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Xac dinh thong s0 toi wu cia thiét bi giam chan khoi lrong 1éch tim
nhim giam dao dong xoan cho ket ciu he noi

Lé Thi Hwong Giang", Lé Tung Anh2, Trin Ngoc An'

"Truong Pai hoc Hang hai Viét Nam, 484 Lach Tray, phwong Lé Chdn, TP Hai Phong, Viét Nam
’Cuc Hang hai va Duong thuy Viét Nam, 8 Pham Hung, phuong Tir Liém, Ha Noi, Viét Nam

Ngay nhén bai 24/3/2025; ngay chuyén phan bién 26/3/2025; ngay nhan phan bién 12/4/2025; ngay chip nhan dang 22/4/2025
Tom tit:

Khi néi dén két cdu ndi 1a khong chi no6i dén két ciu bén ndi trong linh vue xay dung cong trinh thuy ma loai két cau
nay con dwgc ing dung trong cac linh vire xay dung dan dung, tuabin dién gio... Trong do, cong trinh nha néi hién
nay dwoc ing dung phd blen & Viét Nam, nhu tai Chau Péc, An Giang. Do dic diém két ciu noi chiu tic dong cua
cdc tai trong phirc tap gom song, gio va dong chay nén viéc nghién ciru cac bién phap nham gidm dao dong la rit
cin thiét. Bai bao trlnh bay mot quy tic don gian dé xac dinh cdc tham s0 toi wu ciia cac Kkhdi lwgng léch tam nham
gidm dao dong xoin ciia két cau ndi khi chiu kich dong diéu hoa. Qua trinh tinh toan tdi wu sir dung phwong phap
cia Den Hartog (J.P.D. Hartog) va cac két qua tinh toan dugc so sanh véi cac Kkét qué cia phuong phap so. Pé mb
td qua trinh tinh toan, nhém tic gia tién hanh tinh toan minh hoa bang mot vi du cu thé. Vi du minh hga cho thay
cac thong s6 thu dwuoc l1a hop ly khi so sanh véi Kkét qua t6i wu hoa b:‘lng thuat toan di truyén D(‘)ng thoi, cong thirc
tinh ciia J.P.D. Hartog d4 dwgc mé rong, khong chi ap dung cho h¢é mjt bac ty do chuyen dong tinh tién, ma con cé
thé ap dung cho cic hé dao dong xoan.

Tir khéa: dao dong xoin, két cau ndi, khdi lwong léch tim, phuong phap Den Hartog, thiét ké toi wu.
Chi s6 phan logi: 1.3,1.8, 2.1

Determining optimal eccentric mass parameters for mitigating

torsional vibrations in floating structures

Thi Huong Giang Le!", Tung Anh Le?, Ngoc An Tran'

"Vietnam Maritime University, 484 Lach Tray Street, Le Chan Ward, Hai Phong City, Vietnam
*Vietnam Maritime and Waterway Administration, 8 Pham Hung Street, Tu Liem Ward, Hanoi, Vietnam
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Abstract:

Floating structures are not limited to floating docks in hydraulic engineering; rather, they have found increasing
applications across various fields such as civil engineering, offshore wind turbines... Herein, floating houses
have become particularly prevalent in Vietnam such as in Chau Doc, An Giang. Due to the complex nature of
environmental loads-comprising waves, wind, and current-acting on floating structures, investigating methods to
mitigate structural vibrations is of considerable importance. This article proposes a simplified rule for determining
the optimal parameters of eccentric mass dampers to suppress torsional vibrations in floating structures under
harmonic excitation. The optimisation is performed using Den Hartog’s classical method, and the results are
benchmarked against those obtained via numerical simulations. To illustrate the proposed approach, a detailed
numerical example is presented. The illustrative example demonstrates that the obtained parameters are reasonable
when compared with the optimisation results using the genetic algorithm. Furthermore, the computational formula
proposed by J.P.D. Hartog has been extended to apply not only to single-degree-of-freedom translational systems but
also to torsional vibration systems.

Keywords: Den Hartog’s method, eccentric masses, floating structures, optimal design, torsional motion.

Classification numbers: 1.3, 1.8, 2.1
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1. it van de

Céc két cau ndi c6 nhiéu p dung trong cong trinh thuc
té nhu bén ndi, nha ndi, tuabin dién gid... Tai Viét Nam, két
ciu ndi khong chi duge ap dung cho bén ndi ma con duoc
ap dung cho cac cong trinh nha ndi nhu tai Chau Péc, An
Giang (hinh 1) [1], ngoai ra con duoc 4p dung & nhiéu noi
khac, trong cac linh vuc khac nhu phao ndi cho tim ning
luwgng mét troi...

Hinh 1. Lang ndi & Chau Béc, An Giang. Ngudn: nucuoimekong.com.

Do déc trung cua két cAu ndi chiu tac dong cua cac tai
trong phirc tap nhu song va gi6 (dic biét 1a két cdu ndi co
kich thudc 16n) nén n6 thuong xuyén chiu dao dong. Tong
quét, dao dong ciia két cdu ndi gdm dao dong 1én xudng theo
phuong ding, dao dong theo phuong ngang va dao dong
xoan. Cac dao dong nay co thé anh huong tiéu cuc dén do
on dinh cua két cau, cling nhu cam giac thoai mai ciia con
ngudi. Chinh vi vdy, viéc nghién ciru cic bién phap nham
giam dao dong cho két cdu ndi 1a rit can thiét, nhat 1a dao
d6ng xodn hay dao dong trong tranh. Tuy nhién, cac nghién
ctru vé giam dao dong xodn cho két ciu ndi chwa duoc tién
hanh nhiéu va chu yéu tap trung cho cac két ciu ndi co kich
thude 1on chiu tai trong song [2-4] hodc céc tuabin dién gid
chiu tai trong séng va gio [5-7].

Dbi voi két cau nha noi, S.H. Yin (2017) [8] da dé cap
sir dung thiét bj giam chéan co dang cot chat 1ong (Tuned
liquid column damper - TLCD) nham glam dao dong xoin,
ap dung mo phong cho mot két cu ndi co6 dang hop chir
nhét. Tuy nhién, viéc dat thiét bi TLCD trén dinh cua két
céu ndi c6 thé anh hudng dién tich thao tac phia trén, do
d6 gy kho khan cho viéc b tri cac thiét bi cling nhu anh
huéng dén khong gian sir dung ctia con ngudi. Chinh vi vy,
L.T.H. Glang vacs (2025) [9] da dé cap mot bién phap khac
dola bd tri cac khdi luong 1éch tam ¢ dudi day cua két ciu
n6i va do d6 khong anh huong dén khong gian thao tac &
phia trén, cac thong sd ti uu ctia cac khdi lwong 1éch tim
dugc tinh toan bang thuat toan di truyén (Genetic algorithm
- GA). Céc két qua md phong sé cho thdy, hiéu qua giam
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dao dong cua cac khéi lugng 1&ch tam va thiét bi TLCD la
nhu nhau, nhung viéc st dung cac khéi luong 1€ch tam co
wu diém vé viéc bd tri.

Trong ndi dung bai bao nay, tiép tuc hudng nghién ciru
[9], cac tac gia dé xuat mot quy tac don gian dé xac dinh cac
thong s ti uu cta cac khdi lwong 1éch tam, d6 1a sir dung
phuong phép cua J.P.D. Hartog (1934) [10]. Tinh toan tdi
uu theo phuong 4n nay s€ dem lai sy thuén tién cho k¥ su
thiét ké trong viéc lya chon cac thong s6 cua thiét bi giam
chan. Hiéu qua giam dao dong s& duoc so sanh véi cac két
qua khi tinh toan ti wu theo thudt toan di truyén GA [9].

2. Mo hinh nghién ciiu va hé phuong trinh chuyén dong
2.1. M6 hinh nghién ciru

Xét mo hinh két ciu ndi ¢6 dang hop chit nhat trén hinh
2 v6i céc thong s6 chiu dai L, chiéu rong B, chiéu cao H
va khdi luong m_. Bén trong két céu ndi, b tri cac khdi
luong I¢ch tam bao gom hai khéi luong m,. dugc n6i voi
nhau bi mot thanh nhe va c6 thé quay duo’c quanh khop 1
[9]. Khoang cach theo phuong ngang tir cac khéi lwong dén
khéop I'1a b,.. Thanh nhe dugc noi véi 10 xo ¢6 do cung k va
bd can nh0’t c6 do can c tai cac vi tri co khodng cach b, va
b, lan luot lay dbi vé6i I theo phuong ngang. Khoang cach tur
thanh nhe dén mat nude 1a 4. Tam ndi va tim xoay duoc ky
hleu lan lugt 1a D va O, trong khi d6 khdi tAm cua két cdu
ndi duoc ky hiéu 1a G. Khéi hro‘ng r1eng cuanude lap . 6]
trang thai can bang tinh, két cdu ndi chim trong nudc mot
khoang d nhu cong thic (1) [9].

_m,+2m, @)
p.BL

Hinh 2. M6 hinh hé két ciu néi - khéi lwong léch tam (A) va cac
chuyén vi trong qua trinh dao dong (B) [9].

Mot cach téng quat, két cau ndi c6 3 thanh phan dao
dong 1a dao dong 1én xubng theo phuong ding, dao dong
theo phuong ngang va dao dong xodn. Xét két cau noi sir
dung hé théng coc dinh vi (Ring-column system) [8], do d6
chi xét két cAu ndi c6 dao dong xodn. Trong qua trinh dao
dong xodn hay dao dong trong tranh quanh O, két ciu ndi
co chuyén vi 6 va thanh nhe cta cac khéi luong I¢éch tdm co
chuyén vi ¢ nhu trén hinh 2. Cac chuyén vi nay dugc chon
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la tuyét d6i. Khi két cau ndi dao dong, tam dinh khuynh
dugc ky hiéu 1a M. Cac d6 cimg chdng xoin va do can xoin
tuong duong dugc xac dinh nhu sau [9].

k. =bk; c.=bc )
trong do: k: d6 cimg chéng x0én; c.. do can X04n.
2.2. H¢ phwong trinh chuyén dong

Xét két cAu ndi chiu tac dung ctia momen x0dn ¢ dang
dicu hoa nhu cong thire (3) [8, 9].

M =M, sinQt 3)

trong do: M, 1a bién 40 momen xodn kich dong; Q 1a tan s6
kich dong va ¢ 1a bién thoi gian.

Str dung phuong phap Lagrange, phuwong trinh chuyén
dong cua hé két cau ndi - khdi luong 1éch tam c6 dang nhu
cong thace (4) [9].

é+ ¢
+
i

I,+2m 07 — 0+ks+2mcgﬁ+kc P[] 4
0 Imb < ¢ |lo -k, ke |le) [0

=1, +mOG (5)

trong do: / 4

voi [ val ,la momen quan tinh cua két cdu nbi 1an luot lay
dbi voi tam xoay O va khdi tdim G.

k, =mg(OM -OG); i =h+OM (6)

vGi OM 1a khoang céch tir tim xoay O dén tdm dinh khuynh
M va duoc xac dinh nhu sau:

om-B _d (7)

Bai toan toi wu dit ra Ia dya trén hé phuong trinh chuyén
dong (4) v6i mdi ty sb cho tnroc cua khéi luorng thiét bi
giam chin va khéi luong cua két ciu ndi, ta cin tim cac g1a
tri k. vac ti wu sao cho bién do dao dong cua két cau n01
la nho nhat. Thong thuong, bai toan nay la phuc tap va can
cac thuat toan tdi uu theo phuong phép sé nhu thuat toan
di truyén GA [9]. Trong bai bdo nay, tic gia trinh bay cach
tinh toan don gian hon, dé 1a st dung céng thuc cua J.P.D.
Hartog (1934) [10] &p dung cho hé mét bac ty do.

3. Toi uu cdc thong so ciia ho giam chan
3.1. Cong thirc cua J.P.D. Hartog

Mo hinh két cdu ndi sir dung trong bai bao duoc tham
khao nhu trong [8, 9]. Két cau ndi xét khong co bd tri do
can. Dbi v6i két cdu hé chinh khong can, co thé tim cac gia
tri ti wu ciia bd giam chén theo phuong phép giai tich cia
J.P.D. Hartog (1934) [10]. Vi hé chinh ¢6 can, viéc tim cac
gié tri toi wu cuia by giam chan theo phuwong phap giai tich
12 khong kha thi va phai giai theo phuong phap sb véi cac
thudt toan ti uu nhu GA, BCMO...
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Xét hé chinh khong can lap thiét bi giam chin khoi
lugng (Tuned mass damper - TMD) nhu hinh 3. H¢ chinh
c¢6 khéi lwong m, 10 x0 ¢6 d¢ cung k va khong c6 bd can
nhét. Thiét bi TMD c6 khéi luong m, 10 xo ¢6 do cung k,
b can nhdt c¢6 do can c¢. Hé chinh chiu tdc dung cua luc
diéu hoa F, sinQt.

B —— k —_—

k Ll
F sin Q¢

——

c

) ( ) (
%,

Hinh 3. M6 hinh hé chinh khéng can lap TMD.

S

Hé phuong trinh chuyén dong cta hé két ciu - TMD
nhu trén hinh 3 c¢6 dang sau:

{ms)'c's +ex —cx +(ks +k)xs —kx =F, sin Q¢ )

mx —cx +cx —kxv +hkx =0

hay

B

trong do: x_ va x lan luot 1a chuyén vi ctia két cdu va TMD.
Chu y rang cic chuyén vi nay dugc chon 14 tuyét dbi.

Véi mdi ty sé khéi luong p=m/m_ cho truéc, muyc tiéu
ctia bai toan toi uu 14 x4c dinh cac gia tri k va ¢ sao cho
bién d6 dao dong cta h¢ chinh la nhd nhét. Cac gia tri k va
¢ dugc xac dinh theo cac gia trim _va k.

Dit cac ty sb:
m K /k 1) c
m, m, m @, 2mw

J.P.D. Hartog (1934) [10] da dua ra cong thuc xac dinh
cac tham s6 ti uu o, va G, bang phuong phap hai diém

(10)

¢ dinh nhu sau:

1
aopt = 1+” (11)
_ | 3u
S =81+ 1) (12



Nhu vay, véi ty s6 khdi luong 1z cho trude, ta s& xac
dinh dl’I()'C cac gia tri tdi wu cua ty sb tan s @, va do can
Lehr téi'uu Copt theo céc cong thic (11) va (12), sau d6 cac
gia tri toi uu kopt va Cop cua TMD sé& duoc xac dinh theo
cong thuc (10).

3.2. Ap dung cho thiét bi giam chin khoi lwong léch
tam

So sanh hé phuong trinh chuyén dong (4) ctia hé két cu
n6i - khéi lugng 1éch tim va hé phuong trinh chuyén dong
(9) cua hé két cau - TMD, ta nhén thiy c6 su twong dong
vé mit hinh thic. Do d6, c6 thé ap dung cong thirc Den
Hartog dé xac dinh cac thong s toi uu cua cac khéi luong
l&ch tam ap dung cho két cAu ndi. Qua trinh tinh toan thuc
hién nhu sau:

Budc 1: Xac dinh ty sd:
2mehbg

BT Somp

(13)
Budce 2: Biéu dién cac tan so:
k. + 2mcgl7 k
O =T @ >
I, +2m_h 2m/b;

Bude 3: Xéc dinh gia tri do clmg t6i vu kCopl thong qua %y

|
(]

(14)

Budc 4: Xéc dinh gid tri d0 can t6i wu ¢ Copt thong qua ¢ ot
4. Vi du ap dung

Trong muc nay tac gia trinh bay viéc xac dinh cac thong
s6 toi wu cua thiét bi khéi luong Iéch tam dugc dé cap trong
muc 3. Cac két qua tinh toan t6i uu dua trén cong thirc cia
J.P.D. Hartog (1934) [10] s& dugc so sanh voi két qua tinh
t6i uu bang thuét toan di truyén GA. Xét két cdu ndi c6 dang
hinh hdp chit nhat nhu da trinh bay trén hinh 2 véi cac thong
s0 cho nhu trong bang 1.

Bang 1. Cac thdng sé ciia két cau néi [8, 9].

Thirty  Cac thong sb Ky higu Gi tri Pon vi
1 Bé ong két chu ndi B 2,31 m

2 Chiéu cao két chu ndi H 2,59 m

3 Chiéu dai két cau ndi L 5,95 m

4 Khéi lrong m, 2150 kg

5 Momen quén tinh ldy voi khéi tim [ 3936,8 keg/m?
6 Khéi lugng riéng ctia nude n, 1000 kg/m’
7 Bién d9 cua momen tac dung M, 100 Nm
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Két ciu ndi duoc xét dudi dang mé hinh co dang hop
chit nhat dat trong méi truong nudce ngot, do do khdi lugong
riéng cua nudce p, duge xac dinh nhu trong bang 1. Dé danh
gia hi€u qua gidm dao dong, ta st dung h¢ s6 khuéch dai
DMF (Dynamic magnification factor) [8, 9, 11, 12].

DMF = 7|9°|
(M, k)

(15)

B tri cac thanh nhe ndi cac khdi luong 1éch tam nam
cach day 30 cm, cac khéi lugng 1éch tam dugc bd tri vé6i
b=1 m [9]. Ty s6 khi lugng 2m /m =0,07. Sit dung cac
budc nhu trong muc 3, ta xdc dinh dugc k60pt=735,27
Nm/m; cCUpt=60,51 Nms/m. Dai luong DMF,  =8,47 v6i hai
gié tri dinh nhu trén hinh 4 truing khép véi cach tinh theo
thuat toan GA [9]. Tuy nhién, viéc giai quyét bai toan theo
phuong phép gidi tich cua J.P.D. Hartog (1934) [10] 10 rang
la thuéan tién hon so vdi viée phai sir dung cac ph?m mém
toan hoc dé tinh toan tdi uu theo phuong phap sd.

--GA E
—Den Hartog

0,5 1 L5

Hinh 4. Pap trng dong lwc hoc clia két ciu theo ty sé tan sé b.

Trong hinh 4, (5 1a ty s6 giita tin s6 momen kich dong
va tan s6 dao dong riéng cua két cau noi va duge xac dinh
nhu sau:

ﬂ=% (16)

S

Hinh 4 thé hién sy bién thién cta hé s6 khuéch dai DMF
theo ty s& A. Khi £ dan toi 1 s& xay ra hién twong cong
hudng véi hai dinh cong huong. Voi cac gia tri kCop vac Copr
da tim dugc ¢ trén, gia tri hai dinh cdng hudng dat nhé nhat.

Trong muc ndy, ching ta chi khao sat véi ty s khoi
luong 13 0,07 (7%). Trong muc tiép theo, ta s& khao sat voi
cac ty s6 khdi lugng khac nhau (tdp Pareto) dé dua ra danh
gia khach quan vé hiéu qua giam dao dong theo ty sé khoi
luong.
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9. Tap Pareto

Nhu da trinh bay & phan trén, trong muc nay khao sat
tap Pareto biéu dién sy thay dbi caa DMF e t6i wu theo ty
s6 khéi luong . Tap Pareto nay nhim tao diéu kién thuan
tién cho nguoi k¥ su dua ra chon lya gitra ty s6 khdi luong
va hiéu quéa giam dao dong sao cho phu hop. Cac gia tri
ke, Va €, duge xac dinh theo phwong phap J.P.D. Hart(?g
(1934) [10] nhu trinh bay trong muc 3. Ching toi xét su bien
thién cda p trong khoang [0,01 - 0,15] [9]. Thong thuong,
ty s6 khdi luong cua thiét bi giam chan va hé chinh 1a dudi
10% (0,1), tuy nhién dé mé rong khoang khao sat cho danh
gia khach quan, trong bai bao nay xét véi ty sd khdi luong
16n nhét 14 15% (0,15). D6 thi biéu dién sy bién thién cia
DMF,, t6i uu theo yu duge biéu dién nhu trén hinh 5.

25 T T

201 1

15 1

max

DMF

10 1

1
0 0,05 0,1 0,15
1

Hinh 5. Tap Pareto véi DMF,  tbi wu bién thién theo p.

Nhu trén hinh 5, gia tri DMF, t6i uru bién thién trong
khoang 5,17 dén 24,22, trung khop véi két qua trong nghién
ctru trude [9].

6. Két luan

Bai bao da trinh bay cong thuc giai tich xac dinh cac
tham s6 ti wu ciia cac khdi lugng 1éch tam trong viée giam
dao dong xodn cua két cdu ndi. Dya trén phuong phap cia
Den Hartog, cac thong sb d6 cimg va do can nhot t6i vu da
duoc xac dinh. Viéc dua ra cac cong thure giai tich dé tim cac
thong s6 toi wu cho phép ngudi ki sur c6 thé xac dinh cac dai
luong nay mot cach d& dang. Vi du minh hoa da cho thiy
rang cac théng sé tim duoc 1a hop 1y khi so sanh véi viée
tinh toan t6i vu bang thuét toan di truyén GA. Viéc tinh toan
t6i uu theo phuong phap 56 noi chung 1a phtrc tap va can ¢
su hd tro cia cac phﬁn mém toan hoc. Bai bao di mo rong
cong thuc tinh ctua J.P.D. Hartog (1934) [10] khong chi cho
hé 1 bac tu do chuyén dong tinh tién ma c6 thé ap dung cho
hé dao dong xodn. Pay la dong gop mai cia bai bao.
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Nghién ciru tinh chat dién hoa va qua trinh tong hop dung dich ferrate(VI)
trén dién cwe anot gang xam trong dung dich kiém déc
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Tom tit:

Muc tiéu ciia nghién ctru la so sanh, danh gia tinh chat dién héa va kha niing tong hop dung dich ferrat(VI) trén dién
cwe anot gang xam trong cic dung dich dién ly NaOH 14 M va KOH 14 M. Puong cong phin cuc Tafel cho thiy,
gang xAm dé& in mon hon trong dung dich NaOH 14 M. Phd quét thé tuin hoan chi ra ring, tong hop ferrate trong
dung dich NaOH va KOH sé tao ra cac san phim trung gian nhu: sit(II), sat(IIT), sit tir oxit va hydroxit. Hiéu suit
téng hop ferrate trong dung dich NaOH 14 M cao hon nhiéu so voi trong dung dich KOH 14 M. Nghién ctru ciing
tim ra dwoc mit do dong 40 mA/cm? va thoi gian dién phan 9 gio 13 t6i wu cho qua trinh tong hop ferrate bing anot
gang xam trong dung dich NaOH 14 M. Ngoai ra, nghién ctru di chirng minh sy thay doi cAu tric hinh thai hoc cia
anot sau khi tdng hop ferrate bang cic phwong phap phén tich anh kinh hién vi dién tir quét (SEM) va gian dd nhiéu
xa tia X (XRD). Két qui cho thiy, da cé su hinh thanh 16p thu dong trén bé mit anot sau mét thoi gian dién phan.

Tir khéa: gang xam, 16p thu dong, tinh chit dién hoa, tong hop ferrate dién héa.
Chi 56 phdn logi: 1.4, 2.4

Study on electrochemical properties and synthesis process of ferrate(VI)

solution on gray cast iron anode in concentrated alkaline solution
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Abstract:

The aim of the study was to compare and evaluate electrochemical properties and capability of synthesising ferrate
on gray cast iron anode in 14 M NaOH and 14 M KOH solutions. Tafel polarisation showed that gray cast iron was
more corroded in 14 M NaOH solution. Cyclic voltammetry spectra showed that ferrate synthesis in NaOH and
KOH solutions would produce intermediate products such as iron(II), iron(III), ferromagnetic oxide, and hydroxide.
The efficiency of ferrate synthesis in 14 M NaOH solution was significantly higher than that in 14 M KOH solution.
The study also found that the current density of 40 mA/cm’ and electrolysis time of 9 hours were optimal condition
for ferrate synthesis using gray cast iron anode in 14 M NaOH solution. In addition, the study also showed the
change in the morphological structure of the anode surface after electrolysis by scanning electron microscopy (SEM)
analysis method and X-ray diffraction (XRD) patterns. The results showed that there was a passive layer formed on
the anode surface after a period of electrolysis.

Keywords: electrochemical properties, ferrate electrochemical synthesis, gray cast iron, passive layer.

Classification numbers: 1.4, 2.4
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1. Dt van de

Ferrate(VI) 1a mot chat oxy hoa rit manh véi thé khir
1én tdi 2,2 V trong moi trudng axit nén nod cd kha nang oxy
hoa higu qua nhiéu hoa chat doc hai vo co cing nhu hitu co
[1-3]. Bén canh do, ferrate con la mot chat keo tu va khir
tring nén c6 tiém ning dugc s dung nhiéu trong qué trinh
xir Iy nuée va nude thai [4-6]. Co ché phan g oxy hoéa hop
chat hitu co doc hai cua ferrate(VI) thé hién trén hinh 1 gdm
cac buoc: (i) tao ra Fe(V) va Fe(IV) thong qua qué trinh
nhan 1 e va 2 e (ii) tao ra cac géc tu do va cac dang Fe(V)
va Fe(IV); (iii) cac phan ting tiép theo ciia Fe(V) va Fe(IV)
v6i chit 6 nhiém; (iv) phan tmg tu phan hiy cia Fe(V),
Fe(IV) va Fe(VI); (v) phan Gng cua ferrate voi oxy hoat
dong nhu O,~ H202, san phim cua qué trinh ty phan hay
[7, 8]. Trong qué trinh oxy hoda va khu trung, ferrate(VI) bi
khur thanh Fe(III), mot chét keo tu manh. Do do, qua trinh
keo tu va tao bong s& xay ra khi sir dung ferrate dé oxy
hoa va khtr trung cac chit 6 nhiém trong nudc, chét keo tu
nay c6 kha ning loai bo cac chit 6 nhiém vo co nhu: ion
asen(V), cadimi(II) va dong(II) [9, 10].

n\'+}\;0/ Fe'V+ X'(0) » Fe"+ XY0)

k :

N4 14

X b X s

) ),Fa"-" ),Fc' * Fe!

1 'l a 1 1 " -

| |

x‘-'i{'ﬂl X ' \"‘x{m
™~

(0]

Hinh 1. Co’ ché phan (rng oxy héa hop chat hivu co X bang ferrate
[71.

Hién nay, co ba phuong phap tong hop ferrate bao gom:
hoéa hoc u6t, nhiét va dien hoa [11-14]. Trong do, phuong
phéap dién hoa gan day ndi 1én 1a mot phuong phap don gian,
khong sir dung hoa chat va khong c¢6 san pham phu doc hai,
thoi gian tong hop ngin, gia thanh thap [15- 17]... Ngoai
ra, phuong phap dién hoa c6 thé dugc s dung dé téng hop
ferrate tai chd (in-situ) dé xu ly tryc tiép ngudn nude thai
6 nhiém, vi vay co thé giai quyét dugc nhuge diém khong
bén cua ferrate va kho khin trong qué trinh bao quan va van
chuyén [18, 19].

Trong phuong phap dién hoa, ferrate dugc tong hop bang
cach hoa tan anot trong moi trudng kiém dic [20]. Hiéu
sudt cuia qua trinh tong hop ferrate phu thudc nhiéu vao vét
liéu dién cuc anot, chét dién ly, méat do dong di¢n, nhiét
do va thoi gian dién phan [19, 21]. Vat li€u anot st dung
cho qua trinh tong ferrate dién hoa thuong 1a sit hodc hop
kim cua sit nhu thép CT3, gang xam, gang trang... [22-24].
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K. Bouzek va cs (1996) [25] dd nghién ctru tong hop ferrate
trén dién cuc gang xam trong moi truong dién ly NaOH
14 M. Hiéu suét dong dién cuc dai sau 180 phut dién phan
& mat do dong 32 mA/cm? 1a 11%. Trong mot nghién ciru
khac, M. Diaz va cs (2021) [26] di so sanh téng hop ferrate
trén cac vat lidu anot khac nhau 1a thép, gang tring va gang
xam trong mdi trudng NaOH 10 M va KOH 10 M. Két qua
cho thay, so sanh giira cac vat liéu anot thi anot gang xam
¢6 hiéu suat dong tong hop ferrate 16n nhat va ning luong
tiéu thu riéng nho nhat, dung dich dién phan NaOH 10 M
1a toi uu, trong do, sau 180 phut dién phan thi gang xam c6
hiéu suét dong dat khoang 30%. Theo X. Sun va cs (2018)
[27], ferrate dugce téng hop trén anot gang xam va st xOp
két qua sit x6p c6 hiéu suat tong hop cao hon. Gang xam ¢6
ham luong silic cao ciing duoc sir dung dé tong hop ferrate
trong dung dich NaOH 15 M, hiéu sudt dong dién dat 20-
40% [28].

Dung dich dién ly 1a mét yéu t6 quan trong anh hudng
t6i qua trinh tong hop dién hoa ferrate. Dung dich dién ly
thuong ding c6 thé 1a NaOH, KOH hodc hdn hop 2 hydroxit
d6 [29]. P c6 nhiéu cong trinh so sanh hi¢u qua tong hop
ferrate trong dung dich NaOH va KOH. Trong do, nhiéu
nghién ctru di cho thdy su vuot tréi vé hiéu sudt tong hop
cua ferrate trong moi truong NaOH so voi dung dich KOH
[15, 30]. Tuy nhién, theo mot s6 tai liéu thi KOH lai la chat
dién ly t6t hon NaOH [31]. Nong do OH' ciing anh huong
dang ké dén do bén va hiéu suat dong ctia qua trinh tong hop
ferrate. Theo nghién ciru trude ciia chung t6i, ndng do OH-
t6i wru cho tong hop ferrate dién hoa 1a 14 M [20].

Do vay, trong bai bao nay, chiing t6i s& nghién ciru tong
hop ferrate bang phuong phap dién hoa sir dung dién cuc
anot la gang xam, mot loai vat li¢u ré tién, d& kiém. Nghién
ctru tién hanh so sanh tinh chit dién hoa bao gdm: phd quét
thé tudn hoan (CV) va duong cong phan cuc Tafel ctua di¢n
cuc anot gang xam trong dung dich dién ly NaOH 14 M va
KOH 14 M dé danh gia tac dong cua ching dén qua trinh
tong hop ferrate. Ngoai ra, cac yéu t6 anh huong téi qua
trinh tong hop nhu mat d6 dong dién, thoi gian dién phén
ciing s& dugc nghién ctru dé tim ra diéu kién tong hop tdi .

2. Nguyén vat liéu va phuong phap nghién ciu
2.1. Nguyén vt li¢u

Natri hydroxit (NaOH - 97%) va kali hydroxit (KOH -
90%) cua Hang Aldrich - Sigma. Dién cuc anot dugc ché
tao tir vat liéu gang xam c6 ngudn gdc tir Cong ty TNHH
Mot thanh vién Co khi Ha Néi v6i thanh phan gém: Fe, C,
Si, Mn, S va P lan luot chiém 92,480; 5,214; 1,778; 0,496;
0,021 va 0,011%. Bién cuc anot c6 hinh try duong kinh thiét
dién 1 cm, duoc quan bang Teflon xung quanh. Dién tich
hoat dong cta dién cuc anot la 0,785 cm? va dién cuc dugc
xir Iy bé mit bang gidy nham 400 va 600, sau d6 trang sach
bang nudc cat va dung dich hdn hop etanol, axeton cé ty 1&
thé tich 50:50 trudc khi tién hanh thuc nghiém.



2.2. Nghién civu cdc tinh chit dién hod va tong hop
ferrate

Céc phép do dién hoa va qua trinh téng hop dung dich
ferrate dugc tién hanh trén thiét bi dién hoa IM6 Zahner
elektrik (Puc) su dung h¢ 3 dién cuc gém: dién cuc so sanh
Ag/AgCl (dung dich KCl bao hoa), dién cuc dbi titan, dién
cuc lam viéc gang xam.

Dic tinh dién hoa cta gang xam dugc nghién ciru biang
phuong phap do dudng cong phan cuc Tafel va phd quét thé
tuan hoan (CV) trong 40 ml dung dich NaOH 14 M va KOH
14 M. Phan cuc Tafel duoc thuc hién vé6i téc d6 5 mV/s,
quét trong khoang thé £150 mV so v&i thé mach hé. Pho CV
dugc do trong khoang thé -1,55 dén 0,55 V véi toe do quét
40 mV/s, 150 chu ky.

Qué trinh tong hop ferrate trong méi truong NaOH 14
M va KOH 14 M duoc thuc hién bé‘mg ky thuat dién phan
dong khong d6i véi thoi gian dién phan 1a 1 gio va mat do
dong khao sat thay ddi tr 10, 20, 30, 40 va 50 mA/cm?.
Thoi gian dién phan khao sat thay do6i trong khoang tur 1
dén 20 gio trong 40 ml dung dich NaOH 14 M, mat d6 dong
40 mA/ cm2 Nhiét d6 ciia hé trong tat ca cac phép thi nghiém
dugc gitr on dinh tai 35°C. Dung dich ferrate sau tong hop s&
dugc tién hanh do UV-Vis trén thiét bi DR6000, Hach (M¥)
dé xac dinh ndng do.

Su thay ddi bé mat dién cuc anot duoc danh gia bﬁmg
phuong phap XRD, SEM. Trong d6, gian db nhiéu xa tia X
duoc do trén thiét bi DS-ADVANCE (Ptrc), anh SEM dugc
chup trén thiét bi FE-SEM Hitachi S-4800 (Nhat Ban). Mau
dién cyc anot trude khi dién phan dugce xu ly tuong tu trude
khi tong hop ferrate, mau dién cuc sau khi dién phan ciing
duogc trang rira sach, sau do hut chan khong dé tranh bi oXy
hoé trong khong khi.

2.3. Tinh todn higu sudt téng hop va toc do an mon

Hiéu suat: Hiéu suét tong hop (H) duoc tinh theo cong thire (1):
= ()
myr
trong do: m, 1a khdi luong ferrate thyc té thu dugc; m, la
khdi luong ferrate tinh theo ly thuyet

Khéi luong ferrate ly thuyet m, . duoc tinh theo dinh luét
Faraday:

myp- @
trong d6: M 1a khoi luong mol cua ferrate (g/mol); t 1a thoi
gian dién phan (s); z 1a so electron trao doi; F 1a hang so
Faraday (F=96500 C/mol); I 1a cuong d¢ dong dién (A).

Tbc 6 an mon: Toc dd dn mon (T,) dugc tinh theo cong
thue:
K. lam Mtq

(mm/nam) 3)

Tam
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trong d6: K 1a hang s6 (K=3272 mm/(A.cm.nim)); i lamat
do dong d@n mon (A/cm?®), M, 1a trong luong tuong duong
(), D 1a khéi lwong riéng (g/cm3)

3. Két qua va ban luan

3.1. Nghién ciru tinh chit dién héa ciia anot gang xdm
trong cdc dung dich KOH 14 M va NaOH 14 M

1. E+00 1
1.E-01 -
E 1E-02 1
E 1.E-03 4
b (1) — NaOH
1.E-04 - 1 (2)—KOH
2
1E-05 v T (.) T Y
14 -12 1 08 06 04
E azaec (V)

Hinh 2. Bwéng cong phan cwc Tafel ciia gang xam trong dung
dich NaOH 14 M va KOH 14 M.

Bang 1. Téc d6 &n mon cua gang xam trong 2 dung dich NaOH 14
M va KOH 14 M.

Thong s6 NaOH 14 M KOH 14 M
Mat d6 dong an mon (pA/em?)  19,236+1,019 11,235+1,265
Dién thé an mon (V) -1,148+0,047 -0,793+0,010
Tée do an mon (mmpy) 0,224+0,011 0,130+0,015

Kha nang an mon cua vat liéu gang xam trong moi
truong kiém dic duoc xac dinh bang duong cong phéan cuc
Tafel thé hién trén hinh 2. Trong moi trudong kiém dic, sit
trong gang xam s€ bi an mon tao thanh Fe(Il) hoa tan dang
dihypoferrite theo phuong trinh phan tng (4) [32]. Kha
ning an mon cua gang xam chinh 14 kha ning oxy hoa sat
trong méi truong kiém dic.

Fe+2H,0 — HFeO, +3H"+2¢ 4)

Két qua bang 1 thé hién gid tri dién thé n mon cua gang
xam trong NaOH 14 M thép hon va mat d6 dong dn mon
cao hon trong moéi truong KOH 14 M. Nhu vay, qua trinh
in mon clia gang xam trong mdi trudng NaOH 14 M dién ra
dé dang hon. Piéu nay ciing dugc chirmg minh qua viéc tinh
toan toc do dn mon theo cong thirc (3). Tdc dd dn mon cia
gang xam dat gia tri 0,224 mmpy trong moi truong NaOH
14 M va dat 0,130 mmpy trong moéi truong KOH 14 M. Do
viy, sit dé dang bi oxy hoa trong dung dich NaOH 14 M.

Hinh 3A, 3B thé hién phé CV cua gang xam trong dung
dich KOH 14 M va NaOH 14 M tai cac chu ky quét khac
nhau. Phé CV cia anot gang xam trong ca hai dung dich
trén déu co 4 pic oxy hoa va 4 pic khir. Trong do, 4 pic oxy
hoa O1, 02, 03, O4 tuong tng véi timg qua trinh thay doi
s6 oxy hoa cua sat trén bé mat dién cuc trong moi trudng
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kiém dic. Cac qua trinh nay xuat hién lan lugt theo chiéu
tang dién thé nhu sau: Fe — Fe(Il) — Fe,O, — Fe(Ill) —
Fe(VI) [20]. Nhu vay, pic oxy héa O1, 02, O3 déc trung cho
su hinh thanh cac san pham trung gian (FeO, Fe,O,, Fe,0,)
va dinh O4 dac trung cho qua trinh hinh thanh ferrate. Pinh
04 dic trung xuat hién trong ving thoat khi oxy nén cé sy
canh tranh giita phan ung hinh thanh ferrate va phan ung
dién phan nudc trén bé mit anot.
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Hinh 3. Phd CV clia gang xam trong dung dich: (A) KOH 14 M,
(B) NaOH 14 M, (C) Chu ky thir 100.
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Khi ting sb chu ky quét tir 1 1én 150, chiéu cao cua tat
ca cac pic oxy hoa va pic khir trong moéi truong NaOH va
KOH déu tang dan va ¢6 su dich chuyén nhe vi tri cac pic.
So sanh chu ky 100 cua gang xam trong dung dich NaOH
14 M va KOH 14 M (hinh 3C) cho théy c6 mot sy khac biét
o pic O2. Pic O2 trong dung dich KOH 14 M cao hon trong
dung dich NaOH 14 M, pic O2 tuong ting v&i qua trinh hinh
thanh ‘Fe3O > day 1a thanh phan chinh trong 16p thu dong
trén bé mat anot trong qua trinh tong hop ferrate [33]. Do
vdy, qué trinh tong hop ferrate trong méi truong KOH ¢6
kha nang hinh thanh 16p thy dong trén bé mit anot cao hon
trong moi truong NaOH, diéu nay s& lam giam hi¢u sut
tong hop ferrate.

3.2. Tong hop di¢n héa ferrate

Anh hudng cua mat d§ dong: Quan sat hinh 4 cho théy,
ddi voi dung dich dién ly NaOH 14 M, khi tang mat d6 dong
tir 10 1én 40 mA/cm?ndng do ferrate ting dan tir 103,87 1én
265,82 mg/l nhung hiéu suat lai giam dan tir 70,18 xubng
con 46,21%. Viéc tang mat do dong tuc 1a tang dién lugng
dén bé mit dién cuc trong mét don vi thoi gian gitp cho
ferrate duoc sinh ra nhiéu hon, 1am cho néng do ferrate tao
thanh ting. Tuy nhién, vi phan tmg ferrate dién ra trong
vung thoat khi nhu phan tich trén phé CV, nén c6 su canh
tranh gilta phan Qng tao ferrate va phan ung thoat khi O;.
Khi dién lugng dén bé mat anot tang, qua trinh oxy hoa sat
chua kip xay ra, phan dién luong nay sé dién phan nudc, dan
dén giam hiéu suit dong dién. Tiép tuc ting mat do dong
1én 50 mA/cm? thi ca ndng do ferrate va hiéu suat déu giam
manh. Theo cac nghién ctru truée do, viée tang mat do dong
dan dén mot ph?m 16m dién Iugng bi ti€u hao cho phan tng
phan tach nudc [15, 34, 35]. Qua trinh nay tao ra lugng lon
khi O, thoat ra tai bé mit anot, gdy can trg su tiép xuc giita
dién cuc va dung dich dién ly [35, 36]. Vi vay, phan ung
hoa tan anot dé tao ferrate bi han ché, 1am giam ca néng do
ferrate thu duoc va hiéu suét téng hop. Do vay, mat d6 dong
t6i wu dbi v6i qua trinh tong hop dién hoa ferrate trong dung
dich NaOH 14 M 1a 40 mA/cm?.
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Hinh 4. Anh hwéng clia mat dé dong t&i néng dé ferrat (A) va hiéu suat téng hop (B) trong dung dich NaOH 14 M va KOH 14 M.
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Déi voi dung dich dién Iy KOH 14 M, tai mat d6 dong 10
mA/cm?, lugng ferrate tao thanh gan nhu khong c6, nguyén
nhan 1a do mat do dong thap khién dién thé anot khong du
16n @ hinh thanh ferrate ma chi tao thanh cac hop chét
trung gian nhur oxit sat tir, sat(IIl) oxit va sat(III) hydroxit.
Mat do dong tang 1én 20 mA/cm?, ndng do ferrate va hi¢u
suit dat gia tri cao nhéat 1an luot 1a 54,62 mg/l, 18,82%. Tuy
nhién, tiép tuc taing mat d dong 1én thi néng do ferrate va
hiéu sudt tong hop lai giam do su canh tranh véi phan tmg
thoat khi oxy. Nhu vay, mat d§ dong tdi wu cho qué trinh
tong hop ferrate trong dung dich KOH 14 M 1a 20 mA/cm?.

Khi so sanh hiéu suat tong hop ferrate trong dung dich
KOH 14 M va dung dich NaOH 14 M cho thiy, nong do
ferrate va hiéu suat tong hop trong dung dich NaOH 14 M
cao hon hin trong dung dich KOH 14 M, ¢ tit ca cac mat
d6 dong khao sat. Co ba nguyén nhan chinh gay ra sy chénh
léch nay. Thir nhat 14 do dung dich KOH c6 d6 nhét thap
hon nhiéu so v&i dung dich NaOH 14 M, dan dén cac phan
tt H,O trong dung dich KOH tr¢ nén linh dong hon nhiéu
lan [37] Trong khi d6, ferrate 1a mot chit oxy hoa kém bén
dé dang bi phan huy do phan tng v&i cac chinh cac phan tir
H,0O c¢6 trong dung dich [38]. Do vy, viéc tang su tiép xtc,
va cham gitra cac phén tr H,O va phan tir ferrate trong moi
truong KOH 14 M, dan dén phan g phén huy ferrate dién
ra nhanh va manh, lam anh huéng dén higu suét tong hop
[30]. Nguyén nhan tht hai 1a qué trinh hinh thanh ferrate
trén bé mat anot gang xam trong moi truong KOH dién ra
kém hon so véi trong moi truong NaOH, do kha nang oxy
hoa sat trén bé mat anot kém hon trong méi truong KOH
(theo phan tich & phan cyc Tafel). Thém vao do, trong moi
truong KOH qua trinh thoat khi dién ra manh mé& hon, lam
can tro sy tiép xuc giita chat dién ly va bé mat anot.

Nhu vy, tong hop ferrate trong dung dich chat dién ly
NaOH 14 M cho hiéu qua vuot troi hon nhidu, mat d6 dong
t8i uu 12 40 mA/cm>. Dung dich NaOH 14 M dugc lya chon
cho céc nghién ciru tiép theo.

Anh huong cia thoi gian dién phan: Hinh 5A thé hién
su phu thudc dién thé dap tng theo thoi gian ctia qua trinh
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tong hop ferrate bang phuwong phap dong khong doi tai mat
d6 dong 40 mA/cm?. Quan sat hinh 5A thiy rang, trong 4
gio dau dién thé giam rat nhanh, sau d6 duy tri 6n dinh ¢
5 gio tlep theo. Pién thé dap {Umg cao 6 nhitng gio dau tién
1a do tong tré dién hoa ban dau cao, nén can phai c6 ngudn
nang luong 16n dé pha v cdu tric trén bé mat anot, sau khi
pha v& duogc cdu trac thi phan ung dién hoa dé dang xay ra
va khi d6 dién thé dap ung s& giam déan, sau do 1a duy tri 6n
dinh. Tuy nhién, sau 9 gio thi dién thé dap tng lai ting dan
do luc nay 16p thu dong dan hinh thanh va day 1én, 1am ngin
can qua trinh dién hoa dién ra trén bé mit dién cuc [33].

Hinh 5B thé hién anh huong cua thoi gian dén nong do
va higu suat tong hop ferrate. Tang thoi gian dién phéan tir
1 1én 9 gid thi ndng do ferrate ting tir 265,82 1én 1181,03
mg/l, nhung hiéu sudt cua phan Gng giam dan tir 46,61
xudng con 23,01%. Thong thuong, sy suy giam hiéu suit
trong qua trinh tong hop ferrate do hai yéu t6 d6 1a sy phan
huy cua ferrate va sy hinh thanh cua 16p thy dong [15]. Theo
mot cong bd gan day [33], khi nghién ctru vé sy hinh thanh
16p thu dong trén bé mat anot cho thay, trong 6 gio, 16p thu
dong hinh thanh it, gan nhu khong anh hudng t6i hidu suat
téng hop. Trong mot cong bd khac [39], nghién ciru vé kha
ning phan hiy cua ferrate (tai 30°C, voi ndng do ferrate
ban dau 1365 mg/l) cho thay, sau 7 gio ferrate bi phan hay
khoang 23%. Do vy, su suy giam hiéu suét trong giai doan
dau chu yéu do sy phan hily cua ferrate. Sau 180 phit dién
phan, hiéu suét tong hop ferrate dat 42%, cao hon so véi
céc cong bd trude day [25, 26, 28]. Tuy nhién, ¢ giai doan
sau, khi thoi gian dién phan ting tir 9 dén 20 gio khong
nhitng hiéu suit phan tng giam ma ca ndng do ferrate tao
thanh ciing giam. Nguyén nhan 1a do ndng d¢ ferrate cao
nén tdc do phan hiy nhanh hon, két hop vé6i su hinh thanh
16p thu dong trén bé mit anot 1am qué trinh oxy hoa sat
thanh ferrate dién ra kho khan [13, 33]. Nhing diéu nay dan
dén luong ferrate tao thanh it hon do qua trinh phan hiy. Do
vay, sau mot khoang thoi gian lam viéc, anot can duge lam
sach bé mit dé loai bo 16p thy dong, dam bao cho qua trinh
tong hop ferrate dién ra hiéu qua.
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Hinh 5. (A) Sw phu thudc dién thé theo th&i gian trong qua trinh tdng hop ferrat; (B) Anh hwéng clia thei gian téi ndng do va higéu suét

téng hop ferrat trong dung dich NaOH 14 M.
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3.3. Nghién cvru ciu triic hinh thdi hoc ciia anot gang xdm
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Hinh 6. Gian dé nhiéu xa tia X chia gang xam trwéc va sau téng
hop ferrate trong dung dich NaOH 14 M.
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trén bé mit anot [33]. Lp thu dong nay c6 céu trac dang
vay, xép, duoc thé hién trén anh SEM cua bé mat gang xam
sau 9 gio dién phan (hinh 7B). Vi vdy, sau mot thoi gian
dién phan thi dién cuc anot gang x4m can phai loai bo 16p
thy dong dé khong anh hudng t6i hiéu suit tong hop ferrate.

4. Két luan

Tinh chét dién hoa cia dién cyc gang xam trong hai
dung dich dién ly KOH 14 M va NaOH 14 M cho thdy,
sat d& dang bi oxy hoa hon trong méi truong NaOH 14 M.
Qué trinh tong hop ferrate trong dung dich NaOH 14 M ¢6
hiéu suit cao hon nhiéu so véi dung dich KOH 14 M. Mat
d6 dong t6i wu ctia qua trinh tong hop ferrate trong dung
dich NaOH 14 M bang anot gang xam dwoc xac dinh 1a
40 mA/cm?. Két qua phan tich phd CV cho thay, qua trinh
tong hop sat ferrate s& hinh thanh céc hop chat trung gian la
céc oxit va hydroxit sat(Il, IIT) va sit tir. Cac chat trung gian
chua kip chuyén hoa thanh ferrate s&
tich tu dan trén bé mit anot tao thanh
mot 16p thu dong. Ngoai ra, gian do
nhiéu xa XRD con ching minh 16p thy
dong nay dugc tao thanh boi graphit cd
trong gang xam. Lop thu dong nay sé€
day 1én theo thoi gian gay can tré qua
trinh dién hoa dién ra trén bé mat anot,
thé hién qua viéc dién thé dap tmg ting
1én va hiéu suét téng hop ferrate suy
giam sau 9 gio dién phan.

L01 CAM ON

Hinh 7. Anh kinh hién vi dién tir quét bé mit anot gang xam (A) trwéc va (B) sau tong hop

ferrate trong dung dich NaOH 14 M.

Hinh 6 va 7 1a gian d6 nhiéu xa tia X va anh SEM ctia bé
mit anot gang xam trudc va sau 9 gio tong hop ferrate. Gian
dd XRD cua bé mit gang xam trude khi dién phan xuét hién
3 dinh nhiéu xa & cac goc 20 44,82°, 65,16° va 82,60 lan
lugt twong ng voéi cac miat nhidu xa (110), (200), (211) dic
trung cho céu trac ferit (a-Fe), thanh phan chii yéu c6 trong
gang xam. Ngoai ra, con c6 mot dinh nhiéu xa nhé & goc 20
26,62° twong g véi dinh nhiéu xa dic trung cia mit nhiéu
xa (002) ctia cau tric graphite c6 trong gang. Diéu nay duoc
thé hién 13 trén anh SEM ctia bé mat gang xam trude khi
dién phan xudt hién cac vét mau den twong Gmg 1a cdu tric
graphit & dang phién. Sau 9 gid dién phan tong hop ferrate,
cac dinh nhiéu xa dic trung cho cAu trac ferit co cuong do
th?ip di. Nguoc lai, cac dinh nhiéu xa dic trung cho cAu trac
graphit ¢6 cuong do 16n hon. Két qua nay dugc giai thich
do 16p sat bi hoa tan dan thanh ferrate trong qué trinh dién
phan dé 16 cau trac graphit phia trong, khi ting thoi gian
dién phan 1én thi lugng graphit s€ tang 1én va bao phu bén
ngoai bé mat anot. Ngoai ra, dinh nhidu xa cua sat thap di
mot phﬁn ¢6 thé con do sy hinh thanh 16p thu dong sat oxit
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Tom tit:

Ving D-loop hé gen ty thé (mitochondrial DNA - mtDNA), viing c6 tan suét xuit hién dot bién cao nhit, thuwong
dugc dung dé nghién ciru khio sat da dang di truyén trén cic quan thé nguoi khic nhau. Trong nghién ciru nay,
chiing tdi thu thap va tach chiét DNA tong s6 tir mAu mau ciia 19 c4 thé dan tc Co-tu va 24 ca thé dan tc Ro-mim.
Sau khi giai trinh tw mtDNA ciia 43 c4 thé va so sanh v6i trinh tw mtDNA tham chiéu RSRS (Reconstructed sapiens
reference sequence), 41 diém da hinh khac nhau dwoc phat hién trén ving D-loop, trong d6 ¢6 27 va 30 diém lan hrot
dwogc tim thiy trén dan téc Co-tu va Ro-mim. Két qua dinh danh nhém don bdi sir dung trinh tw viing D-loop va
phin mém Haplogrep3 cho thiy ¢é 12 nhém khac nhau, trong d6 chi c6 Flala xuit hién & ca hai din tdc néu trén.
Két qua phén tich ma tran khoang cach di truyén giira cic din tdc trong nghién ciru va hai din tdc ciing ngir hé Viét
Nam khiac (Kinh va Ming) cho thiy, Co-tu va Ro-mim c6 khoang cach di truyén cao nhat (0,14545). Pay 1a két qua
nghién ciru dau tién vé viing D-loop ciia hai din tdc Co-tu va Ro-mim sinh song tai Viét Nam. Cac két qua méi nay
da bo sung thém thong tin di truyén theo dong me va céc bién thé ving D-loop & hai dan tc nghién ctru.

Tir khéa: bién thé, D-loop, Viét Nam.
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Abstract:

The D-loop region of mitochondrial DNA (mtDNA), with the highest mutation frequency in the mitochondrial
genome, has been frequently used in studies on genetic diversity in different human populations. In this study,
total DNA was collected and extracted from whole blood samples of 19 Co-tu and 24 Ro-mam individuals. After
sequencing the mitochondrial DNA of 43 study subjects and aligning them to the mitochondrial DNA reconstructed
sapiens reference sequence (RSRS), a total of 41 unique variants were obtained in the D-loop region, in which 27
and 30 variants were found in the Co-tu and Ro-mam populations, respectively. Haplogroup identification based on
the D-loop region revealed 12 haplogroups, among which only haplogroup Flala was found in both ethnic groups
using Haplogrep3. After analysing the genetic distances of the study populations and other previously published
populations (Kinh and Mang), the results showed that the genetic distance between Co-tu and Ro-mam (0.14545)
was the highest. This is the first study on the genetic diversity of the D-loop region of the Co-tu and Ro-mam ethnic
groups living in Vietnam. These results provide more insights into the maternal genetic background and D-loop
variants of the two studied ethnic groups.
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1. it van de

Ngit hé Nam A (NHNA) 1a mot trong nhirng ngit hé 1én
nhét trén thé gidi bao gdbm 167 ngdn ngit dwoc nodi khip
Nam A, Pong A, va Dong Nam A [1]. Tai Nam A, ngon ngi
thugc NHNA duoc phén loai vao nhanh phu Monic va la
mot trong bbn ngit h¢ chinh & mién Nam va mién Trung An
Do. Tai Dong A, NHNA dugc noi rai rac ¢ phia Nam Trung
Qudc, chang han nhu tleng Bolyu va Bagan [2]. O Pong
Nam A, cac bang chimg vé khao ¢ va ngdn ngit hoc chi
ra rang, NHNA la ngit h¢ xuét hién dau tién & vung Pong
Nam A luc dia (Mainland Southeast Asia - MSEA), sau do
v6i su xudt hién cua cac hé ngon nglt khac nhu Nam Dao
(Austronesian, NHND), Thai - Kadai (Tai - Kadai, NHTK),
Han - Tang (Sino - Tibetan, NHHT) va Méng - Mién
(H’'mong - Mien, NHHM), NHNA bi ¢6 18p va phén tan
rai rac 6 Bong Nam A [3, 4]. Vao thoi diém hién tai, ngon
ngit duoc noi cha yéu & ving bong Nam A hai déo (Island
Southeast Asia - ISEA) thugc vé NHND con & MSEA thi
NHNA van 14 hé ngén ngit duoc sir dung nhiéu nhét [1, 5].
Tai MSEA, tiéng Khmer ciia Campuchia va tiéng Viét ciia
Viét Nam la hai ngén ngtr thuoc NHNA va cting duoc st
dung boi mot sé dan toc thiéu sé & Thai Lan, Lao, Myanmar
va ving ban dao cta Malaysia. Vi x4p xi 126 tridu nguoi
sir dung NHNA [1], nglr hé ndy dung thir 8 vé sb luong
ngudi noi trén thé gioi va thir 3 tai Pong Nam A, tuy nhién
nguon gbc va con dudng phat tan cuia NHNA hién van la
van dé chua duoc giai quyét [5-7].

Vi vi tri dia 1y chién luge két ndi ban dao Pong Duong
va ISEA, Viét Nam trd thanh khu vue ¢6 bé day lich st phong
pht va phirc tap, dugc tao nén boi nhiéu lan song di cu cua
loai nguoi hién dai tur nhiéu huéng khac nhau. Bong thoi, Viét
Nam ciing s¢ hiru s luong nguoi noi NHNA nhiéu nhét trén
thé gidi, véi khoang 90% dan sb ndi ngdn ngit thudc ngir hé
nay (Tong diéu tra dan s va nha & nim 2019, www.gso.gov.
vn). Trong 25 dén toc st dung NHNA, dén toc Kinh chiém
khoing 85% sb lugng nguoi st dung ngon ngit va 24 déan toc
thiéu s6 con lai chiém khoang 5%. Cho dén nay, cac nghién
ctru nhan hoc phan tir (molecular anthropology) vé cac dan
toc NHNA ¢ Viét Nam con it, dac bi€t la cac nghién ctru trén
cac dan toc thiéu sd [8, 9]. Cac dan toc thidu s6 thuoc NHNA
& Viét Nam song thua thét, co phan tach biét trai dai khap ca
nude, dan dén sy da dang di truyén ciia cac dan toc nay co thé
khong dugc tim thiy ¢ quan thé ngudi Kinh, dic biét 1a cac
dan tdc di cu vao Viét Nam tur cdc nudc lan can mang theo
ngudn gen c6 thé khong c6 & quan thé ngudi ban dia.

Dé nghién ctru vé da dang di truyén, dic biét 1am sang to
cac con duong di cu, su giao thoa giira cac dan toc voi nhau
va su khac biét di truyén gilra cac dan toc khac nhau, hé gen
ty thé thudng dwoc lya chon lam di twong nghién ciru [10,
11]. Trong mtDNA, vung D-loop (vi tri nucleotide 1-576 va
16.024-16.569 cua mtDNA) la ving khong ma hoa va dong
vai tro quan trong trong viéc diéu hoa qua trinh tai ban va
phién ma ctia mtDNA [12]. Vung D-loop ciing la ving c6
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tan sudt xudt hién dot bién cao nhit trén mtDNA [13], do dé
ving nay thudng xuyén dugc sir dung dé nghién ciru khao
sat da dang di truyén theo dong me trén cac quan thé ngudi
khac nhau [11]. Vi vay, trong nghién ctru nay, trinh tu ving
D-loop trén mtDNA cuia 43 ca thé thudc hai dan toc noi
NHNA tai Viét Nam (Co-tu, Ro-mam) da dugc giai trinh tu
va phan tich. Ngoai ra, ving D-loop cua hai dan toc Kinh
va Mang thuc NHNA da cong bd trude diy ciing duge st
dung dé phan tich, so sanh sy khac biét giita cac dan toc
trong cung ngit hé [8].

2. D6l tuong va phuong phap nghién ciiu
2.1. Poi twong

Mau méu ngoai vi dugc thu tir cac ca thé thuoc NHNA
ngudi Viét gdm 19 ca thé thude dan toc Co-tu (Thira Thién
Hué) va 24 ca thé thudc dan toc Ro-mam (Kon Tum). Mau
duogc chon khong ¢6 quan hé huyét thdng va co it nhit ba thé
hé trong gia dinh déu thudc mot dan tdc. Céc ca thé tham gia
nghién ctru déu ky vao gidy ddng ¥ tw nguyén cho mau phuc
vu nghién ctru. Nghién ctru nay dugc thong qua boi Hoi
dong Pao duc trong nghién ciru sinh ciia Vién Nghién ciru
H¢ gen, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
(S6 9-2019/NCHG-HDPDD).

2.2. Gidi trinh tw viing D-loop hé gen ty thé

DNA tir bd gen dugc chiét xuit bang GeneJET Whole
Blood Genomic DNA Purification Mini Kit (ThermoFisher
Scientific, Hoa Ky) theo hudng dan ctia nha san xuat. Viéc
xay dung thu vién bd gen va lam giau mtDNA da dugc thuc
hién nhu mo ta ¢ nghién ciu khac [14]. Cac thu vién da
duogc giai trinh ty trén nén tang NovaSeq 6000 (Illumina,
Hoa Ky) véi cac doan doc kép co chiéu dai 150 bp. Cac
doan doc dugc kiém tra chat lugng boi FastQC va duogc
dong hang véi trinh tu tham chiéu Sapiens duoc sira doi
(Reconstructed Sapiens Reference Sequence - RSRS) [15]
bang Burrows-Wheeler Alignment (BWA). Sau dé, cac trinh
tu D-loop s& dugc dong hang véi nhau bang MAFFT [16].

2.3. Phén tich sé li¢u

Trinh ty ving D-loop cua 43 c4 thé thudc nghién ctru
nay két hop véi 87 trinh ty dd duoc nghién ctru bao gom 50
c4 thé Kinh va 37 ca thé Mang [8, 9] duoc st dung dé xac
dinh cac nhom don boi béng phan mém Haplogrep3 [17] va
cay PhyloTree mtDNA phién ban 17.1 [18]. Khoang cach
di truyén giira cac dan toc Co-tu, Ro-mam, Kinh va Mang
dugc tinh dya trén chi s ®ST sir dung phan mém Arlequin
[19]. Sy phan bd cta cac nhom don bdi trong bdn nhom dan
toc duoc thé hién dudi dang biéu dd phan tich tuong quan
(Correspondence analysis - CA) dya vao tan suat xuat hién
cuia cac nhom don boi. Biéu dd CA duoc vE trong R [20] su
dung cac goi hd tro “vegan” va “ca”. Kiém dinh Fisher’s
exact (2 phia) dugc sir dung dé so sanh ty 1& xuat hién da
hinh giita hai dan toc Co-tu va Ro-mam. Tt ca gié tri p nhod
hon 0,05 déu duoc coi 1a ¢6 ¥ nghia.
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3. Két qua va ban luan
3.1. Tan sudt xuat hi¢n cdac diém bién doi 6 ving D-loop

Trong 43 ¢4 thé tham gia nghién ctru, chiing t6i phat hién
duogc 41 diém bién d6i khac nhau & ving D-loop voi tat ca
cac bién ddi déu la diém da hinh nucleotide don (Single
nucleotide polymorphism - SNP) (hinh 1). S6 luong bién
thé tdi da va toi thiéu xuat hién trong mdt ca thé cua mdi
dan toc twong ddi dong déu (bang 1). Hai diém bién doi
C16311T va G16230A xuit hién trén tit ca cic mau trong
nghién ctru, dimg thir hai 1a C152T duogc tim thdy ¢ tat ca
ca thé ciia dan toc Ro-miam va 95% cé thé cua dan toc Co-
tu. Két hop véi dir lidu bién thé cua 81.124 trinh tu ving
diéu khién mtDNA thu thap tir Mitomap [20], hau hét nhiing
diém bién d6i xuat hién véi tan suét cao trong nghién ctru
hién tai cling dugc phat hién & phﬁn 16n céc trinh ty trong
Mitomap, vi du nhu G16230A (79.785/81.124), A247G
(78.859/81.124), C16311T (67.049/81.124) va T16223C
(40.381/81.124). Hai bién ddi T489C va T16140C xuét hién
& it trinh tw hon 1an luot 1a 12.479 va 2512. Ngoai ra, chi co
hai diém (T489C, T16140C) da duoc phat hién véi tin suat
cao trong ving D-loop cta cac quan thé ngudi Viét Nam
thuoc NHNA da dugc nghién cuu trude do [21].

Bang 1. S6 lwong cac diém bién dbi tim thay trong nghién ctru.

S6 lwgng bién thé & ving D-loop

Thw S8 £ £
' Dimthe e G 4T i v o
cAthec e sut 1OU SNy 45 Igch chudn
cd the cdc cd the v
1 Co-tu 19 12 9 10,63+0,45
2 Ro-mam 24 13 8 10,25+0,45

O cac diém bién d6i co tan suét thip hon, tin sudt xuat
hién cta diém bién doi giita cic quan thé khac nhau co
su khac biét 15 rang (hinh 1). Cu thé hon, diém bién doi
T16233C xuét hién & da s6 ngudi Co-tu (89%) trong khi chi
xuét hién 6 25% nguoi Ro-mam. Nguoc lai, T489C chi xudt
hién & s6 it nguoi Co-tu (11%) nhung lai duoc tim thdy &
phin 16n nguodi Ro-mam (62%). Su khac biét rd rang nhat
1a hai diém bién d6i A210G va T16140C, khi hai diém nay
¢6 & phan 16n nguoi Co-tu véi tan suat déu 1a 63% nhung
lai khong xuat hién & nguoi Ro-mam. D4i voi nhing diém
bién doi xuat hién & tan suit thap hon 30% (phan tich trén
timg dan toc), da sd bién ddi chi dugc tim thdy & mot dan
toc vi du nhu T16298C, C16294T, T16304G, A200G. Két
qua cua kiém dinh Fisher’s exact cho théy, c6 7 bién d6i
¢ tan sudt xuét hién khac biét dang ké gilra hai dan tdc
(T16140C, A210G, T16223C, T489C, T199C, C16294T va
A16284G), trong d6 T16140C, A210G va T16223C co gia
tri p < 0,0001 (dit liéu khong duoc thé hién).
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Hinh 1. Tan suét xuat hién cta cac bién déi trong hai dan toc Co-tu
va Ro-mam. Méi diém twong (rng v&i tan suét xudt hién ctia cac bién
dbéi. Mau dd: bién dbi xuat hién & ca hai nhém dan téc; mau tim: bién
dbi chi xuat hien & mot dan toc; diém hinh tron: bién ddi chi xuét hién
& dan toc Co-tu; diém hinh tam giac: bién ddi chi xuat hién & dan toc
Ro-mam.

3.2. Sw phin b6 nhém don bji

Tdéng cong 12 nhom don boi thude 3 nhém don boi 16n
(M, N9, R) di duoc xac dinh tir 43 ca thé thudc 2 dan toc
Co-tu va Ro-mam thong qua phan mém Haplogrep3 (bang
2). Phin 16n cac nhom don boi & ving D-loop cia hai dén
toc nay thuoc nhém don boi 16n R va M, chiém 40/43 s
lugng nhém don bdi trong bd mau nghién ctru. Trong do,
nhom don bdi Flala la nhom duy nhét xuét hién ¢ ca hai
dan toc. Trong s6 cac nhom don bdi chi xuét hién & mot
dan toc, c6 bdn nhom don boi chi duge phat hién trén mot
c4 thé (B5Sald, B4m, B4c2, M7blal). Nhom don boi B5a
xuét hién véi tan suét cao nhat chiém 25% s lugng nhom
don bdi mau nghién ctru va chi c6 ¢ nguoi Co-tu (58%)
(bang 2). bac biét, khac véi nguodi Ro-mam, von gen ty
thé ctia ngudi Co-tu phan 16n 13 thudc macro-nhém don boi
R. Day co thé 1a két qua cua hién tuong nguoi sang lap
(Founder effect) hodc troi dat di truyén (Genetic drift) két
hop véi viée song tach biét trong thoi gian dai. Con dbi véi
dan toc Ro-mam, mac du dan tdc nay co ) lwgng nhom don
bdi it hon nhung lai co sb luong nhom don boi lon nhiéu
hon voi su xuét hién ctia nhém don bdi 16m N.
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Bang 2. Tan suat nhém don boi trén hai dan téc Co-tu va Ro-mam.

Nhém don bii g;‘l"l':nd“’“ (Cn‘ilt‘g‘) 2‘22'3;““ Téng thé (n=43)
M 17/43
Ml7a M 11% (2119) 5%
M73'79 M 38%(024)  21%
Msa M 12%(24) %
M7blal M W (124) 2%
Cibsa M Q24 %
N 43
N9a N 12%(24) %
R 23043
BSa R 58% (11/19) 26%
Fla2 R 11% (219) 5%
Flala R S (119)  25%(624)  16%
Bsald R 5% (1/19) W
Bdm R 5% (1/19) 2%
Bdc2 R 5% (1/19) W

n: s6 lwong ca thé.

Trinh ty ving D-loop cta 50 ca thé thudc dan téc Kinh
va 37 ca thé Mang duoc sir dung dé dinh danh lai cac nhém
don boi [8, 9] (hinh 2). Két qua duoc so sanh véi cac nhom
don boi da dugc dinh danh sur dung toan bd trinh tu mtDNA
cong bd trude day [8, 9] va phat hién 5/50 mau & dan toc
Kinh va 1/37 miu Mang c6 nhém don bdi bi thay doi sang
nhanh khéc, cu thé dan toc Kinh c¢6 cac nhoém bi thay dbi:

I Bdc1b2c2
| A C C.
49 I
|
|
) D4a7
|
M59 I
|
24 I
&
% O Cotu
=) M43a1
S A Kinh
(;l (‘ T"A‘ 7cic2 >< Mang
@ 0t TR (A~ P4 - - - - - - - -
5 q Y% : B4h <> Ro-mam
M7b1at oy @A% choz
9 Fla2 gsa | Frat 18 gy
M7b1a1+(16192T) i Damt
| >< "
24 I
502 $211b1
& &o’b IA
B5bA ; M7btat
\ F3a1
-4 -2 0 2 4
Chiéu 1 (2,04%)

Hinh 2. Biéu dé twong quan nhém don béi ctia bén dan téc Co-tu,
Ro-mam, Kinh va Mang. Kich c& clia cac diém trong db thi ty Ié thuan
v6i s6 lwong ca thé clia mdi nhém don boi.
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C7>C4b8a, M74b2>M43al, C7a2>C4clb, Flg>N9blb
va C7a>C4+152C va dan toc Mang c¢6 nhom M61 chuyén
thanh D4m1. Két qua so sanh cho thay, phan 16n nhém don
boi van gilt nguyén nhanh phan loai cia minh, do d6 sur
dung ving D-loop cho nghién ctru quén thé 14 c6 do tin ciy
cao.

Céc nhéom don boi cia hai dan tc Kinh va Mang cling
duoc phan tich, so sanh vdi cac nhom cua dan tdc Co-tu va
Ro-méam (hinh 2). Két qua so sanh phat hién dugc 8 nhom
don boi méi xuét hién ¢ hai dan toc Co-tu va Ro-mim ma
khong xudt hién ¢ Kinh va Méng [8], cu thé 1a nhom don boi
Fla2, M17a, B5ald, B4c2, M73°79, M8a, N9a va C4b8a.
Trong d6, M73°79 1a nhom c6 tan suit xudt hién cao nhat
& nguoi Ro-mam (38%), cho thay tiém ning trong viéc
nghién ciru da dang di truyén & cac dan toc thiéu sb. Nhom
don bdi B5a - nhom don bdi xut hién véi tan suat cao nhét
trong nghién ctru nay, ciing xuit hién & cac nhom ngir hé
khac khong phai NHNA [8].

Nhom don bdi 16n M dugc tim thidy & khip chau A
v6i tAn suét cao [22, 23], dac bigt M chiém da sb qur:in thé
An Do (60%) [24] va phan 16n & quan thé nguoi Thai Lan
(63/166 [23] va 847/1.234 [22]). Trong nghién clru nay,
nhém don boi thude nhém don boi 16n M xuét hién véi tan
sut 16n nhat 1a M73°79 (21%), nhém nay ciing duge phat
hién ¢ quan thé PaduangKaren (3/25) thuéc NHHT ¢ Thai
Lan [25]; cac nhom don bdi M khéc cling dugc tim théy
& cac quan thé 1an can nhu M8a ¢ méot s6 quan thé ngudi
Thai Lan thuéc NHTK [22], M17a & quéan thé NHNA va
NHTK & Thai Lan [22, 25], quan thé NHTK & Lao [22]
va quan thé NHNA va NHND & Campuchia [26]. Dai dién
clia nhom don bdi 16n R trong nghién ctru nay cé thé dugc
nhom vao hai nhém don bdi B va F. Nhém don bdi B4 va
B5 1a nhitng nhom don boi thudng gip nhat & Bic A va
Tay A [27] v6i B4 1a nhom don boi c6 tan sudt cao thu
hai & Vi¢t Nam va trai dai & Thai Lan va Dai Loan (Trung
Quéc) [22, 28], nhom don bdi B5 xudt hién nhiéu nhit &
phia bic Thai Lan [8]. Cac nhom don boi thuéc nhéom B
duoc tim thdy trong nghién ctru nay ciing dugc phat hién
tai cac quﬁn thé thudc nhiéu ngtt hé khac nhau ¢ cac nudc
lan cén [24, 25, 28, 29]. Tuong tu, nhém don bdi F cling 1a
nhom don boi thuong gip & chau A, xuét hién véi tan sut
cao & phia bic Viét Nam va Thai Lan [8]. Ngoai ra, hai
nhom don bdi thudc nhom F 1a Fla2 va Flala cling dugc
tim thdy & quan thé nguoi Dai ¢ Trung Qudc [30] va quan
thé ngudi Hakka ¢ Pai Loan (Trung Qudc) twong tng [31].
Poi voi nhom don bodi 16n N, dai dién duy nhit duoc tim
thdy trong nghién ctru nay 1a nhém don boi N9a. Nhanh
N9a cua macro-nhém don bdi N dugc phat hién & nhiéu
quan thé nguodi DA, NA va DNA [31, 32], dic biét 1a ¢ ban
dao cua Malaysia (28/86) [8].
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3.3. Moi quan hé di truyén giita cdc dan toc

Dé phan tich quan hé di truyén gitra cac dan toc trong
cung NHNA, hai dan toc Ro-mam va Co-tu da dugc phan
tich cling véi hai dan toc Kinh va Mang. Phin mém Arlequin
da dugc su dung dé tinh ma trn khoang cach @ dua vao
trinh ty vung D-loop cua cac ca thé thudc bon dan tde trén
(bang 3). Két qua phan tich ma tran @, cho thay, giita nguoi
Co-tu va nguoi Ro-mam c6 khoang cach di truyén 16n nhat
(0,14545). Khoang cach gitta nguoi Kinh va ngudi Ro-mam
(0,06368) 16n hon khoang céach gitta nguoi Kinh véi nguoi
Co-tu (0,03558). Ngoai ra, khoang cach di truyén giita dan
toc Kinh ddi v6i dan toc khac thip hon khoang cach di
truyén gitra cac dan toc con lai voi nhau. Didu nay phu hop
v6i thue trang phan bd khip ca nude voi s6 lugng ca thé
nhiéu nhét cua dan toc Kinh, do d6 dan toc Kinh tr& thanh
dan toc c6 kha ning twong tac va trao d6i thong tin di truyén
cao nhét voi cac dan toc khac tai Viét Nam.

Bang 3. Ma trén khoang cach @ cho viing D-loop giira 4 déan toc
Co-tu, Ro-mam, Mang va Kinh.

Co-tu Ro-mim Ming Kinh
Co-m 0,000 ?6,13()51495&0,0004) ?6}03(?5;‘%0,0001) ?(;?335655310,0019)
Ro-mim ?(’)}351495&0,0004) 0,00000 ?6}(?5(?05&0,0000) ?6?(?5(?58%0,0002)
Méng ?6}35(??%0,0001) ?6,1(?05(?5%0,0000) 0,00000 ?6(,)(?16:22&0,0013)
Kb o ouoonie) (omssiagoy Quiesoons) OV

Gia tri trong ngoac don la gia tri p.

Phan bd cta cac nhom don boi trong bdn dan toc Co-tu,
Ro-mim, Kinh va Mang bang biéu d6 tuong quan CA cho
théy, nhitng nhém don boi xuét hién véi tan sudt cao nhu
M73°79 va M71ala ¢ cac dan toc tuong g (Ro-mam va
Maing) va xuat hién ¢ it nhat hai dan toc (B5a va Flala) sé
nam & gan phia gitra ciia biéu do, con nhitg nhom don boi
xuat hién & tan suét thap nhu M59, D4a7 va B4clb2c2 sé
nam & phia ngoai ciia biéu do (hinh 2). Mic dii khoang cach
di truyén gitra quan thé Kinh ddi voi hai quin thé Co-tu va
Ro-mam thap nhung ba quan thé nay lai khéng c6 nhiéu
nhom don boi chung, thé hién tinh dic trung cua nguoi Co-
tu va Ro-mam. Sy da dang di truyén ctia cac dan toc NHNA
& Viét Nam ciing dugc thé hién ¢ biéu do nay véi hau hét
cac nhoém don boi chi ton tai & mot dan toc.

4. Két luan

Trong nghién ctru ndy, ving D-loop cua 43 ca thé tir
hai quﬁn thé nguoi Co-tu va Ro-mam thugc NHNA tai Viét
Nam da duogc giai trinh ty va phan tich. Hai diém bién doi
(C16311T va G16230A) dugc tim thiy ¢ tt ca cic ca thé va
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¢6 7 SNP ¢6 tan suat xuat hién khac biét dang ké gitra hai dan
toc (T16140C, A210G, T16223C, T489C, T199C, C16294T
va A16284G). 12 nhém don boi phat hién ¢ dan toc Co-
tu va Ro-mam thudc nhitng nhém don bdi 16n thuong gap
& DNA gdom M, B va N. Thanh phan nhém don boi giita
hai dén toc nay tuong déi khac biét chi ¢6 mot nhém don
bdi chung 1a Flala. Pidu nay phan anh mirc d6 da dang di
truyén cao giita hai dan toc thiéu s6 Co-tu va Ro-mam. Khi
két hop vai dir liéu cua dan toc Kinh véi Mang di cong bd,
khoang cach gitta nguoi Co-tu va Ro-mam 16n hon so véi
khoang céach giita hai dan toc nay ddi voi dan toc Kinh va
Miéng. Nhiing phat hién nay s&é mang dén cai nhin sau sic
moi vé nhom NHNA, bo sung thém di liéu quan trong cho
cac nghién cuu tiép theo vé nglr hé nay noi riéng va cac nglr
hé khac cta dan toc Viét Nam ndi chung.

Nghién ctru duge hoan thanh véi sy ddng y tham gia cia
nhiing ca thé cho phép lay mau va dugc tai trg boi nhiém vu
khoa hoc va cong nghé qudc gia do Bo Khoa hoc va Cong
nghé quan 1y (ma s6 PTPL.CN.60/19). L Dtc Duy dugc
nhan hoc béng cua Chuong trinh hoc béng dao tao thac
sy, tién sy trong nudc cua Quy Pdi moi sang tao Vingroup
(VINIF), mi s6 VINIF.2023.ThS.027.
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Anh huéng ciia ty 1¢ nuée - chat két dinh va cat - ¢6t lidu
den do cing va cwong do nén cua bé tong dam lin
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Tém tit:

Cong nghé bé tong dam lin (BTPL) sir dung lwong nwéc va xi ming thip, nén hdn hop BTPL sau khi nhao tron cé
dd cirng cao va phai dung céc thiét bi lu Ién dé tao hinh san phim. Do d6, ham lwong nwéc nhao tron, chit két dinh
va c6t liéu dwoc coi 13 nhirng nhén t6 quyét dinh, anh hwéng rat 16n dén cac tinh chét ciia BTPL 6 ca trang thai déo
va trang thai cirng rin. Bai bao sir dung phwong phap quy hoach thuc nghlem aé nghién ctru danh hwéng cia cac ty
1€ theo thé tich ciia nwéc - chét két dinh (¥ _cm)) va cat - cot liéu (V/V,) dén cac ham muc tleu nghién ciru. Cac
ham muc tiéu dwoc lya chon la do cu’ng ciia hon hop bé tong va cuong do nén cia BTDL tai tudi 28 ngay. Cac ham
muc tiéu thu dwoc cho thay, ca hai bién VJ/V KD vaV /v, deu ¢6 anh huéng dang ké dén gia tri ciia mo hinh thue
nghlem Khityl¢ V /ch) tang, ham lu'(mg nuée da gop phan ting do luu dong, giam d ctirmg ciia hon hop bé tong,
dong thoi nwée dw thira ton tai trong khoi bé tong dwdi dang cac 16 rong, tir d6 giam cwong dd nén cia san pham
Hon nira, ty 1€ V /V, cia cot liéu qua nhé hay qua lém déu c6 xu hwéng lam cho cwong do nén BTDL giam.

Tir khéa: bé tong dim lin, cwdng dd nén, dd cirng, ham muc tiéu, tham sé anh hwéng.

Chi s6 phén logi: 2.1, 2.5

Effect of the ratio of water to binder and sand to aggregate on the hardness

of concrete mixtures and compressive strength of roller-compacted concrete
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Abstract:

In roller-compacted concrete technology, due to the use of low water and cement content, the concrete mixture after
kneading has high hardness and compaction equipment must be used to shape the product. Therefore, the content of
mixing water, binder, and aggregate is considered a decisive factor, greatly affecting the properties of roller-compacted
concrete in both fresh and hardened states. The article uses the mathematical method of two-factor rotatable central
compositional planning to simulate the effect of volumetric ratios of water-binder (V/V_, ) and sand-aggregate
(V/V,) on the objective functions of the test. The selected objective functions are the hardness of the concrete
mixture and the compressive strength of the roller-compacted concrete at the age of 28 days. From the obtained
objective functions, it is shown that both control variables V /V  and V /V  have a significant influence on the
values of the experimental model. When the V/V , ratio increases, the water content contributes to increasing the
plasticity and reducing the hardness of the concrete mixture. At the same time, excess water exists in the concrete in
the form of pores, reducing the compressive strength of the product. Furthermore, the V_/V , ratio of the aggregate
that is too small or too large tends to cause the compressive strength of the concrete to decrease.

Keywords: compressive strength, hardness, objective function, parameter, roller compacted concrete.

Classification numbers: 2.1, 2.5
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1. Ddt van de

Trong giai doan hién nay, BTDL ngay cang dugc su
dung da dang hon trong céc cong trinh ha ting k¥ thuat, dic
biét 1a ha ting giao thong [1, 2]. Cung vdi qué trinh phat
trién ciia nganh xay dung, cong nghé BTPL di dugc trién
khai 4p dung ¢ nudc ta tr nam 2020. Trude ti€én, BTDL
duoc str dung cho cac cong trinh dap thay dién. Sau do, mot
s6 nghién ctru va tng dung BTDL cho cic mit dudng giao
thong da duogc trién khai va thu dugc nhiéu két qua kha quan
[3,4]. BTDL la loai bé tong khong c6 dd sut, viéc dam chat
hén hop nay dugc thuc hién biang phuong phap dam bang
hé théng lu Ién. Do sir dung ham lwong nudc va xi mang
thap, nén thé tich hd xi mang trong BTDL thudng nhé hon
nhiéu so véi bé tong thuong [5, 6]. Mot trong nhiing bién
phap hiéu qua dé cai thién ciu tric va tinh chat ctia bé tong
1a bo sung cac loai phu gia khoang min trong thanh phan,
cling nhu t6i uru ty 1€ nudce trén chat két dinh va cat trén c6t
liéu [7, 8].

Trén thé giéi cling nhu ¢ Viét Nam, nhiéu loai BTDL
da dugc st dung véi cac ty 16 nude/chat két dinh va cat/cot
lidu thich hop dé tao ra nhirng két ciu c6 cudng do cao, kha
ning chéng thim nudc t6t va gia thanh hop ly. Tuy nhién,
cac phuong phap nghién ctru di thyc hién van con str dung
phuong phap roi rac, chua danh gia dugc anh huong tuong
hd giita ham lugng vat lidu dén tinh chat cia BTPL [1,3,9].
Mit khac, khi sir dung két hop véi cac loai phu gia khoang
nhu tro bay, xi 10 cao, puzolan ty nhién... da tao ra to hop
nudc - chat két dinh - bt lidu, anh huong 16n dén tinh cong
tac ctia hon hgp BTBL [2, 4, 9].

Vi su phat trién cta cudc Cach mang cong nghi¢p 4.0,
trong cong nghé vat liéu hién dai c6 nhiéu phuong phap
thiét k&, mo phong va tdi wu hoa thanh phin cip phdi cua
hdn hop BTDL. Nho cic cong cu may tinh va phan mém
toan Urng dung, nhu Matlab, Maple... da cho phép lua chon
va st dung phuong phap s6 hiéu qua, do chinh xac 16n va
tinh kha thi cao [10, 11].

Ly thuyét quy hoach thuc nghiém trén co s& mo hinh
théng ké duogc st dung dé nghién ciru nhiéu ddi trong khac
nhau, trong d6 c6 ddi tuong la cac ty 1¢ thanh phﬁn vat liéu
anh huong dén tinh chat ciia hdn hop BTDL, cling nhu san
pham bé tong sau khi di ctmg rin [12-14]. Trong mé hinh
thuc nghiém, qua trinh hoa - 1y xay ra trong cac ddi tuong
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nghién ctru - hdn hop bé tong duoc dic trung bang cac bién
anh huong, giita chung c6 quan hé nguyén nhan - két qua.
Céc bién dong vai trd nguyén nhan, goi 1a bién diéu khién
dau vao, cac bién phan anh két qua do nguyén nhan gay ra
duogc goi 1a ham muyc tiéu cta md hinh nghién ctru. Nhiéu
nghién ctru cho rang, bién dau vao c6 thé kiém soat va diéu
khién dugc, 1a cong cu diéu khién dé thu duoc dbi tuong
nghién ctru c6 tinh chét thich hop.

Bai bao nay md phong anh hudng cia hai bién
diéu khién 1a ty 1 theo thé tich cta nudc - chét két dinh
(V/Vip) Va ty 1€ cat - ¢t ligu (V/V,,) theo thé tich dén
do ctmg cua hon hop bé tong va cuong d6 nén clia cac mau
BTDL tai tudi 28 ngiy, bang phuong phap quy hoach thuc
nghiém bac hai tim xoay ciia Box-Wilson. Dong thoi, cic
bé mat biéu hién, dudng ddng muc va xac sut phan bd ciia
diém thi nghiém ciia cac ham hoi quy ciing duoc xac dinh
trong nghién ctru nay.

2. \iat liéu va phuong phap nghién ciiu

2.1. Vit liéu

Vit liéu duoc sir dung trong nghién ciru nay bao gom:

Chdt két dinh gom hai thanh phan la xi mang Portland
PC40 But Son va tro bay nhiét dién Pha Lgi: Xi mang
Portland PC40(X) Bt Son théa man cac yéu cau ky thuat
ctia tiéu chuan TCVN 2682:2020. Céc tinh chat co 1y cua xi
mang Portland PC40 But Son duoc gidi thi€u trong bang 1.
Bang 1. Tinh chét co ly ctia xi mang Portland PC40 Bt Son.

TT  Chi tiéu ky thujt Ponvi Kétqui ;2‘;‘,’]3;“6;3“202 0

1 D min, theo phuong phap Blaine cm¥/g 3520 >2800

2 Khi luong riéng glem® 3,15

3 Khdi lugng thé tich ¢ trang thai ty nhién ~ kg/m® 1650

4 Luong nudc tiéu chuan % 29,7
Thoi gian dong két

. Thoi gian bét diu Phat 120 >45
Thoi gian két thic Phat 280 <375
Cuong d9 nén & cac tudi

p Tudi 3 ngdy MPa 285 221
Tubi 28 ngay MPa 475  >40

; Do 4n dinh thé tich, phuong phap Le mn 65 <10

Chaterlier
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Thanh phan khoang vét va thanh phan hoa hoc cia xi
mang Portland PC 40 But Son dugc trinh bay trong céac
bang 2 va 3.

Bang 2. Thanh phan khoang vat cta xi méng Portland PC 40 But
Son.

Thanh phan khoéng vat (%)

Tricanxi-silicat Dicanxi-silicat ~Tricanxi-aluminat Tetracanxi-Alumino-Ferit Thanh
€S CSs CA C,AF phan khdc

55,1 272 51 11,3 1,3

Bang 3. Thanh phan héa hoc clia xi méng Portland PC 40 But Son.

Thanh phén héa hoe (%)

. Ham luong
8i0, ALO, Fe0O, SO, KO NaO Mg0 CaO CO, PO, R

186 45 31 3106 02 32 636 - 09 22

Bang 6. Tinh chét co ly chia cac loai cat str dung cho nghién ciru.

Tén chi tiéu Ponvi  Két qua Theo yéu ciu

xac dinh tinh thi nghiém TCVN 7570:2006
1 Ngubn gde - Cat vang song Lo -
2 Khoi lugng riéng glem® 2,65 -
3 Khdi lugng thé tich xdp kgm® 1450 -
4 Do héng gitra cac hat bt lisu % 45,1 -
5 D¢ hit nuée % 1,25 -
6 Ham luong bui, bun, sét % 1,87 <2,0

. Ao ~ Khong sim hon mau
7 Hamluong tap chathituco  So mau . -
chuan

8 Ham lugng SO, % 0,02 <1,0

Bang 7. Thanh phan hat ctia cat vang sdng L6 str dung cho nghién
clru.

Tro bay (TB) loai F cua Nha méy Nhiét dién Pha Lai Kich c& Luwong s6t sang tich luy Luogng s6t sang tich luy theo
i N , . N B . N sang theo thi nghiém (%) TCVN 7570:2006 (%)
théa man cac yéu cau cia TCVN 10302:2014. Thanh phan
hoa hoc va céc tinh chét vat Iy co ban cia tro bay nhiét dign ' >0mm v L
Pha Lai duoc thé hién trong céc bang 4 va 5. 2 25mm 29 0:20
Bang 4. Tinh chét vat Iy cua tro bay nhiét dién Pha Lai. 3 1,25 mm 16,7 15+45
TT  Tinh chit vty Don vi tinh Tro bay nhiét dién Ph Lai 4 630um 423 35470
1 Ty dién bé mit riéng en/g 3750 5 315um 80,5 65+90
2 Khi luong riéng glem?® 235 6  140pm 905 90:100
3 Khdi lugng thé tich kho ke/m’® 1570
, n 7 <140 pm 88 <10
Chi s0 hoat tinh ¢ tudi:
4 7 ngiy % 84,6 R .
Rrgiy i 9.1 §  ModumndolnM, 3,05 20433
Bang 5. Thanh phan héa hoc cia tro bay nhiét dién Pha Lai. Bang 8. Tinh chét co Iy cta da dam.
Thanh phin héa hoc (%) R Ponvi  Kétqui Theo TCVN
TT  Chitiu thi nghiém tinh  thinghiém  7570:2006
S0, 0, FeO, SO, KO NaO MgO CaO PO, Ham luongmétkhi .
0, M0, F0, 50, KO a0 Mo 20 THMUMEMAEINE ) ki lugng riéng gem’ 270
6022 21,17 58 242 125 123 057 212 1,03 4,14 2 Rhfilluong thd tichwep kgm 1450
2 y , ~ A 1A o n R o
Nhur vay, tong ham luong chét két dinh (CKD) trong hdn 3 Do hong eia cic hat citlicu LT
hop BTPL duogc x4c dinh theo cong thirc s6 (1): 4 Hamlugng hat thoi det % 13,32 <15
5 Ham lugng bun, bui, sét % 0,78 <2,0
CKD=X+TB (1) i '
6 Luong sot sang tich Iy trén cac sang:
Cot li¢u nho: Cotli¢unho st dung trong nghién ctru nay la 0 y 0 0
mm 0
cat vang song L6 (C), chat lugng tot. Cat vang song L6 dugc » y - 010
2 L, , mm 0 5 =
sang so by qua sang kich thudc 5,0 mm dé loai bd lugng cac
v o1 Y . Je s X 10 mm % 583 40+70
hat séi c6 kich thudc 1on. Céc tinh chat co 1y va thanh phan
5mm % 97,2 90+100

hat cua cat vang song L6 dugc trinh bay trong bang 6 va 7.

%H%-IE 67(9) 9.2025
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Tir két qua thi nghiém trén cac bang sd 6 va s6 7 cho
thdy, mau cat vang song Lo di khao sat co cac tinh chét vat
Iy nhu thanh phﬁn hat, m6 dun do 1ém, khdi lugng riéng,
khéi lugng thé tich. .. dap tng day di cac yéu cau trong tidu
chuan TCVN 7570:2006 “Cbt liéu cho bé tong va vira” va
duoc Xép vao loai cat tho, chét luong tdt.

Cot liéu 1om cho bé téng: Cbt 1idu 16n st dung cho ché
tao BTPL la loai da dam (P) ¢6 kich thudc hat 5+20 mm.
D4 dam sir dung c6 ngudn gdc tir d4 voi mo da Kién Khé -
Ha Nam. Tinh chét co 1y va thanh phan hat ctia d4 thé hién
trong bang 8.

Vi vay, ham luong cbt liéu (CL) sir dung trong thanh
phan hdn hop BTPL dugc xac dinh theo cong thirc s6 (2):

2

Nuée sach: Nude sit dung tron mau trong nghién ciru

CL=C+bD

nay la nuéc may sinh hoat TP Ha Noi. Tinh chat ciia nudc
(N) phu hop véi tiéu chudn TCVN 4506:2012 - “Nudc tron
cho bé tong va vira - Yéu cau k¥ thuat”.

2.2. Phuwong phap nghién cvu

Cdc tiéu chudn thi nghiém: Trong nghién ctru di su
dung phuong phéap nghién ctru 1y thuyét két hop véi kiém
chung bﬁng thuc nghiém dé diéu chinh tinh chat cua hdn
hop BTBL thu dugc. Cac tinh chat ciia hdn hop bé tong va

BTPL duge xac dinh theo céc tiéu chuén sau:

+ L4y mau, dac miu trén ban rung va bao dudng mau
BTDBL duogc thuc hién theo TCVN 3105:2022.

+ Xéc dinh d6 ctig cua hdn hgp BTPL duoc thuc hién
theo TCVN 3107:2022.

+ Cuong d6 chiu nén cua BTPL dugc thuc hién theo
TCVN 3118:2022.

Phirong phdp tinh todn cdp phoi ciia hon hop BTPL:
Theo nhiéu nghién ctru vé BTBL cho thdy, thanh phan
BTDL dugc lya chon dua trén quan hé gitra cuong do nén
va mot s tinh chat khac voi ty 18 N/CKD [2-6]. Muc tiéu
clia cac phuong phap nay 1a khéi luong hd xi mang can vira
du dé lap day khoang trong giita cac hat c6t liéu dé hdn hop
bé tong sau khi 1én chit co d6 rong nhé hon.

Trong nghién ciru nay, thanh phan cdp phdi cua hdn
hop BTDL dugc tinh toan dya trén co sd cua ti€u chuén

KHOA
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ACI 211.3R [15] két hop véi mot s6 két qua nghién ciru vé
BTDL & Viét Nam [1-7]. Cdp phdi sau khi tinh toan theo
tiéu chudn ACI 211.3R da duoc didu chinh cho hop 1y véi
ngudn vat lidu trong nude.

Mo phong anh huong va xac dinh cip phdi téi vu cia
hon hop bé tong duoc thuc hién theo phwong phap quy
hoach thuc nghiém bac hai tam xoay cia Box-Wilson.
Phuong phéap nay cho phép thu dugc mo hinh thuc nghiém
chinh xac hon bang cach ting s6 lugng thi nghiém lap lai tai
trung tdm va mot s6 diém thuc nghiém déc biét tai canh tay
don o =/2[14].

Cdc yéu cau doi véi hon hop bé téng va mau BTPL sau
khi dd cing ran: Trong nghién ciru nay, cac dic tinh yéu cau
vé cong ngh¢ ché tao BTPL dugc lya chon nhu sau:

+ Hon hgp BTPL duoc sir dung véi muc dich lam 16p
16t dém giita cac 10p d6 cho mit dudong ndng thon, nén theo
ACI 211.3R thu dugc ty 1& hd/vira r, =042 [15].

+ Do cimg ciia hdn hop BTDL tir 20 dén 40 gidy duoc
xac dinh b?mg bo dung cu Vebe cai tién.

+ Cuong d6 nén yéu cdu trén mau lap phuong
150x150x150 mm & tudi 28 ngay muc tiéu can dat duoc tir
28 Mpa.

+ Ty 1¢ thé tich cat trén tong thé tich cot lidu (V/V,
duoc khao sat trong khoang V /V ,=0,41-0,50 [1, 2].

o)

+ Theo tiéu chuan ACI 211.3R, v6i cuong do nén yéu
cau can dat duoc ¢ tudi 28 ngay R =28 MPa thu dugc: 1) Ty
1¢ tro bay (TB) nhiét dién Pha Lai va xi mang theo thé tich
duoc lya chon trong khodng V.,/V,=0,35; ii) Ty 1¢ thé tich
nuge trén thé tich chit két dinh (V/V ) duoc khdo sat
trong khoang V. /V , =1,40-1,60.

CKD

+ Ham lugng bot khi trong hdn hop BTPL duoc lua
chon 12 2% [3, 7].

2.3. Xay dwng mo hinh thuc nghiém

Theo cac nghién citu phuong phap quy hoach thuc
nghiém nhim muc dich tao ra md hinh toan hoc dé md
phong va dy doan anh hudng cia cac bién dau vao dén tinh
chét cua dbi tuong thuc nghiém, dugc coi la cdc ham muc
tiéu du ra cta qua trinh nghién ciru. M6 hinh thyc nghiém

trong nghién ctru nay dugc mo ta trén hinh 1 [12-14].
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: Dy

(Bién didu khién | -S|

dAu vao)

(Ham muc tiéu cua

S
".-"_/md hinh thuc nghiém)

Hinh 1. C4u tric mé hinh thyc nghiém.

Trong nghién ctru nay, ham muc ti€u bac hai dugc lya
chon gdm c6: P cliig DC (gidy)=Y, dugc xac dinh ngay
sau khi nhao tron xong hdn hop bé tong bing bd dung cu
Vebe theo TCVN 3105:2022; Cuong do nén R *(MPa)=Y,
duoc xac dinh thong qua gia tri cuong do nén trung binh
cia mau hinh 1ap phuong kich thude 150x150x150 mm &
tudi 28 ngay.

Phuong trinh tong quat ciia cac ham muc tiéu trong mo

hinh thuc nghiém nay c6 dang nhu trong cong thic s (3):
= * * ®E ok KE 24 kE 2
Y_bo+b1 §1+b2 é2+b3 g1 §2+b4 él +b5 &2 S
trong d6: Y 1a ham myc ti€u ctiia mo hinh thuc nghiém; &, va
&, 1a cc bién dau vao ciia mo hinh; b, b, b, b, b, va b, 1a

cac hé so ciia ham muc tiéu Y.

Nghién ctru nay da chon cac bién sé dau vao nhim diéu
khién ham muc tiéu va khoang bién thién cta chung nhu
sau:

VN

CKD

+ Ty 1é thé tich nudc trén thé tich chét két dinh (
mi hoa 1a & thay d6i tir 1,40 dén 1,60.

)

+ Ty 16 thé tich cat trén tong thé tich cdt lidu (\\//_c) ma
hod 14 &, thay ddi tir 0,41 dén 0,50. -

T cac can cu trén, nghién ctru da xac dinh duoc cac
khoang bién thién cac bién sd dau vao trong ké hoach thuc
nghiém mo hinh bac hai dugc trinh bay trong bang 9.

Bang 9. Khoang bién thién cac bién sé trong ké hoach thuwc
nghiém bac hai.

Cic diém quy hoach bac hai Mike quy hoach
Fécnhz‘}nté Bif":n' Koing
inhhwéng  mihda ;.00 ;g 41 41414 bibn i
on a=\2=1,414
thién d
Vi
3 132 14 15 1,6 1,68 0,1 0,08
Veko
Ve
- € 0,402 041 045 049 0498 0,04 0,008
Ver
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S thi nghiém trong ké hoach bac hai tim xoay ctia Box-
Wilson dbi véi hai bién diéu khién dugc xac dinh theo cong
thirc s6 (4) [12, 14]:

N=2"+2%*k+n =2+2%2+5=13 4)

trong d6: k 1a s6 bién diéu khién mo hinh thyc nghiém, k=2;
n la s6 thi nghiém l3p lai & tdm cia mo6 hinh thuc nghiém,
n =5 [8, 10].

Xdc dinh cdp phoi BTPL: Tinh toan theo tiéu chuin ACI
211.3R [15] dua trén cac gia tri ty 1€ vat li¢u da lya chon
trong bang 9 va hi¢u chinh cip phdi phi hgp véi cac tinh
chét cua vat liéu st dung, nghién ctu da thu dugc 13 cép
phdi thuc nghiém déi voi hai bién dau vao & va &, duge
trinh bay trong bang 10.

Bang 10. Cap phéi thwc nghiém theo quy hoach bac hai tam xoay.

Bién ma hoa Bién thye Cfip phdi BTDL thye nghiém (kg/m?)
" X, X, V\c% % Ckp X 1B C D N
1+ +1 1,60 049 290 230 60 939 996 158
2 +1 140 049 315 250 65 939 996 150
30+ -1 1,60 041 254 201 53 821 1204 138
4 -l -1 140 041 275 218 57 821 1204 131
5 +1414 0 168 045 264 210 55 881 1098 151
6 -l414 0 132 045 305 242 63 881 1098 137
70 +1414 150 0498 306 242 63 951 976 156
8§ 0 414 150 0402 260 206 54 809 1226 133
9 0 0 1,50 045 283 225 59 881 1098 145
10 0 0 1,50 045 283 225 59 881 1098 145
1o 0 1,50 045 283 225 59 881 1098 145
2 0 0 150 045 283 225 59 881 1098 145
13 0 0 1,50 045 283 225 59 881 1098 145

3. Két qua va ban luan
3.1. D§ cikng ciia hén hop bé tong dam lin

Sau khi nhao tron béng may tron cudng btrc hai truc, do
cing cua hén hop BTPL dugc xéc dinh trén thiét bi Vebe
tiéu chuan. Gia tri trung binh do cimg PC (gidy) cta hdn
hop BTPL duoc trinh bay chi tiét trong bang 11.
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Bang 11. Gia tri trung binh dd clirng BC (giay) ctiia hdn hop bé tong
dam lan.

Bién mi héa Bién thyre Ham myc tidu s6 1 ciia md hinh: Y, = DC (gidy)
" & & s e L W =Y =Y
| + 160 049 295 296 0,003
2 +1 140 049 345 360 2287
3+l dl 160 041 280 259 4458
4 - - 140 04 305 33 3,408
5 +414 0 168 045 250 265 2319
6 -l4l4 0 132 045 380 356 5627
70 H414 150 0498 345 334 1,188
§ 0 A4 150 0402 280 282 0,038
9 0 0 150 045 340 347 0490 049
00 0 150 045 365 347 3240 304
o 0 150 045 B5 347 1,440 1,44
2 0 0 150 045 340 347 0490 049
30 0 150 045 355 347 0,640 0,64
Y,oar-YP2556 8,531 Ity Yoy =630 $,2=1575 8, <0348

3.2. Cwong dg nén ciia mdu bé tong dam lin sau khi
dd cieng réin

Thi nghiém cuong do nén cua BTPL dugc thuc hién
trén mau hinh lap phuong kich thuéc 150x150x150 mm.
Phuong phap ldy mau, dic miu trén ban rung va bao dudng
mau BTDL sau khi tao hinh duoc thuc hién theo TCVN
3105:2022.

Bang 12. Gia tri trung binh cwong do nén ciia mau bé tong dam
lin & tudi 28 ngay.

Bién mi héa Bién thyc Ham mye tiéu s6 2 cia md hinh: Y,=R * (MPa)
" §, & v‘c/ZD \‘//TCL Y, Yy (Y =Y (Yopy ~Yogy)?
S | 160 049 234 2307 0,108
1 +1 140 049 281 2645 2720
34 A 160 041 205 1973 0,600
4 4l 140 041 241 2310 0991
5 HAl4 0 168 045 202 205 0,109
6 1414 0 132045 239 2530 1,947
70 414 150 0498 247 2562 0,851
§ 0 -1414 150 0402 201 2090 0,646
9 0 0 150 045 258 2706 1,588 1,588
100 0 150 045 289 2706 3,386 3,386
o 0 150 045 261 27,06 0922 0922
20 0 150 045 267 2706 0,130 0,130
130 0 150 045 278 27,06 0,548 0,548

Y, my-YFe454 S=1818 Sy P65 Swel6B Sy=03555
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Cuong do nén cua mau duoc xic dinh ¢ tudi 28 ngay
trén hé théng thiét bi tu dong Advantest 9 voi tde do tang tai
1a 1000 N/s theo yéu cau TCVN 3118:2022. Mdi to mau thi
nghiém gdm 06 vién mau tuong tmg cho mdi cap phdi. Cac
két qua thuc nghiém vé gia tri cuong d¢ nén trung binh muc
tiéu & tudi 28 ngay dugc trinh bay trong bang 12.

3.3. Xdc dinh ham hoéi quy dé mé phéng anh huwéng

cia cdc bién dén ham muc tiéu

Ap dung cac cong thirc toan hoc theo 1y thuyét quy hoach
thuc nghiém bac hai tAm xoay cua Box-Wilson va sy hd trg
ctia phan mém toan hoc Matlab, da thu dugc cac phuong
trinh hdi quy béc hai vé do ctimg DC (gidy) cua hdn hop bé
tong va cuong do nén & cac tudi 28 ngay cua mau BTDL
tuong ung c6 dang nhu trong phuong trinh sb (5) va sb (6):

DC=Y =34,7-3,23%E +1,83%E,-1,81%¢ 2-0,63%¢ *E -

1,94%E ? (gidy) )
R,"=Y,=27,06-1,69%E +1,67*E,-2,07*E 2-0,28* *& -
1,90*£ * (MPa) (6)

Dua trén cac phuong trinh ham hdi quy s6 (5) va sb (6),
gia tri tinh toan cia ham muc tiéu Y;va \?0 da duoc xac dinh
theo hai bién ma hoa €,; &, va trinh bay trong cac bang 11
va 12.

a) Kiém tra tinh c6 nghia cua cac hé sd b, cua cac ham
hoi quy theo chuan sb Student (t(f)). He 5O b,c6 nghia néu:

ty > t,(f) (7

trong do: t (f,) la gia tri tra bang cua chuan sb Student,
vol muc d§ co6 nghia la o=0,05; bac tu do lap lai
£,=Nx(k-1)=13%(2-1)=13. Trabang 3.2 trong nghién ctru ctia
L.N. Bolshev va cs (1983) [16] thu duoc t0’05(13)=l,7709.
Gié tri cua chuan sb Student t, ddi véi hé sb b/. duoc xac
dinh theo cong thuc (8):
b,
Iy

B, ®

D l¢ch tiéu chudn S, clia phan bd b, duge xac dinh theo
cong thic (9) va gia tri ghi trong bang 11 va 12.

S 2
Sy ©)

trong d6: N 1a tong s6 thi nghiém (N=13) va S? la phuong
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sai 1ap, dugc xac dinh theo cong thirc (10) va cac tri tinh
toan nay da duoc dua ra trong bang 11 va 12.

m ~\2

E(Yoj - Yo)

2
Si = : m-1

(10)

trong d6: m 1a s6 thi nghiém 1ap & tim (m=n=5); ¥ la gia
tri thu dugc cua thi nghiém thr i ¢ tam ké hoach; ?0 la gia
tri trung binh cua cac thi nghiém ¢ tam.

Theo tinh c6 nghia cua chuén s Student: t, >t (f)) trong
)j o2

b;
do: tbj = S_ .
bj

bj ctia phuong trinh ham hdi quy duoc coi 1a ¢6 nghia, néu:
1bj] 2 t0,05(13)x Sy = 17709 S,,.

Tir d6 thu duge|b;|2 £, (f,)x Sy Do d6, hé sb

Theo gié trj tra bang cua chuan s Student va gia tri S,
da duogc tinh toan va li¢t ké trong bang 11 va 12, phuong
trinh ham hdi quy bac hai thu gon vé d6 cimg DC (gidy) hon
hop BTDL va gié tri cudng do nén trung binh R 2* ctia mu
bé tong & tudi 28 ngay ctia BTPL tuong tng c6 dang nhu
cac phuong trinh s6 (11) vasb (12):

DC=Y =34,7-3,23x& +1,83xE - 1,81xE -1,94xE 2 (gidy);
(R>=0,8825) (11)

R,"=Y,=27,06-1,69xE +1,67xE,-2,07xE >1,90xE 2 (MPa);
(R>=0,8933) (12)

b) Kiém tra tinh tuong hop cia md hinh theo chudn s
Fisher

Tinh twong hop ctia md hinh thi nghiém dugc kiém tra
theo chuén sb Fisher [9, 10], theo cong thac (13):

_Si
Si

o 13)
Véi §2 la phuong sai 13p, dugc xdc dinh theo cong thire
(9) va céc tri da dugc dua ra trong bang 11 va 12. S7 1a
phuong sai du, dugc xac dinh theo cong thue (14) va cac tri
cling da dugc trinh bay trong bang 11 va 12.
N
2.(%,-Y))

83: j=1 B (14)

2

trong d6: Y ; \7I la gia tri thuc nghiém va gia tri tinh toan cua
cac ham muyc tiéu s6 (5) va s6 (6); N 1a s6 diém thi nghiém,
N=13; B 1a 56 cac hé s co nghia trong phuong trinh hoi quy
béc hai s6 (5) va (6), thu dugc B=5.
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Bén canh d6, F, (f, f,) la gid tri cua chudn s Fisher,
xéc dinh bang cach tra bang 3.5 trong nghién ciru ctia L.N.
Bolshev va cs (1983) [16] & mic c¢6 nghia a=0,05; bac tu
do 13p f,=m-1=5-1=4 (m=5 1a $6 thi nghiém ldp lai ¢ tdm);
bac tu do du f=N-B=13-5=8. Tur d6 da thu duoc Foos (8,
4)=6,0410.

Theo cac gia tri cua Sf va Sﬁ thu duoc trong bang 11 va
12, da tinh toan duogc gia tri cua chuén sb Fisher dbi voi cac
ham muyc tiéu do ctimg hdn hop BTPL va gid tri cuong do
nén ctia mau bé tong & tudi 28 ngay lan luot nhu sau:

Véi ham dd cing cia hon hop bé  tong:
F P¢=3,206/1,575=2,0355.
Véi ham cuong d0 nén cua tudi 28 ngay:

F,*=1,818/1,643=1,1065.

Vi F ¢ va F #<F . (8, 4), do d6 cac mo hinh thyc
nghiém vé do cing hdn hop bé tong va cuong do nén da
dugc xac dinh va mé ta thong qua cac ham hdi quy bac hai
s6 (5) va (6) 1a tuong hop véi bie tranh thuc nghiém chira
cc bién diéu khién da lya chon.

Tir céc két qua phén tich bé mat biéu hién ciia cac phuong
trinh hdi quy thu gon (11) va (12) véi cac hé s tuong quan

(R?), twong g, 1 0,8825 va 0,8933 da chi ra rang, cac ty

Vv

A - \ V, A ;5 5 , A 2 A
1€ theo thé tich va —& déu c6 anh hudng dang ké dén

CKD oL
cac gia tri ham muc tiéu cua mod hinh thuc nghiém.
¢) Biéu dién bé mat va cac duong dong mirc cia phuong

trinh hdi quy

Bang cach sir dung phan mém Matlab, cac hinh anh cia
bé mit biéu hién va cic duong dong muc twong Gng cla
phuong trinh hoi quy (11) va (12) dd dugc thé hién trén hinh
2 va 3. Hinh anh ciia bé mit biéu hién va cac duong dong
mirc twong tmg ctia phwong trinh hdi quy s6 (11) va s6 (12)
dugc dung dé chi ra ving anh hudng nhidu nhét cua cac bién

diéu khién.

Céac phuong trinh muc ti€u cua mé hinh thuc nghiém da

thé hién duoc anh hudng cua céc ty 1€ theo thé tich va
Mo
VCL

28 ngay dudi dang ham s6 bac hai. Cac ham s6 nay c6 thé

VCKD
dén cac do cung hon hop BTPL va cuong do nén ¢ tudi

dugc su dung dé nghién clru, phan tich anh hudng cua cac

thong s6 diéu khién dau vao dén do cting ciia hdn hop bé tong
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Pudng déng mirc cia ham muc tiéu

* Y1 Vdi &1, &2
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Bé& mit biéu hién ctia ham muc tiéu

)
SIS
30

-1 -0.5 05 1 15

51

Hinh 2. B& mat biéu hién va dwéng déng mirc ctiia cac ham muc tiéu vé do cieng sé (11).

Budng dong mic cia ham muc tiéu

* Y2 véi &1, 22

B& mit biéu hién ciia ham muc tiéu

4

0.5 0

&1

05 1 15

— Xac sudt phan bS cic diém thi nghiém

Hinh 3. B& mat biéu hién va dwdong ddng mrc clia cac ham muc tiéu vé cwdng dd nén sé (12).

va cuong do nén ctia bé tong, ciing nhu co thé sir dung dé
xac dinh cAp phéi t6i wu dép tmg cac yéu cau dit ra, cu thé
nhu sau:

VN
N VCKD N
gia tri do ciing ctia hon hop bé tong da thay doi manh, cac

Tir hinh 2 cho thdy, khi ty 18 thé tich thay dbi thi

duong dong mirc vé do cimg thay ddi 16 rét trong khoang

30-35 gidy. Trong khi d6, néu cb dinh lugng nudc va thay

2o o1a Wy
doi ty 1¢

B CKD

it thay d6i, muc d¢ anh hudng nho. Nghia 1a khi c6 cung

thi d6 cing cua hdn hop sau khi nhao tron

luwong nuéce, lugng chét két dinh co thé bién thién trong mot
khoang nhat dinh thi gia tri d6 cing ctia hdn hop bé tong
khong thay doi dang ké. Diéu nay phu hop véi quy luat
lwong nude khong déi ciia hdn hop bé tong.

VN \ VC A
va —,— deu
VCKD VCL

anh hudng theo chiéu ty 1€ nghich véi gid tri cuong do nén

Hon nita, tir hinh 3 thdy ring, cac ty 18

ctia bé tong & tudi 28 ngay. Pidu ndy c6 thé duoc bién gidi

KHOA HOC
SCONG NGHE
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hu sau. V6i 15 18 v\c% tang thi ham lugng nude d gop
phan tang do luu dong cho hon hop bé tong, dong thoi ton
tai trong khéi bé tong dudi dang cac bot khi, ting do rong
va tir 46 giam cudng do nén ciia san pham sau khi cimg rén.

Ty 16 \‘//—; ciia cbt liéu qué nhé hay qué 16n ddu c6 xu
huéng lam cho cuong d6 nén BTDL giam. Khi \\//—; thap,
ham lugng cdt liéu tho 16n, thé tich vira BTPL s& khong du
dé dién day khoang trng giita cac hat c6t lidu tho, 1am giam
d0 dic chic cua ciu trac, khién cho cuong do bé tong giam.
Khi ty 1¢ cat/cdt liéu cao s& lam dan cach cac hat cbt liéu
16n, anh huong khong tt dén d¢ on dinh bo khung chiu luc
ciia BTPL [1-4]. Hon nira, trong nghién ciru nay, hon hop
BTDL ¢6 ty 1€ ho/vita r,, =0,42 khong d6i nén khi cét tang,
luong hd chét két dinh khong da bao boc bé mit cac hat cat,
anh huong khong tot toi hé s6 1én chat hon hgp BTPL va
d6 bam dinh cua cdt liéu trong BTPL, do d6 cuong do cua
bé tong giam.
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4. Két luan
Két qua nghién CL'ru cho th?iy, anh hudng cua ty 1€ theo

dén d6 ctg cta hdn hop bé tong

N
VCKD VC
va cuong do nén cua BTDL la o rét va da dugc moé phong
bang cac phuong trinh hdi quy béac hai.

Céac ham sb nay c6 thé dugc s dung dé nghién ciru,
phan tich anh hudng cuia cac thong sb diéu khién dau vao
dén do ctg cua hdn hop bé tong va cudng do nén cia bé
tong, cling nhu c6 thé sir dung dé xac dinh cap phbi tdi vu,
dap tng cac yéu cau dit ra.

Nghién ciru cho thay, khi ty 18 thé tic

C
gia tri do cing cta hdn hop bé tong da thay doi manh, cac
duong dong mirc vé do cimg thay doi rd rét trong khoang
30-35 giay.

Cuong do nén ciia BTPL & tubi 28 ngay ty 18 nghich véi
Vv a Vic
VCKD ‘f VCL ’ N
nudce da gop phan tang do luu dong cho hon hop bé tong,

. W . s
céc ty 1& Khi ty 1¢ =~ tang thi ham lugng
CKD

ddng thoi ton tai trong khéi bé tong dudi dang cac bot khi,
tang do rong va tir 46 giam cuong do nén cua san pham.
Ve

Hon nira, ty 1& =
CL
xu hudng lam cho cuong d6 nén BTPL giam.

ctia ¢t lidu qua nho hay qua 16n déu cd

Kién nghi: C6 thé sir dung phuong phap quy hoach thyc
nghiém bac hai dé nghién ciru tiép cac tinh chét quan trong
khac cia BTDL nhu: thoi gian dong két cia hdn hop bé

tong, d0 mai mon, kha nang tham nudéc. ..
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T hoa cic thing 5 ki thudt trich ly saponin i e (}fmg sam (Codonopsis juvanica (Blume) Hook F)
trong tai huyén Tay Giang, tinh Qudng Nam hing phwong phdp sir dung song siéu im
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Tom tit:

Ding sam Codonopsis javanica (Blume) Hook. F. thudc ho Hoa chudng Campanulaceae, dwgc trong nhiéu & huyén Tay
Giang, tinh Quang Nam (trwéc khi sap nhap dia gidi hanh chinh). Trong nghién ciru nay, cac tac gia sir dung song siéu am
de tlen hanh qua trinh trich ly saponin tong tir cu dang sam Tay Giang - Quang Nam. Bang phwong phap thue nghiém don
yeu t6 da xac dinh cac yeu tb anh hwéng t6i qua trinh trich ly: Cong sudt siéu Am thich ho’p 12 250-350 W, thoi gian siéu 4m
thich hop 1a 10-20 phut, thoi glan trich ly sau siéu 4m thich hop 1a 10-20 phut Tir d6, xay dung dug'c ma trin thyc nghiém
t6i wu hoa theo phuong an cau tric cé tam (CCD) va tdi wu héa cac thong so ky thudt thich hgp cho trich ly saponin tong
tir ci dang sam Tay Glang bang phwong phap st dung séng siéu am. Két qua cho thay, tai diéu kién tdi wu (cong suit siéu
am 281+1 W, thoi gian siéu Am 16+0,5 phiit, thoi gian trich ly sau siéu am 17+0,5 phit), ham lwgng saponin tong dat dwoc
2,5806 g/100 g. Qua trinh trich ly saponin tong tir cii ding sim sir dung séng siéu Am gitip giam thoi gian va ting higu sut
trich ly. Két qua nay rét hiru ich dé xac dinh cong nghé san xuit cao chiét dang sim Tay Giang quy md cong nghiép, phuc
vu cho phat trién san phim dwoc liéu cé gia tri cao tai dia phwong.

Tir khéa: dang saim Ty Giang, ky thudt trich ly, saponin tong s6, séng siéu am, toi wu hoa.

Chi s6 phén loai: 2.8, 3.5

Optimising the technical parameters of saponin extraction from Codonopsis javanica (Blume) Hook. F,

erown in Tay Giang district, Quang Nam province using the ultrasound-assisted extraction
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Abstract:

Codonopsis javanica (Blume) Hook. F. belongs to the Campanulaceae family, widely grown in Tay Giang district, Quang
Nam province, Vietnam. In this study, we used ultrasound-assisted extraction to conduct the process of extracting
total saponin from Codonopsis javanica in Tay Giang - Quang Nam. Using the single-factor experimental method,
the factors affecting the extraction process were determined: ultrasound power of 250 to 350 W, ultrasound time of
10 minutes to 20 minutes, and extraction time after ultrasound of 10 minutes to 20 minutes. From there, we built an
optimised experimental matrix according to Central composite design (CCD) and optimised the appropriate technical
parameters for extracting total saponin using ultrasound-assisted extraction from Codonopsis javanica in Tay Giang.
The results show that at optimal conditions (ultrasonic power 281+1 W; ultrasound time 16+0.5 minutes; extraction
time after ultrasound 17+0.5 minutes), total saponin content achieved at 2.5806 g/100g. The process of extracting total
saponins from Codonopsis javanica using ultrasound-assisted extraction helps reduce time and increase extraction
efficiency. The results are very useful to determine the technology for producing Codonopsis javanica extract in Tay
Giang, on an industrial scale, serving the development of high-value medicinal products locally.

Keywords: extraction technique, optimisation, Tay Giang Codonopsis javanica, total saponin, ultrasound.

Classification numbers: 2.8, 3.5
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1. Dat van de

Ding sam, v6i danh phap khoa hoc Codonopsis javanica
(Blume) Hook. F., [a mot thanh vién ctia ho hoa chudng
Campanulaceae, c6 ving phan bd tu nhién trai rong tai
nhidu qudc gia chdu A nhu Trung Qudc, Nhat Ban, Lao,
Thai Lan, Indonesia, Myanmar, An D6 va Viét Nam [1, 2].
Céc phan tich hoa hoc cho thay, phan ré ci cua loai ny chira
da dang hop chét hoat tinh sinh hoc, bao gdm polyacetylen,
terpenoid, alkaloid, glycoside, flavonoid, saponin va
polysaccharide, trong d6 nhiéu thanh phan thé hién tiém
nang duoc 1y quan trong [3]. Nho dic tinh do, dang sim da
dugc tng dung phd bién trong y hoc ¢b truyén voi tén goi
quen thudc 1a “nhan sdm cia nguoi nghéo”. Dugc liéu nay
dugc ghi nhan co tac dung ning cao thé trang, giam tinh
trang mét moi, ho trg chéng oxy hoda, 1am chadm qua trinh lao
hoa, ting cuong hé mién dich va gop phan dy phong mot sd
bénh ly man tinh, bao gém ca ung thu [4, 5].

Trong nhitng nam gan déy, nhu cau sir dung thuc pham
chuce nang va cac hop chit tu nhlen ngay cang gia tang.
Trong bdi canh do, sapomn tir r& cu dang sdm duoc xem la
ngudn dugc chat tiém ning, ¢ y nghia trong phat trién ché
pham cao chiét phuc vu nganh duoc phdm va thuc pham
chirc ning. Hiéu qua chiét tach saponin phu thuoc dang ké
vao cong ngh¢ va ky thuat &p dung, trong d6 cac phuong
phép hién dai nhu chiét Xudt siéu t6i han, chiét xuat bé'mg
vi song va chiét xuat hd tro song siéu 4m di cho thdy nhiéu
wu diém vuot troi vé hiéu suat va chét luong so véi ky thuat
truyén thong [6, 7].

Muc dich cua nghién cuu ne‘ly 1a t6i wu hoa cac thong sb
cho trich ly saponin tong tir cii dang sam Tay Giang, Quang
Nam bang phuong phap st dung song. siéu 4m, nham rat
ngin thoi gian trich ly, nang cao hiéu suit thu hdi dich chiét
va dic biét giam bién ddi cua cac hop chit chic nang trong
dich chiét. Do vay, ham muc tiéu dé ralaham luwgng saponin
tong thu duoc 10n nhat.

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

Déi tugng nghién ciru 1a cu dang sam (Codonopsis
javanica (Blume) Hook. F) duogc léy tai xa Gari, huyén
Tay Giang, tinh Quang Nam, thu hoach thang 11-12/2023
(hinh 1). Cu ding sam duoc ldy ngdu nhién,
sau d6 rua sach loai bd cac cu dap, bi hong. Cu
dugc thai lat 1,52 mm st dung cho trich ly.
Nghién ctru ndy nhim muyc tiéu xac dinh thong sb
t6i wu trong qué trinh thu nhdn saponin tir cu déing
sam trén hé thong chiét xuat c6 dic chan khong
CS-PCK200 (hinh 2). Hé thong chiét xuat co dac chan khong
CS-PCK200 dang pilot dung tich 200 lit do Viét Nam ché tao
(50 kg dang sam/lan thi nghiém). Hé thong gdm 1 cum cb
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Hinh 1. Cay va cu dang sam trdng & xa Gari, huyén Tay Giang,
Quang Nam (trwéc sap nhap). Ngudn: Nhém tac gia.

[

Hinh 2. Hé théng chiét xuét c6 dic chan khéng CS-DCK200. (1) TG
diéu khién; (2) Bdn chira; (3) Ddng hd &p suét am; (4) Binh ngwng tu; (5)
Céanh khudy; (6) Hbi lwu; (7) Nbi trich ly; (8) Kinh thdm d&u; (9) Bom chan
khong; (10) Siéu am; (11) Nai co dac. Ngudn: Nhom tac gia.

dic chan khong va 1 cum chiét xuat sir dung siéu am. Cong
suét siéu 4m 16n nhat 400 W (khoang diéu chinh 200, 250,
300, 350 va 400 W), tan s6 20 KHz. Dung méi trich ly:
ethanol 60% (v/v).

Nguyén 1y hoat dong ciia b phan chiét xudt s dung
siéu 4m: Trong qua trinh van hanh, nguyén liéu (lat ding
sam) dugc tron voi dung moi ethanol 60% (v/v) theo ty 1€
nguyén liéu/dung méi 1a 1/2 va dua vao thiét bi chiét. Hé
thong duoc cai dit nhiét do chiét xuat & 60°C, dong thoi
diéu chinh cong sudt va thoi gian siéu am theo didu kién thi
nghiém. Qua trinh chiét dugc thuc hién trong moi truong
chan khong nhdm ting cudng kha ning tham thiu cia dung
moi va han ché thit thoat hop chét. Séng siéu am két hop
v6i dong tudn hoan dung méi giup pha v& ciu tric té bao,
gia ting dién tich tiép xuc, tir d6 nang cao hiéu qua thu hoi
cac hoat chét trong déng sam. Dich chiét thu duoc chira
saponin cting nhiéu thanh phan hoa tan khéc.
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2.2. Phwong phap nghién ciru

Xéc dinh ham lwong saponin tong: Ham lugng saponin
tong dugc dinh lugng theo phuong phap ctia M. Hadidi va
¢s (2020) [8] véi mot sb didu chinh phu hop. Cu thé, 0,5 ml
dich chiét duge cho vao binh dinh mirc, thém vao lan luot
0,2 ml dung dich vanillin-axit acetic (5%) va 1,2 ml HCIO,,
hdn hop duoc xir 1y trong bé diéu nhiét & 70°C trong 30
phit. Sau khi 1am lanh nhanh trong 2 phuat, bd sung ethyl
acetate dén vach 5 ml, dung dich duoc do mat d quang tai
bude song 550 nm. Két qua duoc biéu thi dudi dang gam
acid oleanolic trén 100 gam chat kho nguyén liéu.

Phirong phdp thiee nghiém don yéu té: Cac yéu td anh
huong dén qué trinh chiét tich dugc khao sat trong bang 1.
Qua d6, nhan dién dugc diém tdi wu (trung tim) va pham
vi dao dong (gi6i han trén va dudi) cia cac thong sd anh
huéng dén qua trinh trich ly.

Bang 1. Cac thong sé dwoc khao sat theo phwong phap luan
phién tirng bién.

Yéu tb anh hwéng Mién bién thién
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Két qua bang 2 cho thdy, cong suat siéu am anh hudng
dén hi¢u qua trich ly saponin tong tir cu dang sam.

Khi ting cong sudt siéu am tir 200 1én 300 W, ham
luong saponin tong ting tir 2,186 1én 2,592 g/100 g (ting
0,406 g/100 g). Su gia tdng nay dugc ly giai boi tdc dong
co hoc ctia song siéu am, giup mé rong dién tich tiép xuc
giita dung méi va nguyén liu, tao diéu kién cho cac hop
chat d& hoa tan, trong d6 ¢ saponin, khuéch tan vao dung
moi [11]. Song, khi nang cong suat 1én 350 va 400 W, ham
lwong saponin lai giam con 2,267 va 2,224 g/100 g, c¢6 thé
do sy gia ting nhiét d6 dung moi gay bién ddi hodc phan
hay saponin. Mién tuyén tinh céng suat siéu am cho trich ly
saponin 1a 250 dén 350 W, diém trung tam 300 W.

3.2. Anh hwong ciia thoi gian siéu am téi qud trinh
trich ly saponin

Két qua khao sat anh huong cia thoi gian siéu 4m dén
ham luong saponin tong thu dugce (co dinh: cong suat siéu
am 300 W va thoi gian trich ly sau si€u am 15 phut) dugc
the hién trong bang 3.
Bang 3. Két qua khao sat anh hwéng cla thei gian siéu am dén
ham lwong saponin tdng.

A: Cong suat siéu am (W) 200, 250, 300, 350, 400

B: Thoi gian siéu am (phut) 5,10, 15, 20, 25

C: Thoi gian trich ly sau siéu am (phat) 5, 10,15, 20, 25

Phuwong phap quy hoach thyc nghiém: Xay dung ma tran
thuc nghiém theo Central Composite Design (CCD).

Phirong phdp xir Iy s6 liéu: Qué trinh t6i wu hoéa bang
phuong phap bé mat dap tmg va dugc xir Iy bang phan mém
Modde 5.0 (Sartorius Stedim Biotech).

3. Két qua va ban luan

3.1. Anh hwéng ciia céng sudt siéu am t6i qud trinh
trich ly saponin

Két qua khao sat anh hudng ciia cong sut siéu am dén
ham luong saponin tong thu duoc (cb dinh: thoi gian siéu
am la 15 phut va thoi gian trich ly sau siéu am 15 phut) dugc
thé hién trong bang 2.

Bang 2. Két qua khao sat anh hwéng cliia cong suat siéu am dén
ham lwong saponin téng.

Cong sudt siéu Ham lirgng saponin tong (g/100 g) i

,
YA i w) Lin1 Lin2  Lin3

Al 200 2,267 223 2061 2,186 0,109822584
A2 250 2,089 2086 2798 2391 0365976775
A3 300 2,595 2409 272 259 0,181518594
Ad 350 2,036 209 2675 2267 035436845
AS 400 2322 2407 1943 2204 0247036435
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Thoi gian siéu  Ham lwgng saponin tong (¢/100 g)

.
VOB ohi0  Lin1 Lin2  Lins 0

Bl 5 1,765 2,223 1,967 1,985 0,229529954
B2 10 1,702 2,243 2,904 2,283 0,601997508
B3 15 2,392 2,586 2,708 2,562 0,159361225
B4 20 2,561 2,151 2,776 2,496 0,317529526
B5 25 2,897 2,331 2,008 2,412 0,450001111

Két qua bang 3 cho thdy, thoi gian siéu 4m anh hudng
dén hi¢u qua chiét xuat saponin tong tur cu dang sam.

DU li¢u nghién ctru trén chi ra rang, ham luong saponin
t6ng tang theo thoi gian siéu am va dat gia tri cuc dai 2,562
/100 g tai 15 phut xur Iy. Trong khoang tir 5 dén 15 phut,
ham lugng saponin tang nhanh (tang 0,577 g/100 g), chu
yéu do qua trinh pha v& cAu tric té bao, tao thuan loi cho
céc hop chat, trong d6 c¢6 saponin, khuéch tan ra ngoai. Tuy
nhién, khi kéo dai thoi gian si€éu am 1én 20 va 25 phut, ham
lwong saponin c6 xu hudng giam, lan luot giam 0,066 g/100
gva 0,150 g/100 g so voi gid tri tai 15 phiat. Mac du sy suy
giam nay khong 16n, nhung cho thiy tic dong kéo dai cua
song siéu 4m co6 thé gay bién ddi hodc phan hiy mot phan
saponin, dan dén giam hiéu suit chiét tach [11].

Mién tuyén tinh thoi gian siéu am cho trich ly saponin la
10 dén 20 phut, diém trung tdm 15 phut.

3.3. Anh hwéng ciia thoi gian trich ly sau siéu am tdi
qud trinh trich ly saponin

Két qua khao sat anh huong cua thoi gian trich ly sau
siéu am dén ham luong saponin tong thu dugc (¢b dinh cong
sudt siéu am 300 W va thoi gian siéu 4m 15 phut) dugc thé
hién trong bang 4.
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Bang 4. Két qua khao sat anh hwéng cua thoi gian trich ly dén
ham lwong saponin tdng.

i Théi gian trich  Ham lwgng saponin tong (/100 g)
MauC  ly sau siéu 4m - : : C
(phit) Lan 1 Lan 2 Lan 3
Cl 5 2451 2,223 2,049 2,241 0,201603571
C2 10 2,369 2,069 2,429 2,289 0,192873015
C3 15 2,599 2,294 2,871 2,588 0,288657236
C4 20 2,499 2,288 2,701 2,496 0,206516343
C5 25 2,895 2,366 2,068 2443 0418842452

Két qua bang 4 cho théy, thoi gian trich ly anh hudong
dén hiéu qua trich ly saponin téng tir ca ding sam.

Khi thoi gian trich ly ting tir 5 dén 15 phat, ham lugng
saponin tong tang tir 2,241 1én 2,588 g/100 g (ting 0,347
g/100 g). Tuy nhién, khi kéo dai thoi gian trich ly 1&n 20 va
25 phit, ham Iugng saponin thu dugc giam nhe, lan luot
0,092 va 0,145 g/100 g so voi gia tri cyc dai tai 15 phat.
Sy suy giam nay c6 thé do qua trinh chiét dat trang thai can
bang, dong thoi thoi gian xir 1y kéo dai din dén bién ddi cdu
trac ctia saponin, 1am giam hiéu sudt thu hoi [11].

Mién tuyén tinh thoi gian sau siéu 4m cho trich ly
saponin 1a 10 dén 20 phut, diém trung tdm 15 phut.

3.4. Xdy duwng mo hinh todan hoc theo Central Composite
Design

Tur két qua thue nghiém x4c dinh nhan té va cdc mirc do
bd tri theo mo hinh CCD dugc thé hién trong bang 5.

Bang 5. Nhan té6 va cac mirc do bd tri theo md hinh Central
Composite Design.

Mire d9 cdc bién dwge mi hoa

Nhén t6 (bién)

Ky hi¢u -1 0 +1
Cong sudt siéu am (W) A 250 300 350
Thoi gian siéu am (min) B 10 15 20
Thoi gian trich ly sau siéu dm (min) © 10 15 20

Két qua thuc nghiém qua trinh trich ly saponin theo quy
hoach thyc nghiém theo CCD véi 3 yéu to. Tien hanh xay
dung ham hoi quy bac 2 cho ham muyc tiéu nhu sau:

Y=b +bA+bB+bC+b AB+b AC+b,BC +
bIIA2+bZZB2+b C2
trong d6:b,b,, b, b, b[z,’ b,,b,.b,, bzz, b la cac hé $6
hoi quy; A, B C la yeu to thi nghiém can t01 u’u Y la ham
muc ti€u dat max.

3.5. Toi wu héa diéu kign xir Iy bang séng siéu dm bang
phwong phap quy hoach thuc nghiém

Két qua thiét ké ma tran thir nghiém dé t6i vu cac tham
s0 theo CCD dugc the hién trong bang 6.
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Bang 6. Ma tran thwc nghiém t6i wu hoa theo Central Composite
Design.

6 t!lf Bién ma héa Bién thue B (T
nghigm 4 B C AW B: (phiit)  C: (phii)

1 -1 4250 10 10 1,9390,026
2 1 4 3% 10 10 1,869+0,059
3 -1 I 2% 20 10 2,3720,046
4 1 I 3% 20 10 1,897+0,051
5 -1 41 2% 10 20 2,2710,058
6 1 41 3% 10 20 2,186:0,056
7 -1 1 250 20 20 2,4280,068
8 1 11 350 20 20 1,896£0,052
9 1 0 0 25 15 15 2,39120,050
10 1 0 0 3% 15 15 2,670,049
11 0 00 300 10 15 2,890,031
12 0 10 300 20 15 2,496+0,037
13 0 0 -1 300 15 10 2,890,051
14 0 0 1 300 15 20 2,576+0,051
15 0 0 0 300 15 15 2,562+0,049
16 0 0 0 300 15 15 2,495+0,051
17 0 0 0 300 15 15 2,5920,051
18 0 0 0 300 15 15 2,5880,049
19 0 0 0 300 15 15 2,4980,052
20 0 0 0 300 15 15 2,5970,049

3.6. M6 hinh ham lwong saponin

Y nghia thong ké ctia mé hinh va cac hé s6 dugc danh
gi4 thong qua phan tich hoi quy (bang 7). Gia tri F=44,07
v6i p<0,0001 chimg t6 mé hinh c6 ¥ nghia thong ké cao &
muc tin cdy 99,99%. Céc h¢ so0 hoéi quy co gia tri p<0,05

Bang 7. Két qua phan tich hdi quy ham lwong saponin.

gf:f':g i :f:ﬁ:;nh gfc o Phwongsai ~ F-value  p-value

Model 1,1551 8 0,1443 440746 2,82E-07  Conghia
A 0,1653 1 0,1653 504796  1,98E-05

B 0,0286 1 0,0286 8,7365 0,0130

© 0,0982 1 0,0982 29,9765 0,0001

AB 0,0907 1 0,0907 27,6964 0,0002

BC 0,0441 1 0,0441 13,4622 0,0036

A? 0,1134 1 0,1134 34,6216 0,0001

B 0,0535 1 0,0535 16,3561 0,0019

© 0,0272 1 0,0272 8,3254 0,0148

Phén dur 0,0360 11 0,0032

tsl;l:gliﬁlgch 0,049 6 0,0041 18675 02549 E}i‘;g o
Pure Error 0,011 5 0,0022

Cor Total 1,1912 19
31
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Hinh 3. Anh hwéng clia cac yéu té6 dén ham lwong saponin.

Saponin (g/100 g)

Saponin ig/100g)

Mmoo

B Toacai gian sie see Phied

Hinh 4. B& mat dap (ng cia ham lwgng saponin.
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déu c6 y nghia va duoc giit lai dé phuc vu téi uu hoa. Gia
tri F cua phép kiém dinh “su khong tuong thich” dat 1,868
(p=0,255), cho thdy mo hinh phu hop véi dir lidu thuc
nghiém. Hé sb xac dinh R?=0,9697 cho thiy, mé hinh giai
thich dugc 96,97% bién thién ciia ham muc tiéu dudi tac
dong ctia cac yéu to khao sat. Nhu vay, ham lugng saponin
dugc mo ta bang phuong trinh bac 2 nhu sau:

Y= 2,546 - 0,128A + 0,053B + 0,099C - 0,106AB -
0,074BC - 0,203A%- 0,139B2- 0,099C?

Lan luot xét anh huong cua ting yéu t6 (khi cac yéu
t6 khac giit & muc trung tim) dén ham lugng saponin ta
thdy: ham luong saponin chju anh hudng manh nhat boi
cong suat siéu am (A), tiép theo la thoi gian siéu 4m (B) va
thoi gian trich ly sau siéu am (C), khi chi s6 nay tang, ham
luong saponin ting manh dén gidi han. Két qua duoc chi
ra ¢ hinh 3 va 4.

3.7. Téi wu héa cdc thong sé kj thudt

Qua trinh thu hdi ham lugng saponin sao cho thu duoc
ham lugng saponin cao nhat. Tién hanh giai bai toan tdi
uu theo thuat toan “Ham mong dgi” cia G. Derringer
va CS (1980) [10]. Gia tri tdi wu thu dugc tir phan mém
Design-Expert 12 duogc thé hién trén hinh 5.

|

1 10 ] bl

Aong vt ey am & 11N BThol ginnsies am & 16 124

16§

— 1]

10 N Loy i

L

{Thai gian toch by = 11062 Sanenin « 1 5447

Ham mong dg1=0,932

Hinh 5. Két qua téi wu héa ctia md hinh.

Két qua bai toan tdi wu cho thy, qua trinh trich ly duoc
tién hanh ¢ cong suit siéu am 281,192 W, thoi gian siéu Am
16,1244 phut, thoi gian trich ly 17,0672 phuat, ham lugng
saponin dat dugc 1a 2,5967, véi muc do dap ing su mong
doi la 93,2%.

3.8. Thuc nghi¢m kiém tra lai két qud toi wu héa

Céc thi nghiém dugc tién hanh lap lai ba lan & diéu kién
t6i wu, dong thoi diéu chinh cac thong sb phit hop véi thuc
té. Két qua thu duoc cho thay, gia tri thuc nghiém (bang 8)
tuong ddng cao vai két qua du doan tir mo hinh tdi wu hoa.

32
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Bang 8. Két qua thwc nghiém trich ly ham lwong saponin & diéu
kién téi wu.

SOthi  Congsudtsiéudm Thoi gian siéudm  Thoi gian trichly  Ham lwong saponin
nghiém (W) (phuit) (phit) (g/100 g)

1 28141 16+0,5 1720,5 2,592

2 28141 16+0,5 1740,5 2,562

3 28141 16+0,5 170,5 2,588

Gia tri thyc nghi€ém trung binh 2,580+0,016

Gi tri dur béo theo bai todn t6i wu 2,5967

Két qua thu duge tir thyc nghiém: Ham luong saponin
2,580 g/100 g. Gia tri du bao theo bai toan t6i vu: Ham luong
saponin 2,596 g/100 g tuong duong nhau (p-value>0,05),
nhu vy mé hinh thuc nghiém phu hop voi thuc té.

Thong s6 k¥ thuat tdi wu cho trich ly saponin téng tir cu
dang sam Tay Giang, Quang Nam bang phuong phap st
dung song siéu 4m: cong suat siéu 4am 2811 W; thoi gian
siéu am 16+0,5 phut; thoi gian trich ly sau siéu am 17+0,5
phut.

4. Két luan

Nghién ctru da xac dinh pham vi bién thién cta ba yéu t6
anh huong chinh dén qué trinh chiét tich saponin tir cti déng
sam (Tay Giang, Quang Nam), bao gom: cong sut siéu am
(250-350 W), thoi gian siéu am (10-20 phut) va thoi gian
trich ly sau siéu am (10-20 phut). Trén co s¢ do, mot mod
hinh toan hoc cho bai toan tbi uu hoa di duoc xay dung voi
muc tiéu t6i da hoa ham lugng saponin tong thu dugc. Két
quéa nghién ciru dong thoi cho phép thiét 1ap ma tran thuc
nghiém t61 wu hoa dya trén thiét ké cdu trac c6 tam (CCD).

Nghién ctru da xac dinh duoc cac didu kién ky thuat tdi
uu cho qua trinh chiét tach saponin tong tir cu ding sdm
(Tay Giang, Quang Nam) bang phwong phap hd tro song
siéu am. Két qua thuc nghiém phu hop véi mé hinh du doan,
cho thay tinh kha thi ctia bai toan t6i wu hoa. Cac thong s6
tdi wu dugce xac dinh gém: cong suét siéu am 28141 W, thoi
gian siéu am 16+0,5 phut va thoi gian trich ly sau siéu am
17+0,5 phat, dat ham lugng saponin téng 2,5806 g/100 g
nguyén li¢u.

Trong qua trinh nghién ctru van ton tai mot sd han ché,
chu yéu do thiét bi chiét xuét hd trg song si€u am san Xuét
trong nudc cod cong suét con han ché va chua dugce tu dong
héa hoan toan cac thong s6 van hanh, dan dén sai léch
nhét dinh gitra cic 1an thi nghiém. Mic du vay, két qua thu
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dugc dd cung cip co sé khoa hoc quan trong vé ham luong
saponin téng ciing nhu cac thong sé k¥ thuat cho qua trinh
chiét tach bang song siéu am, gop phan b sung dit lidu thuc
tién cho viéc img dung trong khai thac va san xudt cao chiét

dang sam tai ving T4y Giang, Quang Nam.
L0 CAM ON

Nghién ctru dugc thuc hién thong qua dé tai cip bd
“Hoan thién quy trinh cong nghé va xay dung day chuyén
san xuét cao chiét tir cii dang sam (Codonopsis javanica

(Blume) Hook. F). Nhom tac gia xin tran trong cam on.
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Panh gi4 hiéu qua Ky thuat CNV-seq trong chan doan trwdc sinh
bat thwong di truyen tai Bénh vién Phu san Ha Noi
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Tém tit:

Nghién ciru mo ta kha nang phat hién mogt s0 bt thwong nhiém siic thé (NST) ciia k¥ thuét gii trinh tu phat hién bién thé sb lwgng ban
sao (CNV-seq) trong chin doan trudc sinh. Poi twgng, phwong phép nghién ciru: Nghlen ciru mé ta cat ngang két hop hdi ciru trén 421
thai phu c6 tudi thai 16-27 tuén, dwoc chi dinh choc oi thue hi¢n dong thoi 2 ky thuat nudi cay té bao i lap NST do va CNV-seq tai Bénh
vién Phu san Ha Noi trong thoi gian thang 1-12/2023. Két qua: CNV-seq phat hién dwoc 146/421 (34,68%) trwomg hep bét thwong NST,
trong khi NST dd phat hién dwgc 137/421 trudng hop (32,54%). Xét nghiém CNV-seq cho thiy, ty 1¢ phat hién bat thwdng di truyén cao
hon so véi NST dd 6 thai phu ¢6 bt thuong hinh théi siéu 4m, hodc két qua sang loc trudc sinh khong xam lin (NIPT) nguy co' cao. Két
luin: CNV-seq tang kha niing phat hién bt thwong so lwgmg va cau tric NST so v6i NST do. Két hop CNV-seq va NST db gitip tang do
chinh xac cho chin doan trwéc sinh cic bt thwong di truyen 6 thai nhi. Tuy nhién, do chi phi cao va CNV-seq con c6 cdc han ché nén
cn nhic chi dinh k§ thuit nay song song véi ky thudt nudi cay té bao 6i 1ap NST dé trén cac dbi twgng co két qua sang loc NIPT nguy
co' cao, thai c6 bt thudng hinh thai siéu 4m... dé c6 dwoc chin doan chinh xéc nhét cc ri loan di truyén & thai nhi.

Tir khod: bét thwong di truyén, chin doan trwée sinh, CNV-seq.
Chi s6 phn logi: 3.1,3.3,3.5

CNV-seq technique in prenatal diagnosis of genetic

abnormalities at Hanoi Obstetrics and Gynecology Hospital

Thuy Quynh Pham!, Thuy Linh Dinh?, Phuong Anh Bui'!, Dac Hoang Nguyen', Ngoc Son Nguyen',
Anh Quan Pham!, Huu Minh Le!, Quang Anh Pham?, Thi Trang Nguyen® *"
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*Hanoi Medical University Hospital, 1 Ton That Tung Street, Kim Lien Ward, Hanoi, Vietnam
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Abstract:

Evaluate the value of Copy number variations-sequencing (CNV-seq) for prenatal diagnosis of genetic abnormalities. Subjects and
methods: A cross-sectional descriptive study with a retrospective review of 421 pregnant women with gestational age of 16-27 weeks,
who were indicated for amniocentesis and performed two techniques simultaneously: amniocyte culture for karyotyping and CNV-
seq at Hanoi Obstetrics and Gynecology Hospital from January 2023 to December 2023. Results: CNV-seq detected 146/421 cases of
chromosomal abnormalities (34,68%), while karyotyping detected 137/421 cases (32.54%). CNV-seq showed a higher detection rate
of genetic abnormalities compared to karyotyping in pregnant women with abnormal ultrasound morphology or high-risk NIPT
screening results. Conclusion: CNV-seq increases the ability to detect chromosomal number and structural abnormalities compared
to karyotyping. The combination of CNV-seq and karyotyping helps to increase the accuracy of prenatal diagnosis of genetic
abnormalities in the fetus. However, due to its high cost and certain limitations, it is recommended that the CNV-seq technique be
considered in parallel with amniotic fluid cell culture for karyotyping in cases such as high-risk NIPT screening results, fetuses with
abnormal ultrasound morphology, etc., to achieve the most accurate diagnosis of genetic disorders in the fetus.

Keywords: CNV-seq, genetic abnormality, prenatal diagnosis.
Classification numbers: 3.1, 3.3,3.5

“Tac gia lién hé: Email: trangnguyen@hmu.edu.vn
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1. Dat van de

Bit thudng bam sinh 1 vin dé nhan duoc nhidu sy quan
tam khong chi & Viet Nam ma con trén toan thé gioi. Nhung
bét thuong di truyén, dac biétla bat thuong trén NST dé lai
nhleu héu qua nang né nhu gay da di tat hinh thai, cham phat
trién tinh than, van dong, tham chi la t& vong trudc khi sinh
[1]. Vi vay, viéc sang loc va chén doan trudc sinh 1a rat can
thiét, gitip cac bac sy 1am sang va thai phu c6 ké hoach va
quyét dinh can thiép kip thoi ddi v6i thai da duoc chan doan
bat thuong. Méc du nudi céy té bao (3i va 14p cong thie NST
(NST d6 - Karyotyping) hién nay van dugc coi 13 tiéu chuan
vang trong chan doan trude sinh cac bat thuong do nguyén
nhan di truyen tuy nhién han ché cua phuong phép nay la
c6 thé bo sot cac trudng hop dot bién vai kich thude nho,
thoi gian tra két qua kéo dai (2-3 tuan) [2]. Véi kha ning
xéac dinh dugc cac bién thé sb luong ban sao tir 1 Kb trd 1én,
k¥ thuat phan tich giai trinh ty phat hién bién thé s6 luong
ban sao (Copy Number Variations-sequencing - CNV-seq)
c6 tiém nang tré thanh cong cu hitu ich, phat hién nhiing
bat thuong di truyén ma k§y thuat NST dd c¢é thé bo sot [3].
Tuy nhién, CNV-seq doi hoi trang thiét bi hién dai, chi phi
cao nén k¥ thudt nay chua dugc chi dinh rdng rai cho da $6
thai phu. Nhitng han ché ¢6 hitu ctia ca NST d6 va CNV-seq
cho thay, két hop hai phuong phap c6 thé nang cao hiu qua
chan doan bt thuong di truyén, mang lai két qua t6t hon
trong viéc quan ly thai ky. Trén thé 2101, da co nhiéu nghién
ctru cho thay CNV-seq gop phan bd tro cho két qua NST dd
trong chin doan sém bat thuong ¢ thai. Theo S. Zhang va
cs (2022) [4], CNV-seq la phuong phap bé sung hiéu qua
cho karyotyping va cai thién d6 chinh xac cia chan doan
trude sinh. Nghién ctiu cua H. Zhang va cs (2023) [5] cho
thay, két hop CNV voi NST d6 da phat hién thém dang ké
cac dot bién trén NST thai so v6i cong thirc NST don thuan.
Tuy nhién, tai Viét Nam hién chua co nhiéu nghién cuu vé
van d& nay. Chinh vi véy, nghién ctru nay dugc thyc hién
nham muyc dich so sanh ty 1¢ bat thuong di truyén & thai nhi
qua két qua NST d6 va CNV-seq, tir 6 nhan xét kha ning
phat hién bat thuong cua k¥ thuat CNV-seq trong chan doan
trude sinh.

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

Tat ca cac thai phu c6 tudi thai 16-27 tuan dén kham va
theo dai thai tai Trung tam Sang loc, Chan doén trudc sinh
va so sinh, Bénh vién Phy san Ha Noi tur thang 1-12/2023
duoc chi dinh choc hat dich 61, tu nguyén choc i va 1am xét
nghiém di truyén sau khi dugc tu van ddy di bang ky thuat
CNV-seq va lap cong thirc NST.

Tiéu chuén lua chon: Thai phu ¢o tudi thai 16-27 tudn,
duoc chi dinh choc hut dich 6i vi mot trong cac nguyén
nhan: bat thuong hinh thai siéu am, sang loc NIPT/huyét
thanh me¢ nguy co cao, tién st sinh con hodc mang thai di
tat, vo/chong mang bét thuong di truyén.
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Tiéu chuan loai trir: Hé so bénh an khong day du thong
tin, céc thai phu khong dong y tham gia nghién ctru

2.2. Phwong phap nghién ciru

Thiét ké nghién ciru: Nghién ctru mo ta cat ngang va hoi
ctru dir ligu.

Cé mau va chon mau: Chon mau thuén tién.

Cong cu thu thap thong tin va xii I s6 liéu: Céc 6 liéu
dugc nhdp vao phan mém Microsoft Excel 2021, sau do
duoc xt Iy trén phan mém thong k& y hoc SPSS 25.0.

Quy trinh nghién ciru: Thu thap thong tin hanh chinh
va lam sang cua thai phu, két qua siéu am, két qua sang loc
truge sinh (néu ¢6) va chan doan trude sinh cua cac hd so
du tiéu chuén lya chon.

Mau 6i dwoc lam dong thoi 2 xét nghiém: Lap cong thirc
NST va CNV-seq. K§ thuat NST d6: Str dung 10 ml nuéi cdy
té bao 6i, lap karyotype phan tich bo NST thai bang phuong
phap nhudém bang G, theo tiéu chuan cua Hoi nghi quc té
vé Di truyén nguoi 2019 (ISCN). Ky thuat CNV-seq: Ly
tam 8-10 ml dich 061 1ay can t& bao. DNA duoc tach chiét
tir mau, sir dung NEBNext Kit (Hoa Ky) phan cit DNA dé
chuén bi thu vién giai trinh ty. Sau d6, DNA duoc gidi trinh
tu thé hé mai trén hé thdng NextSeq, Illumina (Hoa Ky).
Két qua giai trinh ty dugc so sanh véi b gen tham chiéu
(hg19) (bd gen tham chiéu duoc chia nhoé thanh cac ving c6
kich thudc 100 kb) dé nhan dang bat thuong s6 luong NST
va CNV. Cac doan CNV tim thay dugc phan 16p dua trén
cac co s¢ dir liu: DECIPHER [6], DGV [7], 1000 genomes
[8] va OMIM [9].

2.3. Dao dirc nghién ciru

Nghién ctru tién hanh voi sy tuan thu vé mat y dtre, duoc
Hoi déng Khroa hoc tai Pai hoc Y Ha Noi thong qua theo
Quyeét dinh s0 407/QD-DHYHN ngay 6/2/2024.

3. Két qua va ban luan
3.1. Két qua

1,19%\ r 2,61%

58,91%

BAt thudng hinh thai siéu am Tién st sinh con/mang thai dj tat

A Sang loc NIPT nguy cd cao Vg/chéng mang bat thudng di truyén

Biéu d6 1. Phan loai ly do chi dinh choc hut dich éi cta thai phu.



Trong s6 421 thai phu duoc chi dinh choc hut dich i,
nguyén nhan do bit thudng hinh thai siéu 4m chiém ty 18
cao nhat v6i 58,91%. Sang loc NIPT nguy co cao la nguyén
nhan pho bién thi hai véi 37,29%.

Bang 1. Két qua bat thwong NST chan doan qua xét nghiém NST
do va CNV-seq.

. NST db CNV-seq
Keét qua
n % n %
, _ Bétthuong s6 luong NST thuong 39 92 39 92
Batthuongso . A
lugng NST Bé,n thuong S(? lwong NST gidi tinh X 18 42 21 498
Bat thuong so lugng NST giditinh Y~ 4 0,9 4 0,95
, ~ Bétthuong cu tric NST thuong 57 1353 59 1401
Bat thuong cau 2 Aoy o
iréic NST Berlt thuong czyxu trac NST giditinh X 3 0,71 6 1,43
Bat thuong cau triic NST gigitinh Y~ 0 0,00 0 0,00
Dang kham 16 3,8 15 3,56
Bgt thuong khac (két hop bat thuong so lugng va cau 0 0,00 ) 140
trac NST)
Binh thuong 284 674 275 653
Téng 421 100 421 100

CNV-seq phat hién duogc 146/421 (34,68%) truong hop
bat thudng NST, nhiéu hon so v§i NST d6 phat hién dugc
137/421 trudng hop (32,54%). Trong sb cac bat thuong vé
s6 luong NST, CNV phat hién dugc 64 truong hop trong khi
NST db chi phat hién dugc 61 truong hop. Vé bt thuong
céu trac NST, CNV phat hién dugc 65 truong hop, trong d6
60 trudong hop dugc chan doan trén NST do.

Bang 2. Ty lé phat hién bat thwong di truyén cta 2 phwong phap
theo chi dinh choc hat dich 6i.

Chi dinh xét nghiém Ket‘qua b? t Ket‘qua b? t TX ¢ Phat

dich 5i : thuwong trén thuwong trén hién ting OR
: NST do CNV thém

Bat thutmg hinh théi M3 59 23I% 60 2419% 04% 102

siéu am

Sang loc NIPT nguy cocao 157 76 4840% 82  5222% 3.8% 1,17

Tién sit sinh con/mang ) )

thai di it 5 0 0 2 40% 40% nd

Vo/chong mang bat thuong 0 2 1818% 2 1818% 0% |

di truyén

Tong 421 137 146

CNV-seq c¢6 kha nang phat hién cac bat thuong NST cua
thai do bat thuong hinh thai siéu 4m cao hon NST d6 0,4%
(bang 2). Bdi v6i chi dinh choc 6i xét nghiém di truyén,
do két qua sang loc NIPT nguy co cao, CNV phat hién
82/157 truong hop cé bat thuong, ting 3,8% so véi NST
dd (76/157).

3.2. Ban lugn
Nghién ctru trén 421 thai phu dugc chi dinh choc i 1am

ddng thoi xét nghiém di truyén NST d6 va CNV-seq cho
thay, nhom thai phu c6 bat thuong hinh thai siéu am chiém
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ty 1é cao nhat voi 58,91%, chi dinh choc 6i do thai phu ¢6
két qua sang loc NIPT nguy co cao la nguyén nhén phd
bién th hai. K&t qua nay twong tw v&i nghién ctru caa H.T.
Nguyen va cs (2022) [10]. Theo khuyén céo ctua Hiép hoi
Di truyén va Hé gen Y khoa Hoa Ky (The American College
of Medical Genetics and Genomics - ACMG), CNV dugc
khuyén céo thyc hién trén cac thai phu c6 bat thuong hinh
thai trén siéu 4m nhdm phét hién som cac bat thuong di
truyén [11].

Dbi chiéu giita két qua CNV va karyotyping cho thiy,
két qua tuong ddng trong hau hét cac truong hop bét thudng
s6 lugng NST (64/61 trudng hop). CNV phat hién dugc 21
truong hop bat thuong s6 lwong NST gidi tinh X, trong khi
NST d6 chi phat hién duoc 18 trudng hop. 4 trudng hop bat
thuong s6 luong NST gi6i tinh Y dugc phat hién qua CNV
ciing dugc chan doan qua xét nghiém 1ap cong thirc NST.

V& bt thuong cau trac NST, CNV phét hién duoc 59
truong hop bét thudng ciu tric trén NST thudng trong khi
NST db phat hién duoc 57 truong hop. C6 6 truong hop bat
thuong cau tric trén NST gioi tinh X dugc phat hién bang
CNV, NST db chi chan doan dugc 3 truong hop. Vi ¢d mau
nho nén khong cé truong hop bat thudng ciu trac NST gidi
tinh Y duogc phat hién.

Trong nghién ctru nay, ching t6i cling gap 1 truong hop
NST db chin doan thé kham 2 dong té bao: 45,X/46,X,+mar
trong khi CNV chi phat hién mat doan trén 2 NST X. Ching
toi cho rang, truong hop nay trén NST do khong xac dinh
duoc cu thé kich thudc va vi tri mat doan nén s& khong
cung cip dugc thong tin di truyén chi tiét nhu két qua CNV.
Viéc CNV khong phét hién ra tinh trang kham c6 thé 1a do
han ché vé mat ky thuat hodc do tac dong cua cac san phé"im
ngoai lai trong qua trinh nuoi cdy té bao. Nghién ciru ciia
N. Ma va cs (2021) [12] d3 mé ta vé truong hop nay.

C6 2 trudng hop bat thuong két hop duge phat hién bing
CNV, trong d6 1 trudng hop cho két qua trisomy 21 két hop
lap doan trén NST sb 4 nhung két qua NST dd chi phat hién
trisomy 21. Trudng hop con lai CNV tra 16i phat hién dong
thoi bat thuong sd luong trén NST X va lap doan trén NST
s6 7, nhung NST d6 chi cho két qua monosomy X. Ca 2
truong hop nay bat thuong ciu trac duge phat hién trén CNV
déu 1a cac 1ap doan ¢6 kich thudc <5 Mb, do vay xét nghiém
1ap cong thirc NST truyén thong khong phét hién dugc.

Nhu véy, xét nghiém CNV ting kha nang phat hién bat
thuong trén NST so véi NST dd, dic biét 1a cac bat thuong
vé cu trac NST. Nghién ctru ciia H. Luo va cs (2023) [13]
ciing cho thiy hiéu qua phat hién bat thudng trén CNV so
v6i karyotype ting 5,11%. V&i kha nang phat hién cac bat
thudng c6 kich thudce tir 400 Kb, CNV-seq cho thdy vai tro
bd sung chan doan dbi vai cac truong hop mat doan hodc
lap doan nho c6 kich thudc nim ngoai giGi han phan giai
cua ky thuat 1ap cong thirc NST.
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Gia tri clia xét nghiém CNV-seq c¢6 mbi lién quan véi
ly do thai phu dugc chi dinh choc 6i. V&i nguyén nhan
thai phy hodc chdng c6 bét thuong di truyén, CNV khong
ghi nhan thém bit thuong nio so véi lap cong thirc NST.
Tuy nhién, cac chi dinh choc i con lai déu ghi nhan phat
hién bét thuong trén CNV nhiéu hon NST d6. Déi véi chi
dinh xét nghiém dich 6i do két qua sang loc NIPT nguy co
cao, CNV phat hién 52,2% trudng hop cé bat thuong, ting
3,8% so voi NST d6. Két qua nay twong tu v&i nghién ciru
ctia P. Xiang va cs (2023) [14]. Cac nhom thai phu c6 bat
thuong hinh thai trén siéu 4m hay c6 tién sir sinh con/mang
thai di tat, xét nghiém CNV déu phat hién thém cac truong
hop mang bét thuong di truyén so v6i NST do. Thuc hién
test kiém dinh Chi-square cho két qua ctia 2 xét nghiém di
truyén theo chi dinh choc i, ching t6i nhan théy su khac
biét co y nghia thong ké véi p<0,05. Nghién ciru cua X.
Zhao va cs (2019) [15] cung voi J. Zhang va cs (2021) [16]
cling cho két qua tuong ty.

Nhu vay, bén canh NST db 1a tiéu chuan vang trong chan
doan céc bat thuong di truyén, CNV nén 1a xét nghiém duoc
thuc hién trén cac doi tuong co két qua sang loc NIPT nguy
co cao, thai c6 bat thuong hinh théi siéu am hay thai phu
¢6 tién st sinh con/mang thai di tat, giap han ché bo sot bat
thuong ¢ thai nhi.

4. Két luan

CNV—seq la xét nghiém di truyén bd sung hiéu qua cho
NST 46, gilp lam tang dang ké ty 1¢ phat hién cac truong
hop thai ¢6 bat thuong sé luong va ciu tric NST. Tuy nhién,
bén canh chi phi cao, CNV con c6 céac han ché nhu khong
phat hién duoc cac bat thuong cu tric NST dang cin bing
hay cac truong hop da boi. Vi Vﬁy, nén cén nhéc chi dinh
CNV song song v6i ky thudt nudi cay té bao 6i lap NST do
trén cac doi tugng co két qua sang loc NIPT nguy co cao,
thai co bét thuong hinh thai siéu 4m hay thai phy c6 tién st
sinh con/mang thai di tét dé ¢6 duogc chan doan chinh xac
nhét céac rdi loan di truyén & thai nhi.

LO1 CAM ON

Nhom tac gia xin chén thanh cam on Trung tam Sang
loc, Chan doan trudce sinh va so sinh, Bénh vién Phu San Ha
No6i da hd trg ching t6i thuc hién nghién ctru ndy. Xin cam
on cac ddi twong nghién ctru da hd trg va dong y tham gia
vao nghién cuu.
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Danh gia két qua sang loc 1éch bdi nhiém sic thé gi gi0i tinh thai nhi
bang xét nghiém trude sinh khong xam lan
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Tom tit:

Muc tiéu: Khao sat két qua sang loc 1éch bdi nhiém séc thé giéi tinh thai nhi bing xét nghiém trwéc sinh khong xam
lan (NIPT). Phwong phap nghién ciru: Nghién ctru mé ta cit ngang trén 1.200 thai phu tham gia lam NIPT léch bi
tai Trung tAm Di truyén lim sang, Bénh vién Dai hoc Y Ha Noi ndm 2021-2022. Cic thai phu c6 két qua NIPT nguy
co' cao duwgc xét nghiém nhiém sic thé db tir té bao dich 6i nudi ciy dé danh gia hiéu qua sang loc NIPT. Két qua:
Tudi trung binh cia ddi twong nghién ciru 1a 31+4. Ty 1¢ thai phu lam cac sang loc truéce sinh khac truée khi lam
NIPT la 63,0%; trong do, 58,1% nguy co thép, 4,9% nguy co cao. Ty 18 NIPT duwong tinh véi 1éch bi nhiém sic thé
gidi tinh (SCA) chiém 0,67%. Gia tri dy doan dwong tinh (PPV) caa tit ca cac két qua NIPT dwong tinh dbi voi SCA
thai nhi 1a 62,5% (5/8), PPV ca nhéan thap nhit dugc quan sat thay dbi voi thé monosomy X la 25% (1/4). Két luén:

NIPT c6 thé sang loc SCA nhung khong phai la xét nghiém chan doan SCA cho thai. Trong s6 cac SCA dugc sang loc
béi NIPT, thé monosomy X ¢0 ty I¢ dwong tinh gia cao nhét. Tét ca cac thai phu ¢6 NIPT dwong tinh véi SCA can
duge tuw vf'm di truyén va chan do4n trwdc sinh.

Tir khéa: 1éch bdi nhidm sic thé gi6i tinh, sang loc, xét nghiém trudc sinh khéng xam lan.

Chi s6 phén loai: 3.1,3.3, 3.5

Evaluation of the results of screening for fetal sex chromosome aneuploidy

by non-invasive prenatal testing
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Abstract:

Objectives: To investigate the results of screening for fetal sex chromosome aneuploidy (SCA) by non-invasive
prenatal testing (NIPT). Methods: A cross-sectional study was conducted on 1,200 pregnant women who underwent
NIPT for SCAs at the Centre of Clinical Genetics and Genomics, Hanoi Medical University Hospital, from 2021 to
2022. Pregnant women with high-risk NIPT results were confirmed by karyotyping from cultured amniotic fluid
cells. Results: The average maternal age was 31+4 years. The proportion of women who underwent other antenatal
screenings before NIPT was 63.0%, of whom 58.1% were classified as low risk and 4.9% as high risk. The rate of
NIPT-positive results for SCAs was 0.67%. The positive predictive value (PPV) of all positive NIPT results for SCAs
was 62.5% (5/8). The lowest individual PPV was observed for monosomy X at 25% (1/4). Conclusions: NIPT can
be useful for screening fetal SCAs, but it is not a diagnostic test. Among the SCAs, monosomy X had the highest
false-positive rate. All pregnant women with positive NIPT results for SCAs should receive genetic counselling and
undergo confirmatory prenatal diagnostic testing.

Keywords: non-invasive prenatal testing, screening, sex chromosome aneuploidy.
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1. Datvan dé

Bét thuong nhidm séc thé gisi tinh bao gdm cac bién ddi
vé cu trac (mét doan, 13p doan, nhiém sac thé vong...) hoac
s6 lugng (don nhim, tam nhidm...) xay ra & nhiém sic thé
X va/hoic nhiém sic thé Y [1]. Pay 1a nguyén nhan chinh
dan dén cac hoi ching lién quan dén rdi loan hinh thanh
gidi tinh va phat trién co thé. Trong d6, cac hoi ching SCA
nhu: Turner, 47, XXX va Klinefelter thuong gép nhat, voi
ty 1& khoang 1/1.000-2.000 tré dé séng [2]. Viéc sang loc,
chan doan sém va chinh xac cac bat thuong nhidm sic thé
gidi tinh s& nang cao hiéu qua quan 1y thai ky, didu trj sém,
cai thién chit luong séng cho bénh nhi sau khi duoc sinh ra.

Tir trude dén nay, cac xét nghiém sinh hoa sang loc trude
sinh SCA nhur Double test, Triple test phdi hop c6 do nhay
va do dac hiéu twong ung khoang 85 va 95% véi Trisomy
21, tuy nhién, hiéu qua sang loc SCA van con han ché. Gan
day, xét nghiém NIPT phan tich DNA thai ty do trong méau
me (cell-free fetal DNA - cffDNA) da duogc ing dung rong
rdi trong sang loc SCA. Phuong phap nay cho thiy d nhay
va do dic hiéu 1én toi 99% ddi vai Trisomy 21, tuy nhién
cac dir liéu théng ké vé gia tri sang loc SCA van con han
ché. Mot s6 nghién ctru trén thé gidi sir dung k¥ thuat giai
trinh tu NIPT da cho thay, PPV d6i vi SCA cua thai nhi
trong khoang 31,8-77,3% [3, 4]. Tai Viét Nam da c6 nhiéu
nghién ctru vé gia tri NIPT trong sang loc 1éch boi Trisomy
13, Trisomy 18, Trisomy 21, nhung cac cong bd vé gia tri
NIPT trong sang loc SCA van con rat han ché. Dé danh gia
gia tri ctia NIPT trong sang loc cic bat thuong sé luong
nhiém sic thé giéi tinh & thai nhi, nghién ctru nay duoc
thyc hién nham khao sat két qua sang loc SCA bang phuong
phap NIPT.

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

1200 thai phu tur tuan thai thr 10 tré 18n, c6 tham gia lam
NIPT tai Trung tdm Di truyén lam sang, Bénh vién Dai hoc
Y Ha Noi trong nam 2021-2022. NIPT dugc thuc hién trén
hé thdng giai trinh ty thé hé méi cua Illumina (Hoa Ky).
Ngudng cffDNA tdi thiéu dé phan tich 1a 4%. Xét nghiém
SCA chi bao g&”)m cac truong hop: 45,X; 47,XXX; 47,XYY
va 47,XXY. Thu thap céac thong tin nghién ctru duva trén hd
so luu trit. Phan loai két qua NIPT nguy co cao va thap.
Céc thai phu c6 két qua NIPT nguy co cao duoc xét nghiém
nhiém sic thé d6 té bao dich 6i nudi cay dé danh gia hidu
qua sang loc NIPT.
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2.2. Phwong phdp xir Iy s6 ligu

Str dung phan mém EpiData 3.1 dé nhap s6 liéu, STATA
17.0 dé phan tich s6 liéu. Thong ké mé ta véi bién dinh tinh
1a tan suat, ty 1¢ %. Panh gia va so sanh két qua xét nghiém
NIPT véi karyotype qua tinh todn ty 1€ va gia tri tién doan
dwong tinh (PPV). Mirc y nghia théng ké duoc thiét lap khi
p<0,05 .

2.3. Dao dirc nghién ciru

Nghién ctru dugc théng qua boi Hoi dong dao dirc cua
Truong Pai hoc Y Ha N6i va su cho phép cta Trung tdm Di
truyén lam sang, Bénh vién Dai hoc Y Ha Ngi.
3. Két qua

Bang 1. Dic diém chung cua déi twong nghién ciru (n=1200).

Dic diém chung S6 lwgng (n)  T¥ 1& (%)

, . <35 798 66,5

Tudi me (tudi)

>35 402 335
Tubi me trung binh (£SD) 31,7+5,7
Tudi thai (tuin) 10-22

Khong 444 37,0
Sang loc trude sinh khac  Nguy co thip 696 58,1

Nguy co cao 60 49
Xét nghiém truéc sinh Nguy co thap SCA 1192 99,33
khong xam lan Nguy cocao SCA 8 0,67

SCA: Léch bdi nhiém sac thé gisi tinh.

Két qua bang 1 cho thiy, tudi trung binh cta ddi twong
nghién cuu la 31,745,7, phﬁn 16n d6i tugng thudc nhém <35
tudi (66,5%), chi c6 33,5% dbi twong >35 tudi. Tudi thai khi
lay miu mau déu nam trong khoang 10-22 tuan thai.

Ty 1€ thai phu da thuc hién sang loc trudc sinh khac nhu
siéu am hinh théi, Double test, Triple test... trudc khi [am
NIPT 14 63,0%; trong d6, 58,1% nguy co thap, 4,9% nguy
co cao. Tuy nhién, trong 1200 ca NIPT, chi ¢6 0,67% két
qua cb nguy co cao voi SCA.

Bang 2. Két qua xét nghiém trwéc sinh khéng xam lan (n=1200).

Két qua S6 lwong (n) TV 1§ (%)
Duong tinh 8 0,67
Am tinh 1192 99,33

SCA: Léch boi nhiém sac thé giai tinh.

Két qua bang 2 cho thiy, 8/1200 trudng hop NIPT cho
Kkét qua duong tinh voi SCA déu duoc chi dinh choc 6i vao
tuan thai 16-18, chiém ty 1& 0,67%.



Bang 3. Gia tri ciia xét nghiém trwéc sinh khéng xam lan trong
sang loc léch boi nhiém séc thé giéi tinh.

Kiéu I!hiém Duong tinh - karyotype Duwong tinh thit Dwong tinh gia ~ PPV
sac thé (n) (n) (n) (%)
45X 4 1 3 25

47.XXY 2 2 0 100
47.XXX 1 1 0 100
47XYY 1 1 0 100
Tét cé 8 5 3 62,5

PPV: Gia tri dw doan dwong tinh.

Két qua bang 3 cho thdy, co SCA trong 5 truong hop
(1 truong hop 45,X; 1 truong hop 47,XXX; 2 truong hop
47,XXY; 1 truong hop XYY); 3 truong hop con lai co
nhiém sic thé binh thuong.

Gi4 tri du doan duong tinh cua tit ca cac két qua NIPT
dwong tinh d6i voi SCA thai nhi 1a 62,5% (5/8). Trong s6
4 dang SCA, PPV thip nhit dugc quan sat thdy ddi voi
monosomy X 1a 25% (1/4).

Bang 4. Két qua thai ky cua nhirng trwong hop phat hién léch boi
nhiém séic thé gi&i tinh bing xét nghiém trwéc sinh khong xam
lan.

Tubi Sang lgc bing siéu Karyotype PSP

Nguy co - Am thai thai Két qué thai ky

45X 38 D§ mo da gay 3,2 mm 45X Bo thai

45X 26 Binh thuong 46 XX Say thai 6 tuan thir 18

45X 28 Binh thuong 46XX Nir kiéu hinh binh thudng

45X 31 Binh thuong 46,XX Nir kiéu hinh binh thuong

4IXXY 36 Binh thuong 47XXY Nam kiéu hinh binh
thuong

47XXY 37 Binhthuong 47XXY Nam kiéu hinh binh
thuong

47XXX 39 Thong lién thit, da 6i 48 XXX, +18  Bo thai

4IXYY 34 Domodagiy28mm  47XYY penl b
thuong

Két qua bang 4 cho thiy, trong s6 5 truong hop mic
SCA, 2 truong hop bd thai; 1 truong hgp karyotype binh
thuong nhung say thai lac 18 tuan, sau khi choc 6i 10 ngay.
Pang chu y, cac truong hop gitt thai, da sinh con, cho du
két qua chan doan trudc sinh bat thudong gidi tinh thi déu
¢6 kiéu hinh binh thuong khi dugc danh gia sau sinh 1
thang tudi.
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4. Ban luan

Xét nghiém NIPT dua trén co s phan tich DNA thai
tir do trong mau me (cffDNA). cffDNA bat ngudn chi yéu
tir nguyén bao nudi ciia nhau thai, mot t6 chirc mé c6 cu
trac kham cao. Do d6, NIPT ciing c6 cic yéu t6 tao nén ty
1€ duong tinh gia, am tinh gia nhét dinh. Viéc lva chon xét
nghiém chan doan sau khi co két qua NIPT nguy co cao
ciing can duogc can nhic can than, dya trén cac ngudn gdc té
bao ctia timg loai mau. Choc i cho phép hién thi chinh xéac
hon kiéu nhan that cua thai nhi voi kha ning gia kham thap
hon, trong khi iy miu tua rau cho thiy hién twong kham
banh rau c6 thé lam nhidu két qua xét nghiém.

Phan tich DNA thai tu do trong mau me cffDNA khong
chi dugc ap dung dé sang loc thé 3 nhiém sic thé 21, 18 va
13 ma con c6 kha ning ap dung dé phat hién cac thé léch
bdi khéc, bao gdbm ca nhiém sic thé gi6i tinh. Ty 1& phat
hién SCA ctia NIPT chi c¢6 thé duogc danh gia chinh xac néu
toan by ca bénh nguy co cao va thép duoc thuc hién lam xét
nghiém karyotype va theo ddi két qua thai ky. Trong nghién
ctru cua chung t6i, khi cac két qua sang loc NIPT nguy co
cao moi dugc thuc hién karyotyping cho dich bi, do do st
dung tiéu chi PPV lam thudc do 1a mot cach tiép can phu
hop hon trong danh gi gia tri cia NIPT véi sang loc SCA.

Chi s6 PPV véi SCA trong nghién ctru 13 62,5%, c6 su
khac biét so véi mot s6 nghién ciru khac [4], ¢6 thé lién quan
dén s6 luong mau, ty 1& mic bénh trong quéan thé nghién ctru
thép, thiét ké nghién ctiu va sb luong thai phu thyc hién xét
nghiém karyotype trong nghién ctru. Trong mot sé nghién
ctru 16m, chi c6 1/3 thai phu c6 xét nghiém NIPT duong tinh
duogc theo doi 1am sang trong cac nghién ctru. PPV cuia mot
xét nghiém s& thip hon trong quin thé co ty 16 mic bénh
thdp. PPV véi 45,X 1a thap nhét trong s cac nguy co SCA
duoc phat hién bdi NIPT. Co mau clia nghién ctru con han
ché nén két qua chi c6 thé dua ra nhan xét 1a PPV thip nhat
trong nghién ctru chtr chua dai dién cho quin thé. Truong
hop monosomy X thuong c6 dau hiéu chi diém la ting do
mo da gay (NT). Vi vay, khi két qua xét nghiém NIPT duong
tinh voi 45,X, néu két qua siéu 4m c6 NT binh thuong thi
kha nang thai ¢ NST gidi tinh binh thuong (46,XX) cao
hon so véi thai c6 tang NT. Trong truong hop siéu am co
NT >3 mm, nén tu van thai phu thuc hién thu thuat xam lan
lam xét nghiém karyotype, thay vi tu van xét nghiém NIPT.
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Do vay, ty 1& phat hién monosomy X s& thap hon do nhém
thai phu ¢6 NT >3 mm da dugc thuc hién xét nghiém
karyotype ma khong xét nghiém NIPT.

Trong nghién ctru nay, gia tri tién doan duong cua NIPT
trong monosomy X 1a 25%, thap nhit trong sd cac bat
thuong ) luong NST gioi tinh duge dy bao boi NIPT. Miac
du ¢& miu nghién ctru con han ché nhung xu huéng nay
cling phu hop véi cac nghién ctiru trude do6: PPV cia NIPT
dbi voi cac hoi chimg SCA: 45.X; 47,XXX; 47,XXY va
47,XYY lan lugt 1a: 23, 27, 50 va 36% [5-7]. V6i ¢& mau
con han ché, 11 trudng hop nguy co cao léch boi NST gidi
tinh, M.T. Tran va cs (2024) [7] phat hién SCA c¢6 gia tri
tién doan duong 14 61,1%, twong dong v4i nghién ctru cia
chiing t6i (62,5%); PPV ctua 47,XXX, 47,XYY; 47,XXY va
45X lan luot 1a 100, 100, 66,7 va 33,3%. Gia tri PPV cia
hoi chimg monosomy X déu thap nhat trong sb cac loai léch
boi NST gidi tinh & cac nghién ctru di néu trén. Didu nay
¢6 thé do mdt vai co ché sinh hoc nhu: trong s6 cac loai
léch boi NST gioi tinh, thé 45,X ¢ ty 1¢ kham béanh rau cao
hon, ty 1¢ kham 45,X ¢ me cao hon nén lam tang két qua
duong tinh gid monosomy X trong xét nghiém NIPT. Két
qua nghién ctru cung cap nhiing goi y quan trong cho viéc
tu van san phu khi nhan két qua NIPT dwong tinh véi SCA,
dic biét 1a trong trudong hop thé 45,X, von c6 ty 16 duong
tinh gia cao hon so véi cac dang léch bdi nhiém sdc thé
khac. Vi vay, cac két qua NIPT dwong tinh SCA can phai
chan doan trudce sinh. Ddi véi dién giai két qua chan doan
trude sinh SCA ciing can than trong loai trir céc yéu td nhidu
nhu kham banh rau, kham tir me, 1a cac loai bat thuong ma
khong tdn tai thue sy & thai. Tinh trang kham banh rau hoéc
kham tir me c6 thé dugc xac nhan bﬁng cach phan tich sau

hon vé mo gai rau hodc t€ bao mau ngoai vi cia thai phu.

Ddi vé6i cac bat thuong ctia nhiém sdc thé khéc, dac biét
1a 3 nhiém sic thé 13, 18, 21, siéu am hinh théi va sang loc
sinh héa Double test, Triple test 1a nhitng cong cu hitu hi¢u
trong phat hién di tat thai, tuy nhién d6i v6i cac bat thuong
lién quan dén SCA X,Y, biéu hién trén siéu 4m thai nhi rat
mo nhat va kho phat hién do biéu hién cua cac hoi chung
bat thuong SCA hau hét lién quan dén cham phat trién tri
tué nhe, rdi loan dic diém sinh duc thir phat hay vo sinh.

V6i hoi chig Turner, ¢ thé c6 hinh anh nang bach huyét
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& ¢b, chan tay, hoac nép da hoac nép da thira & ¢, thiéu san
tim trai hodc bat thuong than nhung khong dién hinh. Cac
hoi chimg Klinefelter, Jacobs, XXX hau nhu khong phat
hién duoc bat thuong trén si€u am hinh thai thai nhi. Cac
dau hiéu goi y SCA trén siéu am rt nghéo nan va khong
dic hiéu, da sb truong hop siéu am hinh thai thai nhi binh
thuong nhung 1am NIPT va chin doan nhiém sic thé do
trude sinh lai phat hién SCA (bang 4). Trong 8 truong hop
SCA, dang chii ¥ c6 7 truong hop siéu am thai déu binh
thuong hoac chi tang khoang sang sau gay mutc d¢ nhe, duy
nhit mot truong hop c6 siéu am bat thudng phic tap bao
gdm thong lién that va da 6i. Truong hop nay ciing c6 nhiém
séc thé dd bat thuong phuc tap, 48,XXX,+18, khong chi
SCA don thuan XXX ma con thém mot nhiém séc thé s6 18.
Diéu nay pht hgp véi phét hién bat thuong hinh thai phuc
tap trén siéu 4m hay gip ¢ cac thai mac Trisomy 18. Cac
sang loc sinh hoa nhu Double test, Triple test hau nhu it ¢6
gia tri trong sang loc SCA. Do vy, néu chi xét riéng trong
sang loc SCA thai ky thi gia tri tién doan duong cua NIPT
cao hon hin cac phuong phap sang loc truée sinh truyén
thdng, diéu nay gitp ting ty 1& phat hién va giam ty 1¢ thai
phu phai trai qua thu thuat xam 14n khong can thiét.
Khoang 99% monosomy X bi say thai ty nhién trong 3
thang dau thai ky, trong khi hau hét 1éch boi NST gi6i tinh
khac cho thay khéng co triéu ching 1am sang rd rang hodc
bat thuong trén siéu am. Mac du ty 1¢ méc SCA cta mdi loai
léch boi twong d6i hiém, nhung ty 1& SCA tich lily xay ra
khoang 0,3% tong so truong hop sinh séng. That vy, ty 1é
tré sinh séng méic 1éch boi NST gidi tinh cao hon rit nhidu
so voi 1éch bdi NST thuong (Trisomy 21, Trisomy 18 hodc
Trisomy 13). Diéu nay phan anh thyc té rang, SCA hiém
khi gay chét nguoi va cac dac diém kiéu hinh ciia SCA it
nghiém trong hon cac léch boi NST khac. Theo T6 chirc
Y té thé gioi (WHO), cac hoi ching SCA chiém gan 50%
tong s6 bat thuong nhidm sic thé & nguoi. T6 chire nay ciing
béo cdo rang, khoang 1/400 ngudi ¢ kiéu hinh binh thuong
(twrong duong 0,25%) mang SCA [8]. Céc can thi¢p sém
nhu liéu phap hormone va liéu phap thay thé hormone da
dugc chimg minh c6 thé cai thién bién ching cho nhiing
tré méic 45,X hodc 47,XXY [9]. Ddi véi thai, Trisomy X ¢6
thé lién quan dén thai cham phat trién, rdi loan nhan thic,

khuyét tat vé hoc tap va r6i loan tam 1y, do vay phat hién
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som Trisomy X gitp gia dinh va xa hoi c6 thé 1ap ké hoach
giao duc va cham soc y té s6m cho tré [10]. Vi vay, sang loc
va chan doan trudc sinh SCA c6 thé gop phan dua ra nhiing
bién phap chiam soc va diéu tri cho tré SCA kip thoi.

Han ché cuia nghién ctru nay 13 ¢& mau nho va chua thé
xéac dinh dugc ty 18 4m tinh gia trong phat hién SCA bang
NIPT, do gip kho khan khi thyc hién chdn doén karyotyping
cho timg tré so sinh. Viéc chan doan cac tré so sinh mic
SCA ciing nhiéu khé khan do tru6e tudi day thi, nhiéu hoi
chtng 16ch bdi nhidm séc thé gidi tinh c6 thé xuat hién binh
thuong, khong c6 hodc chi co khuyét tat nhe vé thé chat
hodc tri tué. Cac biéu hién 1am sang thuong boc 10 16 hon
khi tré dén tudi dy thi hodc khi c¢6 nhu cau sinh san, do do,
rat khé chan doan 1am sang xac dinh hoi chimg SCA trude
tudi day thi ma khong c6 xét nghiém di truyén. Mot nghién
clru tiép theo voi ¢& miu 16n hon, du dai dién cho quéan thé
s& duoc tién hanh khi nhom nghién ctru tich lity thém duogc

dit liéu nghién ctru.
5. Két luan

Xét nghiém trudc sinh khong xam lan c6 thé sang loc
SCA hitu hi¢u hon cac phuong phap sang loc trude sinh
trude day, gitip tang ty 1€ phat hién va giam ty 1¢ can thiép
xam lan khong can thiét, nhung NIPT khong phai 1a xét
nghiém chan doan léch boi NST gidi tinh cho thai. Trong
s6 cac 1éch boi nhidm sic thé gidi tinh dugc sang loc boi
NIPT, thé monosomy X c6 ty 1& duong tinh gia cao nhat.
Diéu nay co6 thé hd tro thong tin tu van di truyén cho cac
thai phu c6 NIPT nguy co cao SCA. Tét ci céac thai phu co
NIPT duong tinh vé6i léch boi nhiém sdc thé gidi can duoc

chan doan trudce sinh.

Nhom tac gia xin chan thanh cam on Vién Di truyén Y

hoc d hd trg hoan thanh bai bao nay.
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Tong hop va thit hoat tinh gy doc té bao ung thw
ciia mot s0 dan chat indole carbohydrazide

Cao Thi Cim Nhung"
Truong Dai hoc Y Dugc, Dai hoc Hué, 6 Ngo Quyén, phwong Thudn Hoa, TP Hué, Viét Nam
Ngay nhan bai 10/1/2024; ngay chuyén phan bién 12/1/2024; ngay nhan phéan bién 18/2/2024; ngay chép nhan dang 25/2/2024
Tom tat:

Cic din chit indole dwgc danh gid cé tiém ning to 16m trong tong hop va phit trién thudc ung thw. Nghién ciru tién
hanh téng hop va danh gia hoat tinh giy dc té bao ung thw ciia mét s6 din chit indole carbohydrazide. Mat loat
din chit indole carbohydrazide di dwoc tong hop bing cac phan tng ngung tu co ban. CAu tric cia cac din chit
dwoc xac dinh bang phwong phap phé 'H-NMR, 3C-NMR va MS. Hoat tinh giy ddc té bao ung thw in vitro cia
cic chit tong hop dwoc danh gia theo phwong phap xét nghiém mau sulforhodamine B (SRB) trén dong té bao ung
thw rujt Kkét ngudi (HT-29). Két qua thir hoat tinh cho thz"ly,‘4 din chat IL, IT,, II_va II, thé hién hoat tinh gy dfc
te Pz‘lo trén dong té bao ung’thu’ thir nghiém véi gié’tri IC,_, nam trong khodng 1,72-48,’85 uM. Trong d6, dan chat I1
thé hién hoat tinh giy doc té Pz‘lo ung thu manh I}hﬁt v0’1 gié‘ tri IC,=1,72+0,29 uM. Két qua nghién ctru goi y nhirng
thong tin quan trong trong tong hop va phat trién thuoc di€éu tri ung thw méi tir khung indole carbohydrazide, gop
phén dinh huéng cho nhirng nghién ciru tong hop tiép theo, tim kiém hop chit giy doc té bao ung thw tir cic din
chit mang khung chit indole carbohydrazide theo phwong phap tong hop héa hoc.

Tir khéa: din chit indole carbohydrazide, hoat tinh giy déc té bao, tong hop.
Chi s6 phin logi: 3.4, 3.5
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Abstract:

Indole derivatives are considered to have great potential in the synthesis and development of cancer drugs.
The main objective of this study was to synthesise some indole carbohydrazide derivatives and test their
cytotoxicity on human cancer cell lines. A series of indole carbohydrazide derivatives was synthesised by the basic
condensation reaction. The chemical structure of these compounds was elucidated by 'H-NMR, *C-NMR, and MS
spectral analysis. The in vitro cytotoxic activities of all synthesised compounds against human colon cancer cells
(HT-29) were evaluated by the SRB assay. The results showed that compounds I, IL, IT , and II, exhibited activity
against the tested cell lines with IC, values ranging from 1.72 to 48.85 uM. Especially, the compound II_displayed
the most potent anticancer activity against HT-29 cells with 1C,=1.72+0.29 uM. The study results suggest important
information about the synthesis and development of new cancer drugs from the indole carbohydrazide framework,
contributing to the orientation of future comprehensive studies in the search for cytotoxic compounds against cancer
cells from derivatives bearing the indole carbohydrazide scaffold using chemical synthesis methods.

Keywords: cytotoxic activity, indole carbohydrazide derivatives, synthesis.
Classification numbers: 3.4, 3.5
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1. it van de

Trong linh vuc nghién ciru va phat trién thudc, dé tiét
kiém chi phi, thoi gian va nhanh chéng dua thudc ra thi
truong, cac nha nghién ctu thuong dua trén cac chat dang
duoc tng dung lam thudc hodc c6 hoat tinh sinh hoc tbt, tir
d6 thay d6i hodc két hop cac cdu tric nay dé tao ra cac dan
chat méi c6 tac dung mong muén hodc ¢6 hiéu qua cao hon.
Vong indole duoc coi 1a phan tir chii chdt ton tai trong cac
hop chét c6 hoat tinh sinh hoc da dang [1-3]. Dac biét, cac
dan chét cua indole dugc chimg minh 1a c6 tac dung ngin
chin su sinh sbi va x4m l4n cua nhiéu té bao ung thu [4-7].
Nham muyc dich gop phan tao ra sy phong pht vé mit ciu
tric va danh gia so bo hoat tinh khang ung thu ctia nhém din
chét indole carbohydrazide, nghién ctu dugc thyc hién véi
2 muyc tiéu: tong hop mot s6 dan chat indole carbohydrazide;
danh gia hoat tinh gay doc t& bao ung thu cia mot sé dan
chit indole carbohydrazide da tong hop duoc.

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

Pbi tugng nghién ctu 1a cac dan chit indole
carbohydrazide dugc tong hop tir nguyén liéu ban dau 1a
methyl 1H-indole-2-carboxylate va methyl 1H-indole-3-
carboxylate.

Hoa chit dwoc cung cép’ boi Hang: Sigma-Aldrich,
Merck va dugc st dung truc tiép, khong tinh ché lai.

Phé cong huong tir hat nhan ('H-NMR, “C-NMR) dugc
ghi trén may Bruker AC-500 MHz, ph6 khoi Iugng (MS)
duoc do trén may LTQ Orbitrap XLTM véi ky thudt ion
hoa phun mu dién tir (ESI) tai Vién Hoa hoc, Vién Han lam
Khoa hoc va Cong ngh¢ Viét Nam.

Dong té bao thir nghiém: Té bao ung thu rudt két & ngudi
(HT-29) do Vién Cong ngh¢ Sinh hoc, Vién Han lam Khoa
hoc va Cong nghé Viét Nam cung cap.

2.2. Phwong phdp nghién ciru

2.2.1. Phwong phdp tong hop

Céc dan chét indole carbohydrazide dugc tong hop theo
hai quy trinh, mdi quy trinh gom 2 giai doan (hinh 1).

H
|
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Giai doan 1: Tong hop dan chit 1H-indole-2-carbohy-
drazide (I) va 1H-indole-3-carbohydrazide (I'): Cho 175
mg (1 mmol) methyl 1H-indole-2-carboxylate hodc methyl
1 H-indole-3-carboxylate vao binh cau day tron dung tich 50
ml, hoa tan hoan toan bﬁng 2 ml ethanol. Thém 0,15 ml (3
mmol) hydrazin vao binh phan tmg, dun hon hgp & nhiét do
70°C trong 3 gio. Theo ddi phan timg bang SKLM, pha dong
chloroform : aceton = 6 : 1. Lam lanh, loc thu tia. Rura va
tinh ché tua béng ethanol lanh, séy kho.

Giai doan 2: Téng hop cac dan chitindole carbohydrazide
(IL_): Phan tan 8,75 mg (0,05 mmol) chat 1H-indole-2-
carbohydrazide (I) hoac 1H-indole-3-carbohydrazide (I')
vao 2 ml ethanol, thém tiép dan chat benzaldehyde (0,05
mmol) vao binh phan ung, thém vai giot acid acetic dac,
dun hén hop & nhiét d6 60-70°C trong khoang 4-5 gio.
Lam lanh, loc rira tia bang ethanol lanh, sy kho. Tinh
ché san pham bang sic ky cot (sit dung hé dung moi
n-hexan : aceton = 3 : 2) hodc két tinh lai trong ethanol.

2.2.2. Phuwong phap thir tac dung gdy ddc té bao ung th

Thir hoat tinh gy ddc té bao in vitro cia cac dan chat
dugc tién hanh theo phuong phap ciia P. Skehan va cs (1990)
[8]. Phép thir dugc thyc hién trén dong té bao ung thu rudt
két & nguoi (HT-29) va lap lai 3 1an dé dam bao tinh chinh
xac. Ellipticine ¢ cac nf”)ng do 10, 2, 0,4, 0,08 ug/ml dugc
sir dung nhur 14 chat d6i chimg duong. DMSO 1% luén dugce
str dung nhu ddi chimg 4m (ndng do cudi cing trong giéng
thur 1a 0,05%).

3. Két qua

Téng hop héa hoc: Dit lidu cac hop chét trung gian tong
hop duogc thé hién tai hinh 2.

1H-indole-2-carbohydrazide (I): Chit rin, mau tring,
khong tan trong nudc, tan trong aceton, DMF. Hiéu suat:
87% (152 mg). T°_: 228,1-230,3°C. Sic ky 16p mong: Hé 1:
Chloroform : ethyl acetat (1 : 2), R =0,83; H¢ 2: Chloroform :
aceton (6 : 1), R=0,67; H¢ 3: Chloroform, R =0,39.

o " 1 H-indole-3-carbohydrazide

L @? ; (I'): Chét rdn, mau tring, khong
N tan trong nudce, tan trong aceton,

H I DMF. Hiéu suét: 81% (141 mg);
Cﬁi T :232,7-233,8°C. Séc ky 16p

o N ﬂ“ mong: H¢ 1: chloroform:aceton

~— )R
§ HNCN
Y

’ Quy trinh 1 e ’

Quy trinh 2

(1:3), R=0.81; H& 2

I :R=4-CLII,: R=4-OH, I : R = 4'NO,, I : R =4"-CI, Il : R =4"-OH, I : R = 4'NO,
Téc nhén va diéu kién: a) a’) Hydrazin, ethanol, dun 70°C; b) b’) Dan chét benzaldehyde, ethanol, acid acetic ddc, dun 60-70°C.

Hinh 1. Quy trinh téng hop céc dan chét indole carbohydrazide (II_).
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chloroform:ethyl acetat (1:3),
R=0,57; H¢ 3: n-hexan:aceton
(1:1), R=0,32.

a4
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IL, .

IL,: R=4-CL II,: R = 4-OH, II: R = 4-NO,, II,: R = 4-CL, I : R =4"OH, II,: R = 4-NO,

Hinh 2. C4u tric cta cac dan chét indole carbohydrazide tdng hop dwoc i, .

Dir liéu vé tinh chit va phd cia cac dan chét indole
carbohydrazide tong hop duoc:

4-chlorobenzylidene-1H-indole-2-carbohydrazide (IL):
Chat ran, mau tring. Hiéu suat thuc té: 70% (10,43 mg).
T - 251,7-253,8°C. MS (ESI) m/z 297,9 [M+H]". "H-NMR
(600 MHz, DMSO-d,, ppm): 6 7,09 (m; 1H; H, ), 7,24 (m;
1H; H, ), 7,32 (s; 1H; H,), 7,47 (d; 1H; J=7,8 Hz; H,, ), 7,54
(d; 2H; J=8,4 Hz; H, ), 7,68 (d; 1H; J=7,8 Hz; H,, 7,78 (d;
2H;J=8,4Hz; H, ), 8,45 (s; 1H; -N=CH-), 11,82 (s; 1H; H)),
11,97 (s; 1H; -CONH). “"C-NMR (150 MHz, DMSO-d,,
ppm): 6 103,69; 112,35; 119,93; 121,75; 123,88; 126,93;
128,64; 128,91; 133,27; 134,37; 136,84; 145,69; 157,64.

4-hydroxybenzylidene-1H-indole-2-carbohydrazide
(IL,): Chat ran, mau trang. Hiéu sut thuc té: 40% (5,6 mg).
T :248,9-250,7°C. MS (ESI) m/z 279,9 [M+H]". '"H-NMR
(600 MHz, DMSO-d,, ppm): 6 6,86 (d; 1H; J=8,4 Hz; H, ),
7,06 (m; 1H; H, ), 7,21 (t; 1H; J=7,2 Hz; H, ), 7,23 (s; 1H;
H,), 7,46 (d; 1H; J=8,4 Hz; H, ), 7,58 (d; 3H; J=8,4 Hz;
H,), 7,66 (d; 1H; J=7,8 Hz; H,), 8,35 (s; 1H; -N=CH-),
9,93 (s; 1H; OH), 11,68 (s; 1H; H,), 11,75 (s; 1H; -CONH).
PC-NMR (150 MHz, DMSO-d,, ppm): § 103,18; 112,31;
115,69; 119,86; 121,62; 123,63; 125,29; 126,98; 128,78;
130,26; 136,72; 147,44; 157,37.

4-nitrobenzylidene-1H-indole-2-carbohydrazide (Il ):
Chét rén, mau vang. Hi¢u suét thue té: 81% (12,4 mg). T _:
237,1-239,3°C. MS (ESI) m/z 308,9 [M+H]". '"H-NMR (600
MHz, DMSO-d,, ppm): 6 7,1 (m; 1H; H, ), 7,26 (m; 1H;
H,), 7,37 (s; 1H; H,), 7,47 (d; 1H; J=8,4 Hz; H, ), 7,70 (d;
1H; J=7,8 Hz; H, ), 8,02 (d; 2H; J=9 Hz; H, ), 8,32 (d; 2H;
J=9Hz; H, ), 8,55 (s; 1H; -N=CH-), 11,86 (s; IH; H,), 12,19
(s; 1H; -CONH). "C-NMR (150 MHz, DMSO-d,, ppm): 8
104,23; 112,41; 120,02; 121,90; 124,07, 126,93; 127,94,
129,62; 136,94; 140,66; 144,47, 147,76, 174,85.
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4-chlorobenzylidene-1H-indole-3-carbohydrazide (II,):
Chat ran, mau tring. Hi¢u suat thuc té: 74% (11,0 mg). ™.
256,3-258,5°C. MS (ESI) m/z 297,9 [M+H]*". 'H-NMR (500
MHz, DMSO-d,, ppm): 6 7,16 (td; 1H; J =7,8 Hz; J =5,5
Hz; H,), 7,21 (m; 1H; H, ), 7,49 (m; 1H; H, ); 7,53 (m;
2H; H,), 7,74 (t; 2H; J=1,8 Hz; J,=7,2 Hz; H, ), 8,20
(d; 1H; J=6,6 Hz; H,), 8,31 (m; 2H; -N=CH-; H, ), 11,42
(s; 1H; H)), 11,73 (s; 1H; -CONH). "C-NMR (125 MHz,
DMSO-d,, ppm): 6 108,36; 111,96; 116,14, 120,77; 121,14;
122,24, 128,33; 128,90; 133,76; 133,87; 135,93; 141,81.

4-hydroxybenzylidene-1H-indole-3-carbohydrazide
(I1): Chat ran, mau tring. Hiéu suit thuc té: 45% (6,3 mg).
T :253,5-255,1°C. MS (ESI) m/z 279,9 [M+H]". '"H-NMR
(600 MHz, DMSO-d,, ppm): 8 6,84 (dd; 2H; J =6,6 Hz;
I=1,8 Hz; H, ), 7,14 (td; 1H; J =7.8 Hz; J,=7,2 Hz; J,=6,6
Hz; H, ); 7,2 (m; 1H; H, ), 7,46 (d; 1H; J=7,8 Hz; H,), 7,54
(d; 2H; J=8,4 Hz; H,), 8,19 (s; 3H; -N=CH-; H, ); 9,85
(s; 1H; OH), 11,17 (d; 1H; H)), 11,68 (s; 1H; -CONH).
PC-NMR (150 MHz, DMSO-d,, ppm): 6 111,84; 115,65;
120,58; 121,15; 122,08; 125,76; 128,36, 128,85; 142,83;
158,90.

4-nitrobenzylidene-1H-indole-3-carbohydrazide  (II):
Chat ran, mau vang. Hiéu suat thuc té: 69% (10,7 mg). ™.
239,8-241,5°C. MS (EST) m/z 308,9 [M+H]*. 'H-NMR (600
MHz, DMSO-d,, ppm): 6 7,17 (td; 1H; J =7,8 Hz; J,=7,2
Hz; H,), 7,21 (td; 1H; J,=7,2 Hz; J,=7,8 Hz; H, ), 7,4 (t;
1H; J=7,2 Hz; H; H, ), 7,97 (d; 2H; J=9 Hz; H, ), 8,20 (d;
1H; J=7,8 Hz; H, ), 8,30 (dt; 3H; J =9 Hz; ] =9,6 Hz), 8,41
(s; 1H; -N=CH-), 11,69 (s; 1H; H)), 11,79 (s; 1H; -CONH).
PC-NMR (150 MHz, DMSO-d,, ppm): 6 111,98; 120,86;
121,07; 122,32; 124,04; 127,52; 131,12; 135,97, 141,21,
147,42; 149,98.
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Két qua danh gia hoat tinh giy doc trén dong té bao
ung thu rudt két ngudi HT-29 cua cac din chét indole
carbohydrazide (II_,) dugc thé hién 1an luot qua gié tri IC,,
o bang 1.

Bang 1. Két qua danh gia hoat tinh gay doc té bao cua cac dan
chét indole carbohydrazide ().

I, I, I I, I, 1,

Hopehit 2oy R-4-0m) (R=4-NO) (R=4-Cl) (R=4-OH) (R=4-NO,)

Ellipticine

IC, (uM) 1,72£029 4885:2.72 29,18<L,11  >100 >100 45,04£181  0,38+0,05

Ellipticine dwoc st dung lam chat dbi chirng dwong.

Két qua thir nghiém cho thdy, 4 din chat I, II,, IT, I,
thé hién hoat tinh gay doc trén dong té bao ung thu nghién
cuu véi gia tri IC nam trong khoang 1,72-48,85 uM. Trong
d6, dan chat II, thé hién hoat tinh gdy doc manh nhét véi
néng do IC, dat 1,72+0,29 uM, dan chét IT, cho tac dung
yéu nhat voi gia tri IC, =48,85+2,72 uM.

4. Ban luan
4.1. Tong hop héa hoc

Qua trinh téng hop cac dan chit Il dugc thyc hién
qua hai giai doan, mdi giai doan c6 cac tac nhan va diéu
kién phan tng khac nhau. Do d6, can kiém soat cac diéu
kién phan mg dé nang cao hiéu suat tong hop va thu dugc

san pham co6 d6 tinh khiét cao.

O giai doan 1, cac hop chét trung gian 1H-indole-2-
carbohydrazide (I) va 1 H-indole-3-carbohydrazide (I') dugc
téng hop tir methyl 1H-indole-2-carboxylate va methyl
1 H-indole-3-carboxylate véi tac nhan hydrazin trong dung
mdi ethanol theo co ché thé 4i nhan. P& nang cao hiéu sut,
phan tmg can str dung mot lwong téi thiéu dung méi ethanol
dé hoa tan nguyén li¢u ban déu, thuc hién phan ung ¢ nhiét
dd 70°C, nhiét do phan ting qua cao (>100°C) s€ gay phan
huy hydrazin.

Giai doan tiép theo, phan tng tong hop cac chat I xay
ra theo co ché cong hop 4i nhan theo hai giai doan: Giai
doan dau, doi dién tur cua nito trong nhom -NH, s& tn cong
vao vi tri carbon ciia nhom aldehyde tao san pham trung
gian khong bén, sau d6 san phim trung gian tiép tuc tach
mot phan tir nudc dé tao san pham IT . Acid acetic dac duoc
dung lam xuc tac cho phan Gng, do méi truong H' thuan
loi cho tac nhan nucleophile tdn cong vao nhom -CHO cua
nhan thom.

KHOA
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Céu tric cua cac dan chét indole carbohydrazide (I
dugc khing dinh qua cac phd MS, 'H-NMR, '*C-NMR.

Phd MS cua cac din chat déu cho pic cta ion phan tir véi
khéi luong dung nhu du kién, cuong d pic manh. Véi hai
dan chit Il vall, do c6 mang nhém thé -Cl trong céu tric
nén trén phd dd cua hai dan chit nay con xuit hién pic cia
céc ion dong vi.

Phd 'H-NMR ciia cac dan chat indole carbohydrazide
cho théy, proton ciia nhém -NH ¢6 d¢ dich chuyén hoa hoc
16n nhét, trong dé proton cua -NH trén nhan indole c6
gia tri dich chuyén 11,17-11,86 ppm, proton ctia nhom
-CONH nam trong khoang dich chuyén 11,68-12,19
ppm. Nguyén nhén la do nguyén tir nito va oxy c6 do dm
dién 16n s& hut cac electron 1am giam do che chan trén
nguyén tir hydro, dan dén tang do dich chuyén hoa hoc
trén nguyén tir hydro. Trong khoang dich chuyén tir 8,19-
8,55 ppm, xuét hién tin hiéu dic trung cua proton cua nhom
-N=CH. Céc proton thom trong khung indole va khung aryl
nam dan xen nhau trong ving dich chuyén hoéa hoc tir 6,85
- 8,33 ppm. Bén canh do, dan chat I, va II c6 thém sy xuét
hién ctia cac proton ctia nhom -OH véi d6 dich chuyén trong
khoang 9,85-9,93 ppm.

Phd *C-NMR cuia cac hop chat indole carbohydrazide
déu cho tin hiéu c6 do dich chuyén héa hoc 16n nhét thudc
vé nhom C=0, trong khoang 157,37-174,85 ppm. Nguyén
tir carbon ciia nhém C=N c6 d6 dich chuyén trong khoang
141,54-147,47 ppm, nguyén tir carbon C, cua vong indole
trong khoang dich chuyén 129,62-134,27 ppm (dan chét
IT ), 128,36-131,12 ppm (dén chat IT ). D6i véi hop chat
I, va 11, 157,37-158,90 ppm la khoang dich chuyén hoa
hoc ciia nguyén tir carbon gin v6i nhom thé -OH, 147,42-
147,76 ppm la khoang dich chuyén cta nguyén tir carbon
gin véi nhom thé -NO, trong hop chat I vall.

4.2. Thir hoat tinh gady djc 1é bao ung thuw

Trong 6 dan chét indole carbohydrazide (I ) tong hop
dugc c6 4 din chat thé hién hoat tinh giy doc trén dong
té bao ung thu thir nghiém HT-29, trong d6 dan chat IT_
cho hoat tinh gdy doc té bao ung thu manh nhit voi gia tri
IC, =1,72+0,29 uM (so voi chat @i chung Ellipticine co
IC,=0,38+0,05 1M). Khd ndng gay doc ké tiép thudc vé dan
chatIl (IC,=29,18+1,11 uM), dan chat IT (IC,=45,04+1,81
uM). Vi gia tri IC, =48,85+2,72 uM, 11, la dan chét cho tac
dung gay doc té bao yéu nhat.
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Tiép theo, khi so sanh anh hudng ctia nhom thé & cing
vi tri 4' trén vong phenyl dén hoat tinh gdy doc trén dong
té bao ung thu thir nghiém, nhén thay din chat mang nhom
thé hit dién tir (R=-NO,) déu thé hién tic dung gy doc té
bao & ca 2 khung cdu trac 1 H-indole-2-carbohydrazide va
1 H-indole-3-carbohydrazide. Trong khi d6, dan chit mang
nhom thé -Cl, -OH chi cho tac dung & cAu truc 1H-indole-
2-carbohydrazide.

5. Két luan

Nghién ctu di tong hop dwoc 6 din chit indole
carbohydrazide va thir hoat tinh gy doc té bao in vitro trén
dong té bao ung thu rudt két nguoi HT-29. Két qua cho thiy,
¢ 4 dan chat IL, I, 1T va II, thé hién hoat tinh gay doc té
bao trén dong té bao ung thu thir nghiém vai gia tri IC,, nam
trong khoang 1,72-48,85 uM. Trong d6, din chat IT, cho
hoat tinh manh nhat voi gia tri IC, ;= 1,72 £ 0,29 uM. Két
qua nghién ciru trén di cung cap nhiing thong tin quan trong
cho co so dir lidu vé nhitng hop chat c¢6 hoat tinh gay doc té
bao ung thu, gop phan dinh hudng cho nhitng nghién ciru
tong hop tiép theo, tim kiém hop chit gay doc té bao ung
thu tir cac din chat mang khung chét indole carbohydrazide
theo phuong phéap tong hop hoa hoc.

LO1 CAM ON

Nghién ctru dugce hoan thanh nhd mét phan kinh phi tir
Dé tai Truong Pai hoc Y Dugc, Pai hoc Hué - ma sb 14/22,
tac gia xin chan thanh cam on.

&%HN%?-IE 67(9) 9.2025

TAI LIEU THAM KHAO

[1] M. Emadi, F.M. Marvest, A. Asadipour, et al. (2023), “Indole-
carbohydrazide linked phenoxy-1,2,3-triazole-N-phenylacetamide
derivatives as potent a-glucosidase inhibitors: Design, synthesis,
in vitro a-glucosidase inhibition, and computational studies”, BMC
Chem., 17, DOT: 10.1186/s13065-023-00971-w.

[2] S.S. Mirfazli, F. Kobarfard, L. Firoozpour, et al. (2014),
“N-substituted indole carbohydrazide derivatives: Synthesis and
evaluation of their antiplatelet aggregation activity”, DARU Journal
of Pharmaceutical Sciences, 22, DOI: 10.1186/s40199-014-0065-6.

[3] M. Taha, N.H. Ismail, K. Javaid, et al. (2015), “Evaluation of
2-indolecarbohydrazones as potent a-glucosidase inhibitors, in silico
studies and DFT based stereochemical predictions”, Bioorg. Chem.,
63, pp.24-35, DOI: 10.1016/j.bioorg.2015.09.001.

[4] E. Abele, R. Abele, O. Dzenitis, et al. (2003), “Indole
and isatin oximes: Synthesis, reactions, and biological activity”,
Chemistry of Heterocyclic Compounds, 39, pp.3-35, DOL:
10.1023/A:1023008422464.

[5] H.R. Frydoonfar, D.R. McGrath, A.D. Spigelman (2002),
“Inhibition of proliferation of a colon cancer cell line by indole-3-
carbinol”, Colorectal Dis., 4(3), pp.205-207, DOI: 10.1046/j.1463-
1318.2002.00346.x.

[6] J.R. Weng, C.H. Tsai, S.K. Kulp, et al. (2008), “Indole-3-
carbinol as a chemopreventive and anti-cancer agent”, Cancer Letters,
262(2), pp-153-163, DOI: 10.1016/j.canlet.2008.01.033.

[7] M. Niemyjska, D. Maciejewska, I. Wolska, et al. (2012),
“Synthesis, structural investigations, and anti-cancer activity of new
methyl indole-3-carboxylate derivatives”, Journal of Molecular
Structure, 1026, pp.30-35, DOI: 10.1016/j.molstruc.2012.05.031.

[8] P. Skehan, R. Storeng, D. Scudiero, et al. (1990), “New
colorimetric cytotoxicity assay for anticancer-drug screening”,
Journal of The National Cancer Institute, 82(13), pp.1107-1112,
DOI: 10.1093/jnci/82.13.1107.

a1



s Khoa hoc Y - Duoc | Dugc hoc; Céc linh vuc khac cla khoa hoc y - dugc DOL: 10.31276/VIST.67(9).48-54

Tong hop cae dan chat tetrahydroquinolin c6 tiém néing khoi phuc s nhay cam
cia Staphylococcus aureus khang methicillin doi voi cefuroxim
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Ngay nhén bai 2/7/2024; ngay chuyén phan bién 3/7/2024; ngay nhén phan bién 19/8/2024; ngay chip nhan dang 25/8/2024
Tom tit:

Viée diéu tri nhiém khuin Staphylococcus aureus khang methicillin (MRSA) gip nhiéu khé khin do tinh trang dé khang v6i nhiéu
loai khang sinh, do d6 viéc nghién ciru nhiam khéi phuc sw nhay cim ciia vi khudn ddi véi cac khéng sinh dang bi dé khang trén 1am
sang thong qua chit bd trg' 1a mot giai phap dwge quan tim. Cac din chét tetrahydroquinolin (1)- (6) dugc t6ng hop dya trén phan

ung thé ai nhan (S ). CAu triic ciia cac chét nghién ctru dwgc xac dinh bang phuong phap quang pho Hoat tinh bd trg dugc khio sat
v6i cefuroxim bang phwong phap vi pha loang trén 3 chiing vi khuAn: MRSA ATCC 33591 va 2 chiing 1am sang MRSA 29, MRSA
84 duwgc phan lap tir hoc mii ngudi tai Khoa Lam sang 3, Bénh vién Da liéu TP Ho Chi Minh, trong khoang thoi gian tir thing 6
dén thang 9 nam 2022 (theo Hji dong Y dire s6 CAIN457F2342). Gia tri chi s6 ndng d9 tre ché ciia phdi hep (Fractional inhibitory
concentration - FIC) ciia cac phoi hop tiém ning dwgc xac dinh theo phwong phap ban co. 0 nbng d9 nho hon 1/4 n(‘)ng do e ché toi
thiéu (Minimum inhibitory concentration - MIC), cac din chit (1) va (3) thé hién tac dung hi€p dong v6i cefuroxim trén 2 chiing 1Am
sang MRSA 29 va MRSA 84. MGi lién quan giia cAu triic va tac dung da khang dinh vai tro quan trong ciia nhom thé benzyl trén céc
din chét tetrahydroquinolin trong viéc khoi phuc sw nhay cim ciia MRSA dbi voi cefuroxim,

T khéa: bd trg khang sinh, cefuroxim, hiép dong, khudn tu ciu vang Staphylococcus aureus khang methicillin, tetrahydroquinolin.

Chi 56 phin logi: 3.4,3.5

Synthesis of tetrahydroquinoline derivatives re-sensitising

methicillin-resistant Staphylococcus aureus to cefuroxime

Thi Thao Vi Luong"?, Thanh Thao Vu', Vu Giang Bac Nguyen', Ngoc Chau Tran"

ISchool of Pharmacy, University of Medicine and Pharmacy at Ho Chi Minh City, 41-43 Dinh Tien Hoang Street, Sai Gon Ward, Ho Chi Minh City, Vietnam
’Faculty of Medicine and Pharmacy, Yersin University of Dalat, 27 Ton That Tung Street, Lam Vien - Da Lat Ward, Lam Dong Province, Vietnam
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Abstract:

The methicillin-resistant Staphylococcus aureus (MRSA) infections are becoming more and more difficult to treat
due to the reduced number of effective antibiotics available. The restoration of antibiotic sensitivity to drug-
resistant bacterial strains by antibiotic adjuvants is a potent strategy. Six tetrahydroquinoline derivatives (1)-
(6) were synthesised based on a nucleophilic substitution reaction (S,). The structures of the studied compounds
were elucidated by spectroscopic methods. The cefuroxime adjuvant activity was investigated using the broth
microdilution method against 3 MRSA strains: ATCC 33591 and two clinical strains (MRSA 29 and MRSA 84),
which were isolated from human nasal cavities at Clinical Department 3, Ho Chi Minh City Hospital of Dermato
Venereology, from June to September 2022 (in accordance with the Ethics Committee approval No. CAIN457F2342).
The fractional inhibitory concentration (FIC) value of the potential combination was determined according to the
checkerboard method. At a concentration below 1/4 of the minimum inhibitory concentration (MIC), compounds
(1) and (3) demonstrated synergistic action with cefuroxime on two clinical strains, 29 and 84. Structure activity
relationship study suggests that tetrahydroquinoline derivatives containing an ortho-substituted benzyl group have
the ability to sensitise MRSA to cefuroxime.

Keywords: antibiotic adjuvant, cefuroxime, methicillin-resistant Staphylococcus aureus, synergistic effect,
tetrahydroquinoline.

Classification numbers: 3.4, 3.5

“Tac gia lién h¢: Email: tranchau@ump.edu.vn
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1. Dt van de

Viéc st dung khang sinh khong hgp 1y 1a mdét trong
nhitng nguyén nhan chinh dan dén sy gia ting cac ching
vi khuan khang thudc. Trong sé do, tu cau vang khang
methicillin (Methicillin-resistant Staphylococcus aureus -
MRSA) 1 “méi de doa nghiém trong” d6i vai sirc khoé con
nguoi [1]. Cac chung MRSA trén 1am sang hién nay c6 kha
nang khang nhiéu thude va thdm chi da xuét hién mot sb
chung giam tinh nhay cam véi khang sinh hang dau nhu
vancomycin [2, 3]. Tinh hinh khéng thubc khang sinh cia
MRSA dién bién phtrc tap véi ty 1¢ tir vong cao. Theo udc
tinh, mdi nam trén thé giéi MRSA gy ra hon 2 triéu ca
nhidm khuan bénh vién va hon 9000 ca tir vong [4]. Ty 1&
tir vong do nhiém MRSA cao hon 64% so véi dang nhiém
khuén khong khang thudc [5].

Nghién ctru kham pha va phat trién cac cau trac moi
¢6 tac dung khang khuan tryc tiép thudng ton nhiéu thoi
gian va tiém an rui ro gap that bai, vi vay hudng khoi phuc
su nhay cam cua vi khuén dbi véi cac khéng sinh da bi dé
khang trén 1am sang, thong qua viéc phat trién cac chit bd
tro dang ngay cang thu hut sy quan tdm cia cac nha nghién
ctru [6]. Theo hudng tiép cin nay, cac chat bd tro mic du
khong c6 tac dung khang khuén truc tiép nhung c6 thé tac
dong 1am dao nguoc co ché d& khang cua cac vi khuin
khang thudc khang sinh. Nhitng nghién ctru vé chit b6 trg
duoc trién khai voi dinh hudng tac dong trén cac co ché
khang thudc khac nhau ¢ vi khudn. Hién nay, cic chat trc
ché beta-lactamase 1 nhom chét b trg cho cac khang sinh
beta-lactam dang dugc s dung trén 1am sang dé diéu tri
nhiéu ching vi khuan dé khang [7].

Nghién ctru tai Dai hoc McMaster (Ontario, Canada) [8]
lan dau tién cho thay, dan chit tetrahydroquinoline (1) c6
tac dung bo tro, khoi phuc su nhay cam cia MRSA dbi voi
cefuroxim. Thir nghiém dugc tién hanh trén chung vi khuan
MRSA USA300 cho két qua kha quan, khi cai thién tinh
nhay cam véi cefuroxim. Két qua nghién ctru trong bai bao
ndy phat trién thém mot so dan chat tetrahydroquinoline,
hudng tac dung bd trg khoi phuc sy nhay cam trén mot )
ching MRSA d6i v6i khang sinh cefuroxim trong diéu kién
Viét Nam.

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

Dya vao gia thiét vé tac dung bd tro khang sinh cua
nhom dan chat mang ciu trac tetrahydroquinoline, cac dan
chat trong nghién ctru dugc thiét ké véi y tuong két hop
khung tetrahydroquinoline v&i mot s6 nhom thé tiém nang
(hinh 1) [8].
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Chat (4) Chat (5) Chét (6)

Hinh 1. CAu tric cha cac dan chét tetrahydroquinoline trong
nghién ctru.

Céc dan chit s6 (1)-(3) 1a su két hop giita khung
tetrahydroquinoline véi nhom thé mang vong thom. Trong
d6, dan chit sd (1) 1a chit kiém chung gia thiét trong
diéu kién thyc nghiém cua nhom nghién cuu tai Pai hoc
McMaster, (2) va (3) 1a cac din chét bién d6i nhiam khao sat
vai trd ctia cac nhom thé khac nhau trén vong benzyl ddi voi
hoat tinh bd trg. Dan chét sb (4) 1a su két hop giira khung
tetrahydroquinoline vdi nhom thé allyl dang mach théng.
Dan chit s6 (5) 1a su két hop giira khung tetrahydroquinoline
v6i vong naphthalen qua ciu ndi methylen nhim khao sat
hiéu img khong gian 1én kha ning gin két véi dich tic dong
trén vi khuan. Dan chit sb (6) 1a su két hop giita khung
tetrahydroquinoline v&i nhém thé p-tosyl qua cau ndi
sulfamid.

2.2. Nguyén liéu va thiét bi

Tét ca nguyén liéu, dung méi dung trong tong hop déu co
d tinh khiét hoa hoc va duoc cung cap boi Sigma-Aldrich
(Hoa Ky), Merck (btic), Acros Organics (Bi), ChemSol
(Viét Nam) va Macklin (Trung Qudc). Nhiét d6 nong chay
dugc do bang may Stuart™ SMP10 (Anh). Phé NMR duge
do trén may cong hudng tir hat nhan Bruker Avance 500
MHz (Thuy Si). Mi trudng nudi cdy vi khuan: Mueller-
Hinton agar - MHA (HiMedia, An D), Mueller-Hinton
broth - MHB (HiMedia, An D). Hoa chat thir nghiém hoat
tinh bd tro: Dimethyl sulfoxid (Merck, Dtic), Cefuroxim
(Sigma-Aldrich, Hoa Ky), Natri clorid (Viét Nam).

Ching vi khuan thir nghiém: 1 ching chuan MRSA
ATCC 33591; 2 ching lam sang MRSA 29 va MRSA 84
phan 1ap tr héc miii ngudi tai Khoa Lam sang 3, Bénh
vién Da liéu TP H6 Chi Minh, trong khoang thoi gian tu
thang 6 dén thang 9 nam 2022 (theo Hoi dong Y dirc sd
CAIN457F2342). Cac chung vi khuan dugc nudi cdy trong
ta 4m Shel Lab R128-2 (Hoa Ky).



2.3. Phwong phap nghién ciru

2.3.1. Phwong phép dw dodn in silico cdc tinh chdt theo
luat 5 cua Lipinski

Dé dam bao cac dan chat duoc thiét ké c6 thé tiép tuc phat
trién thanh phan tir thudc, bo cong cu ADMETIab 2.0 dugc
str dung dé du doén in silico cac thong sb phan anh dic tinh
ding 1am thubc (drug-like) ciia cac hop chat. Cac thong sb du
doan bao gdm: khéi lugng phan tir (MW), hing s6 can bang
than dau - than nudc (LogP), s6 nhém nhan lién két hydro
(nHA), s6 nhom cho lién két hydro (nHD), s6 lién két c6 thé
quay (nRot), mirc d6 thoa man Ludt 5 cta Lipinski (RoS5) [9].

2.3.2. Phwong phdp tong hop cua cdc dan chat (1)-(6)

Phuong phép tong hop cac dan chét tetrahydroquinoline
(1)-(6) duoc thé hién ¢ hinh 2. 1,2,3 4-Tetrahydroquinoline
(4 mmol), dan chat halogenid (4 mmol) va 6 ml acetonitril
dugc dua vao binh phan img. Phan Gmg duoc xic tac bang
Na,CO, (1% mmgl), khuéy o nhiét do ph(‘)ng va du’qg theo doi
phan g bang sac ky 16p méng (SKLM) dén khi hét nguyén
lidu. 20 ml nude cit duge bo sung vao hdn hop sau phan tng
dé }}(‘)a tan Na, CO, va chuyén vao bi’nh lang gan, sau do dugc
chiét véi dicloromethan (DCM) dén khi san pham chuyén
hét tir 16p nudce sang 16p DCM (theo ddi bang SKLM). Lép
DCM dugc rira bang dung dich NaCl bio hoa trude khi lam
khan bing Na SO, khan. Lép DCM duge tién hanh c6 quay
dudi ap suat giam d¢ loai bo dung moi va thu san pham tho.
Tinh ché san pham tho bang phuong phap thich hop (két tinh
lai hoic sic ky cot) dé thu dugc san phém tinh khiét.

H X =Brhay Cl E
N
+ R®  NeCO:
CH,LCN, 1t

Cl

Is}

(1) 2 3)
CH,
~ |
0=S
@) (5) A ()

Hinh 2. Phan (ng tdng hop cac dan chéat tetrahydroquinoline (1)-(6).
2.3.3. Phwong phdp khao sat tac dung bé tro khang sinh

Céc chat thur nghiém (1)-(6) dugc pha trong dimethyl
sulfoxid (DMSO) dé dat ndng do thich hop (gap 40 1an nong
d6 dau tién trong ddy ndng do can thir nghiém). Dung dich
khang sinh dugc pha trong nudc cat dé dat nong do thich
hop (dung dich khang sinh me) [10].
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Vi khuan thir nghiém dugce cdy ria trén moéi trudng
Mueller-Hinton agar (MHA), i 37°C trong 24 gio. 2-3 khuan
lac don duge bd sung vao NaCl 0,9% va diéu chinh OD 00
1a 0,1, tvong duong mat d6 108 CFU/ml. Vi khuan sau d6
duoc pha lodng va bd sung vao méi truong thir nghiém, sao
cho méat do cudi trong moi treong 1a 10° CFU/mL.

Hoat tinh bd trg khang sinh cua cac chét nghién clu
duoc khao sat theo thir tu thir nghiém nhu sau:

Xac dinh nong dé irc ché toi thiéu cia khéang sinh: Tu
dung dich khang sinh me, khang sinh duogc pha loang trong
moi truong Mueller Hinton Broth (MHB) tao thanh day
ndng d6 tir 1024 pg/ml giam 1/2 cho dén ndng d6 cudi cung
dat 2 pg/ml. Trén dia 96 giéng, khang sinh dugc cho vao
mdi giéng 100 pl twong tmg véi mdi nong do. 100 pl vi
khuén (trong méi truong MHB) ¢6 mat do 10° CFU/ml duoc
bd sung vao mdi giéng. U dia & 37°C trong 24 gid. Sau thoi
gian 1, giéng c6 ndng do thap nhit tic ché hoan toan sy phat
trién cua vi khuén dugc ghi nhan la MIC [10].

Xdc dinh nong dé irc ché téi thiéu cia chdt nghién ciru
(1)-(6): Trén dia 96 giéng, chat thir dwgc cho vao mdi giéng
5 ul dung dich chat thir nghiém tir ddy nong do pha lodng
lién tuc 1/2 1an. 195 pl méi truong MHB ¢6 mat d6 vi khuan
10°CFU/ml dugc bd sung vao mdi giéng. Dia 96 giéng dugc
1 ¢ 37°C trong 24 gid, sau do6 ghi nhan gia tri MIC [10].

Khdo sat nong dg ikc ché toi thiéu cia khdng sinh trong
phoi hop véi chat nghién cieu: Diy dung dich khang sinh
trong MHB ¢6 mat do vi khuan 10° CFU/ml dugc chuan bi
tir ndng do tir 1/4 MIC giam dén 4 pg/ml. Trén dia 96 giéng,
dung dich chét thur nghiém néng d6 400 uM dugc cho vao
moi giéng 5 ul. V&i moi néng dd khéang sinh, 195 pl dung
dich khang sinh trong MHB c6 mét d6 vi khuan 10° CFU/ml
duogc bd sung vao mdi giéng. Dia 96 giéng dugc u ¢ 37°C
trong 24 gio, sau do ghi nhan gia tri MIC [8, 10].

Xac dinh nong do irc ché phoi hop theo phwong phdp
ban co: Dy dung dich khang sinh va chit thr nghiém voi
khoang nong d¢ dao dong xung quanh gia trj MIC khi phdi
hop va khong phdi hop dugc chudn bi. Trén dia 96 giéng,
phdi hop 14n lugt timg ndng do cua khang sinh voi timg
ndng do cua chit nghién ctru trong méi truong MHB cb
mat d6 vi khuan 10° CFU/ml. Pia 96 giéng duoc 0 & 37°C
trong 24 gio. Sau thoi gian o, mdi giéng duoc thém vao 20
ul dung dich thudc thir resazurin 0,5 mg/ml. Pia 96 giéng
dugc i ¢ 37°C trong 3 gid. Cac giéng c6 vi khuan moc sé
lam chuyén mau thudc thir tir xanh duong sang hong hoic
tim, cac giéng khong c6 su phat trién cia vi khuan sé khong
lam chuyén mau xanh dwong cta thude tht [8, 10].
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Xac dinh gia tri FIC theo cong thuc:

MICcpsze nghién ctu khi phéi hop MICcefuroxim khi phéi hop

FIC =

MICcpse nghién ctu khi khéng phéi hop MICcefuroxim khi khéng phéi hop

Nhan xét két qua: Néu gia tri FIC<0,5: Hiép déng; néu
gié tri FIC trong khoang 0,5<FIC<4: Cong hop; néu gia tri
FIC>4: Dbi khang. Céac thir nghiém duoc tién hanh song
song voi cac giéng chimg nhu bang 1.

Bang 1. Cac giéng chirng trong thir nghiém hoat tinh bé tro-.

Tén giéng chiing Thanh phéin

Chimng su phét trién cia vi khudn 200 pl méi treomg MHB chira vi khudn

Chimg dung méi DMSO 5 1l DMSO va 195 il méi truong MHB chita vi khudn

Chimg am 200 pl moi truong MHB

Két qua chi c6 gia tri khi vi khuan trong giéng ching
dung méi DMSO va giéng ching sy phat trién cta vi khuan
moc binh thudng, nhung trong giéng chimg am khong c6 sur
phét trién cta vi khuan.

" L -
3. Két qua va ban luan

3.1. Két qua dw dodn in silico vé cdc tinh chit theo ludt
5 ctia Lipinski

Theo két qua du doan tt ADMETlIab 2.0 (bang 2), cac
dan chét s6 (1)-(6) déu thoa mén luat 5 Lipinski vé diéu kién
dugc dung lam thudc duong udng (khong vi pham qua 1
tiéu chi trong cac thong sd).

Bang 2. Két qua dw doan in silico vé cac tinh chét theo luat 5
Lipinski (Ro5).

Chit MW logP nHA  nHD  nRot Luat 5 Lipinski
Yéu ciu <500Da <5 0-10 05 0-10 Théa yéu ciu
m 257,1 5171 1 0 2 Thoa yéu ciu
@ 23,1 4629 1 0 2 Thoa yéu céu
®) 2372 5036 1 0 2 Thoa yéu céu
@ 173,1 31 0 2 Thoa yéu cau
®) 32 5720 1 0 2 Thoa yéu ciu
(6) 287,1 4156 3 0 2 Thoa yéu ciu

Tir cac két qua du doan in silico & bang 2, ca 6 dan chat
da thiét ké duoc tién hanh tong hop héa hoc.

3.2. Két qud tong hop ciia cdc dan chit (1)-(6)

Dan chdt sé (1): Tén TUPAC: 1-(2-chlorobenzyl)-
1,2,3,4-tetrahydroquinoline; CTPT: C H CIN; cam quan:
dang dau, mau héng; do tan: tan trong DCM, aceton,
DMSO; it tan trong ethanol; khong tan trong nudc; phuong
phép tinh ché: sic ky cot véi hé dung moi n-hexan:DCM
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(95:5); hiéu suat: 19,2 %; phd 'H-NMR (500 MHz, CDCL,):
6 7,39-7,38 (m; 1H); 7,24-7,22 (m; 1H); 7,21-7,15 (m; 2H);
7,0 -6,94 (m; 2H); 6,58 (td; J/=7,0 Hz; J =1,0 Hz; 1H); 6,32
(d; J=8,0 Hz; 1H); 4,51 (s; 2H); 3,40 (t; /=6,0 Hz; 2H); 2,85
(t; J=6,0 Hz; 2H;); 2,08-2,03 (m; 2H); phd *C-NMR (125
MHz, CDCL,): § 145,2; 135,7; 133,0; 129,5; 129,0; 128,0;
127,6; 127,3; 126,9; 122.2; 116,0; 110,9; 53.5; 50,1; 28,1;
22.,5.

Dan chdt sé (2): Tén IUPAC: 1-benzyl-1,2,3,4-
tetrahydroquinoline; CTPT: C, H,N; cam quan: dang dau,
mau vang nhat; d tan: tan trong DCM, aceton, DMSO; it
tan trong ethanol; khong tan trong nudc; phuong phap tinh
ché: sic ky cot voi hé dung méi n-hexan:DCM (9:1); hiéu
suat: 12,0%; phd 'H-NMR (500 MHz, CDCL,): § 7,33-7,22
(m; SH); 6,97 (t; J=7,0 Hz; 2H); 6,57 (t; J=7,5 Hz; 1H);
6,50 (d; J/=8,0 Hz; 1H); 4,48 (s; 2H); 3,36 (t; J/=6,0 Hz; 2H);
2,82 (t; J=6,5 Hz; 2H); 2,01 (quintet; J=6,0 Hz; 2H); phé
PC-NMR (125 MHz, CDCL,): § 145,6; 139,0; 129,0; 128,6;
127,2; 126,7; 126,6; 122,2; 115,8; 111,0; 55,2; 49,9; 28,2;
22.4.

Dan chat sé6 (3): Tén IUPAC: 1-(2-methylbenzyl)-
1,2,3,4-tetrahydroquinoline; CTPT: C_H N; cam quan:
dang dau, mau vang nhat; do tan: tan trong DCM, aceton,
DMSO; it tan trong ethanol; khong tan trong nuéce; phuong
phap tinh ché: sic ky cot véi hé dung moi n-hexan:DCM
(9:1); hiéu suét: 57,8%; ph6 'H-NMR (500 MHz, CDCL):
0 7,19-7,11 (m; 4H); 6,99-6,94 (m; 2H); 6,57 (td; /=7,5 Hz;
J=1,0 Hz; 1H); 6,37 (d; J=8,0 Hz; 1H); 4,39 (s; 2H); 3,34 (t;
J=5,5 Hz; 2H); 2,84 (t; J=6,0 Hz; 2H); 2,32 (s; 3H); 2,05-
2,00 (m; 2H); phd BC-NMR (125 MHz, CDCl,): 6 145,7;
136,0; 135,5; 130,3; 128,9; 127,2; 126,6; 126,1; 126,0;
122,2; 115,8; 110,8; 53.,4; 49,7; 28,2; 22,5; 18,9.

Dan chat s6 (4): Tén IUPAC: l-allyl-1,2,3,4-
tetrahydroquinoline; CTPT: C ;H /N; cam quan: dang dau,
mau vang nhat; d tan: tan trong DCM, aceton, DMSO; it
tan trong ethanol; khong tan trong nudc; phuong phap tinh
ché: sic ky cot voi h¢ dung méi n-hexan: DCM (9:1); hi¢u
suat: 50,1%; phé 'H-NMR (500 MHz, CDCL): § 7,02 (t;
J=8,0 Hz; 1H); 6,94 (d; J=7,5 Hz; 1H); 6.56 (t; J=8,0 Hz;
2H); 5,88-5,81 (m; 1H); 5,21-5,13 (m; 2H); 3,87 (d; J=5,0
Hz; 2H); 3,27 (t; J=6,0 Hz; 2H); 2,76 (t; J=6,0 Hz; 2H);
1,96 (quintet; J=6,0 Hz; 2H); phdé “C-NMR (125 MHz,
CDCl,): 6 145,3; 133,6; 129,0; 127,1; 122,4; 115,9; 115,7;
111,0; 53,8; 49,2; 28,2; 22,3.

o1



Dan chat s6 (5): Tén IUPAC: 1-(naphthalen-2-
CTPT: C,HN;
cam quan: bot két tinh, mau vang nau; do tan: tan trong
DCM, aceton, DMSO; it tan trong ethanol; khong tan trong
nude; phuong phap tinh ché: sic ky cot véi hé dung moi
n-hexan:DCM (95:5); hi¢u suat: 1,1%; nhiét do néng chay:
92-93°C; phd '"H-NMR (500 MHz, CDCL,): 6 8,00 (d; J=8,0
Hz; 1H); 7,91 (d; J=8,0 Hz; 1H); 7,77 (t; J=4,5 Hz; 1H);
7,56-7,51 (m; 2H); 7,39 (d; J=4,5 Hz; 2H); 7,02 (d; J=7,5
Hz; 1H); 6,95 (t; J=7,5 Hz; 1H); 6,59 (t; J=7,0 Hz; 1H);
6,44 (d; J=8,5 Hz; 1H); 4,92 (s; 2H); 3,40 (t; J=5,5 Hz; 2H);
2,87 (t; J=6,0 Hz; 2H); 2,06 (quintet; J=5,9 Hz; 2H); ph
PC-NMR (125 MHz, CDCL,): 6 145,7; 133,9; 132,8; 131,2;
128,93; 128,88; 127,4; 127,3; 126,0; 125,7; 125,6; 123,6;
122,7;122,4; 115,9; 111,0; 53,3; 49,7; 28,3; 22,5.

ylmethyl)-1,2,3,4-tetrahydroquinoline;

Dan chdt sé6 (6): Tén ITUPAC: I-tosyl-1,2,3,4-
tetrahydroquinoline; CTPT: C H,NO,S; cam quan: tinh
thé hinh kim, mau tréng; d6 tan: tan trong DCM, aceton,
DMSO; it tan trong ethanol; khong tan trong nudc; phuong
phap tinh ché: két tinh lai bang ethanol tuyét di; hiéu suat:
33,5%; nhiét d nong chay: 95-96°C; phé '"H-NMR (500
MHz, CDCL,): & 7,79 (d; J=8,5 Hz; 1H); 7,47 (d; J=8,0
Hz; 2H); 7,19-7,17 (m; 3H); 7,07 (t; J=7,5 Hz; 1H); 7,00
(d; J=7,5 Hz; 1H); 3,80 (t; J=6,0 Hz; 2H); 2,44 (t; J=7,0
Hz; 2H); 2,38 (s; 3H); 1,64 (quintet; J=6,0 Hz; 2H); phd
BC-NMR (125 MHz, CDCL,): § 143,5; 136,9; 136,8; 130,7;
129,6; 129,1; 127,1; 126,5; 125,0; 124.9; 46,5; 26,6; 21,6;
21,5.

Duya theo tra ciru trén SciFinder [11], cac dan chat s6 (1),
(4) va (5) 1a cac dan chat moi chua dugc cong bé cac dit lieu
phé thuc nghiém; cac dan chét sb (2), (3) va (6) c6 cac két
qué phén tich phd phul hop véi tai lidu tham khao [12, 13].
Két qua phan tich phd 'H-NMR va *C-NMR va SKLM ciia
cac chét cho cdu tric hoan toan phi hop véi du kién ban
dau, do tinh khiét thich hop dé thuc hién thir nghiém hoat
tinh sinh hoc.

3.3. Két qua khdo sdt tic dung bé tro khing sinh
cefuroxim

Gia tri MIC cta cefuroxim ddi voi cac ching MRSA
ATCC 33591, MRSA 29, MRSA 84 lan luot 1a >1024,64 va
128 pg/ml (bang 3). Céc gia tri MIC trén cho thay, 3 chung
vi khuan nay dé khang déi v6i cefuroxim theo bang bién
giai cua CLSI (Clinical & Laboratory Standards Institute -
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Vién Tiéu chuan Phong thi nghiém va Lam sang) (MIC>8
ng/ml) [14]. Cac dan chét tetrahydroquinoline (1)-(6) déu
chua ghi nhan hoat tinh khang khuin & ndng d6 800 puM.
Nhu vy, cac chit nghién ctru pht hop dé khao sat tac dung
b6 trg v6i cefuroxim trén 3 ching vi khuan thir nghiém.

Bang 3. Tac dung lam giam ndng dd (rc ché t6i thiéu doéi v&i
cefuroxim ctia cac dan chét (1)-(6). Thir nghiém duwoc I&p lai 3 1an.

MIC ciia cefuroxim (pg/ml)

Ton  Ching MRSAATCC33591  Chiing MRSA 29 Chiing MRSA 84

M e PhG Sl RO ppg S0 KMOE b G
hihop o g R idm
phoihop  hop g - P giim hop op g

) >256 0 8 8 16 8

@ >256 0 16 4 2 4

@) >256 0 8 8 16 8
>1024 64 128

©) >256 0 >16 0 >3 0

) >256 0 >16 0 >32 0

(6) >256 0 >16 0 >32 0

Véi ndng do 400 uM (<1/2 MIC), dan chat sb (1) da
dugc ching minh c6 tac dung bo tro khang sinh trong dong
v6i nghién ciru cia MLA. Farha va cs (2014) [8] trong diéu
kién thtr nghiém tai Viét Nam.

Trong s6 6 din chét tetrahydroquinoline tong hop, cac
dan chat sb (1), (2) va (3) c¢6 kha ning lam giam MIC ciia
cefuroxim & 2 trong s6 3 ching MRSA thir nghiém. Trong
d6, dan chat sb (1) va (3) thé hién hoat tinh t&t hon véi do
giam MIC 1a 8 14n so v&i dan chét s6 (2) v6i d6 giam MIC
1a 4 1an & 2 chung phén lap tir 1dm sang (chung MRSA 29
va MRSA 84). Nhu viy, dan chit s (3) da dugc phat hién
¢6 hoat tinh b trg cefuroxim tuong dwong din chat s6 (1).
Do giam MIC ctia cefuroxim khi ¢6 mit chét nghién ciru dbi
voi 2 chuing MRSA lam sang 1a nhu nhau.

Mat khac, khong c6 su giam MIC cua cefuroxim nao
duogc ghi nhan trén ching MRSA ATCC 33591. Diéu nay
cho thay, co ché dé khang cua ching MRSA ATCC 33591
va MRSA 29, MRSA 84 khong dong nhét va ching MRSA
ATCC 33591 c6 thé khong chira dich tic dong ma cac chat
dugc téng hop trong nghién ctru nay nhiam dén.

Duya vao két qua khao sat tac dung lam giam MIC ddi
v6i cefuroxim cua cac chat nghién ctru, dan chat s6 (1) va
(3) dugc lya chon lam cac chét tiém nang dé xéac dinh FIC
trong phdi hop voi cefuroxim trén 2 ching vi khuin MRSA
29 va MRSA 84 (hinh 3).
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(A) Thir nghiém trén MRSA 29

Cefuroxim (pg/ml )

- ... R e s e B
' 9,00006909 9,0,0.0.0.9.9
-0/00000000 -00,0000000
- 0/00000000 :-000000000
i»000000000 ;:-000000000
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(B) Thir nghiém trén MRSA 84
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000060000
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00000000
0000000 O®
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Hinh 3. Thir nghiém ban c& ctia phéi hgp cac chat tiém nang va cefuroxim trén (A) MRSA 29, (B) MRSA 84.

Két qua thir nghiém ban cd ctia cac phdi hop tiém ning
duoc trinh bay trong hinh 3 va cac gia tri FIC dugc xac dinh
chi tiét & bang 4. Trong d6, dan chét s (1) va (3) thé hién tac
dong twong duong nhau trong phdi hop véi cefuroxim. Khi
nong do chat thir nghiém cang tang thi gia tri FIC ctia phdi
hop cang giam. Nhu vy, tac dong cta cac dan chat tiém
nang nay phu thudc vao ndng do, voi mirc tac dong cao nhat
dugc ghi nhan 14 hiép dong. Cu thé 1a & néng do 200 pM
(<1/4 MIC), dan chét s (1) va (3) déu cho thdy kha ning
1am giam MIC ciia cefuroxim I6n nhét (giam 8 1an) va gia tri
FIC t6t nhat trén ca 2 chung vi khuan MRSA 29 va MRSA 84
(FIC<0,25). So sanh v&i cac nghién ctru trude day, két qua
nghién ctru cho thdy sy tuong dong vé tac dung hiép dong
clia cac dan chat tiém ning véi cefuroxim trén cac ching
MRSA. Vi cac dan chat ciing nhém tetrahydroquinoline,
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nghién ctru cia M.A. Farha va cs (2014) [8] cho thdy, phéi
hop cta dan chit sb (1) va cefuroxim c6 tac dung hiép dong
trén ching MRSA USA300 véi FIC 1a 0,19. Két qua cia
nghién ctru ndy da khang dinh tic dung cua dan chat s6 (1)
voi 2 chung MRSA 1am sang tai Viét Nam.

Bén canh d6, mot sd nghién ciu vé hoat tinh bd tro
cefuroxim cta cic dan chat khong cing nhom cau tric
tetrahydroquinoline ciing dwoc cong bd. Nghién ciu
ciia HK. Lui va cs (2019) [15] cho thidy mot sé dan chit
3-aminobenzamid c6 tac dung hiép ddng véi cefuroxim trén
3 ching MRSA lam sang voi FIC 1a 0,1. Nghién ctru cua J.
Yap va cs (2021) [16] dd ching minh tac dung hiép dong
ciia 1,4-naphthoquinon va cefuroxim trén mét s ching
MRSA khac nhau véi gia tri FIC tir 0,06 dén 0,3.



Bang 4. Két qua xac dinh gia tri chi s6 ndng dé trc ché cta phdi
hop cua phéi hop cac chat tiém nang va cefuroxim.

MIC cefuroxim MIC chit nghién ciru
Tén chét Vi tri (pg/ml) (HM) ............................... FIC Téc d(:)ng
th.ng Phoi th.ng Phii hap
phoi hgp  hgp phoi hgp
MRSA29
1 3 25 <052 Conghop
0 2 16 > 800 50 <028  Higp dong
3 8 200 <025  Hiép dong
1 o 32 25 <0,52  Cong hop
?) 2 16 > 800 50 <028  Hiépdong
3 8 200 <025  Hiép dong
MRSA 84
1 64 25 <052 Conghop
) 2 3 > 800 50 <028  Higp dong
3 % 16 200 <025  Hiép dong
1 64 25 <052 Conghop
3 2 3 > 800 50 <028  Higp dong
3 16 200 <025  Higp dong

Dua vao hoat tinh cua cic dan chét co thé théy, nhém
chire benzyl trong cac dan chat tetrahydroquinoline lién quan
dén tac dung bd tro khang sinh. Dic biét, cac dan chét mang
nhém chirc benzyl c6 nhom thé & vi tri ortho nhu (1) va (3) co
kha ning bd tro khang sinh tot hon. Tuy nhién, sb luong cac
dan chit mang nhom chirc benzyl trong nghién ctru nay con
han ché. Do d6, viéc thay d6i nhom thé va vi tri nhom thé trén
vong benzen cua khung cau tric benzyl nham tao thém nhiéu
dan chét benzyl thé véi ciu trac va hoat tinh khac nhau nén
duoc tiép tuc thuc hién. Bén canh do, viéc lai hoa giita khung
tetrahydroquinoline véi cac cdu tric tiém ning di cong bd
nén duge xem xét nham cai thién hoat tinh [8].

4. Két luan

Sau dan chat mang khung ciu tric tetrahydroquinoline
két hop v6i cac nhom chirc hoa hoc va khung cu triic vong
khac nhau da duoc tong hop va tinh ché dat d6 tinh khiét phu
hop. Trong d6, cac dan chat mang nhém chirc benzyl cho
théy tiém nang khoi phuc sy nhay cam cua 2 chung MRSA
lam sang trong diéu kién Viét Nam 1a MRSA 29 va MRSA
84 dbi vai khang sinh cefuroxim, véi gia tri FIC<0,25.
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Tiing hiéu qua nha phén bén ctia polyme siéu hap thu
trén co' so' dan xuat cellulose bang ket mang be mat

Phan Thi Tuyét Mai*, Ping Thi Hong Hanh, Nguyén Thi Ngoc Huyén, Lé Thi Thanh Loan, Phan Thi Pao
Khoa Hoa hoc, Truong Dai hoc Khoa hoc Tw nhién, Dai hoc Quéc gia Ha Noi, 19 Lé Thanh Tong, phuong Cwa Nam, Ha Noi, Viét Nam
Ngay nhén bai 4/11/2024; ngay chuyén phan bién 6/11/2024; ngay nhan phan bién 22/11/2024; ngay chip nhan ding 27/11/2024

Tom tit:

Trong nghién ctru nay, anh hwdng cia két mang bé mit bang dau thue vét epoxy héa dén kha ning nha phéan bén
ciia polyme siéu hép thu trén co sé din xuit cellulose (Biodegradable superabsorbent polymer - BioSAP) di dwgc
danh gia. BioSAP trudc va sau khi két mang bé mit dwoe diic trung bang pho hong ngoai bién dbi Fourier (FTIR) va
phan tich nhiét khéi lwong (TGA). Pic tinh hip thu nwéc va dung dich mudi NaCl ciia cic miu BioSAP tong hop da
dwoc nghién ciru. Khi ning nha phan bén ciia cac miu BioSAP vao trong dit dwgc xac dinh theo phwong phap chiét
¢ot thye hién trong hé cdt kin (incubator). Két qua cho thiy, dd hip thu ciia BioSAP két mang bé mit (E-BioSAP)
dat 435 g/g véi nuée cit va 89 g/g véi dung dich NaCl 0,9%, ting lan lwgt 5,3 va 12,6% so véi miu BioSAP ban dau.
Cic két qua nghién ciru nay ciing cho thiy, E-BioSAP cho phép phin bén dwge nha chim va déu vao dit. Do viy,
két mang bé mit c6 thé gitip phat trién va ing dung rong rii vt liéu BioSAP trong sin xuit ndng nghiép.

Tir khéa: din xuit cellulose, két mang bé mit, kha ning héap thu, nha phin bén, polymer siéu hip thu phan hiy
sinh hoc.

Chi s6 phén logi: 4.1, 4.6

Effective enhancement of fertiliser release of cellulose derivative

based superabsorbent polymer by surface-crosslinking

Thi Tuyet Mai Phan®, Thi Hong Hanh Dang, Thi Ngoc Huyen Nguyen, Thi Thanh Loan Le, Thi Dao Phan
Faculty of Chemistry, University of Science, Vietnam National University - Hanoi, 19 Le Thanh Tong Street, Cua Nam Ward, Hanoi, Vietnam
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Abstract:

In this study, the effect of surface crosslinking using epoxidised soybean oil as a crosslinker on the fertiliser release
ability of cellulose derivative-based superabsorbent polymer (BioSAP) was evaluated. Before and after introducing
the crosslinking agent, the BioSAPs were characterised by Fourier transform infrared spectroscopy (FTIR) and
thermogravimetric analysis (TGA). The absorption properties of the resulting BioSAPs in the distilled water and
NaCl solution were investigated. The fertiliser release ability of BioSAPs into the soil was determined by column
extraction in the incubator system. The results showed that the absorption capacity of the surface crosslinked
BioSAP by using epoxidised soybean oil (E-BioSAP) was 435 g/g in distilled water and 89 g/g in 0.9% NaCl solution
and increased by 5.3 and 12.6%, respectively, when compared with ordinary BioSAP. The release studies revealed
that E-BioSAP allowed slow, sustained release rates of fertilisers into the soil. Therefore, the surface crosslinking
could promote the development and wide application of BioSAP in agriculture and horticulture.

Keywords: absorption capacity, biodegradable superabsorbent polymer, cellulose derivative, fertiliser release,
surface crosslinking.

Classification numbers: 4.1, 4.6
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1. it van de

Tén that chét dinh dudng va nudc trong qué trinh canh
tac dd va dang tro thanh van dé 10n cho nganh ndng nghiép.
Khoang 40-70% nito, 80-90% phdt pho va 50-70% kali ciia
cac loai phan bon dugc st dung da bi mat vao moi truong
ma cay trong khong hap thu duoc [1]. Phan bon bi that thoat
nhiéu qua cac qué trinh rira troi, bay hoi... khong chi lam
thiét hai 16n vé kinh t& ma con gay 6 nhiém méi truong, nhat
1a 6 nhiém nudc ngadm nghiém trong [2]. Polyme siéu hép
thu phan huy sinh hoc BioSAP dang tro thanh mdt vat liéu
day hira hen, dugc st dung trong néng nghiép. Vi kha ning
hép thy mét luong 16n nude va dung dich, no giup khic
phuc nhiing ton tai trong san xuat nong nghiép, nhu giam
ty 1¢ that thoat phan bon, cung cap dinh dudng bén viing
va giam tan sudt tudi [2-7]. Tuy nhién, cho dén nay, viéc
mg dung vat liéu BioSAP trong nong nghiép van con han
ché do cau truc gel yéu, gy hién tuong khoa gel 1am giam
hiéu qua sir dung cta chiing trong dat. Han ché 16n nhét cia
BioSAP trong tng dung cho ndng nghiép 1a chua kiém soét
qué trinh nha, nhdm dap tng yéu cu cung cép dinh dudng
dung thoi diém, du vé lugng cho cay trong trong timg giai
doan phat trién cu thé. Nhu cau dinh dudng cia ciy trong
khong tang hay giam mot cach tuyén tinh theo thoi gian ma
thudng can it & giai doan cdy non va ting manh & giai doan
phat trién sinh khdi, ra hoa, két trai, sau d6 giam dan trong
giai doan qua chin va thay dbi theo ting loai cdy trong khac
nhau [8]. Pé khic phuc van dé trén, ky thuat két mang bé
mat vat liéu polyme siéu hép thu dé tao ra céu truc dang
v6 - 16 (shell - core) voi mat do lién két ngang & 16p vo
cao hon 161 dang dugc quan tdm nghién ctu [9-12]. Téc
nhén thich hop cho két mang bé mat 1a nhimng hop chit c6
kha nang tao da lién két este, ete hodc amit nhu polyalcol,
glyxerin, axit citric va cac dan xuit ciia hop chat epoxy. Vi
ciu trac vo - 15 nay, K.T. Mudiyanselage va cs (2008) [9]
da tao ra dugc cac hat vat liéu ciing hon nho viée két mang
tang cuong bé mit bang hop chét nhay quang. S. Ma va cs
(2014) [10] da két mang bé mat vat liéu polyme siéu hép
thu trén co sé polyacrylat bang etylen glycol diglycidyl ete
va bién doi b?mg mubi vo co dé dat duoc do h?ip thu dung
dich mudi cao. Cho dén nay, vat liéu polyme siéu hip thu
cAu trac vo 16i cling dd duge nghién ctru thanh cong va ting
dung trong mot s6 linh vuc [13, 14], tuy nhién, viéc ché tao
vat liéu dinh hudng mg dung trong néng nghiép gan nhu
chua dugc dé cap dén.

Trong cong bd gan ddy, chung t6i da ché tao thanh cong
vat liéu E-BioSAP bang bién tinh bé mat vat liéu BioSAP
duogc tong hop tir carboxymethyl cellulose tir 14 dira v6i dau
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thuc vat epoxy héa [15]. Vat liéu E-BioSAP dat d6 hap thu
bdo hoa nudc cat va dung dich nudc mudi NaCl 0,9% lan
luot 1a 450+35 va 90+7 g/g. Tuy nhién, nhimng két qua danh
gia kha nang nha hép thu cua vat liéu mai chi thuc hién o
diéu kién phong thi nghiém, nén viéc ap dung trong diéu
kién dét thuc co thé din dén sai léch. Vi vay, doi hoi phai
¢6 su nghién ctru ky ludng hon vé kha ning nha hap thu cia
vat liéu trong diéu kién dat thuc. Do d6, muc tiéu cta nghién
clru nay nham danh gia anh huong cua két mang bé mit vat
liéu BioSAP dén kha nang nha phan bon (ure va NPK) trong
diéu kién dat thuc tién hanh trong cac cOt kin i & diéu kién
xac dinh (thiét bi incubator).

2. Thuc nghiém

Hoa chit duge st dung trong nghién ctru gdm: NaOH
98% (Trung Qudc), HCI 36,5% (Trung Qudc), axit citric
99% (Merck), HNO, 65% (Trung Qudc), axit acetic 98%
(Trung Qudc), axit sunfuric 98% (Trung Qudc), axit
acetic khan 98% (Trung Qudc), axit acrylic (AA) 99%
(Trung Qubc), acrylamit (AM) 99% (Trung Quéc), N,
N- methylene bisacrylamide (MBA) 99.9% (BioBasic), epoxy
tir ddu d4u nanh, 98% (Pai Loan, Trung Qudc), NaCl 98%
(Merck), amoni molypdat 99% (Merck), 2,4-dinitrophenol
99% (Merck), natri salicylat 99% (Merck), dinatri dihidro
etylendinitrilotetraaxetat (EDTA) 99% (BioBasic, Canada),
ammonium persulphate (APS) 99%, (Merck), KH, PO,
99% (Merck), K.PO, 99% (Merck), KNO, 99% (Merck),
Na,CO, 99% (Merck), etanol 99% (Prolab), aceton 99%
(Prolab), metyl do 99% (Merck), giéy loc Whatman, phan
bon ure (Nha may Phan dam Ca Mau, Viét Nam), phan bon
NPK 16-16-16 (Tropi-NPK, Nga).

Vit liéu BioSAP va E-BioSAP duoc téng hop trén co s&
carboxymetyl cellulose tir phu pham 14 dira theo quy trinh da
cong b [15]. Vat lidu BioSAP dugc tong hop bang phuong
phéap trung hop trong dung dich st dung dung moi 1a nudc.
Ham luong CMC, chit két ndi MBA, chat xtc tac lan luogt la
10,0,1 va 1% phan khéi luong so v6i hdn hgp monome AA va
AM. Phan tng thyc hién trong mdi trudong khi tro (suc khi N,)
0 60°C trong 2 gi0, sau do rira mau trong etanol 80% va say
kho & nhiét d6 60°C. Vat liéu E-BioSAP duoc ché tao tir vat
liéu BioSAP bang k¥ thuat nhing trong dung dich chét két noi
epoxy tir dau thyc vat, sau d6 say & 110°C trong 2 gid.

Thi nghiém nha phan bon dugc thuc hién trong cot
incubator [16], sir dung dat phu sa pha cat lay tir bai song
Hong tai Ha Noi. Dat dugc dap nho dé kich thude <2 mm.

Xéc dinh d6 hip thu nude: m, (g) mau duoc dit trong thi
loc tra (tea bag), nhung tui mau ngdp trong nudc. Sau moi
thoi gian x4c dinh, v6t tii mau ra khoi nuée, dé rao nude
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Hinh 1. Hé théng thi nghiém nha phan bén vao dat. (A) Md hinh dat mau trong cot;

(B) Hé théng cot incubator.

trong 10 phiit trude khi can khéi lugng tii mau. Tién hanh
trong tw v6i mau dbi chung 1a tii khong chira mau. Khéi
lugng mau tai thoi diém t dugc xéac dinh bé‘lng khéi luong thi
chtra mAu trir khoi lwong thi, ki hiéu m (g). D6 hép thy nudc
dugc xac dinh theo cong thire (1) sau:

W (g/g) = (m,- m )/m, )

bo hép thu dung dich mudi NaCl 0,9% cling xac dinh
theo cong thure (1).

Thi nghiém nha phan bon (ure, NPK) trong dat dugc thuc
hién trong cdt incubator c6 dang hinh try (duwdng kinh trong 12
cm, chiéu cao 60 cm, phia dudi c6 van thao dich thém) chtra
1 kg dét c6 d6 4m 30% (hinh 1). C4c mau chira phan bon dugc
dat vao cot & do sdu 3 cm so v6i mit dat. Luong nito, phét pho
va kali trong cdt ban dau duoc xac dinh theo khéi luong phan
bon dua vao thi nghiém.

C6 3 nghiém thirc: mau phan bon (ure hoic NPK), mau
phan bén dugc luu giir trong vat liéu BioSAP, ky hiéu mau
13 ure/BioSAP va NPK/BioSAP, mau phan bon dugc luu giir
trong vat liéu E-BioSAP, ky hiéu mau 1a ure/E-BioSAP va
NPK/E-BioSAP). Mdi cot duoc cung cdp 5 g ure hodc 5 g
NPK. C4c mau phan bén luu giit trong BioSAP va E-BioSAP
dugc chuan bi béng cach cho BioSAP hoac E-BioSAP hép
thu hoan toan dung dich phan bén dugc pha véi ndng do 100
@/l véi ure va ndng do 20 g/l voi NPK. Mdi mau st dung 2 g
BioSAP hoac 2 g E-BioSAP. Chuén bi mot mau trz“ing chico
dat (MT).

Tét ca cac nghiém thirc déu duoc lap lai 3 lan va thuc
hién trong 3 thang. Trong cac thi nghiém, cac cot dat duoc
i & nhiét do phong 25+5°C. Tudi nude duge dp dung hang
tudn bang lugng nudc cat phu hop vai lwong mua trung binh
(326 ml/cot) va dich tham qua cot duoc thu gom trong binh
non thiy tinh [16]. Chét dinh dudng dugc xéc dinh tir dich
thdm qua cot 1 tuan/lan dbi véi thi nghiém nha phéan ure va 3
tuan/lan d6i véi thi nghiém nha phan NPK.
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Thanh phéan dinh dudng N, P, K cta phan
bon nha vao trong dat dugc xac dinh & cac dang
lan Iwot 1a nito téng sb N, PO, KO. Khbi
luong N, P, K cta phan boén nha vao trong
dat dugc xac dinh bang két qua phan tich tir
dich thim qua thu duogc trong ¢t incubator
¢6 mau chira phan bén sau khi di trir két
qua phan tich tir mau tr’éng. N, dugc xac
dinh theo phuong phap trac quang dung axit
sunfosalicylic theo TCVN 6180:1996. Ham
luong photpho duoc xac dinh bang phuong
phap quang pho theo TCVN 10678:2015. Sir
dung thiét bi do quang Agilent Carry 1000.

Do nha phan bon dugce xac dinh theo cong thure (2):

R (%) = (m/m ) x 100 2)
trong do: m, m, la khéi luong phan bon ban déu dua vao
ot va khdi luong phéan bon co trong dich thdm qua tai thoi
gian t.

Két qua 1a gia tri trung binh ciia 3 thi nghiém 1ap lai.

Phé hdng ngoai duoc ghi trén may FTIR Shimaduz 1s,

xuét xtr Nhat Ban, dai song 400-4000 cm!, s6 1an quét 32
lan.

Gian d6 phén tich nhiét (TGA) dugc do trén thiét b
SETARAM, Labsys TG, trong moéi truong khi tro Ar,
khoang nhiét d¢ 30-800°C, tbe do tang nhiét 10°C/phut.

Thi nghiém dugc thuc hién tai Phong Thi nghiém chuyén
dé Héa Sinh, Khoa Hoa hoc, Truong Pai hoc Khoa hoc Ty
nhién.

3. Két qua va ban luan

3.1. Nghién ciru dic trung vat ligu BioSAP va

E-BioSAP

Phé FTIR ctia miu BioSAP va E-BioSAP duogc dua ra
trén hinh 2.

BioSAP
———EBio SAP

T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000

Hinh 2. Phé FTIR ctia mau BioSAP va miu E-BioSAP.
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C6 thé thay, trén phd FTIR ciia mau E-BioSAP ¢ su
tang manh cuong do dinh pic tai 1743, 1163 va 1347 cm’!
dic trung cho dao dong cua céc lién két C=0 va C-O trong
nhom este va dao dong cua lién két C-N [17-19]. Trén phd
ctia ca hai mau déu xuét hién pic tu rong ¢ 3444 cm™! dac
trung cho cac lién két O-H va N-H va su ton tai lién két
hydro gilta cac nhém chtic. Pang chu y, cuong do pic nay
ciia mau E-BioSAP giam manh so véi mau BioSAP. Tir két
qua quan sat trén phd FTIR cho thdy, di xay ra phan tung két
mang cta phan tir epoxy tir dau thuc vat véi cac nhém chire
-COOH, -NH,, -OH c¢ trong cAu tric vat liéu BioSAP va
tao thanh cac lién két este, amit va ete. Sy c6 mét ciia phan
tir epoxy trong cdu tric vt liéu E-BioSAP duoc thé hién boi
su xuét hién dinh pic 864 cm!, dic trung cho vong epoxy
va su tang manh dinh pic tai 2854 va 2926 cm!, dic trung
cho dao dong cua cac lién két C-H [6, 12]. Nhur vay, két qua
phd FTIR cta miu E-BioSAP da minh chimg sy hinh thanh
lién két ngang khi két mang bé mit véi hop chat epoxy tir
dau thuc vat.

Két qua phan tich nhiét cia mau BioSAP va E-BioSAP
duoc dua ra trén hinh 3 va 4. Céc dit liéu vé budc mat khoi
luwong, nhiét d6 diac trung va do mat khoi luong tur gian
d6 TGA cua cac mau dugc tong hop trén bang 1. Tir hinh
3 quan sat thay, mau BioSAP trai qua hai budc mat khoi
luong véi dinh pic phan huy lan luot tai 420,21 va 835,42°C.
C6 thé dé dang thiy pic tai 420,21°C kha 16n va tu, 1a sy
chéng phé ctia bdn dinh pic dugc cho la dac trung cho su
hoa hoi nuée lién két, sy phan huy cta cac hop chat két
ndi, CMC va cac mach phan tir polyme nhu polyacrylate,
poly(acrylic acid), polyacrylamide c6 trong vt liéu BiosAP
[20]. Su mat khéi luong trong khoang nhiét d6 600-900°C
tuong tmg v&i su phan hily ciia cac thanh phan hitu co
khé phan hay khac [20]. Trén hinh 4 quan sat thdy, mau
E-BioSAP trai qua ba budc mat khéi luong véi dinh pic
phan huy lan luot tai 131,34, 459,16 va 762,14°C. Trong
do, dinh pic tai 459,16°C ciing kha 16n va tu, 1a sy chong
phé cuia ba dinh pic duoc cho 1a dic trung cho su phan hay
cua cac thanh ph?m hltu co c6 trong vat liéu E-BioSAP. Tu
bang 1 co thé thdy, dinh pic phan huy cua bude giam khdi
luong II cia mau E-BioSAP cao hon déng ké mau BioSAP,
tuong Ung 459,16 va 420,21°C. Tuy nhién, qué trinh phan
hily cia mau E-BioSAP lai dién ra trong khoang nhiét do
hep hon mau BioSAP, twong tmg 168,67-561,27 va 198,90-
560,21°C. Két qua nay c6 thé ly giai viéc két mang ting
cuong bé mit BioSAP lam hinh thanh thém lién két chéo,
tang mat do lién két, dan dén tang do bén nhiét cua vat liéu
[15]. Pang chu y, xét trong khoang nhiét d6 tir 30 dén 600°C,
su mét khi lwong cia mau E-BioSAP lai cao dang ké mau
BioSAP, tuong tmg 59,95 va 53,18%. Dong thoi quan sat
thiy trén bang 1, phan khéi lugng mau con lai sau khi nung
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(du luong than) ctia mau E-BioSAP thap hon dang ké so voi
mau BioSAP, tuong ung 16,45 va 24,21%. Két qua nay co
thé 1y giai do su két mang bé mat bang dau thyuc vat epoxy
hoa di 1am tang thanh phan cac hop chit hitu co trong mau
1én, két qua la do mat khdi lugng cia mau E-BioSAP cao
hon va phan than con lai s& thap hon. Sy ting d6 mat khbi
luong trong két qua phan tich nhiét ciia mau polyme siéu
hap thu dugc két mang so v6i mau polyme nén khong két
mang ciing dugc cong bd bai [11, 13, 20].

SE' Figure: N BioSAP Crucible:PT 100 pl AtmosphereAir

Labsys T6 0610412022 Procedure: RT->900°C 10C.min-1 (Zone 2)
T T T T T T T

T
TGI% d TG/%/min |

Mass (mg): 10.73

4 Peak 835.42C

Peak:420.41°C

-

&

20
r Meass variation: -53.18%

Mess variation: -24.21%
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Hinh 3. Gian dé TGA ctia mau BioSAP.

SE Figure: N E-BioSAP Crucible:PT 100 pl AtmosphereAir
Labsys TS 06/07/2022 Procedure: RT->900 oC 10C.min-1 (Zone 2) Mass (mg): 21.14
T T T T T T T T
TG/% d TG/%/min.|
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Hinh 4. Gian dé TGA cia mau E-BioSAP.
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Bang 1. Cac nhiét dé dac trwng tir phan tich TGA.

o, Tén miu
Khoang nhi¢t d Buwdc mat khoi lwong ~ Nhiét df dic trung
BioSAP  E-BioSAP
T,C 3551
T,C 131,34
30-200°C I
T,<C 198,90
W, % 8,47
,5C 168,67 198,9
T,°C 420,41 479,16
200-600°C 11
T,%C 561,27 560,21
W, % 53,18 51,48
¢ 770,89 669,51
T, 835,42 762,14
600-900°C 111
T:°C 884,20 835,34
W, % 2421 16,45
W, % 22,61 23,60

T, (°C): nhiét do bat ddu phan hiy; T_(°C): nhiét do phan hity cyc dai; T, (°C):
nhiét d6 phan hiy cudi cing; W, (%) 1a do mat khdi luong; W, (%) 1a phan
khéi lwong con lai sau khi nung (du lrgng than).

Do hit nudce cit va dung dich mudi NaCl 0,9% cua cac
mau BioSAP va E-BioSAP dugc dua ra trén hinh 5 va 6.

—a— BioSAP
R = e
400 "'_,-f —
9 I—J 300 /
[=.]
,¥m~| | //
= : -Fl 200 /'
200 4 I.r" | F
g
100 :
|__I l)o 1.2 3 4
0 ; T .
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Thai gian ngam mau, gidr

Hinh 5. D6 hap thu nwéc cia mau BioSAP va E-BioSAP.
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10] —=— E-BioSAP
—*~ BigSAP
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Thii gian ngam méu, gicr
Hinh 6. D6 hap thu dung dich mubi NaCl 0,9% cta mau BioSAP

va E-BioSAP.
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Tir hinh 5 ¢ thé thdy, ca mau BioSAP va E-BioSAP
déu hut nudc rit nhanh trong 3 gio dau va dat trang thai gan
bdo hoa sau 10 gid. Pang chi ¥, mau E-BioSAP hut nude
nhanh va hut duoc nhiéu hon dang ké so v&i mau BioSAP,
ngoai trir 2 gid' dau tién. Két qua nay c6 thé 1y giai do miu
E-BioSAP duoc két mang bé mat bﬁng hop chét epoxy tur
dau dau nanh da lam ting mat do lién két ngang & 16p vo,
dan dén hat nude cham hon trong thoi gian dau. Tuy nhién,
v6i 16p vo dugc két mang, gel ciia E-BioSAP trd nén cimg
hon, lam ting kha ning giit nude trong cau tric vat licu, két
qué 1a 1am ting d6 hut nude. Po hap thu nudc cit bio hoa
cia mau E-BioSAP va BioSAP lan luot 13 435 va 413 g/g.

Tir hinh 6 ¢6 thé thiy, d6 hip thu dung dich NaCl 0,9%
ctia cac mau BioSAP va E-BioSAP giam manh so véi nudce
cit. Nhu vy c6 thé thiy, ndong do cac ion trong nudc ting
lam giam do hép thu nudc cua vat liéu. Tir hinh 6 ¢o thé
thay, toc do hat dung dich NaCl 0,9% ciia ca hai mau déu
rt nhanh trong 1 gio diu va ciing dat trang thai gin bdo hoa
sau 8 gio. Pang cha y, mau E-BioSAP hut nuéc nhanh va
hit duge nhidu hon dang ké so v&i mau BioSAP, ngoai tru
1,5 gio dau tién. Dong thoi, thay & do hap thy bio hoa cia
mau E-BioSAP cao hon so v6i mau BioSAP, tuong tmg 89
va 79 g/g.

Vit liéu E-BioSAP tong hop dwoc trong cong trinh nay da
cai thién déng ké kha nang hap thu nuéc va dung dich mudi
so voi san pham BioSAP trén co so ghép polyacrylamit 1én
soi cellulose tir vo trau, véi do hép thu nudc va dung dich
NaCl 0,9% lan luot 1a 320,8 va 63,5 g/g [21]. Trong mot
cong bd gan ddy cua tac gia K. Pairote va cs (2017) [22],
vat liéu BioSAP dugc tong hop trén co sé ghép polyacrylic
axit 1én soi CMC da dat dugc do hép thu nude cit 1én dén
544,95 g/g, nhung d6 hap thu dung dich NaCl 0,9% chi dat
44 g/g. Véi két qua do hap thu dung dich NaCl 0,9% cao
(1én dén 89 g/g), phan anh vat liéu E-BioSAP s¢ hiru tinh
khang mudi tot, c6 kha ning Gmg dung trong linh vuc nong
nghiép.

3.2. Nghién cwru thir nghiém nhd phdn bon ure trong
dit

Nghién ciru xac dinh kha nang nha phan bon vao dat caa
mau phan bén ure dugc luu giit trong BioSAP va E-BioSAP
duoc thuc hién trong ¢t incubator, két qua do nha ure cua cac
mau dugc dua ra trén hinh 7.
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Théi gian nha, tudn
Hinh 7. D6 nha ure trong dat cia cac mau ure, ure/BioSAP va ure/
E-BioSAP.

Tir hinh 7 ¢6 thé thdy, hinh dang dudng cong nha ure cua
mau ure/BioSAP va ure/E-BioSAP khac so v6i mau ure. Dbi
v6i miu ure, lwong ure nha nhanh trong thoi gian dau va nha
gan nhu hoan toan sau 6 tudn, trong khi véi mau BioSAP va
E-BioSAP lan luot 13 9 tudn va 11 tudn. C6 thé thiy, d6 nha
ure ctia mau ure/BioSAP cham hon va 6n dinh hon so véi mau
ure. Nhu vay, viéc st dung BioSAP da cai thién ro rét hi¢u
qua nha ure trong dét, kéo dai thoi gian nha tir 6 tuan 1én dén
9 tudn. Pang chi ¥, xu huéng nha ure ciia mau ure/BioSAP
va mau ure/E-BioSAP 1a kha twong dong, tuy nhién miu
ure/E-BioSAP nha cham hon dang ké trong hai tuan dau, sau
d6 nha nhanh va 6n dinh hon trong khoang tir tudn tht 3 dén
tuan thir 9. Nhur véy, két luéi bé mat BioSAP bang hop cht
epoxy tir dau dau nanh da lam giam manh d6 nha phén bén ure
& thoi gian dau ngay sau khi vira bon phén, gitip ure dwoc nha
déu dan hon, dong thoi kéo dai thoi gian nha Ién dén 11 tuan.

3.3. Nghién cvru thir nghiém nhd phédn bon NPK trong
dit
Nghién ctru x4c dinh kha ning nha phan bén vao dét
ctia mau phan bon NPK dugc luu giit trong BioSAP va
E-BioSAP dugc thuc hién trong cdt incubator, két qua do nha
NPK ctia cac mau duge dua ra trén hinh 8.
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Két qua cho thay, cac duong cong nha N, P, K ctia hai mau
NPK/BioSAP va NPK/E-BioSAP c6 hinh dang gan tuong tu
nhau nhung khéc so véi mau NPK. D¢ nha N, P, K ciia mau
NPK cao trong 3 tuan dau, sau d6 d6 nha giam nhe, trong khi
hai mau NPK/BioSAP va NPK/E-BioSAP nha cham trong 3
tudn dau, sau do6 do nha tang manh va kha on dinh dén tudn
thi 8. Pang cha y, do nha N, P, K cia mau NPK/E-BioSAP
chém hon 18 rét trong 3 tuan dau so véi mau NPK/BioSAP,
sau d6 d6 nha nhanh va 6n dinh hon nhung sy khac biét
khoéng qué 16n. Nhu vay, vat liéu BioSAP va E-BioSAP da
cai thién dang ké kha ning nha cham va déu dan phan bon
NPK. Diéu ndy c6 thé giai thich do su twong tac manh giita
cac ion trong dung dich phan bon NPK véi cac nhom chire
trong ciu tric mang ludi cia vat liéu BioSAP va E-BioSAP
nhu -NH, -NH,, -OH, COO-, 1am su khuéch tan cac ion tur
trong khdi gel ra dit cham hon. Pdng thoi, ¢6 thé thdy sau
12 tudn, ca hai mau NPK/BioSAP va NPK/E-BioSAP déu
nha gan nhu hoan toan thanh phan N va P, trong khi chi nha
duoc khoang 80% K. Sy nha khong hoan toan thanh phan K
ctia vat liéu BioSAP va E-BioSAP co thé giai thich theo co
ché nha do hién tuong tham thau [2, 5]. Tuy nhién, dé hiéu
15 vé hién tugng nay, trong cac nghién ctru tiép theo can tién
hanh thi nghiém v&i mau d4t da 1am sach hoan toan céc ion
kim loai. Viéc két luéi bé mat BioSAP bing hop chat epoxy
tir dau dau nanh da lam thay d6i dang ké kha nang nha phan
bon NPK trong dat, nhét 1a d6i v6i thanh phan P va K. Két qua
nay c6 thé duoc giai thich boi sy ting cuong mét do két ndi bé
mit ciia mau E-BioSAP lam giam kich thudc 16 xdp, gay can
trd cho sy dich chuyén ciia cac ion va phan tir trong khdi gel ra
mdi trudng bén ngoai (dat).

4. Két luan

Két mang bé mit bang hop chat epoxy tir dau thyc vat da

tang do hap thu nude va dung dich NaCl 0,9% cho vat liéu

polyme si€u hép thu trén co s¢ dan xuét cellulose (BioSAP),
tuong ung 5,3 va 12,6%.
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Hinh 8. D6 nha phan bén NPK trong dat ctia cac mau NPK, NPK/BioSAP va NPK/E-BioSAP: (A) Db nha N; (B) D6 nha P; (C) D6 nha K.

KHOA
&CONGHI\?GCI:-IE

67(9) 9.2025



Khoa hoc Néng nghiép | Trong trot; Céng nghé sinh hoc trong néng nghiép, thiy San

Két mang bé mat bang hop chat epoxy tir dau thuc vat da
lam cho BioSAP nha phan bon ure va NPK cham hon trong
3 tuan dau, nha déu dan hon trong khoang thoi gian 9 tuan va
kéo dai thoi gian nha 1én dén 11 tuan. Két qua dd mo ra mot
giai phap hitu ich dé kiém soat qué trinh nha phan bén ure
va NPK cho vat liéu BioSAP bang k¥ thuat két mang bé
mat, gop phan ting hiéu qua sir dung vat liéu nay trong nong
nghiép.

LO1 CAM ON

Cong trinh nay dugc hd trg boi ngudn kinh phi tir Dé tai
nghién ciru tiém ning ciia Quy Phat trién Khoa hoc va Cong
nghé Quédc gia (NAFOSTED), ma s6 06/2019/TN. Cac tac
gia xin chéan thanh cam on.
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Anh hudng ciia mt d9 cdy va lrgng phan dam dén kha ning sinh trwdng
va phat trién cta giong lia gao mau Cham Dao tai huyén Mwong La, Son La
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Tom tit:

Glong Itia té gao mau dia phwong Cham Dao dugc trong lau doi tai huyén Mwong La, tinh Son La ca trén rufng
nwong va rufng nwéc. Trén thye té, dién tich gieo trong glong nay ngay cang giam do glong bi thoal hoéa; ky thuat
canh tac theo kinh nghiém truyen thong cia dia phwong da khong con phu hop, qua nhiéu nim trong tren nwong
riy, it dwgc bén phin nén ning suét chi dat khoang 15 ta/ha. Dé tai nghién ctru cai tién k¥ thuét canh tac tién hanh
trong 2 nim 2021 va 2022, trong bdi canh dé da gép phan ning cao ning suit va hiéu qua kinh té cho ngudi nong
dan. Thi nghiém goém 2 nhén t6 1a phian dam (N) véi 3 mire lidu lwgng (30, 50 va 70 kg N cho 1 ha) va mét dp cay
(voi 3 mire 20, 16 va 13 khém/m?) dwge b6 tri kiéu 6 chinh & phu (Split Plot Design). Két qua nghién cuu cho théy,
bén 1 tin phan hiru co vi sinh + 70 kg N + 60 kg P,O_+ 60 kg K, O véi mat d9 13 khém/m? cho ning suit thuc thu
cao nhit (36,6 ta’ha nam 2021, 38,3 ta’/ha nam 2022) trong khi niang suét trén rufng nwong chi dat 15,7 ta’ha (nim
2021) va 14,8 ta/ha (nam 2022).

Tir khéa: Cham Dao, gao mau, ky thuit canh tac, Mwong La.
Chi s6 phén logi: 4.1, 4.6

Effects of plant density and nitrogen fertiliser quantity on the growth, development

and yield of pigmented rice Cham Dao in Muong La district, Son La province
Thi Lan Huong Hoang"", Ngoc Huu Nguyen?, Thi Hue Hoang', Quang Tin Nguyen®
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Abstract:

The Cham Dao pigmented rice cultivar, traditionally grown in Muong La district, Son La province, has been
cultivated in both upland and wet fields. As a matter of fact, the area under Cham Dao cultivation decreased over
time because of varietal degeneration. Moreover, traditional cultivating techniques of the local people were no longer
suitable, with little fertiliser applied after many years of upland farming, resulting in low productivity (about 1.5 t
ha'). The implementation of a study on improving technologies applied to the locally pigmented rice “Cham Dao” in
2021 and 2022, within this context, has partly contributed to increasing the yield and income of the farmers. The field
trials consisted of 2 factors: nitrogen (N) fertiliser at 3 dosages (30, 50, and 70 kg N ha') and 3 planting densities (20,
16, and 13 hills m?), which were arranged in main plot and sub-plot style (split plot design). Study results show that,
the application of 1 ton of microbial organic fertiliser +70 kg N+60 kg P205+60 kg K20 for wet rice at a planting
density of 13 hills m? gave the highest net yield (36.6 quintals ha-1 in 2021 and 38.3 quintals ha! in 2022) compared
to 15.7 quintals ha™' in 2021 and 14.8 quintals ha™' in 2022 in upland fields.

Keywords: Cham Dao, farming techniques, Muong La, pigmented rice.
Classification numbers: 4.1, 4.6
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1. Dat van de

Lua gao mau (Oryza sativa L.) cung loai véi lua gao
tréng, duoc tr@)ng chu yéu & chau A, bao gém An Do,
Bangladesh, Trung Quéc, Han Qudc, Nhat Ban, Thai Lan,
Lao, Viét Nam va Indonesia. Sy phan bd va kha nang thich
g rong cua gao mau (cé mit & ca vung dat thap va ving
cao 0 chau A) d4 tao nén sy da dang dudi loai va tao cho mdi
giéng lua gao mau cac dac diém hinh thai thuc vat va dic
tinh sinh héa khéac nhau [1, 2]. Nhin chung, cdc nhom gao
mau c6 gia tri dinh dudng cao, dic biét 1a cac gidng c6 mau
den, do, ndu, chtra nhiéu chit chong 6xy hoa (anthocyanin,
proanthocyanidin), ham lugng chat xo va vi lugng thiét yéu
nhu Fe, Zn, Mg..., ¢6 thé sir dung trong san xudt my pham,
bot dinh dudng, lam thuc phérn chure ndng, siéu thuc phﬁm
nang cao sirc khoe con nguoi va hd tro diéu tri mot s6 bénh
nan y nhu ung thu, béo phi, tiéu duong...

Gibng lia té gao mau Chim Dao c6 ngudn gdc tai huyén
Muong La, tinh Son La. Gidng thudc tra mua trung (thoi gian
sinh truéng 145 ngay), dé nhanh khoe, cay cao (120-125 cm),
c6 thé trong dwoc trén rudng nude va trén nuwong. Hat gao
ban tron, vo gao nau, com tuong dbi déo, vi ddm. Ham
luong amylose 19,3%, ham lugng anthocynin 10,4 mg/kg.
Mic du ¢6 nhu cau tiéu thu cao, giéng Ita ban dia nay co
xu hudng ngay cang sut giam vé dién tich, gidng bi 1an tap,
thoai hoa anh hudng xau dén ning suat va chit lugng san
pham. Nguyén nhan chu yéu cua tinh trang nay 1a do gidng
phan 16n trong trén dat nwong, khong chii dong nude tudi
va it bon phan. Hon nita, ngudi trong chu yéu theo kinh
nghiém, khong ap dung céac bién phap ky thuat moi. Viée
tréng qua day, vuot qua mat do tdi wu s& anh huong dén viéc
dé nhanh, hap thu chit dinh dudng, cudng do quang hop
va tac dong xau dén sinh truong va phat trién cua ciy lta
[3], s6 lugng bong it di va chiéu dai bong ngén hon [4]. Ap
dung mat do trong hop 1y dam bao ciy trong sinh trudng,
phat trién can dbi, st dung chat dinh dudng va quang hop
tdt hon [3, 5] dem lai nang suét cao hon [6, 7]. Bén canh do,
Nito (N) 1 nguyén t6 dinh dudng duoc sir dung cho hau hét
cac loai cdy trong hang nam [8]. Viéc sir dung bira bai cac
loai phan bon gay ra nhiéu hau qua nghiém trong nhur lam
mat di sy can bang dinh dudng, ting ty 1& sdu bénh, tang chi
phi san xudt va anh huong xau dén méi truong [9]. Vi vy,
can nghién ctru tim ra mat do ciy va lidu lugng phan bén tdi
uu cho giéng lta gao mau Cham Dao nham gitip ting ning
suat, dem lai hiéu qua kinh té cho ngudi nong dan va khong
gdy anh hudng x4u dén méi truong.
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2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

Gidng: Cac dong da dugc chon loc cia gidng lua gao
mau Cham Dao ¢6 ngudn gbc tir huyén Mudng La, tinh Son
La.

Phan bon: Phan dam Uré Phu My c¢6 ham luong dam (N)
1a 46,3%; phéan supe 1an Lam Thao c6 ham lugng lan (P,0O,)
la 16,5%; phan kali clorua ¢6 ham lugng K O 1a 60%; phan
hitu co vi sinh song Gianh.

2.2. Phwong phdp nghién ciru
2.2.1. Phuwong phdp bé tri thi nghiém

Thi nghiém gdm 2 nhan té dwoc bé tri kiéu 6 chinh - 6
phu. Trong do, 6 chinh 13 phan bon dam (N) v6i 3 lidu luong
30 kg N/ha (N1), 50 kg N/ha (N2) va 70 kg N/ha (N3); 6
phu la mat do céy (M) v6i 3 mat do: 20 khom/m? (M1), 16
khom/m? (M2), 13 khém/m? (M3) trén nén phan bén chung
cho ¢a 9 cong thirc 13 1 tn phén hitu co vi sinh + 60 kg PO,
+ 60 kg K O/ha. Cac cong thuc thi nghiém duoc cdy trén
rudng béac thang, bé tri theo kiéu khbi ngéu nhién day du, 3
lan nhéc lai, dién tich 6 nho 50 m? va dién tich 6 16n 150 m>.

Cong thuc dbi chimg (d/c): Gieo trong trén rudng nuong
v6i lwong phan bon 10 tan phan chudng + 20 kg N/ha, mat
do 16 khom/m?.

2.2.2. Phwong phap canh tdac va cham soc

Chon rudng bac thang c6 dét canh tac tot, dong déu, dy
du anh sang, sach co dai, sach sau bénh. Céy khi ma duoc
5-6 14, cdy 2 danh.

Céch bon cho 1 ha: Bén 16t toan b phan hiru co vi sinh
va phan 1an + 1/3 N; thtic 1an 1 khi laa bén ré hoi xanh 1/3
N:1/3 K,0; thic 1an 2 sau lan 1 khodng 20 ngay 1/6 N:1/3
K,O; thiic 1an 3 khi lta bt dau lam dong 1/6 N:1/3K,0.

Cham soc: Lam c6, suc bun 2 1an. Lan 1 khi lua bén ré
hdi xanh két hop bon thic lan 1; 1an 2: sau 1am cd, suc bun
cach 1an 1 khoang 20 ngay, két hop bon thuc 1an 2.

Céch bon cho 1 ha cua cong thirc d6i ching: Bon 16t
toan by phan hitu co vi sinh va phan lan + 1/3 N; thic sau
khi bit ddu 1am dong, bon toan bd N.

2.2.3. Cac chi tiéu va phuwong phap theo doi

Chi tiéu vé sinh truong va phat trién theo quy chuan ky
thut qudc gia vé khao nghiém gid tri canh tac va st dung
clia gidng lta TCVN 12181:2018/BNNPTNT ciia Bo Nong
nghiép va Phat trién nong thon (nay 1a Bo Nong nghiép va



Mai truong), gdm: thoi gian trd (ngay): tir gieo - trd 50%;
thoi gian sinh truong (ngvéy): tur gieg - chin 85%; Chiél:l
cao than (cm): tu goc - co bong; chiéu d;‘\i boéng (cm); so
bong/cdy (bong); s6 hat chac/cay (hat); khoi lugng 1000 hat
(g); nang suat gam/cay (g).

Phuong phap chon cdy do dém: Mbi cong thire thi nghiém
chon 50 cdy thep phuong phap 6 Shéo 5 diérp/céng thae thi
nghiém, moi diém chon 10 cay ngau nhién dé do dém.

- Chi tiéu vé sdu bénh hai: Hing tuan di quan sat, thiy
cong thirc nao xuat hién sau bénh ha’i, ghj tén sau bénh, mo
ta muc do. Sau 3 ngay, quan sat lai néu thay mirc do tang lwén
thi phun thude phong trtr, chi tiéu nao cho diém thi ghi Qién’l
theo thang diém danh gia cua Vién Nghién ciru Lia Quoc &
(2014) [10], cy thé nhu sau:

* Bénh dao 6n (Pyricularia oryzae Cav.): Quan sat vét
bénh gay hai trén la ¢ giai doan ma va dé nhanh.

* Bénh bac 1a (Xanthomonas campestris pv. Oryzae):
Quan sat dién tich vét bénh trén 14 tir giai doan lam dong
dén vao chac.

Bénh dao 6n va bac 14 danh gia theo cac thang diém:

0 - Khong xuét hién vét bénh.

1 - Vét bénh mau nau hinh kim cham & gilia, chua xuét
hién vung san sinh bao tu.

. 2 - Vét bél}h nl}é tron hoac dai, d}I(‘fng kinh 1-2 mm c6
vién nau ro, hau hét cac 1a dudi co vét bénh.

3 - Dang hinh vét bénh nhu Vét cap 2, nl}ung vét bénh
xuat hién & ca cac 1a trén va véi so lugng nhicu.

4 - Vét bénh dién hinh dai trén 3 mm hogc hon dién tich vét
bénh trén 14 <4% dién tich 1a.

5 - Vét bénh dién hinh chiém 4-10% dién tich 14.

6 - Vét bénh dién hinh chiém 11-25% dién tich 4.

7 - Vét bénh dién hinh chiém 26-50% dién tich 14.

8 - Vét bénh dién hinh chiém 51-75% dién tich 4.

9 - Vét bénh dién hinh chiém >75% dién tich 14.

* Ry nau (Nilaparvata lugens Stal): Qua,n sat 14, cay
bi hai gdy héo va chét tir giai doan dé nhanh dén thu hoach.

0 - Khong bi hai.

1 - Bi hai rit nhe.

3 - L4 thir nhat va thir 2 hau hét bién vang b phan.

5 - Bién vang va lun 15 rét khoang 10-25% céy bi héo.

7 - Hon nira s6 cdy héo hodc chét, cac cdy con lai bi lin
nang hay héo dan.

9 - T4t ca cay bi chét.

* Sau duc th?m (Scirpophaga incertulas Walker): Quan
sat sO danh chét hodc bong b,ac 0 giai doan dé nhanh dén
lam dong va giai doan vao chac dén chin.
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0 - Khong bi hai.

1 - S6 danh chét hoic bong bac <10%.

3 - S6 danh chét hodc bong bac tir 10 dén 20%.
5 - S6 danh chét hodc bong bac tir 21 dén 30%.
7 - S6 danh chét hodc bong bac tir 31 dén 60%.
9 - S6 danh chét hodc bong bac >61%.

2.2.4. Pia diém va thoi gian nghién ciru

Dia diém: xa Chiéng An, huyén Muong La, tinh Son La.
Thoi gian: vu mua nam 2021 va nam 2022.

2.2.5. Xir Iy 56 liéu

Xuly théng ké theo phuong phap phan tich phuong sai
(ANOVA) dé so sanh so trung binh cua céc chi tiéu trong
thi nghiém. X 1y phéan tich hai nhan t6 bang phan mém
CROPSTART.

3. Két qua va ban luan

3.1. Anh huéng ciia mét dp va lwong phin dam dén
kha nang sinh truwong va phdt trién ciia giong lua gao mau
Cham Dao
Bang 1. Anh hwéng cia mat do va lwong phan dam dén dic diém
sinh trwéng cua giéng lia gao mau Chim Dao.

TGST (ngay)
2021 2022 2021 2022 2021 2022

Chiéu cao cdy (cm)  Dai bong (cm)

TT Cong thire

1 PIMI 45 145 136% 105 313 343
2 PIM2 45 145 1142% 1154 314 331
3 PIM3 145 145 1164% 172N 314 315
4 pMI 145 145 12000 1234 309 294
5 PM2 145 145 1186 1208% 314 310
6 PM3 45 145 177 18T 320 340
7 P3MI 145 145 134% 1S4 305 337
§  PIM2 145 145 127 122% 310 318
9 PIM3 145 145 1186 1218 335 34,1
Trung binh el 173 315 325

% 27 34 59 69

L8D, oy 55 59 32 39
Pl 147 1143 313 336
Trung binh phan bén P2 8T 12000 314 314
P3 148 11600 317 332

L8D, 1 31 34 18 22
Ml ST 164 309 324
Trung binh +matdy M2 s 161* 313 319
M3 175 192 323 338

Dy o5, 31 34 18 22
10 (®l) 133 133 1076 1023 281 30,1

P1:30 N, P2: 50 N, P3: 70 N, M1: 25x20 cm (20 khdm/m?), M2: 25x25
cm (16 khém/m?), M3: 25x30 cm (13 khdém/m2). Céc gia tri c6 chir sb
di kém khac nhau trong cting mét cot biéu thi sw sai khac cé y nghia &
murc 0=0,05. TGST: thoi gian sinh trwdng.
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- Luong phan dam va mat do céy khéac nhau khéng anh
hudng dén thoi gian sinh truéng & cac cong thirc. Két qua
nay tuong tu voi nghién ctru cua N.T. Hao va cs (2015) [11]
khi nghién ctru anh huong cia 4 muc phan bon dam 500,
700, 900, 1100 kg/ha va 3 mat do cdy 35, 40, 45 khom/m?,
cdy 2 danh trén gidng laa nép cdm DH6 v&i nhan xét cac
cong thirc va mat do phan bon khac nhau khong anh hudong
tdi thoi gian sinh trudng.

Thoi gian sinh truéng cua gidng khi cdy trén ruong
nuong (138 ngay) ngin hon 7 ngdy so véi cdy trén rudng
nude (145 ngay) ¢ ca 2 vu.

- Chiéu cao ciy qua 2 nam theo ddi 2021 va 2022 co sy
khac nhau giita cac cong thire. Nam 2021, chiéu cao trung
binh cta céac cong thuc 1a 116,1 cm, dao dong 112,7-120,0
cm, thip nhit & cong thirc s6 8 (P3M2 - 112,7 cm) va cao
nhit & cong thuc sé 4 (P2M1 - 120,0 cm), tuy nhién sy sai
khac so v6i cac cong thie s6 3, 5, 6 va 9 nam trong pham
vi sai s6. Nam 2022 chiéu cao cady trung binh dat 117,3
cm, dao dong 110,5-123,4 cm, thép nhét & cong thuc sb 1
(PIMI - 110,5 cm) va cao nhit ¢ cong thic sé 4 (P2M1 -
123,4 cm). Vi yéu t6 phan bon, két qua cho thay ¢ mirc bon
P2 cho chiéu cao cay cao nhét. Nhu vay, mat do da khong co
tac dong dén chi tiéu chiéu cao cay trong ca 2 nam nghién
ctru. Piéu nay trang hop voi két qua cua B.A. Asmamaw
(2017) [12] khi nghién ctru anh hudng cua 5 mat do tréng
(16,7; 22,2; 25; 33,3 va 50 khom/m?) vai 3 lidu Iwong dam
(80, 90 va 100 kg/ha) dén sinh trudng, ning suat va cac dic
tinh ning sudt cua lua voi két ludn chiéu cao cay khong bi
anh huong dang ké bai mat do trong.

- Chiéu dai bong trung binh ndm 2021 va 2022 gan tuong
duong nhau (31,5 va 32,5 cm), ching to luong phan dam va
mat d¢ cay khong c6 anh hudng rd rét dén chi tiéu nay. Picu
nay khéc véi két qua nghién ctru ciia B.A. Asmamaw (2017)
[12] khi cho rang, chiéu dai bong ting khi mat do trong
giam va nguoc lai.

- S6 bong/khom & lugng phan dam va mat do khac
nhau c6 khac nhau. Nam 2021, s6 bong/khom cua giéng
laa Cham Dao dao dong tir 4,9 (PIM1) dén 9,6 bong/khom
(P3M3). Khi cdy ¢ cong thirc P3M3, s6 bong/khom dat gia
tri cao nhét va sai khac c6 ¥ nghia & mtrc 5% so véi cac cong
thttc con lai. Tuong tu nam 2022, ) bong/khom dat cao
nhat 13 9,2 bong/khom & cong thirc P3M3 nhung su sai khac
khong c6 y nghia so voi cong thirc P2M2 (8,1 bong/khdm)
va cong thirc P3M2 (8,2 bong/khém) ¢ muc 5%.
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Bang 2. Anh hwéng cia mat do va phan bén dén cac yéu té cau
thanh néng suét cua giéng lua gao mau Cham Dao.

. ﬁ,‘;’:,g S6 bong/khom  S6 hat chic/bong i(ol:]‘:]'l'l‘;‘t"('gg) z::r"cgt;';a(tta/ha)
2021 2022 2021 2022 2021 2022 2021 2022
I PIMI 4% 53 ITRF 1671% 348 347 28 235
2 PIM2 600 63 1781 1831 350 347 2300 27
3 PIM3 62 62 2180 2139% 357 339 236 210°
4 PIMI S5 S8 16810 1556 347 352 2487 239¢
5 PM2 75 81t 1693 1669% 350 344 2724 265
6 PIM3 640 650 2305 2254 355 343 257% 261
7 PML 63 68 1732 1815 354 347 290% 313
§  PM2 72 82 2006 1960% 350 359 307 338
9 PM3 96 92 2192% 230% 352 357 366 383
18 66 69 1923 193 351 348 271 275
% 87 13 61 8 L6 3l 54 72
LDy 09 13 204 22 09 18 25 33
57 59 1898 1880 351 344 238 220
gﬁﬁgbﬁfh 64 67 1892 1826 351 343 258 255
76 80 1976 2000 352 353 31 344
LDy 06 07 175705 L0 LS 19
58 59 1716 16800 349 348 256 262
;r;“(fébinh 69 15 1826 18200 350 M6 276 276
7473 s 207 357 M5 86 W1
LDy 06 07 U7 D57 05 L0 15 19
10 SLPk) 41 39 166 1557 341 343 157 148

P1: 30 N, P2: 50 N, P3: 70 N, M1: 25x20 cm (20 khém/m?), M2: 25x2§
cm (16 khém/m?), M3: 25x30 cm (13 khom/m?). Cac gia tri cd chir s
di kém khac nhau trong cling mét cot biéu thi sw sai khac cé y nghia &
murc 0=0,05.

Vi yéu td phan bon, chi tiéu sé bong/khom ciing c6
su khéac nhau ¢ cac mac bon khac nhau, trong d6 miic bon
P3 cho s6 bong/khém cao nhat va cao hon hin so véi cong
thic P1 va P2, ching t6 lugng phén bon da cé tac dong
1& dén chi tiéu nay. Két qua nay phu hop véi nhan xét cua
cac tac gia T.T. Hanh va cs (2014) [13] va D.T. Huong va
cs (2014) [14], cho thdy, bon tang lwong dam dé lam ting
s6 nhanh cdy laa. Voi yéu t6 mat do, nam 2021 sb bong/
khém cao nhit & mat do M3 (7,4 bong/khom), nam 2022 sb
bong/khém cao nhat & mat do M2 (7,5 bong/khom) va
M3 (7,3 bong/khom). Hai cong thic M2 va M3 co s
bong/khom sai khac khong co y nghia. Két qua nay tuong



tu voi nghién ciru cua B.A. Asmamaw (2017) [12], khi
mat do céiy tang 1én thi sb bong/khom giam, cu thé mat do
50 khém/m? dat sb bong/khom la 2,0, ¢ mat do
33,3 khom/m? dat 3,2 bong/khém va mat do 25 khom/m?
dat 4,5 bong/khom. N.N. Ha (1999) [15] cho ring, ting mat
d6 ciy 1am cho viéc d¢ nhanh cua khom giam. So sanh s
danh/khom cua mat do cdy 45 va 85 khom/m? thi thdy sb
danh d¢ trong khom lta & cong thirc cdy thua 16n hon 0,9
danh/khom (14,8%) ¢ vu xuan va 1,9 danh (25%) ¢ vu mua.

- S hat chic/bong ciing ¢6 su khac nhau giita cac cong
thirc va dién bién tuong tu nhau trong 2 nim nghién ctru,
trong d6 gia tri thdp nhét thu dugc & cong thire P2M1 (168, 1
hat nam 2021 va 155,6 hat nam 2022) va cao nhét 1a & cong
thirc P2M3 (230,5 hat nam 2021 va 225,4 hat nam 2022).

Tuy nhién, khi danh gia timg nhén t4 riéng 1¢ cong thirc P3
va M3 lai cho sb hat chic/bong cao nhat. Két qua nay tuong
tu v6i nghién ctu cia N.T. Hao (2015) [11], khi tang lugng
dam, sé hat/bong cua gidng ciing ting. Ty 1& hat chic/bong
¢6 sy bién ddi 16n giita cac cong thirc thi nghiém, trong ciing
mot cong thirc phan bén thi ty 18 hat chic ty 16 nghich voi
mat do cay (mat do cdy giam, ty 1& hat chic ting 1én).

- Khéi lugng 1000 hat khong c6 sy sai khac co ¥ nghia
gilia cac cong thuc thi nghiém, trung binh dat 35,1 g nam
2021 va 34,8 g nam 2022. Pay la tinh trang di truyén it bi
tac dong boi yéu té ngoai canh. S6 liéu 1 nhan t6 ciing cho
théy, lidu luong phan dam khéng anh hudng 1o rét dén khoi
luong hat, trong khi mat d¢ lai c6 tac dong dang ké, su sai
khéac gitra cac cong thuc trong ndm 2021 1a cé y nghia véi
gia tri cao nhét thu dugc & mat d6 M3 (13 cay/m?). Tuy
nhién, sang nam 2022, cac cong thirc M1, M2 va M3 co
khéi lugng 1000 hat gan twong duong nhau, sy sai khac chi
nam trong pham vi sai sd.

- Nang suét thuc thu dao dong 22,8-36,6 ta’/ha ¢ nam
2021 va 21,0-38,3 ta/ha & nam 2022, trong d6 cong thic 9
(P3M3) dat gié tri cao nhat trong ca 2 nam (36,6 ta/ha nim
2021 va 38,3 ta/ha nam 2022). Khi danh gia timg yéu td
riéng 1¢, nang suat thuc thu cao nhat ghi nhan duoc ¢ cong
thire P3 va M3 trong ca 2 nam. Piéu nay c6 su khac biét
v6i két qua nghién ctru cia mot sd tac gia nudce ngoai. H.R.
Bozorgi va cs (2011) [3] cho ring, ning sut lua khi ciy
6 khoang cach 15x15 cm cao hon so véi cac khoang cach
20x20 cm va 25x25 cm. B.A. Asmamaw (2017) [12] khang
dinh nang suat lta & cac mat do 16,7, 22,2, 25, 33,3 va 50
khoém/m? gén nhu twong ty nhau (binh quan 6,7-7,1 ta/ha).
Theo B.L. Chandrankar va cs (1981) [16], trong m&t khao
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sat vé anh huong cua cac khoang cach cdy 20x10 ecm, 15x10
cm va 10x10 cm da dua ra nhan xét nang suit hat cao nhat
khi cdy & khoang cach 10x10 cm dbi véi cac gidng chin
som, khoang cach 20x10 cm dbi véi cac gidng chin trung
binh va chin muon.

Két qua danh gia cac chi tiéu theo ddi & cc cong thirc
1-9 déu t6t hon so v6i cong thire 10 (cong thirc d6i chimg),
diéu nay cho thay, giéng lta Cham Dao khi trong trén ruéng
nude sinh truong va phat trién tét hon han so véi trong trén
nuong can. O tit ca cac cong thirc, gidng c6 do cimg cy tot
va déu sach bénh.

Tom lai, voi giéng laa Cham Dao & ca 2 nam nghién clu,
cong thirc P3M3 (mtic phan bon 1 tan phan hiru co vi sinh
+70 kg N + 60 kg P,O,+ 60 kg K,0, mat do 13 khom/m?)
cho nang suét cao nhat (36,6 ta/ha nam 2021 va 38,3 ta/ha
niam 2022). Cong trinh nghién ctru cta nhiéu nha khoa hoc
cling dd khang dinh vé vai tro cta phan bon noi chung va
phan dam n6i riéng, nhu: liéu lwong dam thich hop bon cho
cac giéng co ngudn gbc dia phuong 1a 60 kg N/ha [17];
dam 1a yéu t6 chu yéu anh huong dén nang suit lua, cay
¢6 di dam thi cac yéu t6 khac méi phat huy hét dugc tac
dung [18]. S. Yoshida (1985) [19] cho rang, lugng dam cay
huat & thoi ky dé nhanh quyét dinh dén 74% ning suit. Bon
nhiéu dam lam cay lta d¢ nhanh khoe va tap trung, tang )
bong/m?, sb hat/bong.

3.2. Keét qua nghién cwu dnh hwong ciia mdt do va
lwong phin dam dén mirc dp nhiém sdu hai cvua giong lia
gao mau Cham Dao

Bang 3. Anh hwéng ciia mat dé va phan bon dén mirc doé nhiém
sau hai (phan theo cap dé) cua giéng lia gao mau Chim Dao.

Bénh dao on Bénh bac 1a R?ny niau Séu duc than
TT gl‘;“cg (diém) (diém) (diém) (diém)
2021 2022 2021 2022 2021 2022 2021 2022
1 PIMI 2 3 0 0 1 1 1 1
2 PIM2 1 1 0 0 1 1 1 1
3 PIM3 1 1 0 0 1 1 1 1
4 PMI 1 1 0 0 1 1 1 3
5 M2 ] 1 0 0 1 1 1 1
6 P2M3 1 1 0 0 1 1 1 1
7 PMIL 1 3 0 0 1 1 1 3
8§  P3M2 1 1 0 0 1 1 1 1
9 PM3 1 3 0 0 1 1 1 1
10 bPe 1 1 0 0 1 1 1 1

P1: 30 N, P2: 50 N, P3: 70 N, M1: 25x20 cm (20 khém/m?), M2: 25x25
cm (16 khéom/m?), M3: 25x30 cm (13 khém/m?).
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Két qua bang 3 cho thay, giéng laa Chim Dao khong bi
bénh bac 14 va it bi nhiém sau bénh hai. Cac loai sdu bénh
chu yéu xuét hién 1a bénh dao on, rﬁy nau, sau duc than, tuy
nhién déu & mic do nhe va khong c6 su khac biét dang ké
giita cac cong thirc thi nghiém. Diu nay ching to mat do
ciy va luong phan dam khac nhau khong anh hudng dang
ké dén sy phat sinh va phat trién sau bénh hai trén dong
rudng.

4. Két luan

Giéng lta gao mau Chim Dao c6 ngudn gbc tir
Son La thé hién dic tinh it bi sdu bénh hai. Khi ap dung
cong thirc canh tac véi mirc phan bén 1 tin phan hitu co
vi sinh + 70 kg N + 60 kg P,O, + 60 kg K,0, mat d¢ ciy
13 khoém/m2, nang suat cua giéng da duogc cai thién dang ké,
dat 36,6 ta’/ha nam 2021 va 38,3 ta/ha nam 2022, cao hon
nhiéu so véi dbi chimg truyén thong chi dat 15,7 ta/ha nam
2021 va 14,8 ta/ha nam 2022.

Cong thire trén nén duoc ap dung trong canh tac gidng
laa Cham Dao tai Son La nhim nang cao hiéu qua san xuét
Ita va cai thién thu nhap cho nguoi nong dan.

LO1 CAM ON

Nghién ctru duoc hd trg boi dé tai “Khai thac, phat trién
gidng lta gao mau Ta Cu Hong (Lai Chau), Chim Dao
(Son La), Té d6 Ha Nhi (Dién Bién)” (mi s6 NVQG-2020/
DT.16) thudc Chuong trinh Quy gen, B Khoa hoc va Cong
nghé. Céc tac gia xin chan thanh cam on.
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Danh gia hiéu qua phan hitu co'sinh hge SA02
trén mot s0 cay trong tai tinh Sayaboury, Lao

Lwong Pirc Toan", L& Nhw Kiéu', Lé Thi Thanh Thiy', Nguyén Thi Thu Hing', Phonepaseut Syha?

Vién Thé nhwdng Nong héa, 10 Pikc Thang, phiwong Péng Ngac, Ha Néi, Viét Nam
2So Nong Lam nghiép tinh Sayaboury, Lao

Ngay nhan bai 20/2/2024; ngay chuyén phan bién 23/2/2024; ngay nhan phan bién 12/3/2024; ngay chép nhan dang 18/3/2024
Tom tit:

Bai bio trinh bay két qua dnh hwéng ciia phan bén hiru co sinh hge (HCSH) SA02 dén ning suit ciy rau cai, laa,
quyt Thai va cao su tai tinh Sayaboury, Lao. Két qua cho thiy, véi rau cai, sir dung 2 tin HCSH SA02 + 160 kg NPK
15.15.15 + 96 kg uré/ha cho niing suit 31.220 kg/ha, ting 6.150 kg/ha so véi nhém ddi chirng (sir dung 200 kg NPK
15.15.15 va 87 kg uré/ha), ting ning suit 24,5%. Véi laa, sir dung 2 tin HCSH SA02 + 213,6 kg NPK + 34,8 kg uré/ha
cho ning suét 5.920 kg/ha, ting 1.400 kg/ha so dobi ching (st dung 267 kg NPK 15.15.15 va 43,5 kg uré/ha), ting
ning suat 30,1%. Véi quyt Thai, sir dung 4 tin HCSH SA02 + 800 kg NPK 15.15.15 NPK + 156,8 kg uré/ha, cho niing
suat 11.186 kg/ha, ting 1.961 kg/ha so doi chirng (str dung 1 tin phan chuong +200 kg NPK (15.15.15)/ha), ting ning
suét 21,3%. Véi cao su, sir dung 2 tAn HCSH SA02 + 200 kg NPK 15.15.15 + 59,2 kg uré/ha, cho ning sudt mi twoi
960 kg/ha, ting 195 kg/ha so doi ching (253 kg NPK 15.15.15 va 74 kg uré/ha), ting ning suét 25,5%. Nhin chung,
trong thoi gian thuwe hi¢n thi nghiém, cac ciy tréng cé xuit hién mot 50 sau, bénh hai chinh nhung do kip thoi phat
hién va xir ly nén khong dnh huéng dén sinh trudng, phat trién va nang suét cay trong

Tir khéa: cao su, Cong hoa Dan chi Nhan din Lao, Iia, phin hitu co sinh hge SA02, quyt Thai, rau cai, tinh
Sayaboury.

Chi s6 phén loai: 4.1, 4.6

Assessing the effectiveness of SA02 bio-organic fertiliser on crops in Sayaboury province, Laos

Duc Toan Luong',Nhu Kieu Le!, Thi Thanh Thuy Le', Thi Thu Hang Nguyen', Phonepaseut Syha’

!Soil and Fertiliser Institute, 10 Duc Thang Street, Dong Ngac Ward, Hanoi, Vietnam
?Agriculture and Forestry Department of Sayaboury Province, Laos
Received 20 February 2024; revised 12 March 2024; accepted 18 March 2024
Abstract:

This article presents the results of the effects of bio-organic fertiliser (BOF SA02) on the productivity of green vegetables,
rice, Thai tangerine and rubber in Sayaboury province, Lao People’s Democratic Republic (PDR). Experimental results
show that, for vegetables, the productivity of the experimental formula (2 tons of BOF SA02+160 kg NPK 15.15.15+96 kg
urea/ha) achieved 31,220 kg/ha, an increase of 6,150 kg/ha compared to the control formula (200 kg NPK 15.15.15+87 kg
urea’/ha), yield increased by 24.5%. For rice, the productivity of the experimental formula (2 tons of BOF SA02+213.6 kg
NPK+34.8 kg urea/ha) achieved 5,920 kg/ha, an increase of 1,400 kg/ha compared to the control formula (267 kg NPK
15.15.15+43.5 kg urea/ha), bumper productivity reached 30.1%. For Thai tangerine trees, the productivity of the experimental
formula (4 tons of BOF SA02+800 kg NPK 15.15.15+156.8 kg urea/ha) reached 11,186 kg/ha, an increase of 1,961 kg/ha
compared to the control formula (1 ton of manure+200 kg NPK 15.15.15/ha), bumper productivity reached 21.3%. For
rubber, the fresh latex productivity of the experimental formula (2 tons of BOF SA02+200 kg NPK 15.15.15+59.2 kg urea/
ha) reached 960 kg/ha, an increase of 195 kg/ha compared to the control formula (253 kg NPK 15.15.15+74 kg urea/ha),
bumper productivity reached 25.5%. In general, during the experiment, some main pests and diseases appeared on the
plants, but thanks to timely detection and treatment, they did not affect plant growth, development, and productivity.

Keywords: green vegetables, Lao People’s Democratic Republic, rice, rubber, Sayaboury province, SA02 bio-organic
fertiliser, Thai tangerine tree.

Classification numbers: 4.1, 4.6
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1. Dt van de

Phéan bon hiru co (httu co/HCSH/hitu co vi sinh) dang
duogc sir dung nhiéu trén thé giéi dé phuc vu néng nghiép
theo hudng hiru co. Trong nhitng ndm gan déy, nganh nong
nghiép Lao c6 nhimg budce chuyén minh dang ké boi lan
song dau tu lién tuc vao cac linh vuc canh tc, san xuat hang
ndng san dé xuét khau nho diéu kién thd nhudng thuan loi
[1]. Tuy nhién, mit trai cia ndng nghiép Lao 1a téc do phat
trién rat cham, da s néng dan van dang dya vao k¥ thuat
canh tac truyén théng, lam dung thudc bao vé thuc vat va
phan bon hoa hoc, gy anh huong dén méi truong, doi sng
nguoi dan [2]. Vi vay, Chinh phi Lao da coi phan bon hitu
co 1a giai phap tién quyét dé dat dugc muyc tiéu phat trién
néng nghiép sach, dong thoi c¢6 kha ning ting ning suat,
chét luong nong san va bao vé chét luong dat. Hon nira, tai
Lao, viéc nghién clru, san Xuét va sir dung phan hitu co con
rat han ché, trong khi d6 nguyén liéu dé san xudt phan hitu
co rat doi dao nhu phan chuéng, than bun, xac ba thuc vat...
nhung chua dugc tan dung hiéu qua.

Tir ndm 2013 dén 2019, duoc su gitip d& cua Vién Thd
nhudng Nong hoa (Bo Nong nghiép va Mai truong), Bo
Khoa hoc va Cong nghé [3], xuéng san xuit phan bon tai
huyén Hongsa, tinh Sayaboury, Lao dugc hinh thanh, san
phém cha yéu 1a phan hitu co, HCSH, hitu co vi sinh. San
pham phan bén HCSH SA02 la mot trong nhimg san pham
dugc nghién ctu san xudt tir nhiém vu hop tac qudc té theo
Nghi dinh thu Viét - Lao: “Hop tac nghién ctru va hoan
thién cong nghé vi sinh vat phuc vu san xudt nong nghiép
cho céc tinh Sayaboury, Luang Namtha va Bokeo, Lao”. pPé
ching minh hiéu qua cua cac san pham tao ra, nghién ctru
“Panh gia hiéu qua phan HCSH SA02 trén ciy trong tai tinh
Sayaboury, Lao” dugc tién hanh.

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

Gidng rau cai xanh (Kuang Tung), lta nép Thadokkham
8, vuon quyt Thai (7 ndm tudi, mat do 500 cay/ha), cao su
glong nhép ndi Trung Qudc (11 nam tudi, 500 cay/ha), phan
bon NPK 15.15.15, uré (46%), phan chudng, phan HCSH
SA02 duoc sin xuét tai tinh Sayaboury (thanh phan chinh:
trung, vi lugng (%); 2>1; pH 5,5-7; 46 4m (%); <30; hitu
co (%); =220; N-P,O,(hh)-K,O (%); 1-1-0,6; axit humic, axit
fulvic (%): 1,5-2,0; thoi gian bdo quan >6 thang).

2.2. Dia diém va thoi gian nghién ciru

Nghién ctru dugc thuc hién véi rau cai tai ban Nalau,
huyén Sayaboury, tinh Sayaboury (thing 9 dén thang
11 nam 2022); lua tai ban Nala, huyén Sayaboury, tinh
Sayaboury (thang 6 dén thang 11 nam 2022); thi nghiém
quyt Thai: Ban Nalau, huyén Sayaboury, tinh Sayaboury
(thang 2/2022 dén thang 2/2023); thi nghiém cao su: Ban
Nala, huyén Sayaboury, tinh Sayaboury (thang 2/2022 dén
thang 2/2023).
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2.3. Phwong phap nghién ciru

Bé tri thi nghiém: Gém 5 cong thuc, theo TCVN
12719:2019 vé khao nghiém phan bon cho ciy trong hang
nim [4] va TCVN 12720:2019 vé khao nghiém phan bon
cho cay trong lau nam [5]. Thi nghiém duge bé tri kiéu khoi
ngau nhién d?ly du, voi 3 1an lap lai. Dién tich 6 thi nghiém:
20 m? d6i voi laa va rau; 100 m? véi quyt Thai va cao su. So
d6 bd tri thi nghiém dugc thé hién ¢ bang 1.

Bang 1. So db bb tri thi nghiém.

Rl CT4 CT1 (dkc)  CT2 CT3 CT5
R2  CT5 CT2 CT4 CT1(dlc) CT3
R3 CTI(dc) CT4 CT3 CT5 CT2

Cong thirc phdn bon/ha va ky thudt bom phan:

- Véirau cdi: CT1 (d6i chimg): 70N +30 P,0, +30K,0
(twong duong 200 kg NPK 15.15.15 va 87 kg uré). CT2: 4
tan HCSH SA02. CT3: 2 tin HCSH SA02 + 160 kg NPK
(giam 20%) + 69,6 kg uré (giam 20%). CT4: 2 tin HCSH
SA02 + 120 kg NPK (giam 40%) + 52,2 kg uré (giam 40%).
CT5: 1 tan phan chuong (theo nguoi déan). Bon 16t: Phan
bon HCSH/phan chuong duoc trai déu trén mat rudng va
tron déu voi dat, 1én luéng trude khi gieo hat cai. Bon thtic
1an 1 sau nhd tia 1an 1 khi cay ra 2-4 1a: 70% dam. Bén thiic
1an 2 két hop véi nho tia lan hai khi cay ra 4-5 1a: 30% dam.
Bién phép bon thiic bang hoa tan phan uré voi nude tudi
(pha lodng 1% v&i nuée). Thoi diém bon: Budi sang hodc
chiéu mat, khong mua.

- V6i lta: CT1 (ddi chimg): 60 N + 40 PO, + 40 K,0
twong duong 267 kg NPK 15.15.15 va 43,5 kg uré. CT2: 4
tan HCSH SA02. CT3: 2 tin HCSH SA02 + 213,6 kg NPK
(giam 20%) + 34,8 kg uré (giam 20%). CT4: 2 tin HCSH
SA02 + 160,2 kg NPK (giam 40%) + 26,1 kg uré (giam
40%). CT5: Theo nguoi dan - khong bon phan. Bon 16t:
Phan HCSH/phan chuéng, phan khoang duoc tron va rai
déu trén mit rudng trude khi lugt bira cudi (trude khi cay).
Bon thiic 1 (giai doan dé nhanh): 30% NPK +50% uré. Bon
thic 2 (giai doan lam dong): 30% NPK + 50% uré. Thoi
diém bon: Budi sang hodc chiéu mat, khong mua.

- V6i quyt Thai: CT1 (ddi chimg): 240 N + 150 PO,

+ 150 K,O, tuong duong 1.000 kg NPK 15.15.15 va 196
kg uré). CT2 4 tan HCSH SA02. CT3: 4 tin HCSH SA02
+ 800 kg NPK 15.15.15 (giam 20% NPK) + 156,8 kg uré
(giam 20% uré). CT4: 4 tin HCSH SA02 + 600 kg NPK
15.15.15 (giam 40% NPK) + 117,6 kg uré (giam 40% uré).
CT5: Theo ngudi dan: 1 tan phan chudng + 200 kg NPK
(15.15.15). Lan 1 (sau thu hoach, thang 1-2): 100% phan
HCSH SA02/phan chudng + 50% NPK va 50% uré; lan 2
(bon thiic hoa, qua, thang 3-4): 25% uré + 25% NPK; lan 3
(bon tang khéi lugng qua, thang 7-8): 25% uré + 25% NPK.
Cude rong khoang 15-20 cm, sdu 15 cm déu xung quanh tan
cdy, bon toan bo lugng phan xac dinh, 1ap dit va tudi nude
da 4m, chiam soc, thu hoach theo quy trinh cia dia phuong.



- V6i cao su: CT1 (dbi chimg): 72 N + 38 P,0,+38K,0
tuong duong 253 kg NPK 15.15.15 va 74 kg ure CT2 4 tan
HCSH SA02. CT3: 2 tin HCSH SA02 +200 kg NPK 15.15.15
(giam 20% NPK) + 59,2 kg uré (giam 20% uré). CT4: 2 tin
HCSH SA02 + 150 kg NPK 15.15.15 (giam 40% NPK) +
44,4 kg uré (giam 40% uré€). CTS: Theo nguoi dan - khong
bon phan. Bén 1an 1 (dau thang 4): Cude rinh xung quanh tan
cdy rong khoang 15-20 cm, sdu 15 cm, bon déu lugng phan
xac dinh vao rinh, 1ip dit va tuéi nuée du 4m. Bon 1an 2 (ddu
thang 7) va 3 (dau thang 9) thyc hién twong ty bon lan 1.

Tai Lao, viéc nguoi dén bon phan cho cay trong dang
han ché, vi vay dé co can cir giup nguoi dan tiép can voi
phan bon hitu co theo chién luge phat trién cua Chinh phu
Lao, nghién cru nay da b tri cong thic chi v6i 1 mirc bon
4 thn HCSH (CT2) cho tit ca céac loai cay, dé danh gia kha
nang ctia phan bon hiru co ddi voi cac chan dat tai Lao.

Phirong phdp theo déi va thu thép so liéu:

- B6i v6i rau: Nhan xét tinh hinh sinh truong, phat trién
cdy cai; thu toan rau cai/6 thi nghiém, cit gbc dé tinh khoi
lwong roi quy ra ning sudt/ha (kg/ha).

- B6i voi lna: Nhan xét tinh hinh sinh trudng, phat trién
cay lua; thu toan b thoc/0 thi nghiém, phoi kho (14%), quat
sach dé tinh khoi luong roi quy ra nang suat/ha (kg/ha).

- B6i voi quyt Thai: Nang suit cdy trong dwoc xac dinh

trén co s¢ thu hoach toan b 6 thi nghiém, can khéi luong
10i quy vé ning sudt/ha (kg/ha).

- P6i voi cao su: Ning sudt mu tuoi ca thé (kg/cay/nam)
duogc tinh theo cong thuec 1.

Ning suat ma twoi ca thé (kg/cay/nim)
(gam/lan cao/ciy)nam X m_
- 100 M
trong do: m_ = thh 1a tong s6 lan cao trong nam.

- Nang suat mii tuoi (kg/ha/ndm) dugc tinh theo cong thirc 2.

Ning suit mii tuoi tong (kg/ha/nam) = (kg/cdy/nam) x n_ (2)
trong d6: n_1a s6 cdy cao/ha binh quan thyc té trén vuon
thi nghiém.

- Boi thu ning sudt cdy trong tinh theo cong thirc 3.
BT_ (%)= (NS, - NS, /NS, x 100 3)

trong do: BT : bdi thu nang suat (%); NS, : nang sue":lt cay
trong o cong ‘thirc thi nghiém (kg/ha); NS ndng suat cay
trdng & cong thire d6i chung (kg/ha).

Phan tich s6 liéu bang phan mém IRRISTAT 5.0 va
Excel 2016.

Phwong phap danh gia tinh hinh sdu bénh: Theo QCVN
01-38:2010/BNNPTNT vé Phuong phap diéu tra phat hién
dich hai cay tréng [6] va khao sat thuc té d@)ng rudng, nhan
xét chung tinh hinh sdu bénh chinh trén timg loai cdy trong
va cac bién phap phong tru.
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3. Két qua va ban luan

3.1. Két qua ddnh gia hi¢u qud phéan hivu co sinh hoc
SAO02 trén cdy trong

3.1.1. Boi voi cay rau cdi

Bang 2. Ning suét va ty 1é ting/giam ning suéat cai.

Cong  Ningsuitthwe  Ning suit thye Tﬁng{giﬁm ning sut so T§ 1¢ ning suit
thire thu (kg20 m?)  thu (kg/ha) voi doi chimg (kg/ha)  tang (%)

CT1 50,14 25.070

CT2 49,65 24.825 -245

CT3 62,44 31.220 +6.150 245

CT4 47,51 23.755 -1.315

CTS 24,52 12.260 -12.810

V% 61

LSD 5,36

0,05

CT1 (ddi chivng): 70 N + 30 P,O, + 30 K,0O kg/ha (twong dwong 200 kg
NPK 15.15.15 va 87 kg uré); CT2: 4 tdn HCSH SA02; CT3: 2 tAn HCSH
SA02 + 160 kg NPK 15.15.15 (gidm 20%) + 69,6 kg uré (gidm 20%);
CT4: 2 tn HCSH SA02 + 120 kg NPK 15.15.15 (gidm 40%) + 52,2 kg
uré (gidm 40%); CT5: 1 tAn phan chudng (theo nguwdi dan).

Két qua bang 2 cho thiy, ning suét cai ¢ cac cong thirc
CT2, CT4, CT5 déu thap hon ddi ching (CT1); CT3 c6 ning
sudt cao nhit, dat 31.220 kg/ha, ting 6.150 kg/ha so véi doi
chimg, twong dwong 24,5%. S6 li¢u thong ké cho thay, co sy
sai khac co y nghia gitta CT3 v6i CT1 vé€ nang suét. Trong
do6, nang suat CT3 dat cao nhit (31.220 kg/ha), cac cong
thirc con lai (CT2 dat 24.825 kg/ha, CT4 dat 23.755 kg/ha)
déu giam nang suit so v&i dbi chimg CT1 (25.070 'kg/ha),
riéng CT5 dat nang sut (12.260 kg/ha) thip hon rat nhiéu
so voi CT1.
Bang 3. Hiéu qua kinh té rng dung phan boén hitu co sinh hoc
trong canh tac rau cai.

Cong  Ningsuit Tbngthu  Vattw,cong  Laithudn  Laiso voi dbi chimg
thirc  (kg/ha) (1.000 kip) ~ (1.000 kip) (1.000 kip) ~ (1.000 kip)

CT1 25070 75.210 4.696 70.514

CT2 24825 74475 8.000 66.475 -4.039,0

CT3 31220 93.660 8.237 85.423 14.909,2

CT4 23755 71.265 7.178 64.087 -6.426,6

CT5 12260 36.780 2.700 34.080 -36.434,0

Gia rau: 3.000 kip/kg; phan chudng: 300.000 kip/tan; phan hitu co’ sinh
hoc: 800.000 kip/tan; uré: 8.000 kip/kg; NPK 15.15.16: 8.000 kip/kg;
cong lao dong: 120.000 kip/ngay.

Két qua bang 3 cho thay, CT3 mic du c6 chi phi trung
gian cao nhét nhung ning suét tang 24,5% so v&i ddi chung,
nén hiéu qua kinh té mang lai cao nhét so vdi cac cong thirc
khac. Két qua nay ciing tuong ty nghién ctru ciia L.N. Kieu
(2016) [7] khi str dung 2 tan phan HCVS, giam 15% phén
dam va 17% phan lan thi 14i ¢6 thé tang 2.187.500 kip/ha
d6i voi rau cai va 68.900 kip/ha ddi vé6i laa so véi chi bon
phan khoang. O céc thi nghiém: v&i rau cai, khi bon phan
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hiru co vi sinh két hop v&i phan khoang (giam 15% phan
dam va 17% phan lan) thi chi phi tang 2.758.500 kip/ha
s0 voi chi bon phan chudng, nhung hiéu qué kinh té ting
12.241.500 kip/ha. Nhu vay, trong canh tac rau cai va lda,
viéc bon phan HCSH két hop phan khoang vira mang lai
hiéu qua vé mit néng hoc vira mang lai hi¢u qua kinh té va
moi truong. Twong ty, T.T. Quy va cs (2023) [8] cho thay,
khi nghién ctru trong rau cai xanh (Brassica juncea L.) va
xa lach (Lactuca sativa L.) bang dung dich hitu co trén hé
thdng khi canh cho ning suat rau cai xanh va xa lach dat
lan luot 13 3,55 va 2,67 kg/m? tuong Gng ting 72,75 va
75,85% so voi khi trong bang dung dich v co Hoagland.
Nhu vay c6 thé khing dinh, véi lugng phan bon ctua CT3
(2 tin HCSH SAO02 + 160 kg NPK + 96 kg uré) 1a hi¢u qua
nhét d6i voi rau cai giéng Kuang Tung tai Lao (hinh 1).

Hinh 1. Thi nghiém trén cay rau cai.

3.1.2. Poi véi cdy lia

Bang 4. Niang suat va bai thu nang suét lua.

Cong  Ningsuit thye  Ning suat thue Téng/'giﬁm ning suitso Ty I¢ ning suit
thire thu (kg/20 m?)  thu (kg/ha) voi doi ching (kg/ha) tiang (%)

CTl1 9,04 4.520

CT2 8,32 4.160 -360

CT3 11,84 5.920 +1.400 30,1

CT4 8,50 4250 270

€Iy 6,20 3.100 -1.420

Cr% 73

LSD 1,21

0,05

CT1 (d6i chirng): 60 N + 40 P,0, + 40 K,O twong dwong 267 kg NPK
15.15.15 va 43,5 kg uré. CT2: 4 tn HCSH SA02. CT3: 2 tAn HCSH
SA02 +213,6 kg NPK 15.15.15 (giam 20%) + 34,8 kg uré (giam 20%).
CT4: 2 thn HCSH SA02 + 160,2 kg NPK 15.15.15 (giam 40%) + 26,1 kg
uré (giam 40%). CT5: Theo ngwoi dan - khong bon phan.

Két qua bang 4 cho thiy, ning suat laa & CT2, CT4 va
CT5 déu thap hon dbi chimg (CT1); CT3 c6 ning suat cao
nhét, dat 5. 920 kg/ha, tang 1.400 kg/ha so voi aoi chimg va
ty 1& ning suat ting 30,1%. SO lidu thong ké cho thay, co su
sai khac c6 y nghia gitra CT3 v6i CT1 vé ning suét. Trong
d6, ning suat CT3 dat cao nhat (5.920 kg/ha), cac cong thirc
con lai (CT2 dat 4.160 kg/ha, CT4 dat 4.250 kg/ha va CTS5
dat 3.100 kg/ha) déu c6 nang suat thdp hon di ching CT1
(4.520 kg/ha).
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Bang 5. Hiéu qua kinh té (rng dung phan bén hiru co’ sinh hoc
trong canh tac lua.

Cong  Ningsuit Tongthu  Vattw,cong Lii thuin Lai so véi dbi ching
thire  (kg/ha) (1.000 kip) ~ (1.000 kip) ~ (1.000 kip)  (1.000 kip)

CT1 4.520 9.944 6.084 3.860

CT2 4160 9.152 8.000 1.152 -2.708,0

CT3 5.920 13.024 6.892 6.132 2272,0

CT4 4250 9.350 7.290 2.060 -1.800,4

CT5  3.100 6.820 2.700 4.120 260,0

Gia lta: 2.200 kip/kg; phan hitu co sinh hoc: 800.000 kip/tan; uré: 8000
kip/kg; NPK 15.15.16: 8.000 kip/kg; cong lao dong: 120.000 kip/ngay.

Tuong ty véi canh tac rau, CT3 méc du co chi phi trung
gian cao hon so v6i ddi chig, nhung ning suit tang 30,1%
nén hiéu qua kinh té ting so v&i dbi chimg 2.272.000 kip
va cao hon so vdi cac cong thue con lai. Nghién clru cua
N.T. Lan va cs (2018) [9] cho thdy, khi st dung phan hiru
co vi sinh két hop phan khoang di lam ting ning suit giéng
laa nép Cam Thanh Hoéa so voi khi chua duge phuc trang
(6,203-6,215 tan/ha trong vu xuan, 5,481-5,661 tan/ha trong
vu mua so véi 5,00-5,205 tan/ha trong vu xuan va 4,601-
4,767 tan/ha trong vu mua). Nhu vay c6 thé khang dinh, voi
luong phéan bon ciia CT3 (2 tin HCSH SA02 + 213,6 kg
NPK (15.15.15) + 34,8 kg uré) 1a hiéu qua nhat dbi véi laa
gidng Thadockham 8 tai Lao (hinh 2).

Hinh 2. Thi nghiém trén laa.

3.1.3. Péi véi cay quyt Thdi
Bang 6. Nang suat va boi thu ning suat quyt Thai.

Cong  Ning sudt thyc thu  Niing suat thee Ting/giam ning sudtso Ty I¢ ning
thice  (kg/100 m?) thu (kg/ha) véi dbi ching (kg/ha) suat tang (%)
CTl 92,25 9.225

CT2 86,14 8.614 -611

CT3 11186 11.186 1.961 21,3

CT4 91,02 9.102 -123

CT5 56,12 5.612 -3.613

CV% 64

LSD,,. 996

0,05

CT1 (dbi chirng): 240 N +150 P,0, + 150 K,O (1.000 kg NPK 15.15.15
va 196 kg uré); CT2: 4 tan hiru co sinh hoc SA02; CT3: 4 tan hiru co
sinh hoc SA02 + 800 kg NPK 15.15.15 (gidm 20% NPK) + 156,8 kg
uré (gidm 20% uré); CT4: 4 tAn hivu co sinh hoc SA02 + 600 kg NPK
15.15.15 (gidm 40% NPK) + 117,6 kg uré (giam 40% uré); CT5: 1 tan
phan chudng + 200 kg NPK (15.15.15).

n



Két qua bang 6 cho thdy, ning suat quyt Thai & CT2,
CT4 va CT5 déu thap hon ddi chimg (CT1); chi c6 CT3 (dat
11.186 kg/ha, ting 1.961 kg/ha) cao hon so véi dbi chimg,
turong duong (21,3%). Sb liéu thong ké cho théy, cé sy sai
khac ¢ y nghia gitta CT3 véi CT1 vé ning suit.

Bang 7. Hiéu qua kinh té rng dung phan bén hitu co’ sinh hoc
trong trong quyt Thai.

Cong  Ningsuit Tongthu  VAttw,cong Laithudn  Laiso voi ddi chimg
thic  (kg/ha) (1.000 kip) ~ (1.000 kip)  (1.000 kip)  (1.000 kip)

CT1 9.225 92.250 14.368 77.882

CT2 8.614 86.140 8.600 77.540 -342,0

CT3 11.186 111.860 18.054 93.806 15.923,6

CT4 9.102 91.020 14.941 76.079 -1.802,8

CTs 5.612 56.120 4300 51.820 -26.062,0

Gia quyt: 10.000 kip/kg; phan chudng: 300.000kip/tAn; phan hiru
co sinh hoc: 800.000 kip/tdn; uré: 8.000 kip/kg; NPK15.15.15;
8.000 kip/kg; cong lao ddng: 120.000 kip/ngay.

Két qua bang 7 cho thiy, tai cong thirc CT3, khi bon
két hop 4 tin HCSH va giam 20% lugng khoang so véi doi
chimg, chi phi trung gian ting thém gan 4 triéu kip nhung
tong thu gan 200 triéu kip, vi vay da tang 13i so v6i doi
ching hon 15 triéu kip.

Khi nghién ciru, tuyén chon gidng quyt, H.T. Thuy va
cs (2013) [10] cho thy, ning sudt trung binh nim thir 6
ctia gidng quyt QST1 (co ddc diém gan gidng quyt Thai)
dat 20,4 tin/ha (tai Nghé An 18,87 tdn/ha, Hoa Binh
19,73 tin/ha, Hung Yén 21,52 tén/ha), cao hon so v6i nang
suét trung binh cuia gidng cam Pudng canh (d6i chimg) nam
thir 6 6 ca 3 viing (11,86 tAn/ha). Nhu vay c6 thé khang dinh,
v6i lugng phan bon cua CT3 (4 tin HCSH SA02 + 800 kg
NPK 15.15.15 + 156,8 kg uré) 1a hiéu qua nhat ddi véi quyt
Thai trong tai Lao (hinh 3).
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3.1.4. Doi voi cdy cao su

Bang 8. Niang suat va bdi thu ning suat cao su.

Cong  Niing sudt thwe thu ~ Ning suét thyc thu Tﬁng/'giém ning suét so Ty'lé ning
thie (kg mi/100 m*/nam) (kg mi/ha/nam) voi doi chimg (kg/ha)  suat tang (%)
CTl 7,65 765

CT2 6380 680 -85

CT3 9,60 960 195 255

CT4 815 815 50 6,53

CI5 6,25 625 -140

CV% 85

LSD, . 123

0,05

CT1 (d8i chirng): 72 N + 38 P,0, + 38 K,0 (253 kg NPK 15.15.15 va 74
kg uré); CT2: 4 tAn HCSH SA02; CT3: 2 tAn hiu co sinh hoc SA02 +
200 kg NPK 15.15.15 (gidm 20% NPK) + 59,2 kg uré (giam 20% uré);
CT4: 2 tAn hivu co sinh hoc SA02 + 150 kg NPK 15.15.15 (gidm 40%
NPK) + 44,4 kg uré (gidm 40% uré); CT5: Khong bon phan (theo ngudi
dan); mat do 500 cay/ha, thu hoach 4 thang/nam.

Két qua bang 8 cho thdy, ning suat mua cao su & CT2,
CT5 thap hon ddi chimg (CT1), chi CT3 dat 960 kg/ha,
tang 195 kg/ha so v6i ddi chimg, tuong duong 25,5% va
CT4 dat 815 kg/ha, ting 50 kg/ha so v6i dbi chimg, tuong
duong 6,53%. S liéu théng ké cho théy, ¢o su sai khac co
y nghia gitta CT3 v6i CT1 vé ning suat. Trong do, ning
suat CT3 dat cao nhat (960 kg mu twoi/ha/nam), tiép dén la
CT4 (815 kg mu tuoi/ha/ndm), con CT5, CT2 cb ning suét
(625 kg/ha/mam va 680 kg/ha/nam) thap hon ddi chimg
(765 kg/ha/mam).

Két qua bang 9 cho thdy, bon két hop 2 tin HCSH va
giam 20% luong bon NPK (CT3) so véi ddi ching di lam
tang chi phi trung gian gan 3 triéu kip, nhung doanh thu ting
so voi dbi ching gan 8 triéu kip, vi vay CT3 cho hiéu qua
kinh té cao nhat.

Bang 9. Hiéu qua kinh té rng dung phan bén hitu co sinh hoc
trong tréng cao su.

Cong Ningsuit Téng thu Vittw,cong  Liithudn  Liiso voi dbi chimg
thire  (kg/ha) (1.000 kip) ~ (1.000 kip) (1.000 kip) ~ (1.000 kip)

CT1 765 30.600 7424 23.176

CT2 680 27.200 8.600 18.600 -4.576,0

CT3 960 38.400 10.274 28.126 4.950,4

CT4 815 32.600 8.555 24.045 868,8

CT5 625 25.000 1.800 23.200 24,0

Gia ma: 40.000 kip/kg; phan hitu co sinh hoc: 800.000 kip/tan; uré: 8000
kip/kg; NPK 15.15.16: 8.000 kip/kg; cdng lao dong: 120.000 kip/ngay.
L.N. Kieu va cs (2013) [11] khi nghién ctu tng dung
phéan hitu co vi sinh trén cdy cao su tai Phu Tho cho biét,
ning sudt mu cao su & mo hinh sir dung phan hiru co vi
sinh so v6i d6i ching ting 15,6% dan dén hiéu qua kinh té
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tang, loi nhuan dat 17,90 triéu d@)ng/ha va ty suit loi nhuén
dat 0,9%, trong khi md hinh déi chung chi dat 0,76%. Nhu
vay c6 thé khang dinh, véi lugng phan bon cia CT3 (2 tin
HCSH SA02 + 200 kg NPK 15.15.15 + 59,2 kg uré 1a hiéu
qué nhat ddi voi cao su tai Lao (hinh 4).

Hinh 4. Thu hoach mu cao su trén 6 thi nghiém.

3.2. Nhén xét tinh hinh sdu bénh hai cdy trong

Poi véi rau cai: Co xuat hién mot sd loai sdu bénh
hai trén rau cai nhu bo nhay, sau khoang, sau to, sdu duc
non... nhung khong nhiéu, da sir dung céc loai thuc nhu
Kuraba, Biocin, Abamectin... phong trir kip thoi nén khong
anh huong dén ning suét cai thi nghiém.

Poi véi hia: Xuat hién sau cubn 14 nho, dd phong trir
bang thudc Vithadan 95WP, FM-Tox 25EC. Déi véi sdu duc
than hai chdm hai lua, st dung Bestox SEC, Vantex 15CS.
V6i rdy nau, da sir dung thudc Chersieu 50WG, Babsax
300WP. Két qua khong anh hudng nhiéu t6i ning suét laa.

Poi véi quyt Thai: C6 xuat hién sdu vé bua (thang 4-10),
sau duc canh (thang 5-6) nhung tan suat thap, di st dung
Roninda 100SL va Ammate 150SC dé phong trir, do vay
khong anh hudng dén sinh truong, phat trién va ning suat
cay quyt Thai.

Péi véi cao su: Bénh phén tréng, bénh xi mu cao su, st
dung thudc Rubbercare 720WP, phun xit dung k¥ thuat.

Nhin chung, trong thoi gian thuc hién thi nghiém c6 xuat
hién siu bénh hai cy trong, tuy nhién da phat hién duoc
som, phun thuc phong trir kip thoi nén khong anh huéng
dén sinh truong, phat trién va ning suét ciy trong.

4. Két luan

Vi rau cai xanh, su dung 2 tan HCSH SA02 + 160 kg
NPK 15.15.15 + 96 kg uré/ha cho ning suat 31.220 kg/ha,
tang 6.150 kg/ha so v6i ddi chimg (sir dung 200 kg NPK
15.15.15 va 87 kg uré/ha), bdi thu nang suat dat 24,5%, hiéu
qué kinh té tang 24%. Vi laa, st dung 2 tin HCSH SA02
+213,6 kg NPK 15.15.15 + 34,8 kg uré/ha cho ning suit
5.920 kg/ha, tang 1.400 kg/ha so véi ddi ching (st dung
267 kg NPK 15.15.15 va 43,5 kg uré/ha), boi thu ning suat
dat 30,1%, hiéu qua kinh té tang 13%. Véi quyt Thai, su
dung 4 tin HCSH SA02 + 800 kg NPK 15.15.15 + 156,8
kg uré/ha, cho ning suat 11.186 kg/ha, ting 1.961 kg/ha so
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v6i d6i chimg (str dung 1 tin phan chudng + 200 kg NPK
(15.15.15)/ha), boi thu nang suit dat 21,3%, hiéu qua kinh
té tang 25%. Vi cao su, st dung 2 tin HCSH SA02 + 200
kg NPK 15.15.15 + 59,2 kg uré/ha, cho ning sut mu tuoi
960 kg/ha, ting 195 kg/ha so véi ddi chimg (253 kg NPK
15.15.15 va 74 kg uré/ha), boi thu nang suit dat 25,5%, hiéu
qua kinh té tang 38% so véi ddi chimg.

Trong thoi gian thuc hién thi nghi¢m, tai cac cong thic
thi nghiém co Xuét hién mot s6 sau, bénh hai chinh va khéng
phat hién c6 su sai khéc gilra cac cong thurc thi nghiém. Tuy
nhién, di phat hién duoc som, phun thube phong trir kip thoi
nén khong anh hudng dén sinh truong, phat trién va ning
suat cay trong.

LO1 CAM ON

Céc tac gia xin chan thanh cdm on nhiém vu Nghi dinh
thu Viét - Lao: “Hop tac nghién cuu va hoan thién cong
nghé vi sinh vat phuc vu san xudt nong nghiép cho céc tinh
Sayaboury, Luang Namtha va Bokeo, Lao” da cung cap kinh
phi va tao diéu kién dé nghién ctru nay dugc hoan thanh.
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Nghién ciru sit dung anh da pho chup tir thiét bi bay khong ngwoi 1ai
trong danh gia tinh trang dinh dwdng viron xoai tai tinh Son La

Nguyén Huy Trung’, Nguyén Quang Thi, Nguyén Ngoc Anh, Chu Viin Trung, Hoang Hiru Chién
Truong Pai hoc Néng lam, Pai hoc Thai Nguyén, phuwong Quyét Thing, tinh Thdi Nguyén, Viét Nam
Ngay nhén bai 9/4/2024; ngay chuyén phan bién 11/4/2024; ngay nhan phan bién 12/5/2024; ngay chip nhén dang 17/5/2024

Tém tit:

Thiét bi bay khong ngudi 1ai (Unmanned aerial vehicle - UAV) tich hop cim bién da phé dang ngay cang phé bién
trong nong nghiép chinh xac. Nghién ctru nay sir dung chi so thue vat (NDVI) tir dir li¢u anh thu thap bing thiét bi
bay Phantom 4 Multispectral dé danh gi nhanh tinh trang dinh duéng ciia ciy xoai tai huyén Yén Chau, tinh Son
La (truéc sap nhap) qua bon giai doan: truéc ra hoa, ra hoa, ddu qua va thu hoach. Két qua chi ra ring, chi s6 NDVI
ciia cAy xoai dat gia tri cao nhét trong giai doan truéc ra hoa (NDVI>0,8), nhung giam dang ké khi ciy chuyén sang
giai doan ra hoa va dau qua (NDVI 0,6-0,8). Phan loai tinh trang dinh dudng (tét, trung binh, kém) dwa trén nguong
NDVI dat @ chinh xic cao, tir 73 dén 82%. Phin 16n cAy xoai trong khu vue nghién ciru dwgce phén loai tinh trang
dinh dudng tdt, chiém khoing 90%, trong khi ty 1¢ ciy thudc nhém trung binh va kém dao dong lin hrgt tir 5 dén
8% va tir 1 dén 3%, tity thudc vio tirng giai doan. Nghién ctru cho thiy tiém ning img dung UAV trong theo doi ciy
in qua va goi mé kha ning tich hop cong nghé sé trong quan 1y néng nghiép bén virng tai Son La.

Tir khéa: ciy xoai, chi s0 thue vat, dinh dudng, phuwong phap ngudng, thiét bi khong ngudi 14i, Yén Chau.

Chi s6 phén logi: 4.1, 4.7

Using multispectral images acquired by unmanned aerial vehicle for assessing the
nutritional condition of mango trees in Son La province

Huy Trung Nguyen®, Quang Thi Nguyen, Ngoc Anh Nguyen, Van Trung Chu, Huu Chien Hoang
University of Agriculture and Forestry, Thai Nguyen University, Quyet Thang Ward, Thai Nguyen Province, Vietnam
Received 9 April 2024; revised 12 May 2024; accepted 17 May 2024

Abstract:

Unmanned aerial vehicle (UAV) equipped with multispectral sensors is increasingly utilised for monitoring and assessing
crop health, playing a crucial role in precision agriculture. This study employed the Normalised Difference Vegetation Index
(NDVI) computed from images captured by Phantom 4 Multispectral UAV for rapidly assessing the nutritional status of
mango fruit trees in Yen Chau district, Son La province (before merging) across four different stages: pre-flowering, flowering,
fruiting, and harvesting. The results revealed that the NDVI values of mango trees peaked during the pre-flowering stage
(NDVI>0.8) but significantly decreased during the flowering and fruiting stages (NDVI from 0.6 to 0.8). Nutritional conditions
(good, moderate and poor) were classified based on defined NDVI thresholds, achieving high overall accuracies, ranging from
73% to 82%. The majority of mango trees in the study area exhibited good nutritional status, accounting for approximately
90%, while the proportion of trees categorised as moderate and poor ranged from 5 to 8% and from 1 to 3%, respectively,
depending on the stage. This study indicates the potential of UAV technology in monitoring and evaluating fruit trees, paving
the way for integration with other digital technologies to enhance the efficiency of sustainable agriculture in Son La province.

Keywords: mango tree, normalised difference vegetation index, nutrition, threshold method, unmanned aerial vehicle, Yen Chau.

Classification numbers: 4.1, 4.7
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1. Dat van de

Trong nganh néng nghi¢p, viéc danh gia sic khoe cay
trdng ngdy cang tré nén quan trong khi nhu cau vé chét
luong, san lugng san phim ngdy cang ting cao. Dic biét,
viéc tiép can thong tin chinh xac va nhanh chong vé tinh
trang cdy trong khong nhiing gitp cai thién ning suét, ma
con giup néng dan quan 1y va diéu chinh qua trinh canh tac
hiéu qua hon. Son La la tinh mién ndi thude khu vuc Tay
Bic, so hitu didu kién khi hau va thd nhudng thuan lgi cho
phat trién cac loai cdy an qua nhu x0ai, nhin va man. Tinh
dén 2023, dién tich trong xoai cua tinh dat khoang 20.000
ha, chii yéu tap trung & cac huyén Yén Chau, Muong La va
song M4, tinh Son La (truéc sap nhép) [1]. Trude nhu cau
phat trién ndéng nghiép bén viing, tinh Son La di va dang
day manh viéc tmg dung cong nghé cao, nhit 1a trong linh
vuc chdm soc cdy an qua. Mot phan khong thé thiéu trong
chién luoc phat trién cac khu vuc chuyén canh cdy an qua
quy md 16n tai Son La la ddy manh nghién ctru va ing dung
cac cong ngh¢ hi¢n dai trong viéc danh gia va cham soéc cay
trong, gitip nguoi néng dan ra quyét dinh nhanh chéng va
chinh x4c hon.

O nhiéu qubc gia, UAV ngay cang dugc tng dung nhu
mot cong cu quan trong trong cong tac giam sat va cham
soc cdy trong [2-5]. Vi kha ning bay linh hoat, chung cho
phép thu thap thong tin vé tinh trang cay trdng chinh xac va
nhanh chéng. Dit liéu anh to UAV giup danh gia stic khoe
cdy trong va hd tro nha nong trong viéc didu chinh cham
soc [4]. Tinh hi€u qua va chinh xac cua cong nghé UAV da
duogc thé hién trong mot s6 nghién ciru trude ddy, dic biét
la trong viéc quan 1y cac loai cay an qua nhu téo, 1€, buoi,
nhan va cay ndng nghiép khac [6-10]. Cac UAV cd nho tich
hop cam bién da phd dang dugc coi 1a giai phap thich hop
cho nhiéu tng dung trong linh vuc ndéng nghiép [2, 11].
Tir dit liéu anh da phd thu thap duoc bai UAV, cac chi sb
thuc vat dugc tinh todn va st dung nham dién giai nhiing
tin hiéu phan anh tinh trang bat thuong cta cdy trong,
chéng han nhu sau bénh, thiéu nude hodc thiéu dinh dudng
[3, 4]. Trong s6 d6, cac chi s6 phd bién thudng dung dé danh
gi4 stic khoe cdy bao gom chi s6 khac biét thyc vat xanh 14
(Green normalized difference vegetation index - GNDVI),
chi sb khac biét thuc vat chuan hoa (Normalized difference
vegetation index - NDVI) va chi sb khac biét thuc vat canh
do (Red-edge normalized difference vegetation index -
NDVIre). Nhitng chi sé nay giir vai tro quan trong trong
giam sat, danh gia cdy trong va da duoc ung dung rong rii
trong nhiéu nghién ciru trude day [9, 12, 13]. Trong dé, chi
s6 NDVI dugc coi 1a mot trong nhimng chi sé quan trong
nhit dé danh gia trang thai stc khoe cua cdy, duge tinh
toan dua trén sy twong phan trong kha ning hap thy anh
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sang do (650-700 nm) va phan xa anh sang can hong ngoai
(750-1000 nm), hai ving phd c6 lién hé mat thiét véi qua
trinh quang hop. Thong thuong, cady khoe manh va du dinh
dudng s& hap thu tdi 90-95% nang lugng 4nh sang do dé
tong hop diép luc, ddng thoi phan xa manh bic xa ¢ ving
can hong ngoai [12].

Viéc ap dung cac thuat toan hoc may (nhu Support
vector machine, random forest) hoac cac phuong phap hoc
sau (Deep learning) cho phép danh gia suc khde cay tr6ng
tor dir 1li€u anh UAV véi do chinh xac cao [5, 12, 14, 15].
Tuy nhién, cac phuong phap nay thuong doi héi ky thuat
kha phtic tap, kho 4p dung rong rdi trong diéu kién Gng
dung cong nghé trong san xuit nong nghiép chwa dong bo
nhu & nude ta hién nay. Phuong phap xac dinh ngudng
(thresholds) 1a mot trong nhitng ky thuat don gian dé phan
loai strc khoe cay trong tir chi s thyc vat. Nhin chung, ciy
tréng ¢6 stre khoe tot thuong thé hién gia tri chi sb thuc vat
cao hon so vdi cay bi suy yéu. Nghién ctru cia S.A. Suab
vacs (2019) [16] cho thdy, NDVI c6 thé duoc ding dé phan
loai cdy co dau, voi cdy yéu nam trong khoang 0,3-0,4 va
cay khoe tur 0,41-1,0. Phuong phap ngudng cho phép danh
gia cdy trong nhanh chong va d& dang, dong thoi giam thiéu
su phurc tap trong viéc xu 1y dir liéu. Pac biét, mot s6 loai
UAYV, nhu DJI Phantom 4 Multispectral, cho phép nguoi
ding theo ddi chi s6 thuc vat va danh gid nhanh cay trong
tryc tiép trén thyc dia trong qué trinh bay chup anh.

Muc tiéu cua nghién ctru ndy nhim xdy dung mot
phuong phap danh gia va phan loai tinh trang dinh dudng
cua cay xoai tai Son La str dung cong ngh¢ UAV va phuong
phap ngudng dya trén chi s6 NDVI. Phuong phap nay tao
nén tang khoa hoc cho viéc ing dung UAV trong cong tac
giam sat va danh gia tinh trang sinh trudng cia cay xoai, co
thé ap dung cho nhiéu loai cdy trong khac va trong cac khu
vuc chuyén canh nong nghiép lon.

2. Béi twong va phwong phap nghién cuiu
2.1. Thoi gian va dia diém nghién ciru

Nghién ctru dugce thyce hién tir thang 8/2022 dén 6/2023
tai khu vuc tréng x0ai chuyén canh c6 dién tich 10 ha, thudc
Hop tac x Nong nghiép an toan Chiéng Hic, huyén Yén
Chau, tinh Son La. Toa d§ trung tdm cua khu vuc nghién
clru 12 21°02°09.8” Bic va 104°22°51.1” Dong. Pay la khu
vuc nam trén sudn nii, ¢6 do cao trung binh khoang 505
m (dao dong tir 420 dén 590 m), v6i d6 dbc trung binh 1a
15°. Loai dat trong khu vuc nghién cuu 1a feralit trén nui,
c6 tang canh tac kha day, thich hop cho ciy xoai phat trién.
Toan bo dién tich dugc tr@)ng giéng xoai nhap ndi Pai Loan,
Trung Qudc (GL4), cho ning suét trung binh hang nam tir
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14 dén 16 tan/ha. Cay xoai giéng chu yéu dugc san xut
theo phuong phap nhan gidng vo tinh (ghép canh). Tong
s6 cdy xoai trong khu vuc nghién ctru trén 4.500 cay, véi
mat do trung binh dat 456 cay/ha va khoang cady trung binh
14 3,7 m. Do tudi trung binh dat tu 6 dén 7 nam. Chiéu cao
cdy xoai trung binh 14 4,1 m, trong d6 phd bién nhat 1a tir 3
dén 5 m, dién tich tan pho bién tir 2,0 &én 11 m? (trung binh
khoang 7,5 m?).

2.2. Vit liéu

Thiét bj bay DJI Phantom 4 Multispectral dugc st dung
dé thu thap dit liéu anh. Day 1a thiét bi duogc thiét ké chuyén
biét cho cac tng dung ndng nghiép. Thiét bi c6 khdi luong
khoang 1,5 kg, véi mdi pin cho phép thoi gian bay trung
binh 27 phat. Hé thdng cam bién gém 6 camera: mot cam
bién thu anh toan sic (RGB) va mot cum cam bién da phd
v6i 5 kénh trai rong tir ving sang nhin thiy dén cin hong
ngoai (bang 1). K& hoach bay va qué trinh diéu khién bay
duoc thuc hién trén phﬁn mém DJI Ground Station Pro
(phién ban v2.0.17) trén may tinh bang iPad Pro, tich hop
trén bo diéu khién tir xa.

Bang 1. Cac kénh anh da phé thu thap bang Phantom 4
Multispectral.

TT Kénh anh Budre song
1 Luc (Green) 450+£16 nm
2 Lam (Blue) 560+16 nm
3 Do (Red) 650+16 nm
4 Canh do (Red edge) 730+16 nm
5 Can hong ngoai (Near infrared) 840+26 nm

Dit lidu anh phuc vy danh gia tinh trang cay trong dwoc
thu thdp qua 4 giai doan cua mdt chu ky sinh trudéng: trudce
khi ra hoa (11/2022), ra hoa (2/2023), dau qua (4/2023) va
chuan bi thu hoach (6/2023). O mdi lugt thu thap dir licu,
thoi gian bay chup dugc lya chon la tir khoang 11:00 dén
13:00 gior dé han ché bong dia vat, trong diéu kién thoi tiét
phu hop (trdi ning, it may va téc do gié dudi 4 m/s). Anh
duogc UAV thu thap 6 do cao 50 m, tbe do bay trung binh 4
m/s, voi do chong phu 80% theo hai hudng ngang va doc.
Tong s6 gan 6.000 anh (cho 6 cam bién) dugc thu thap cho
mdi luot, voi d6 phéan giai anh gbe 3,1 ecm (kich thudc anh
1.600x1.300 pixel). Ngoai ra, 10 diém khong ché mat dat
cling duoc thu thap bang cong nghé Hé thng vé tinh dinh
vi toan cu dé nang cao do chinh xac trong xtr 1y anh. Toa
d6 cac diém khéng ché duoc thu thap sir dung thiét bi dinh
vi Trimble R8 vdi d§ chinh xac khoang 3 mm.
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2.3. Phwong phap nghién ciru
2.3.1. Panh gid cdy mau

Tinh trang dinh dudng cua cdy mau dugc xac dinh thong
qua danh gia chuyén gia va dugc thuc hién cung thoi diém
thu thip danh UAV (twong ung véi 4 luot thu anh UAV).
Trong mdi dot khao sat, nhom gdm ba nha khoa hoc chuyén
nganh cy trong phdi hop véi ngudi dan dia phuong tién
hanh khao sat thuc dia va lya chon ngau nhién 60 cay mau
trong khu vuc nghién ctru. Tinh trang dinh dudng cua cay
mau dugc danh gia va phan loai thanh 3 muc do: kém (cay
thiéu dinh dudng nghiém trong), trung binh va t6t. Két qua
danh gi4 trén cdy mau duoc st dung dé kiém dinh mébi quan
hé gitia chi s6 thuc vat va tinh trang dinh dudng, xac dinh
ngudng phan loai va danh gia dg chinh xac.

2.3.2. Xir Iy dnh va xdc dinh vi tri cdy trong

Dit liéu anh tir thiét bj UAV sau khi thu thap dugc xir
ly bang phan mém Pix4Dmapper. Qué trinh nay bao gom
viéc nhép anh ciing cac tham sb can thiét, sau d6 phan mém
tu dong ghép ndi cac anh co d6 chdng phu cao thong qua
viéc phat hién diém ddng nhit (keypoints) va xay dung dam
may diém day dic. Tir dam may diém, phin mém tiép tuc
tao md hinh sé do cao (DEM), anh ghép truc giao RGB
(orthomosaic), dong thoi tinh toan gia tri phan xa ciia nim
kénh phd da thu thap. Cac san pham dau ra dugc xuét voi do
phan giai 4,5 cm dé phuc vu cac budc phan tich tiép theo. Vi
tri va hinh thai tan cay xoai duoc xac dinh dya trén moé hinh
chiéu cao tan (Canopy Height Model - CHM) bang céch ap
dung k¥ thuat tim cyc dai cuc b (local maxima) Kkét hop véi
thudt toan phan doan dnh (watershed segmentation). Chi tiét
vé phuong phap xir 1y anh va trich xuét dic diém ciu trac
cay trong tir anh UAV duoc trinh bay boi H.T. Nguyen va cs
(2023a, ¢) [10, 17].

2.3.3. Kiém dinh méi quan hé giira chi $6 thuee vdt va cde
nhom tinh trang dinh dudng

Tir anh UAV di xtt 1y, chi sé NDVI dugc tinh todn nhdm
phuc vu danh gia tinh trang dinh dudng cta ciy trong. Chi
s6 NDVI duge chon sau khi so sanh cac két qua tir mot sb
chi sb thuc vat khac nhu GNDVI va NDVlIre va cho Kkét qua
t6t nhat. Chi s6 NDVI dugc tinh toan theo cong thirc sau:

Can hong ngoai — bo

NDVI = 1
C4n hong ngoai + o M

Chi s6 NDVI cua mdi cdy duoc xac dinh 14 gia tri trung
binh cua tat ca cac diém anh trén cdy d6. Mi quan hé giira
chi s6 NDVI va c4c nhom tinh trang dinh dudng (t6t, trung
binh, kém) dwoc kiém dinh sir dung phuong phap Kruskal-
Wallis [18] dwa trén tap cdy mau (n=60). Phép kiém dinh
phi tham s6 Kruskal-Wallis thuong dugc dp dung nham xéac
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dinh liéu c6 su khac biét c6 ¥ nghia thong ké vé trung vi
gita cac nhém mau hay khong. Chi s NDVI cua tap cay
mau ciing dugc str dung dé xac dinh gia tri trung binh va do
léch chuan ctia mdi nhoém, phuc vu tinh toan ngudng phan
loai & budc tiép theo.

2.3.4. Xac dinh ngudng phan logi va danh gia d¢ chinh xdc

Ngudng phan loai tinh trang dinh dudng dugc xac dinh
tir chi s6 NDVI dua trén tip cAy mau (n=60). Ngudng phan
loai dugc tinh toan nhu sau:

(Xg + sx) + (Xrp — Stg)
2

NDVIy 15 = (2)

(Xrp + spp) + (Xr — S7)
2

NDVITB_T = (3)

trong do, NDVI

K TB

trung binh; NDVI
binh va tot. X 1a gia tri trung binh va d6 1éch chuén cua chi
s6 NDVI cua tdp cdy mau, tvong tmg vi mdi nhom tinh
trang dinh dudng (t6t=T, trung binh=TB, kém=K). O mdi
giai doan sinh truong khac nhau, ciy trong thudng co dic
trung phan xa pho riéng biét. Do d6, ngudng phan loai dugc
xac dinh doc 1ap cho tung giai doan, bao g@)m trude ra hoa,
ra hoa, dau qua va thu hoach.

la ngudng phan loai gitta nhém kém va

la ngudng phan loai gilra nhom trung

Két qua phan loai tinh trang
Trwécra hoa

thu hoach. Diéu nay phan anh sy thay doi trong hoat dong
sinh hoc cua cay, tir viéc tip trung vao tang truéng va phat
trién cdu trac dén qué trinh sinh san va phat trién qua. O giai
doan trude khi ra hoa, ciy thuong c6 mic do hip thy anh
sang cao hon dé phuc vu qua trinh quang hop va tap trung
vao viéc tang truong 14 va cdu trac cia cdy dé chuan bi cho
qua trinh ra hoa. Khi cdy chuyén sang giai doan ra hoa va
dau qua, muc do hép thu anh sang tur 14 cay co thé giam di
va mot phan dugc chuyén hudng vao qua trinh san xuét hoa
va qua [19].

Két qua phan tich cho thiy, NDVI c¢6 mbi quan hé chat
ché véi tinh trang dinh dudng cua cay xoai, voi gia tri p nho
hon mtrc y nghia thong ké (p<0,05) & ca 4 giai doan nghién
ctru (hinh 2).

Gia tri NDVI thap phan anh mirc d6 thiéu dinh dudng
nghiém trong hon ¢ cy trong. Két qua nay phu hop voi
nhitng phat hién trong cac nghién ctru trude day thuc hién
trén cac cay trong khac nhu budi va lua [12, 20], cho thy
chi s6 NDVI 1a mét chi thi tot dé danh gia dinh dudng ciy
trong. Su khéc biét rd rét vé chi sé NDVI giita cac nhom cay
dugc quan sat ¢ giai doan trudc ra hoa va ra hoa (p<0,0001).
Tuy nhién, van c6 nhiing gia tri ngoai bién & giai doan dau
qua va thu hoach, véi mot s6 cay thudc nhom trung binh va
kém dinh dudng c6 chi s kha cao.

Ra hoa

Pau qua Thu hoach

dinh dudng ctia cay dua trén chi s6
NDVI sé& dugc so sanh vé6i két qua
danh gia cAy mau trén thyc dia bing
phuong phap chuyén gia. P chinh
xac cia két qua phan loai duoc
danh gia thong qua d¢ chinh xac 3
téng thé va hé sb Kappa tinh toan
tr ma trdn nham 1in (confusion

04 0,6 0,8 10

matrix), cung véi hé so p.

04 06 0,8 1,0 0,4

Gia tri chi s6 thuc vat

0,6 08 1,0 0,6 0,8 1,0

3. Ket qua va han luan Hinh 1. Mat dé phan phdi cta cay xoai (n=4.522) theo chi sé thwc vat & cac giai doan sinh
p . trwoéng.
3.1. Moi quan hé giita chi so
thuc vdt va cac nhom tinh trang Trwée ra hoa Ra hoa Pauqua Thu hoach
dinh du'&ng p = <2e-16 p=14e-15 p =6.9e-12 p=72e-11
Két qua cho thay, chi s6 NDVI T — s —— . . ——
5 A ‘. s A < 4 3
cua cay ?(03.1 dat g1a tri cao nhat Qo] ! $ . ‘ L | ==
trong giai doan trudc ra hoa, trong 5 . 5 ! \
, A A I3 2 A Re]
d6 da so cay c6 chi so6 NDVI>0,8 9 050 ] 'ﬁ 8 | |
N ‘n c oA X o
(hinh 1). Tuy nhién, khi cdy chuyén U $ . ‘
sang giai doan ra hoa, chi s6 NDVI 25 ;

.o . 2 A A T Kém Trung binh Tét
giam dang ké, da so cay co gia tri ?

0,6-0,8, sau do6 tang dan khi cay
chuyén sang giai doan dau qua va
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Kém Trung binh  Tét Kém Trung binh  Tét
Tinh trang dinh duéng

Kém Trung binh Tét

Hinh 2. Chi s6 NDVI clia cay xoai (n=60) theo cac nhém tinh trang dinh dwé&ng. Ky hiéu cac muc
y nghia *: p<0,05; **: p<0,01;

**%. 0<0,001; ****: p<0,0001.
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Nhom cay kém dinh dudng c¢6 chi s6 NDVI trung binh
khoang 0,61 trong giai doan trudc ra hoa va thu hoach, cao
hon nhiéu so véi giai doan ra hoa (0,42) va déu qua (0,52)
(bang 2). Xu huéng nay ciing dugc thé hién rd dbi voi nhoém
cdy thugc nhom dinh dudng trung binh va t6t. Nhom trung
binh ¢6 chi sé6 NDVI tir 0,57 (ra hoa) dén 0,72 (trudc ra
hoa); trong khi d6 nhoém tdt co gia tri tu 0,68 dén 0,80.
Ngoai ra, bién dong vé chi sé NDVI ciia nhom ciy kém va
trung binh thuong 16n hon (d6 1éch chuan 16n hon) so véi
nhom cay tot.

Bang 2. Gia trj trung binh (X) va dd léch chuan (s) cta chi sé thwe
vat theo nhom tinh trang dinh dwéng.

Truécrahoa  Rahoa Diu qua Thu hoach
Nhém

x s X s x § X s
Keém 061 009 042 011 052 014 061 011
Trung binh 072 007 057 0Il 066 011 069 0,08
Tét 08 004 068 008 075 005 076 005

3.2. Ngwong phdan logi va dp chinh xdc

Ngudng NDVI dé phan loai va danh gia tinh trang dinh
dudng duoc xac dinh dya trén két qua théng ké trén cay mau
(bang 2). Két qua cho thiy, ngudng phan loai NDVI ¢6 su
thay ddi theo giai doan sinh truong (bang 3).

Bang 3. Ngwéng chi s6 thwe vat dé phan loai nhém tinh trang dinh
dwdng.

Nhém Truécrahoa  Rahoa Diu qua Thu hoach
Keém <0,67 <0,50 <0,61 <0,65
Trung binh 0,67-0,78 0,50-0,64 0,61-0,73 0,63-0,74
Tét >(0,78 >(,64 >(0,73 >(0,74

Trong giai doan trudce ra hoa, cay dugc xac dinh la kém
dinh dudng khi chi s6 NDVI dudi 0,67, cdy dinh dudng
t6t khi chi s6 NDVI trén 0,78, nhom cay trung binh nim &
giita hai ngudng nay. Khong co su khac biét 16n vé ngudng
NDVI giira giai doan cay dau qua va thu hoach. Tuy nhién,
trong thoi ky ra hoa, ngudng phan loai thdp hon 15 rét, voi
gi tri dudi 0,50 cho nhém kém va trén 0,64 cho nhém tot
(bang 3). Két qua nay dugc tuong thich véi sy bién ddi cua
chi s6 NDVI theo cac giai doan khac nhau (hinh 1) va phu
hop v6i két qua danh gida mdi quan hé gitra chi s6 NDVI va
cac nhom tinh trang dinh dudng dugc trinh bay trudce do.
Két qua nay ciing nhan manh tdm quan trong cta viéc diéu
chinh ngudng phan loai NDVI cho timg giai doan cu thé dé
phan anh chinh xac tinh trang dinh dudng cua cay trong cac
giai doan sinh trudng khac nhau.
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Do chinh x4c cia két qua phan loai nhom tinh trang
dinh dudng dya trén chi s6 NDVI trich xudt tir dit liéu anh
UAV dao dong khoang tir 73 dén 82%, véi p<0,001 va hé
s6 Kappa tir 0,68 dén 0,73 (bang 4). Két qua phan loai tot
nhit thu duoc cho giai doan trude ra hoa, trong khi thdp
nhét cho giai doan thu hoach. Ngoai ra, vi¢c phan loai gilta
cac nhom dinh dudng kém va trung binh, hodc trung binh
va t6t thuong gip nhdm 1n. Thyc t&, qua trinh danh gia cua
céc chuyén gia cdy trong trén thuc dia ciing gip kho khin
trong viéc phan biét va danh gia chinh xac cac cay thudc
nhém kém hay trung binh, hogc trung binh hay tét. P9 chinh
xac trong phan loai nhém tinh trang dinh dudng tir chi s6
NDVI thdp hon mét chit so v6i cac nghién ctru sir dung cac
phuong phap hoc may, vi du qua sb liéu tham khéo cta H.T.
Nguyen va cs (2023b) [12]. Tuy nhién, két qua nay van phu
hop véi muc tiéu nghién ctru, dong thoi chi ra ring chi sb
NDVI trich xut tir anh UAV ¢6 thé cung cp co sé dang
tin cdy dé danh gia va phan loai tinh trang dinh dudng cua
cay trong. Piéu quan trong 1a phuong phap trong nghién
clru ndy cung cap mot giai phap danh gia nhanh chong va
d& thyc hién ma khong can dén k¥ ning va kién thirc vé cac
thudt toan phan loai phtc tap.

Bang 4. b6 chinh xac trong phan loai nhém tinh trang dinh dwéng

tir chi sé thwe vat, so sanh véi két qua danh gia cay mau bang
chuyén gia (n=60).

Théng s6 TruGcrahoa  Rahoa Dau qua Thu hoach
D chinh xac tng thé 0,82 0,79 0,74 0,73
Khoang tin cy 95% 0,75-0,91 0,70-0,87 0,66-0,84 0,65-0,83
Hé 50 Kappa 0,73 0,72 0,70 0,68

Hg s p 0,005 0,007 0,002 0,002

3.3. Két qua phan logi nhém tinh trang dinh dwing
cdy xoai

Ngudng phan loai da duogc xéac dinh ¢ phén trude duoc
ap dung dé danh gia tinh trang dinh dudng cta cdy xoai tai
khu vuc nghién ctru. Thong ké két qua danh gid tinh trang
dinh dudng cay xoai duoc trinh bay tai bang 5. Vi du vé két
qua phan loai trong giai doan trudc ra hoa duoc thé hién
& hinh 3. Phin 16n cdy xoai trong khu vuc nghién ciru co
tinh trang stc khoe t6t, chiém khoang 90%. Ty 1& cdy co
tinh trang dinh dudng trung binh dao dong tir 5 dén 8%, tuy
thudc vao tung giai doan. Trong khi do, ty 1€ cay kém dinh
dudng thuong dao dong tir 1 dén 3%. Sb lwong cdy xoai
kém dinh dudng c6 xu hudéng giam khi di chuyén qua cac
giai doan tir truéc ra hoa dén thu hoach, chuyén dan sang
tinh trang dinh dudng trung binh va tot (bang 5).
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Bang 5. Két qua danh gia tinh trang dinh dwéng cay xoai tai khu
vwe nghién ciru.

Tru6e ra hoa Ra hoa Diu qua Thu hoach
Nhom
< o TPI¢ <. Tl <. T ST i1/]
8o cdy ) 8o cdy %) 8o ciy ) 8o ciy )
Tét 4141 91,6 4098 90,6 4052 89,6 4117 91,0
Trung binh 239 53 365 8,1 371 82 321 7,1
Kém 142 31 59 13 9 22 84 1,9

Anh chup tir thiét bi may bay khéng ngwéi i

p dis @1— .‘E‘I? . o S : %

sat va danh gia tinh trang cdy xo0ai, ma con ¢ thé mo rong
cho nhiéu loai cdy an qua khéc tai cac ving san xuit nong
nghiép tap trung. Phuong phap nay c6 thé dugc mé rong va
ung dung tich hgp vdi cac cong nghé khac trong viéc quan
1y va cai thién ning suit ciia cac mé hinh néng nghiép sd
va bén vimng. Tuy nhién, nghién ctru nay chi tip trung vao
viéc danh gia tinh trang dinh dudng cua cay trong bang cach
phan loai chung thanh ba nhom. Do d6, can tién hanh cac
nghién ctru chuyén sau hon nhim wéc tinh ham lugng dinh
dudng cua cay trong thong qua cong nghé UAV.

4, 1 [ ]
Tinh trang dinh dudng
| ® Kém i
Trung binh
v -ﬁ. ° o ‘ .-A ¥ o Toit

o B T -

Hinh 3. Vi du vé két qua phan loai tinh trang dinh dw&ng cay xoai giai doan trwéc ra hoa, so sanh véi hinh anh chi sé thwe vat (mau thuec).

£ a
4. Ket luan

Nghién ctru da ing dung thanh cong anh da phé thu thap
bang UAV Phantom 4 Multispectral phuc vu danh gi4 nhanh
tinh trang dinh dudng cy xoai trén dién tich 16n. Két qua
nghién ctru da chimg minh méi lién hé chat ché giita chi s6
NDVI vé cic nhom tinh trang dinh dudng (tdt, trung binh,
kém) cua cay xoai ¢ cac giai doan sinh truong khac nhau, tur
giai doan trudce ra hoa dén thu hoach. Viéc xéac dinh ngudng
NDVI phu hop cho ting giai doan sinh trudng 1a yéu té
then chét nhdm nang cao d6 chinh xéac trong phén loai tinh
trang dinh dudng cy trong. Di v6i cdy xoai, phuong phap
nay dat do chinh xac tir 73% dén 82%. Két qua nghién ctru
khong chi tao co s& khoa hoc cho tmg dung UAV trong giam
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Nghién ciru nay thudc dé tai nghién ciru img dung va phat
trién khoa hoc cong nghé tinh Son La, ma s PTCN.05/22.
Nhom tac gid xin tran trong cam on.
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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
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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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