 0 0,7
Tur 1 dén 7 ngay 9 81,8 Khéng thdy tac dung phu 316 84,5
Trén 7 ngay D 18,2 Xie tri khi gap tic dung phu ciia thuéc
Xii tri quén thuéc trong vong tiv 1 dén 7 ngay (n=9) Thong bao cho phong kham PrEP 53 91,4
) Co 9 100 ———
Ubng ngay khi nhé ra Ty di kham tai co so y té 5 8,6
Khong 0 0
Khong uéng qua 2 vién/ngay diu Co 4 44.4 4.Ban |llil“
sau khi quén thudc A z ) n , . z N, -,
Khong 3 336 Keét qua nghién ctru nay cho thay, phan 16n MSM da st
Nhitng ngdy sau uéng nhu binh €0 7 778 dung dich vy PrEP duy tri thoi gian trén 6 thang, trong do6
i Khong 2 222 6 60% ddi twong st dung PrEP tir 6 thang dén dudi 2 nam.
Xir tri quén thuéc trén 7 ngay (n=2) Nhu vay, phan l6n MSM la céac khach hang da st dung PrEP
3 o o 1 50 dugc mot thoi gian kha dai, ngay tir nhitng ngay dau dich
Tieép tuc uong khi nh ra Knong 1 s vu nay duoc trién khai tai Thanh Héa vao nim 2020. Ty 1é
cd ' “© tham gia diéu tri PrEP trong nghién ctru nay cao hon trong
O 4 ] 0 é tai o A 4 . < . 7. , \ ~
Untinglitts G em gy i il nghién curu tai Bac Giang véi 59,2% khach hang da ngung
phong kham PrEP dé tu van lai Khong 1 50
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Thong thuong, ngudi diéu tri khong phai dung PrEP sudt
doi. Thay vao dé can c6 mot chuong trinh ma bac sy lam
viéc truc tiép véi ting ca nhan dé c6 duoc thoa thuan déng
¥ cta ca nhan d6 voi bac sy khi mudn gia han don thudc.
Trong nhiéu trudng hop, hoan canh sdng thay doi, nguy co
nhiém HIV ¢6 thé mat di hodc dugc han ché tdi da, mdi ca
nhan c6 thé thao luan vdi bac sy vé nhu cau ding thudc
PrEP trong khoang th0’1 gian phu hop. Véi nhiing ngu0’1 o
nhing thoi diém mubn ngung dung thudc PrEP can tham
khao ¥ kién cua bac sy dé co phuong an phii hop nhat, dam
bao an toan cho suc khoe [8].

C6 87,2% MSM sir dung PrEP két hop voi viéc ding
bao cao su khi quan hé tinh dyc. Két qua nay cao hon so
v6i két qua trén nhom MSM tai TP Hué nam 2020 [9]. Trén
thuc té, viéc diéu tri du phong trudce phoi nhidm HIV ¢
kha nang lam giam nguy co mic bénh, tuy nhién véi nhitng
truong hop khong str dung bao cao su, kha ning 1ay nhiém
van c6 thé xay ra. Viéc diéu tri du phong trudce phoi nhiém
chi ho trg du phong 1ay nhiém HIV chir khong c6 kha ning
du phong cho cac bénh lay truyén khac nita. Ding bao cao
su khi quan hé tinh dyc giup phong tranh 1y nhiém khong
chi HIV, ma ca vdi cac bénh 1ay truyén qua duong tinh duc
khac nhu sui mao ga, 1au, giang mai... Do do, viéc diéu tri
du phong trudc phoi nhidm can duge két hop véi viée sir
dung bao cao su khi quan h¢ tinh duc, dé tdi uu kha nang
bao vé co thé tranh 1ay nhiém HIV nhu da dugc huéng dan
khi str dung PrEP theo tai liéu qudc gia [8].

Két qua nghién ctru cho biét, chi c6 2,9% MSM quén
ubng thudc PrEP trong mot thang qua; thap hon 14,9%
MSM quén thudc trong vong mdt thang ciia nghién ctru tai
Trung tdm Y t& Tir Liém, Ha No6i ndm 2012 [10]. Trong s&
11 MSM quén udng thudc PrEP, c6 81,8% la quén thudc
trong vong 1 dén 7 ngay, va 18,2% quén thudc trén 7 ngay.
Céch xir tri dung nhat d6i véi quén thude trong vong 1 dén
7 ngay la uéng ngay khi nhé ra va 100% MSM da thuc
hién diéu nay. Ty 1¢ nay cao hon ty 1& 80% bénh nhan HIV
thyc hanh ding khi quén uéng thuc & nghién ctru tai Ha
No6i ndm 2012 [10]. Nhung nghién ctru ciing cho théy, c6
t6i 55,6% da udng qua 2 vién vao ngdy dau sau quén va
22,2% khong udng nhu binh thuong vao nhitng ngay sau.
V6i nhimg trudong hop quén udng thude nhiéu hon 7 ngay,
chi 50% ngudi tiép tuc udng khi nhé ra, déng thoi thong
bao cho can bd y té tai phong kham PrEP dé tu van lai. Hoat
dong truyén thong tu van nén tap trung huO’ng dan vé xir
tri khi quén thudc dé dam bao duy tri tot nhit tac dung cua
diéu tri.

Trong sb 11 MSM quén ubng thudc trén tong sb 374
MSM thi cic bién phap nhic udng thudc phd bién la dat
chuéng bao thic (chiém 90,9%) va 1én lich udng thudc
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(chiém 72,7%). Két qua nay cao hon nghién ctu tai Trung
tam Y té Tur Liém, Ha Noi nam 2012 c6 82,6% dat chudng
bao thirc va 64,5% lén lich udng thude dé hd trg thuc hanh
viéc tudn thu didu tri. Vi két qua nay, giai phap quan trong
dé t6i wu hoa hiéu qua chwong trinh diéu tri PrEP la phai
tang cuong kién thuc vé diéu tri PrEP. D6 ciing 1a dé xuit
cua tac gia S. Sun sau khi thyc hién nghién ctru vé su san
sang va tudn thu diéu tri PrEP trén 622 MSM tai Trung Quc
(2021) [11]. Mot s6 nghién ciru gan day cho thdy mbi quan
hé hai chiéu gilta tuan tha diéu tri va chét luong cudc séng
O nguoi bénh dang diéu tri ARV, dic biét trong nhém nam
quan hé dong giGi [12]. Tudn tha diéu tri t6t khong nhimng
gop phan cai thién két qua diéu tri PrEP, ma con nang cao
chét lugng séng cua nhom MSM. Nguoc lai, chét luong
cudc song ciing anh huong dén viée tuan thu diéu tri, nhiing
nguoi co chét luong cudc séng tdt hon, thu nhdp ¢ muc
trung binh kha c6 kha ning tuan tha diéu tri cao hon.

C6 84,5% MSM khong thiy tac dung phu nao khi uéng
thudc PrEP trong mot thang qua. Tac dung phu cua thude
PrEP ma MSM thuong gip 1a hoa mat, chong mit (10,7%),
thip nhat 1a tiéu chay (1,1%). MSM gip phai tac dung phu
1a nhitng nguodi méi tham gia diéu tri PrEP trong vong 1 dén
3 thang. Cac tadc dung phu nay thuong nhe, thodng qua hoac
kéo dai trong vai ngay hodc vai tudn, nhung thudng khong
qué 1 thang nén khong can ngimg sir dung PrEP.

Céc thude diéu tri HIV ¢6 tac dung Grc ché sy nhan 1én
cua virus va gitt cho ham lugng virus trong mau chi duy tri
O muc thép Thubc ciing ¢6 tac dung khoi phuc mién dich
ctia co thé, 1am giam nguy co bi cac nhiém tring co hoi,
tir 46 gop phan cai thién chat luong séng ciia ngudi nhiém
HIV. Tuy nhién, bén canh nhirng tac dung diéu tri ma thudc
mang lai, ngudi ding van c6 thé gip phai mot sb tac dung
phu nhu: budn nédn, tiéu chay, dau dau, dau bung, ndi ban
ngua, thiéu mau, té bi... C6 thé ap dung mot s6 cach khi
dung thudc dé giam bét tic dung phu, nhu udng thude sau
khi an, ding thubc chdng nén trude khi udng thudc ARV.
V6i triéu chung tiéu chay xay ra khi dung thudc, & mirc do
nhe nguoi bénh co thé uéng oresol dé bu nuége, dién giai.
V6i nhitng nguoi c6 biéu hién tiéu chay nang c6 thé phai
truyén dich va di kém thudc diéu trj tiéu chay. Néu nguoi
nhiém HIV bi tic dung phu dau dau sau khi dung thudc
ARV, thi ding thudc giam dau co ban nhu paracetamol. Vi
truong hop bi dau bung ¢6 thé dén co s y té dé duoc chan
doan va xu 1y kip thoi, tranh nhitng bién chimg bét loi cho
suc khoe [13].

Tac dung phuy nita ciia thudc ARV 1a kha ning gay di ing
cho ngudi ding nhu xuit hién ban do6 rai rac trén da, cam
gidc ngira, kho chiu... Véi cac triéu chimg nay c6 thé dung
thudc khang histamin dé diéu tri. Tuy nhién, cac trudng hop
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ning hon phai 1ap tirc ding thude va dén ngay céc co so
y té. Nguoi dung thudec ARV ciing c6 thé bi cam giac hoa
mét, chong mat do mot sb loai thubc ARV co thé gay uc
ché tiry xuong, 1am giam kha ning sinh hong cau, giy ra
chung thiéu mau. Nhing triéu chimg nay c6 thé xuit hién
sau thoi gian dau diéu trj ARV. Dé cai thién trigu ching
thiéu mau sau khi dung thudc, ngudi bénh c6 thé ding kém
theo vitamin B12, axit folic, vién st... [13].

Thubc diéu tri HIV ciing rat doc voi gan. Tén thuong
gan 1a mot bién ching kha nghiém trong va thuong xuyén
xay ra ¢ nhitng bénh nhén diéu tri HIV bang thudc ARV. Cac
dau hiéu ton thuong gan bao gdm: dau bung, nudc tiéu sim
mau, vang da, phan bac mau hodc mau nau den... Ngoai ra,
n6 c6 thé gay huy hoai té bao gan va lam ting men gan. Can
ngimg thube néu co ting men gan gap 5 1an binh thuong.

Céch xur tri phd bién cua dbi twong nghién ctru khi gip
tac dung phu cta thudc PrEP 12 thong bao cho nhan vién y té
tai phong kham PrEP dat 91,4%, chi c6 8,6% la tu di kham
tai bénh vién/co so y té tu nhan. Tiy theo tac dung phu ma
MSM gip phai, nhan vién y té phong kham PrEP s& hudng
dan cach xtr tri phu hop.

Thubc PrEP hoat dong rat hidu qua trong viéc ngin chin
mot ngudi nhiém HIV. Tt ca moi ngudi dung PrEP nén
thue hanh udng thudc theo diing hudng din cua bac sy. Dé
thuc hién cong bang, binh ding trong tiép can dich vu phong
chéng HIV/AIDS, huéng t6i cham dut dich bénh AIDS vao
nam 2030, rat can co su tham gia cua ting c4 nhan va doi
nglicanbd y té dé dich vu PrEP dat duoc hiéu qua cao nhét.

5. Két luan

Mic di phan 16n MSM c¢6 mét sb thyc hanh tuan tha
PrEP tuong dbi tét, van con nhitng diém can cing cd, dic
biét 1a xir tri quén thude ding cach va duy tri st dung bén
vitng. Can tang cuong truyén thong va tu van nham duy tri
st dung PrEP bén vitng & MSM.

TAI LIEU THAM KHAO

[1] Vietnam Ministry of Health (2018), Decision No. 5866/0D-
BYT dated 28 September 2018 on Promulgating The Plan for HIV
Pre-exposure Prophylaxis with Antiretroviral Drugs (PrEP) for The
Period 2018-2020 (in Vietnamese).

[2] Department of HIV/AIDS Prevention and Control - Vietnam
Ministry of Health (2021), “HIV infection among men who have sex
with men - alarming numbers”, https://vaac.gov.vn/nhiem-hiv-o-
nhom-nam-quan-he-tinh-duc-dong-gioi-con-so-dang-bao-dong.html,
accessed 28 March 2024.

KHOA
BCONGHI\?GCI:-IE

68(3) 3.2026

mssssmmmm Khoa hoc Y - Duoc | Y hoc du phong; Cdc linh vuc khac cua khoa hoc y - duoc

[3] Prime Minister (2020), Decision No. 1246/QD-TTg, 14 August
2020, Approving The National Strategy to End The AIDS Epidemic by
2030 (in Vietnamese).

[4] Thanh Hoa Provincial Centre for Disease Control (2023),
Report on 2023 Activity Performance Results (in Vietnamese).

[5] N.T.T. Phuong, H.H. Van, H.D. Canh (2020), “Overview
of adherence to HIV pre-exposure prophylaxis (PrEP) among men
who have sex with men (MSM)”, Journal of Clinical Medicine, 123,
pp-21-31, DOI: 10.52322/jocmbmh.123.03 (in Vietnamese).

[6] Vietnam Ministry of Health (2019), Decision No. 3869/0D-
BYT dated 28 August 2019 on Sample Forms and Instructions for
Surveying Patient and Medical Staff Satisfaction (in Vietnamese).

[71 B. Hop (2025), “Strengthening PrEP implementation: A
proactive HIV prevention solution in Bac Giang”, https://syt.bacgiang.
gov.vn/chi-tiet-tin-tuc/-/asset_publisher /6CWBO9WiZqgsQ, accessed
20 May 2025 (in Vietnamese).

[8] T.T. Thuy (2021), “Pre-exposure prophylaxis for HIV (PrEP)
by taking a pill every day”, Department of HIV/AIDS Prevention
and Control, https://vaac.gov.vn/chuyen-trang/du-phong-truoc-phoi-
nhiem-hiv-prep-bang-uong-mot-vien-thuoc-moi-ngay.html, accessed
20 May 2025 (in Vietnamese).

[91 N.V. My, T.N.P. Tra, N.L. Tam, et al. (2020), “Current status
of condom use and some related factors among men who have sex
with men in Thua Thien Hue province in 20207, Journal of Preventive
Medicine, 32(8), pp.116-124, DOIL: 10.51403/0868-2836/2022/892

(in Vietnamese).

[10] L.T.B Lien (2014), “Knowledge in ARV treatment of HIV/
AIDS patients and some community support activities at Tu Liem
District Medical Center, Hanoi”, Journal of Practical Medicine, 907,
pp-25-30 (in Vietnamese).

[11] S. Sun, C. Yang, N. Zaller, et al. (2021), “PrEP willingness
and adherence self-efficacy among men who have sex with men
with recent condomless anal sex in urban China”, AIDS Behav., 25,
pp-3482-3493, DOI: 10.1007/s10461-021-03274-0.

[12] W. Byansi, P. Nabuny, J. Muwanga, et al. (2023), “The
relationship between life satisfaction, personal health, quality of
life, and medication adherence among adolescents living with HIV
in southwestern Uganda”, Journal of Public Health, 31(7), pp.1177-
1184, DOI: 10.1007/s10389-021-01632-9.

[13] H.T. Thuy (2025), “Side effects of HIV drugs”, https://
tudu.com.vn/vn/y-hoc-thuong-thuc/, accessed 20 May 2025 (in

Vietnamese).



DOI: 10.31276/VIST.2025.3266 Khoa hoc Néng nghiép | Trong trot; Céng nghé sinh hoc trong néng nghiép, thly sdn

Anh hwong cua mat do cay va lwong phan bon hoa hoc dén sinh truong va
nang suit giong lia Hwong Thanh 10 tai Thanh Hoa

Tong Van Giang’, Lé Huy Tuan
Khoa Néng Lam Ngw nghiép, Truong Pai hoc Hong Pirc, 565 Quang Trung, phuwong Hac Thanh, tinh Thanh Hod, Viét Nam
Ngay nhén bai 27/3/2025; ngay chuyén phan bién 31/3/2025; ngay nhan phan bién 10/4/2025; ngay chip nhan ding 20/5/2025

Tom tit:

Nghién ctru nhim xac dinh mat dj cdy va lwong phan bon héa hoc thich hop cho gidng lia Hwong Thanh 10 trong
tai tinh Thanh Hoéa. Thi nghiém dwoc thwe hién trong vu Xuin va vu Mua nim 2024 va dwoc thiét ké theo kiéu &
16m - 6 nhé (split-plot) véi 3 1An nhic lai. Nhén t6 6 chinh 13 lwgng phin héa hoc cho 1 ha theo ty 1¢ N:P,0.:K,0, vu
Xuén ¢ ciac mirc P1: 80:70:60 kg/ha, P2: 90:80:70 kg/ha, P3: 100:90:80 kg/ha, P4: 110:100:90 kg/ha; vu Mua & cac
mirc P1: 70:60:50 kg/ha, P2: 80:70:60 kg/ha, P3: 90:80:70 kg/ha, P4: 100:90:80 kg/ha. Nhan t6 6 phu 1a mat d céy:
M1: 30 khém/m? M2: 40 khém/m?; M3: 50 khém/m? Két qua nghién ciru cho thiy, thoi gian sinh trwéng, s nhanh
toi da, s6 hat chic/bong, khdi lwong 1000 hat dat cao nhat & mat dd cAy 30 khém/m? va lwgng phan bén & mirc P3.
Ning suit thwe thu cao nhit & cong thirc M2P3 dat 6,8 tAn/ha & vu Xuén va dat 4,6 tin/ha & vu Mua, twong tng véi
mit do cAy 40 khém/m? két hop bon phan cho 1 ha & mirc 100 kg N + 90 kg P,O,+ 80 kg K,O trong vu Xuén va &
mirc bon 90 kg N + 80 kg P,O.+ 70 kg K, O trong vu Mua.

Tir khéa: giong laa Huwong Thanh 10, mit d cAy, lwgng phan héa hoc, niing suit, sinh truéng.

Chi s6 phén loai: 4.1, 4.6

Effect of transplanting density and chemical fertiliser application rate on the growth and yield
of Huong Thanh 10 rice variety in Thanh Hoa province

Van Giang Tong", Huy Tuan Le
Faculty of Agriculture, Forestry, and Fisheries, Hong Duc University, 565 Quang Trung Street, Hac Thanh Ward, Thanh Hoa Province, Vietnam
Received 27 March 2025; revised 10 April 2025; accepted 20 May 2025

Abstract:

This study aimed to determine appropriate transplanting densities and chemical fertiliser rates for the Huong
Thanh 10 rice variety in Thanh Hoa province. The experiment was conducted during the Spring and Summer crops
of 2024 using a split-plot design with three replications. The main plot factor was the fertiliser rate per hectare with
N:P,0,:K,O ratios. In the Spring crop, the treatments were P1: 80:70:60 kg/ha, P2: 90:80:70 kg/ha, P3: 100:90:80
kg/ha, and P4: 110:100:90 kg/ha. In the Summer crop, the treatments were P1: 70:60:50 kg/ha, P2: 80:70:60 kg/ha,
P3: 90:80:70 kg/ha, and P4: 100:90:80 kg/ha. The subplot factor was transplanting density: M1: 30 hills/m?, M2: 40
hills/m?, and M3: 50 hills/m?. The results showed that growth duration, maximum number of tillers, number of filled
grains per panicle, and 1,000-grain weight were the highest at a transplanting density of 30 hills/m? with fertiliser
treatment P3. The highest actual yield was recorded in the M2P3 treatment, reaching 6.8 tonnes/ha in the Spring
crop and 4.6 tonnes/ha in the Summer crop. This corresponded to a transplanting density of 40 hills/m? and fertiliser
rates of 100 kg N + 90 kg P,O, + 80 kg K,O per hectare in the Spring crop, and 90 kg N + 80 kg P,O, + 70 kg K,O
per hectare in the Summer crop.

Keywords: chemical fertiliser rate, growth, Huong Thanh 10 rice variety, transplanting density, yield.
Classification numbers: 4.1, 4.6
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1. it van de

Cay lua (Oryza sativa L.) dugc xem la mot trong nhiing
cdy luong thyc chinh va quan trong trong nén kinh té Viét
Nam. Nam 2023, ning suét lua gao nuoc ta dat 6,11 tan/ha,
tong san lugng dat 43,50 triédu tan [1].

Sy phat trién cta cac gidng laa moi, gdm lua lai va lta
thuan, dd mo ra nhidu huéng nghién ctru nhim nang cao
hi€u qua san xuét. Bén canh do, viéc ap dung cac bién phap
ky thuat cho gidng laa méi, phi hop véi timg dia phuong
1a rét can thiét. Trong do, xac dinh mat do céy va lugng bon
phan héa hoc 1 bién phap ky thuat co ban trong san xuét
nhung lai phat huy tdi da tiém ning ning suat cta giéng va
dap ung trinh d§ tham canh cho timg vuing. Hurong Thanh
10 1a gidng laa méi nén cin dwoc nghién ciru thir nghiém
cac bién phap k¥ thuat tai dia phuong. Cac nghién ciru trudc
day da khéng dinh, mat do céy va lugng phan bon khac nhau
khong chi anh huong dén ning suit cua gidng ma con anh
hudng dén moi truong va hiéu qua kinh té. Mat do thich
hop 1a diéu kién cho laa dé nhanh ti da, giam chi phi giéng
va sdu bénh gay hai, ting t6i da nang suét [2]. Nghién ctru
ctia L.V. Huy va cs (2020) [3] khang dinh, ning suat gidng
laa thuan DHI2 dat cao nhit & mat do 40 khom/m? tai cac
tinh phia Bic va 45 khom/m? tai ving Béc Trung Bo. N.T.
Van va cs (2021) [4] cho rang, giéng laa VAAS 16 khi ting
mat d¢ cy thi thoi gian sinh truéng c6 xu huéng giam. T.V.
Giang va cs (2023a) [5] nghién cuu mat do céy cho giéng
laa Huong Thanh 8 & mat d6 40 khom/m? cho ning suét
thuc thu cao nhat: vu Xuan dat 6,91 tdn/ha, vu Mua dat 5,76
tAn/ha.

Phén bon 14 yéu td quan trong lam ting 40% ning suat,
nhung chiém ty 1& cao trong chi phi san xuat, lvong bén phu
hop sé tranh lang phi vé kinh té va 6 nhiém moi truong [6].
Luong phan bon khac nhau ¢6 anh huéng khac nhau dén
nang suat lta. T.V. Giang va cs (2022) [7] nghién ctru cac
mirc bon phan NPK khac nhau cho giéng ltia KBL2 két luan
ring, ning suét dat cao khi bon 100 kg N + 80 kg PO, + 90
kg K O/ha trong vu Xuén va 90 kg N + 70 kg P,O,+ 80 kg
K,O/ha trong vu Mua. Do d6, viéc xac dinh mat do céy va
lwong phan bon hoa hoc phit hop 14 can thiét nham khai thac
tiém ning ning suét clia gidng Huong Thanh 10, gop phan
hoan thi¢n quy trinh ky thuat thdm canh tai dia phuong.

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

Gidng lta Huong Thanh 10 do nhém téc gia chon tao da
dugc Cuc Trong trot, BO Nong nghiép va Phat trién nong
thon cong nhan gidng luu hanh nim 2021 [8], giéng c6 thoi
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gian sinh truong vu Xuédn 130-131 ngay, vu mua 101-102
ngay, chiéu cao cdy trung binh 103,3-116,8 cm.

Phan bon: phan hitu co vi sinh (hitu co: 15%; axit humic:
2,5%; Ca: 1,0%); vi sinh vat Bacillus sp., Azotobacter sp. va
Aspergillus sp. mat d6 1x10° CFU/g; do am: 30%; dam uré
46% N; supe 1an 16,5% P,O,; kali clorua 60% K,O.

Nén dét thi nghiém duoc trién khai trén dat chuyén lua va
phu sa khong dugc bdi hing nam, két qua phan tich dit trudc
khi bé tri thi nghiém (ngay 3/1/2024) c¢6 d6 phi trung binh,
pH, .=5.2, hitu co OM=4,8%, dam tong s6 (N)=0,27%, lan
tong so (P,0,)=0,14%, kali tong s6 (K,0)=1,72%.

2.2. Phwong phap nghién curu

Thi nghi¢m trong vy Xuan va vy Mua nam 2024 tai xa
Hoang Son, huyén Hodng Hoa, tinh Thanh Hoa. Thi nghiém
gbm 12 t6 hop cong thirc (CT), bd tri theo kiéu 6 16n - 6 nhod
(split-plot) v&i 3 1an nhéc lai. Nhan t6 6 chinh 14 phan hoa
hoc cé ty 1€ N-P-K bon trong vu Xuan: P1: 80 kg N + 70 kg
P,O,+60 kg K,O/ha; P2: 90 kg N +80 kg P,O,+ 70 kg K,O/
ha; P3: 100 kg N + 90 kg P,O,+ 80 kg K,O/ha; P4: 110 kg
N + 100 kg P,O,+ 90 kg K,O/ha. Trong vu Mua: P1: 70 kg
N + 60 kg P,O,+ 50 kg K O/ha; P2: 80 kg N + 70 kg PO
+60 kg K O/ha; P3: 90 kg N + 80 kg P,O, + 70 kg K O/ha;
P4:100 kg N +90 kg P,O_+ 80 kg K O/ha. Nhan t6 6 phu la
mat do cdy v6i 3 mirc: M1: 30 khom/m2, M2: 40 khom/m2,
M3: 50 khom/m?2. Tong dién tich thi nghiém 1a 540 m? (12
CT x 15 m¥6 x 3 lan nhéc lai), trong 6 6 nhé 1a 15 m? (3x5
m), 6 16n 14 45 m2. Luong phan bon cho 1 ha: 1 tin phan hiru
co vi sinh séng Gianh + 400 kg v6i bdt + phan héa hoc theo
cong thirc thi nghiém.

Céc bién phap k¥ thudt: Vu Xuan gieo ngay 12/1/2024,
ciy ngay 20/2/2024, thoi ky cdy ma 38 ngay dat 4,0 14 va vu
Mua gieo ngay 4/6/2024, ciy ngiy 30/6/2024, thoi ky cay
ma 26 ngay dat 3 14, cdy 1 danh/khom. Bon 16t toan bo phan
vi sinh hitu co + toan bd lan supe + 40% luong dam + 20%
luong kali. Bén thuc lan 1: cay laa bén ré hoi xanh: 50%
luong dam + 30% lugng kali. Bon don dong: lugng dam uré
va kali con lai.

Theo ddi céc chi tiéu vé sinh truong, phét trién va ning
suét cua cy lta theo TCVN 13381-1:2023 [9]. Theo dbi 10
khom/lan nhéc lai theo duong chéo. Thoi gian sinh truéng
(ngay): tinh tir gieo dén thu hoach; chiéu cao cay (cm): do
tir gbc dén dinh 14 dai nhat; sé nhanh hitu hiéu (nhanh): sé
nhanh hinh thanh bong; sé bong/khém (bong); s6 hat/bong
(hat); ty 18 hat chic (%), khéi lugng 1000 hat (g), ning suét
ly thuyét (tdn/ha) = s6 bong/khom x sb hat/bong x ty 18 hat
chic x khéi luong 1.000 hat x 10 (trong d6: 10 1a hé sb
quy d6i tin/ha). Ning suat thuc thu (tAn/ha): Puoc tinh thuc
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té tir cac 6 thu dugc & dd am 14% va can khoi luong thyuc thu
cac 6 thi nghiém. Do clmg ciy duoc danh gia cho diém: 1-5-
9 (1: khong dd, 5: it d6, 9: dd). Panh gia mirc 46 nhiém sau
bénh theo QCVN 01-166:2014/BNNPTNT [10]: sau duc
than (diém): 0-1-3-5-7-9, sau cudn 14 (diém): 0-1-3-5-7-9,
rdy nau (diém): 0-1-3-5-7-9, bénh bac 1a (diém): 0-1-3-5-7-
9, bénh kho van (diém): 0-1-3-5-7-9. Thang diém dénh gia
mirc gy hai: diém 0 khong hai, diém 1 rat nhe chiém >1%,
diém 2 bi nhe chiém 1-3%, diém 3 nhe dén trung binh >5%,
diém 4 trung binh 6-10%, diém 5 ning 11-25%, diém 6 bj
nang 26-50%, diém 7 rt nang 51-75%.

S6 liéu xur 1y théng ké bang phuong phap phan tich
phuong sai (ANOVA) trén phin mém théng ké sinh hoc
IRRISTAT 5.0. So sanh sy sai khac gitra mat do céy, luong
phan bon va tuong tic hai nhan t6 dua trén kiém dinh
Duncan ¢ mirc d6 tin cay 95%.

3. Két qua va ban luan

3.1. Anh hwéng ciia mit dé cdy va lwong phén bén héa
hoc dén mét so chi tiéu sinh trwéng ciia giong lia Huwong
Thanh 10

Két qua bang 1 cho thay, thoi gian sinh truong & mat do
M1 dai nhat dat 131 ngy ¢ vu Xuan va 102 ngay & vu Mua,
sai khac c6 y nghia so voi mat do6 M2 va M3. Thoi gian
sinh trudng ngin nhat & mat d6 M3 dat 127 ngay & vu Xuan
va 100 ngay ¢ vu Mua. Mat do M2 va M3 thoi gian sinh
truong khong sai khac co y nghia thong ké theo kiém dinh
Duncan & do tin cay 95%. Két qua nghién ctru nay pht hop
v6i Iy giai cia N.V. Hoan (2006) [2], theo d6, cdy thua cay
lta kho¢ do it canh tranh dinh dudng, thoi gian sinh trudng
dai hon khi cdy day. Luong phan bén & mirc P3 va P4 cho
thoi gian sinh truong dai nhat dat 129 ngay & vu Xuan, 101
ngdy & vu Mua, nhung sai khac khong c6 y nghia thong ké

Bang 1. Anh hwéng clia mat dé ciy va lwong phan bén héa hoc dén mét sé chi tiéu sinh trwdng chia giéng lia Hwong Thanh 10.

Thoi gian sinh truéng (ngdy) S6 nhanh t6i da (nhanh)

$6 nhanh hiru hi¢u (nhanh) Ty 1§ nhanh hiru higu (%)

Yéu t6 thi nghi¢m Vu trong Vu trong Vu trong Vu trong
Xudn Mua Xuadn Mua Xuan Mua Xudn Miia
Ml 1312 1022 7,1 5,7* 5,42 4,5 76,7% 79,1°
Mat do cdy (M) M2 128° 100° 5,9 5,2 4,7° 4,2 79,3° 81,6
M3 127° 100° 4,7¢ 4,5° 4,1 3,5° 84,7° 77,0
LSD, 1,6 1,0 1,2 0,6 0,7 0,5 4,0 23
P1 128° 100° 5,5° 4,6 4,6° 3,9° 84,12 84,0?
Luong phan bén P2 128° 100° 5,6° 4.8° 4,6° 3,9° 82,0° 81,7
) P3 129° 101 6,5° 5,6° 4,9 4,2° 79,7 77,7
P4 1292 101® 6,2 5,4 4,8 4,1 74,9° 73,6%
LSD, 0,8 0,7 0,5 0,4 0,2 0,2 4,6 5,2
MIP1 130° 1012 6,4° 4,90 5,2 4,2 81,2 85,22
M1P2 130? 101* 6,5% 5,1° 5,2 4,2 80,4% 82,4
MI1P3 131® 1022 7.4 6,1* 5,6 4,7 75,3° 77,6
MI1P4 1312 1022 8,2¢ 6,6 5,7* 4,7 69,7% 71,3
M2P1 127° 99be 5,45 4,7° 4,5° 4,1 82,6 86,5°
M2P2 128° 99be 5,7° 4,9° 4,6° 4,1 80,5 84,1°
M2P3 129 100° 6,2° 5,6 4,9% 4,4 79,4% 79,2%®
M2P4 129* 100° 6,3° 5,5% 4,7° 4,2 74,5° 76,4°
M3P1 126 99be 4,5¢ 4,2 4,00 3,4° 88,57 80,3
M3P2 127° 99be 4,70 4,3 4,00 3,4° 85,2¢ 78,5°
M3P3 128° 100° 5,05 4,7° 4,2 3,6° 84,5° 76,2°
M3P4 128° 100° 5,05 4,8° 4,00 3,5° 80,5 73,15
Cr% 8,6 8,4 8,5 7.9 9,7 8,3 7,7 7.4
LSD 2,5 1,5 1.8 1,2 0,9 0,7 9,4 7,6

0,05

Cac gia tri c6 chi cai khac nhau trong ciing mét cot clia ciing yéu tb (lwgng phan bon, mat do cdy) hodc tuwong tac gitka hai yéu té biéu thi sy sai

khéc c6 y nghia theo kiém dinh Duncan & muc y nghia 5%.
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so v6i lugng phan bon P1 va P2. Két qua nghién clru cta
L.V. Huy va cs (2020) [3] ciing cho thdy, bon phan muc cao
kéo dai thoi gian sinh truong cua cay lta. Xét sy anh hudng
tuong tac ctia 2 yéu t trén cho thdy, thoi gian sinh truong cd
xu hudng kéo dai khi tang lugng phan bon va giam mat do
cAy (cay thua). Cdy & mat do 30 khom/m? (M1) két hop voi
bon phan & muc tir P1 dén P4 cho thoi gian sinh truong dai
nhit, dao dong 130-131 ngay & vu Xuan va 101-102 ngay
0 vu Mua. Cong thec M1P1, M1P2, M1P3, M1P4 ¢6 thoi
gian sinh truong dai nhét trong vu Xuan, dao dong 130-131
ngay, trong vu Mua dao dong 101-102 ngay, nhung sai khac
khong c6 y nghia thong ké & do tin cay 95% giira cic cong
thirc nay.

Két qua bang 1 cho thy, s6 nhanh tbi da va s6 nhanh hiru
hi€u c6 xu huong giam dan khi tang mat do céy, o mat do
ciy 30 khém/m? dat 16n nhét (sé nhanh t6i da vu Xuan dat
7,1 nhanh/khém va vu Mua dat 5,7 nhanh/khém, s6 nhanh
httu hiéu dat 5,4 nhanh/khom, twong ung 76,7% & vu Xuan
va 4,5 nhanh/khom dat 79,1% & vu Mua). Khi tang lugng
bon phén tir mirc bon P1 dén P4, sé nhanh téi da va sé nhanh
hiru hiéu ¢6 xu hudng ting, dat cao nhat & lugng bon P3 (sd
nhanh t6i da vu Xuan dat 6,5 nhanh/khom va vu Mua dat
5,6 nhanh/khom, s nhanh hiru hiéu dat 4,9 nhanh/khom dat
79,7% & vu Xuan va 4,2 nhanh/khom dat 77,7% & vy Mua),
bon ting 1én mic P4 s nhanh ti da (dat 6,2 nhanh/khém
0 vu Xuan va 5,4 nhanh/khém & vu Mua) va s6 nhanh hiru
hi¢u (dat 4,8 nhanh/khém & vu Xuan va 4,1 nhanh/khom
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& vu Mua) giam. Két qua nghién ctru ciia T.D. Hoa va cs
(2016) [11] cho rang, khi ciy mat do thua két hop véi luong
phan cao, cdy laa dé nhanh khoé, than 14 phét trién manh, do
che phti cao nén s6 nhanh hiru hiéu giam. Anh hudng tuong
tac gitta mat do cdy va luong phan bon héa hoc dén kha
niang dé nhanh cho thiy, cong thirc M1P4 c6 s6 nhanh t6i da
(vu Xuan: 8,2 nhanh, vu Mua: 6,6 nhanh) va s6 nhanh hiru
hiéu (vu Xuan: 5,7 nhanh dat 69,7%, vu Mua: 4,7 nhanh dat
71,3%) cao nhét, cong thie M3P1 cho s6 nhanh tbi da (vu
Xuan: 4,5 nhanh, vu Mua: 4,2 nhanh) va s6 nhanh hitu hiéu
(vu Xuan: 4,0 nhanh, vu Mua: 3,4 nhanh) thép nhat va su sai
khac ¢ y nghia thong ké gitra cac cong thic.

3.2. Anh hwéng ciia mdt dé cdy va lwong phéin bon héa
hoc dén dj cikng cdy va khd niing chéng chiu sau bénh hai
trén giéng Itia Huwong Thanh 10

Két qua bang 2 cho thiy, do cung ciy cua gidng lta
Huong Thanh 10 dat diém 1 (khong d6) & mat d6 M1 (30
khom/m?), taing mat d¢ 1én M2 (40 khom/m?) & mtrc bon
phéan P4 (cong thirc M2P4) va mat 6 M3 (50 khom/m?) &
mirc bon P3, P4 (cong thire M3P3, M3P4) cdy lta d6 ¢ diém
5. Nhu véy, ting mirc bon phan 1én mirc P3 va P4 két hop
ciy day thi gidng laa Huong Thanh 10 xut hién d6. Nghién
ctru nay phu hop véi giai thich cia T.D. Hoa va cs (2016)
[11] khi lwgng bén phén cao thi tudi tho cia cdy lta dai, 14
giltt dugc mau xanh, do tan 14 cham hon so vdi bon phan
it, tuy nhién néu bon luong phan cao thi ciy lua phat trién
khong can ddi, 16ng dai, than yéu dé do.

Bang 2. Anh hwéng ctia mat dé cay va lwong phan bén héa hoc dén dé cieng cay va kha ning chéng chiu sau bénh hai trén giéng lua

Hwong Thanh 10.

D) cirng cdy (diém) Sau hai (diém) Bénh hai (diém)
Céng thire Ry niu Cuén ld Kho van Bac ld

Vu tr5ng Vu trtfng Vu tréng Vu tréng Vu tréng

Xuan Mua Xuan Mua Xuan Mua Xuan Mua Xuan Mua
MIP1 1 1 1 0 1 0 1 0 1 0
M1P2 1 1 1 0 1 0 1 0 1 0
M1P3 1 1 1 0 1 0 1 0 1 0
M1P4 1 1 1 0 1 0 1 0 1 0
M2P1 1 1 1 0 1 0 1 0 1 0
M2P2 1 1 1 0 1 0 1 0 1 0
M2P3 1 1 1 0 3 1 1 1 1 0
M2P4 5 5 1 0 3 1 1 1 1 0
M3P1 1 1 1 0 3 1 1 0 1 0
M3P2 1 1 1 0 3 1 1 0 1 0
M3P3 5 5 1 0 3 1 1 1 1 0
M3P4 5 5 1 0 3 1 1 1 1 0

Diém 0 khong bi hai, diém 1 rat nhe <1%, diém 2 bi nhe 1-3%, diém 3 bi nhe dén trung binh <5%, di&m 4 bi trung binh 6-10%, di&ém 5 bi nang 11-
25%, diém 6 bj ndng 26-50%, diém 7 rat nang 51-75%. Do cling cay (diém): 1-5-9, (1: khéng dd, 5: it d6, 9: dd).
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Bang 3. Anh hwéng ciia mat dé cay va lwong phan bon héa hoc dén cac yéu té cau thanh nang suat va ning suét cha giéng lta Hwong
Thanh 10.

Ao < A , A < A
$6 bong/m? $5 hat chic/bong Khoi lugng 1000 Ning suat ly thuyét  Ning suat thue thu

hat (g) (tAn/ha) (tAn/ha)
Yéu tb thi nghiém Vu trong Vu trong Vu tréng Vu trong Vu trong
Xudn Mua Xudn Mua Xudn Mua Xudn Mua Xudn Mua

Ml 162,8° 133,5° 154,8° 141,5 25,6 24,7 6,4° 4,7° 5,6° 3,6°
Matdo (M) M2 187,0% 168,0° 153,0% 136,5% 25,4 24,4 7,3 5,6 6,3° 43¢

M3 202,5° 173,8 142,0° 131,5° 24,3° 23,9° 7,0% 5,5% 6,1 42
LSD, 19,9 20,1 6,4 7,5 0,6 0,4 0,4 0,5 0,4 0,4

P1 178,7° 153,3° 147,0% 135,0° 24,9 24,2° 6,5 5,0° 5,7° 3,8°
Luong P2 180,0° 153,3° 148,0° 134,7° 25,0° 24,20 6,7° 5,0 5,8° 3,8
phan bon
(P) P3 191,3 165,7* 151,7% 138,0° 25,2 24,4 7,3 5,6 6,3 43¢

P4 186,3® 161,3 153,0° 138,3¢ 25,20 2442 7,2 5,5 6,1%® 4.2
LSD, 6,3 6,2 2 1,5 0,2 0,1 0,4 0,3 0,3 0,2
MI1P1 156,0% 126,05 151,3%® 139,4% 25,3 24,5% 6,0° 4,3 5,2¢ 3,3¢
MI1P2 156,0% 126,0% 152,2% 138,6° 25,3% 24,5% 6,0° 4,30 5,2¢ 3,3¢
MI1P3 168,0° 141,0° 156,4° 144,5 25,8° 24.8° 6,8° 5,0° 5,9° 3,9°
M1P4 171,0° 141,0° 160,3° 145,2¢ 25,8° 24.8° 7,1® 5,1° 6,1 3,9°
M2P1 180,0% 164,0® 150,5° 135,4° 25,20 24,3 6,8° 5,4® 5,9° 4,1
M2P2 184,0% 164,0® 150,5° 135,6° 25,4 24,3% 7,0 5,4 6,1 4,1%®
M2P3 196,0° 176,0° 156,6° 138,3° 25,5 24,5% 7,8 6,0 6,8° 4,6°
M2P4 188,0% 168,0° 156,8° 138,5° 25,5 24,5 7,5° 5,7 6,5° 4.4
M3P1 200,0° 170,0° 140,3¢ 131,3¢ 24,20 23,8¢ 6,8° 5,3® 5,9° 4,1
M3P2 200,0° 170,0° 142,5b% 131,4 24,2° 23,8° 6,9° 5,3® 6,0° 4,1
M3P3 210,0° 180,0° 143,1% 132,2% 244> 24,0 7,3% 5,7 6,4 4.4
M3P4 200,0° 175,0° 1432 132,3% 24.,4° 24,0 7,0 5,5% 6,1 4,3
Cr% 7,2 6,8 7,5 7,7 5,1 5,6 7,3 8,2 5,7 6,3
LSD 22 27 10 7 0,8 0,5 0,9 0,8 0,8 0,6

0,05

Céc gia tri c6 chir cai khac nhau trong cling mét cét clia ciing mét yéu té (Ilwgng phan bon, mat do céy) hodc twong tac gitka hai yéu t6 biéu thj sy
sai khac ¢é y nghta theo kiém dinh Duncan & mc y nghia 5%.

Muc do gay hai cia mot s6 loai sau va bénh trén giéng P3, P4 (cong thitc M1P1, M1P2, M1P3, M1P4) va & mat
laa Huong Thanh 10 khéac nhau trong vu Xudn va vu Mua,  d6 cdy M2 két hop voi bon phan & mirc P1, P2 (cong thic
mét do cdy M1, M2, M3 va mirc bon phan hoa hoc P1, P2,  M2P1 va M2P2), sau cudn la khong xuét hién trong vu Mua
P3, P4 déu bi ré”ly nau gay hai o diém 1 trong vu Xuan va  nhung xuét hién gay hai ¢ diém 1 trong vu Xuan, khi ting
khong gay hai trong vu Mua. Sau cudn 14 xuét hién va gdy mat do céiy lén M3 ¢ muc boén phan P1, P2, P3, P4 (cong
hai khi ting mat do céy va tang lugng bon phan héa hoc. Cu  thuc M3P1, M3P2, M3P3, M3P4) va mat d) M2 ¢ mulic bon
thé, & mat do ciy M1 két hop voi bon phan & mirc P1, P2, phan P3, P4 sau cudn l4 gdy hai ning hon ¢ diém 3 trong vu
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Xuén va ¢ diém 1 trong vu Mua. Bénh kho van va bac 14 lta
gay hai trong vu Xuan & cac mat do céy khac nhau M1, M2,
M3 va lugng bon phan khac nhau P1, P2, P3, P4, nghia Ia
tat ca cac cong thuc trong thi nghiém déu bi nhiém bénh kho
van va bac 14 trong vu Xuén. Trong vu Mua bénh khé vin
khong gay hai & mat do cdy M1 khi bon phan tir mirc P1,
P2, P3, P4 va & mat do céy M2, M3 khi bon phan & muc P1,
P2, nhung ting luong bon phan 1én mirc P3, P4 & mat do cay
M2 va M3 (cong thtrc M2P3, M2P4, M3P3, M3P4) bénh
khé van giy hai ¢ diém 1. Nhu véy, luong phan bon cao &
mirc P3 va P4 két hop voi cay mat do day M2 va M3 céy lta
xuét hién sau bénh hai nhiéu hon so véi bon & luong thép
P1, P2 két hop voi cAy mat do thua M1. Két qua nay tuong
tu Vdi nghién cttu cta T.V. Giang va cs (2023b) [12] trén
gidng laa J02, & mat d6 40 khom/m? va hrorng boén phan hlru
co vi sinh ¢ mac 2.000 va 2. 200 kg/ha c6 rdy nau, siu cudn
la gay hai nhe hon so véi cay & mat do 45 va 50 khom/m?
va & mirc bon 2.400 va 2.600 kg/ha.

3.3. Anh hzmng cua mt d¢ cdy va ltro'ngphan bon hoa
hoc dén cdc yeu 16 ciu thanh nang sudt va nang sudt ciia
gtong lia Huong Thanh 10

Két qua bang 3 cho thiy, anh hudng riéng ré cia mat
d6 cay dén cac yéu td cAu thanh ning suit laa, s6 bong/m?
¢6 xu hudng tang tur mat do céy M1 dén M3. O mat d6 M3
cho s6 bong/m? nhiéu nhét, dat 202,5 béng/m? & vu Xuan
va 173,8 bong/m? & vu Mua. O mat d6 M3 c¢6 s bong/m>
cao nhat va sai khac ¢o y nghia so v&i mat do khac trong vu
Xuan, trong khi d6 & vu Miia ciy mat do M2 va M3 khong
¢6 sy sai khac gitra hai mtrc d6 cdy nay nhung c6 su sai khac
¢ y nghia so v&i méat do cdy M1. Két qua nghién ctru ciia
N.V. Hoan (2006) [2] cho thdy, khi ting mat d6 ciy da lam
tang s6 khom/m? va s6 bong/m?. Twong tu, khi ting mirc
bon phan tir P1 dén P4 s bong/m? ¢6 xu hudng ting va dat
cao nhat & mirc bon P3 va co sy sai khac ¢ ¥ nghia & muc
5% so véi cac mire bon khac. Cu thé, & mirc bon P1 dat 179
boéng/m? ¢ vy Xuan va 153 bong/m? ¢ vy Mua; muic bon P3
dat 191 bong/m? ¢ vu Xuan va 166 bong/m? & vu Mua; muc
boén P4 dat 186 bong/m* ¢ vu Xuén va 161 bdong/m? & vu
Mua. Két qua nay phu hop véi giai thich cta T.V. Hoa va cs
(2016) [11] 1a cay lta dé nhanh khoe khi duoc cung cap du
dinh dudng. Day la co so co ) bong trén don vi dién tich
16n nhét. Tuong tac giita mat do cay va lugng phan bon hoa
hoc cho thdy, cong thirc M3P3 ¢6 s6 bong/m? nhidu nhét,
dat 210 bong/m?* ¢ vu Xuéan va dat 180 bong/m?* & vu Mua.
Khi phan tich thong ké theo kiém dinh Duncan thi cac cong
thiuc M2P3, M3P1, M3P2, M3P3, M3P4 ¢ ca 2 thoi vu va
cong thire M2P4 ¢ vy Mua ¢6 s6 bong/m?khong sai khac co
y nghia ¢ do tin cdy 95%.
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S6 hat chic/bong giam dan khi ting mat do ciy tir M1
dén M3, dat cao nhit & mat do céy M1 (vu Xuan: 155 hat/
bong, vu Mua: 142 hat/bong) va su sai khac c6 y nghia ¢
muc 5% so voi cac cong thie khac trong thi nghi¢m. Khi
tang lwong phan bon tir P1 dén P4, sb hat chic/bong co xu
hudng tang. Cu thé, & vu Xuéin luong bon P4 dat nhiéu nhét
153 hat va sai khac so voi cac lugng bon khac, trong khi
6 vu Mua luong bén P3 va P4 khong sai khac cé y nghia
thong ké va dat nhiéu nhit 138 hat/bong, nhung sai khac
so voi luong bon P1 va P2. Sb hat chic/bong tai cong thirc
M1P4 nhiéu nhét dat 160 hat/bong & vu Xuén va 145 hat/
bong & vu Mua. Xét anh hudng tuong tac giita mat do cdy
va lugng phan bon hoa hoc cho théy, cac cong thirc M1P3,
M1P4, M2P3, M2P4 trong vu Xuan va cong thirc M1P3,
M1P4 trong vu Mua c6 sb hat chéc/béng dat 16n nhit va
khong sai khac v6i nhau nhung sai khac c6 y nghia so véi
cac cong thtrc khac ¢ muc tin cdy 95%.

Anh huéng riéng ré cua mat do cdy va luong phan bén
dén khéi luong 1000 hat (P1000 hat) cho thdy, P1000 hat
& mat do cay M1 16n nhit, dat 25,6 g & vu Xuan va 24,7 g
vu Mua. O muc bon P3 va P4 khéi lugng 1000 hat khong
sai khac co ¥ nghia & mirc tin cdy 95% va dat 16n nhit ca
2 thoi vu (vu Xuén: 25,2 g; vu Mua: 24,4 g). Anh huong
tuong tac giita 2 yéu to dén P1000 hat cho thiy, cong thirc
MI1P3, M1P4 ¢6 P1000 hat 16n nhat dat 25,8 g 0 vu Xuan
va 24,8 g & vu Mua. Trong do, vu Xuan cong thitc M1P3,
M1P4, M2P3, M2P4 va vu Mua cong thirc M1P3, M1P4 c6
P1000 hat 16n nhat va khong sai khac co ¥ nghia thong ké
o muc 5%.

Anh huong ciia mat d cdy dén ning suat lua cho thiy,
nang suat Iy thuyét va nang suét thyc thu tang tr mat do cay
M1 dén M3, dat cao nhit & mat dd6 M2 sai khac co y nghia
o muc 5%, mat 4o M2 nang suét Iy thuyét dat 7,3 tdn/ha &
vu Xuén va 5,6 tin/ha & vu Mua, nang sut thyuc thu dat 6,3
tAn/ha & vu Xuan va 4,3 tAn/ha & vu Mua. Tang tiép mat do
cdy 1én M3 thi nang suat ly thuyét va ning suat thyc thu
giam do mat do day nén cdy lua trong quan thé canh tranh
anh sang va dinh dudng, két qua phu hop VO’i giai thich cua
T.D. Hoa va cs (2016) [11], cay thua c6 s6 khom/m2 1t cay
sinh trudng t6t nén nang suét ca thé cao, nang suit quan thé
tang dén mat do 6n dinh va giam & mat d6 day do cdy lta
canh tranh dinh dudng va anh sang. Tuong tu, lugng bon
phan hoa hoc, ning suét 1y thuyét va ning suét thuc thu co
xu hudng ting tir lugng phan bén P1 dén P3, sau d6 ning
suat c6 xu hudng giam khi ting lugng phan bon 1én dén
mirc P4. O lugng phan bon P3 dat cao nhét 1a 7,3 tin/ha &
vu Xuén va 5,6 tin/ha & vu Mua, nang suit thuc thu dat 6,3
tAn/ha & vu Xuan va dat 4,3 tin/ha & vu Mua. Luong bén
P3 va P4 c6 ning suét 1y thuyét cao nhit va khong sai khac
¢6 ¥ nghia théng ké & do tin cay 95%. Ning suit thuc thu &
luong bon P3 cao nhét va khac biét c6 ¥ nghia & mirc 5% so
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v6i cac lugng phan bon khac. Két qua nghién ciru pht hop
voi ly gidi cua T.D. Hoa va ¢s (2016) [11], nang suét lua dat
t6i da khi tang luong phan bén dén muc thich hop, trong khi
bon nhiéu phan bon 1am cho 14 va cac nhanh phat trién manh
khong tap trung din dén nang sut lua giam.

C6 su anh huéng tuong tac giita mat do cay va luong
phan bon dén nang suat 1y thuyét va ning sut thue thu & mirc
¢6 y nghia thong ké. O ca hai vy, cong thirc M2P3 cho ning
suét ly thuyét (vu Xuéan: 7,8 tdn/ha, vu Mua: 6,0 t?in/ha) va
nang suét thue thu (vu Xuan: 6,8 tAn/ha, vu Mua: 4,6 tén/ha)
cao nhét. Nang suit 1y thuyét va nang suét thyuc thu dat thap
nhét & cong thiee M1P1 va M1P2 ¢ ca vy Xuan va vu Mua.
Ning suit thyc thu khong cé su sai khac ¢6 y nghia gitta cac
cong thirc M1P4, M2P2, M2P3, M2P4, M3P3, M3P4 & vu
Xuan va gitta cac cong thuec M2P1, M2P2, M2P3, M2P4,
M3P1, M3P2, M3P3, M3P4 & vu Mua. Két qua nghién ctru
cua L.V. Huy (2020) [3] trén gidng ltia DPH12 ciing cho thay,
0 mat d¢ cay va mic bon phan khac nhau c6 anh huong dén
ning suét lGa, trong d6 ciy ¢ mat do 40 khom/m? két hop
v6i bon phan 100 kg N + 100 kg P,0, + 75 kg K, O/ha cho
ning suit dat cao nhat.

4. Két luan

Mat d6 cdy va lugng bon phan hoa hoc da anh hudng
dén sinh truong va ning suét cua gidng lua Hwong Thanh
10 trong tai Thanh Hoa. Céc chi tiéu thoi gian sinh truong,
s6 nhanh tbi da, sb hat chéc/béng, khéi Iugng 1000 hat dat
cao nhét & mat do cdy 30 khom/m?, do cdy & mat do thua
nén sd khom/m it, cay sinh trlrong tot nang suét cé thé cao,
nang suat quan thé thap, nang suat thuc thu dat 5,6 tan/ha
trong vy Xuan va 3,6 tdn/ha trong vy Mua. O mat do cay 40
khém/m? ¢6 ndng suét thue thu dat cao nhét 6,3 tin/ha trong
vu Xuan va 4,3 tan/ha trong vu Mua. Lugng bon phan hoa
hoc & mirc bon P3 ¢6 thoi gian sinh trudng, sé nhanh téi da,
s6 nhanh hiru hiéu, sé hat chic/bong va khéi luong 1000
hat, ning suét 1y thuyét va nang suat thyc thu ting dat cao
nhét, nang suat thuc thu & mirc bén P3 dat 6,3 tin/ha trong
vu Xuén va 4,3 tdn/ha trong vu Mua. Cong thirc M2P3 (ciy
& mat do 40 khom/m? két hop bén & mire 100 kg N + 90 kg
P,O,+ 80 kg K,O/ha trong vu Xuan va 90 kg N+ 80 kg P,O
+ 70 kg K, O/ha trong vu Mua) cay lua phat trién tot va nang
suét thuc thu dat cao nhat & vu Xuén dat 6,8 tan/ha va & vu
Mua dat 4,6 tin/ha.
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Xay dung hé thong téi sinh in vitro phuc vu chuyén gen & giong lac L27
(Arachis hypogaea L.)
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Tom tit:

Lac (Arachis hypogaea L.) chira nhiéu gia tri dinh duwdng tét cho sirc khoe con ngwdi, nhung phén 16n protein trong
lac c¢6 kha niing giy di ing cao, dong thoi ham lweng cic amino acid thiét yéu chira lvu huynh thip. Hon nira, sin
lwgng va gia tri dinh dudng & ciy lac bi Anh hudng tiéu cuc béi han hin, nhiét d¢ khic nghiét, d) man, lii lut va n(“)ng
do CO,... Muc tiéu cia nghi?n ciru nay nham xay dl;rng hé théng tai sinh hié’u qua, phuc vu ky ’thuzflt chuyén gen qua
trung gian Agrobacterium dé nang cao kha nang chong chiu va cdi thién chat lwgng hat lac. Két qua nghién ciru cho
thay, hi¢u qué khir trung hat lac bing HgCl, 0,1% la tot nhat véi tong thoi gian xir 1y 12 9 phit (5 phiit 1an 1 va 4 phat
lan 2). Choi ngon tai sinh tot nhat ¢ nong d¢ 1,5 mg/l benzylaminopurine (BAP), con nach 14 mam la 2,0 mg/l BAP.
Choi nich 13 mam ciam vng tao da chdi tot nhit ¢ ndng dd 2,0 mg/l BAP két hop véi 0,7 mg/l o-naphthaleneacetic
acid (0-NAA), dat 4,43 chdi/miu. Nguge lai, chdi ngon khong cam rng tao da chdi. Chdi cam ng ra ré ti wu & 0,7
mg/l a-NAA, dat 8,32 ré&/chdi. Ngudng chon loc kanamycin hiéu qua ¢ giai doan tii sinh chdi 1a 75 mg/l, con giai
doan ra ré& 1a 50 mg/l.

Tir khoa: da choi, lac, in vitro, ra re, tai sinh choi.

Chi s6 phén logi: 4.1, 4.6

Development of an in vitro regeneration system for genetic
transformation in peanut variety L.27 (Arachis hypogaea L.)
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Abstract:

Arachis hypogaea L. has high nutritional value for human health; however, its proteins are highly allergenic, and the
levels of essential sulfur-containing amino acids are relatively low. Moreover, peanut yield and nutritional value are
adversely affected by abiotic stresses, including drought, extreme temperatures, salinity, flooding, and elevated CO,
concentrations. This study aimed to develop an efficient regeneration system for Agrobacterium-mediated genetic
transformation to enhance stress tolerance and improve seed quality in peanuts. The results indicated that the most
effective seed sterilisation was achieved using 0.1% mercury(II) chloride (HgCl,) for a total of 9 minutes (S minutes
for the first treatment and 4 minutes for the second treatment). The optimal shoot tip regeneration was observed at
1.5 mg/l benzylaminopurine (BAP), while cotyledon axil explants showed the best response at 2.0 mg/l BAP. Multiple
shoot induction from cotyledon axil explants was most successful with a combination of 2.0 mg/l BAP and 0.7 mg/1
a-naphthaleneacetic acid (a-NAA), producing an average of 4.43 shoots per explant. In contrast, apical shoot tips
did not induce multiple shoot formation. The highest rooting efficiency was achieved with 0.7 mg/l a-NAA, resulting
in an average of 8.32 roots per shoot. Kanamycin selection was effective at 75 mg/l during shoot regeneration and
50 mg/l during rooting.
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1. Dt van de

Lac (Arachis hypogaea L) hay con goi la dau phong
thudc ho dau, 1a mdt loai cay trdng quan trong trén toan thé
gidi. Chau A 13 noi san xuét lac chinh, chiém 60% san lugong
thé gidi. Hat lac 1a mot loai thuc phém giau nang lugng,
chira luong 16n chat béo, protein, carbohydrate, vitamin tan
trong chit béo va tan trong nuoc, khoang chét. Hat lac duogc
tiéu thu trén toan thé gidi do gia tri dinh dudng cao, sin
c6 va gia ca canh tranh so vdi cac loai hat khac. Do ham
luong dinh dudng cao, hat dugc st dung dé chdng suy dinh
dudng ¢ hau hét cac nude dang phat trién. Lipid, protein
va carbohydrate khong chi cung cdp ning lugng ma con
cung cdp cac chat dinh dudng thiét yéu cho cac chirc ning
binh thudng ctia co thé nhu tao chit dy trit va xay dung co
bép. Vitamin can thiét cho chirc ning té bao binh thuong,
tang truong, phét trién, phong ngira bénh tat va hoat dong
nhu coenzyme trong qua trinh san xut ning lwong [1-3].
Céc nghién ctru da chi ra rang, viéc sir dung hat lac thuong
xuyén c6 kha nang giam ty 1& mac cac bénh tim mach va soi
mat ¢ ca hai gioi va bénh tiéu duong o phu nir [4].

Trén thé gioi, khoang 2/3 tong dién tich trong lac nam &
cac vung kho han va ban khé han. Han han anh hudng dén
dic diém hinh théi, sinh 1y va sinh hoéa..., do d6 lam giam
san luong, chit luvong cua lac [5]. Han han 1am giam nghiém
trong sy hdp thu cac chit dinh dudng nhu nito, phét pho va
kali... lam cho sy sinh truong va phat trién cua lac bi anh
huong, dan dén giam sinh khéi, ning suat. Mtc d6 nghiém
trong cia han han trén cdy lac ngoai phu thudc vao thoi
gian va cuong do cua han, con phu thude vao thoi diém sinh
truéng cta lac. Néu han han kéo dai tir khi bat du ra hoa
dén giai doan 1am hat, s& khién ning suét giam t6i 50%. Bén
canh do, han cling anh hudng tiéu cuc dén chét luong dinh
dudng cua hat lac. Oleic 1a acid béo quan trong lién quan
dén chat luong, huong vi, thoi gian bao quan cua hat lac,
ham luong bi giam khi bi tdc ddng cua han [6]. Péc biét, han
c6 thé gay ra su gla tang 6 nhidm aflatoxin (chét c6 kha ning
gdy ung thu cao ddi véi ca dong vat va con ngudi) trong hat
lac, do d6 lam giam nghiém trong
chat luong hat [7]. (A)

Lac c6 nhiéu gi tri dinh dudng
t6t cho strc khoe con ngudi, tuy
nhién, phan 16n protein trong lac
c6 kha nang giy di Ung cao va
nhitng nguoi bi di g vdi lac nén
tranh an hat lac hoac cac san phém
thue phém c6 thé chua lac. Ngoai
ra, protein hat lac c6 ham lugng
cac amino acid thiét yéu chira luu
huynh théap [2, 8]. San luong, gia tri
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dinh dudng bi tic dong boi nhiéu yéu td phi sinh hoc nhu
han, nhiét d khic nghiét, d0 man, 1 lut va néng do CO,...
[9, 10]. Do d6, can c6 nhidu nghién ctru hon nita dé ting cac
amino acid thiét yéu va giam hodc loai bo tinh gay di tmg
ctia protein lac, ting cudng kha niang chéng chiu cua lac.
biéu nay co thé thuc hién duoc nho sy tién bo trong cong
nghé chinh stra gen.

D3 c6 nhiéu nghién ctru thanh cong trong viée xay dung
hé théng tai sinh tr mo seo lac dugc cam Ung tur cac bo
phan khac nhau, phuc vu chuyén gen nhd Agrobacterium
[11, 12] Hé théng tai sinh tao da chdi cling 1a phuong phap
¢6 tiém ning 16n trong chuyen gen qua 4 grobacterzum véi
thoi gian tai sinh cdy ngan, cdy tai sinh co stc song tdt,
nhung chua dugc quan tdm nghién ctru. Nghién ctru nay
nham phat trién mot hé thong tai sinh tao da chdi hiéu qua
ctia cdy lac, phuc vu k¥ thuat chuyén gen vao céy lac thong
qua trung gian Agrobacterium, dé nang cao kha ning chong
chiu, cai thién chat luong hat lac.

2. Viat liéu, phuong phap nghién ciu
2.1. Vit liéu

Hat lac gidng L27 cua Tram Khuyén nong thi xa Phu
Tho, tinh Phut Tho dugc st dung trong cac thi nghiém, giéng
lac nay dugc trong pho bién, c6 dién tich canh tac 16n va cho
nang suat cao (32-45,5 ta/ha). Sir dung chdi ngon, nach 14
mam cia mam lac 7 ngay tudi (tinh tir ngdy vao mau) nudi
in vitro & 1am vat liéu nghién ctru (hinh 1). M6i trudng nudi
cdy 1a MS [13] b6 sung saccharose 20 g/l, agar 7 g/l va bd
sung chat diéu hoa sinh truong khac nhau tiy theo muc dich
thi nghiém. Diéu kién nudi c?iy voi nhiét do 25+2°C, cuong
d6 anh sang 2.500 lux, thoi gian chiéu sang 14 gid/ngay.

2.2. Phwong phap nghién ciru

Khi tring hat: Qua lac gidng L27 sau khi phoi kho, boc
vO, lua chon hat méy, khong sau bénh. Hat lac dugc rira sach
dudi voi nude chay, sau d6 tién hanh khir tring bang dung
dich HgCl, 0,1% trong thoi gian khac nhau. Sau lan 1 khir

:

Hinh 1. Hinh thai hat (A), chdi ngon va nach la mam cuia gidng lac L27 (B).
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tring, tién hanh rira mau bang nudc cat vo tring it nhat 5 1an
méi tién hanh khir trung 14n 2, sau d6 rira mau lai 3-5 1an dé
kho va hat dwoc cdy trén moi truong MS.

Anh hwong ciia nong dg BAP dén kha nang tdi sinh choi:
Choi ngon, nach 1a mam dugc gay ton thuong bang cham
kim nhon (15 1an/mau), sau d6 dugc nudi trén moi trudng
MS b sung BAP cac nong do khac nhau.

Anh hieong ciia nong d¢ BAP va a-NAA dén kha ning
tao da choi: Chdi tai sinh 21 ngay tudi dugc chuyén sang
moi truong chira BAP va bd sung 0-NAA céc ndng do khac
nhau.

Anh huéng ciia nong @é a-NAA dén kha nang tao ré:
Chdi dat kich thudc 2-3 cm duoc nudi trén moi truong MS,
¢6 bo sung a-NAA véi nong do khac nhau.

Ngwéng chon loc kanamycin ¢ giai doan choi: Nach 14
mam sau khi gy t6n thuong bang kim nhon, dugc nudi trén
moéi trudng MS + BAP 2,0 mg/l, duoc bd sung kanamycin
(0-100 mg/1).

Ngwéng chon loc kanamycin & giai doan ra ré: Chdi dat
kich thuéc 2-3 cm dwoc nudi trén moi truong MS co bd
sung a-NAA 0,7 mg/l, dugc bd sung kanamycin véi nong
d6 0-100 mg/1.

3. Két qua va ban luan
3.1. Khuwr trung hat lac tao vat liéu khoi ddu in vitro

Két qua khir tring hat lac L27 dé tao vat liéu khoi dau
cho nudi cdy in vitro bang HgCl, 0,1% duoc trinh bay ¢
bang 1. Két qua bang 1 cho thiy, véi khir trung 1 1an (khu
trung don) khi tang thoi gian khu tring HgCl, 0,1% tir 3
dén 11 phut thi ty 1& mau nhiém gidam rd rét tir 100 con
20%. Piéu d6 chung to, HgCl, 0,1% c6 kha nang khir trung
t6t. Tuy nhién, khi ting thoi gian khir tring thi ty 16 mau
khong tai sinh cling ting theo. Ty 1& miu sach tai sinh & thoi
gian khtr tring 9 va 11 phit tvong duong nhau, dat 1an lugt
44,45 va 44,44%. Vi khtr trung 2 1an (khtr tring kép) cho
thdy hiéu qua khir tring tot hon. Cing thoi gian khir tring
9 phit thi & khtr trung kép (5 phut 1an 1 va 4 phut 1an 2) ty
1¢ mau nhiém con 14,44% va ty 1€ mau sach, tai sinh dat t6i
67,78%, cao hon 1,52 1an so voi khir trung don va cling 1a
cong thirc khir tring hiéu qua nhét. Két qua nghién ctru cia
C.T. Quyen va cs (2022) [12] khir trung hat lac L14 bang
NaOCl 2,5% ciing cho thdy khir tring kép hiéu qua hon so
v6i khur trung don.
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Bang 1. Anh hwéng cua théi gian xiv ly HgCl, 0,1% dén kha nang
tao mau sach cua lac L27 sau 21 ngay nuéi cay.

Thoi gian Sé o = Ty 1¢ miu khong nhiém (%)

(phit) | Ty 1¢ mau .
: o Y9N ohidm (%) T e khong Ty I¢ miu

Linl Léan2 ™M tdi sinh tdi sinh

3 90 100° 0° o

5 90 63,33 11,11¢ 25,56°

7 90 46,67 16,67° 36,66¢

9 90 32,224 23,33 44,45

11 90 20,00 35,56° 44,44

5 3 90 21,11¢ 16,67 62,22

5 4 90 14,441 17,78 67,78

5 5 90 13,33¢ 22,22 64,45%

Cac chi¥ cai khac nhau trong cot biéu thj sw sai khac cé y nghia théng
ké véi p<0,05.

3.2. Anh hwéng ciia nong dp BAP dén khd nang tdi
sinh chéi

Choi ngon, nach 14 mam lac L27 duoc gy ton thuong
bang kim nhon, sau d6 tién hanh danh gia anh hudong cia
BAP dén kha ning tai sinh chdi. Két qua sau 30 ngay nudi
cdy dugc trinh bay & bang 2.

Bang 2. Anh hwéng clia ndng dd BAP dén kha nang tai sinh choi
ngon, nach la mam cua lac L27.

Nong dd S6 Ty 1& miu

Miu  pap (mg/l) lwong miu tai sinh (%) Chit lrgng chdi
0 90 23,33¢ Choi géy, 14 xanh nhat
0,5 90 34,44¢ Chdi trung binh, 14 xanh
chai M0 90 68,89 Chdi map, 14 xanh dam
ngen 5 90 86,67° Chbi map, 4 xanh dam
2,0 90 87,78° Chdi trung binh, 14 xanh
2,5 90 88,89° Chdi trung binh, 1a xanh
0 90 13,33¢ Choi gy, la xanh nhat
0,5 90 23,224 Chbi gly, 14 xanh nhat
Nach 1,0 90 46,67 Chdi trung binh, 14 xanh
Lalém 1,5 90 71,11° Choi map, la xanh dam
2,0 90 84,44 Chdi map, 14 xanh dam
2,5 90 85,56° Chdi trung binh, 14 xanh

Céac chi¥ cai khac nhau trong cot bidu thj sw sai khac cé y nghia théng
ké v6i p<0,05.
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Két qua bang 2 cho thay, véi mau 1a chdi ngon néu khong
b6 sung BAP (d6i chimg) chdi tai sinh dat 23,33%, chdi gay,
14 xanh nhat. Khi b sung BAP ty 1€ tai sinh tang ro rét, &
ndéng d6 BAP 1,5 mg/l ty 1& chdi tai sinh 86,67% (gap 3,71
lan ddi chung), chét luong choi tdt, chdi map, 1a xanh dam.
Khi ting BAP [én 2,0 va 2,5 mg/l ty 1¢ chdi tai sinh tang 1én
lan luot 12 87,78 va 88,89% nhung khong c6 sy sai khac co
¥ nghia thong ké v6i p<0,05 véi ty 16 tai sinh choi 6 1,5 mg/l
BAP, hon nita chét lugong chdi lai giam, chdi trung binh, 14
xanh. Véi mau 14 nach 14 mam, BAP ciing anh hudng tich
cuc dén kha nang tai sinh chdi, ¢ 16 d6i chung ty 16 tai sinh
chi dat 13,33%, chdi gay, 14 xanh nhat. Nhung b6 sung BAP
ty 18 tai sinh va chit luong chdi tang 1én. Trén méi truong bd
sung BAP 2,0 mg/l, ty 1€ tai sinh chdi dat 84,44%, choi map
map, la xanh dam. Khi ting BAP 1én 2,5 mg/l, ty 1€ tai sinh
dat 85,56% nhung chét luong chdi lai giam. Do do, néng do
BAP thich hop cho tai sinh chdi ngon cta gidng lac L27 1a
1,5 mg/l, tai sinh nach 14 mam 1a 2,0 mg/1. Theo nghién ctru
ctia P.T.B. Hoa va cs (2021) [14], ndng do BAP tai sinh choi
nach 14 mam cua gidng lac L14 1a 4 mg/l, c6 thé thiy, nong
do BAP thich hop cho tai sinh phu thudc vao giéng lac va
bd phan su dung.

3.3. Anh huwéng ciia nong dp BAP va a-NAA dén khd
nang tao da choi

Kha ning tao da chdi 1a yéu td quan trong dé ting hiéu
sudt chuyén gen nho Agrobacterium [15], do d6 anh hudng
ctia nong do BAP va a-NAA dén kha ning tao da choi ciia
chdi ngon, chdi nach 14 mam lac L27 duoc tién hanh, két
qua dugc trinh bay ¢ bang 3, hinh 2.

Bang 3. Anh hwéng ctia ndng dd BAP va a-NAA dén kha ning tao
da chdi lac L27.

Nong Nong 9 S6 chdi/ Chiéu cao
Méu d9BAP o-NAA trung binh  Trang thdi chdi
(mg/l)  (mg/l) chdi (cm)
0,0 1,00¢ 10,21¢ Map, xanh ddm
. 0,3 1,00¢ 10,06 Map, xanh dam
Choi . .
1,5 0,5 1,03¢ 9,96 Map, xanh ddm
ngon
0,7 1,01¢ 10,27¢ Map, xanh ddm
0,9 1,02¢ 9,85 Map, xanh dm
0,0 1,24¢ 10,34° Map, xanh ddm
0,3 2,12¢ 10,09° Map, xanh ddm
Nachld —, 0,5 3,15¢ 9,74 Miap, xanh dim
mam
0,7 4,430 9,24 Mép, xanh dim
0,9 5,542 8,062 Trung binh, xanh

Cac chi cai khac nhau trong cot biéu thi sw sai khac cé y nghta théng
ké v&i p<0,05.
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Hinh 2. Anh hwéng ctia ndng dé BAP va a-NAA dén kha niang tao
da chéi ctia chdi ngon (A) va chéi nach Ia mam (B) cuta lac L27.
CT1: BAP 2,0 mg/l + a-NAA 0,0 mg/l; CT2: BAP 2,0 mg/l + a-NAA 0,3
mg/l; CT3: BAP 2,0 mg/l + a-NAA 0,5 mg/l; CT4: BAP 2,0 mg/l + a-NAA
0,7 mg/l; CT5: BAP 2,0 mg/l + a-NAA 0,9 mgl/l.

Két qua bang 3, hinh 2A cho thay, chdi ngon nuéi trén
moi truong bd sung BAP va a-NAA van khong cam (mg
tao da chdi, cac 16 thi nghiém déu dat 1 chdi/mau, chdi map
map, sinh trudng tdt déu dat chiéu cao 9,85-10,27 cm. O
chdi nach 14 mam khi bd sung 2,0 mg/l BAP vin c6 cam tmg
tao da chdi, tuy nhién chi dat 1,24 chdi/mau. Khi bd sung
thém a-NAA 0,3 mg/l, s6 chdi/mau ting 1én 2,12. Khi ting
a-NAA [én 0,9 mg/l, cam ing ra chdi dat cao nhét véi 5,54
chdi/mau, nhung chit lwong chdi c6 xu hudng giam, chdi co
chiéu cao trung binh dat 8,06 cm. Con & cong thirc bd sung
BAP 2,0 mg/l + a-NAA 0,7 mg/l chdi map, 14 va chdi mau
xanh dam, sinh truong tdt va dat 4,43 chdi/mau, day la cong
thirc cam tmg chdi t6t nhat trong cic nghiém thirc nghién
ctru (khong chi t6i da sb chdi, ma con xét chat luong chdi
va kha ning st dung cho chuyén gen). Nhu vy, dé chuyén
gen vao lac L27 nhd vi khuan trung gian Agrobacterium thi
str dung tai sinh tir nach 14 mam, do chdi ngon khong cam
{rng tao da chdi.

3.4. Anh hwong ciia nong dp a-NAA dén khd ning
ra rE:

Cam (g ra ré tao ciy hoan chinh c6 vai tro quan trong
dé co thé dua cay in vitro ra ngoai moi truong sdng. Nhoém
chat diéu hoa sinh truong auxin c6 tic dung kich thich
cam tmg ra r& ciia chdi & ndng do thich hop, co nhiéu
nhom auxin duoc dung trong nudi cdy mé nhu: IAA, IBA,
a-NAA. Nghién ctu cua P.T.B. Hoa va cs (2021) [14] cho
théy, a-NAA c6 anh hudng tich cuc nhét dén su ra ré cua
gidng lac L14. Do d6, anh hudng cua néng do a-NAA dén
kha ning ra ré cta chdi nach 14 mam lac L27 duoc nghién
ctru, két qua dugce trinh bay & bang 4 va hinh 3.

Két qua bang 4 va hinh 3 cho théy, chdi nach 14 mam lac
L27 néu khong bo sung a-NAA sau 21 ngdy nudi cdy bat
dAu ra r&, chi c6 6/90 chéi ra ré dat 6,67%, dat 1,20 ré/chdi,

L)



Bang 4. Anh hwéng cliia néng dd a-NAA dén kha ning ra ré cla
chdi nach 1a mam lac L27.

Ning 49 gég: }11': fé ij ¢ ra S(‘)\ré/ Chit lugng ré

a-NAA (mg/l) ) ré (%)  choi :

0,0 21 6,674 1,20  R& ngéin, manh, khdng co 1 thi cép
0,1 12 57,78 234  R& trang, mép, it & thir cép

0,3 11 TLI1Y 432¢  R& trang, dai, map, nhiéu ré thir cap
0,5 10 82,220 643>  RA tring, dai, map, nhiéu r& thir cap
0,7 9 100 832>  R& tring, dai, map, nhiéu r& thir cép
0,9 9 1000 12,75*  R& nau, mép, ngén, nhiéu ré thir cip

Cac chiv cai khac nhau trong ¢t biéu thi sw sai khac cé y nghia théng
ké vé&i p<0,05.

1& nho, ngin, khong c6 ré thir cip. Khi bd sung 0-NAA 0,1
mg/l sau 12 ngay da ra ré, ty 1€ ra ré tang lén 10 rét, dat tor
57,78%, dat 2,34 ré&/chdi, ré tréng, map nhung ngén va rat
it ré thu cép. Tang néng do a-NAA 1én 0,7 va dat ty 1€ ra ré
100%, s luong ré/chdi dat 8,32, chét lugng ré tbt, ré tre‘ing,
map, dai, nhiéu ré thir cAp. Khi tang 1én 0,9 mg/I dat 100%
mau ra r&, s6 ré nhiéu t6i 12,75/chdi, tuy nhién chat luong
r& giam, r& mau nu, ngan va rat nhiéu ré thir cip. Két qua
nay cho thay, nong d6 a-NAA tot nhat dé cam tng ra ré cua

chdi nach 14 mam 1a 0,7 mg/1.

(> 0,7 mg/l

A
0,0mgl1 0,1 mg/l 0,3 mg/l 0,5 mg/l 0,9 mg/l

Hinh 3. Anh hwéng clia ndng dd a-NAA dén kha ning ra ré cla
chdi nach 1a mam lac L27.

3.5. Ngwong chon loc kanamycin ¢ giai doan tdi sinh
choiva ra ré

Trong chuyén gen nhd Agrobacterium, thiét ké vector
chon loc cdy chuyén gen khang sinh kanamycin duoc str
dung phd bién [16], do d6 dé chon dugc cdy mang gene
chuyén, tién hanh nghién ctru ngudng chon loc kanamycin
& giai doan tai sinh chdi ctia nach 14 mam va kha nang ra ré
ctia giéng lac L27. Két qua duoc trinh bay & bang 5 va hinh
4, Két qua bang 5 cho théy, dé chon loc duoc cdy mang gen
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chuyén str dung kanamycin ¢ nong do 75 mg/l ¢ giai doan
tai sinh chdi nach 14 mam va 50 mg/1 & giai doan ra ré 1 hiéu
qua. Két qua nay ciing trong dong véi nghién ctru chuyén
gen bang Agrobacterium vio gidng lac L12 cia N.T.T. Nga
va cs (2012) [11] & giai doan tai sinh chdi 1a 75 mg/1.

Bang 5. Anh hwéng ctia ndng dé kanamycin dén kha ning tai sinh
chdi va ra ré cua giéng lac L27.

Nong do

. T§ 18 chbi ok Tyléra . . .
kanamycin téi sinh (%) Trang thai choi vé (%) Chat lwong ré
(mg/1)

0 £8,89° (,jh01 m%p, m'ilu xanh dém, 100° Re}Eran:g, dfil, Inap,
sinh trudng tot nhiéu ré thir cap
25 6778 Ch(?l i xanh, sinh 4634 Re} L i, Ll
trudng tot nhiéu ré thi cap
50 35.56° Ch01 me}nh, ma}u xanh nhat, 1632 Re‘,nalrl, H:lan}'l, .
sinh trudng cham ngan, it ré thir cap
75 SRt Choi manh, t}}ap, mflu vang 0
nhat, sinh truong kém
100 0 Méu den, khong tii sinh 0¢ 0

Cac chi¥ cai khac nhau trong cot bidu thi sw sai khac cé y nghia thdng
k& v6i p<0,05.

0 mg/l 25 mg/l 50 mg/l

75 mg/l

100 mg/l

Hinh 4. Anh hwéng cia kanamycin dén kha ning tai sinh chéi
giéng lac L27.

4. Két luan

Trong nghién ctru nay, hiéu qua khir tring hat lac bang
HgCl, 0,1% tdt nhat, véi tong thoi gian xtr 1y 1a 9 phut (5
phut 1an 1 va 4 phut lan 2), dat ty 1& mau tai sinh 1a 67,78%.
Déi voi nguyén li¢u tai sinh la chdi ngon, néng d0 BAP 1,5
mg/I 12 t6t nhét cho tai sinh chdi, con ddi véi nach 14 mam 1a
2,0 mg/1. Chdi nach 14 mam cam tng tao da chdi tot nhét voi
BAP 2,0 mg/l + 0,7 mg/l a-NAA dat 4,43 chéi/m?lu, nguoc
lai chdi ngon khong cam tng tao da chdi. Nong do a-NAA
cam Ung ra ré tdi wu 12 0,7 mg/l, dat 8,32 r&/choi, ré tréng,
dai, mép, nhiéu ré thir cép. Kanamycin 75 mg/l cho chon loc
tai sinh chdi va 50 mg/1 chon loc ra r&, dé chon loc duoc cay
mang gen chuyén hiéu qua nhat. Két qua nay 13 co s¢ dé xay
dung quy trinh chuyén gen qua trung gian Agrobacterium,
dé nang cao kha nang chéng chiu, cai tao chét luong hat lac.
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Panh gi4 tinh bén vimg ciia md hinh sinh thai tich hop
trong canh tac thanh long bang phan tich emergy

H Thi Thién Kim', Pong Thi Thu Huyén?, Nguyén Thanh Hing', L& Thanh Hai',
Tréan Thi Hiéu', Nguyén Thi Phwong Théo', Tran Trung Kién"
WVién Méi Trieong va Tai nguyén, Pai hoc Quéc gia‘TP. Hé Chi Minh, ~142 To [jliéln Thdn},z, phuwong Dién Hong, TP. Ho Chz' Minh, Viét Nam
’Khoa Cong nghé, Truong Dai hoc Cong nghé Pong Nai, 206 Nguyén Khuyén, khu pho 5, phuong Trang Dai, tinh Dong Nai, Viét Nam
Ngay nhan bai 3/3/2025; ngay chuyén phan bién 5/3/2025; ngay nhan phan bién 21/3/2025; ngay chép nhan dang 28/3/2025

Tém tit:

Muc tiéu ciia nghién ctru nay la danh gia tinh bén virng ciia mé hinh sinh thai tich hgp cho cic hd dan canh tic thanh
long. Mt mé hinh sinh thai khép kin theo hwéng tuin hoan vt chét va niing lwong cho cac hd din trong ciy thanh
long di dwoc dé xuét va trién khai, dwa trén co sé xir Iy chit thai tir sinh khoi thanh long, két hop véi chét thai chin
nudi tao ra cac san phAm méi co gia tri. Bén canh d6, phwong phap phén tich emergy dwoc ap dung dé danh gia tinh
bén virng ciia md hinh sinh thai tich hop di trién khai cho cic hd dan. Két qua cho thiy, hé s6 ning suit niing luong
(EYR) ciia hé thong 1a 0,99, nghia 12 khong cé don vi tai nguyén méi trwong mién phi nao cé thé dwoc khai thac khi
mét don vi dau vao dwge diu tw vao hé thong tich hop. HE s sire tai moi trwong (ELR) ciia hé thong 1a 0,35, cho thiy
niing lwgng tai tao dwoc sir dung trong hé théng nay nhiéu hon ning lwgng khong tai tao. Hon nira, chi sé bén virng
(EmSI) ciia md hinh sinh thai tich hop dat 2,8, cao hon so v6i hé thong ndng nghiép thong thwong.

Tir khéa: canh tic cAy thanh long, mé hinh sinh thai tich hop, phéan tich emergy, tinh bén virng.
Chi s phin logi: 4.1, 4.7

Sustainability evaluation of an integrated ecological system
for dragon fruit cultivation using emergy accounting

Thi Thien Kim Ho!, Thi Thu Huyen Dong?, Thanh Hung Nguyen', Thanh Hai Le',
Thi Hieu Tran', Thi Phuong Thao Nguyen', Trung Kien Tran"

!Institute for Environment and Resources, Vietnam National University - Ho Chi Minh City, 142 To Hien Thanh Street, Dien Hong Ward, Ho Chi Minh City, Vietham
’Faculty of Technology, Dong Nai Technology University, 206 Nguyen Khuyen Street, Quarter 5, Trang Dai Ward, Dong Nai Province, Vietnam

Received 3 March 2025; revised 21 March 2025; accepted 28 March 2025
Abstract:

This study aims to evaluate the sustainability of an integrated ecological system for dragon fruit cultivation by farming
households. A closed ecological system based on material and energy circulation was proposed and implemented
for dragon fruit farming households, utilising waste from dragon fruit biomass combined with livestock waste to
generate valuable new products. In addition, emergy accounting analysis was applied for sustainability evaluation of
an integrated ecological system. The results show that the emergy yield ratio (EYR) of the system is 0.99, indicating
that no free environmental resource can be obtained for each unit of input invested in the integrated system. The
emergy loading ratio (ELR) of the system is 0.35, which indicates a relatively low environmental loading, with
renewable inputs outweighing non-renewable ones. Furthermore, the environmental sustainability index (EmSI) of
the integrated system is 2.8, which is higher than that of conventional agricultural systems.

Keywords: dragon fruit cultivation, emergy accounting, integrated ecological system, sustainability.

Classification numbers: 4.1, 4.7

“Tac gia lién hé: Email: trungkienmt95@gmail.com

‘ %HI\?GCI:-IE 68(3) 3.2026 82



Khoa hoc Néng nghiép | Trong trot; Cac linh vuc khac cta khoa hoc néng nghigp

1. Dat van de

Viét Nam 1a nudce cé dién tich va san lugng thanh long
16n nhat chau A va ciing 1a nudc xuat khiu thanh long
hang dau thé gisi. Dién tich trdng thanh long & nudc ta vao
khoang hon 25.000 ha, v6i san lugng trén 460.000 tAn/ nam,
tap trung nhiéu & Lam Ddng, Pdng Thap va Tay Ninh. Dién
tich thanh long ctia 3 tinh nay chiém 92% tong dién tich
va 96% san luong cua ca nude [1]. Tuy nhién, luong cht
thai phat sinh tir cdy thanh long khong chi giy 6 nhiém moi
truong va phat thai khi nha kinh ma con tiém 4n nhiéu mam
bénh, anh hudng ti€u cuc dén my quan céc khu vuc canh tac
[2]. Mot s6 cong trinh trong nhitng nim gan day da nghién
ctru xtr 1y chat thai nay nhdm tao ra cic san pham thir cap
c6 gia tri. Chét thai tir vo thanh long dugc phdi tron véi cam
cong nghiép theo cac ty 1& khac nhau dé lam co chét cho
qua trinh nudi rudi linh den (Hermetia illucens). Sau khi
ap dung cac phuong phéap xtur 1y so bd nhu xay nhuy@n, két
qué cho thay rudi linh den thich nghi va sinh truéng t6t nhét
trong mdi trudng c6 ty 1& chat nén vo thanh long:cam cong
nghiép 1a 85:15, vi hiéu suit dat 71,89% [3]. Cac chét thai
c6 ngudn gdc sinh khéi tir qua trinh canh tac cay thanh long
¢6 thé duge xir 1y thanh cac san pham c6 gia tri kinh té va
ung dung cao nhu: than sinh hoc tir canh cdy thanh long véi
kha nang hap phu chit 6 nhiém 1én dén 95% [4], vo thanh
long rudt do ¢ kha ning trich ly chat mau betacyanin [5-
71, bot than thanh long rudt tréng 6 thé duoge st dung lam
nguyén liéu chinh phdi tron cting v&i bot cam va bot bap 1én
men chua lam thirc dn bd sung cho vat nuodi [8].

M5 hinh sinh théi tich hop trong nong nghiép nham tai
sir dung chét thai, tudn hoan nguyén vat liéu hudng dén
nang cao tinh bén ving cho hé sinh thai da dugc nghién ctru
trude day [9-11]. Tuy nhién, viéc str dung hiéu qua chét thai
hitu co cho muc dich ndng nghiép doi hoi phai danh gia rai
ro k§ ludng va nghiém ngit dé ngin ngira tic dong x4u cia
cac chit gdy 6 nhiém nhu kim loai ning, chit 6 nhiém hitu
co kho phan hity nhim dam bao tinh bén vimg nong nghiép
[12]. Két qua 1 nghién ciru dién hinh trude ddy cho thay,
cac chirc nang cua hé théng nong nghiép tich hop hodc nong
nghiép tuan hoan (CA) phai dugc xac dinh trude khi van
hanh nhdm nang cao hiéu qua sinh thai ciia hé théng. Néu
chi tang dién tich thanh long 10% thi hiéu qua cta hé thong
CA s& giam 0,17% mdi ndm, néu ting 10% hé théng chin
nuoi heo thi hiéu qua ctia CA sé ting 0,20% mdi nim [13].
Chat thai tir canh tac va ché bién thanh long c6 thé duoc
tai st dung do chira mot s6 hoa chit va dau co gia tri gia
tang va co thé 1 ngudn tai nguyén tai tao dé san xudt mot
s6 hop chét c6 gia trj gia ting c6 tiém nang Gmg dung trong
cac nganh cong nghiép khac nhau theo dinh huéng kinh té
tudn hoan [14]. Céc hé thong trong trot - chan nudi tich hop
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(ICLS) phu hop cho cac trang trai, vi ching c6 tiém nang
céi tao nhitng viing dong co6 rong 10n bi suy thoai, dong thoi
giam thiéu phat thai khi nha kinh, khuyén khich tham canh
bén viing [15].

Emergy dugc dinh nghia 1a “Ning luong sin co cua
moét dang dugce sir dung mét cach tryc tiép hodc gian tiép
trude do dé tao nén mot san phém hoac dich vu”. Pon vi
clia emergy 1a emjoule hodc solar emjoule (viét tit 1a SeJ)
[16-19]. Trong nhiéu ndm qua, dd c6 nhidu nghién ctru duoc
thuc hién dé chirng minh cin ci virng chic cua phuong phap
phan tich emergy. Phuong phép nay ciing ¢6 thé dugc két
hop voi cac phuong phap khac nhu: “phan tich vong doi”
(LCA), “d4u chan sinh thai” (EF), “danh gia moi truong
chién luoc” (SEA) [16-19]. Phan tich emergy c6 thé lap
day nhirng “khoéang trong” thuong ton tai trong cac nghién
ctru mudn quy doi kinh t& va méi truong vé cing mot van
dé. Tinh chét nay ciing cho phép phuong phap phan tich
emergy trd thanh mot lya chon tot dé danh gia tinh bén viing
clia cac hé thong, tir d6 gitip dua ra cac quyét dinh lién quan
dén nang luong, moi trudng va xa hoi [20].

Qua viéc sir dung cic gia tri chi s6 bén viing emergy
(EmSI) dé danh gia sau hé thong phat dién khac nhau, phan
loai chung dya trén nhiét dong luc hoc va hiéu qua moi
truong, cho thay st dung ning lugng tai tao bén viing hon
so voi nhitng cong nghé dya trén nhién liéu hoa thach [21].
Phuong phap phan tich emergy ciing dugc st dung dé phén
tich viéc sir dung sinh khdi 1am nguyén li¢u cho san xuat
nhién liéu sinh hoc va dién [22]. Bén canh d6, nhiéu nghién
ctru st dung emergy dé danh gia hiéu qua san xuét ethanol
sinh hoc tr ngo, la mi va mia [23-25], hay céc nghién cuu
san xuét nhién liéu sinh hoc bf’mg chét thai tr mia va san
xuét biodiesel tir dau thyuc vat [26-28].

Ngoai ra, phan tich emergy con dugc sir dung dé danh
gi4 hiéu qua ciia hé théng cung cip nude cho do thi, cac
dong chay va quy trinh hé théng, dua trén mé hinh héa va
tinh toan trén co s¢ kha nang tich lily nang lugng san c6 clia
hé sinh thai. Cac ngudn nuéc duge thyc hién danh gia bao
gbém: ngudn nudc mit, nudc ngdm va nude sau khir man.
Két qua cho thdy, dé van chuyén dwoc 1 m? nude cip phai
tiéu tén khoang 3,22E+12 SeJ [29]. Trong khi nghién ciru
tinh bén viing dua trén phan tich emergy ctia nha may xir Iy
nudc cép ddc 1ap lai phu thude vao chét lugng nguén nudc
tho, gia tri nang lugng sinh thai cia riéng nha may nudc
cap khoang 9,03E+11 SeJ/m’ [30]. Khi phan tich hiéu qua
ctia hé thdng xir Iy nude thai nhim han ché mébi de doa cho
moi truong dia phuong, cac kich ban khac nhau da duogc dé
xudt, danh gi hiéu qua dua trén phén tich emergy. Két qua
cho théy, cac kich ban déu han ché ap luc moi truong, céc



giai phap vé tai sir dung nudc da qua xir Iy va bun thai c6
thé gitp cai thién chit lugng méi truong [31-34]. Ngoai ra,
phan tich emergy con duoc sir dung dé danh gia tinh bén
viing cho mdt s6 hé théng néng nghiép va dich vu hé sinh
thai, 6 nhiém nudc. Phuong phap nay han ché sy phuc tap,
khong chic chin va tinh trung lip dit liéu cia khung tinh
toan dich vu hé sinh thai. Phuong phap cling dugc 4p dung
dé danh gia tinh bén vimg dua trén twong tac giita thién
nhién va con nguoi, khi sit dung dich vu h¢ sinh thai nong
nghi¢p thong qua kha nang ti tao (RNP%) va khong tai tao
(NRP%) [35-37].

Céc nghién ciru trude day da dinh nghia vé& emergy va
mg dung vao cac hé thong khac nhau, tir qua trinh quan
Iy nang luong hé sinh thai cua trang trai dén ton thit ning
luong cuia hé théng cAp nude va xir Iy nude thai. Tuy nhién,
cac nghién ciru nay van chua ap dung phan tich emergy dé
luong hoa ning lugng sinh thai cia hé thong sinh thai tich
hop, huong dén tuan hoan vat chit va nang luong. Trong
nghién ctru nay, mdt hé théng néng nghiép tich hop cho ho
dan trong thanh long két hop chin nudi dugc dé xuét, sau
d6 emergy duoc str dung dé danh gia tinh bén vimg ciia mo
hinh khi ap dung thyc tidn. Thanh long 14 loai cdy trong yéu
clu ¢6 cuong do chiéu sang cao, do do lién quan dén viec
str dung dién. Emergy 1 phuong phap pht hop dé tinh toan
tong chi ph1 nang lugng, khong chi tir viéc st dung dién ma
con tir ngudn tai nguyén co thé tai tao khac nhu nudc va dét.

2. Dol tuong va phuong phap nghién ciiu
2.1. Cdch tiép cgn

Mbi joule nang luong, di ¢ dang birc xa mat troi, dién
nang hay lao dong con nguoi quy doi, c6 thé gidng nhau vé
luong, nhung khac nhau vé chat luong va kha niang sir dung.
Heé s6 chuyén d6i dugc dinh nghia 1a lwong emergy dau vao
can thiét dé tao ra mot don vi dau ra kha dung. Trong nghién
clru ndy, phén tich emergy dé danh gia sy bén viing vé mo
hinh sinh thai tich hgp cho cay thanh long dugc thyc hién
theo céc budc sau:

- Budc 1: V& so d6 hé thdng tong quan dé xac dinh ranh
gidi ciia hé thong d cho va xac dinh cac ngudn dau vao, dau
ra dugc danh gid trén cac ky hi€u co ban do Odum trinh bay
(hinh 1). Téng mirc str dung ning luong (U) bang tong cac
dong tai tao va nang lugng khong thé tai tao trong hé thong,
tuong ng, niang lwong san xuit (Ep) biéu thi san lugng cia
tong nang luong dugc san xuit bai hé thdng sinh thai tich
hop. Bén canh d6, phan lon va ba khi duogc tai ché thong
qua hé thong phu biogas trong md hinh nay, déng vai tro
1a ngudn ndi lyc thic day qua trinh chuyén doi tudn hoan
chudng - ao - vuon... Do do6, hé théng thirc an chin nudi
(SF) dai dién cho su trao doi vt chat trong hé théng nay.
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Hinh 1. So d6 ranh gi&i ciia hé théng tich hop.

- Budc 2: Phan tich gid tri nang luong thu dugc cua ting
hang muc duogc xem xét trong hé théng “sinh thai tich hop”.
Trong budc nay, tit ca cac dir liéu thé nhu jun, kilogam
duoc chuyén thanh dang nang lugng mat troi, voi don vi la
SeJ nham chuyén vé don vi ning lugng chung ctia emergy.
Pbi voi su chuyén d6i nay, gia tri don vi cia emergy 1a
UEYV, duogc coi la lwgng mat troi can thiét dé tao ra trén mot
don vi (jun, khdi luong hodc tién) clia mot san phém hoac
dich vu. UEV 1a mot dbi twong nhat dinh, c6 thé c6 gia tri
khac nhau do vi tri dia Iy cu thé hodc quy trinh san Xuét.

- Bude 3: Thiét 1ap chi sé ning lugng va dinh luong cac
hanh vi sinh thai cta hé théng “sinh thai tich hop” s& duoc
lam r6.

Su néng 1én toan cau nham duy tri sinh quyén dugc coi 1
su tham chiéu cho phan tich emergy, trudc ddy c6 gia tri lan
dau 1a 9,44E+24 Sel/yr, sau d6 dugc cép nhat 1a 1,58E+25
Sel/yr va hién tai la 1,52E+25 Sel/yr [13].

2.2. Doi twong nghién civu

Sinh ké chinh ctia ho dan 14 trdng thanh long két hop véi
chin nudi, cu thé dién tich tr6ng thanh long 1a 10.000 m?
(tirc khoang 1.100 tru), sb luong vat nuoi 1a 9 con bo, dién
tich trong c6 1a 3.000 m? (hinh 2). B4i v6i nhu cau nguyén
lidu trong canh tac ndng nghiép ciia ho dan bao gom: thirc
an cho bo, phan bon cho thanh long. Pbi v6i chin nuéi bo,
thirc an chu yéu 13 ¢6 voi, ngoai ra ho chin nudi bd sung
thém 400 kg cam gao va 200 kg thirc dn chuyén dung cho vo
béo bo. Nude udbng cho bo khoang 50-60 lit/con/ngdy, nudc
vé sinh chuong trai 1a 0,9-1,08 m¥/lan (m01 ngay v¢ sinh 2
lan), ngudn nudc duogce sir dung 1a nude ngam. DAi véi qua
trinh canh tac thanh long, trung binh mét hd dung khoang
25 tin bon phan hitu co (phan chudng)/nam/2 1an bon, toan
bo lwong phén hitu co sir dung tir chat thai chin nudi. Canh
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thanh long tia bo mdi nam 1 lan, trung binh 150 canh/try
(twong tmg khodng 50 kg/try). Nhu vy, mdi nim mot ho
phat thai ra moi trudng gan 55 tan canh thanh long tia bo.

Hinh 2. (A) Khu vwc chan nuéi bo, (B) ruéng cé voi, (C) viweon thanh
long, (D) rom duw trir.

2.3. Phwong phdp phan tich chi sé emergy

Trén co s6 cac gia tri dugc dé cap & trén bao gdm: ning
luong c6 thé tai tao (RR), ning luong khong thé tai tao
(NR), tong nang lugng sir dung (U), ning lwong san xuat
(Ep), mét loat cac chi s6 duoc dua ra nhu sau dé trinh bay
hiéu suét ciia hé thong sinh thai tich hop.

Sy bién d6i (Tr):
1y
Tr = g (1)

trong do: Sy bién dbi (Tr) 1a mot loai UEV dugc dinh nghia
nhu dau vao xuit hién trén mot don vi dau ra nang lugng
kha dung v&i don vi SeJ/J. N6 thu dugc bang ty sb gitra tong
s6 nang luong duoc st dung trong mot qué trinh va ning
luong do qua trinh d6 tao ra. Tr dai dién cho chét lugng cua
chinh d4u ra. Do bién dbi cang cao thi can cang nhiéu nhiét
d06 cho hé théng.
Chi s6 phén tram tai tao (Pr):
RRE+RFP

Pr = )

u

trong d6: Renewable resources (RR) la cac ngudn nang luong
tai tao sdn c6 trong hé thong, con renewable purchased (RP)
1a cac ngudn nang luong tai tao dugc bd sung tir bén ngoai,
thong qua qua trinh mua hodc dua vao he thong. U 1a tong
nang luong dau vao cua hé thong, bao gom ca cac ngudn tai
tao va khong tai tao. Khac véi chi s phan trim téi tao 1a ty
1¢ gitra nang lugng tai tao co san (R) va U, chi sb phﬁn tram
kha nang gia han duogc sta dbi (Pr) duoc dinh nghia la ty 1¢
cua tat ca cac nang luong dau vao c6 sin hodc dugc thém
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vao trén tong sd nang lugng ddu vao, minh hoa su dong gop
¢6 thé tai tao trong tong dau vao st dung cho hé thong. H¢
thong Pr cao hon dugc coi 1a bén vitng hon vé lau dai.

Ty s nang suat ning luong tich liiy (EYR):
EYR = —

RP4NP ®)

trong d6: Non-renewable purchased (NP) 1a cac ngudn ning
luong khong tai tao mua tir nén kinh té bén ngoai, EYR la ty
s6 tong chi phi hién ¢6 so v6i chi phi thu dugc tir nén kinh
té bén ngoai, thé hién hiéu qua cua hoat dong st dung cac
yéu té dau vao da mua dé khai thac tai nguyén thién nhién.
Chi sb nay cang cao, lgi tirec thu dugce trén mot don vi dau tu
emergy cang lon.
Ty s stic tai moi truong (ELR):
NR+NP

ELR = RR+RP )
trong d6: Non-renewable resources (NR) la cac ngudn ning
luong khong tai tao sin cé trong hé thong, ELR 14 ty sb giira
téng nguyén liéu ddu vao khong thé tai sinh trén tong sd
nguyén lidu dau vao c6 thé tai sinh, cho biét muc do cing
thing ctia hé thong nhat dinh d6i véi méi trudng. Ty 18 nay
cang thap thi ap luc méi truong cang giam.

Chi s6 bén vitng emergy (EmSI):
EYR

EmSI = (5)

ELR
EmSI c6 tinh dén ca kha ning twong thich vé sinh thai
va kinh té, cho biét liéu mot quy trinh cung cap cho ngu’(‘)i
str dung ap lyc moi truong thap hay cao, phan anh tinh bén
vitng tong thé ciia mot quy trinh san xuat. Chi sb nay cang
cao thi tinh bén vimng ciia hé théng cang cao.
Ty I¢ phan hoi emergy (EFR):
EFR = — ©6)
RP+NP
trong d6: System feedback (SF) 1a emergy phan hdi ndi tai
ctia hé thdng, thé hién cac dong ning luong dugc tai sir
dung va tuan hoan bén trong hé théng; EFR la ty 1¢ giita
nang suat phan hdi ciia hé thong so véi san lwong duge mua
tir nén kinh té, thé hién kha ning ty td chirc cua hé thdng.
Chi s6 nay cang cao thi hé théng chuyén dong bén trong
cang manh [28].

Tinh bén vitng caa mot hé théng phan anh hiéu suét toan
dién ciia hé thong v& higu qua va ap lyc mdi truong. Mot hé
thong bén vimg s& gay ra it tai moi trudong hon dé duy tri
ngudn cung cap tai nguyén, dong thoi tao ra nhidu dau ra
hon dé déng gdp cho méi truong. EmSI 1a ty 16 cuia EYR va
ELR, danh gia tinh bén viing qua chi s6 bén viing emergy
(EmSI) c6 cac truong hop sau:

EmSI<1: khong bén viing. . .
1<EmSI<10: ranh gidi gitta bén ving va khong bén vimg.
EmSI>10: bén ving.



3. Két qua va ban luan

3.1. Pé xudt mé hinh tich hop cho khu vwe canh tic
cdy thanh long

Phuong 4n xtr 1y 6 nhiém dé xuat dya vao dic diém ty
nhién, hién trang moi truong tai chd dé tao ra sinh ké bén
vitng cho ho trong thanh long két hop chan nudi. M6 hinh
duoc dé xuat trong hinh 3.

Canh thanh long tia bo: Pugc thu gom, chat 3-5 cm,
hodc bam nho bang may bam. Sau d6 trén v6i phan bo theo
ty 1& 1:4 (1 phan bo:4 canh), bd sung thém ché phiam sinh
hoc Biofert UPC theo ty 18 2-3 lit ché phdm/tan. Ché pham
nay chira cac vi sinh vét hiéu khi, Bacillus sp., Lactobacillus
sp. gitp rat ngan thoi gian hoai myc ciia phan chudng hoic
cac phé, phu phim néng nghiép, trc ché sy phat trién cia
céc loai vi sinh vat gdy bénh cho cay trong, con ngudi trong
va sau qua trinh U hoai. Phan bén hitu co sau qua trinh G
khoang 8 tuan, thi khéi luong dat khoang 30% so vai khdi
luong nguyén @ ban dau, dong u s& dugc dao tron lién tuc
cach nhau khoang 7-10 ngay. Nhu vay, véi 55 tin canh cia
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ho dan s& phdi tron voi 13,75 tin phan bo tir chudng, bd
sung 110 1it ché pham sinh hoc Biofert UPC s€ duoc 20,625
tan phan compost bon cho cay thanh long.

Phan bo: Pugc thu gom va dung dé & phan hitu co tai
khu 0 phan cung v6i canh thanh long. Toan bg luong phan
htru co u dugc s€ dugce bon cho cay thanh long.

Nude thai tir chudng nudi: Trung binh 0,5 m¥/ngay dém
dugc thu toan bd vao biogas 8 m?. Nudc thai sau biogas
dugc dan vao bé ling - loc 3 ngan thé tich trit nuée 3 m?
theo d6 cao dia hinh, tai day dam bao léng, loc can cling nhu
giam néng do COD, BQDS, TSS sau biogas. Sau do, toan
bd nudc thai s&€ dugc dan vao ao sinh hoc thé tich 20 m’,
dam bao kha nang luu nudc 30-50 ngay trude khi tai su
dung. Tai ao sinh hoc tha céac loai thyc vat dé thich nghi va
trong céc loai cdy thiy sinh ban dia, c6 thé sir dung dé xur Iy
nude thai nhu luc binh, béo, rau muéng. .. X4c c4 chét thu
dugc tai ao sinh hoc s€ dugc 0 lam dam ca, dung dé cung
cép chét dinh dudng cho ciy thanh long. Khi sinh hoc sinh
ra tir biogas s& diing cho nhu cau niu in ciia gia dinh. Nudc
tai ao sinh hoc sau thoi gian luu chira khoang 3-15 ngay, c6
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thé duoc su dung dé tudi cho vuon thanh long. Rac hitu co
tir nha s€ dung lam phan compost. Rac v6 co dugce thu gom
ban phé lidu.

3.2. Danh gid tinh bén viing cua moé hinh tich hop
3.2.1. Tinh todn va dwa ra két quda ciia chi sé emergy

Danh gia emergy la mot phuong phap hoan hao cho qua
trinh twong tac giita hé thong con ngudi va ty nhién. Nghién
ctru ndy nham danh gia tac dong mdi truong cua hé thong
sinh thai tich hop dugc trién khai cho ho dan trdng thanh

Bang 1. Két qua tinh toan cac chi s6 emergy.

T (e G oy (0
Ngudn tai nguyén tai tao (RR)

EZ?igi“’“g 264EH08 Iy | 2, 64E-+08
2 Gio 3,54E+05 Ty 245E+03 8 6TE+08
3 Mua 8 46E+08 Ty 3,10E+04 2,62E+12
Ngudn tai nguyén khong tai tao (NR)
4 Dit 2,00E+04 Tyt 1,24E+05 248E+09
Céc dAu vao tai tao va khong tai tao dugc (RP+NP)
Chudng bo
5 Thirc an nhuyén  2,00E+02 kgyr  1,07B+13 2,14E+15
6 Céam gao 4,00E+02 ke/yr 1,31E+05 5,24E+07
7 o 4,00E+03 kefyr  1,15E+05 4,60E+08
8 Nude 2,27E+05 kgfyr  TA9E+08 1,70E+14
9 Xi ming 8,75E+02 kefyr  488E+1 2,74E+14
10 Gach 5,32E+03 kg/yr 4.88E+11 1,59E+15
B& biogas
11 Kn 1,71E+03 kgfyr  124E+05 2,12E+08
12 Nud thai 2,92E+03 kgfyr  6,12E+06 1,78E+10
13 Ximing 5,00E+02 kefyr  488E+11 2 44E+14
14 Gach 1,14E+03 kefyr  488E+11 5,56E+14
Aoca
15  Thicin 5,00E+02 ke/yr  1,07E+13 535E+15
16 Autring ca 1,00E+02 kghyr  5,60E+05 5,60E+07
Vuon thanh long
17 Egi“czé“ 250B+04  kglyr  124E+405 3,10E+09
18  Céycon 1,10E+03 Ty 2,57E+05 2,83E+08
19  Cayrom 3 40E+03 kefyr  131E+05 445E+08

Téng:

Nang luong san sinh (EP)

20 Bo 3,97E+10
21 Tréi thanh long ~ 3,50E+07
22 Khi sinh hoc 1,37E+10
23 Ca 1,95E+10
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long, céc h¢ s6 chuyén doi nang lwong 1a gié tri ké thira tir
cac nghién cuu trudc [34] Trong thanh long va chan nudi
két hop thuy san c6 nhiéu twong tac v6i moi truong xung
quanh, str dung tai nguyén va tao ra nhiing thay do6i trong
hé sinh thai khi duoc danh gia. Két qua cho thay, cac ngudn
sinh khdi tai ché anh huong dén céu triic diu vao emergy
cua cac hé thong, mic du tat ca chung déu duoc bon vao
qué trinh canh tac thanh long dudi dang phan hitu co. Hon
nira, dong emergy cuc by khong tai tao cua hé thong giam

30% so v&i ban dau, phan anh rang sinh khoi tai ché gop
phan lam giam viéc khai thac tai nguyén khong tai tao tir
dét du trit.

- Nang lugng mat troi = Dién tich x B9 choi x (1-D§
phan chiéu) = (2,00E + 5 m?) x (1,65E + 3 cd/m?) x (1-20%)
=2,64E + 08 J/yr.

- Nang lugng gié = Dién tich x Mat d6 khong khi x Van
toc gi6 trung binh x Thoi gian lam viéc hing nam x Hé s6
can = (2,00E + 5 m?) x (1,23 kg/m®) x (6 m/s)* x (2,40E + 3)
x (0,01) = 3,54E + 05 J/yr.

- Niang lugng mua = Dién tich x Luong mua x Tc do
dong chay x D§ cao trung binh x Ty trong x Trong luong =
(2,00E + 5 m?) x (0,8 m) x (20%) x (2,70E + 1 m) x (1,00E
+ 3 kg/m*) x 9,8 = 8,46E + 08 J/yr.

- Pat =2 ha =2,00E + 04 J/yr

- Chudng bo (300 m?):

+ Dai - Rong - Cao=15-20 -2 m.

+ Thirc dn nhuyén = 200 kg = 2,00E + 2 kg/yr.

+ Cam gao =400 kg = 4,00E + 2 kg/yr.

+ Co: 150 m*= 100 kg c6 —> 3000 m*= 2000 x 2 kg =
4000 kg =4,00E + 3 kg/yr.

+ Nudc: 1 ngay 70 1 cho 9 con —>nam=360x9x 70 =
226800 1=2,27E + 5 kg/yr.

+ Xi mang: 1 bao =4 m?> —> 300 m? (xay cho 3 mat) =

8,75E + 2 kg/yr.
+ Gach: 1m? = 76 vién —> 300 m*> = 5,32E + 3 kg/yr.
- Bé biogas (8 m®):

+ Khi chorala 4,7 m* khi —> 4,7 x 365 =1,71E + 3kg/yr.

+ Nudc thai = 8 x 360 =2,92E + 3 kg/yr.

+ Xi mang = 5,00E + 2 kg/yr.

+ Gach = 1,14E + 3 kg/yr.

- Ao ca (0,3 ha):

+ Au tring ¢4 = 50 x 2 = 100 kg = 1,00E + 2 kg/yr (udc
tinh 50 kg 4u tring sau khi nudi ta c6 khoang 2500 con c4
truong thanh).

+ Thirc dn ca = 10% khdi luong ca = 5,00E + 2 kg/yr.

- Vuon thanh long:

+ Phan bon hitu co = 25 tan/ nim = 2,50E + 4 kg/yr.

+ Cay con = 1,10E + 3 J/yr.

+ Cay rom (1 cay 10 kg) = 3,40E + 3 kg/yr.
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Theo két qua tinh toan emergy chi tiét cta cac yéu t6
trong mo hinh (bang 1), su cai thién vé tinh bén vimng cta
hé théng thé hién qua sy khac biét vé ngudn ning luong diu
vao giita md hinh canh tac truyén théng va mo hinh trong
trot - chan nuoi két hop. Trong mé hinh két hop, viéc nubi
c4 trong ao sinh hoc lam ting lugng emergy dau vao trong
qua trinh danh gia hé thong. Pdi véi diéu kién khu virc mién
Trung, viéc bd tri ao nudi ca can duoc dat tai nhitng khu
vuc phu hop, ching han nhu ving déng bang, nhim ning
cao hi¢u qua khai thac va sir dung tai nguyén thién nhién.
Tuy nhién, cac ngu(“)n sinh khdi khac nhau c6 dic tinh vat ly
va hoa hoc khac nhau, ddn dén sy khéac biét vé& chit luong
sinh khdi tai ché. Diéu nay c6 thé anh huong dén kha ning
cai thién va duy tri do phi dit phuc vu canh tac cdy trong.
Vi vdy, can tién hanh tinh toan va danh gia cu thé mtrc do
dong gop thuc té cua sinh khéi tai ché dbi v6i hoat dong
tréng trot.

Bén canh do, ton tai 2 truong hop trong thuc té dé danh
gia hidu qua emergy cuia hé thong nong nghiép dugc bon
cac loai phan hitu co khic nhau. Néu sinh khdi co thé tai
ché thi xem nhur tuin hoan bén trong hé théng dugc danh gia
chinh xac, tuy nhién néu su dong gop ctia dong tai ché duoc
dua tir ngudn bén ngoai hé thong thi két qua danh gia hiéu
sudt emergy cua hé thong tich hop s& bi anh huong déng ké
(bang 2) [24].

Bang 2. Chi sé emergy dé danh gia hé théng.

Dong niang lugng (Flux) Gia tri Pon vi
Nang lugng c6 thé tai tao (RR) 2,62E+12 Sel/yr
Ning lwong khong thé téi tao dugc (NR) 2,48E+09 Sel/yr
Ning lwong dau vao tai tao dugc (RP) 7,66E+15 Sel/yr
Ning lwong dau vao khong téi tao duge (NP)  2,66E+15 Sel/yr
Téng mirc emergy sir dung (U) 1,03E+16 Sel/yr
Chi s6

Chi sb phin trim ning luong tai tao (Pr) 0,74

Ty 1& nang suit (EYR) 0,99

Hé s6 sirc tai moi truong (ELR) 0,35 -

Chi sb bén viing emergy (EmSI) 2,8

3.2.2. Pdnh gid chung vé hiéu qua ciia mé hinh

Bang 1 liét ké cac chi sb emergy duoc danh gia cua cac
dong chay tong hop lién quan dén hé thong. Két qua cho
thdy, hoa ning ctia mua cao hon so v4i ning lugng birc xa
mit trdi, dong nang gié nén gia tri ctia nd duoc liy lam gia
tri (2,62E+12) dau vao ciia nang luong co thé tai tao (RR).
Déi v6i ning luong khong thé tai tao, ta chi co dit nén lay
gid tri (2,48E+09) cuia dat lam gia tri ning lugng tai nguyén
khong thé tai tao. Cac dau vao tai tao va khong tai tao
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dugc (RP+NP) bao gom nhiing du vao duge mua tir nén
kinh té, chang han nhu thirc dn nhuyén, cdm gao, xi ming,
gach... cung cép cac chi tiét vé cac yéu t6 dau vao hé théng
(hinh 4). Ning lugng san sinh (Ep) 7,29E+10 J/yr chu yéu
bao gém bdn san phé”im l1a bo, ca, khi sinh hoc va trai thanh
long. Trong do, ca va thanh long duogc dua truc tiép ra thi
truong, khi sinh hoc dugc su dung boi hd gia dinh va ct
giam luong than mua tir thi truong.

Ao cd

Chudng bd
71%

Hinh 4. Ty & phan tram cac chi sé emergy cta hé thong.

Két qua cho thay, tong mic emergy sir dung (U) la
1,03E+16 Sel/yr, trong d6 cac ning luong dau vao tai tao
va khong tai tao chiém wu thé cao nhét toi 99,8%. Nguoc
lai, cac nang lugng tai nguyén tai tao va khong tai tao chi
chiém 0,2%, ca hai déu cung cp boi méi truong ty do va
biéu thi hd tro truc tiép tur thién nhién. Hai phén nay duoc
tinh tong cong la 2,62E+12. Bang 2 cho thiy, ty 1¢ ning
sudt cua hé thong 1a 0,99, c6 nghia 1a khong co don vi tai
nguyén moi truong mién phi c6 thé dugc khai thac khi mot
don vi dau vao d3 mua duoc dau tu vao hé théng nay. ELR
cua hé théng 1a 0,35 cho théy, nang luong tai tao duoc su
dung trong hé théng nay nhiéu hon ning luong khong tai
tao, trong khi chi s6 ELR cua hé thong nong nghiép thong
thuong khong c6 tuan hoan chét thai 1a 1,97. Hon nita, két
hop EYR, ELR, EmSI dua ra mét phén tich toan dién vé
tinh bén ving cia hé thong nay, va duogc tinh 13 2,8 cao
hon so v&i hé théng nong nghiép thong thuong 13 0,57 [34].
Cho thiy rang, hé thong xir Iy chét thai cho hoat dong nong
nghiép theo hudng tich hop c6 tinh bén viing cao hon. Tinh
bén vitng ctia md hinh duoc trinh bay béi chi s EmSI, chi
sO cang cao thi kha nang bén viing ctia mo hinh cang cao
[29]. Két qua nghién ctru nay cho thiy, diém mau chét ddi
v6i mot hé thdng nong nghiép xir 1y chat thai tich hop 1a kha
nang tai ché chat thai néng nghiép va tai nguyén thién nhién
tai tao tai dia phuong bang cach dau tu vao cac ngudn luc
bén ngoai va sir dung cac ngudn lyc tai tao tai dia phuong.
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4. Két luan

Anh huéng cua tai nguyén dugc tai ché dén hiéu qua
emergy va tinh bén vimng ciia cac hé théng dugc nghién ctru
khong duogc thé hién mot cach toan dién va hop 1y & mot
mtrc d6 nao d6. Piém méu chdt cua viée cai thién van dé 1a
lam thé nao dé phan b niang luong duge sir dung, hay quy
ddi trén mot don vi sinh khéi chét thai dugce tai ché trong
cac mo hinh tich hgp. Tuy nhién, phan tich emergy da duogc
thuc hién dé danh gia mot cach dinh huéng méi lién hé giita
moi truong ty nhi€n va xa hdi con nguoi. Phan tich emergy
da cho thiy rd vai tro quan trong ciia tai nguyén mdi trudng
nudc, dat va hoat dong san xuat nong nghiép ddi véi sy phat
trién kinh té cta nguoi dan. Ngan ngira 6 nhiém mai trudng
va sir dung bén vimng tai nguyén 1a rat can thiét. Phan bo dau
tu cho cac ngudn ning luong khong tai tao can duoc didu
chinh phu hop dua trén su sin c6 cua tai nguyén méi truong.
Hon nira, nhu cau st dung tai nguyén ctia ngudi dan ciing
nén duoc duy tri mét cach twong xung vdi kha nang cung
cAp cua thién nhién. Cac giai phap chién lugc dé c6 duge su
phét trién bén vitng cho mé hinh sinh thai tich hop khép kin
can duoc tiép tuc nghién ctu.

LO1 CAM ON

Nghién ctru nay duogc tai trg boi Bo Khoa hoc va Cong
nghé trong khuon kho Dé tai doc 1ap cap qudc gia “Nghién
clru cac giai phap phat trién sinh ké bén viing cho cac cong
ddng dan cu nong thon tinh An Giang gan véi sir dung hop
ly tai nguyén, quan 1y chat thai va bao vé méi truong” (ma
s6 PTPL.CN-71/21). Cac tac gia xin chan thanh cam on.
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ic diém cau tric, sinh khoi va da dang sinh hoe cia mgt so trang thé rimg tu nhién
trong phan khu phuc hoi sinh thai tai Khu Bao ton thién nhién Hon Ba
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Tom tit:

Phén khu phuc hdi sinh thai ciia Khu béo ton thién nhién (KBTTN) Hon Ba cé dién tich khoing 9.553,5 ha, gdbm
nhiéu trang thai rirng thwong xanh nii dit dic trung. Bai bio sit dung phwong phap diéu tra trén cac 6 tiéu chuin
(OTC) ¢6 dién tich 1.000 m? (33,3x30,0 m) dwoc bo tri tam thoi va dién hinh trén cac trang thai ciia khu vire nghién
ciru dé xac dinh mét sé diic diém vé cdu tric rirng, sinh khéi va da dang sinh hoc (PDSH). Két qua cho thiy, phian
b6 sb cay theo cip dwdng kinh /D, ) vz‘l‘sf) cily theo cip chiéu cao (m/H ) c6 su tuwong dong giira cac trang tl’l{«ii va
tap trung nhiéu tai ¢ dwong kinh va chiéu cao nhé. Trit lwong dao dong tir 36,7 dén 221,7 m*/ha va sinh khoi dao
dong tir 30,16 dén 247,54 tdn/ha. Cac trang thai rirng ghi nhén tir 12 dén 36 loai ciy gd, trong do6 tir 6 dén 10 loai cé
y nghia cao vé sinh thai. Khu vire nghién ciru ¢6 sw giam manh vé cic chi tiéu mat do, trix lwong, sé lwgng loai va chi
s0 PDSH so véi mit bing chung. Tir d6 cho thiy, khu vire nghién ciru dang d6i mit v6i nhiéu thach thire trong viée
phuc hdi va phat trién rirng lién quan dén tdc dd phuc hdi ciia cac trang thai rirng trong phan khu phuc héi sinh thai.

Tir khéa: ciu tric rimg, da dang sinh hoc, Hon Ba, phan khu phuc héi sinh thai, sinh khoi.
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Abstract:

The ecological restoration zone of Hon Ba Nature Reserve covers approximately 9,553.5 hectares and comprises a
variety of characteristic evergreen broadleaf forest states. A field survey was conducted using temporary standard
plots (1,000 m?, 33.3x30.0 m) established in typical forest states of the study area to determine several forest
characteristics, including forest structure, biomass, and biodiversity. The results indicated that the distribution of
trees by diameter class (n/D, ,) and height class (n/H ) was similar among forest states, exhibiting a concentration
in small diameter and height classes. Standing volume ranged from 36.7 to 221.7 m*ha, while biomass ranged from
30.16 to 247.54 tonnes/ha. The total number of forest tree species observed in the forest states ranged from 12 to 36,
of which 6 to 10 species had high ecological significance. The study area exhibited a notable decline in stand density,
volume, species richness, and biodiversity index in comparison to general regional levels. This suggests that the study
area has confronted considerable challenges pertaining to forest restoration and development, particularly with
regard to the recovery rates of forest states distributed within the ecological restoration zone.

Keywords: biodiversity, biomass, ecological restoration zone, forest structure, Hon Ba.

Classification numbers: 4.4, 4.6
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1. it van de

Rung tu nhién c6 vai tro quan trong trong viéc bao v¢
ngudn nude, moi truong va duy tri DPDSH, tir d6 gitp didu
hoa khi hau, giam 1ii lut va 14 noi cu tra cta nhiéu loai quy
hiém. Gia tri cua rung phu thude vao cAu trac, trir lugong va
tinh DDSH [1]. Ciu tric phirc tap va DPDSH cao gilp rimg
chéng chiu tbt hon trudc cac tac dong tiéu cuc va cung cip
cac dich vu h¢ sinh thai quan trong [2]. Tuy nhién, rung
dang ddi mat voi nhiéu méi de doa nhu phé rung, suy thoai
rumg... ddn dén suy giam DDSH toan cau [3].

KBTTN Hon Ba Ia khu ring dac dung quan trong c6 sy
phong pht cao vé tham thuc vat va dong vat rimg, dugc xem
14 noi con luu gitr lai cau trac twong dbi nguyén sinh cta diy
nui Trudng Son Nam va chira dung nhiéu gia tri doc dao vé
DPDSH. Tham thuc vat khu vuc c6 khoang 1445 loai thude
708 chi va 174 ho, trong d6 c6 209 loai quy hiém thudc Sach
do Viét Nam. H¢ dong vat rung c6 402 loai thude 29 bg, 105
ho nam trong 4 16p th, chim, bo sat va &ch nhai, dic biét co
su hién dién cac dan Cha va chan den va Vuon bac ma [4].
Dé ¢6 thé thuc hién tdt cong tac bdo v€ va phat trién rung,
cac dac diém vé ciu trac, PDSH cling nhu sinh khdi 6 vai
tro rat quan trong dé d& xuit duoc cac hoat dong phuc hoi
rimg hiéu qua. Pidu nay tré nén quan trong hon ddi véi cac
khu vye rimg thudc phan khu phuc hdi sinh thai, noi xuét
hién nhiéu sy tac dong bat loi dén sy sinh truong va phat
trién rimg 1am cho céu tric rimg khong tuan theo quy luat tu
nhién. Ngoai ra, cac nghién ctru tai KBTTN Hon Ba trudce
day thuong tap trung vao phan khu bao vé nghiém ngéat noi
dugc quan 1y va bao vé tét. Cac dic diém cau tric, sinh khoi
va DDSH ¢ trang thai rimg ty nhién phan khu phuc hdi sinh
thai con nhiéu gidi han. Nghién ctru nay dugc thuc hién
nham lam rd nhing dic trung vé ciu trac rimg, sinh khéi
cling nhu ddc diém DDSH tai phan khu phuc hdi sinh thai
tai KBTTN Hon Ba lam co so cho xay dung cac phuong an
phuc hdi va phat trién rimg tai khu vuc.

2. Vat liéu va phuong phap nghién ciiu
2.1. Dia diém nghién ciru

KBTTN Hon Ba c6 toa d6 dia ly 12°01°45” dén
12°12°00” vi d6 Béc; 108°53°45” dén 109°02°34” kinh
d6 bong, dugc thanh 1ap theo Quyét dinh s6 98/2005/QD-
UBND cua UBND tinh Khanh Hoa (trudc sap nhap). Khu
vuc ¢o téng dién tich ty nhién la 19.285,83 ha, thudc vung
khi hau nhiét déi gié mua. Khi hdu dugc chia lam 2 khu
vuc: (1) vung dinh Hon Ba (>1.000 m) c6 dic trung cua
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kiéu khi hau 4 nhiét d6i nui trung binh, nhiét d¢ trung binh
nam dao dong 14,1 dén 19,8°C, luong mua trung binh ndm
c6 thé dat 2.000-2.750 mm, do 4m khong khi trung binh
nam dat trén 85%, swong mu xuat hién gﬁn nhu quanh nam;
(2) Vung thép, suon chan (<1.000 m), c6 khi hau nhiét doi
gi6 mua, nhiét do trung binh nam dao dong 23-26°C, lugng
mua trung binh niam 2.000-2.400 mm, d6 am khong khi
trung binh nam dat 80% [4].

2.2. Phwong phdp thu thép sé li¢u

Xac dinh trang thai rimg theo Thong tu s6 33/2018/TT-
BNNPTNT va sb 16/2023/TT-BNNPTNT ciia BO truong
Bo Néng nghiép va Phét trién nong thon, nay 1a Bo Nong
nghi¢p va Mai truong.

Lap OTC sur dung phuong phdp OTC ngau nhién tam
thoi. Vi tri OTC duge xac dinh trén ban d6 va su dung GPS
caAm tay dé xéac dinh vi tri ngoai thuc dia dam bao vi tri khong
Iéch qua 10 m so vdi ban dd. Trén thuc dia lap OTC tam thoi
¢6 dién tich 1.000 m? (33,3x30,0 m). Téng s6 OTC di thiét
lap 1a 10. Trong OTC, xac dinh tén loai cay [5]; do duong
kinh ngang nguc (D ,) bang thudc diy voi do chinh xac 0,1
cm cho tit ca ciy c6 D, 26 cm va chiéu cao viit ngon H,)
béing thudce Blume - Leiss voi dd chinh xac 0,5 m.

2.3. Phwong phdp xdc dinh sinh khéi va thé tich cdy
dirng

- Tiét dién ngang binh quén (G ,, m®):
mn
_ e
Gl.B — E—I_r: ! (1)

trong d6: G 5 1a tiét dién ngang trung binh (m2); G la tiét
dién ngang cdy thr i (G, = n/4 * (D, ,)*); nla sO céy trong
OTC.

- Ty 1& to thanh loai cy trén co s& chi s6 Important Value
(IV) % duogc tinh nhu sau [6]:

V% = (N%-ZF G%) (2)

trong d6: IV% 1a ty 1& % t6 thanh ctia mot loai nao d6 so
v6i tong s loai cay; N% la ty 18 % theo s6 cay cua mot loai
trong qu?m xa thyc vat; G% la ty 1€ % theo téng tiét dién
ngang ctia lodi trong quan xa thyc vat.

- Sinh khéi khé trén mat dat ciy ca 1é (AGB, kg) dugc
tinh nhu sau [7]:

AGB = 0,12843 x D, > 3)

- Thé tich gb cay dimng (V, m®) (theo Thong tu 26/2022/
TT-BNNPTNT).

92
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V=(C, /M) xH_ xf 4
trong d6: V 1a khdi lugng gd duoc tinh bang thé t‘ich (r’n3);
C,, la chu vi tai Vl tri 1,3 m cua cdy (m); m 1a hang so pi
(3,14); f 1a hinh s0 than cay (0,45).

- Chi s6 phong phu Margalef [8]:

S-1

= N (5)

trong do: S 1a tong sb loai trong mau, N 14 tong sb lugng ca
thé trong mau.

- Chi s Shannon - Wiener (H) [9]:

I __ m

H" =-Yi2, x pilnp; (6)
trong d6: m 1a s6 loai; p~n/Nlatyl¢ s6 cdy cua loai i; n la
s6 cy cua loai i; N 1a tong s cdy cua tat ca cac loai.

2.4. Phwong phdp xir 1y sé ligu

St dung phan mém chuyén dung Excel va SPSS dé xur
»H G, M.)
giita d6i twong nghién ctru dugc thuc hién theo phan tich
phuong sai ANOVA va so sanh thong ké vai do tin cdy 95%.

1y s6 liéu. So sanh danh gia cac chi tiéu (D

3. Két qua va ban luan
3.1. Pdc diém ciu tric lim phin

Céc trang thai rung tu nhién trong khu vuc nghién ctru
déu thudc loai trang thai rimg thudng xanh nti dét, trong d6
trang thai rimg thuong xanh kiét (TXK) chiém ~38% dién
tich, trang thai rimg thuong xanh trung binh (TXB), chiém
~16% dién tich, trang thai rung thuong xanh nghéo (TXN),
chiém ~35% dién tich, rimg thuong xanh giau (TXG), chiém

Str dung phuong phap cua Kruskal-Wallis trong SPSS
cho thiy, c6 su khac biét vé gia tri trung binh D, , gitra cac
trang thai rimg ( p<0,05) trong khi khong c6 su khac biét vé
gia tri trung binh cia H  ( p>0,05). BPuong kinh binh quan
trén cac trang thai dao dong 11,3-36,3 cm, chiéu cao binh
quan dao dong 10,6-14,1 m. Xu huéng bién dong vé D, ;
Hvn; G va M cua céc trang thai rirng thuong xanh 1a twong
tu nhau, dat gia tri 16n nhét ¢ kiéu rung TXG, giam dan ¢
TXB, TXN va dat thip nhat tai TXK. Téng G trong 1am
phan 5,96-27,54 m¥ha. Trit lugng dao dong tir 36,7 (TXK)
dén 221,7 m¥ha (TXG). Rung TXG c6 tong G va M cao
nhit vi trang thai nay d trai qua thoi gian dai phuc hoi va
duoc bao vé tdt. Cac két qua nghién ctu dac diém 1am hoc
céc trang thai ring cho thdy, trang thai TXN va TXK d3 bi
tac dong cuia con ngudi & cac mirc do khac nhau, thé hién
qua su khac biét vé M cua tung OTC. Chi tiéu vé trit luong
ctia khu vuc phuc hoi sinh thai déu thap hon déng ké 6 TXG
va TXB, tuy nhién duong kinh binh quén cua cac trang thai
nay lai cao hon khi so sanh véi két qua nghién ctru trudc day
[10]. Didu nay c6 thé xuat phat tir viéc phan khu phuc hoi
sinh thai ndm & cac khu vuc d& bi tiép can nén muc do anh
hudng cao hon, dan t6i céu tric rimg khong tuan theo quy
luat ty nhién. Piém ghi nhan ¢ day chinh 1a viéc bao vé va
phuc hdi rung da dugc thuc hién tt thé hién qua dac diém
rumg sau khi bj tac dong nhung van giit duoc s6 lwong 16n
cac loai cay c6 cap dudng kinh cao.

3.1.1. Cau tric mat dé va t6 thanh

Céu triic mat do va to thanh dia diém nghién ciru dwoc
tong hop tai bang 2.

Bang 2. Cu tric té thanh ting cay cao & cac trang thai rirng.

- 0 A ’ \ A A A 7 \ X . X 7 x n n i
11% d1e_:13 tlf:h va mf_)t sovdle_:’n t1(.:h rurrlg hf)n giao g(j tre ntra E’f{ng ]SO‘ . Mf_lt/ﬁ(_) Cong thire t thinh (V%)
(HG1) nho 1¢é [4]. Két qua x4c dinh cic dic trung 14m phan Ai lodi (cAy/ha)
duoc mo ta tai bang 1. 15,4 Ktn + 10,3 Ng + 9,3 Dea + 6,3 Lom + 6,0 Cuv + 5,9 Vat +
J 2 g HGI 21 290 53Trt+415 LK
B_ang 1:_M9t so chi tiéu dac trwng lam phan phan khu phuc hoi G % 1 104 Cay +7.2 Bun + 6,8 Ded + 6,8 Mat + 6,8 Ng + 6,5 Goi +
sinh thai. 6,3 Vih+5,5 Lom + 5,5 Sen-+ 5 Lov + 33,2 LK
Trang Mitdy D, Hvn G M Ty 18 phém chit (%) ™XB 12 345 37,1 Cod + 12,1 Trd + 9,5 Dem + 8,4 Del + 6,5 Che + 6,1 Dud
thai (cAy/ha) (cm) (m) (m*ha) (mha) 4 B +203LK
XN 16 300 16,8 Sen + 11,7 Dea + 10,9 Cuv + 9,9 Cod +9,3 Che + 8,1
TXG 170 363:2811 141104 2754 2217 41 59 0 Lom +7.2 Sam + 64 Ng + 197 LK
TXB 345 23941345 1368056 2031 1502 50 48 2 S % 4 9,5 Chs + 7.8 Khn +7,1 Che + 6.4 Lov + 6,3 Lom + 5,0 Che
+579 LK
+ iy % .
XN 300 [R1975 131402 5,08 725 16 2 Ktn: Kha thy nguyén; Ng: Ngat; Dea: Dé an; Lom: Long mang; Cuv:
TXK 493 113£5.14 106203 596 367 64 35 1 Cubng vang; Vat: Vang trirng; Trt: Tram trang; Cay: Cay; Bun: Bua la
nhd; Ded: D& d4u dai; Goi: Goi; Mat: Mau chd 14 to; Vih: VT hung ma lai;
HG1 290 18,6+8,86 1324052 9,66 68,1 40 58 2 Cod: Céc d4; Trd: Tram vé dé; Dem: D& cong manh; Del: Dé 16; Chc:

G: tiét dién ngang; M: tri¥ lwong.
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Mat do cay ding trong céc trang thai ring c6 sy thay
d6i 16 rang, mat do cao nhat duge thiy & TXK (493 cdy/ha),
thdp nhat & TXG (170 cay/ha) va dao dong 290-345 ciy/ha
& cac trang thai HG1, TXB va TXN. Tong s loai cdy trong
cac OTC dao dong 12-36 loai nhung s6 loai tham gia vao
cAu trac t6 thanh (CTTT) chi tir 6 dén 10 loai, day 14 nhimng
lodi ¢6 ¥ nghia vé& mat sinh thai. CTTT cua 5 trang thai c6
mdt s6 loai cdy co gia tri cao nhu Sén nti (Madhuca alpina),
Dung den (Symplocos annamensis), Coéc da (Garuga
pinnata)... Nhém loai cay vu thé c6 mat & 4/5 trang thai,
v6i cac loai chi yéu 1a Kha thu nguyén (Castanopsis ferox),
Tram trang (Syzygium wightianum), Dé an (Castanopsis
indica), Dé dau dai (Lithocarpus longipedicellatus), Tram
vo do (Syzygium zeylanicum), Dé cong manh (Lithocarpus
stenopus)... Nhiing loai cdy tham gia vao CTTT khong chi
cO gia tri vé mit kinh té, ma con co gia tri sinh thai cao
trong qua trinh phuc hoi rimg vai vai tro 1a nhimg cay tién
phong tao 1ap va phuc hdi hoan canh rimg. Bén canh do,

80
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mot s loai nhu Chan chim (Schefflera chevalieri), Ngat
(Gironniera subaequalis), Long mang 14 to (Pterospermum
grandiforum), Cheo tia (Engelhardia roxburghiana), Loc
ving (Barringtonia coccinea)... 1a nhimng loai xuét hién kha
phé bién trong cac 1am phin nghién ctru, tip trung chu yéu
O cac trang thai TXN va TXK, day con la céac loai ua sang,
moc chiém wu thé ¢ cac kiéu ring thudng xanh kiét. Nhin
chung, khu vuc nghién ctru ¢ cac dic trung vé mat do va
CTTT tuong dong véi nghién ciru trude day [10].

3.1.2. Cau triic n/D,

Chu trac n/D , cua 5 trang thai ring ty nhién déu c6
dang phan bd giam véi s cdy tap trung nhidu nhat tai cac
cap kinh nho (5-10; 10-15 cm), sau d6 giam dan vé cac cép
kinh 16n (hinh 1).

Kiém tra bang tiéu chuén 2 trong SPSS cho thay, khong
¢6 su khac biét mang ¥ nghia thong ké (p>0,05), c6 nghia
cac trang thai rimg c6 phan b n/D , tuong dong. Su gian
doan vé sb cay co D, >27,5 cm
chi xuat hién & TXG, trong khi
khong c6 sy gidn doan & cac
trang thai khac. Cac c& duong
kinh 16n chi xut hién & céc
trang thai ring co trit lugng cao
(TXB, TXG) véi s cay thip.
Viéc céc trang thai c6 sé cdy tap
trung chii yéu & cap duong kinh
nho 10-20 cm c6 thé cho thiy
rung tu nhién trong khu vuc

5 10 15 20 25 30 35 40 45
Co dudng kinh (cm)

Hinh 1. Phan bé n/D, , cho céc trang thai thuéc phén khu phuc héi sinh thai.

50 55 60 65 phan khu phuc hoi sinh thai van
dang trong qué trinh phat trién
va chua dat t6i cdu trac rimg 6n

dinh.

Su gian doan vé cép kinh tai
trang thai TXG cho théy, khu
vuc da bi tac dong manh trong
qua khr. Hon nira, sy gian doan
& nhiéu cip kinh lién tuc (27,5-
57,5 cm), két hop véi sb cay &
cac cap kinh 16n it (>37,5 cm)
con 1a déu hiéu cho théy su
phuc hdi rimg trong khu vuc &
tinh trang twong ddi kém. Thyc
té cho thay, cac dién tich rimg
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Hinh 2. Phan b6 n/H  cho cac trang thai thugc phéan khu phuc héi sinh thai.

‘ KHORHOC [P

thudc cac trang thai TXG hay
TXB thudng phan bd ¢ khu vuc
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cao, kho tiép can, lam cho viéc thuc hién cac bién phap xtc
tién tai sinh, phuc hoi rimg khoé thyc hién [4]. Mat khac, mic
du s luong cy tap trung nhidu ¢ cip kinh nho nhung su
khac biét vé s6 luong cay & cac cap kinh tiép theo 1a khong
16n (ngoai trir rimg TXK) ciing cho thay, cac trang thai rimg
nay c6 muc do cdy tai sinh, hay su phat trién ctia cdy tai sinh
1a twong ddi kém.

3.1.3. Cdu tric n/H,,

Pic trung phan bd n/H c6 su khic biét gilta cdc trang
thai rung. DPdi v6i cac trang thai TXK, TXN, sb cay tap
trung nhiéu & cip chiéu cao nho, sau do giam dan vé cip
chiéu cao 16n, trong khi ddi véi cac trang thai con lai ) cay,
c6 xu hudng thép & ¢& chiéu cao nho, tang dan va dat cuc
dai, sau d6 giam & cac cép chidu cao 16n (hinh 2). Phan 16n
chiéu cao cua cac 14m phan tip trung & cdp chiéu cao nho
hon 15 m.

bac trung vé phan bd n/H_ tai khu vyc phuc hdi sinh
thai thé hién rat rd cu trac chiéu cao ciia cac trang thai rimg
tu nhién phuc hoi sau khai thac. O céc trang thai rimg nay ¢
su bién dong vé chiéu 16n, khong dong déu. O truong hop
nghién ciru, bién dong vé chiéu dao dong 5-24 m va trong
nhiéu trang thai (TXN, TXB, TXG va HG1), duong phan bd
n/H  c6 dang hinh ring cua véi nhiéu dinh. Bién dong nay
c6 su khac biét ¢ cac trang thai TXN, TXK so vdi phan bd
n/H cua toan vung [10] va phan tmg murc d0 tic dong tai
khu vuc nghién ctru.

3.2. Dic diém sinh khéi va da dgng sinh hoc ciia lim
phén

Dic diém vé mat do, sinh truong, sinh khéi va PDSH
ctia 1am phan dugc téng hop tai bang 3 va 4.

Bang 3. Mat do, sinh trwéng va sinh khéi rirng tw nhién tai khu
vire.

Trang Sbécidy D, G M AGB
thai (cay/ha)  (cm) (m?*ha) (m?/ha) (tan/ha)
HG1 290 18,6+8,86 9,605 68,1 58,93
TXB 345 23,9+13,45 20,305 150,2 144,40
TXG 170 36,3+28,11 27,54 221,7 247,54
TXN 300 17,1£9,75 9,075 72,5 56,65
TXK 493 11,3+5,14 5,96 36,7 30,16

Bién dong vé sinh khéi trén mat dat cua cac trang thai
rumg dat 30,16-247,54 tin/ha va xu hudng bién dong tuong
tu v6i bién dong vé trir luong cdy dimg. Sinh khdi ¢ cac
trang thai rung TXK, TXN va HG1 bién dong cham, sau do
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tang manh & cac trang thai TXB va TXG. Dic diém nay la
do & cac trang thai rimg TXK mic du ¢ sb luong cay 16n
nhung dudng kinh binh quéan lai thap, trong khi trang thai
TXK va HGI ¢6 s6 lugng cdy gd va D, , kha tuong ddng.
Luong AGB binh quan dat 107,54 tan/ha, cao nhat tai TXG
va thip nhat tai TXK.

Bang 4. Chi s6 da dang loai cuta cac trang thai rirng [10].

Trang thai S6 loai d (Margalef) Shannon-Wiener (H”)
HG1 21 4,93 2,87

TXB 26 5,90 9,19 3,05 3,57
TXG 12 3,88 9,58" 2,34 3,64
TXN 16 3,66 9,66° 2,55 3,56
TXK 36 7,00 3,26

Trung binh 22 5,08 9,48 2,82 3,59

‘Theo két qua so sanh véi nghién ctru clia T.K. Hieu va cs [10].

Két qua bang 4 cho thiy, & cac trang thai rimg nghién
ctru dao dong 12-36 loai. Chi s6 phong phu loai Margalef
(d) & trang thai rimg TXG 1a thp nhit (3,38), cao nhét 1a &
trang thai TXK (7,00). Chi s6 da dang loai Shannon-Wiener
6 gia tri 2,55 (TXN) dén 3,26 (TXK). Mirc d6 da dang loai
& khu vuc phéan khu phyc hdi sinh thai chi dwoc danh gia &
mirc trung binh. So sanh két qua ctia nghién ctru nay véi két
qua nghién ctru trudc day cho thy, khu vuc niy c6 cac gia
tri DDSH loai thap hon so véi trung binh chung cia KBTTN
Hon Ba (5,08 so voi 9,48 cho chi s6 d va 2,82 so véi 3,59
cho chi sé H ). Méc du vay, khu vuc nay van c6 tinh da dang
cao hon so v6i vuon qudc gia Bindoup - Nui Ba [11]. Trong
nhirg nim qua, tinh hinh quéan 1y rimg tu nhién tot hon rd
rét, chit lwong, trir luong rimg ting dan theo dién thé. Tuy
nhién, do tap quan sinh séng dya nhiéu vao rimg, cu tra trén
céc nuwong ray, ngudi dan séng quanh khu vuc ¢6 nhiéu hoat
dong san xuat nong nghiép tac dong dén ring [4]. Diéu nay
cho thay, dé phat trién va bao ton PDSH cho phan khu phuc
hdi sinh thai, Ban quan Iy KBTTN Hon Ba cin 6 giai phap
pht hop, nhim quan 1y bén vimng ¢ phan khu nay.

4. Két luan

Phan khu phuc hdi sinh thai tai KBTTN Hon Ba co
hau hét cic trang thai rimg thuong xanh nai dat gom TXG,
TXB, TXN, TXK va HG1. Két qua phan tich ciia 10 OTC
cho thdy, khong c6 sy khac biét c6 y nghia thong ké vé
n/D , gilta cac trang thai. Trlr luong ciy ding dao dong
36,7-221,7 m*/ha va AGB dao dong 30,16-247,54 tan/ha.
Mat d6 cy tap trung nhiéu ¢ cac cép kinh nho va 15 rét &



TXK. Cac trang thai rimg c6 xuat hién 12-36 loai cay gd,
nhung s6 loai tham gia vao CTTT chi tir 6 dén 10 loai. Nhin
chung, khu vuc nghién ctru c6 sy gidam manh vé cac chi tiéu
mat do, trit lugng, ) luong loai va chi s6 PDSH so véi
trung binh cia KBTTN Hon Ba. Céc dic diém nay di cho
thay, khu vue phan khu phuc hdi sinh thai dang d6i mat véi
nhiéu thach thirc trong viéc phuc hdi va phat trién rimg, lién
quan dén tc do phuc hoi cta céc trang thai ring phan bd
trong khu vuc nghién ctru.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

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

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

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

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

Ténbai bao

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

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

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

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

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

1.Datvén dé/Dan nhap/Md dau

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

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

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

3.Kétqud

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

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

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

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

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

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Anh hwéng caa chit trg twong hop glycidyl methacrylate va khoang
sét montmorillonite dén tinh chét va ciu tric ciia blend PBAT/PLA.
Truwong Thi Nguyét Anh, Hodng Thi Hirong, Dodn Hoang Linh, Nguyén Tién
Pat, Nghiém Thi Thao, Nguyén Ngoc Diép, Ping Théo Yén Linh, Podn Vin
Huong, Chu Xudn Quang

Tiéu chuén danh gia chit lwgng trong nudi ciy té bao gbc va ngan hang
té bao gbc.

Pham Xudn Pa, Hoang Thanh Chi, Nguyén Thi Hong Hanh, Nguyén PhirGe
Vinh, Bui Thi Kim Ly, Vii Van Kién

Nghién ciru nhan giéng loai Lan Hoang thio Thai Binh (Dendrobium
moschatum Buch.-Ham. ex Sw.) bing phwong phap nuéi ciy in vitro.
Julieta Albano Tiago, Pham Phwong Thu, Nguyén Thi Tuyét Nhung, Phan
Thi Thu Hién, Vii Thi Thwong, Nguyén Thi Tinh

Téng hop va nghién ciru tinh chét ciia composite PbO,-SnO, trén nén
thép khong gi.
Pham Thi Tét, Phan Thi Binh, Mai Thi Thanh Thiy

Ché tao vat liéu hén hop TiO,/HAP bing phwong phap thity nhiét va
wng dung quang xiic tac phan hily phim mau dét nhudm.

Tran Minh Hié’u, Lé Dinh Nam, Luwong Hoang Minh, Pham Thi Hcing,
Nguyén Xudn Hodan

Cim bién dién héa voéi dién cwe 1am viée bién tinh bang hat nano siéu
thuin tir Fe,O, dé phat hién dw lrgng chloramphenicol trong miu sira.
Tran Van Dinh, Nguyen Vian Khanh, Nguyén Truong An, Lé Doan Phiic,
Pham Tién Thanh, Nguyé~n Pirc Thiéu, Pham Thé Tan, Hoang Thi Bich
Thity, Nguyén Thi Minh Hong

Pinh gia ty 1¢ di ciin hach ¢ trong ung thu amidan tai Bénh vién Cheg
Riy (2019-2024).
Tran Anh Bich, Ha Cong Chanh

Dinh gia hiéu qua chwong trinh dao tao “CAp ciru so'sinh” tai cac bénh
vién ciia tinh Ha Nam.

Nguyén Thi Quynh Nga, Phan Thi Nga, Qudch Thi Hoa, Chu Lan Hiwong,
Virong Thi Huyén Trang, Lé Thi Hong, Nguyén Huy Phii

Thuwe hanh tuin thi didu tri dy phong trwée phoi nhiém HIV & nam
quan hé tinh duc ddng giéi tai Thanh Hoa.
Vii Phong Tuc, Bui Xuan Khanh, Tran T hi Phuong

Anh huéng ciia mét do cdy va lwgng phin bén héa hoc dén sinh truéng
va ning suit giéng lia Hwong Thanh 10 tai Thanh Héa.
Tong Vin Giang, Lé Huy Tudn

Xay dwng hé théng tai sinh in vitro phuc vu chuyén gen ¢ gibng lac 127
(Arachis hypogaea L.).
Vit Thi Xudn Thuy, Lé Sy Binh

Dinh gia tinh bén vitng ciia mé hinh sinh thai tich hop trong canh tic
thanh long bi'mg phén tich emergy.

Ho Thi Thién Kim, Péng Thi Thu Huyén, Nguyén Thanh Hing, Lé Thanh
Hai, Tran Thi Hiéu, Nguyén Thi Phuwong Théo, Tran Trung Kién

Dic diém cAu tric, sinh khéi va da dang sinh hoc ciia mdt sé trang thai
rimg tw nhién trong phuc hdi sinh thai tai Khu Béo ton thién nhién Hon Ba.
Neguyén Trong Minh, Nguyén Toan Thing, Hoang Thanh Son, Lwong Vin
Diing, Tran Hodng Quy, Nguyén Van Tudn

G Effect of glycidyl methacrylate compatibiliser and montmorillonite
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reinforcement on the properties and morphology of PBAT/PLA blends.
Thi Nguyet Anh Tuong, Huong Thi Hoang, Hoang Linh Doan, Tien Dat
Nguyen, Thi Thao Nghiem, Ngoc Diep Nguyen, Thao Yen Linh Dang, Van
Huong Doan, Xuan Quang Chu

Quality control standards for stem cell culture and stem cell banking.
Xuan Da Pham, Thanh Chi Hoang, Thi Hong Hanh Nguyen, Phuoc Vinh
Nguyen, Thi Kim Ly Bui, Van Kien Vu

Research on the in vitro propagation of Dendrobium moschatum Buch.-
Ham. ex Sw..

Julieta Albano Tiago, Phuong Thu Pham, Thi Tuyet Nhung Nguyen, Thi Thu
Hien Phan, Thi Thuong Vu, Thi Tinh Nguyen

Synthesis and characterisation of PbO,-SnO, composite on a stainless
steel substrate.
Thi Tot Pham, Thi Binh Phan, Thi Thanh Thuy Mai

Preparation of a hydroxyapatite-supported titanium oxide via the
hydrothermal method for photocatalytic degradation of textile dyes.
Minh Hieu Tran, Dinh Nam Le, Hoang Minh Luong, Thi Hang Pham, Xuan
Hoan Nguyen

Electrochemical detection of chloramphenicol residues in milk samples
using a working electrode modified with Fe O, superparamagnetic
nanoparticles.

Van Dinh Tran, Van Khanh Nguyen, Truong An Nguyen, Doan Phuc Le, Tien
Thanh Pham, Duc Thieu Nguyen, The Tan Pham, Thi Bich Thuy Hoang, Thi
Minh Hong Nguyen

Evaluation of cervical lymph node metastasis in tonsil cancer at Cho Ray
Hospital (2019-2024).
Anh Bich Tran, Cong Chanh Ha

Assess the effectiveness of the “Neonatal resuscitation” training
programme at hospitals in Ha Nam province.

Thi Quynh Nga Nguyen, Thi Nga Phan, Thi Hoa Quach, Lan Huong Chu, Thi
Huyen Trang Vuong, Thi Hong Le, Huy Phu Nguyen

Adherence to HIV pre-exposure prophylaxis among men who have sex
with men in Thanh Hoa province.
Phong Tuc Vu, Xuan Khanh Bui, Thi Phuong Tran

Effect of transplanting density and chemical fertiliser application rate on the
growth and yield of Huong Thanh 10 rice variety in Thanh Hoa province.
Van Giang Tong, Huy Tuan Le

Development of an in vitro regeneration system for genetic transformation
in peanut variety L27 (Arachis hypogaea L.).
Thi Xuan Thuy Vu, Sy Binh Le

Sustainability evaluation of an integrated ecological system for dragon
fruit cultivation using emergy accounting.

Thi Thien Kim Ho, Thi Thu Huyen Dong, Thanh Hung Nguyen, Thanh Hai
Le, Thi Hieu Tran, Thi Phuong Thao Nguyen, Trung Kien Tran

Structure, aboveground biomass and biodiversity of selected natural forest
states in the ecological restoration zone of the Hon Ba Nature Reserve.
Trong Minh Nguyen, Toan Thang Nguyen, Thanh Son Hoang, Van Dung
Luong, Hoang Quy Tran, Van Tuan Nguyen
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