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Thiét ké nén tang Biosensing quang hoc
dua trén cau tric nano dién moi - kim loai - di€én moi

Pham Pinh Pat, Pham Tién Thanh*
Truwong Pai hoc Viét Nhdt (VJU), Pai hoc Quéc gia Ha Néi (VNU)
Ngay nhdn bai 8/2/2021; ngay chuyén phan bién 22/2/2021; ngay nhan phan bién 6/4/2021; ngay chip nhan dang 12/4/2021

Tom tit:

Céu tric chét di¢n méi - kim loai - chét di¢n méi (IMI) 1a mot ciu tric tiém nang trong thiét ké nén ting cam bién
sinh hoc béi cac dic tinh quang hoc wu viét, dac biét la hi¢én twgng cong hwéng bé mit (SPR). Trong nghién ciru
nay, dic tinh quang hoc ctia cau tric IMI trong dii buéc séng nhin thay dwgc tinh toan bang phuong phép transfer
matrix. Két qua chira rang, céu tric IMI ¢6é kha ning hap thu 4nh sang manh & buéc séng thich hop do hi¢u trng
SPR trong cau tric. Hién twgng SPR nay dwgc hinh thanh do suw két hgp gira Anh sdng t6i va cac dién tir tu do ctia
16p kim loai trong céu triic. Pic diém dinh tin hiéu ciia hién twong SPR phu thudc vao do day cia cac 16p va méi
truong chiét suét xung quanh céu tric IMI. Dya vao cac két qua tinh toan néu trén, clu tric IMI trng dung cho chip
sinh hoc dd dwoc thiét ké va téi wu héa tir dic tinh quang hgc. Bén canh do, cac két qua tinh toan d¢ nhay chi ra
rang, ciu tric IMI c6 d nhay cao hon chip sinh hoc sir dung phwong phap phan xa toan phin (ATR), SPR va twong

dwong véi phwong phap sir dung ciu tric kim loai - chét dién méi - kim loai (MIM).

Tir khéa: ATR, ciu triic nano chit di¢n méi - kim loai - chit dién méi, SPR.

Chi s6 phén loai: 1.3

- £ X
Dét van dé

Hién nay, co thé chia cac chip sinh hoc dugc su dung rong
rai lam 3 loai chinh: chip sinh hoc st dung tin hi¢u quang hoc
(Optical biosensors); chip sinh hoc sur dung tin hiéu dién (Electrical
biosensors); chip sinh hoc sir dung tinh chat co (Mechanical
biosensors) [1]. Chip sinh hoc st dyng tin hi¢u quang hoc 12 loai
chip nhan biét 16p sinh hoc dua trén sy thay d6i cua cac dic tinh
quang hoc nhu phan xa, truyén qua, phat quang khi trén bé mat co
thém céc 16p sinh hoc nhu protein (biotin, avidin) hodc cac virus...
Do d6, céc chu truc dugc ap dung trong cac chip sinh hoc loai
nay thuong c6 do nhay cao voi su thay doi ciia moi truong xung
quanh cdu trac, vi du nhu sy thay d6i vé chiét suat. Nhiéu phuong
phap khac nhau di dugc st dung trong ché tao chip sinh hoc loai
nay nhu phuong phép danh ddu huynh quang, phuong phap st
dung chat ban dan, phuong phap sir dung hiéu tmg cong huong
plasmon bé mat [2-5]. Trong d6, phwong phép sir dung hiéu tmg
cong hudng plasmon bé mat d dwgc nhiéu nhém tién hanh nghién
ciru va phat trién.

Mot s6 nhom nghién ciru trén thé gidi dang phat trién cac chip
sinh hoc dya trén hién twong cong huong plasmon bé mat nhu
SPR va LSPR (hi¢n tugng cong hudng cuc bd) [6-9]. Hi¢n tugng
plasmon bé mat 1a su dao dong cua cac dién tir ty do ¢ bé mat vat
li¢u khi bi tac dong ctia anh sang kich thich. Hién twong cong hudng
plasmon bé mit xay ra khi tin s ctia anh sang kich thich tring voi
tin s6 dao dong cia electron bé mat [8]. Mot phwong phap phd
bién duogc st dung dé kich hoat hién tuong nay 1a phuong phap
phan xa toan ph?m bén trong ATR (Attenuated Total Reflection).
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Khi hién twong SPR xdy ra, ddc tinh quang hoc tai budc song xay
ra SPR rit nhay voi sy thay doi chiét sudt & bé mat xung quanh.
Céc nhom nghién ctru di loi dyung tinh chit nay dé phat trién céc
loai chip sinh hoc. Nhiéu bo san ph?im chip sinh hoc str dung hién
tugng SPR c6 do nhay cao khoang 0,003 ng/mm™da dugc ban trén
thi truong [9]. Tuy vdy, chip sinh hoc sir dung hién tugng SPR c6
nhugc diém 1a cdu tao phurc tap, dic biét 1a hé thong xir Iy quang
hoc can ¢6 mot thau kinh (prism) dé kich thich xay ra hién tuong
phan xa toan phan. Pé nang cao do nhay ciing nhu don gian hoa
qua trinh ché tao c4c loai chip sinh hoc nay, nhom nghién ctru cia
Gido su Kajikawa da sir dung céu tric nano MIM dé phat trién
chip sinh hoc [10-12]. Cau triic MIM c6 kich thudc 200-500 nm
voi kich thude timg 16p 20-100 nm. DY nhay cua chip sinh hoc sur
dung phuong phap nay khoang 9-40 pg/mm?, twong dwong voi do
nhay cua chip sinh hoc str dung phuong phap ATR [13]. Tuy nhién,
cdu triic cua chip sinh hoc don gidn hon do céu trac MIM khong
can sir dung dén thu kinh (prism) dé kich hoat hién tuvong SPR.

Nghién ciru ndy tién hanh phan tich dic tinh quang hoc ciia cau
tric nano IMI thong qua viéc tinh toan vé d¢ phan xa, truyén qua
khi anh sang di vao cau tric IMI. Tuong tw nhu cdu trac MIM, khi
c6 kich thich cua anh sang vdi budc song thich hop, hién tuong
SPR ciing s€ xdy ra trong céu trac IMI. O cau trac IMI, vat ligu
dién moi cho phép gan céc 16p phin tir sinh hoc 1én bé mat mot
cach don gian. Uu diém nay rat quan trong trong viéc phat trién
chip sinh hoc. Bang cach tdi uu hoa cau tric IMI, cac ddc tinh
quang hoc nhu phan xa va truyén qua s& c6 su thay doi 16n khi moi
truong chiét sudt xung quanh thay doi. Tir 46, nghién ctru d& xuat
cdu tric pht hop nham tmg dung vao chip sinh hoc ¢6 d6 nhay cao.
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Designing a new optical
biosensing platform based
on an insulator-metal-insulator
nanostructure
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Abstract:

The insulator-metal-insulator (IMI) structure is potential
for the fabrication of biosensor platform devices because
of its unique optical properties, especially surface plasmon
resonance (SPR). In this study, the optical properties
of the IMI structure in the visible wavelength range
were calculated using the transfer matrix method. The
results indicated that the IMI structure exhibited high
absorbance at the proper wavelength due to the SPR. This
phenomenon was resulted from the resonance of incident
light and the free electrons in the metal surface. The SPR
signal relied on the thickness of layers in the IMI structure
and the refractive index of the surrounding medium.
Based on calculation results, the IMI structure applied for
the biosensor was designed and optimised with respects
to optical properties. In addition, sensitivity calculation
demonstrated that IMI structure was more sensitive than
biosensor based on attenuated total reflection (ATR),
SPR method while similar results were attained with the
metal-insulator-metal (MIM) structure method.

Keywords: ATR, insulator-metal-insulator nanostructure,
SPR.

Classification number: 1.3

Phuong phap nghién cuiu

Dic tinh quang hoc nhu truyén qua va phan xa khi anh sang di
vao cdu tric da 16p IMI dugc tinh todn bang phuong phép transfer
matrix [14, 15]. Cung véi d6, sy thay dbi cua phd truyén qua, phan
xa cua cAu triic IMI va 16p phan tir sinh hoc ciing dugc tinh toan
bing phuong phap twong tu. Viéc so sanh va phan tich sy khac
nhau cua déc tinh quang hoc khi c6 va khong c6 16p phén tir sinh
hoc cling dugc thuc hién nham tdi wu hoa ciu trac IMI va danh gia
d6 nhay ctia n6 khi ung dung vao viéc ché tao chip sinh hoc. Quy
trinh dugc thyc hién nhu sau: (1) Tinh todn déc tinh truyén qua va
phdn xa trong cau triic IMI, (2) Tinh toan dic tinh quang hoc phan
xa trong cau tric IMI va 16p phan tir sinh hoc, (3) Toi uu héa céu
tric IMI tmg dung vao chip sinh hoc.
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Két qua va thao luan
Diic tinh truyén qua, phin xa trong ciu triic IMI

bic tinh tmyén qua, phan xa dugc tinh toan trong 3 cdu tric
kim loai (M), kim loai - chét dién moi (IM), chét dién moi - kim
loai - chat dién mi (IMI) nhu trong hinh 1. Cac thong s6 st dung
trong tinh todn nhu vét liéu, do day va chiét sudt cua cac 16p trong
cau trac I, IM, IMI duge the hién ¢ bang 1. MoO, dugc st dung
lam chét dién méi trong cau trac IMI do nd 6 chlet sudt cao
(khoang 2,1). Su khéac biét 1on giita chiét suat ciia 16p phén tir sinh
hoc ¢ trén 16p MoO, va 16p MoO, dan dén thay doi rd rang trong
phé phan xa khi c6 Va khong c6 lop phén tir sinh hoc. Cac kim loai
duoc st dung dé tinh todn gdm vang (Au) va bac (Ag) 1a cic kim
loai 6n dinh vé& mat hoa hoc va dic tinh quang hoc.

* ®) © l
I -

Hinh 1. CAu triic kim logi (20 nm) (M), kim loai (20 nm) - chét dién méi (50 nm)
(MI), chat dién moi (50 nm) - kim loai (20 nm) - chat di¢n méi (50 nm) (IMI).

Két qua tinh toan dic tinh truyén qua va phan xa bang phuong
phép transfer matrix khi 4nh sang di vao cau trac M, IM, IMI (véi
kim loai 1a Ag) trong khoang budc séng tir 300 dén 800 nm duoc
biéu dién trong hinh 2A va 2B. Do day cua céc 16p va thong sd
tinh toan nhu bang 1. Trong hinh 2A, lan luot duong mau do, mau
xanh va mau den tuong tmg v6i pho truyén qua khi anh séng di
qua cu triic M, cdu triic IM va cau tric IML Vi cau trac 1a don
16p kim loai, d9 truyen qua giam dan theo chidu ting cua do 16n
budc song va pho truyén qua khong cho thiy dinh pho nao khac
ngoai dinh cia Ag & budc song 320 nm. Tuy nhién trong céu triic
IM ciing nhu IMI, c6 thé thay 1o dugc dinh phd trong pho truyén
qua céu tric ndy khac véi cdu trac don 16p kim loai. Dic biét trong
cau tric IMI, ¢6 thé quan sat dugc dinh phé ¢ khoang budc song
580 nm véi do truyén qua xép xi 75%, 16n gap 3 1an so voi céu trac
don 16p kim loai va 2 lan so véi cdu triic IM ¢ cling budc song.
Trong khi do, cau triac IMI ¢ d6 day 13 120 nm, 16n hon nhiéu do
day ctia cau trac M (20 nm) va cau trac IM. Cz”iu tric IMI ¢6 2 bé
mit tiép xtic gifta 2 16p chét dién moi (MoO,) va kim loai Ag, 16p
MoO;, c6 do day 50 nm (d¢ day nay nho hon 1/4 bude song cua
anh sang di vao) véi chiét suat tir 2,1. Do do 1op dién moi dong
vai tro nhu 16p 1am gidm phan xa, va ting do truyén qua & budc
song thich hop voi do day, do hién tugng giao thoa giita anh sang
phan xa ¢ 16p kim loai va 16p dién moi. Bén canh do, d§ chénh léch
chiét suat & bé mat ciia 16p Ag va MoO, 1a rat 16m, do d6 dinh cua
hién tuong SPR & bé mat l6p Ag dich chuyen vé phia bugc song
dai. Do d6 dinh phd truyen qua cua cau tric IMI ndm ¢ khoang
bude song 580 nm so v6i 320 nm cua Ag. Nguogc lai v6i xu hudng
& phd truyen qua trong hinh 2A, pho phan xa ¢ hinh 2B cho thay
do truyen qua tuong ing v01 cac cau truc M, IM, IMI co sap X€p
giam dan. Do phan xa & cu tric IMI nho nhat khoang 19% tai
budc song 595 nm.



Béng 1. Céc thong sb sir dung trong tinh tozn.

Cic 16p Vit liéu Do day (nm) Chiét suit
Lép 1 (Layer 1(T) MoO, 50 2,1~-2,15
Laop 2 (Layer 2(M)) Au/Ag 20 Theo bude song
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Dé kinh Sio, - L5
Khong khi - - 1
A) 100 ®) 190
30 M IMI g0 [
g -
g 60 5:{ 60 [
= ~
“2 £
£ 0 ™M 2 a0
g ]
20 20
0 0 . . . .
300 400 500 600 700 800 300 400 500 600 700 800

Buéce song (nm) Budce song (nm)

Hinh 2. Két qua tinh toan phé truyén qua (A) va két qua phd phin xa (B)
trong 3 cau triac: M, IM, IMI.

Dé khao sat sy thay doi pho truyén qua ciia cdu trac IMI khi
do day cua céc 16p trong cdu IMI thay doi, hai trrong hop da duoc
tinh todn gf)m (1) Giit nguyén d¢ day 16p kim loai (16p 2) 1a 8 nm
va thay doi do day 16p MoO, 1a 50, 100, 200 nm (d6 day 16p 1 va
16p 3 bang nhau, tao thanh cau tric doi xtmg); (2) Giir nguyén do
day 16p kim loai (16p 2) 1a 8 nm, 16p MoO, thir 1 1a 50 nm va thay
doi dg day lop MoO, (l6p 3) 1a 50, 100, 500 nm. Trong truong hop
nay cau tric IMI la bat dbi ximg.

D01 voi trudong hop thir nhat, két qua pho truyén qua tuong ing
v6i chu trac IMI duge bidu didn trong hinh 3A. C6 thé thiy rang
khi d6 day cua 16p 1 va 3 tang Ién, dinh phd truyén qua rd rang hon
mic du do truyén qua khong thay doi nhiéu (46 truyén qua trong
khoang 90%). Trong truong hop 16p MoO, c6 d6 day 200 nm, co
hai dinh pho 1a 440 va 600 nm. Dinh thir 2 cua hién tugng SPR ¢
xu thé chuyén dich vé phia budc séng ngan khi do day cua 16p dién
méi tang 1én. Pbi voi truong hop thir 2, két qua phd truyén qua
cau trac IMI duoc biéu dién trong hinh 3B. Khi gitt nguyén do day
16p Ag va 16p MoO, thir 1 trong khi thay doi do day 16p MoO, thir
3, dinh pho truyén qua dan & rang hon c6 xu hudng dich chuyen
vé phia budc song 16n hon. Cu thé, dinh phd chuyén dich tir budce
song 410 t61 490 nm tuwong g voi sy tang d§ day 16p MoO, tir
100 1én 150 nm.

A)109 ®)1p9
50 100 F
S Sso |
.8 5 60
= =
£ 40 g
© < 40
a — dMo0,=50 nm A/ — dIMI=50/8/50 nm
20 — dMo0;=100 nm 20 —dIMI=100/8/50 nm
— dM00;=200 nm —dIMI=150/8/50 nm
o 0 . . . .
300 400 500 600 700 800 300 400 500 600 700 800

Bude song (nm) Budc song (nm)

Hinh 3. Phé truyén qua ciia ciu tric IMI: kim loai (Ag) 8 nm, cic 16p
MoO, lan lugt1a 50, 100, 200 nm (A); pho truyén qua cia cau tric IMI (B).
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Tuong tw nhur trén, khi thay 16p kim loai Ag bang Au ciing thu
duoc pho truyén qua hodc phan xa tuong tw nhu trong truong hop
v6i Ag. Tur két qua tinh todn néu trén ¢6 thé thdy rang, dic tinh
cua phd truyén qua hodc phd phan xa cua cau tric IMI phu thude
vao do day va chiét suat ctia 16p dién moi. Do day ciia 16p kim loai
hau nhu chi anh huong dén do truyén qua. Khi do day 16p kim loai
tang thi d¢ truyén qua céu triic IMI s& giam va do phan xa sé ting.
Dya vao cac dgc tinh trén, khi co 10p sinh hoc mong (Biolayer)
duogc gan vao bé mat cau triic IMI, dy doan s& ¢6 su thay doi trong
pho phan xa va truyén qua, dic biét 1a pho phan xa. Dac tinh nay
¢ tiém ning duoc ap dung trong ché tao chip sinh hoc. Phén tiép
theo s& khao st sy thay doi ctia phd phan xa khi ¢6 16p sinh hoc
gin trén bé mat IML.

Diic tinh phén xa trong cu triic IMI - 16p sinh hoc (Biolayer)

Pé xem céu trac IMI ¢6 thé img dung vao viéc ché tao chip
sinh hoc hay khong, can tién hanh danh gia su thay d6i ddc tinh
phan xa ciia cdu trac IMI khi cd 16p sinh hoc gin vio bé mit cua
n6 (hinh 4A). Trén thyc té, dé danh gia do nhay cua phuong phap
hay cdu triic img dung cho chip sinh hoc, cdc nhém nghién ciru
thuong su dung danh gia do nhay véi Biotin va Avidin. B day cua
16p Biotin va Avidin nay khodng 2 nm.

Dé khao sat dic tinh phan xa cia cu trac IMI - 16p sinh hoc
va danh gia kha nang img dung vao viéc ché tao chip sinh hoc,
déac tinh phan xa dugc tinh dya trén m6 hinh 16p sinh hoc (Avidin-
biotin) voi d day 2 nm gén trén bé mit cdu tric IMI. Chiét suét
cua lop nay gid dinh trong tinh toan la 1,5.

) l] l]
Lap sinh hoc

Lép3 MoO, Ro Ri
Lop1 Lép sinh hoc
Glass Glass

l l

Hinh 4. Ciu tricc IMI - Biolayer (2 nm) (A); cu tric M - Biolayer (B).

bat R 1a do phan xa cua cau triic khi khong ¢6 16p sinh hoc va
R, 1ado phan xa clia cu tric khi ¢6 16p sinh hoc. Ty 1¢ AR=100*R /
R duoc st dung dé danh gia kha ning tmg dung ciia cau tric duoc
tmh toan cho chip sinh hoc.

Dic tinh phd phan xa cia céu tric IMI, IMI - 16p sinh hoc
duoc chi ra trong hinh 5A. Puong mau den chi phd phan xa cia
cu trac IMI khi khong ¢6 16p sinh hoc va dudng mau d6 chi phd
phan xa cua cdu trac IMI - 16p sinh hoc. Do day cua céc 16p vat lidu
duoc thiét 1ap nhu sau: 16p 1 (MoO,) 80 nm, 16p 2 (kim loai Ag)
8 nm, 16p 3 (MoO,) 30 nm, 16p sinh hoc (Biolayer) 2 nm. Két qua
phé phan xa chi ra sy khéc nhau gitra truong hop c6 va khong ¢6
16p sinh hoc. Ty 1€ AR dugc tinh toan nhu trong hinh 5B. D9 nhay
cua cdu trac duoc tinh bang AS=100- 100*R /R, d nhay cang lon
thi kha ning nhan biét cac phan tir sinh hoc cang t6t [10]. Tai budc
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song khoang 490 nm, sy thay d6i do phan xa ciia céu tric IMI co
va khong c6 16p sinh hoc 13 khoang 10% dbi véi do day 2 nm cia
16p sinh hoc. Khi d6, do day 1 nm cta 16p sinh hoc gin trén IMI
nhu trén dan dén do thay doi cua do phan xa 1a 5%/nm, day duoc
goi la d§ nhay (AS) cua cu trac IMI c6 d¢ day nhu trén. Két qua
tinh toan cho thy, viéc thay doi do day cac 16p MoO;, va d6 day
ctia 16p kim loai s& dan dén thay doi do nhay ciia cau truc IML.

(A)3s B) 130

Do phin xa (%)

sang khi di vao cau trac IMI s& nho, viée quan sat sy thay doi do
phan xa theo d6 day twong ddi kho. Do do, do day cua 16p Au sir
dung dé tinh toan 1a 15, 20, 30 nm. Bén canh do, do déty cua ldp
MoO, lan luot thay dbi tir 50 dén 150 nm. Bang 2 1a két qua tong
hop do nhay cua cau tric IMI theo d9 day céc 16p.

Bing 2. D¢ nhay AS(=100-100*R /R) ciia cAu trac IMI khi d day cac 16p
thay dbi va d¢ day 16p sinh hoc 2 nm.

L6 Lép 2 Lép 1 Bube son
d;,l()n::n) d;l()nm) d;n()nm) dil::lcpsl(:éi(nm) A
2 o AR 50 5 50 579 -
Sio 100 15 100 470 14
: f . 150 15 150 540 135
e | E 50 20 50 520 ;
% 100 20 100 490 13
\ “ 150 20 150 525 115
300 400 500 600 700 800 300 400 500 600 700 800 50 30 50 490 -
Bude séng (o) B sGng (o) 100 30 100 485 11
150 30 150 520 0.85

Hinh 5. Phd phan xa ciia cAu tric IM(Ag)L, IM(Ag)I - 16p sinh hoc (A); ty
18 AR=100*R /R, (B).

Két qua phd phan xa cia cdu trac IMI vé6i 16p vat liéu kim
loai 1a Au va do day cua 2 16p MoO, dugc chi ra trong hinh 6A:
[ (50 nm) M (Au-15 nm) I (30 nm) - 16p sinh hoc (2 nm). Tuong
tu nhu treong hop néu trén, cau tric IMI st dung 16p kim loai Au
ciing cho thay su khac nhau 16 rang cta phd phan xa cta céu triic
IMI trong truong hop co va khong co6 16p sinh hoc. Tt hinh 6B,
tai budc song khoang 500 nm, sy thay doi do phan xa cta céu tric
IMI ¢6 va khong c6 16p sinh hoc 1a khodng 4% (dugc tinh béng
AS=100-100*R /R ). D6i v6i do day 1 nm cua 16p sinh hoc gin
trén IMI s& dan den su thay doi ciia do phan xa 13 2%/nm, day la
d6 nhay cta cau trac IMI néu trén vé6i kim loai 13 Au.

(A) 25

(B) 130
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S
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Hinh 6. Ph phin xa ciia cAu tricc IM(Au)I, IM(Au)I - 16p sinh hoc (A); ty
1¢ AR=100*R /R (B).

Téi wu héa ciu triic IMI wng dung vao chip sinh hoc

Dé t6i wu hoa cu triic IMI img dung vao chip sinh hoc, céc
tinh toan dwgc tién hanh nham khao sat sy thay d6i pho phan xa
AR, sau d6 1a d6 nhay AS clia cau tric IMI tuong tmg véi sy thay
doi do day cua cac 16p thur 1, 2, 3 va kim loai sir dung trong cau
triic IMI lan luot 1a Au va Ag. Sau do, cdu trac thich hop nhat dé co
thé ung dung vao chip sinh hoc dugc & xuat dya trén cac két qua
thu duoc. Cac yéu t6 dé lya chon cau trac IMI nhu sau: ¢6 do phan
xa tai dinh pho 16n hon 5% va ¢6 d6 nhay AS 16n.

Buére thir 1 - Toi wu héa kim logi sik dung trong cdu triic IMI:

Lop kim logi Au: khi 16p Au qua mong, d§ phdn xa cla anh
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Péi véi nhimg cdu tric khong co két qua do nhay AS thi do
phan xa tai budc song dinh phd nho hon 5%. Tir két qua & bang
2 ¢6 thé thay do nhay AS cua cdu tric IMI khi sir dung Au vao
khoang tir 1,4~2 (%/nm).

Lép kim loai ld Ag: dé so sanh véi kim loai Au, tinh toan do
nhay AS cua cdu tric IMI c6 do day cua 16p Ag lan luot 1 8, 10,
15,20 nm va d¢ day cua 16p MoO, lan luot thay doi tir 50 dén 150
nm. Bang 3 1a két qua tong hop do nhay cua cau trac IMI khi d9
day cac 16p thay doi.

Bing 3. D¢ nhay AS(=100-100*R /R) ciia cAu trac IMI khi d day cac 16p
thay déi.

Lép 3 Lép 2 Lép 1 Budéc song

d3 (nm) d2 (nm) d1 (nm) dinh phé 3 (nm) A5 (o)
50 8 50 680

100 8 100 425

150 8 150 550 45
50 10 50 650

100 10 100 424

150 10 150 532

50 15 50 610

100 15 100 410

150 15 150 508 -
50 20 50 587 2,6
100 20 100 396

150 20 150 506 -

Tuong tu nhu ddi v6i Au, véi nhitng cau tric khong c6 két qua
dd nhay AS thi d§ phan xa tai budc soéng dinh phé nho hon 5%. Tu
két qua ¢ bang 3 ¢6 thé thay, do nhay AS ciia cau tric IMI khi sir
dung Ag vio khoang tir 2,6~4,5 (%/nm). Nhu vay, cau tric IMI sir
dung kim loai Ag cho d§ nhay cao hon khi st dung kim loai Au.
Do do, t6i wu héa do day cée 16p MoO, duoc tién hanh voi 16p kim
loai la Ag.

Buede thit 2 - Toi wu héa dg day cdc I6p si dung trong cdu triic
IMI:

Tur bang 3 ¢ thé thiy ring, do day ciia 16p kim loai Ag 1a 8 nm
trong cau truc IMI cho d§ nhay cao. V&i do day 16p kim loai nho



hon 8 nm, viéc ché tao trong thuc té gip nhiéu kho khin. Ly do 1a
khi dung phuong phap phun xa hodc bdc bay dé ché tao 16p mang
qué mong thi s& thu duoc 16p mang khong dong nhét tao thanh
timg dam. Do do, do day cua 16p kim loai dugc 6 dinh 1:‘1 8 nmva
dg day cua cac 16p MoO, dugc thay doi dé tim ra do day 61 wu cho
cau triic IMI. Bang 4 la ket qua tong hop d nhay cua cau truc IMI
khi do day cac 16p MoO, thay doi tir 30 dén 150 nm.

Bing 4. D¢ nhay AS(=100-100*R /R ) clia cAu tric IML.

Lép 3 Lép 2 Léop 1 Buée song

d3 (nm) d2 (nm) d1 (nm) dinh phé A (nm) A8 (immy,
30 8 30 620 6
30 8 50 427 :
30 8 80 483 -
30 8 100 520 -
30 8 150 585 -
50 8 30 735 -
50 8 50 700 -
50 8 80 615 -
50 8 100 640 4
50 8 150 685 35
80 8 30 335 2
80 8 50 355 3
80 8 80 387 3
80 8 100 340 -
80 8 150 380 2,9
100 8 30 385 2
100 8 50 392 -
100 8 80 412 )
100 8 100 420 -
100 8 150 400 -
150 8 30 530 3,7
150 8 50 490 -
150 8 80 510 -
150 8 100 515 ;
150 8 150 520 )

Tir bang 4 c6 thé thdy, cau trac IMI cho d6 nhay cao nhit 6
(%/nm) khi d6 day cac 16p cia cau trac IMI nhu sau: I (MoO,-30
nm) - M (Ag-8 nm) - I (MoO,-30 nm), déy la d6 day ly tuong cua
cau trac IMI khi tmg dung vao viéc che tao chip sinh hoc (hinh 7).
Tuy nhién trén thyc té, viéc ché tao cdu triic IMI c6 do day dung
nhur trén 13 rat ’kho khan. Véi dg day 16p MoO, trong khoang 30
dén 100 nm, cdu truc cho do  nhay kha cao tir 3 den 6 (%o/nm), do
day nay co thé sir dung dé ché tao cu trac IMI trong diéu kién thuc
té. Co thé thiy, do nhay AS cua céu tric IMI cao hon céc loai chip
sinh hoc str dung phuong phap ATR va tuong duong véi phuong
phap su dung cau trac MIM, tuy nhién khi st dung cau triic IMI de
dang quan sat su thay doi cua phé phan xa (do d6 phan xa cta cu
tric 16n) hon khi sir dung céu triic MIM.

Lép 3 (30 nm) MoO;
Ldp 2 (8 nm)
Ldp 1 (30 nm)

Glass

Hinh 7. CAu tric IMI Iy twéng tng dung vao chip sinh hoc.
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Keét luan

Nghién ctru da tinh toan va phan tich cac dac tinh quang hoc
nhu d9 truyén qua, d6 phan xa ciia cau tric IMI, ciing nhu cau triic
IMI - 16p sinh hoc. Tir két qua phd phan xa ciia céu triic IMI thay
rang, cau tric IMI c6 thé Gmg dung vao viée ché tao chip sinh hoc
v6i d6 nhay AS khoang 6 (%/nm) v6i cu trac: I (M00,-30 nm) -
M (Ag-8 nm) - [ (M0oO,-30 nm). DY nhay AS cua cau trac IMI cao
hon céc loai chip sinh hoc stt dung phuong phap ATR, SPR, LSPR
va trong duong v6i phuong phap sir dung cau triic MIM, tuy nhién
khi st dung cdu triic IMI dé dang quan sat sy thay doi cia phd
phan xa (do d6 phan xa cta cu tric 16n) hon khi sir dung cdu tric
MIM. CAu truc thyc té ung dung vao chip sinh hoc s¢ duoc ché tao
va bao cdo trong thoi gian toi.

LO1 CAM ON

Nghién ctu nay dugc tai trg bdi Dai hoc Quéc gia Ha Noi
thong qua deé tai ma so QG.18.57. Cac tac gid xin tran trong cam on.

TAI LIEU THAM KHAO

[1] J.Z.K. Sutherland, D.M. Vu, H.M. Mendez, S. Jakhar and H. Mukundan
(2017), “Detection of lipid and amphiphilic biomarkers for disease diagnostics”,
Biosensors, 1(3), p.25.

[2] C.L. Wilson, and C.J. Miller (2005), “Simpleafty: a BioConductor package for
Affymetrix quality control and data analysis”, Bioinformatics, 26(18), pp.3683-3685.

[3] D. Shalon, S.J. Smith, and P.O. Brown (1996), “A DNA microarray system
for analyzing complex DNA samples using two-color fluorescent probe hybridization”,
Genome Res., 6(7), pp.639-645.

[4] V.M. Shalaev (2007), “Optical negative-index metamaterials”, Nature Photon.,
1, pp.41-48.

[5] J. Homola, S.S. Yee, and G. Gaugliz (1999), “Surface plasmon resonance
sensors: review”, Sens. Actuators B Chem., 54, pp.3-15.

[6] W. Knoll (1998), “Interfaces and thin films as seen by bound electromagnetic
waves”, Annu. Rev. Phys. Chem., 49, pp.569-638.

[7] JM. Brockman, B.P. Nelson, and R.M. Corn (2000), “Surface plasmon
resonance imaging measurements of ultrathin organic films”, Annu. Rev. Phys. Chem.,
51, pp.41-63.

[8] S. Fukuba, K. Tsuboi, S. Abe and K. Kajikawa (2008), “Nonlinear optical
detection of proteins based on localized surface plasmons in surface immobilized gold
nanospheres”, Langmuir, 24(15), pp.8367-8372.

[9] K. Tsuboi, S. Fukuba, R. Naraoka, K. Fujita and K. Kajikawa (2007),
“Multichannel biosensing platform of surface-immobilized gold nanospheres for linear
and nonlinear optical imaging”, Appl. Opt., 46(20), pp.4486-4490.

[10] A. Syahir, K. Kajikawa and H. Mihara (2010), “A new optical label-free

biosensing platform based on a metal-insulator-metal structure”, Langmuir, 26(8),
pp.6053-6057.

[11] A. Syahir, K. Kajikawa and H. Mihara (2021), “Sensitive detection of
small molecule-protein interactions on a metal-insulator-metal label-free biosensing
platform”, Chem. Asian J., 7(8), pp.1867-1874.

[12] A. Syahir, K. Kajikawa and H. Mihara (2014), “Enhanced refractive index
sensitivity for anomalous reflection of gold to improve performance of bio-molecular
detection”, Sens. Actuators. B Chem., 190, pp.357-362.

[13] L. Wu, H.S. Chu, W.S. Koh, and E.P. Li (2010), “Highly sensitive graphene
biosensors based on surface plasmon resonance”, Opt. Express, 18, pp.14395-14400.

[14] D.S. Bethune (1989), “Optical harmonic generation and mixing in multilayer
media: analysis using optical transfer matrix techniques”, J. Opt. Soc. Am. B, 6, pp.910-916.

[15] P.T. Thanh, K. Yamamoto, R. Fujimura, and K. Kajikawa (2014), “All
optical bistability device with counterclockwise hysteresis using twisted nematic liquid
crystals on metal-insulator-metal structure”, Jpn. J. Appl. Phys., 53, pp.92202.



e Khoa hoc Tu nhién DOI: 10.31276/VIST.63(6).06-10

Thanh phan hoa hoc va hoat tinh in vitro
khang nam Colletotrichum spp. gay bénh than thu
trén cay trong cua dau ngh¢ (Curcuma longa L.)
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Tém tit:

Qua trinh sin xuét curcumin sin sinh ra lrgng 16n san phim phu la nhya diu ngh¢ ¢ dang keo, giy 6 nhiém méi
truong. Nghién ciru nay dwgc thye hién nham thu nhian mot phin lwgng diu ngh¢ tir phu phim nay va khio sat
hoat tinh khang nim hai ciy trong. Diu nghé thu dwgc bing phwong phap chiét phan bo véi n-hexan ciia phan nhya
diu ngh¢ thu tir cii ngh¢ vang (Curcuma longa L.) thé hién hoat tinh manh di véi cac ching nAim giy bénh than
thwr trén cy vai. Cac thanh phan dé bay hoi ciia ddu ngh¢ da dwoc xac dinh bing phwong phap sic ky khi noi ghép
Kkhoi ph(‘; (GC-MNS). Két qua xac dinh dwoc 23 hop chét, trong dé cé6 4 hgp chit chinh 13 a-zingiberene, a-turmerone,
ar-turmerone va B-sesquiphellandrene. Cac tic gia cing da phan lap thanh cong chiing niam Colletotrichum
gloeosporioides tir qua vai bi bénh than thu thu hai tai Bic Giang. Pong thoi thir nghlem hiéu qua khang 3 chiing
nam gay bénh than thw la C. gloeosporioides, C. orbiculare, C. acutatum va 2 ching nam khac la Phytophthora
infestans, Fusarium oxysporum cua diu nghe bang phuong phap p01s0ned food technique. Két qua cho thay, 6 nong
dd 1 mg/ml, diu ngh¢ cho hi¢u qua e ché cao nhit véi chiing nim C. gloeosporioides (67,9%) phén 1ap tir qua vai,
d6i v6i cac chiing nAm con lai dat hiéu qua e ché trong khoang 41-62%.

Tir khda: bénh than thw, cay vai, Colletotrichum spp., Curcuma longa L., diu nghé.

Chi s6 phén loai: 1.4

héo ta, qua thdi hong, gy thiét hai ning né dén ning suat. Trén
thé gidi, theo nghién ctru cia Ann va cs (1994) [3], bénh than thu
trén cdy xodi c6 thé gy tht thu ning suét 1én dén 60%. Cheng
vacs (2013) [4] da thong bao, bénh than thu lam giam 15% nang
sudt trai quyt trén dién rong ¢ tinh Quang Pong, Trung Qudc. Tai
Viét Nam, tac gia V.T. Mai (2002) [5] cho biét, tai DPdng bang
song Ciru Long, ty 1¢ cdy sau riéng bi than thu 1én dén 60%. Doi
v6i qua vai, bénh con co tén goi khac 1a bénh khé qua do nim C.

Gidi thiéu

Trén thé gidi, tinh hinh sdu bénh pha hoai mua mang ngay
cang trm trong hon do qué trinh bién d6i khi hau cling voi su
phét trién ctia nganh néng nghiép. Nhu cau vé thude bao vé thuc
vit (BVTV) vi thé ciing ngay mot ting theo. Pé giam thiéu tac
hai ctia thuéc BVTV t6i méi truong, xu huéng sir dung cac thude
BVTV sinh hoc ¢6 ngudn gbc thao moc ngay mot phd bién hon.
Trong cac loai thyc vat dugc ing dung nghién ctru tai Viét Nam,

cdy nghé vang (Curcuma longa L.) da va dang dugc st dung rong
réi trong céc ché pham sinh hoc do sw phd bién, gia thanh T€, de
nudi tréng va quan trong la ddc tinh khang khuan, khang nam t6t
cua cac chiét xuét thu dugc tir loai cay nay [1, 2]. Trong cdc thanh
phan tir cdy nghé, curcumin 1a thanh phan n01 tiéng nhat boi cac
(g dyng cua hop chét nay trong y hoc, doi song. Tuy nhién, qua
trinh san xuit curcumin sinh ra luong 16n san pharn phu la nhya
dau nghé & dang keo gy 6 nhiém méi truong.

Bénh than thu 1a bénh hai cay trf”)ng, khién 14 kho rung, canh

‘Tac gia lién hé: Email: ledangquang2011@gmail.com
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gloeosporioides gay ra. Bénh nay co tac dong nghiém trong trén
toan cdy vai, anh huong dén nang suat va pham chat qua vai [6].

Pé gop phan nghlen clru va phat trién cac 10a1 thudc BVTV
sinh hoc ¢6 nguon gdc thién nhién phong trir nAm géy bénh than
thu trén cay vai va lam co so cho cac nghién ctru sau hon, chiing
t6i tién hanh diéu ché dau nghé bang cach chiét phan bd véi
n-hexan phan nhya dau nghé - sin pham phu thu dugc sau khi
két tinh curcumin tir ci nghé vang (C. longa L.) tai Bic Giang va
phan tich thanh phan cac cu tir d& bay hoi trong d6. Dong thoi
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Abstract:

The production of curcumin produces large quantities of
the spent turmeric oleoresin as a by-product, which often
pollutes the environment. This study was conducted to
obtain turmeric oil from this by-product and evaluate its
antifungal activity. Turmeric oil afforded by partitioning
the turmeric oleoresin from the production of curcumin
(Curcuma longa L.) with n-hexane showed a strong
inhibition for Colletotrichum species. The volatile
components of turmeric oil were determined by GC-MS.
Then, 23 volatile compounds were identified from this
oil, of which four main compounds were a-zingiberene,
o-turmerone, ar-turmerone, and B-sesquiphellandrene.
Besides, the authors also isolated Colletotrichum
gloeosporioides from lychee fruits, which were harvested
in Luc Ngan district, Bac Giang province. By poisoned
food technique, the antifungal activity of turmeric oil
against C. gloeosporioides, C. orbiculare, C. acutatum,
Phytophthora infestans, and Fusarium oxysporum was
demonstrated. The results showed that at a concentration
of 1 mg/ml, turmeric oil showed the highest inhibitory
effect on C. gloeosporioides (67.9%). As for other fungi,
in vitro growth inhibition varied in the range of 41-62%.

Keywords: anthracnose, Colletotrichum spp., Curcuma
longa L., litchi, turmeric oil.

Classification number: 1.4

TAP CHI

HOA HOC

ONG NGHE I} Nam 63(6) 6.2021

Khoa hoc Tu nhién n—

thir nghiém hoat tinh khang nam ciia dau nghé ddi véi 3 ching
nim gay bénh than thu va mot s6 chung ndm khac. Trong do,
chung nam C. gloeosporioides dugc phan 1ap tryc tiép tir qua vai
tai huyén Luc Ngan, Biéc Giang.

Poi tuong va phuong phap nghién ciu
Déi tuwgng

Nguyén li¢u than cu va ré cdy nghé vang (Curcuma longa L.)
duge phoi kho, nghién nho t6i kich thude 3-5 mm d€ tién hanh
chiét cao.

Cac chung nim duoc sir dung trong nghién cru bao gom:
Phytophthora infestans (giy bénh mbc swong); Fusarium
oxysporum (gdy bénh héo ri chét vang); C. gloeosporioides,
C. orbiculare va C. acutatum (gdy bénh than thu). Trong do,
P infestans, F. oxysporum, C. orbiculare va C. acutatum dugc
cung cap boi Trung tam Nghién clu Trién khai cac Hoat chat
Sinh hoc - Vién Hoa hoc Cong nghi¢p Viét Nam. Chung nim
C. gloeosporioides dugc phan lap tir qua vai thu hoach tir huyén
Luc Ngan, tinh Bac Giang. Thi nghiém phan Iap va thir hoat tinh
khang nim dugc thuc hién trén cac dia thach Petri v6i moi truong
PDA (Potato Dextrose Agar), khoai tay - duong glucose - agar.

Phuwong phap

Diéu ché diu nghé: dau nghé (turmeric oil) thu dugc tir san
pham phu nhya diu nghé khi két tinh curcumin theo quy trinh
sau: 3 kg bot nghé duoc chiét hoi luu véi 121 etyl acetat tai nhiét
d0 soi ciia dung moi (6 hx3 lﬁn). Dich chiét thu duoc sau d6 dugc
gop lai va ¢ quay dudi dung moéi dé thu cao chiét (nhwa dau
nghé - turmeric oleoresin). Tién hanh két tinh curcumin tir cao
chiét trén s& thu duoc san pham phu Ia phan dich 6t, sau khi c6
hét dung méi cua dich 6t thu duoc nhya dau nghé (spent turmeric
oleoresin) chira 30-40% dau nghé. Léy 500 g nhya dau ngh¢ phan
tan vao 500 ml methanol, sau d6 chiét phan b long - long voi
500 ml n-hexan (3 lan). Tach riéng cac 16p n-hexan phia trén roi
gop lai, cét loai dung moi t6i kiét thu duge 180 g dau nghé dé sur
dung trong nghién ctru.

Phdn tich thanh phan cdu ti dé bay hoi trong dau nghé: dau
nghé néu trén dem chung cat 16i cudn theo hoi nude thu duge hdn
hop céac hop chat d& bay hoi. H5n hop sau d6 dem 1am khan bing
muoi Na SO, dé thu dwgc miu | phan tich. Str dung phuong phap
GC-MS de Xac dinh thanh phan céc chat trong méau phan tich.
Phuong phap GC-MS dugc thuc hién trén may GC Agilent HP
mode 7890 A ndi ghép khéi phd 5975C; cot HP5-MS (60 mx0,25
mmx0,25 um); khi mang: Heli, toc do dong 1 ml/phat. Nhiét do
inlet: 250°C, chia dong 100:1; Inject volume: 1 pl. Chuong trinh
nhiét do: nhiét do ban dau 60°C (gii 5 phit), ting 8 do/phut dén
240°C (giit 5 phut) cho dén khi két thic. Ban manh & thé 70 eV,
khoang quét 35-450 amu. So sanh phd khdi cua céc peak nhan
dugc v6i thu vién phd WOONOS, HPCH1607 va sir dung phan
mém khoa thoi gian lwu, phan mém xt Iy két qua MassFinder4.0.

Phan ldp, gidm dinh ching nam C. gloeosporioides: qua trinh
phén 18p, giam dinh cac ching nam duoc thuc hién theo phuong
phap ciia Burgess va cs (2008) [7]. Tién hanh liy qua vai méi co
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triéu chimg nhiém bénh, ¢6 ranh giéi gitra mo bénh va mo khoe.
Rira sach mau qua bi bénh bing nudc cat va lau kho bang gidy
da khir trang dé loai bo dat bui va cac tap chat khac. Chon mo
nam giira ranh giéi ctia md bénh va md khoé. Khir tring bé mat
mé bang ethanol 70% khoang 30-60 gidy. Cat mo thanh miéng
nho (2x2 mm) tir phan ranh giéi giita mo khoe va mo bénh, sau
d6 cdy 1én moi truong nghéo dinh dudng PDA. Dit dia céy o
nhiét d¢ 25-28°C trong tu dinh 6n 2-5 ngay. Klem tra dia cdy
hang ngay, khi ndm phat trién tir cac mleng cdy, cdy truyén ching
sang moi truong PDA méi. Cay truyen mot bao to ndy mam de
tao mot mau nam thuan ciia ching nam nghién ciru. Mau nim
Colletotrichum spp. sau khi thuan da dugc lay nhiém thanh cong
tro lai trén qua vai. Viée dinh danh dua theo khoa phan loai cua
Sutton (1980) [8] va bd sung cac dic diém khac clia ching ndm
tir cac tac gia nhu Gangadevi va cs (2008) [9] va Misael va cs
(2015) [10].

Thir nghiém hoat tinh khing ndm ciia ddu nghé: st dung
phuong phap poisoned food technique dé khao sat hoat tinh cua
dau ngh¢ ddi vai cac chung nim thtr nghiém, xac dinh bing cach
tron dau nghé vao moéi truong PDA néng chay theo dung ndng
do thu nghiém (0,0625; 0,125; 0,25; 0,5 va 1 mg/ml). Chung nim
dugc phan lap va lam thuan, dung dung cu duc 16 c6 dudng kinh
4 mm tién hanh duc vanh ngoai duong kinh tan nim, sau do dat
1én moi truong PDA cua dia petri va nu6i trong ti dinh on 6 nhiét
do 25°C. Moi néng d6 khéc nhau s& dwoc thir nhéc lai 3 1an trén
moi truong PDA. Theo ddi sy phat trién cta ching nim trong
2-4 ngay va do duong kinh tan ndm. Hiéu qua khang ndm duogc
tinh theo cong thure [11]:

C, (%)= 100X 22t DC De

Trong do: D, la duorng kinh tin ndm trén dia petri d6i chimg
(mm); 4 1a duong kinh khoanh agar - nim; D, 1a duong kinh tan
nam trén dia petri tron mau thi nghiém (mm).

Tdc do phat trién ciia thé sgi céc ching ndm (MGR: mycelial
growth rate) dugc tinh theo cong thic:

MGR (mm/ngay) = %

Trong do: D, 1a duong kinh tan ndm trén dia petri ¢ ngay nudi
cay thu 4 (mm) D, 1a duong kinh tan ndm & ngay nudi cay thir
2 (mm).

Két qua va thao luan
Thanh phén cdc hop chit dé bay hoi trong diu ngh¢

Trong dau nghé c6 chira nhidu hop chat d& bay hoi. Hon hop
cdu tir d& bay hoi nay thu duoc tir qua trinh chung cét 161 cudn
theo hoi nudc tir dau nghé ban dau. Bing phuong phap GC-MS,
ching t6i da x4c dinh duoc thanh phan cac hop chét d& bay hoi
néu trén, két qua trinh bay & bang 1 va hinh 1. C6 23 hop chat
dé bay hoi da dugc xac dinh va chiém 93,35% tong ham lugng.
Cac thanh phan chinh d& bay hoi duoc xac dinh 14 o-zingiberene
(17,63%), a-turmerone (16,68%), ar-turmerone (16,55%) va
B-sesquiphellandrene (10,65%). Cac hop chat c6 ty 1& tir 0,97-
8,44% gom curlone (8,44%), a-curcumene (7,61%), B-bisabolene

TAP CHI

HOA HOC

ONG NGHE /It Nam 63(6) 6.2021

(3,11%), 4 hop cht khong xac dinh dugc tén (1,91%; 1,71%;
1,64%; 1,52%), y-curcumene (1,85%), B-caryophyllene (0,97%).
Hai hop chét o-turmerone va ar-turmerone dugc tim thay nhiéu
nhat trong tinh dau cua loai cdy nay. Ngoai ra, o-zingiberene,
B-sesquiphellandrene, curlone va o-curcumene ciing 1a cac hop
chat dugc bao cdo va tim thay trong tinh dau thu duogc tir cii
ngh¢. Nghién ctru cua tac gia N.T.M. Huong va cs (2013) [12]
vé thanh phan héa hoc trong ré cii nghé¢ vang thu hai tai Hung
Yén cho thdy: o-turmerone vi ar-turmerone chiém ty 1¢ hon
44% ham lugng tinh dau, theo sau d6 14 cac sesquiterpene nhur
B-sesquiphellandrene, a-zingberene va B-caryophyllene chiém
hon 10%. Nghién ciru vé thanh phan hoa hoc ciia cii nghé thu
hai tai Faisalabad, Pakistan ctua Shagufta va cs (2010) [13] cling
cho thy: thanh phan chinh trong tinh ddu nghé 13 ar-tumerone
(25,33%) va a-turmerone (18,35%), ngoai ra curlone (12,5%) va
caryophyllene (2,26%) ciing chiém ty 1& ham luong 16n. Tuong
tw, cac thanh phan trén ciing dwoc tim thiy v6i ham lwong 16n
trong tinh dau thu duoc tir cii nghé vang tai Lao [14], Nhat Ban
[15], An D0 [16]. Cac hop chat niy ciing 14 thanh phan chinh
trong tinh dau thu duoc tir phan la ciy nghé, tuy nhién hop chat
B-sesquiphellandrene chiém ham luong 16n nhét (22,8%) thay vi
ar-tumerone {1, 6%) hay o-turmerone (1,9%) [17]. Co thé théy
ring, thanh phan d& bay hoi cta diu nghé trong nghién ciru c¢6
ham lugng a-zingberene (17,63%) cao hon so vdi cac bdo céo
truge ddy, day 1a hop chit hay dugc tim thiy trong tinh dau cdy
gung - cung ho Zingiberaceae vdi cay nghé.

Bing 1. Thanh phin cac cdu tir d& bay hoi trong dau nghé.

STT Hop chét Thoi gian luu (phit)  RI* Ty 1€ (%)"
1 a-santalene 26,51 1431 0,27
2 B-caryophyllene 26,68 1436 0,97
3 trans-o-bergamotene 26,97 1446 0,22
4 ND® 27,38 1459 1,91
5 o-humulene 27,76 1471 0,17
6 y-curcumene 28,32 1488 1,85
7 a-curcumene 28,41 1492 7,61
8 trans-B-bergamotene 28,57 1497 0,13
9 a-zingiberene 28,81 1504 17,63
10 ND 29,08 1513 1,52
11 B-bisabolene 29,20 1517 3,11
12 B-curcumene 29,28 1520 0,64
13 B-sesquiphellandrene 29,70 1534 10,65
14 (E)-y-bisabolene 29,93 1542 0,64
15 ND 32,08 1615 1,64
16 ND 33,65 1671 1,71
17 ar-turmerone 33,83 1677 16,55
18 a-turmerone 33,96 1682 16,68
19 (Z)-y-atlantone 34,58 1704 0,42
20 curlone 34,87 1715 8,44
21 (Z)-a-atlantone 35,15 1725 0,18
22 a-oxobisabolene 35,89 1752 0,17
23 (E)-a-atlantone 36,81 1787 0,86
Téng cong 93,95

“RI: Kovats Retention Index; *Ty 1¢ (%): tinh theo dién tich peak séc ky; °ND: khong xac
dinh dugc.
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Hinh 1. Sic ky d6 GC-MS ciia cdc ciu tir d& bay hoi thu duge tir dAu nghé.
Phén ldp chiing ndm bénh C. gloeosporioides tir qud vii

Tir cdc mau qua vai bi bénh thu dugce tai huyén Luc Ngan,
tinh Béc Giang (hinh 2A) da phan lap duogc chung nam trén
moi truong PDA (hinh 2B). Tir hinh 2B ¢6 thé thiy hinh thai
tan nam khi non ¢4 sgi nam mau trang, moc thua, tan nim déu,
khi gia soi ndm chuyén sang mau nau den ¢ tim, ngoai ria moc
thua hon, mau tring, bong xop. Bao tir nim c6 hinh try hai ddu
cun hodc mot dau cun, mot dau hep chop lai, mot s6 bao tir
viing giita ¢6 dang that eo. Cac bao tir riéng biét, mau nau nhat
hoac tréng xam, thuén, mong (hinh 2C). Dya vao cac dac diém
ctia vét bénh va chung nim (hinh 2) so sanh véi khoa phan loai
céc loai thudc chi ndm Colletotrichum ciia Sutton (1980) [8] va
b6 sung cac dic diém khac tir cac tai liéu cong b trudce day cua
tac gia Gangadevi va cs (2008) [9], Misael va cs (2015) [10],
chiing ndm phan 1ap dugc xéc dinh 1a C. gloeosporioides.

(A) (B) )

Hinh 2. Két qua phén lap chiing nAm bénh C. gloeosporioides tir qua vii. (A)
Mau qua vai bi bénh than thu tai huyén Luc Ngan, tinh Béc Giang; (B) Hinh thai
phat trién ciia chiing ndm C. gloeosporioides nudi cdy trén moi truong PDA & ngay
thtr 3 (a), thir 5 (b) va thir 7 (¢); (C) Anh chup dudi kinh hién vi quang hoc ciia bio
tirnim C. gloeosporioides véi o phong dai 40X.

Hogt tinh khéing nim ciia diu ngh¢

Dau nghé dugc thir nghiém hoat tinh in vitro véi 5 chung
nam: P. infestans, F. oxysporum, C. gloeosporioides, C.
orbiculare va C. acutatum. Két qua dugc thé hién ¢ hinh 3 va
hinh 4.
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Hiéu qua trc ché (%)

Ps Fo c6 co cA
00625 mg/ml W 0,125 mg/mi WM 0.25 mgiml €= 0.5 my/m g 1 mg/mi

Hinh 3. Ket qua thir nghiém in vitro hiéu qua e ché cua déu nghe dbi voi 5
chung nim. (A) Hiéu qua trc ché (%) ddi voi 5 ching ndm cua diu nghé & cic
ndng d 0,0625; 0,125; 0,25; 0,5 va | mg/ml sau 4 ngay nudi cy. PS: P. infestans,
FO: F oxysporum, CG: C. gloeosporioides, CO: C. orbiculare va CA: C. acutatum.
(B) Puong kinh tan ndm cua 5 chung nédm trén méi truong PDA sau 4 ngay nudi
cdy. 1: dbi chimg am; 2: dau nghé ndng d6 0,0625 mg/ml; 3: diu nghé ndng do
0,125 mg/ml; 4: du nghé nf)ng d6 0,25 mg/ml; 5: dau nghé néng d6 0,5 mg/ml; 6:
diu nghé ndng d6 1 mg/ml.

o
T

Toc do phat trién cia thé soi (mmingay)

=}

PS FO cG co CA

B 00625 mg/ml HEEE 0125 mg/ml M 025mgml [ 05mg/ml EEE 1mgml

Hinh 4. Téc d9 phat trién ciia thé s¢i 5 chiing nAm (mm/ngay) trong thi nghiém
in vitro hoat tinh khang nam ciia dau nghé. PS: P. infestans, FO: F. oxysporum,
CG: C. gloeosporioides, CO: C. orbiculare va CA: C. acutatum.

Két qua & hinh 3 va 4 cho thiy, dau nghé thé hién hoat tinh
Gic ché véi ca 5 chung nim st dung trong thi nghiém sau 4
ngay nuoi cay Tai nong d6 1 mg/ml dau nghé trc che tr 50%
su phat trién cua ca 5 chung nam, toc do phat trién ¢ cac soi
nim déu nho hon 4 mm/ngay. Tai nong do 0,5 mg/ml ciing
thé hién hoat tinh kha tot khi trc ché trén 40% sy phat trién
cua cac ching ndm. Trong s6 5 ching ndm nghién ctru, dau
nghé thé hién hoat tinh trc ché t6t nhat dbi voi ching ndm C.
gloeosporioides véi hidu qua tc ché dat 67,89% tai nong do 1
mg/ml va 52,19% tai ndng d6 0,0625 mg/ml. Téc do phat trién
cua thé soi ching nim C. gloeosporioides tai ndong d6 1 mg/
ml 14 thip nhét (2,725 mm/ngay). Theo sau d6 1a kha ning trc
ché ching nim C. orbiculare véi hidu qua tc ché & ndng do 1
mg/ml 1a 62,32%, toe do phat trién thé soi cua ching nam C.
orbiculare trong tmg v6i nong do 1a 2,888 mm/ngay. Bang
phan mén WINPEPI 11.65, tinh todn dugc ndng d¢ tre ché 50%
cua dau nghé véi ching nim C. orbiculare 1C,=0,279+0,075
mg/ml. Hiéu qua te ché hai chung nam C. acutatum (uc che
49,57% va toe d phat trién thé soi 3,463 mm/ngay tai nong
d6 1 mg/ml) va F oxysporum (e ché 55,24% va toc do phat
trién thé soi 4,125 mm/ngay tai néng do 1 mg/ml) & muc
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kha. Dau nghé ¢6 hoat tinh trc ché yéu nhat dbi ching nim P
infestans voi 40% hidu qua trc ché tai nong d6 1 mg/ml, twong
(g v6i toc do phat trién thé soi cua ching nim 13 3,85 mm/
ngay. Trong nghién ctu trude ddy cua Dhingra va cs (2007)
[2], chiét xuat dau ngh¢ véi diclometan c¢6 hiéu qua trc ché
dao dong tir 36-77% su phit trién ctia 7 ching ndm bao gom:
A. flavus, A. ruber, A. ochraceous, A. niger, F. semitectum, C.
gloeosporioides va C. musae & ndong do 0,1% trén moi truong
PDA. Trong do, A. flavus, F. semitectum, C. gloeosporioides va
C. musae 1a nhimg chung man cam nhat bj trc ché trén 70% sy
phat trién. Nghlen ctru cua Saju va cs (1998) [18] da bao cao
tinh dau nghé ¢ nong do 5% c6 hiéu qua tic ché hoan toan su
phat trién cua C. gloeosporioides. Bhardwaj va Sahu (2014)
[19] ciing chi ra ching ndm C. falcatum bi e ché 79,25; 72,78
va 63,69% boi tinh ddu nghé tai cac ndng do tuong tng 1a
15; 10 va 5%. Dau chiét n-hexan tir cao chiét methanol cua cu
nghé vang & ndng d6 2000 ppm cho hiéu qua tc ché kém véi
ching ndm C. coccodes (5+4,6%) trong nghién ctru cia Cho
va ¢s (2006) [20]. Tir cac bao céo trude day co thé thdy, dau
nghé trong nghién ciru mac di thu dugc tir phan san pham phy
trong qué trinh két tinh curcumin nhung c6 hi¢u qua khang
ndm khong hé thua kém so vdi céc tinh dau, dich chiét thu duge
truc tiép tir cii nghé vang. Day ciing 14 bo cdo dau tién vé hoat
tinh cta dau nghé dbi voi chung nam C. gloeosporioides duoc
phan 1ap tir qua vai va 2 ching nim gay bénh than thu khéac 1a
C. orbiculare va C. acutatum tai Viét Nam.

Cac két qua thu dugc da chimg minh kha nang sir dung san
pham phy dau nghé tir qua trinh san xuat curcumin trong viéc
phong chong bénh than thu trén cay vai.

£ a
Ket luan

Nghién ctu da phan lap thanh cong ching nim C.
gloeosporioides tir qua vai thu tai Bac Giang. Két qua khao sat
hoat tinh khang ném cho théy, dau nghé c6 hiéu qua trc ché tot
ddi véi cac ching nam gay bénh than thu trén cay vai, trong d6
hiéu qua trc ché t6t nhat ddi voi su phat trién ctia ching ndm C.
gloeosporioides (67,89%) & nong do 1 mg/ml.

Cac cu tir d& bay hoi trong ddu nghé c6 thanh phan chinh 1a
a-zingiberene (17,63%), a-turmerone (16,68%), ar-turmerone
(16,55%) va B-sesquiphellandrene (10,65%).

LO1 CAM ON

Tap thé tac gia xin tran trong cam on Vién Han lam KH&CN
Viét Nam va S6 KH&CN tinh Bac Giang da hd trg thuc hién
nghién ctru nay thong qua dé tai ma so UDNGDP.06/19-20.
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Danh gia 3 nhay céc thong so va hiéu chinh md hinh DNDC
phuc vu tinh toan phat thai khi nha kinh
tr hoat dong canh tac hia nudc

Bui Thi Thu Trang", Chu S§ Huan? Mai Van Trinh?, Pinh Thai Hung*
"Truong Dai hoc Tai nguyén va Moi truong Ha Noi
’Ban quan ly Khu Céng nghé cao Hoa Lac, B¢ Khoa hoc va Cong nghé
3Vién Moi truong Nong nghiép, Vién Khoa hoc Nong nghiép Viét Nam
“Tong cuc Khi twong Thiy van, B¢ Tai nguyén va Moi trieong

Ngay nhan bai 25/12/2020; ngay chuyén phan bién 4/1/2021; ngay nhén phan bién 1/3/2021; ngay chip nhén dang 12/3/2021

Tém tit:

Bai bdo trinh bay két qua danh gid do nhay thong s6 ciia mé hinh DNDC (Denitrification - Decomposition: Phin
huy Phan nitrat) khi tinh toan phat thai khi nha kinh (KNK) tir hoat dong canh tic lia nwéc ving Pong bang song
Hong trén 4 loai dat: phu sa, dat man, dat phén, dit xam. Véi tinh toan phat thiai CH,, dung trong, ty I¢ sét, chi s0
hoat dong ciia vi sinh vat, lwgng cac bon hiru co trong dit (SOC), nhlet do, do din dlen, lwong phan dam, dd xop c6
do nhay €ao; dé pH, kha ning tiéu nwéc, kha ning gur nlr(rc, do Am dong ruong, nong d nitrat va amoni ban dau
lig tang dat mat va lwgng mua c6 anh hu'o’ng khong nhiéu; do am ciy héo va chi so do man khong ¢6 anh huwéng. Véi
tinh toan phat thai N,O, lwgng phin chuong, ty 1¢ sét, chi sb hoat dong cia vi sinh vat, pH, nong do nitrat ban dau
lig tang dit bé mat, dung trong, SOC, do am dong rufng, do xop, kha nang gitt nwéc la cac thong s0 ¢6 anh hwéng
nhiéu; kha ning tiéu nudce, do dan dién, nong do amonl ban dau & tang dit mit, nhiét do, lwgng phin dam va lugng
mua c6 anh hwéng it hon; dj a am ciy héo va chi 50 do man khong c6 anh hwéng. Két qua hi¢u chinh mé hinh trong
vu xuin va vu mia nim 2018 cho thdy méi twong quan t6t giira gia tri do thuwe té va mé phéng véi R? vu xuin va vu
mua dat t6i 0,86 va 0,79, chi so hiéu qua Nash - Sutcliffe (N SI) dat 0,82 va 0,77 d6i véi gia tri phat thai CH,; R* vu
xuin va vu mua dat téi 0,62 va 0,69, NSI dat 0,69 va 0,76 doi véi gia tri phat thai N,O. Nghién ciru da xay dlrng dugc
b thong 50 hi€éu chinh mé hinh cho 4 loai dat: phu sa, man, phén, xam.

Tir khéa: CH,, DNDC, d¢ nhay mo hinh, hi¢u chinh m6 hinh KNK, N,O.
Chi 56 phdn logi: 1.5

Md dau

M6 hinh DNDC 1a m6 hinh sinh dia hod mo ta cac qua trinh
hoé hoc dét trong diéu kién bién dbi cac yéu t6 sinh hoc va moi
trudng ty nhién (nhiét do, luong mua...) anh huong dén cic qua
trinh hinh thanh va giai phong KNK tir dat vao khi quyén. Mo
hinh duogc xay dung voi cdu tric chi tiét, co do phan giai theo

CH, dudi cac ché o tudi trong canh tac lua ¢ Nhat Ban.

Salas (2013) [8] dd dwa ra dé xuat ¥ twong xdy dung hé
thong giam sat KNK phat thai tir ving canh tic laa cua Viét
Nam st dung mo hinh DNDC. Luc Thi Thanh Thém va Mai
Vin Trinh (2016) [9] da sir dung md hinh DNDC dé tinh toan,
du bao phat thai KNK trong canh téc laa nudc trén dit phi sa,

thoi gian cao.

Mo hinh DNDC duogc Li, et al. (1992, 1994, 2004) [1-3] ap
dung 1dn dau tién & mo phong phat thai KNK tir cc hé canh
tac co lta. Sau do, Pathak, et al. (2005) [4], Babu, et al. (2006)
[5] t1ep tuc hoan thién dé tinh toan phat thai khi CO,,CH,,N,0
va tiém ning giam phat thai trong cdc diéu kién canh tac lua
khac nhau & An DJ. T1ep do, Zhang, et al. (2011) [6] da ung
dung DNDC vao tinh tiém ning g1am phat thai qua cac nghién
clru vé cac bién phap canh tic cai tién. Fumoto, et al. (2010)
[7] da cai tién DNDC thanh phién ban DNDC - Rice danh riéng
cho dét trong lua va ap dung dé xac dinh tiém ning giam thiéu

“Tac gia lién hé: Email: thutrang. hunre@gmail.com
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@At man tai tinh Nam Dinh. Két qua cho thy, sir dung than
sinh hoc & cac cong thirc bon phan khac nhau c6 thé giam 3-9
tin phat thai cac bon dioxit twong dwong trén mot vy (CO,td/
ha/vy). Ngo Bic Minh (2018) [10] da st dung mo6 hinh DNDC
md phong sy phat thai KNK (CH,, N,O) trong mdi trudng dat
lga lwu vue song Vu Gia - Thu Bon, tmh Quang Nam. Méc du
nghién ctru nay dugc thyc hién twong ddi bai ban, h¢ thong,
nhung van con nhiéu van dé chwa dé cap dén do mot 56 ‘han ché
khach quan va chu quan nhu: chua nghién ctru vé mi tuong
quan gifra dong thdi cia NH,", NO,, Mn*, Fe**, hitu co hoa
tan (DOC) trong dit, 0, hoa tan trong nude va dung dich dat
v6i phat thai CH, va N, O tor moi truong dat laa. Nguyén Lé
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Abstract:

This study estimates the sensitivity of parameters to serve
the adjustment and construction of standard parameters
in the Decomposition - Denitrification (DNDC) model when
calculating greenhouse gas emissions from rice cultivation on
alluvial, alkali, acid-sulfate, and bleached soils of Red river
delta, Vietnam. The research results show that the following
parameters: bulk density, clay fraction, microbial activity
index, soil organic carbon (SOC), temperature, conductivity,
fertilization of urea, and porosity have a high sensitivity for the
calculation of CH, emissions; the following parameters: pH,
drainage efficiency, depth of water retention layer, field capacity,
initial nitrate and ammonium concentrations at surface soil,
and rainfall have low sensitivity and less influence for the
calculation of CH, emissions; the wilt moisture and salinity
index have no effect on CH, emissions. In case of N,O emissions,
the following parameters: amount of manure, clay fraction,
microbial activity index, pH, initial nitrate concentration at
surface soil, bulk density, SOC, field capacity, porosity and
depth of water retention layer have a high sensitivity and more
influence to N,O emissions; the following parameters: drainage
efficiency, conductivity, initial ammonium concentration at
surface soil, temperature, fertilisation of urea and rainfall have
low sensitivity and less influence to N,O emissions; the wilting
point and soil salinity index have no effect on N,O emissions.
The results of model calibration show a good correlation
between observed and simulated values in both spring and
summer crops in 2018. The R? of the spring and summer crops
reach 0.86 and 0.79, the Nash-Sutclitffe efficiency index reaches
0.82 and 0.77 for CH, emission; meanwhile, for N,O emission,
these values are 0.62, 0.69, and 0.76, respectively. The study
also found a model calibration parameter used to calculate
greenhouse gas emissions from rice cultivation on alluvial,
alkali, acid-sulfate, and bleached soils.

Keywords: CH,, DNDC, greenhouse gases, model calibration,
N,0, sensitivity of model.

Classification number: 1.5
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Trang (2019) [11] da st dung md hinh DNDC nhu mét trong
cac phwong phap dé dat dugc muyc tiéu nghién ciru _phat thai
KNK trong canh tic laa nudc tai Nam Dinh va dé xuit cac giai
phép giam thiéu.

Phuong phap mo hinh héa 1a mot trong nhiing phuong phap
hi¢u qua trong nghién ctru dinh lugng noi riéng va nghién curu
khoa hoc néi chung. Tuy nhién, dé két qua nghién ctru thé hién
tinh chinh xac, d9 tin cdy cao, tat ca cac md hinh trudce khi dua
vao st dung déu can thyc hién mot bude quan trong d6 la danh
gia d0 nhay cua cac thong s6 va hiéu chinh mé hinh. Hién nay,
cac nghién ctru stt dung mo6 hinh DNDC chua dua ra mot bo
thong s6 chuén cho mé hinh. Vi vay, muyc dich cua nghién ciru
ndy la danh gia do nhay cua cac thong s6 phuc vu hiéu chinh
va xdy dyng cac thong s6 chudn trong mé hinh DNDC dé tinh
toan phat thai KNK tir hoat dong canh tac lta nudc tai ving
Dong bing song Hong.

Vat liéu va phuong phap nghién ciiu
Vit liéu nghién ciru

) Vit liéu pﬁa nghién curu nz‘}y l1a: m6 hinh DNDC; cac loai
dat vang Bong bang song Hong: phu sa, man, phén, xam;
cdy lta; cac KNK: CH, va N,O.

Co ché hoat dpng ciia mé hinh DNDC

Hai phuong trinh chinh dugc sir dung trong md hinh
DNDC la phuong trinh nhiét dong hoc Nernst (xac dinh thé
oxy hoa khir) va Michaelis - Menten (dong hoc phat trién
ctia vi khuan). Cau triic cia md hinh gdm 2 hop phén:

- Hop phan thtr nhat gdm 3 mo dun: khi hau, dat - cay
trong va qua trinh phan huy. Hop phin nay dugc sir dung
dé danh gia nhiét d6, d6 am, thé oxy hoa khir cua dat va
bién trinh ctia cac yéu t6 trong phau dién dat, nang suét cay
trong, udc luong ham lugng cac bon dua vao dat tir cac cay
trong. Cac thong s6 nay chiu sy tac dong cua dic trung khi
hau, dat, cdy trong va hoat dong ctia con ngudi.

- Hop phan thtr hai gdm 3 mé dun: qua trinh nitrat hoa,
khir nitrat (phan nitrat hoa) va 6xy hoa khir. Hop phan nay
gitp udce tinh sy phat thai khi ,COZ, CH,,NO, N,O, N, ttr cac
hé canh tic nong nghi€p. Moi quan hé gitta cac chu trinh
sinh dia hoa cua cac bon, nito' va cac yéu td sinh thai da
dugc mo hinh hoa trong mé hinh DNDC.

Mo hinh DNDC ¢6 2 ché d6 chay: theo diém (site mode)
va theo ving (regional mode). Pdi véi ché do diém, DNDC
yéu clu dit liéu dau vao rat cu thé, bao gém: nhiét @6 va
luong mua ngay, tinh chat dat (ty trong, pH, ham lugng
c4c bon hitu co trong dat SOC va thanh phan co gi6i), ché
d6 canh tac (loai cay tréng, ché do luan canh, 1am dét, bon
phan, loai phan), lam co, ché d6 tudi... O quy mo vung, mo
hinh cin dir liéu déu vao 1a dit liéu khong gian va thoi gian
dugc Iuu trit trong co sd dit liéu cua hé théng thong tin dia
1y (GIS). Cac thong s6 dau ra 1a SOC, nitrat, nitrit, amoni,
uré va ammonia, lugng KNK phat thai hing ngay.
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Phwong phap

Phuong phdp déanh gié dé nhay cia cdc théng sé trong
moé hinh: d nhay mo hinh dugc thuc hién b?mg cach thay
d6i mot thong sé cia mo hinh/tham s6 déu vao duy nhat
trong mot pham vi quan sat duoc, trong khi van giit tat ca
céc thong sé dau vao khac ¢ thong sb ban dau (baseline).
Céc yéu t6 dau vao dé danh gia do nhay bao gom yéu t khi
hau (nhiét d9, lwgng mua), tinh chat dat (SOC, ty 1¢ sét, pH
va dung trong) hodc cac bién phéap canh tac (ty 1¢ su dung
phan bén hoa hoc, phan hon hiru co). Pay 1a cac yéu t6 bat
budc ciia md hinh DNDC. Co s& lya chon gia tri thay doi
1a khoang thay dbi dii 16n dé két qua uée luong & kich ban
thuc té tao ra sy khac biét c6 thé so sanh duoc. Két qua phan
tich d6 nhay dua ra dinh hudng lya chon céc thong s6 quan
trong cho viéc hiéu chinh m6 hinh va danh gia do chinh xac
cuia mo hinh trong moi kich ban khac nhau.

Phwong phap hiéu chinh mé hinh: hi€u chinh 1a lgya
chon tap hop gié tri théng sd dau vao sao cho két qua chay
mo hinh v6i cc gia tri do tiem cén gan nhét véi két qua
phan tich mau khi thuc té tai 10 diém thi nghiém. bé so
sanh do phu hop giita gia tri mo phong va gia tri quan tric,
nghién ctru str dung cac thong sb thong ké: hé s6 xac dinh R2
(Krause, et al., 2005 [12]) va chi s NSI (Nash, et al., 1970
[13]), thé hién trong cac phuong trinh sau:

oo zmeoe-n
\Jzzzl(oi—a)zJz:;l(a—ﬁ)z/

1(0; = P)?

?:1(01'_5)2

NSI=1-

Trong do: i 1a s6 méu; Oi 1a gi tri thuc do tha i; O 1a gia
tri thue do trung binh; Pi 1a gia tri m6 phong thir i; P 1a gia
tri do mo phong trung binh; n 1a s6 lugng gia tri tinh toan.

Gia tri R? nam trong khoang tir 0 téi 1, thé hién mdi
tuong qua gitra gia tri thyc do va gid tri mé phong.

Chi s6 NSI chay tir -oo0 dén 1, do luong su phu hop gilra
gia tri thyc do va gia tri mo6 phong trén duong thang 1:1.

Néu R? va NSI nho hon hodc gin bing 0, khi do két
qua dugc xem la khong thé chép nhén hodc d¢ tin cay kém.
Nguoc lai, néu gia tri nay bang 1 thi két qua mo phong cua
mo hinh 13 hoan hao.

Mo hinh dugc chap nhan khi hé sb R? va chi s NSI 16n
hon 0,5.

Phwong phép chon diém va thu thip cdc s6 liéu thic té:
56 liéu dé hiéu chinh mo hinh 1a két qua do KNK tai 10 diém
khéc nhau trong vu xuan va vy mua nim 2018 & ving Dong
bang song Hong. Nghién ctru di chon diém nghién ctru trén
4 loai dat trong laa chinh 1a phu sa, méan, phén va xam véi 2
cong thic luan canh chinh la 2 vy lta va 2 [ua - cay vu dong.
Vi tri toa d6 cac diém thi nghiém dugc thé hién trong bang 1.
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Béng 1. Thong tin cic diém nghién ctru phat thai KNK trong canh tic lia
& khu vure Pong bing song Hong.

Diém  Dia diém Cf:ng thite Loai dit  Toa df cac diém
' luéin canh ’ o

1 Vinh Quynh, Thanh Tri, Ha Noi 2 loa Phu sa 20°55°60” va 105°50°54”
2 Thinh Long, Hai Hau, Nam Dinh 2 loa Phu sa 19°59°117 va 106°08°05”
3 Nguyén Xa, Vii Thu, Thai Binh 2 loa Phi sa 20°24°18” va 106°17°49”
4 Binh Minh, Kién Xvong, Thai Binh 2 l6a I mau  Phisa 20°24°54” va 106°16°01”
5 An Lam, Nam Sach, Hai Duong 2l0almiu  Phusa 20°03°08” va 106°13728’
6 Rang Dong, Nghia Hung, Nam Dinh 2 lia Man 20°03°28” va 106°13°01”
7 Hai Phuc, Hai Hau, Nam Dinh 2 loa Min 20°13°59” va 106°15°33”
8 Téy Phong, Tién Hai, Thai Binh 2 lua Min 20°24°50” va 106°34°35”
9 Vi Dong, TP Thai Binh, Thai Binh 2 la Phén 20°45°74.23” va 106°38°5”
10 Biic Phu, Soc Son, Ha Noi 2 loa Xam 21°16°22” va 105°53°30”
Két qua va thiao luan

Két qud dinh gida dp nhay ciia mé hinh DNDC

Céc kich ban phan tich do nhay cua cac yéu t6 dau vao
duogc 1ap ra dya trén dicu kién khi hdu, dat dai va bién phap
canh tic thuc té trong h¢ thong canh tac trén dat phu sa &
Thai Binh (bang 2).

Bang 2. Céc kich ban sir dung dé danh gia dd nhay cia mé hinh.

Ciic kich bén (ting gidm so vi gia tri ban dau)
Gia tri
bandau  Giim Giam Giam Ting Ting Ting
5% 50% 25%  25% 50% 75%

TT  Théng sb dau vao Pon vi

1 Théng si vit Iy

1 Dung trong glem® 13 0,3 0,7 1,0 1,6 2,0 23

2 Tylését 0,14 004 007 011 018 021 025

3 Técdodichuyénnuse  migiy 0,03 001 001 002 003 004 005

4 Poxdp 0,49 012 024 036 061 073 085
5 D am ciy héo wips 02 005 01 015 025 03 035
6 Do ém dong ruong wips 04 01 02 03 05 06 07

7 Khanang tiéu nuée 0.5 01 03 04 06 08 09

8 Kha nang gitr nudc m 9,99 250 495 743 1249 1494 1733

I Thong sé héa hoc

9 Chisddo man cia dit 0 10 20 30 40 50 60

Ham lugng nitrat ban dau

& thng dit mit mgkg 0,5 0,1 03 0.4 0,6 08 09

Ham luong amoni ban diu

& ting dit mat mg/kg 0,008 0,015 0,023 003 0,038 0045 0,053

12 pH, . thng dit mit 55 14 28 41 69 83 96

Kcl

I Thong sé sinh hoc, hitu co

Chi 6 hoat dong cua vi
sinh vat

14 HimlungCtrongdit  keCkg 005 001 003 004 006 008 009

IV Phuwong thirc canh tic

15 Luong phan dam (Uré) kgN/ha 120 30 60 90 150 180 210

16 Lugng phan chuong tinha 0 | 2 3 4 5 6
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Lua ¢ ving nghién ctru duoc trong trén dat phu sa, hai
laa (xd Nguyén X4, huyén Vii Thu, tinh Thai Binh). Dat lta
¢6 thanh phan co gidi trung binh. Dét it chua, pH, ., khoang
5,0. Ham Iuong sét trung binh khoang 15%, SOC trung binh
1,1%. Dat ¢6 lan va kali dé tiéu & muc giau, kha ning trao
d6i cation cao (26,75 cmol/kg). Phan bon dugc bén 3 lan/vu
(bon 16t va 2 1an bon thic). Phan chudng gan nhu khong con
dugc sir dung cho bon 16t. PO sau cay bira khoang 20 cm.
Ché d6 tudi van chu yéu 1a tudi ngap thuong xuyén. Dir lidu
nhiét d trung binh ngay va lugng mua ngay tai Trung tam
Khi tugng thiy van tinh Thai Binh da dugc st dung trong
mo hinh dé phén tich d6 nhay.

Panh gia dé nhay cdc théng s6 mé hinh DNDC déi véi
phat thai CH,: két qua phan tich do nhay cho thdy, nhiét
d¢ 1a thong s6 anh huong rat 16n t6i mire o phat thai CH,.
Khi nhiét d¢ tang hay giam muc 25%, 50% va 75% gia tri
ban dau (nam 2018) thi lwong phat thai CH, ting hogc giam
manh, dao dong trong khoang 75-530%. Diéu nay phu hop
v6oi nghién ctru cua Li, et al. (1992) [1], nguyén nhan la
do hoat dong cua vi sinh vt tham gia qua trinh san sinh
CH, tang dang ké (mét do va cudng do) khi nhiét do ting
va gidm khi nhi¢t d gidm. Lugng mua duoc gia dinh tang
va giam 25%, 50% va 75% gié tri ban dau (niam 2018), két
qua md phong cho thiy, sy thay d6i luong mua khong anh
huéng nhiéu dén phat thai CH,. Két qua nay phu hop véi
nghién ctru da duogc cong bo cua Sass, et al. (1990) [14],
Yagi, et al. (1996) [15], Adhya, et al. (1994) [16], Lu, et al.
(2000) [17], Sapkota, et al. (2011) [18].

Tiép theo 13 dung trong, khi dung trong giam so véi gia
tri da chon thi phat thai giam, khi dung trong tang so véi
gia tri da chon, phat thai ting. Ty 1& sét 13 yéu té nhay tiép
theo, khi giam ty 1¢ sét 25%, 50%, 75% thi phat thai CH,
tang tuong ung 18,09%, 53,41%, 118,12%; khi tang ty 1& sét
25%, 50%, 75% thi phat thai CH, giam twong tmg 7,89%,
11,45%, 14,77%. Yéu t0 nhay thtr 4 d6i vai sy phat thai
CH, la chi s6 hoat dong cua vi sinh vat. Khi giam chi )
hoat dong cuia vi sinh vat trong khoang 25-75% so véi gia
tri ban dau thi phat thai CH , giam dao dong trong khoang
34,79-86,65%, khi tang chi sO hoat dong cta vi sinh vét
trong khoang 25-75% so v&i gia tri ban dau thi phat thai
CH, tang tuong tmg 33,98-89,91%. Ham lugng SOC la yéu
t0 twong doi nhay doi voi su phat thai CH, do anh huong
cua SOC doi véi ham luong cac bon hitu co hoa tan trong
dat (DOC) cling nhu mat d6 vi khuan sinh CH ,- khi tang
ham luong SOC ban dau 1én mutc 25% deén 75% thi lugng
phét thai CH, tang lan luot 1a 18,22% va 52,99%. Ngugc
lai, khi ham luong SOC ban dau gidm xuong muc 25% dén
75%, lugng CH, giam twong tng 1a 18,89% va 62,69%. Két
qud dugc thé hién trong hinh 1.
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D) nhay ciia md hinh DNDC dbi véi tinh toan phat thai khi CH,

Lugng mura ngiy

Nhiét d6 tdi cao va t0i thap ngay =
Lugng phin chuéng

|

Luong phin dam (Urea)
I ———
soC

Chi 56 hoat dgng ciia VSV ———
H

Néng d9 Anumoni ban diu
Néng 49 Nitrat ban diu
Chis6 49 min

Kbi ning gi nude

Khi ning tidunude

D i déng ruong

D0 dm iy héo

Do xip

L

D din dién
Tylese

Dung trong

|

100 150 200 250 300 350

Phat thai khi CH,

mTing 75% ®Ting50% ®Ting25% =GTPTbandiu = Giam25% ®Giam50% WGiim 75%

Hinh 1. P9 nhay ciia cc théng s ddi v6i tinh toan phat thai khi CH,.

Do xbp va tde do di chuyén cia nudc ciing 1a yéu td co
anh huong t6i lugng phat thai CH,. Phat thai CH, giam khi
giam toc do di chuyen cua nudc hoac do xop. Phat thai CH,
tang khi tang toc d6 di chuyén ctia nue hodc do xdp. So voi
cac yéu t da phan tich thi d6 pH, kha nang tiéu nudc, kha
nang gitr nude, do a 4m dong rudng, nong do nitrat ban dau ¢
tang d4t mat va nong d6 amoni ban dau ¢ tang dat mat tac
dong dén luong phat thai CH, it hon. M6t s6 thong s6 khong
¢6 anh huong to1 su phat thal CH,lado a 4m cy héo va chi
s6 do man. Cac két qua nay tuong tu: nhu nhiing nghién ctru
da dugc bao cao trong cac nghién ctru cia Li (2000) [19],
Wassmann, et al. (2000) [20].

Trong canh tac lua, bon phan dam (ur€) va phan chuong
1a 2 hoat dong canh tac chii yéu co tac dong dang ké dén
luong khi thai CH, theo mua. Khi giam luong phan dam
25%, 50%, 75% thi phat thai CH, giam, dao dong trong
khoang 0,12-14,25%. Khi tang lvong phan dam 25%, 50%,
75% thi phat thai CH, tdng, dao dong trong khodang 0,13-
0,47%. Khi tang luong phan chudng tir khong bon 1én mirc
1, 1,5 va 2 tin/ha lam ting ty 1& phat thai CH, tr 10,55-
15,37%.

Pdnh gia dé nhay ciia mé hinh DNDC doi vi tinh todn
phat thai khi N,O: phat thai N,O tir ruong lua bi kiém soat
boi nhidu yéu to tuy nhién tu’ong tu nhu nghién ctru do
nhay d6i véi phat thai CH,, c6 mot s6 yéu to co thé co do
nhay cao hon céc yéu t6 khac Dbi v6i cac yéu to khi tuong
(lugng mua va nhiét d6), luong mua khong c6 anh huong
nhiéu téi phat thai N,O, trong khi nhi¢t d§ ting va giam
25%, 50%, 75% so VO’1 gi4 tri ban dau (nam 2018) thi lugng
phat thai N,O tang twong tmg 3,59%, 12,92%, 24,52% va
giam tuong tng 2,02%, 13,12%, 24,01%. Nguyén nhan do
hoat dong cua vi sinh vat tham gia qua trinh nitrat hoa giam
khi nhiét d6 giam va gia ting dang ké khi nhiét d6 ting. Cac
két qua nay phi hop voi nghién ctru cua Li, et al. (1992) [1].

Ty 1¢ sét c6 anh hudng 16n nhat t6i phat thai N,O. Khi
giam ty 1¢ sét 25%, 50%, 75% thi phat thai N,O tang manh,
tuong ung 15,06%, 48,96%, 111,78%, khi tang ty 1¢ sét
25%, 50%, 75% thi phat thai N,O giam tuong tmg 10,36%,
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17,27%, 23,82%. Tiép theo 1a thong s chi s6 hoat dong ciia
vi sinh vat. Khi giam chi s6 hoat dong cua vi sinh vt trong
khoang 25-75% so v6i gia tri ban dau thi phat thai N,O tang
dao dong trong khoang 3,99-13,85%; khi tang chi so hoat
dong cua vi sinh vat trong khoang 25-75% so véi gia tri ban
dau thi phat thai N,O giam manh, tuong ung 2,94-95,04%.
Dbi véi do pHy khl giam 25%, 50%, 75% thi phat thai
N,O giam tuong ng 65,05%, 90,02%, 95,04%; khi tang
do pH,, 25%, 50%, 75% thi phat thai NO tang twong Umg
0 16%, O ,19%, 0,2%. Két qua dugc thé hlen trong hinh 2.

Pj nhay ciia md hinh DNDC déi véi tinh toan phat thai khi N,O

Luong mua ngay

Nhiét d6 t6i cao va t0i thap ngay
Luong phan chuong

Luong phan dam (Urea)

PO —

Chi s6 hoat dong cia VSV
pH

Néng d6 Ammoni ban dau
Néng d6 Nitrat ban dau ===
Chi s6 46 man
Kha ning gitt nwée
Kha nang tiéu nwée
Do am dong ruong
D§ am cdy héo
Do x0p
Do dan dién
TV 1é sét
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Hinh 2. P9 nhay ciia théng s6 dbi véi tinh toan phat thai khi N,O.

Nong d9 nitrat ban ddu ¢ ting dat bé mat cling 1a mot yéu
t6 co do nhay cao dbi v6i phat thai N,O. Khi tdng ham luong
nitrat ban dau (0,3 mg/kg) lén 25%, 50%, 75% thi mrc
phat thai N,O tang lan luot 1a 29,56%, 59 ,52%, 89,74%.
Nguoc lai, kh1 giam ham luong nitrat ban dau (0,3 mg/kg)
di 25%, 50%, 75% thi mirc phat thai N,O gidm tuong (g
121 28,94%, 56,72%, 81,23%. Tuong tu nhu v&i phat thai

H,, dung trong la yéu t6 rat nhay d6i v6i sy phat thai N,O.
Dung trong anh huong thuén v6i muc tang phat thai N 0.
Yéu t6 co do nhay tiép theo 1a SOC, do anh huéng cua SOC
dbi voi ham luong cac bon hitu co hoa tan trong dat (DOC)
cling nhu mat d6 vi khudn tham gia qua trinh nitrat héa va
phan nitrat héa: khi ting ham lugng SOC ban dau 1én 25%
dén 75% thi mirc phat thai N,O ting lan luot 1a 75,2% va
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78,3%. Nguoc lai, khi gigm ham lugng SOC ban dau xudng
thi mire phat thai N,O giam. Céac nghién clru chi ra rang
luong SOC cang cao s& san xuat nhiéu DOC va N vo co
(amoni va nitorat) thong qua qua trinh phan huy, thuc day
hoat dong cua qua trinh nitrat va phan nitrat hoa. Mot ) yéu
t6 ciing c6 anh huong dang ké toi phat thai N,O 1a d¢ am
dong rudng, do x6p va d6 am bio hoa. PO am dong rudng,
d6 xop ty 1& thudn voi muc phat thai N,O, trong khi do do
4m béo hoa ty 16 nghich véi murc phat tha1 N,O.

So véi cac yéu td vé tinh chat dat phan tich & trén thi cac
tinh chét: kha ning tiéu nudc, téc do di chuyén cia nudc,
nong do amoni ban dau & téng dat mat c6 anh huong thap
hon dén phat thai N,O tr dat lta tai dia diém nghién ciru. Do
am cay héo va chi so d6 man 1a yéu t6 khong c6 anh huong
dén phat thai N,O.

Vi phan bon, két qua phan tich cho thdy, mirc phan dam
c6 twong quan tuyén tinh thuan déi voi phat thai N,O. Tang
hoac giam lugng phan N vao dat mirc 25% t6i 75% s0 vOi
mirc ban du (120 kg N/ha) s& 1am ting hodc giam phat thai
N,O ¢ muc twong tmg la 2,29% t6i 10,72%. Lugng bon
phan chuong tang tr khong bon phan 1én muc 1 tan/ha, 2
tan/ha thi luong phat thai N,O tdng manh tr 213,39% t6i
440,08%.

Cac xu hudng trong nghién ctru nay tuong ty nhu cac
nghién ctru da dugc bao cdo trong cac nghién clru cua Li,
et al. (1994, 1996) [2, 21] va Bouwman, et al. (2002) [22].

Két qud higu chinh mé hinh DNDC

Két qua hiéu chinh mé hinh DNDC doi véi phat thai
CH,: hinh 3 thé hién sy sai khac gitta lvong phat thai CH,
do ngoai hién truong va tinh todn bang DNDC. Dya trén cac
gia tri phat thai CH, tur két qua do thyc té va tinh toan bang
mo hinh duoc the hlen bang phan bd diém, gia tri phat thai
KNK phan bé gan v6i duong 1:1 cho thiy c6 mbi tuong
quan tot giira gia tri do thuc té va mo phong véi R? vy xuin
va vu mua dat t&i 0,86 va 0,79; NSI dat 0,82 va 0,77.

PHAT THAI CH, VU MUA
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Hinh 3. So sanh luwgng phat thai CH, (kg/ha/nim) do ngoai hi¢n truong va tinh toan bing mé hinh DNDC tai 10 diém thi nghi¢m.
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Hinh 4. So sdnh luwgng phit thai N,O (kg/ha/nim) do ngoai hi¢n trudng va tinh toin bing md hinh DNDC tai 10 diém thi nghiém.

Két qua hiéu chinh mé hinh DNDC doi véi phat thai
N,0O: hinh 4 thé hién so sanh tuong quan gilta lugng phat
thal N,O do ngoai hi¢n truong va tinh toan béng DNDC.
Duya tren cac gia tri phat thai N,O tur két qua do thuc té va
tinh toan bang mo hinh duoc the hién bang phan bd diém,
gia tri phat thai KNK phén bb gan voi duong 1:1 cho thiy
¢6 méi tuong quan tot gitta gia tri do thuc t& va mé phong
vGi R? vu xuln va vu mua dat t6i 0,62 va 0,69; NSI dat 0,69
va 0,76.

B thong s6 sau khi hiéu chinh mé hinh DNDC: két qua
phat thai CH,, N,O tir chay m6 hinh DNDC dugc hi¢u chinh
bang cach so sanh v6i két qua do phat thai ngoai dong ruong
tai 10 diém thi nghiém. Thong qua d6 cac thong s cua mo
hinh duoc diéu chinh phu hop dé két qua tinh toan cua mo
hinh khép vei két qua quan tric ngoai ddng rudng. Bo thong
s6 sau khi hiéu chinh mé hinh dé phat thai CH, va N,O t1nh
toan bang DNDC sai khac khong nhiéu vé gia tri so Vv6i 56
liéu do ngoai hién truong tai 10 diém nghién cuu dugc trinh
bay trong bang 3.

Bang 3. B thong s6 sau khi hiéu chinh m hinh.

Théng sb Ponvi  Phisa  Min Phén Xam
Dung trong téng dat mat glem’ 14 1,3 1,3 1.4
Ty 1€ sét 0,14 0,14 0,14 0,14
Do dan dign m/hr 0,0259 00259  0,0259 0,0259
P xop 0,485 0,485 0,485 0,485
D 4m cdy héo wips 02 02 02 02
bo am dong rujng wips 04 0,4 0,4 0,4
Kha nang tiéu nude 0,5 0,5 0,5 0,5
Kha nang giir nude m 9,99 9,99 9,99 9,99
Chi s6 do man cia dat 0 0 0 0
Ham lugng nitrat ban dAu & tang dat m3t mgkg 05 0.5 0,5 0,5
Ham lugng amoni ban du 6 ting ditmit ~ mg/kg 0,05 0,05 0,05 0,05
PH, ., tang dit mit 55 55 55 55
Chi s6 hoat dong cua vi sinh vat 0,75 1 1 03
Ham lugng C trong dét (OC) kgC/kg 0,05 0,05 0,05 0,05
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Nghién ciru vé d nhay cac thong s va hiéu chinh mé
hinh DNDC trén ddi tuong 1a 4 loai dat trdng lGa cua ving
Ddng bang song Hong: phu sa, man, phén, xam trong 2 vu
dong xuan va mua, nhom tac gia rit ra mot s6 két luan:

DPbi voi phat thai CH,, cdc thong s6: dung trong, ty 1&
sét, chi s hoat dong cua vi sinh vat, SOC, nhiét dg, do dan
dién, lugng phan dam, do xp co do nhay cao; cac thong s
pHKCI, kha nang ti€u nudc, kha nang gitr nude, d6 am dong
rudng, ndng do nitrat va amoni ban dau ¢ ting dat mat va
lwong mua anh huong khong nhleu to1 sy phat thai CH,; cac
thong sb: d6 am cay héo va chi sé ¢ man khong anh huong
té1 su phat thai CH,.

Déi voi phat thai N, 0, cac thong sO: lugng phan chudng,
ty 1€ sét, chi s6 hoat dong cua vi sinh vét, pH, nong do nitrat
ban dau & tang d4t mat, dung trong, SOC, d6 am dong rudng,
d6 xdp, kha nang giir nudc 1a cac thong s6 anh huéng nhidu
toi sy phat thai N,O; cac thong s6: kha nang tiéu nude, do
dan dién, nong do amoni ban déu & tang dat mit, nhiét do,
luong phan dam va lugng mua anh huong khong nhiéu t6i
su phat thdi CH,; cdc thong sb: do am cdy héo va chi sb do
mdn khong dnh hudng t6i sy phat thai N O.

Két qua hiéu chinh mo hinh DNDC cho thiy, mé hinh da
cho két qua tinh toan thdng nhét voi gia tri do thuc té, duoc
chiing minh bé‘lng gia tri cua R* vu xudn va vy mua dat tdi
0,86 va 0,79, NSI dat 0,82 va 0,77 di voi CH,; gia tri R* vu
xudn va vu mua dat té1 0,62 va 0,69, NSI dat 0,69 va 0,76
dbi voi N,O. Sau hi¢u chinh, mé hinh c6 thé duoc sir dung
dé mo phong tinh toan phat thai KNK cho toan ving Dong
bang song Hong vai cac kich ban khac nhau bang bo thong
s6 chudn ma mo hinh da hiéu chinh.

LO1 CAM ON

Tap thé tic gia cam on d& tai “Nghién ciru xay dung hé
s0 phat thai KNK qudc gia cho cdy lua va cac loai cay trong
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can chu yéu phuc vu kiém ké KNK va xay dung cac giai
phap giam nhe phat thai KNK cua nganh néng nghi¢p”,
mi s6 BPKH.21/16-20 thudc Chuong trinh khoa hoc va
cong nghé cap qudc gia vé tai nguyén mdi trudng va bién
d6i khi hau da hd trg vé s6 lidu dé thyc hién nghién ciru nay.

TAI LIEU THAM KHAO

[1] C. Li, S. Frolking, T.A. Frolking (1992), “A model of Nitrous oxide
evolution from soil driven by rainfall events: model structure and sensitivity”,
Geophysical Research, 97, pp.9759-9776.

[2]C.Li, S. Frolking, R. Harris (1994), “Modelling carbon biogeochemistry
in agricultural soils”, Global Biogeochemical Cycles, 8, pp.237-254.

[3] C. Li, A. Mosier, R. Wassmann, Z. Cai, X. Zheng, Y. Huang, H.
Tsuruta, J. Boonjawat, R. Lantin (2004), “Modeling greenhouse gas emissions
from rice - based production systems: sensitivity and upscaling”, Global
Biogeochemical Cycles, 18, DOI: 10.1029/2004GB1043.

[4] H. Pathak, C. Li, R. Wassmann (2005), “Greenhouse gas emissions
from Indian rice fields: calibration and upscaling using the DNDC model”,
Biogeosciences, 2, pp.113-123.

[51Y.J. Babu, C.S. Li, S. Frolking, D.R. Nayak, T.K. Adhya (2006), “Field
validation of DNDC model for methane and nitrous oxide emissions from rice
- based production systems of India”, Nutr. Cycl. Agroecosys., 74, pp.157-174.

[6] Y. Zhang, Y.Y. Wang, S.L. Su, C. Li (2011), “Quantifying methane
emissions from rice paddies in Northeast China by integrating remote sensing
mapping with a biogeochemical model”, Biogeosciences, 8(5), pp.122-123.

[7] T. Fumoto, T. Yanagihara, T. Saito, K. Yagi (2010), “Assessment of
the methane mitigation potentials of alternative water regimes in rice fields
using a process-based biogeochemistry model”, Global Change Biology 16(6),
pp.1847-1859, DOI: 10.1111/j.1365-2486.2009.02050.

[8] W. Salas (2013), “C-AGG DNDC modeling update: applied
geosolutions and DNDC applications”, Research and Training, http://c- agg.
org/cm_vault/files/docs/Salas-C-AGG_March2013.pdf.

[9] Luc Thi Thanh Thém, Mai Van Trinh (2016), “U'ng dung mo hinh
DNDC tinh toan phat thai KNK trong canh tac lta nudc trén dt phu sa, dét
min ving ddng bang ven bién tinh Nam Dinh”, Tap chi Khoa hoc Cong nghé
Nong nghiép Viét Nam, 10(71), tr.82-86.

[10] Ngo Btrc Minh (2018), Nghién citu mé phong su phdt thai KNK
(CH, N,0) trong moi tmdwg ddt lia leu viee séng Vu Gia - Thu Bon, tinh
Quang Nam, Luan an tién sy khoa hoc, Truong Pai hoc Khoa hoc Ty nhién,
Pai hoc Qudc gia Ha Noi.

TAP CHI

HOA HOC |/,
ONG NGHE I} Nam 63(6) 6.2021

Khoa hoc Tu nhién n—

[11] Nguyén Lé Trang (2019), Nghién citu sw phat thai KNK trong canh
tac liia nuwdc tai Nam Dinh va dé xudt cdc gidi phap giam thiéu, Luan 4n tién
sy khoa hoc, Vién Khi twgng Thuy van va Bién di khi hau.

[12] P. Krause, D.P. Boyle and F. Base (2005), “Comparison of
different efficiency criteria for hydrological model assessment”, Advances in
Geoscience, 5, pp.89-97, DOI: 10.5194/adgeo-5-89-2005.

[13] J.E. Nash and J.V. Suttcliffe (1970), “River flow forecasting through
conceptual models, Part 1. A disscussion of principles”, Journal of Hydrology
10(3), pp.282.

[14] R.L. Sass, F.M. Fisher, P.A. Harcombe, F.T. Tumer (1990), “Methane
production and emission in a Texas rice field”, Global Biogeochem. Cycles,
4, pp.7-68.

[15] K. Yagi, H. Tsuruta, K. Kanda, K. Minami (1996), “Effect of water
management on methane emission from Japanese rice paddy field: automated
methane monitoring”, Global Biogeochem. Cycles, 10, pp.255-267.

[16] T.K. Adhya, A.K. Rath, P.K. Gupta, P.R. Rao, S.N. Das, K.M. Parida,
D.C. Parasher, N. Sethunathan (1994), “Methane emission from flooded rice
fields under irrigated conditions”, Biol. Fert. Soils, 18, pp.245-248.

[17] W.F. Lu, W. Chen, B.W. Duan, W.M. Guo, Y. Lu, R.S. Lantin, R.
Wassmann, H.U. Neue (2000), “Methane emissions and mitigation options in
irrigated rice fields in southeast China”, Nutrient Cycling in Agroecosystems,
58, pp.65-73.

[18] T.B. Sapkota, M. Rai, L.K. Singh, M.K. Gathala, M.L. Jat, J.M.
Sutaliya, D. Bijarniya, M.K. Jat, R.K. Jat, C.M. Parihar, P. Kapoor, H.S. Jat, R.S.
Dadarwal, P.C. Sharma, D.K. Sharma (2011), Greenhouse gas measurement
from smallholder production systems: Guidelines for static chamber method,
International Maize and Wheat Improvement Center (CIMMYT) and Indian
Council of Agricultural Research (ICAR), New Delhi, India.

[19] C. Li (2000), “Modelling trace gas emissions from agricultural
ecosystems”, Nutrients Cycling in Agro-ecosystems, 58, pp.259-276.

[20] R. Wassmann, R.S. Lantin, H.U. Neue, L.V. Buendia, T.M. Corton,
Y. Lu (2000), “Characterization of methane emissions from rice fields in Asia.
III. Mitigation options and future research needs”, Nutr. Cycl. Agroecosyst.,
58, pp.23-36.

[21] C. Li, V. Narayanan, R. Harriss (1996), “Model estimate of N,O
emissions from agricultural lands in the United States”, Global Bio-geophysical
Cycles, 10, pp.297-306.

[22] A.F. Bouwman, L.J.M. Boumans and N.H. Batjes (2002), “Emissions
of N,O and NO from fertilized fields: Summary of available measurement
data”, Global Biogeochem. Cycles, 16(4), DOI: 10.1029/2001GB001811.

1



e Khoa hoc Tu nhién DOI: 10.31276/VIST.63(6).18-22

Nghién ciru lan truyén khoi nwéc mang mam bénh
trong hé thong nudi trong thiy sdn ven bién

Nguyén Pinh Vwong’, Ting Dirc Thing
Vien Khoa hoc Thuy loi mién Nam
Ngay nhédn bai 29/3/2021; ngay chuyén phan bién 2/4/2021; ngay nhan phan bién 13/5/2021; ngay chép nhan ding 31/5/2021

Tom tit:

Bai bao trinh bay két qua wng dung 1y thuyét thanh phin ngudn nuéc két hop sir dung mé hinh toan chét lwong
nuée mot chidu (phan mém MIKE11) dé tinh toan mé phéng thanh phin nwéc mang mam bénh thily sin lan truyén
trong hé théng nudi trong thiiy san (NTTS) viing ven bién tinh Kién Giang. Két qua nghién ctru cho thiy, téc dd lan
truyén khoi nwéc bénh trong hé thong kha nhanh va mé rong ra pham vi 16n, cac treong hop van hanh tiéu thoat
nuée mang ngudn bénh di dwoc dé xuit nham khéng ché va giam thiéu dich lay lan. Vi¢c tng dung Iy thuyét thanh
phén ngudn nwéc vao nghién ciru riéng sw lan truyén mam bénh theo dwong nwéc la vin dé méi, day ciing 1 co sé
khoa hoc quan trong phuc vu thiét ké quy hoach hé théng thiiy lgi cic viing nudi tdm ven bién hop Iy va bén virng.

Tir khéa: khoi nwde mam bénh, 1y thuyét thanh phin ngudn nwéc, ngudn nwéc mang mam bénh (TPN bénh), nudi

trong thiy san.

Chi 6 phdn logi: 1.5

Dat van de

Ving ven bién tinh Kién Giang c6 diéu kién thuan loi dé
phat trién NTTS nudc man, lg. Hién nay, viéc van hanh hé
thong thuy loi phuc vu nudi tom van dang gap nhiéu kho khén,
chu yéu la dya vao kinh nghiém thuc té cua can bo lam cong
tac quan ly va truc tiép tr nguoi dan. Trong nhiéu truong hop
phtee tap, kho co the van hanh dat dugc yéu cau dé ra. Viéc giai
quyet cac sy cd vé nguon nudc, dic biét 1a kiém soat lan truyen
bénh thiy san theo dwong nude tir cac ving bi dich 14 van dé
dang quan tim nhit.

Cac nghién ciru trude day vé thuy loi phuc vu nudi tom cho
vung nay da dugc thyc hién, chu yéu bdi cac co quan chuyén
nganh véi cac nghién ctru quy hoach, 1ap du én dau tu, thiét
ké cac hé thong thuy loi, danh gia chit luong nude ving nudi
thong qua do dac khao sat hién truong; 1ay mau phén tich cac
chi ti€u trong phong va da ung dung mé hinh toan dé xem
xét bai toan 0 nhlem chét lugng nude [1-6]... Cac nghién clru
tuy da giai quyet duoc mot sO mat vé moi trudng nuée ving
NTTS, song van con nhiéu van dé dat ra. Chang han dong thai
ngudn nude trong ndi hé thong chua duoc xem xét thau ddo,
kéo theo d6 1a sy lan truyén mam bénh thiy san theo ngudn
nudce van chua co nghién ctru ndo chuyén sau dang ké.

Trong nghién ctru ndy, ching toi Gmg dung ly thuyét thanh
phan nguon nude két hop véi mo hinh todn chat luong nude
mdt chidu vao tinh toan lan truyén “khéi nude chira mam
bénh thuy san” theo duong nude trén hé kénh rach khi dich
bénh phat ra 6 mot vung nao do trong ndi hé théng, didu nay
cho thay 6 dic tinh thity dong lyc moi trudng trong hé thong

“Tac gia lién hé: Email: nguyendinhvuongsiwrr@gmail.com
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thong qua dong thai ngudn nude 6 nhiém. Péy 14 co s6 quan
trong dé thiét ké quy hoach hé thong thuy loi ving nudi tom
bén vitng ven bién tinh Kién Giang néi riéng, Pong bang song
Ctru Long néi chung.

Phudng phap nghién cuu

Nhom tac gia da Gng dung ly thuyét lan truyén cac thanh
phan ngudn nuéc (7] ket hop v6i mé hinh toan chit lugng
nudc mot chiéu (phan mém MIKEI 1) dé tinh toan mo phong
lan truyén “khdi nuéc mang mam bénh thiy san” ving nghién
clru.

Ly thuyét lan truyén cac thanh ph?ln ngudn nude trong
hé thong song kénh (goi tat 1a Iy thuyet thanh phan nguon
nuée) di duge Nguyén An Nién dé xuét va duge phat trién
boi Nguyén An Nién va Tang e Thang cung cong su [7, 8].
Hién ly thuyét nay dang tiép tuc phat trién va 1a cong cu két
hop mo hinh toan mé rong tng dung, dic biét trong viéc thiét
ké quy hoach cac hé thong NTTS ven bién [9, 10].

Dudi day 1a mot s6 khai niém chung vé thanh phan ngudn
nudc va ty 1€ thanh phan nguon nudc trong hé thong song
kénh.

Xét m()t thé tich nudc “dw” trong dong chay do cac thé
tich nguon nude thanh phan dw, tao nén (hinh 1), ty I¢ thanh
phan ngudn nudc i (p,) tai diém M & thoi gian t dugc dinh
nghia la:

dw. e, LA A D _
p;(M, t)= —, vOi cac di€u kign: ¥ p; =1, 0<p<I
' dw i=1
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Abstract:

This paper presents the application of water source
components theory in combination with the MIKE11
modeling tool (1D) to simulate the transport of pathogens-
carrying water components in the coastal aquaculture
system of Kien Giang province. The simulation
results show that pathogens-carrying water spreads
at a relatively fast pace and extensively in the system.
Drainage schemes have also been proposed to control
and minimise the spread of diseases. The application of
water source components theory provides the scientific
basis to ensure the rational and sustainable design of
irrigation system for coastal shrimp-farming areas.

Keywords: aquaculture, pathogens-carrying water,
pathogens-carrying water component, water sources
component theory.
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Trong bai todn mot chidu (1D):

Q;
(M, 1) =1
pi(M,t) o

Trong d6: Q: luu lwong; Qi: luu lugng dong thanh phan.

el

S ey I

D)

dw; + dw, + dw; + -

Hinh 1. So'hoa khi nuréc “dw” va cac thanh phin ngudn nuée “dw,” ciiand.

Hé phuong trinh co ban lan truyén thanh phan ngudn
nudce bénh thily san bao gdm céc phuong trinh thity Iyc (Saint
Venant - phuong trinh lién tuc va phuong trinh chuyén dong
clia toan dong) va phuong trinh bao ton thanh phan nuéc mang
mam bénh thiy san:

0w 6Q q=0 (1)

6t8x
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lov avov oz
S+ —+kvv =0
got g ox Ox
v, o 10,
8t ox wox | ox

)

)

i=1, n (n - s0 thanh phan ngudn nudc mang mam bénh thiy
san) voi cac diéu kién rang budc (bao ton):

ipi =1va 0<p<1

Trong do: p;: thanh phan nguon nuoc i; v: Iuu tdc trung binh
mit cit; o: dlen tich mt cét; D: hé s6 khuyech tan; q,=q.p, la
ty 18 dong gia nhap bén cua dong thanh phan i.

Diéu kién bién, diéu kién ban diu

Dleu kién bién gém bién thuy luc va bién cua thanh phan
nguon nudc i la ty 1€ ciia ngudn i tai bién.

Diéu kién ban dau ciing bao gdm céc diéu kién ban dau vé
thuy luc va diéu ki¢n ban dau thanh phan ngudn nudc i.

Cach gidi, cdac cong cu tinh todn

Giai hé phuong trinh vi phdn co ban lan truyén céc thanh
phan ngudn nude nhu giai hé phuong trinh truyén chit truyén
théng. O day phuong trinh bao ton ngudn nudc (3) tya nhu
phuong trinh tai - khuyéch tan.

Str dung cac phan mém tinh toan truyén chit mot chiéu
thong dung nhu MIKE [11, 12], Hec-Ras, SAL, VRSAP,
KOD... lam céng cu tinh toan dé giai hé phuong trinh (1),
(2) va (3) Trong nghién ciru nay s€ sir dung phuong trinh tai
- khuyech tan (module AD trong Mikell) dé giai cac thanh
phan nuée (TPN) quan tdm trong h¢ théng NTTS (co thé giai
riéng tung nguon) khi do ta dugc cac ty 1& nguon nudc, ¢ day
thay vi tinh ndng d6 chat (vi du nong do 6 nhidm) ta sé tinh ty
1¢ thanh phan ngudn nudce 6 nhidm p, (%).

Két qua va thao luan
Gid thiét viing phdt bénh va ddt diéu kign tinh todn

Viéc phat sinh mam bénh thity san 6 thé xay ra 6 mot ving
nao d6 hay dong thoi trén toan hé théng Thong thuong nhat
1a bénh xdy ra 6 mot khu vuc nao do, roi theo dudng nude lan
truyén dén cac ving khac. Trong tinh toan nay, ching t6i chi
xét cho bai toan 1a gia thiét mot khu vye niao d6 trong hé thong
NTTS ven bién Kién Giang da phat sinh dich bénh, nudc trong
mot s6 kénh da bi nhiém bénh (c6 chira cac mam bénh). O day
chua tinh dén viéc tiép tuc bom bd sung TPN bénh trong cac
ao/vudng nudi d6 vao kénh. Viéc tinh toan cling khong xét dén
nguyén nhén va co ché phat trién cta bénh nay (khong xét s
bién @oi thanh phan hod hoc cia khoi nuée chua mam bénh
thuy san) ma chi xem xét “khdi nude mang mam bénh” di
chuyén trong hé thong.

Hiéu chinh mé hinh toan thuy lyc va chét lugng nudc su
dung phan mém MIKE11 dé tinh todan m6 phong da dugc thuc
hi¢n trong thoi ky mua kho (thang 2 dén 4) nam 2007, day la
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nam thay vin dién hinh trong ving c6 diéu kién kha day du vé
tai liéu thyc do, nhét 1a xam nhdp man. Két qua mo phong thuy
lyc tai 2 tram do Xuan T6 va Tri Tén trong vung c6 sy phu hgp
tot voi gid tri do dac thyc té, chi tiéu Nash dbi voi can chinh muc
nuée déu dat trén 80%. Viéc kiém dinh mo phong xdm nhap mén
trong hé thong dugc thyc hién tai cac tram cau Ha Giang, Kién
Luong, Nong Truong va Tam Ngan, két qua cho thay s6 liéu tinh
toan pht hgp khé tot v6i thue do man ca vé tri s6 1an xu thé.

Dua trén b thong sb thiy luc va tai khuéch tan da duoc thiét
thap, mo hinh chay twong doi 6n dinh, co s& dit lidu dau vao va
b0 thong s6 ctia mo hinh dam béo do tin cdy. Chung t6i su dung
b6 thong sé mé hinh chit lwgng nudce (truyén man) nay dé mo
phong din bién thuy lyc va lan truyén TPN bénh bénh thuy san
trén hé théng song, kénh ving nghién ctru.

Viéc mo phong lan truyén bénh trong cac hé théng NTTS la
mé phong lan truyén cac khéi nuée chira mdm bénh trong cac
song, kénh rach (do thily san mang bénh gy ra, do mot khoi
nuée nao do c¢o chira mam bénh). Bién mo phong 1a cac TPN
bénh.

Coi nudc trong ving bénh thuy san bung phat chira cac mam
bénh la mot nguon, TPN bénh dugc ky hiéu 1a Pre: Pogan xét ¢ bai
toan nay sé duoc khao ciru thong qua ty 18 ciia no tai mdi vi tri
trong hé thng (biéu thi bang %).

Khu vyc phat sinh‘mﬁm dich bénh dugc gia thiét nhu hinh 2,
Vi‘éc tinh toan lan truy,én phan bQ TPN bénh ciing dugc thyc hién
bang ap dung ly thuyét thanh phan ngudn nude.

meter] AQUATIC DISEASE - 15-2-2007 00:00:00 CLN - Open-Aqua-3.resi1

63400000 Teleboon o Teieb0000 Tesobdor Te52b000 0 3600000

moter]

Hinh 2. Vi tri ving phat sinh dich bénh ban diu truéc khi lan truyén ra
hé thong (mau den).

bicu kién bién va diéu kién dau cta bién TPN mang mam
bénh (p,,,,) twong tw nhu vang NTTS ven bién Tra Vinh, duoc
xac dinh nhu sau:

Diéu kién bién (TPN bénh tai bién): Py boun = = () tai tat ca moi
bién (tai bién khong c¢6 thanh phan nudc bénh).

biéu kién ban dau: p i, oo — =1 trong vung nudc chua mam
bénh; p, ., = 0 tai ving ngudn nudce khong mang mam bénh.

Ty 1¢ TPN bénh (pb ) duoc xéc dinh tir giai h¢ phuo‘ng trinh
vi phan co ban 1 chiéu lan truyén cac thanh phan ngudn nuéc
bénh [gidi cac phuong trinh (1), (2) va (3)]; st dung m6 hinh
toan phan mém thiy lyc MIKEI1 (modul AD) dé lam cong cu

TAP CHI

HOA HOC

ONG NGHE /It Nam 63(6) 6.2021

mo phong da duoc can chinh va kiém dinh vé thuy luc va truyén
chét (truyén mén). Thoi gian md phong tinh toan lan truyén TPN
bénh bét dau tir 0 gid ngay 15/2/2007.

Nong do TPN bénh (ty 16 TPN bénh) dién bién theo thoi gian
trong truong hop nay s€ dugc tinh thong qua ty 1€ TPN bénh
(biéu thi theo ty 18 %) lan truyén trong hé thong NTTS.

Két qud tinh todn mé phéng lan truyén TPN bénh truwong
hop hién trang

Két qua tinh toan lan truyén TPN bénh (biéu thi qua ty 1¢ %)
truong hop hién trang dugc trinh bay ¢ cac hinh 3 dén 6, tri so
trong hinh 1a ty 1¢ TPN bénh, tinh theo % so véi toan dong.

el y 1 e

18:2:2007 00/00/00 GLN- Oper-Aqua estt

[ AN AR R 7 AR AR 717 A2 A 95 S 2 Y

Hinh 3. Phén b6 ty 18 TPN bénh lan
truyen sau 1 ngay.

Hinh 4. Phin b ty 1¢ TPN bénh lan
truyen sau 3 ngay.

o et
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e

Hinh 5. Phan b6 ty 18 TPN bénh sau
5 ngay lan truyén.

Hinh 6. Phan bé t§ 18 TPN bénh sau 7
ngay lan truyén.

Két qua tinh toan mo phong truong hop hién trang cho thay
dac tinh lan truyén TPN bénh thiy san nhu sau: khi phat sinh
dich bénh, nguon nude nhiém bénh c¢6 xu hudng lan truyén
manh theo hudng vuot qua kénh Rach Gia - Ha Tién vao khu
vuc kénh Ta Sang - Tam Ban va luu ciiu kha lau 6 vung nay so
véi nhitng vung 1an can khac.

T nhan xét trén, nham ngan nglra sy phat tan bénh
lan truyén sang cac ving nudi khac khi khu vuc nay phat
sinh dich d6 1a cac kénh can duoc thiét ké cip thoat tich
101 va chi cho tiéu nudc bénh vé phia kénh Rach Gia - Ha
Tién, dong thoi xdy dung cac cong trinh cbng kiém soat
ngudn nudc phia nam kénh Rach Gia - Ha Tién ngan ngira
su lan truyén bénh vao khu vuc Ta Sang - Tam Ban...

Trong truong hop khin cép, ¢6 thé hd tro tiéu mot phﬁn
nuoc bénh ve phia kénh dé bao Pong Hoa bang cac cong tiéu
phia dau kénh.
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Két qud tinh toan mo phong truwong hgp vin hanh hé thong - -
gidm thiéu nguon nwdc nhiém bénh '

Trén co s hé th6ng kénh rach va céng bong kiém soat tai khu
vuc phat sinh dich bénh thuy san dugc dé xuat, viéc van hanh tiéu
thoat nudc mang ngudn bénh trong hé thong dugc tinh toan theo
2 truong hop: i) Van hanh diy nu6c nhidm bénh ra phia kénh
Rach Gia - Ha Tién; ii) Véan hanh tiéu thoat nudc bénh ra phia
kénh dé bao Dong Hoa. S R B E—— 8 —

Tt
)

i

in ha i jc nhiém bénh ra phia kénh R id - Ha - -

o ngn’:ha}’ll’f d,ay mr(’)’c . le, be h ap; ia ke 2 afh Glfl .Aa Hinh 13. Phan bo ty 1¢ TPN bénh Hinh 14. Phan bo ty 1¢ TPN bénh
Tién: ket qua tmh' toan tur cac hmh,7 dep 12 thé hlf?n vige ticu ppp truyén sau 1 ngay vin hanh lan truyén sau 3 ngay vin hanh tiéu
tan nudc bénh khi van hanh cac cong tiéu thoat ra kénh Rach  tiéu thoat. thoat.

Gia - Ha Tién.

) e

o 16:2.2007 000000 CL 1 e 182

om0 }———

=

is

Hinh 15. Phan bé tj 18 TPN bénh Hinh 16. Phan b ty 18 TPN bénh
lan truyén sau 5 ngay vian hanh lan truyén sau 7 ngay van hanh tiéu
ti¢u thoat. thoat.

Hinh 7. Phin bd ty 18 TPN bénh lan Hinh 8. Phéin bd ty 18 TPN bénh
truyen sau 1 ngay van hanh tiéu tan. lan truyén sau 3 ngay van hanh
tiéu tan.

et L) 000000 CLN- Open-Aqua-3estt

LT 7 A A P % A R M 2 A~ 1Y

I o
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D
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Hinh 9. Phan b t§ 18 TPN bénh lan Hinh 10. Phén bb ty 18 TPN bénh Hinh 17. Phan b6 ty 1¢ TPN b¢nh Hinh 18. Phan b6 ty 1¢ TPN bénh

truyén sau 5 ngay van hanh tiéu tan. lan truyén sau 7 ngay vin hanh lan truyén sau 15 ngay vin hanh lan truyén sau 30 ngay vin hanh
tiéu tan. tiéu thoat. tiéu thoat.
" Co thé thay, trong truong hop hién trang, TPN bénh da lan

truyén nhanh ra cac kénh rach. Sau 5 ngay, ty I¢ thanh phan
nude mang mam bénh con dudi 10%, sau 7 ngay xudng con
dudi 5% va sau 15 ngay thi ngudn nuéc bénh van con ty 18
nho trén song rach nhung d lan ra pham vi rat rong ngoai hé
thong.

E f

Truong hop kénh rach trong khu nudi tom tham canh Pong
Hoa dugc md rong va co cac cong trinh kiém soat nguon nude
) ) dau kénh nhu phuong an dé xuat, khi d6 néu chi cho tiéu thoat
Hinh 11. Phin bo ty 1¢ TPN bénh Hinh 12. Phin bo t§ 1¢ TPN bénh g0 banh ra huéng kénh Rach Gi - Ha Tién thi viée tiéu
lan truyén sau 15 ngay vin hanh lan truyén sau 30 ngay vin hanh R A ~. . . , R
tidu tan. tidu tan. bénh cham hon so véi truong hop hién trang nhung nude bénh
da dugc khoanh vung, han che pham vi lan truyén, khong lan
rong nhu truong hop hién trang.

T R T R T T R TR T T T R Wb
pe o

Vén hanh tiéu nwde bénh ra phia kénh dé bao Pong Hoa:
viéc ti€u thoat nudc bénh khi van hanh cac cong tiéu nudc ra
kénh dé€ bao Bong Hoa duogc thé hién ¢ cac hinh 13 dén 18. Nguoc lai, néu tiéu thoat nude nhiem bénh vé phia kénh
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Déng Hoa thi nguén nudce bénh s€ lan rong qua cac kénh rach
lan can khac, nhat 1a khu vuc tir kénh T2 dén T3 va nguén
nude bénh luu ctru kha 1au trén kénh rach ving nay. Sau 30
ngay, nong do TPN bénh (ty 1¢ TPN bénh) trén cac kénh bi 6
nhiém van con kha 16n.

Mtc d9 Iuu ciru cua TPN bénh tai cac kénh trong ndi déng
1a r4t cao. Can c6 giai phap cong trinh dé kiém soat cho mot
s0 tiéu ving khép kin trong noi hé thong nham tranh lay lan
TPN mang mam bénh lan toa dén cac ving khac. Vi vay, giai
phap cong trinh thily lgi hgp 1y nhdm ngin ngira sy phat tan
lan truyén dich bénh sang cac khu vie nuéi khac la cac kénh
tir cip 2 dén ndi dong trong ving nudi dugc thiét ké cap thoat
tach roi va c6 cong kiém soat dau kénh.

Viéce tiéu thoat nudc bénh trong khu vuc phat sinh dich
bénh theo huéng kénh Rach Gia - Ha Tién, két hop lam cac
cong trinh kiém soat ngudn nudc phia bo nam kénh Rach Gia
- Ha Tién thi s& dam bao han ché thép nhat viéc lay lan dich ra
cac vung lan can.

Keét luan

Két qua tinh toan mo phong lan truyén TPN bénh truong
hop hién trang cho théy, xét vé mat thuy dong luc, téc do lan
truyén TPN mang mam bénh trong hé thong dién ra kha nhanh,
mtrc d9 triét giam ty 1¢ % nudc bénh tuy nhanh nhung lai mo
rong trén pham vi 1én ra ngoai hé théng 0 cac vung lan can nhu
tai khu vuc cac kénh Ta Sing - Tam Bén va ty 1é TPN bénh van
con luu ciru kha lau ¢ ddy. Can thiét phai c6 cong trinh diéu
tiét trong hé thong dé van hanh tiéu tin bénh cho khu vuc nay.

Viéc van hanh cong trinh trong hé thong c6 anh huong rat
16n dén lan truyén khdi nuéc mang mam bénh, nghia 1a ¢6 thé
str dung cong trinh dé kiém soét lan truyén bénh giira cac tiéu
vung. Trong thuc té, khi van hanh tiéu nu6e bénh can phai tinh
todn rat can than nhidu phuong an. Pic biét chu ¥ han ché cho
ving nude bénh tiéu qua cac khu dang phat trién thuy san de
nhiém bénh nhu tom, cb gang han ché sy lan rong cta ngudn
nudce bénh. Dé giai quyét sy tham nhép ciia nude bénh vao
cac hé thong can phai chu y xdy dung cc cong trinh diéu tiét.

Cac két qua nghién ciru néu trén budc diu cho thay, viée
ung dung ly thuyét thanh phan nguon nudc két hgp mo hinh
toan chat lugng nudce dé tinh todn md phéng lan truyén TPN
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bénh trong hé thong NTTS di lam rd duoc cac dic tinh thiy
dong luc, dong thai cua nguén nude chira mam bénh trong cac
viing nudi thity san ven bién Kién Giang, day 1 co s¢ khoa hoc
quan trong dam bao cho viéc thiét ké quy hoach hé thong thuy
loi cac ving nudi tom hop 1y.
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Nhén dong, biéu hién va tinh sach chaperone AcrH
cia vi khuan Aeromonas hydrophila
sit dung vat chi Escherichia coli

Nguyén Vin Sang’, Nguyén Thi Uyén
Khoa Sinh hoc, Truong Dai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi
Ngay nhdn bai 4/3/2021; ngay chuyén phan bién 8/3/2021; ngay nhan phan bién 23/4/2021; ngay chip nhan dang 29/4/2021

Tom tiit:

Vi khuin Aeromonas hydrophila 13 vi Khuian gram am, sir dung hé tiét loai III (T3SS). Py la hé tiét dong vai tro
quan trong trong cic tuwong tac cia vi khuin véi té bao vat chii, dic biét 1a qua trinh xam nhép vao té bao vat chi.
Vi khuén A. hydrophila gy bénh cho nhiéu déi twong sinh vat khac nhau, bao gdm ca ngudi va thity san (dic biét 1a
cac vat nudi co gia trj kinh té cao & Viét Nam va thé gi¢i nhu cac loai cd, tom, ludng cw). Protein chaperone AcrH cé
vai tro giup translocator chinh AopB va translocator phu AopD ton tai trong té bao chit cia A. hydrophila & trang
thai 6n dinh truéc khi chiing tham gia hinh thanh céu tric cia T3SS. Céc nghién ciru trwée didy méi chi phan tich
dwoge ciu tric ciia protein AcrH & dang két hop véi protein AopB, nhung & dang khong lién két véi protein AopB
vén chwra dwoc 1am sang té. Diéu nay 1am cho hiéu biét vé co ché hinh thanh T3SS bi han ché. Do d6, muc dich cia
nghién ctru 12 tinh sach chaperone AcrH véi dd tinh sach cao, gitip phat trién nghién ctru cu triic ciia protein nay,
g6p phén lam sang t6 co' ché hinh thanh kénh chuyén vi xuyén mang ciia T3SS & vi khuén 4. hydrophila ciing nhw
¢ nhiéu vi khuian gram Am khac. Trong nghién ciru nay, cac tic gia da thiét ké thanh cong vecto biéu hién pET-282a
mang gen mi héa cho chaperone AcrH tir axit amin 21 dén 158 va biéu hi¢n thanh cong trén chiing vi khuin E. coli
BL21 (DE3). Protein tai to hop AcrH dwoc tinh sach bang phwong phap sic ky ai lue sir dung hat niken véi do tinh
sach dat trén 99%. Protein AcrH dwoc tinh sach véi dd tinh sach cao sé tiép tuc dwoc sir dung cho cic nghién ciru
cAu tric, gép phan hoan thién co ché giy bénh ciia cic vi khuin gram am, tir d6 c6 thé phat trién cac nghién ciru vé
co ché diéu tri bénh do cac vi khuin nay giy ra.

Tir khéa: biéu hién gen, chaperone AcrH, protein tai to hop, sic ky ai lwc.

Chi s6 phén loai: 1.6

vi duogc hinh thanh trén mang té bao vat chu va dugc ciu
tao tir 2 loai protein chuyén vi chinh va phu (¢ vi khuan 4.
hydrophila, hai protein nay dugc ky hiéu 1a AopB va AopD)
[7]. Cac protein chuyén vi chinh va phu déu chtra cac ving
xuyén mang co tinh ki nudc rt cao. Do d6, trudce khi duoc
van chuyén dén bé mat t& bao vat chi dé hinh thanh nén
kénh chuyén vi xuyén mang, thi cic protein nay duoc bao
vé boi protein chaperone 16p 11 ton tai trong té bao chat. O
vi khuan A. hydrophila, protein chaperone 16p II 1a AcrH
[8]. Hién nay, co ché phan tir ctia qué trinh hinh thanh nén

He tiét loai 3 (T3SS) 1a hé thng vi tiém siéu nho duogc
nhiéu vi khuan gram 4m st dung dé xam nhép vao té bao
vat chii va gdy bénh. Vi khudn A. hydrophila sit dung T3SS
dé gay bénh trén nhiéu ddi tugng sinh vat khac nhau [1, 2],
bao g6m ca nguoi va thuy san, dac biét 1a cac vat nudi co
gi4 tri kinh té cao dbi voi mot nude nong nghiép nhu Viét
Nam, d¢6 la céc loai c4, tom, ludng cu, gia suc [3-5]. Dé tim
ra dugc cac loai chét tc ché nham ngan chan va tiéu diét cac
loai vi khuan nay thi trudc hét can hiéu rd duge ciu trac va

chure nang cua T3SS.

T3SS céu tao tir hon 20 loai protein, gém 3 phén chinh:
phén than gbc 6 mang té bao vi khuan; phan kim tiém co cau
tao dang 6ng rong c6 mot ddu hudng ra ngoai moi trudng
va gin vao té bao vat chu; phan kénh chuyén vi tiép nbi
giita phirc hé dau mat va xuyén qua mang té bao vat chu
[2, 6]. Khi c6 tin hiéu tir phirc hé ddu mat, kénh chuyén
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phuc hé kénh chuyén vi van chua duogc lam sang t6. Cong
bb nam 2015 ciia Nguyén Vin Sang va cong su di chi ra
cu triic tinh thé cta phirc hé AcrH két hop véi viing xuyén
mang ciia AopB. Ciu tric nay giai thich dugc sy tuong tac
AcrH véi AopB, va AcrH c6 vai trd 1am 6n dinh ving xuyén
mang cta AopB [9]. Tuy nhién, ciu tric ciia AcrH ¢ dang
khong lién két van chua duoc 1am sang to, va han ché su
hiéu biét vé co ché bién d6i tuong tac giita dang khong lién
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Abstract:

Aeromonas hydrophila (A. hydrophila) is a gram-
negative bacterium, using the type III secretion system
(T3SS). In the T3SS, a key structure is a translocon that
inserts into the target membrane and forms a channel
for bacterial toxins into the host cell. A. hydrophila is
pathogenic to different organisms, including humans
and aquatic animals (especially domestic animals with
high economic value in Vietnam and the world, such
as fishes, shrimps, amphibians). The pore completes
the channel from bacteria to host, is composed of a
major translocator (AopB) and minor translocator
(AopD). These translocators are bound by a small
chaperone (AcrH) in bacterial cytosol. AcrH chaperone
plays an important role in keeping the high stability
of translocators and prevents nonspecific interactions
of hydrophobic domains before the pore formed in the
host cell membrane. Previous studies only analysed the
structure of the AcrH in combination with the AopB,
but in a non-binding form with the AopB has not
been elucidated. That limits the understanding of the
formation mechanism of T3SS. Therefore, the authors
aimed to clone, express, and purify the AcrH recombinant
protein which can be used for the structural study and
elucidation of T3SS pore formation. In this study, the
authors cloned a fragment of the gene encoding for AcrH
chaperone from A. hydrophila and inserted the gene into
the pET-28a expression vector. AcrH protein from amino
acids 21 to 158 was expressed in E. coli BL21 (DE3) and
purified using a nickel bead column with high purity
(over 99%). As a result, the obtained AcrH protein can be
used for studies of structure and function that contribute
to perfecting the pathogenesis of gram-negative bacteria
and developing research on the treatment mechanism
caused by these bacteria.

Keywords: affinity chromatography, chaperone AcrH,
expression, recombinant protein.

Classification number: 1.6
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két va lién két ctia AcrH. Do d6, chung téi tién hanh nghién
ctru nhan dong, biéu hién va tinh sach chaperone AcrH 6 vi
khuan 4. hydrophila & phuc vu cho nghién ctru cau triic cia
protein AcrH.

Trong nghién ctru nay, ching t6i tién hanh nhan dong
gen ma hda cho chaperone AcrH cua vi khuan 4. hydrophila
va chén vao vecto biéu hién pET-28a. Vecto tai to hop mang
gen AcrH duoc bién nap vao ching vi khuan E. coli BL21
(DE3) va biéu hién trong té bao nay. Protein tai to hop AcrH
dugc tinh sach bang phuwong phap sic ky ai luc sir dung hat
niken.

Vat liéu va phuong phap nghién ciu

Vit li¢u

Gen mé hoa cho protein AcrH tir axit amin 21 dén
158 (AcrH,, ;) nhan 1én tir ADN tong s6 cta vi khuan
A. hydrophila. Vecto biéu hién pET-28a duoc cung cap tu
Phong thi nghiém sinh hoc phan tir va té bao, Trung tim
Khoa hoc su séng, Khoa Sinh hoc, Truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Qudc gia Ha N¢i. Chung E. coli
DH5a va E. coli BL21(DE3) dugc chon 1a vat chu tach dong
va vat chu biéurhién protein AcrH,, ... Cac mdi truong, Vflt
liéu va hoa chat dugc st dung trong nghién ctru nay déu
dugc mua tir cic hing héa chat uy tin nhu Sigma, Qiagen,
Merk, Fermentas.

Phwong phap nghién ciru
Nhan dong gen ma hoa cho chaperone AcrH:

Trinh ty gen ma héa cho chaperone AcrH duogc nhan
d(‘)ng tor khuon 1a hé gen cua vi khuén A. hydrophila AH-1
(bang phan ung PCR - polymerase chain reaction), su dung
mdi xudi c6 vi tri cit ctia enzyme gioi han BamHI va moi
nguoc ¢d vi tri cit cua enzyme gii han EcoRI (bang 1).
Thanh phan cta phan tng PCR gém 10 pl 5x Phusion HF
Buffer, 1 pl dNTPs (10 mM), 1 pul ADN khuén (100 ng/
ul), 1,5 pl mdi xudi (10 pM), 1,5 pul mdi nguge (10 pM) va
thém H,0 cho du tong the tich 50 ul. Phan tmg PCR thyc
hién trén may PCR Eppendorf véi thoi gian bién tinh 20
gidy ¢ 98°C, thoi gian gan mdi 1a 15 gidy & 55°C va 15 gidy
kéo dai chudi & 72°C. San pham PCR duoc kiém tra bang
phuong phéap dién di trén gel agarose 1,5%. DNA co kich
thudce tuong Gng véi gen ma hoéa AcrH (414 bp) dugc tinh
sach st dung b kit Gel Extraction Kit cia QIAGEN (Dtrc).

Bing 1. Trinh tw mdi sir dung trong phan tng PCR.

Mobi Trinh ty

AcH, . F 5’ GCGGATCCGGCACCCTCGCCATGCTC 3’

AcrH, R 5" CGGAATTCTCACATATCCTTTTTGGTTTTGAC 3’
24



Chén gen vao vecto biéu hién pET-28a:

Poan gen AcrH va vecto biéu hién pET-28a cung duoc
cit boi 2 enzyme gidi han BamHI va EcoRI. 40 ul hon hop
phan tmg cét plasmid gém 3 pul plasmid (150 ng/ul), 2 pl
10X FastDigest™, 1 ul (10U) enzyme BamHI FastDigest™,
1 pl (10U) enzyme EcoRI FastDigest™ (Fermentas) va 33
ul H O dugce u 6 37°C trong 2 gio. 40 pl hon hgp phan tng
cat DNA gom 5 pul DNA (100 ng/ul) thu dugc tir bude tinh
sach, 4 ul 10X FastDigest™, 1 pl (10U) enzyme BamHI,
1,5 pl (10U) enzyme EcoRI va 28,5’;11 H,O (?uqc u ¢ 37°C
trong 2 gio, sau do enzyme dugc bat hoat bang cach u 10
phut ¢ 65°C. Plasmid va doan gen da duoc cit sau do duogc
n6i boi enzyme T4 DNA ligase ¢ nhiét do phong trong 2
gio voi ty 1€ plasmid va gen 1a 1:3 (ty 1€ mol). Vecto tai
t6 hop duoc bién nap vao vét chu tach dong la t& bao E.
coli DH5a bang phuong phép sbc nhiét. Cac khuan lac ciia
té bao DH50 chira vecto di chén gen duoc chon loc béng
phwong phap PCR khuén lac sir dung cip mdi T7 promoter
va T7 terminator.

Giai trinh ty gen:

Céc khuan lac duoc xéac dinh c6 chia doan gen AcrH
dugc chuyén sang nudi ciy trong méi truong LB khoang
16 gio. Dung dich nudi cay chira té bao DH5a sir dung dé
tach chiét plasmid bang bo kit Miniprep Kit cia QIAGEN
theo cac budc hudng dan boi nha san xuat. Plasmid sau dé
duogc gui di giai trinh ty ¢ Cong ty 1% Base (Malaysia) theo
phuong phap Sanger.

Biéu hién protein tdi t6 hop:

Vecto biéu hién chira gen AcrH dugc bién nap vao té
bao E. coli BL21 (DE3) va nuéi lic trong méi truong LB
¢6 bd sung ampicillin (100 pg/ml) ¢ 37°C dén khi mat do té
bao & OD dat t6i 0,6. Sau do bd sung chat cérp ung IPTG
(isopropyl B-D-1-thiogalactopyranoside) voi nong d§ 300
uM va nudi lic & 20°C khoang 16 gid dé biéu hién protein
tai to hop. Su biéu hién protein dugc kiém tra bang phuong
phép dién di gel SDS-PAGE 15% (sodium dodecyl sulfate
polyacrylamide gel electrophoresis).

Tinh sach protein tdi t6 hop:

Té bao chira protein tai t6 hop tir 1 lit méi trudng LB
dugc thu lai bang phuong phép ly tim 8000 vong/phut & 4°C
trong 5 phut, duogc hoa tan trong 25 ml dém binding chira 50
mM Tris-HCI, pH 8,0, 300 mM NaCl, 5 mM imidazole. Té
bao sau d6 dugc pha v& bang may siéu 4m trén d4 lanh va ly
tam 8000 vong/phut ¢ 4°C khoang 30 phut.

Dich ndi thu duoc cho 1én cot chira 2 ml Ni-NTA

Agarose da dugc U san v6i dung dich dém binding. Sau d6,
rira ¢t 3 1an bang dém binding va 10 lan bang dém rua chua
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50 mM Tris-HCI, pH 8,0, 300 mM NaCl, 30 mM imidazole
dé loai bo protein tap. Protein dugc tach khoi cot bang dung
dich Elution (50 mM Tris-HCI, pH 8,0, 300 mM NacCl, 500
mM imidazole).

Két qua va thao luan
Nhin dong gen AcrH bang kj thugt PCR

Poan gen ma hda cho protein chaperone AcrH tur axit
amin 21 dén 158 c6 kich thudc 414 bp duoc khuéch dai
bang phuong phap PCR sir dung cip m(?i dac hiuAcrH,, | "
-F va AcrH,, -R chtra vi tri nhén bi€t cua 2 enzyme cﬂét
gi¢i han BamHI, EcoRI va khuén la ADN cua vi khuan
A. hydrophila AH-1. San phdm PCR duoc phan tich bing
phuong phép dién di trén gel agarose 1,5%. Két qua dién di
san pham PCR dugc thé hién ¢ hinh 1. Thang ADN chuan
gitip xac dinh kich thudc trong ddi ciia cac bang ADN trong
mau can phan tich. Duong chay AcrH la san pham PCR c6
duy nhat mét bang kich thudc khoang 414 bp, tuong dwong
voi kich thuge cua gen mé hoa cho protein AcrH,, .. biédu
nay chiing minh rang, chung t6i da nhan dong thanh cong
doan gen ma hoa cho protein AcrH st dung k¥ thuat PCR.

Marker AcrH

3000
2000
1500
1000
750
500

250

Hinh 1. Két qua dién di sain phdm PCR nhan dong gen AcrH. Thang ADN
marker dugc phan tach tbt va hién thi & giéng diu tién. Giéng 2 1a két qua nhan
dong gen AcrH bang k thuat PCR v&i cap mdi déc hiéu. Doan gen ma héa cho
chaperone AcrH da duoc nhan 1én thanh cong véi kich thudce 414 bp.

Chén doan gen ma héa AcrH vao vecto biéu hién pET-
28a

Sau khi nhan dong dugc gen ma hoéa cho chaperone
AcrH, chung t6i da tién hanh cit va chén doan gen nay vao
vecto biéu hién pET-28a. Sau khi sang loc dugc cac vecto
mang gen, cac vecto tai to hop nay duoc tach chiét va dugc
giai trinh tu boi Cong ty 1% Base (Malaysia). Sau d6, trinh
tu nay dugc dich ma sang trinh ty axit amin st dung phﬁn
mém SnapGene va so sanh voi trinh ty axit amin cua AcrH
da cong bd trén ngan hang gen. Két qua so sanh 2 trinh tu st
dung phan mém CLUSTALW thé hién trén hinh 2 cho théy,
trinh tu duoc chén vao vecto 14 twong ddng véi trinh tu cta
AcrH duogc cong bd. Chi c6 su khac biét duy nhét & trinh tu
16 axit amin & ddu N ciia chudi polypeotide, d6 1 trinh tu
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axit amin cua dud6i His-tag va du6i Thrombin gitup cho qua
trinh tinh sach protein. Diéu d6 chung to rang, chung t6i da
thiet ké dugc vecto tai to hgp pET-28a/AcrH.

AcrH-Clone
AcrH-Genbank

MHHEHHHHSSGLVPRGSGTLAMLNDVSTDTLEQLYTLGFNQYHAGKHDEAHKIFQALCVLD 60
................... GTLAMLNDVSTDTLEQLYTLGFNQYHAGKHDEAHKIFQALCVLD 44
RRR KRR RRRRFF AR E R R ER KRR KRR RF R RARRKFF

AcrH-Clone HYEARFFLGLGACRQALGQFRLAIDSYSYGAMMDLQEPRFPFHAAECLLQLGELEGAESG 120
AcrH-Genbank HYEARFFLGLGACRQALGQFRLAIDSYSYGAMMDLQEPRFPFHAAECLLQLGELEGAESG 104
RRkkkkRRRRRRRRR R R R R R R R R R R R R R R R Rk Rk kR R Rk Rk kR

AcrH-Clone
AcrH-Genbank

FHSAQLLAAAKPELAELAARAGIMLEVVKTKKDM* 154
FHSAQLLAAAKPELAELAARAGIMLEVVKTKKDM* 138
R R B R R R L R R L E R R EL LR LR EL L]

Hinh 2. So sanh trinh tu axit amin cia AcrH véi trinh tuy AcrH cia vi
khuan A. hydrophila AH-1 trén ngan hang gen. AcrH-Clone: trinh tu axit
amin nhan dugc sau khi giai trinh tu. AcrH-Genbank: trinh tu axit amin cta
protein AcrH (vi khuan 4. hydrophila AH-1) dugc cong bo trén ngan hang gen
(AAR26340.1).

Biéu hién protein tai t0 hop trong té bao E. coli
BL21(DE3)

Té bao E. coli BL21(DE3) chita vecto tai t6 hop pET-
28a/AcrH dugc biéu hién trong moéi truong LB 1ong cd bd
sung ampicillin v6i ndng d6 chit cam ung IPTG 1a 300 uM
trong 16 gio. Két qua biéu hién dugc phan tich béng phuong
phap dién di SDS-PAGE thé hién trén hinh 3. O giéng IPTG,
c6 mdt bang dac trung kich thude 16,8 kDa tuong ung voi
kich thudc ciia AcrH xut hién, trong khi & giéng dbi chung
No IPTG khéng c6 bing nay. Diéu d6 khang dinh ring,
protein AcrH dd duoc biéu hién thanh cong trong té bao E.
coli BL21 (DE3).

G
\?@é t\&ﬂ ©

55 kDa ﬁ
42 kDa
————
25kDa ' -
17 kDa '
4 < His — AcrH (16,8 kDa)
10 kDa

Hinh 3. Két qua biéu hién chaperone AcrH trén té bao E. coli BL21(DE3).
Méu IPTG 1a miu cam Gng biéu hién bang IPTG dugc so sanh v6i mau ddi
chimg 1a No IPTG (mau khéng c6 chat cam tng IPTG). O mau c6 chat cam
img xudt hién mot bang ddc trung co kich thude 16,8 kDa, twong tmg véi kich
thude cua chaperone AcrH.

Tinh sach protein tdi t6 hop sir dung sic ky di liwc vdi
niken

Sau khi biéu hién thanh cong nhan t6 phién ma, ching
toi tiép tuc tinh sach protein nay st dung phuong phap sac
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ky ai luc voi cot co gén ion niken. Do dugc biéu hién b?mg
hé théng vecto biéu hién pET-28a nén protein tao ra s& co
thém 1 trinh ty gdm 6 axit amin Histidin. Trinh ty His-tag
nay giup protein tai t6 hop c6 thé bam véi hat niken trén
cOt, con cac protein khac s€ bi rua troéi boi dung dich dém
rua (washing buffer) voi 30 mM imidazole. Sau khi rua cac
protein tap, protein tai to hop dugc thu lai bang dung dich
dém Elution chira 500 mM imidazole. Két qua tinh sach thé
hién trén ban dién di SDS-PAGE (hinh 4) cho thay protein
AcrH da dugc thu lai véi d9 tinh sach cao, c6 mot bang duy
nhét trén duong chay 5.

M 1 2 3 4 5
-— E E
e - -4
55 kDa e i 5
42 kDa =T
- e
26 kDa 5 =
17 kDa
S W < oxHis-AcrH
(16,8 kDa)
10 kDa

Hinh 4. Két qua tinh sach protein AcrH phén tich bing dién di SDS-
PAGE. M: thang chuén protein. 1: miu protein khong co chat cam tmg IPTG,
2: miu protein co bd sung chét cam ung IPTG 300 pM, 3-4: protein khong
tan va tan trong dung dich sau khi pha v& té bao bing song siéu 4m, 5: protein
AcrH thu dugc sau khi tinh sach str dung ¢t sic ky ai luc voi niken.

Thao ludn

Vi khuan A. hydrophila 13 mot trong nhitng vi khuan
gram 4m gy ra nhiéu bénh nguy hiém cho cac sinh vat, tir
dong vat cho dén con ngudi. A. hydrophila ndi riéng va mot
s6 vi khuén gram 4m néi chung déu sir dung T3SS dé tiém
cac protein doc td hodc cac protein hi€u ung vao té bao vat
cha [1]. Mic du da c6 nhidu cong bd vé cac cdu tric phirc
tap cua hé tiét nay, dac biét la phén than géc va kim tiém,
nhung dén nay van con rat it hiéu biét vé ciu tric ciia kénh
chuyén vi (1 kénh xuyén qua mang té bao vat chii cia T3SS,
gilp cac protein ciia vi khuan c6 thé d& dang di qua mang
vao té bao chat cua vat cha). Trong ciu triic ndy, 2 protein
chuyén vi chinh (AopB) va phu (AopD) hinh thanh phirc hé
trén mang té bao chu [7]. Trong do, chaperone AcrH (¢ vi
khuanA hydrophila) c6 vai tro quan trong giup duy tri trang
thai 6n dinh cua cac translocator trong té& bao chit va ngin
chén cac tuong tac khong ddc hiéu do cac vung ky nudc gay
ra, trudc khi duoc van chuyén dén bé mat té bao vat chu dé
hinh thanh kénh chuyén vi. Mot s nghién ctru trude day
da chi ra m&i mot phan tir chaperone c6 thé tuong tic trong
phtc hé véi mot phan tir protein chuyén vi va hinh thanh
nén phic h¢ di dimer nhu chaperone IpgC véi IpaB(51-
72), PcrH(21-160) véi PopD(47-56), SycD(21-163) voi
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YopD(56-65), hay chaperone AcrH véi AopB(1-264) [9-
11]. Déac biét, da c6 mot s6 céu trac cta cac chaperone trong
16p 11 dugc cong bd nhu SycD (Yersinia enterocolitica),
IpgC (Shigella flexneri), PctH (Pseudomonas aeruginosa)
va LerH (Yersinia pestis). Cac céu trac ndy déu chi ra cac
chaperone dugc hinh thanh tir cac doan lap tetratricopeptide.
Tuy nhién, mbi cAu trac lai co cac ciu trac di dimer khac
nhau, diéu nay cho thay su linh dong trong céu tric cua cac
chaperone khac nhau. Do d6, viéc nghién cuu biéu hién va
xac dinh cdu triic cua chaperone AcrH gitp 1am sang t6 co
ché hinh thanh nén kénh chuyén vi ciia T3SS & vi khuén 4.
hydrophila. Trong nghién cttu nay, ching t6i da tinh sach
dugc protein tai td hop AcrH voi lugng 16n va do tinh sach
cao. Protein ndy c6 thé duoc tiép tuc nghién ctru vé cau
trac va chire nang nhu danh gia céu trac bac 2 va bac 3 cia
protein bang phwong phép CD (circular dichroism) hay véi
dd tinh sach cao c6 thé si dung dé két tinh protein va danh
gia bang phuong phép tinh thé hoc tia X.

Keét luan

Chung toi da tach dong va thiét ké duoc vecto biéu hién
pET-28a mang gen mi héa cho chaperone AcrH. Vecto téi to
hop pET-28a/AcrH dugc bién nap thanh cong vao té bao vi
khudn E. coli BL21 (DE3) va biéu hién thanh cong protein
AcrH bang chat cam tng IPTG véi mirc d¢ biéu hién cao.
Chaperone AcrH duoc tinh sach bang phuong phép sic ky
4i luc véi cot niken dat do tinh sach cao. Vi két qua nay,
protein co thé duoc tinh sach luong 16n véi d9 tinh sach cao
dé nghién ciru vé cdu tric clia protein nay, gitp lam sang to
duoc cu tric cua phtc h¢ kénh chuyén Vi.

LO1 CAM ON

Nghién ctru nay dugc tai tro boi Quy phat trién khoa hoc
va cong ngh¢ quoc gia (NAFOSTED) theo tai trg s6 106-
NN.02-2016.58. Cac tac gia xin tran ttrong cam on.
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So sanh hi€u qua cia cdc thuat toan metaheuristic
cho bai todn toi wu khung thép sir dung phan tich phi tuyén

Ha Manh Hung"
Khoa Xay dung Ddn dung va Cong nghiép, Truong Dai hoc Xdy dung
Ngay nhédn bai 1/4/2021; ngay chuyén phan bién 5/4/2021; ngay nhan phan bién 6/5/2021; ngay chip nhéan ding 18/5/2021

Tom tit:

Ngay nay, thiét ké t6i wu cong trinh sir dung thuit toan metaheuristic dugc sir dung mét cach thwong xuyén hon nho
hiéu qua vuot trdi cia cac thuit toan t01 wu nay trong viéc giai quyet cac bai toan c6 d§ phirc tap cao. Nho nhirng
wu diém dé, 6 kha nhiéu thuit toan tdi wu da va dang duwgc dé xuit. Tuy nhién, tuy thudc vao dac diém cua tirng
dang bai toan tdi wu khac nhau ma hi€u qua cia thuit toan sé khac nhau. Trong bai bao nay, bai toan tdi wu cia
khung thép sir dung phan tich phi tuyén di dwoc xem xét. Bon thuét toan téi wu sir dung phd bién gin day cho dang
bai toan nay dwogc xem xét so sanh bao gdm: ban nang cip thuit toan tién héa vi phan (EpDE), ban nang cip thuat
toan toi wru va cham giira cac vat chit (ECBO), ky thuat tim kiém hai hoa (HS) va thuat toan Rao. M{t khung thep
phang 5 tang dugc ti wu véi ham muc tiéu la tong khdi lwgng va diéu kién rang budc ca vé kha nang chiu tai va ve
chuyen vi lech tang Ket qua tinh toan cho thay, thuit toan EpDE khong chi tim kiém duge két qua ti wu tot nhat

ma téc do toi wu ciing tot nhat trong bén thuit toan.

Tir khéa: khung thép, phan tich phi tuyén, thuit toAn metaheuristic, tdi wu.

Chi s6 phén loai: 2.1

Dét van dé

Két cau khung thép duoc wa chung str dung hién nay nho vao
wu diém két ciu thanh manh, kha nang chiu lyc cao, thoi gian thi
cong nhanh va c6 thé sir dung lai. Chinh sy pho bién d6 ctia khung
thép da thu hat sy quan tdm nghién ciru rong rai cla cac nha khoa
hoc, nhdm muc tiéu tang cao hon nita hiéu qua va kha nang lam
viéc cua loai két cdu nay. Cu thé, trong tinh toan khung thép, cac
k¥ thudt tinh todn hién dai st dung phan tich tryc tiép dugc ap
dung ngay cang nhiéu nhdm c6 thé mé phong chinh xéc hon nira
{mg xir thyc té cua két cau khung thép, dac biét 1a vén dé vé phi
tuyén hinh hoc va phi tuyén vat liéu [1-6]. Trong thoi dai ngay nay,
gid vat liéu thép trong xdy dung ngdy cang tang cao, do d6 huéng
nghién ctru thiét ké t6i wu cing thu hit sy quan tam rat 16n ciia
cong dong khoa hoc, nham t01 thiéu hoa chi phi xdy dung trong
khi chat lugng cong trinh van dugc dam bédo. Tuy nhién, day 1a
bai toan th1et ké o do phi tuyén cao, trong do6 cac bién dugc xem
1a cac tiét dién ngang ctia cac phan tir. Cac bién nay thuong duoc
chon 11 rac tir mot danh sach cac mat cét cho trude sao cho thoa
mién tat ca céc diéu kién rang budc vé thiét ké, dugc quy dinh trong
chc tiéu chudn va tong gia thanh hogc tong khdi lugng ctia khung
thép 1a nho nhit. Mot s6 nghién ctru dién hinh vé t0i vu khung
thép c6 thé tham khao trong céc tai liéu [7-11]. Do tinh phi tuyén
cao ctia bai toan tbi wu khung thép, thuat toan metaheuristic dugc
ua chudng str dung hon cac thuat toan t6i wu truc tiép khéc. Diém
ndi bét ciia cac thudt toan nay la tao ra sy can béng trong viéc tim
kiém céc nghiém thiét ké i wu cuc b va toan cuc, qua do co thé
tim kiém duoc thiét ké tot nhat co thé. Trén co so d6, viee xdy
dung va cai tién cac thuat toan metaheuristic hiéu qua cao cho bai
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toan toi wu khung thép dugc chu trong. Mot s thuat toan ndi bét
¢6 thé ké dén nhu: ban nang cip thuat toan toi wu va cham giita
cac vt chat (enhanced colliding bodies optimization) (ECBO) do
Kaveh va Ghazaan (2015) [12] dé xuat dua trén dinh luat vé va
cham mot chiéu giita hai vét thé trong vat 1; ban nang cép thuat
toan tién hoa vi phan (differential evaluation) (DE) do Truwong va
Kim (2018) [13] d& xuét dwa trén viéc tmg dung k§ thuat dot bién
‘DE/pbest/1°, trong d6 ca thé méi tao thanh chiu su anh hudng cua
c4 thé tot trong top p% ctia quan thé. K§ thut nay vi thé duoc dat
tén la EpDE. Ngoai ra, ki thuat tim kiém hai hoa (harmony search
- HS) cling duoc nhiéu nha khoa hoc st dung do dac tinh cu tao
cua giai thuat nay rat phi hop cho bai toan toi wu voi bién roi rac
nhur t6i wu khung thép [14]. Thudt toan Rao [15], mt trong nhimg
thuat toan metaheuristic méi nhat hién nay, ciing 1a mot lya chon
thi vi. Bac diém cua thudt toan ndy la don gian trong ap dung, yéu
cau rat it tham so hé thong nhung t6 ra kha hi¢u qua trong nhidu
dang bai toan t61 wu hoa khac nhau [15-17].

Nhu di dé cap 6 trén, bai toan toi wu khung thép phi tuyén
la mot bai toan phirc tap. Do d6, viéc lya chon duge mot thuat
toan phu hop 1a rit quan trong. Trong bai bao nay, bon thudt toan
metaheuristic EpDE, ECBO, HS va Rao s€ dugc so sanh kha nang
cia chung trong viée tdi wu hoa khung thép. Ham t5i wu 1a tong
khoi luong ctia khung thép, trong khi didu kién rang budc bao gom
diéu kién vé kha nang chiu tai theo trang thai gigi han cuong do
va khong ché vé chuyén vi theo trang thai gii han sir dung. Mot
khung thép phing 5 ting véi 15 bién thiét ké dugc xem xét dé so
sanh, danh gid hi¢u qua cua céac thudt toan t6i wu nay.
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Abstract:

Nowadays, structural optimisation using metaheuristic
algorithms has been widely used because of the significant
benefit of these algorithms in solving highly complicated
problems. With the same advantages, many optimisation
algorithms have been proposed. However, depending on
the characteristics of each optimisation problem type,
the algorithm shows different performance. In this paper,
the optimisation of steel frames using nonlinear inelastic
analysis is considered. The performance of four recent
metaheuristic algorithms, including the efficient pbest
differential evolutionary (EpDE) algorithm, the enhanced
colliding bodies optimisation (ECBO), harmonic search
(HS), and Rao algorithms, for this optimisation problem,
is compared. A 5x5 planar steel frame is optimised where
the objective function is the total weight of the structure
and the constraints include both load-carrying capacity
and displacement requirements. The results showed that
the EpDE algorithm found the best optimal results and
had the best converged speed.

Keywords: metaheuristic algorithms, nonlinear inelastic
analysis, optimisation, steel frame.

Classification number: 2.1

Thiét 1ap bai tean t6i uu khung thép sif dung phan tich phi
tuyén

Déi voi cac bai toan toi wu két cu khung thép ludn mang tinh
thuc t€ va phi tuyén cao do cac tng xt phi tuyén vé hinh hoc, vat
li¢u va tinh khong lién tuc cta bien thiét ké.

Mot s6 nghién ciru gan day [9, 10, 14] vé t0i uu hoa ket cau
thép str dung phan tich phi tuyén dé moé ta chinh xac hon vé g
xtr cua khung thép da duoc cong bd. Cong thire ti wu hoa cac két
cdu ny da duoc trinh bay trong tai liéu [9] thong qua t6i thiéu hoa
ham s6 W(X) trong cong thirc (1) véi cac diéu kién rang budc ¢
cong thirc (2). Thong thudng, diéu kién rang budc vé hinh hoc la
kich thudc cua cac tiét dién cot, dim cia khung thép. Dé don gian
héa, ham phat ¢ cong thire (3) duoc st dung dé chuyén tir bai toan
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toi uu co dicu kién rang budc thanh céac bai toan toi uu khong co
dieu kién rang bugc [9].

(X):lzr:plA,L[ (1

| -1<0 (2

i
Noongr Nengi Nonice

Wun(X): 1+ Z AP+ zl: am,;ﬂz,/ + kz:, a’m.vp,xﬂz,A XW(X)
= = =

4l
]

Trong d6: p, L, 4 lan lugt 13 khdi lugng riéng, chiéu dai va dién
tich tiét dién ctia phan tir két céu ila sé thar tu ciia cac phan tir
két cdu, /= L...,N,, la s6 thur tu tang, =Les Nyppen VA
k=1,.,N_... tuong tmg véi to hop tai trong theo gidi han
cuong do va theo didu kién chuyén vi; constr,, 13 gia tri twong
{mg véi diéu kién rang budc vé cu tao thu m; [4] la tap hop cac
tiét dién ctia phén tir két cau; d il 1a chuyén vi léch tang, o 1a
chuyen vi 1éch ting giéi han; LF = R/S 12 hé s6 chiu tai tdi da cia
két cau, 1a ty 1¢ giita kha ndng chiu tai cia cong trinh (R) va hiéu
{mg do tai trong gy ra (S). Nham dat duoc muyc dich dé céc ca thé
vi pham diéu kién rang bugc s ty dong bi loai bo dan trong qua
trinh tdi wu, cac hé s phat consgr.m » Agyyej V2 Agisp. can dugc
chon véi gia tri di 1on. Cac hé so phat trong bai bao nay dugc lay
bang 10,000.

1—constr, <0 ; I—LF/. <0 ;4 C[A]i;

3)

B = max(l—constrm,O);ﬂzJ = max(l—LF,,O);ﬁl,( = imax

I1=1

Ung dung cdc thuat toan metaheuristic trong bai toan t6i uu
khung thép phi tuyen

Thudt todn toi wu ECBO

Thuét to4n ECBO duoc Kaveh va Ghazaan (2015) [12] d& xuét
dya trén thuat toan tdi wu va cham gilta cac vat chét (colliding
bodies optimization) (CBO) [18]. Cac ni dung co ban cua thuat
toan ECBO nhur sau:

- Tuong tmg voi mdi ca thé, gia tri khdi lugng tuong tmg duge
gan vdi nd va duge xdc dinh theo cong thuc:

)

Trong do, fit (i) 1a gid tri ham muc tiéu cua ca thé thir i va n 1a s6
lugng céc thé trong quan thé. Dé lya chon cap doi ca thé muc tidu,
quén thé s& duoc chia thanh 2 tap (tdp dimg yén va tap chuyén dong).

- Van tdc ciia c4 thé trong tap dung yén trudc khi va cham s&
bing 0 v ciia tap chuyén dong hudng vé ca thé trong tap dimg
yén la:

v =0, i=12.,2
2

©)

. n .n
v=x —Xx, i=—+1L,—+2,..,n
2 2
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Trong dé, x, 1a toa df ciia ¢4 thé thir .

- Sau va cham, van toc cua cdc ca thé moi trong moi nhom
duoc tinh nhu sau:

m,+em
i+—
v'=|————2|xv ,, i=12,.,
m;+m ”E
) : (6)
—&em
v'= 2 |xv, 1—£+1,n+2,. N
m,+m 2
Trong do, hé so thay doi e dugc xac dinh nhu sau:
el iter (7)

iter.

Vi, iter 1a gid tri vong 1ap hién tai va iter__ 1a tong sb vong lap
dugc dinh nghia trude cho chuong trinh toi wu.

- Vi tri méi cla cac ca thé trong tap dimg yén va tap di dong
duoc xac dinh nhu sau:

new

X" =x+randv,', i=12,..,

NS

(®)

X =x , +randv,',
i

2

‘=—+1 +2
2 2

Trong d6, rand 1a vec-to dugc tao ngau nhién trong doan [-1,1].

- Nham loai bo V%éC bi hoi tu cuc bd, hé s6 Pro trongNkhoéng
(0,1) dugc str dupg deé xem xét xem liéu mot hang tir & moi cé thé
d6 c6 bi thay thé hay khong. Néu rand<Pro, vdi rand la mot gia
tr tao ngau nhién trong doan (0,1), mot hang tir chon ngau nhién
trong cd thé thir i (x) s€ dugc thay the theo cong thirc sau:

X=X 0t random(xj‘maX =X, i ), i=12,..,n )
Trong do, X, 1a hang tir thir j cua x;; X WVAX, . la gié tri can trén
va dudi tucmg ung cta nd. Luu y rang, ch1 1 hang tir trong ca thé

duoc xem xét thay doi.
Thuat toan HS

HS dugc dé xuat boi Geem va cs (2001) [19] dua trén qué trinh
sang tao nghé thuat cua cdc nhac si. Noi dung co ban ctia HS gom
cac budc sau:

Bue 1: xay dyng ma trin HM gom HMS ca thé duoc tao ra
mot cach ngau nhién va duoc sip xép lai mot cach ting dan tir c4
thé tot nhét (co gia tri ham muc tiéu nho nhat) ding dau, dén ca
thé kém nhat (c6 gi4 tri ham muc tiéu 16n nhit) dimg dudi cung:

1 1 1 1 1 1
X Y Z X X,y Y.L g
2 2 2 2 2 2 2 2 2
HM = X r z s - % o I g (10)
XIIMS YIIMS ZIIMS XIHMS . x:'IMS 1I'IMS e y’:iMS ZIHMS e Z/H.’US

C.(x\r.zh<c, (x'.r.z)<

Trong do, C |
budc.

< C,,L.,, (XHMS’YH&!Y’ZH'Lij)

la gid tri ham muyc tiéu co xét dén diéu ki¢n rang
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Budc 2: mot ca thé tiém ning X = x5, ) dugc tao ra thong
qua qua trinh gom 3 bugc: (1) can nhic bo nh(y [®) dleu chinh
va (3) lya chon ngdu nhién. Dau tién, dbi v6i X, néu mot s ngau
nhién randl trong doan (0, 1) ¢6 gid tri nho hon HMCR(x;) thix,
dugc lya chon ngiu nhién tir cac gia tri }.1 ,...,x,,HMS} cua HM.
Khi do, chung ta budc qua budc ther 2. Néu mét s6 ngau nhién
rand2 trong khoang (0,1) c6 gia tri nho hon PAR(x)) thi x, dugc ap
dung k¥ thuat diéu chinh theo cong thirc sau:

. |x +randint(1,3) khi (rand < 0,5)
x =9
" | x, —randint(1,3) khi (rand >0,5)

(11)

Trong d6: rand int(1,3) la s6 tu nhién ngdu nhién trong doan [1,3]
va rand la s0 ngau nhién trong khoang (0,1).

Trong truong hop rand1>yHMCR(xlf) thi k¥ thudt ngau nhién
s¢ dugc st dung, trong d6 X, s€ dugc tao mdi trong khoang gia
tri da cho cua no.

Cac gia tri HMCR(x,) va PAR(x,) dugc xac dinh theo cong
thirc sau [14]:

-

HMCR(x;) :(1+ﬂ xp(—}/N(O,l)))

-1

. 1— PAR(Iter)
PAR = l+— -yN (0,1

(x) [ PAR(lter,,) (- N( ))]

V&i: PAR(current iteration) = PAR min+ 1t1 x(PARmax~PARmin)  (13)
er

xxx

va y € [0 25;0,50] 1a mot gia tri cho truéc; HM 1a ma tran chira
HMS cé the trong thuat toan HS; HMCR, PARmax va PARmin la
cac thong s hé théng duoc ngudi dung chon trude.

Bude 3:néu X' = (x ¢6 gia tri ham myc tiéu tot hon ca
thé kém nhat trong quan the thl nd s€ thay the vi tri ciia ca thé kém
nhét. Thir tu trong quan thé s& duoc sip xép lai theo thir tr ham
muc tiéu ting dan.

Thudt toan EpDE

Thuét toan EpDE duoc Truong va Kim (2018) [13] dé xuét dya
trén thudt toan tién hoa vi phan (DE) do Storn va Price (1997) [20]
dua ra. Piém khac nhau cin ban trong EpDE 14 viée sir dung k¥
thuat dot bién ‘DE/pbest/1”, trong d6 c4 thé tiém ning U s& duogc
xac dinh dya theo cong thirc:

U =X, +Fx(X,-X,) (14)
Trong do, X e la ca the dugc lya chon ngau nhién trong top
100p% (plO, 1]) cé thé 5t nhit cua quan thé. Gia tri p duoc xac
dinh theo cong thurc:

_pu kL
Iter,, 1

Vi k chi vong lap thir k ctia qué trinh t6i wu; D 14 s6 lugng ca thé
trong quan thé; A va B 1a 2 tham sb duoc cho trude. Trong cong
thirc (15), gid tri p s& 16n nhat bang A tai vong ldp dau tién va
nho dan khi s6 vong ldp tang 1én. Di€u ndy c6 nghia la, trong giai
doan dau khi quan thé con phén tan cao, chuong trinh tdi uu cé xu

pbest

p(k):AxD[ (15)



huéng kham pha trong quan thé nhdm tim kiém céc khu vue tiém
nang. Trong giai doan sau, gid tri p giam dan va chuong trinh c6
xu huong sur dung s6 luong it dan céc cd thé tt nhat trong quan
thé nham tang toc do hoi tu cua quan thé. Mot diém cai tién khac
trong EpDE so v6i thudt toan DE 1a hé s dot bién F duogc lay bang
0,7 va hé s lai tao CR nhan gi4 tri ngau nhién trong khoang (0,1).

Thudt todn t6i wu Rao

Thuat toan ti vu Rao duge giao su Rao (nguoi An Do) dé xuét
nam 2020 [15] véi 4 k§ thuat dot bién, dan dén c6 4 thuat toan ti
uu Rao khac nhau Rao-1, Rao-2, Rao-3 va Rao-4. Nguoi st dung
c6 thé ty lya chon thuat toan hiéu qua nhat d6i voi moi bai toan toi
wu. Cach thire tim kiém thiét ké i wu st dung thuat toan Rao phu
thudc vao cac ca thé tot nhat va kém nhat trong quan thé hién tai va
cdc tuong tac ngau nhién glu’a cac ca thé. Gia thiét rang, tai vong
lap bét ky nao do, cd thé co gia tri ham muc tiéu tot nhat va kém
nhat trong quan thé ky hiéu tuong g la Ty va y, . Nhu vy, tuong
{mg voi ca thé thu k (7,), mot ca thé tiém ning méi 7, dugc tao ra
dyatrén | trong 4 k¥ thuat dot bién co ban Rao-1, Rao 2,Rao-3 va
Rao-4 tuong ung vai cac cong thirc (16-19) [15].

Ve = Ve 410 = y) (16)
Ve =Vt =) (v =1, D) (17)
Ve =+ =D+ (3 =13, ) (18)

=03 0300, )40y 3 )0, -,) - (19)

Trong do, y, 1a mot cd the ngiu nhién cia quan thé; r,ry I var,
1 cac vée-to s6 thue ngau nhién trong khoang [0,1] cua vong t1en
héa hién tai; =1 khi ham muc tiéu cua y, la tot hon so véi cua 7,
va ¢= -1 khi ham muc tiéu cua y, 1a tot hon so véi ciia Ve Néu ham
muc tiéu cta Vi tot hon cta Ve n6 s& dugc lya chon thay thé cho vi

tri cua y, trong quan thé moi.

Tir cac cong thirc (16-19) co thé thay ring k¥ thuat dot bién
dugc str dung trong thudt toan Rao chi dua trén cac gia tri ham muc
tiéu ciia cac c4 thé trong quan thé. Hay noi cach khac 1a n6 khong
yéu cau mot tham sb hé thong nao. Diéu nay cho thay, thudt toan
Rao kha don gian va dé sir dung.

Trong phan nay, khung thép phang 5 tang dwoc toi wu nhiam
so sanh, danh gia hiéu qua cta cac thudt toan trén. Ham muc
tiéu 1a tong khdi luong cua khung. Céc bién thiét ké 1a tiét dién
cia cac phan tr dam va cot. Tap hop céc tiét dién dé thiét ké
dam 1a 267 tiét dién tir W10 dén W44 trong thu vién tiét dién
W cta AISC [21]. Con tiét dién dé thiét ké cho cot 1a 158 tiét
dién W12, W14, W18, W21, W24 va W27. Mot t6 hop cuong
do duoc xem xét 14 (1,2DL +1,6LL) vi mdt t6 hop st dung 1a
(LODL+0,7W +0,5LL), trong d6 DL la tai trong ban thén,
LL 1a hoat tai va W la tai trong gio. Cac to hop tai trong duoc xét
dén trong bai toan dua theo tiéu chuan AISC-LRED cta My [21].
Déi vé6i t6 hop cuong do, didu kién an toan cta cong trinh thé hién
qua viéc LF>1,0. Con ddi vé6i t hop sir dung, didu kién an toan
ctia cong trinh dugc thoa man khi chuyén vi léch tang 1n nhat ctia
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cong trinh khong vuot qua gioi han ciia n6 duoc lay bing h/400
v6i h 13 chiéu cao ting. Vat liéu thép 1a thép A992 vdi cudng do
chay F =344,7 (Mpa) va mo-dun dan hdi E=200 (Gpa). Bé wéc
lugng hanh vi phi tuyén tinh phi dan hdi cua khung thép, phan
mém PAAP dugc st dung. Chi tiét cach 1ap trinh PAAP duoc thé
hién trong tai lidu [1]. Cac thong sd chi tiét cho timg thudt toan
dugc trinh bay trong bang 1. Luu y rang, cac tham s6 duoc lya
chon dya trén céc khuyén nghi trong cac tai li¢u [7-9].

Bang 1. Théng sb ciia thuét toén tbi wu sir dung.

Théng s6 thuit toan

EpDE Sb c4 thé trong quén thé D=25
Iter  =4000
AT 0 B=1,0

F=0,7; CR=Rand(0, 1)

ECBO D=20
Iter, =5000
CM=2

Pro=0,3

HS D=50
HMCR=0,8
PAR=0,4
Tter,_ =100000

Rao D=25
Iter, =4000

Rao-2

Hinh 1 trinh bay so d6 hinh hoc cua khung thép 5 ting. D9 léch
ban dau cua cot dugce ldy bang 1/500 dé xét dén tinh khong hoan
hao ciia cong trinh. Céc cot cia khung dugc chia thanh 9 bién thiét
ké va cac dam duoc chia thanh 6 bién thiét ké. Tai trong tinh tai
ban than DL va hoat tai LL 13 tai trong phan bé déu trén dam co gia
tri 1an luot bang 35 va 25 (kN/m). Tai trong gié W tac dung theo
phuong ngang dugc quy thanh cac tai trong tap trung dat tai cac
nit khung nhu trong hinh 1. Gia trj tai trong gi6 1a 28 (kN).

w DL, LL DL,LL DL, LL DL,LL DL,LL
12 12 15 12 [F]

w DL, LL DL,LL DL,LL DL,LL DL,LL
11 1 14 n 1

DL,LL DL.LL DL,LL DL.LL
11 11 14 11 [T

Sx36m=180m

DL,LL DL,LL DL,LL DL, LL
10 10 13 10 10

DL,LL DL,LL DL,LL DL,LL
10 10 13 _ 10 4 0]

4 7
! Zi'sou Z: 500 Zi 500 Z’| 500 ZL-'soo
P - -t . - .

L 50m 60m 1 110m | 60m ! 60m |
* — f + n

Hinh 1. Khung thép phéng 5 tAng (DL=55 (kN/m); LL=25 (kN/m); W=28 (kN)).

2
)

Két qua t6i wu tot nhat tim dugc bang cach st dung 4 thudt toan
duoc trinh bay trong bang 2. Trong bang 2, diéu kién vé cuong do
la ty 1¢ gitra kha nang chiu tai ctia khung thep va ap lyc do tai trong
gdy ra tinh theo t6 hop (1 2DL+1,6 LL) va diéu kién vé st r dung la
ty 1¢ ctia chuyén vi léch tang lon nhét va h/400 tinh theo t0 hop st
dung 1a (1,0DL+0,7W +0,5LL).] biéu nay nghia la khung khong
vi pham diéu kién rang budc khi diéu kién vé cudng do khong nho
hon 1,0 va diéu kién vé chuyén vi khong 16n hon 1,0. Dya vao ket
qua bang 2, thudt toan EpDE tim kiém duoc két qua thlet ké toi
uu khung tot nhét trong bon thudt toan véi khdi lugng t0i wu chi
14 13753 (kg). Thudt toan ECBO cho két qua kém nhat voi 14566
(kg), con 2 thuat toan HS va Rao twong dwong nhau véi khdi lugng
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t6i wu tim dugc 1an lugt 1a 14204 va 14213 (kg). Ca 4 thuat todn
déu tim kiém duogc thict ke toi wu khong vi pham diéu kién rang
budc nao, hay noi cach khac la thiét ke toi uu co hi¢u qua su dung.

Bing 2. Két qua tbi wu.

Noi dung EpDE ECBO HS Rao
Khéi lwong t6i wru ciia khung (kg) 13753 14566 14204 14213
Bién thiét ké 1 WI2x19  WI2x26  WI2x19  WI2x19
Bién thiét ké 2 Wi2x19  WI2x19  WI2x16  WI2x14
Bién thiét ké 3 Wi2x16  WI2x16  WI2x22  WI2x16
Bién thiét ké 4 W14x38  W21x44  WI18x40  WI18x40
Bién thiét ké 5 WI2x26  WI2x22  WI2x22  WI2x26
Bién thiét ké 6 Wi2x14  WI2x14  WI2x14  WI2x16
Bién thiét ké 7 W24x55  W21x62  W24x55  W21x57
Bién thiét ké 8 W21x44  W21x48  W2Ix44  Wl14x43
Bién thiét ké 9 WI8x35  WI2x45  WI14x38  WI8x40
Bién thiét ké 10 WI16x26  WI16x26  WI16x26  WI16x26
Bién thiét ké 11 W14x22  WI14x22  WI16x26  WI16x26
Bién thiét ké 12 WI16x26  WI16x31  WI14x26  WI12x30
Bién thiét ké 13 W21x55  W21x50  W24x55  W21x55
Bién thiét ké 14 W21x50  W21x55  W2Ix50  W21x50
Bién thiét ké 15 W24x55  W24x62  WI8x65  W21x57
Xét didu kién cuong do 1,0001 1,0102 1,0055 1,0019
Xét didu kién chuyén vi 0,6619 0,6334 0,6201 0,6917

Hinh 2 trinh bay duong cong hoi tu qua trinh t0i wu cua 4 thuat
toan. Két qua cho thiy, EpDE c6 toc d6 tot hon han so v6i 3 thuat
toan con lai. ECBO ciing c6 tdc d6 hoi tu kha tdt lac ban dau. Tuy
nhién, thuat toan nay cho thay kha nang tim kiém thiét ké tdi uu vé
sau khong tot bang 3 thuat todn con lai. HS va Rao c6 tbe do ti wu
kh twong dong. Két qua nay cho thiy, EpDE ¢6 thé sir dung hiéu
qué trong ca trudng hop s6 vong lap 1a it va nhicu.
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16000

15000

Khdi lwong khung thép c6 xét vi pham (kg)

14000

13000 T T T
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S6 lan danh gia ham muc tiéu

50000
Hinh 2. Pudng cong hdi tu qua trinh ti wu.
Ket luan

Bai bao trinh bay so sanh vé hiéu qua cua cac thuat toan toi
wu metaheuristic manh hién nay cho bai toan toi wu khung thép
str dung phan tich phi tuyén tinh phi dan hdi. Bon thuat toan duoc
xem xét 13 EpDE, ECBO, HS va Rao. Ham t5i wu 1a tong khoi
luong cua khung thép. Diéu kién rang budc bao gdm diéu kién vé
kha ning chiu tai theo trang thai giéi han cudng do va khdng ché
chuyén vi theo trang thdi gioi han sir dung. Phan tich phi tuyén
tinh phi dan hoi duoc sir dung dé tinh ton img xtr cia khung thép,
phuc vu cho viéc danh gia sy vi pham cua khung thép véi cac dicu
kién rang budc. Két qua tdi wvu mot khung thép phing 5 tang véi
15 bién thiét ké cho thdy két qua ti wu tim duoc cua 4 thudt toan
déu hiéu qua khi khong vi pham bét cir diéu kién rang budc nao.
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Do d6, ching déu c¢6 thé dugc sir dung dé giai quyét cac bai toan
t61 wu khung thép. Tuy nhién, thudt todn EpDE khong chi tim kiém
duoc két qua toi wu tot nhat ma toc do toi wu ciing tot nhat trong
bon thuat toan. Két qua toi wu cua thudt todn ECBO la kém nhat
trong 4 thudt toan.
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Tom tit:

Mit duong hap thu khi thai c6 sir dung phu giala chit xiic tic quang héa Titan dioxit (TlO ) dang dwgc nghién ciru
va ap dung tai nhiéu nuwéc tién tién trén thé gidi. Tuy nhién, dén nay loai mat dudng nay van chwa dugce nghlen ciru
va ap dung tai Viét Nam. Bai bao trinh bay cac két qua nghién ciru cho loai mat dwong bé tong nhwa hap thu khi
thai dwge thue hién trong diéu kién thuc tién dé dwa ra cac dé xuét va kién nghi trong viéc 4p dung loai mit dudng

nay tai Viét Nam.

Tir khéa: bé tong nhwa (BTN), mit duong hap thu khi thai, phu gia xiic tic quang hoa.

Chi s6 phén loai: 2.1

Dat van de

Mit dwong hap thy khi thai c6 sir dung chat xc tac quang hoa
Titan dioxit (TiO,) da va dang dugc nghién ctr, trién khai 4p dung
tai nhiéu nudc tién tién trén thé giéi nhu My, Nhat Ban, Ha Lan,
Bi, Anh... Day la loai mat duong hién dai, c6 khd ning hap thy va
phén huy ph?m 16m céac khi thai doc hai do phuong tién giao thong
co gioi phat thai ra nhu cac khi NO, (NO va NO,), CO va cac hop
chat hitu co dé bay hoi (VOCs) [1 ]

Céc loi ich vé mat moi truong cua mat dudng va céc b& mit ¢6
str dung TiO, trong viéc hép thu va phan hily cac khi thai da dugc
khang dinh borl cac nghién ctru trong_ phong thi nghi¢ém cling nhu
ngoai hién truong & nhiéu nude chau Au, noi ma ¢6 hon 2 tridu mét
vudng bé mat hap thy khi thai da dugc xay dung, trong do c6 hon
1 triéu mét vudng mat duong hip thu khi thai. Hiéu qua hap thy
va phan huy khi NO_ dugc cong b6 c6 thé 1én dén hon 60%, hiéu
qua nay cling phu thuoc vao diéu kidn moi truong va cong nghé ap
dung dé phan tan TiO, vao cac bé mat va mat duong. Tai My, mat
dudng hap thu khi thai st dung TiO, dugc ap dung v6i mat duong
bé tong xi mang (BTXM), cac bé mat ghép khéi nhu via hé hodc
noi db xe, bé tong rong va 16p bé tong nhua (BTN) tao nham trén
bé& mat [1]. Vi du céc tuyen duong c6 s dung mat duong hép thy
khi thai tai My nhu tuyén Cermak tai Chicago, tuyén Route 141
gan thanh pho St. Louis cta bang Missouri, dai 10 Blue Island tai
Chicago c6 lan dudng cho xe dap voi l6p mat hép thu khi thai dugc
xdy dung xong vio thang 4 nam 2013 va dugc ménh danh 13 tuyén
dudng phd xanh nhit nude My.

Tai Bi, mat duong he”ip thy khi thai dugc ap dung tai tinh
Antwerp cho 10.000 m? mit duong lan d6 xe cua tuyén dudng truc
chinh Leien of Antwerp dugc xdy dung vao nim 2004-2005 bang
cdc khdi BTXM c6 16p phu 1a BTXM TiO, day tir 5 dén 6 mm.
Sau khi 4p dung loai mat duong nay, lugng kh1 thai NO_ do dugc
tai ddy giam tir 20 dén 70%. Ngoai ra, duong ham Leopold o

“Tac gia lién hé: Email: ngvnamgtvt@yahoo.com
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thanh phd Brussels cing ap dyng 16p phu xi mang TiO, trén cac bé
mit trong ciia him gdm cac véch va mai ham véi dién tlch khodng
2.700 m? dé xir ly khi thai do phwong tién giao thong phat thai ra
khi luu thong trong ham [2].

Tai Nhat Ban, cong nghé mat duong hép thu khi thai cling da
duoc ap dung thi diém v6i hon 14 dia diém trong nhiéu nim qua.
Mot trong nhimg tuyén duong dugc ap dung thi diém 1a tuyén
dudng vanh dai sb 7 tai thu d6 Tokyo voi dién tich mat duong hép
thu khi thai khoang 300 m2. Két qua quan tric cho thdy, lugng NO_
bi hap thy va phan hiy tai khu vuc thi diém nay udc tinh dat tir
50 dén 60 mg mdi ngay va ham luong nay twong duong véi luong
NO, phat thai cua 1.000 6 t6 di qua [3]. Ha Lan cling da trién khai
ap dung mit dudng hap thy khi thai cho mot s noi nhw thanh phd
Hengelo c6 xdy dung cic khéi BTXM TiO, dé 1at dudng. Tai Ba
Lan, thanh pho Nowa Sol cling da xay du’ng lan duong xe dap co
mat duong hap thu khi thai vao nam 2012. Tai Anh, mat duong hap
thu khi thai ciing da duoc ap dung cho tuyén duong Kendal’s High
Street tai thi trin Kendal, hat Cumbria.

Tuy vay, loai mat duong hép thu khi thai van chua dugce nghién
ctru va ap dung tai Viét Nam. Hién nay, 6 nhiém khong khi, dic
bi¢t do khi thai cua cac phuong tién giao thong co gidi gay ra tai
cac do thi 16n ciia nudc ta nhw Ha Noi va TP Ho Chi Minh dang
¢ miic bao dong, gdy anh huong Ion téi moi truong va stic khoe
cia nguoi dan do thi. Do vdy, viée nghién ctru va dé xuat loai mat
duong vira dam bao tinh nang khai khac tot nhung lai ¢6 kha ning
hép thy va phan hiy khi thai cho Viét Nam s& ¢6 ¥ nghia 16n vé
moi truong va bao v¢ strc khoe cho nguoi dan.

Bai bao nay trinh bay nhimg két qua nghién ctru loai mit
duong BTN hap thy khi thai duoc thuc hién trong diéu kién thi
nghiém cua Viét Nam, tir d6 dua ra cac dé xuit va kién nghi trong
viéc ap dung loai mat duong nay cho cac d6 thi 1on ctia nudc ta.
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Abstract:

The pollution-absorbing pavement using titanium
dioxide (TiO,) photocatalyst additive has been studied
and applied in many developed countries around the
world. However, this type of pavement has not been
studied and applied in Vietnam until the present. This
paper presents the research results for the pollution-
absorbing asphalt pavement carried out in Vietnamese
conditions to provide proposals and recommendations
for the application of this pavement in Vietnam.

Keywords: asphalt concrete (AC), photocatalyst additive,
pollution-absorbing pavement.
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Noi dung nghién ciiu va mo hinh thi nghiém
Chit xiic tic quang héa TiO,

TiO, 1 chat bot mau trang bén nhigt, khong doc va gia thanh
phu hop nén dugc s dung rong rai trong doi song hang ngay. TiO,
duoc dung nhiéu trong cong nghlep nhu mot chat don, cy thé n6
duoc dung nhiéu trong son, my pham, men gdm st... Nam 1972,
Fujishima va Honda da phat hién ra kha nang quang xuc tac cla
TiO,. Su ki¢n nay danh dau sy bat dau mot ky nguyén méi cua
nhitng g dung vé quang xlic tic cua vat ligu TiO, [3, 4].

TiO, ¢6 hoat tinh xac tac quang cao, khong doc hai véi con
ngudi va moi trudng, tro vé mét hoa hoc va hoan toan cé thé img
dung trong moi truong ty nhién vi co ché clia phan tmg quang hoa
nay c6 thé xay ra dudi tic dung cua ngudn chiéu xa tia tir ngoai
tir nhién tir 4nh sdng mat trdi. TiO, tinh thé thudng ton tai dudi ba
dang thu hinh chinh [a Anatase, Rutile va Brookite. Trong do, dang
thi hinh Anatase c6 hoat tinh quang hoa manh nhat. Vi hoat tinh
quang xiic tac cao nén vat liéu TiO, dugc img dung trong céc linh
vuc moi truong nhu xu 1y khi thai, phan hity céc hop chat hitu co
doc hai, xtr 1y nudc, diét khuan [3,4].

Co ché quang xiic tic va hip thu khi thi ciia mdt dwong cé
si dung TiO,

Khi mat duong c¢6 st dung phu gia 1a chat xiic tic quang
hoa TiO, duge chiéu bang dnh sang thich hgp ¢6 thé tao ra mot
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loat quy trinh giéng nhu phan Ung oxy hoa khir va cac phan tu
Iy dang chuyén tiép c6 kha ning oxy hoa khir manh. TiO, 1a mot
chat xtc tic quang hoa manh nén khi dugc chiéu 4nh sang mat
troi co tia cuc tim (UV) vdi budc song nhd hon 390 nm, khi
dé nang lugng photon &nh sing (hv) 16n hon nang lugng ving
cam cta TiO, s€ kich thich cac dién tir tir ving hoa tri nhay lén
ving din tao ra cac dién tir (¢) & ving dan va cac 16 trong (h*)
& ving hod tri, thé hién bang phan tmg sau [3, 4]:

TiO, + hv > h* + e~

(1)

Nhu d biét, trong khong khi ¢6 nhiéu hoi nuge (H,0), do Vay
cac 16 trong (h”) ¢6 thé phan tmg tryc tlep v6i H,0 de tao ra goc
hydroxyl (“OH) ¢6 hoat tinh oxy hoa rét cao theo phan ng dudi

day [3, 4]:
H,0 4+ h* > °‘OH + H*

@)

Trong khong khi ciing ¢6 nhidu 6xy, do vdy oxy trong khong
khi s& nhan dién tir (¢") & ving dan tao thanh ion superoxit (0,).
Phan ting tao ra ion superoxit nhu sau [3, 4]:

A

Ton superoxit dugc tao ra tir phan (ing (3) s€ tham gia vao mot
s phan g khac dé tao ra thém gbc hydroxyl (OH) nhu sau [3, 4]:

0, +e” = 03

0, + 2e” + 2H* - H,0, 4)
03 + 03 + 2H* - H,0, + 0, )
H,0, + e~ - OH + OH™ 6)
H,0, + 0; » “OH+OH™ + 0, (7
H,0, + hv > OH + °‘OH 8)

Ca gbe hydroxyl ("OH) vaion super0x1t (O,) tao ra tir cac phan
{mg néu trén déu c6 tinh oxy hoa rat manh, chiing ¢6 thé tham gia
vao céc phan mg oxy hoa khir dé phan hity phan 16n céc khi thai
do phuong tién giao thong co gidi phat thai ra.

Néu trong khong khi ¢ khi NO, (NO va NO,) do dong co
phuong tién phat thai ra thi chung s€ bi phan huy thanh ion NO,
theo cac phan ung dudi day [5]:

NO + 2 ‘OH - NO, + H,0

©)
(10)

Céc ion NO;~ tao ra tr phan tng trén s€ bi hit bam lai trén bé
mit duodng va s€ bi rira trdi nhanh chong khi c¢6 nudc mua hodc
nude ria duong trén bé mat duong.

NO, + “OH - NO;~ +H*

Néu trong khong khi c6 khi CO do dong co phuong tién phat

thai ra chiing s€ bi xur 1y theo phan ng dudi day [6]:
CO+ °OH - CO, +H

(11)

Ngoai phan ting (11) néu trén, khi CO con bi xu 1y thong qua
mot s6 phan mg héa hoc khac khi cé hiéu tmg quang xtc tic xay
ra [7].
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Ché tgo hon hop BTN hdp thu khi thai

Hon hgp BTN c6 kha ning hap thy khi thai dé lam 16p phu
siéu mong tao nham cho mat duong BTN da dugc ché tao trong
Phong thi nghiém Cong trinh - Trung tdm Khoa hoc Cong nghé
Giao thong Van tai béng cach phdi tron hon hop BTN tao nhdm
thong thuong véi chat xiic tac quang hoa TiO, v6i cac ham luong
14 10 va 20% theo khéi lugng nhya. Chat xtc tac quang hoéa TiO,
dang bot dugc sir dung trong thi nghiém la san pham thuong mai
TiO, Korea KA-100 Anatase xuat xr tr Han Qudc c6 kich ¢ hat
tr 0, 25 0,35 um, do tinh khiét 14 98,5% (theo cong bd ctia nha san
xuat). Céc vat li¢u st dung ché tao hon hop BTN tao nham bao
gdm cdt liéu, bot khoang, nhya dudng Polymer PMB III dap tmg
Tiéu chuan TCVN 12759-1:2020 “Bé tong nhya tao nham - Thi
cong va nghiém thu - Phan 1: Lop phi sidu mong tao nham” [8].

Hinh 1 md ta 3 loai hdn hop BTN véi cac ham luong chét xiic
tac quang hoa TiO, lan lugt 20, 10 va 0% sau qua trinh phoi tron
trong phong thi nghi¢m.

IBTN 20% T10, St

JBTN 10% Ti

Hinh 1. Hén hgp BTN véi cdc ham lugng TiO, 20, 10 va 0%.
Cdc nhém miu thi nghiém
C6 hai loai nhém mau thi nghiém duoc ché tao gém:

- Cac mau BTN hinh hop chit nhat c6 kich thude 320 x 260 x
80 mm, trong d6 16p phu tao nham phia trén day 30 mm la BTN
tao nhdm c6 cac ham lugng TiO, 0, 10 va 20% (theo khéi luong
nhya) dé phuc vu cho viéc danh gla kha ning hap thy khi thai cia
mat duong.

- C4c mau BTN hinh try ¢ cdc ham lugng TiO, 1a 0, 10 va
20% (theo khdi lwgng nhya) dé xac dinh mot so tmh cht co hoc
cua mat duong BTN.

Mo hinh thi nghi¢m danh gida kha nang hép thu khi thdi ciia
mdt duong

Mb hinh thi nghiém phuc vu danh gia kha ning hap thu khi
thai da dugc ché tao béng cach dit cic mau thi nghiém mat dudng
BTN trong céc binh thuy tinh kin khi ¢6 bé tri hai 16 tron nho trén
hai mat bén ciia binh (két hop céc nut bit kin khi) dé dua ong bom
khi thai va dau do khi thai vao trong binh. Tién hanh bom khi thai
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tlr Ong x4 xe médy vao céc binh chira mau thi nghiém va giit cho
khi trong binh 6n dinh sau mét khoang thi gian nhat dinh. Sau d6
dem céc binh ra ngoai 4nh néng mat troi nhim kich hoat co ché
quang xuc tac cua TiO,. Tiép theo, tién hanh do nong do khi thai
NO_ va CO trong blnh theo timg thoi diém thi nghiém nhat dinh
bang thiét bi do khi thai Wohler A550 Industrial cia CHLB B
nhur thé hién trong hinh 2.

Hinh 2. M6 hinh thi nghi¢m dénh gi4 kha ning hép thu khi thai cia mit
dudng.

Két qua va thao luan
Dinh gid vé khd niing hp thu vaxirly khi NO_ciia miit dwong

Két qua thi nghiém danh gia kha nang hép thy khi thai NO,
(NO va NO,) cho 3 mau BTN v6i cac ham luong phuy gia xuc tac
quang hoa T10 1an luot 12 0, 10 va 20% thé hién ¢ biéu d6 hinh 3.

- + =0%TiO,

= 30
Z 25
2,0

—=— 10%TiO, 20%TiO,

NONG DO KHI NO,

12:30 14:0 17:00 18:30

THOIGIAN DO (GIO)
Hinh 3. Biéu db thay d6i ndng do khi N O, theo thoi gian thi nghi¢m.
Nhan xét vé kha ning héap thy va xi 1y khi NO_ cua mdt duong:
Dbi voi cac mau BTN khi ¢ thém thanh phan phu gia, chat xic

tac quang TiO, v6i ham luong 10 va 20% cho kha néng hap thy va
phan huy khi tha1 rat dang ké sau tir 1,5 dén 3 gio dong ho.

Péi voi mau BTN 10% TiO,: sau 1,5 va 3 tleng nong do NO_
lan luot giam twong tmg 1a 53,3 Va 76,7%.

Déi voi mau BTN 20% TiO,: sau 1,5 va 3 tiéng nong do NO_
lan luot giam twong tmg 14 61, 8 va 85,3%.

Ket qua thi nghiém d6i v6i mau BTN 20% TiO, sau thoi gian
4,5 tiéng va mau BTN 10% TiO, sau thoi gian 6 t1eng cho thay khi
NOx da bi xir Iy hdu nhu hoan toan

Ddnh gia vé ¢ khd ndng hap thy va xu Iy khi CO ciia mdt dwong

Két qui thi nghiém vé kha ndng hdp thu khi thai CO dugc thé
hién trén biéu d6 hinh 4.
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Hinh 4. Biéu dd thay déi ndng dd khi CO theo thoi gian thi nghi¢m.
Nhén xét vé kha nang hap thy va xir Iy khi CO ctia mit duong:
Doi v6i mau BTN 10% TiO,: sau 1,5 va 6 tleng, nong do CO

lan lugt giam tuong ung la 2 3% (twong Gng gidm 582 ppm) va
8,4% (twong ung giam 2157 ppm).

Dbi v6i miu BTN 20% TiO,: sau 1,5 va 6 tleng, nong do CO
lan luot giam tuong tng 1a 4 9% (twong ung gidm 1621 ppm) va
13,8% (twong g giam 4601 ppm).

Thi nghi¢m danh gia dj én dinh Marshall ciia BTN hdp thu
khi thai

Két qua thi nghiém d6 6n dinh Marshall cta cac mau BTN (0,
10, 20% TiO,) thé hi¢n ¢ bang 1.

Bing 1. D9 6n dinh Marshall ciia 3 loai miu BTN (0, 10, 20% TiO,).

BTNvéi D@ 6n dinh Marshall (kN)
STT hamlugng  Gid tri trung binh ciia cdc Gid tri quy dinh
Tio, méu thi nghi¢m theo TCVN 8819:2011 [9]
1 0% 12,18 >8
2 10% 11,40 =8
3 20% 12,16 >8

Theo céc két qua thu dugc, ta thiy khi kiém tra d9 On dinh
Marshall v6i cac mau c6 thém thanh phan phu gia TiO, (mAu thém
10 va 20%) thi déc tinh cua BTN vé d6 6n dinh van khong thay
doi dang ké so voi mau BTN thong thuong va dap tmg theo tiéu
chuan hién hanh.

Thi nghiém dinh gid dp déo Marshall ciia BTN hip thu khi

thai
Két qua thi nghiém d6 déo Marshall cua céc mau BTN (0, 10,
20% TiO,) the hi¢n trong bang 2.

Béng 2. D§ déo Marshall cho 3 loai BTN (0, 10, 20% TiO,).

BTN véi Do déo Marshall (mm)
STT  hamlwong  Gij trj thi nghiém  Gid tri thi nghi¢m  Gid tri quy dinh theo
TiO, nhé nhit I6m nhit TCVN 8819:2011 [9]
1 0% 2,13 2,74 2+4
2 10% 2,56 3,06 2+4
3 20% 2,32 2,80 2+4

Vi cac két qua thi nghiém do déo Marshall thu dugc co t}}é
thay mat duong BTN hap thy khi thai dap Gng theo tiéu chuan
hién hanh.
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Vén d& 6 nhiém méi truong do khi thai cta phuong tién giao
thong gy ra dang 1a mot van dé nong va cp thiét, cin phai giai
quyét tai cac thanh phd 16n ciia nude ta nhw Ha Noi va TP HO Chi
Minh. Vi vy, viéc trién khai ap dung loai mat duong c6 kha nang
hép thu khi thai s& m6 ra mot canh cira m6i cho viée giai quyét
hiéu qua bai toan 6 nhiém moi truong tai cac do thi 16n & nudc ta.

Chc dé xudt 4p dung mat duong hip thu khi thai trong xay
dyng mat dudng 6 t0 va sin bay tai Viét Nam gom:

+ Lam 16p tao nham hodc 16p mat trén c6 tinh nang hap thy
khi thai cho mat duong tai cac thanh phd 16n, cac khu dong dan
cu, d6 thi, cac khu vyc thuong xuyén un tac hodc ¢ mat do giao
thong cao.

+ Lam I6p tao nham hodc 16p mét trén hép thu khi thai cho cac
khu vuce dudng lin, san d6, khu vire mat duong gﬁn nha ga ctia cac
cang hang khong, dac biét 1a cdc cang hang khong ndm trong khu
vuc do thi.

Tur nhitng két qua nghién ciru trén, kién nghi can tiép tuc thuc
hién cac nghién ctru sdu hon nhu nghién ciru ap dung thi diém va
danh gia thuc nghiém hién truong cho mot sd tuyén duong hién tai
dé danh gia kha nang hap thu va xir ly khi thai trén pham vi rong
hon. Trén co s¢ do, chung ta co thé som trién khai ap dung loai mat
duong hap thu khi thai nay cho céc d6 thi 1on nhim gop phan xir
1y 6 nhiém moi truong va nang cao chat lugng khong khi mot cach
bén viing va hiéu qua.
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Ung dung giai phap giéng thu nuoc mat
thay thé hinh thirc lay nuwoc truyen thong
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Tom tit:

Giai phap giéng thu nwéc mit (GTNM) dwoc nghién ciru dé liy nuéc bd sung, khic phuc nhwoe diém dé bi bdi lip
cira thu nuée cia dip ding, thim chi tai cac vi tri ma diéu Kién thiy vin, dia chat thiyy vin cho phép c6 thé khong
cin xdy dung dip dang. Giii phap nay dwogc nghién ciru bang mé hinh trong phong thi nghiém tai Vién Thity cong,
Vién Khoa hoc Thity lgi Viét Nam. Két qué nghién ciru va xdy dung cong trinh thir nghiém tai xi Mwong Lan, huyén
Muong Ang, tinh Dién Bién cho thiy, GTNM cé thé thu dwgc lwong nwée trén 31 Is, dam bao cip nwée twéi cho

hon 20 ha lua.

Tir khéa: boi lap, cira 1dy nwéc, dap ding, giéng thu nwéc.

Chi s6 phén loai: 2.1

Application of collecter well
to replace the conventional method
in the northern mountainous area

Huy Vuong Nguyen, Tuan Pham’, Thanh Cong Nguyen,
Van Quang Tran, Van Thuc Dinh

Hydraulic Construction Institute, Vietnam Academy for Water Resources

Received 7 April 2021; accepted 20 May 2021
Abstract:

The solution of using a collector well was investigated
to take additional water, overcome the weaknesses
of the conventional weir that are prone to sediment
accumulation intake structures of a weir, especially
at the location where weir is not needed. The solution
was considered using a laboratory model at Hydraulic
Construction Institute - Vietnam Academy for Water
Resources. Theresults of model research and construction
of a pilot project in Muong Lan commune, Muong Ang
district, Dien Bien province show that collector well can
collect water over 31 I/s ensuring water supply for more
than 20 ha of rice field.

Keywords: collector well, conventional dam, sediment
accumulation, water intake.
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Dia hinh mién nui phia Béc bi phan cit rit manh boi cac diy
nti cao suon doc, xen giita la cac thung ling hep, dan t6i khu tudi
nho, phan bd khong tap trung nén cong trinh thuy loi nho, chi yéu
1a dang dap dang + kénh tudi (chiém 70-80% tong sd luong céc
cong trinh thuy loi) [1]. Tuy nhién vi¢c xay dung dap dang kha kho
khin va ton kém, doi khi khong phi hop voi diéu kién dia hinh, dia
chat thiy van tai dia phuong nén khong phat huy dugc hiéu qua.
Bén canh do, cac hinh thirc 1ay nudc kiéu truyén thong nhur Chiron,
cong cira bén thuong bi b01 lp ctra thu nu6e, lam giam hodc mat
kha ning cap nudc. Theo s6 lidu thong ké nam 2019, trén dia ban
c6 khoang 11.276 dap dang phuc vu cép nudc san xuét va 9.718
dap dang lam nhiém vy cép nude sinh hoat [2]. Pap dang trén dia
ban céc tinh ving Ty Béc thuong co quy md nho (chidu cao dap
H, thuong tr 1-3 m [1]), ldy nu6c mit tai chd bang dong chay tu
nh1en v6i hinh thirc lay nude theo hudng vudng goc vai dong chay
(cong cira bén, hinh 1) hogc theo huéng dong chay (Chiron, hinh 2).

Huémg déng chay

Hinh 1. So' db b tri cong trinh dip déng c6 cira Iy nwéc kiéu bén. 1 - Dap ding;
2 - Doan kénh dan thuong luu; 3 - Kénh dan ha luu; 4 - Poan thu hep le"iy nudc; 5 - Doan
tiéu ning; 6 - San sau; 7 - Céng ldy nude vao kénh; 8 - Tru bén, tuong canh; 9 - Cong
xa cat; 10 - Cura van/Phai chan.

31
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Chugo cit

Hinh 2. Mit bing va cit doc hinh thire iy nwéc kiéu Chiron.

Vi dic diém dia hinh phan cit manh, céc loai hinh thién tai nhu
sat 10 dt, 1t bun da xay ra ! tan sudt 16n, cong v6i cong trinh dap
dang khong c6 kha nang diéu tlet dong chay nén trong mua [ dong
bun cat 6 vé cong trinh lam boi 1ap toan b khu vuce thugng luu va
cira lay nudc (hinh 3), din dén hé thong ldy nude ctia cong trinh hiu
nhu bi t€ liét chi sau mot mua mua. Day la hu hong chinh lam giam
hiéu suat cap nudc ciing nhu tudi tho ctia cong trinh [1].

Hinh 3. Bi lip thugng lwu va cira thu nwée dap dang. (A) Dap dang Ban Bang (Tua
Chua, bién Bién, 2019); (B) Boi lap hoan toan dau moi dép Ban Ten, chi con tuong canh
2 bén (Muong Ang, Dién Bién, 2019).

Két qua dleu tra khao sat cho thay vit lidu boi 1ap pho bién tai
cac song sudi mién nli phia Bic phan 1on 1a cudi soi lan cat, day
14 loai vét lidu co hé sé tham 16n, mic do luu thong nudc tqt, tuy
nhién do diéu kién do ddc 1ong subi 16n nén chiéu day tang bi tich
ndy thuong rat mong, pho bién tir 2,0 dén 3,0 m. Véi céc dic trung
dia chat thuy van cua khu vyc long sudi nhu trén, dé khac phuc van
dé lap tac cua hé thong ldy nuéc, chung t6i da nghién ctru giai phap
GTNM d¢ thay thé cho hé thong lay nudc kiéu truyén thong.

Két qua nghién ciu thir nghiém GTNM

So do céng nghé ciia gidi phdp

Dau mdi cua hé thong GTNM ¢6 the bo tri tai thuong luu dép
cil hodc c6 the xay dung doc lap trén sudi dé 1ay nudc thay cho dap
dang kién cb, dap tam. So d6 cong nghé cua giai phap duoc trinh
bay ¢ hinh 4.

Ket cdu cia hé thong GTNM dugc b6 tri ¢ thuong lru dap

dang, 0 ong dan nude tir giéng chay vao kénh dan nudc & ha luu hodc
cua cong bén cua dap.

Nguyén ly hoat dong cua g1a1 phap nudc tur long sudi tham qua
10p dam, soi loc dém chay vao gleng qua cira ldy nudc (cac khe ho)
bén thanh giéng. Nudc trong giéng dugce dan vao kénh tudi hodc
cong cii bang hé thong dng dan hodc kénh xay m6i. Luu lugng nude
thu dugc tir giéng phu thudc vao kha nang thim nudc cta vét lidu
lap, dién tich khe ldy nudc trén thanh gleng cting nhu duong kinh
giéng. Khi can lwu lugng 16n co thé ting sd luorng giéng thu.

Vi phuong thire 1dy nude ngdm tir trén xudng thi khi co dong
chay manh (dong chay i), dong nay s€ mang theo phu sa, rac rudi
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Hinh 4. So' db cong nghé cia gidi phap GTNM.

troi qua bé mit lop loc vé ha luu. Lop loc thd cho phép phu sa di qua
vio GTNM qua dng dan vé ha luu nén khong bi lap tic.

Thiét ké va thi cong cong trinh thi nghi¢m
Dic diém tir nhién khu viee xdy dung mo hinh thit nghiém:

Vi tri xdy dyng m6 hinh thu nghiém thugc xa Muong Lan, day
la xa thude Vung khan hiém nudc cta huyén Mudng Ang, tinh Bién
Bién. Toan xa c¢6 1.132 ho vé6i 4.132 nhan khau phan b trén dia ban
14 thon, nhung c6 dén 10 thon thude dién ddc bist kho khan (theo
Quyet dinh 582/QD-TTg nam 2017) Trén dia ban xa c6 gan 20 ha
trong lta chua co h¢ thong dau mdi cap nude riéng ma phai chia
sé nguon cling véi cac dién tich da dugc cap trude do. Tuy nhién,
do lu’ong mua khong déu va giam vé mua kho, cung VOi sy xuong
cp cua cac dap dang cii nén luong nude cap cho cac dién tich nay
bi thiéu hyt. Nguoi dan phal lam cdc phai dép tam dé lay nudc bo
sung, song 1Lr0ng nude cap khong da, nhiéu chan rudng chi canh tac
cam chung vao mua kho.

Thiét ké cong trinh thir nghiém:
Gidi phdp dugc lya chon dya trén cdc co so sau:

- Diic diém dja hinh: doan sudi tir cau trén duong lién thon ve
dén kénh tudi dai 350 m, u6n khuc hinh chit S, 1ong sudi rong 12+21
m, hai bén bo dugc ke bang ro dd cao 1,6+2,2 m so vi ddy sudi,
mdt rudng hai bén cao hon su01 0,6+1,2 m. Dau kénh tudi ¢6 cao
d6 +496,00 m, khu vyc dau mbi co cao do day sudi 499,10+499,80
m, do dbc day 1,5%.

- Pic diém thuy van: doan sudi xdy dung cong co nudc chdy
quanh nam, luu lrong mia mua 0,38+0,59 m*s (quan tric thang 5,
6, 8), vé ma kho luu lugng gidm chi con khoang 0,12 ms.

-bic diém dia chét thiy van: cau tric dia chat thiy vin khu vuc
du mdi cong trinh dugc mo ta trén hinh 5.

- Yéu ciu cua cong trinh cip nude: thu duge ‘t(”')i thiéu 30 I/s dé
tudi cho 20 ha lta (theo TCVN 9168:2012 [3]) vé mua kiét.

Véi cén triic dia chat thity van khu vue d?in mbi, vige xdy dung
dap dang lay nude 1a khong phu hop do déy sudi chi thap hon rugng
Itia hai bén 0,6-1,2 m, b sudi 1a ké ro da nén c6 thé gay ngap, ban
ngap (101 voi cc rudng nay, hon nita 16p cudi soi lan cat (16p 4) c6
tinh thim nuéc manh nén c6 thé gdy thim mat nudc qua nén va vai
dap khi dang nude.
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Hinh 5. Mit cit dia chat thiy vin ddu mdi cAp nwée Mudng Lan. Céc 16p dit: 1
- bt da‘ip, sét pha 1an soi san; 2 - Cudi soi 1n cat, sét, hitu co; 3 - Sét pha vira dén pha
nhe 14n s6i san; 4 - Cudi soi 1an cat, san, sét, tang, K=5,1x10? cm/s (tﬁng chira nude
gh); 5 - Sét pha c6 lan dam manh, K=1,4x10 cm/s.

Vi tri xdy dung d4u mdi cach cau trén duong lién thon khoang
30 m v ha luu, dam bao céc yéu cau:

+ Ludn c6 dong mdt chdy qua quanh ndm, luu lugng mua ki¢t
du lon (khoéng 120 Us) de cung cap cho hé thong thu nudc.

+ Long sudi kha thang va on dinh, ddy hoi dbe (do doc 1,5%),
khong quan sat thay ¢6 hién tugng boi lang, bé mat cua trdm tich
hat min nén han ché hién tugng boi lang khu vyuc gleng thu.

+ D¢ chénh cao gitra dia hinh dau mbi (giéng thu nude) va
day kénh 16n (>3 m) nén ding dng din nudc ty chay vé kénh rat
thuan loi.

Cong trinh thir nghiém duge thiétNké gdm hai hang muc chinh
la dau moi (giéng thu nudce) va ong dan nude (hinh 6).

Tuyén éng
HDPE D230

=3

ol

Hinh 6. So' dd téng thé méd hinh cép nuéc twdi tai Mwong Lan (ng}én:
Google Earth).

- Pau mdi cong trinh nam céch dau kénh tudi ndi dong 274 m
(doc theo long sudi) gom cac hang muc (xem hinh 7):

+ GTNM: giéng c6 dudng kinh 2 m ¢6 d4y va vanh giéng phia
trén 13 bé tong lién két bang cac thanh thép V7, & giita 1a bo phan
thu nude ¢6 két cau bang thép tam khong ri day 3 mm, dai 1,3 m.
Trén tdm thép dot cac khe ho rong 5 mm, dai 300 mm, khoang
cach gitra tim 2 khe 13 25 mm, s6 khe trén hang la 188 khe doc chia
lam 3 hang cach nhau 150 mm.

+ Lop loc dém gom 2 16p: 16p 1 (16p trong) bao quanh giéng
v6i chidu rong 0,5 m gdm cudi soi co kich thude 20-80 mm. Lép
2 (16p ngoai) bao phii phia ngoai 16p 1 cho dén hét chiéu rong hd
mong 14 cat thd 1dn cudi soi co duong kinh hat d>1 mm. Trén mat
16p 2 14 cudi soi 1ong sudi hoan thé day 0,2 m.

- Tuyén Ong dan nudc: két cau ong nhya HDPE duong kinh
D230 mm loai PN8, chiéu dai 274 m dugc chon chim dudi dat.
Tuyen duong 6 bng nay ¢6 nhiém vy dan nudc tir gleng thu nude déu
ndi voi tuyén kénh tudi ndi dong. Pau xa ciia dudng dng ¢6 bé tidu
nang, tran xa thira truge khi chdy vao kénh.
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Hinh 7. So' db giéng thu nwéc va dng din nuée vé kénh din nuéc ndi dong.
Thi cong cong trinh thir nghiém:

Cong tac thi cong mo hinh GTNM dugc thuc hi¢n theo trinh
tu nhu hinh 8.

- Thi cbéng din - Thi cong Thi cong tuyén - Hoan thién
dong va dé quiy. giéng thu nwéc. dwong ong dan cong trinh.

- Pao, thio khd "] - San 1lip 1am [ | nuéc, bé xa va - Kiém tra vin
hé méng giéng. 16p loc dém. tran. hanh thir nghi¢m.

Hinh 8. So' dd trinh tu thi céng mé hinh.
Céc budc tién hanh thi cong:

Bude 1: Dao kénh din dong — ,Dép dé qudy thuong ha luu
tuyén cong trinh — Trai 16p bat chong tham doc long dan kénh
dan dong.

‘bao hé méng — Bom hut nuée thao khd hé méng — Lam
phing mit bing day hd méng khu vuc giéng thu nude.

Budc 2: D6 bé tong day giéng — Lap diit h¢ thong thu nudée
thanh bén — Ha toan bg cau kién thu nude xuong ho mong —
Lap dit van khoa va doan dau tuyén duong dng dan nudce ndi véi
giéng thu.

Thi cong 16p cap ph01 loc xung quanh giéng thu nuée — D6 bé
tong hoan thi¢n phan dét g1eng phia trén.

Budc 3: Thi cong tuyén dwong dng dan nudc.

bao tuyen dudng bng — Do dac klem tra cao d¢ day tuyén ong
— Han ndi ong HDPE — Ha céc doan 6 ong xuong vi tri chon ong
— Xay bé xa va tran xa thira ndi dudng dng véi cira liy nude cua
kénh — Xa thr kiém tra van hanh cta hé thong — Chén gitr, 14p
bng, san lap hoan tra mit bing.

Hinh 9. Thi c6ng mé hinh GTNM.

Budc 4: Hoan thién, chinh trang cong trinh — Khoi phyc lai
hién trang long suoi cii; lap dat tdm nap giéng, hé thong quan trac
muc nudc.

Kiém tra, van hanh thir, do dac luu luong dAu ra cua hé théng.
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Quan tric, ddnh gid cong trinh thir nghi¢m

Hé thong quan tric duoc lip trong giéng thu gdm mot thude
do v6i day do muc nu6e sudi ¢ tim sudi thuong va ha hru. Cong
thc quan tric dugc thuc hién ngay sau khi hoan thanh cong trinh.
Két qua quan tric cac thong sb muc nudc trong giéng thu va muyc
nuGe sudi trong thoi gian tir 24/1/2021 dén 30/3/2021 dugc thé hién
trong biéu do hinh 10.
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Hinh 10. Biéu d6 muc nwéc sudi va muc nwéc trong bé thu.

Luu lugng thuc té cua hé théng duoc xac dinh bﬁ"mg cach do Iuu
lugng dong chay trong kénh khi muc nudce trong giéng 0 cao trinh
+498 2 m. Dung dép tran thinh mong hinh chir nhat (chiéu rong

b=0,28 m) do trong doan kénh (rong B=0,35 m) (hinh 11) theo tiéu
chuan TCVN 8193-1:2009 [4], xac dinh dugc chiéu cao ¢t nude
chdy qua dép tran nay la h=0,151 m.

E
3
2
2

Hinh 11. Do luu lugng trong kénh bing dip tran thanh méng hinh chir
nhat (TCVN 8193-1:2009) [4]. B - chiéu rong long kénh; b - chicu rong tran;
p - chiéu cao ngudng tran; h - chiéu cao ¢t nude tran.

Theo cong thirc Kindsvater-Carter ap dung cho dép tran thanh
mong hinh chir nhat tiéu chuan [4], tinh dugc gia tri luu lugng nude
chdy trong kénh la:

2 3/2
Q=Ce-§ 2g.b,.h; =313 (l/s)

Trong do:
C -h¢ s6 Iuu lugng (khong thir nguyén), véi b/B=0,28/0,35=0,8 thi:
C.=0,596+0,045.| = |=0,596+0,045. [061 : 1} ~0.63

g - gia tdc trong truong, m/s>
b,- chiéu rong hiéu dung, m. Tur ty s b/B=0,8 tra trén biéu dd quan
he gilta h¢ s0 thuc nghiém k, va b/B, ta dugc k,=0,0042 m. Gia tri
b, dugc tinh nhu sau:

b =b+k =0,28+0,0042=0,2842 m

h, - ot ap hi¢u dung, m. V&i h¢ s0 thyc nghi¢m k =0,001 m, cot ap
hiéu dung c6 gia tri la:
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h =h+k =0,151+0,001=0,152 m

Két qua do luu luong trong kénh dan cho thy, img v6i muc
nudc trong giéng ¢ cao trinh +498,2 m thi lwu lugng chdy trong
kénhla31,4ls. Biéu dd hinh 10 cho thiy, myc nudc trong giéng va
muyc nuoe sudi dao dong ddng déu, muc do ton thét cOt nuoe vao
giéng gan nhu khong doi, nhu vay luu luong cia giéng thu 1a 6n
dinh. Thoi diém quan tric 1a mua kiét, muc nudc giéng lubn duy tri
O cao trinh +499,2 m (cao hon cao trinh do luu lugng +498,2 m),
do d6 luu luong ciia hé thng ludn dat trén 31 Is, dam bao tudi cho
20 ha Ita trong miia kho. Mac dii con can nhiéu thoi gian dé khang
dinh tinh bén vimg cta cong trinh, song két qua thuc nghiém budc
dau cho thdy kha nang img dung thuc tién cua giai phap GTNM.

Gia thanh toan b cong trinh sau khi thi cong 13 503 triéu dong,
tudi cho dién tich 20 ha thi sudt du tu 1a 25,15 triéu dong/ha. Néu
dung cong trinh dap dang dé cap nudc cho dién tich nay, dap & co
kich thuéc BxLxH=20x15x1,4 m va gia thanh (gém vat liéu, nhan
cong, may moc) khoang 1.400 tridu dong, twong tmg 70 triéu dong/
ha. V6i sudt dau tu thip hon va cong tac van hanh, bao tri GTNM
twong tu nhu dap dang cho thay hiéu qua vé mat kinh té cua giai
phap nay.

Keét luan

Cong trinh thtr nghiém GTNM tai xa Muong Lan thu dugc luu
lugng 31 I/s, di dé tudi tiéu cho 20 ha lua véi chi phi xay dung thap
hon so v6i cac cong trinh lay nudc kién ¢d truyén thong trong khu
vuc. Bén canh do, céc giai phap cong trinh thu nudc cho thiy céc
wu diém nhu sau:

- Céc hang muc cong trinh hau nhu khong lam bién d6i hién
trang long sudi, dong chay nén c6 thé coi giai phap mang tinh than
thién voi moi truong.

- M6 hinh cong nghé ctia giai phap rat don gian, hau hét vét lidu
cho xay dung la vét liéu dia phuong, quy trinh van hanh don gian,
phi hop véi trinh d6 cua dong bao mién nii.

LOI CAM ON

Bai béo dua trén cac s6 lidu thiét ké thi cong mo hinh thu nghiém
cap nude san xudt ciia Dé tai “Nghién ciru dé xuat m0 hinh tich hop
cac giai phap thu gom, luu glu va khai thac cac ngudn nude phyc vu
cap nudc sinh hoat va san xuét cho cac ving khan hiém nuéc tinh
Pién Bién” mi s6 PTDLCN.37/19 do Bo Khoa hoc va Cong nghé
quan 1y, don vi chu tri thyc hién 12 Vién Thuy cong, Vién Khoa hoc
Thuy loi Viét Nam. Céc tac gia xin tran trong cdm on.
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Nghién ciru anh huéng ciia tinh chat nguyén liéu dén qué trinh
tao hat xuc tac cracking dang cong nghiép bang cong nghé say phun
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'Vién Dau khi Viét Nam
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Ngay nhén bai 2/2/2021; ngay chuyén phan bién 5/2/2021; ngay nhan phan bién 29/3/2021; ngay chip nhan ding 2/4/2021

Tom tit:

Bai bao trinh bay két qua khio sat anh hwéng ciia tinh chit nguyén li¢u trong qua trinh siy phun tao hat xiic tac
cracking dang cong nghiép ¢ quy mé phong thi nghiém. Két qua cho thiy, gia tri pH ciia nguyén liéu chii yéu anh
huéng dén pha hoat tinh 1a HY zeolite. o gia trji pH cao, méi truong kiém manh (pH 14), ciu triic zeolite HY bi pha
huy, din dén xuc tac thu dwoc c6 dién tich bé mat thép Do dé, pH cua hén hop nguyén lleu séy phun nén diéu chinh
ve gia tri thap, tot nhat 1a moi treong axit nhe (pH 3). Haim lugng rin trong nguyén lleu say phun dnh hwéng quyet
dinh dén kich thuéc hat xuc tac cracking dang cong nghiép. Khi tang ham lwong rin trong nguyén li€u thi klch
thude hat xtc tac cracking tang va dat gia tri trung binh 16n nhit & khodng 40 pm, twong irng véi ham lugng rin la
15% khoi lwgng (KL). O ham lwgng rin cao hon (20% KL), kich thwéc hat xiic tic va dién tich bé mit riéng c6 xu

huéng giam. Do d6, ham hrgng rin trong nguyén liéu phit hgp vao khoang 15% KL.

Tur khéa: cracking, FCC, sfly phun, zeolite.
Chi 56 phin logi: 2.4

Dat van de

Qua trinh cracking xiic tac tang s6i (FCC) 1a mot trong
nhitng qué trinh chuyén héa quan trong nhit dugc sir dung
trong cac nha may loc dau dé ché bién cac phan doan cin ning
cua dau tho thanh cac san pham co gia tri kinh té cao nhu xang,
dau cac loai, olefin nhe... Xtc tac cracking cong nghiép (xic
tac FCC) déng vai trd quyét dinh dén hiéu qua hoat dong cua
phan xuéng FCC. Hién nay trén thé gidi c6 khoang hon 300
phan xuong FCC dang hoat dong, hang nam tiéu thu khoang
900 ngan tan xuc tac FCC [1,2].

Xiic tac FCC hién dai bao gdm hai hop phan chinh 1a pha
hoat tinh va pha nén. Pha hoat tinh thuong la cac loai zeolite,
chi yéu 1a Y va ZSM-5, chiém tir 10-50% khdi lwong xiic tic
va quyét dinh chinh dén kha ning cracking clia xtc tic ciing
nhu hidu suét san phim xing va khi. Pha nén chiém phan con
lai, dong vai tro chit pha lodng va chit két dinh. Chit pha
loang, phai la chat tro nhu cao lanh, dong vai tro tai nhiét, han
ché su qué nhiét cua cac tinh thé zeolite trong qué trinh téi sinh,
tang do bén co hoc cua xuc tac, 1am giam lugng Na dau doc xtic
tac... Chat két dinh c6 thé 1a cac gel cua oxit silic, cac polyme
chira nhom, hop chét chira dét sét, ciing c6 thé 1a alumino -
silicat vo dinh hinh. Chat két dinh dong vai tro gan két cac hop
phén cla xuc tac dé tao hat vi cdu cho xtc tac FCC [1-3].

Hién nay, qua trinh san xqét xtc tac FCC chu yéu duoc
thuc hién theo phuong phap phoi tron (incorporation). Hon hop

“Tdc gia lién hé: Email: hoanvx@vpi.pvn.vn
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nguyén liéu gdm zeolite va cac hop phin chat nén dwoc phdi
tron theo cong thirc nhét dinh va st dung cong nghé séy phun
dé tao hat vi cau phu hop cho thiét bi ting s6i. Cac phan xudng
FCC c6 cu hinh khac nhau s& doi hoi kich thudc hat trung binh
cta xuc tac khac nhau nhim dam bao d luu chuyén t6t trong
hé thdng. Trong nhiéu truong hop, dya trén kinh nghiém cua
minh céc nha may loc diu s& yéu ciu cung cip loai xuc tac co
kich thudc hat phu hop. Thong thudng, kich thude hat xuc tac
FCC yéu cau nam trong khoang 20-100 um, tot nhat & khoang
40-60 um [2-4].

Tai Viét Nam, cong nghiép loc hoa dau dugc déy manh
phat trién trong nhitng nim gan day véi 2 phan xuong RFCC
(Residue FCC) dugc dua vao hoat dong tai 2 Nha may loc
dau Dung Quét va Nghi Son. Tuy nhién, toan bd xuc tac sir
dung cho hai phan xudng ndy déu phai nhap khiu hoan toan
do trong nudc chua san xuat dugc. Vi dinh huéng timg budce
ndm bét va lam chu cong nghé ché tao xtic tac FCC, muc tiéu
clia nghién ciru nay 1a khao sat anh huong ciia tinh chat nguyén
liéu dén qua trinh tao hat xiic tic dé timg budc xay dung dwoc
quy trinh ché tao xuc tc cracking cong nghiép tng dung cho
cac nha may loc dau ¢ Viét Nam.

Noi dung nghién ciiu
Nguyén liéu, héa chit

Nguyén liéu, hoa chit dugc sir dung trong nghién ctru gdm:
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Abstract:

This paper studied the effects of feed properties in spray
drying formulation of prototype industrial cracking
catalysts at the laboratory scale. The results showed
that the pH of the drying feed mainly affected the active
phase HY zeolite. At a high pH value, a strongly alkaline
medium (pH 14), the HY zeolite structure was completely
destroyed, resulting in the cracking catalyst with a low
surface area. Hence, the pH of the drying feed should
be adjusted to a low value, preferably a slightly acidic
medium (pH 3). The solid content mainly affected the
particle size of the cracking catalyst. As increasing the
solid content in the drying feed, the particle size of the
cracking catalysts increased and reached the maximum
average value at about 40 pm which corresponded to
the solid content of 15 wt.%. At a higher solid content
(20 wt.%), the catalyst particle size and surface area
tended to decrease. Thus, the solid content of 15 wt.%
was considered to be optimal.

Keywords: cracking, FCC, spray drying, zeolite.
Classification number: 2.4

zeolite HY (Si0,/Al,O, = 3-6), thuy tinh long (Na,0: 29,4%
KL, SiO,: 9,6% KL, H,0: 61% KL), nhom hydroxid (98%),
axit clohydric (36-38%) va cao lanh.

Chudn bi nguyén li¢u sdy phun

Thuy tinh 16ng (chat két dinh) dugc pha loing bang nudc
cat, sau d6 didu chinh pH bang dung dich HCI 8M, dong thoi
khudy manh. Sau khi dat dén gia tri pH mong mudn, cao lanh
(kaolin) va zeolite (HY) 1an luot duoc thém vao hdn hop, tiép
tuc khudy manh dé thu duoc hdn hop nguyén li¢u huyén phu
ddng nhit.

Thuec nghiém sdy phun
Thi nghiém sy phun dugc thuc hién trén may B-290 Mini
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Spray Dryer cta Buchi (Thuy Sy). Diéu kién siy phun: nhiét
do dong khi siy 220°C, toc d dong khi siy 35,5 I/h, cong suat
nap nguyén lidu 1,26 I/h (twong tng v&i 70% cong sudt bom
nap liéu).

Phuwong phap dic trung xiic tac

Hép phu vat 1y nito dugc thuc hién trén may Tristar II
(Micromeritics) tai nhiét do -196°C. Tru6c khi phan tich, mau
duogc nung ¢ 540°C trong 3 h. Sau d6 dugc thdi nito lién tuc va
gift 6 400°C trong 260 phut dé loai 4m trong mao quan xuc tac
bang bd chuén bj mau SmartPrep (Micromeritics). Kinh hién vi
dién tr quét (SEM) dugc thuc hién trén may EVO MA10 (Carl
Zeiss). Mau phan tich dugc gin vao bé & miu SEM bing keo
cacbon 2 mat va duoc lam sach trudce khi dua vao buéng chira
mau. Phan bé kich thude hat duge thue hién trén bo sang ray.
Mau sau khi di cin bang & do 4m tuong d6i 50%, di biét trudc
khi lugng duoc cho vao cac sang rdy co kich thudce 16 sang
thay doi. Tién hanh cho sang ray dao dong trong thoi gian nhat
dinh, nhtng hat 6 kich thugc nho hon 16 sang sé lot sang. Cudi
cung thu dugc cac phan trim ctia mau ¢ cac khoang kich thude
khéc nhau trén sang.

Két qua va thio luan

Qua trinh sdy phun 1 qué trinh chuyén déi dong nhap liéu
dang 1ong thanh san pham dang hat. Cic yéu td chinh anh
huong dén qué trinh tao hat xtc tac gom diéu kién sdy phun va
tinh chét ciia hon hop nguyén ligu [3, 4]. Tuy nhién, kha ning
diéu chinh diéu kién sy phun véi thiét bi san c6 kha han ché
nén trong nghién ciru nay, hai théng sb chinh cua nguyén liéu
sdy phun 1a pH va ham luong ran trong nguyén lidu siy phun
duoc khao sat. Muc tiéu la tim ra dugc gia tri pH va ham lugng
rén t6i wu dé thu dwoc xic tac cracking dang cong nghiép co
kich thude hat tot va dién tich bé mit 16n.

Anh hwong ciia pH

Gia tri pH cuia nguyén liu sdy phun 1a mot thong s6 quan
trong, anh hudng quyét dinh dén qua trinh tao hat xiic tic bang
cong nghé sdy phun do toc do polymer héa cua silica va do
nhét ciia nguyén lidu thay di theo gia tri pH. Do d6, dé khao
sat anh huong ciia pH, mau nguyén liu siy phun gom 35% KL
HY: 20% KL SiO,: 45% KL cao lanh véi ty 1¢ ran R=7,5% KL
duoc su dung. G1a tri pH cua nguyén liéu dugc diéu chinh giam
dan bang dung dich HCI 8M. Két qua phan tich kich thugc hat
va hép phu vat Iy nito dwoc trinh bay & cac bang 1, 2 va hinh 1.

Tir bang 1 c6 thé thiy, kich thudc hat trung binh & pH 3, 10
va 14 1an luot 1a 24,26; 23,70 va 22,57 um. O pH 3 hat xtc tac
thu dugc ¢6 kich thudc trung binh 16n hon so véi ¢ 2 gia tri pH
con lai, tuy nhién chénh léch nay 1a khong qua 16n. Mot diém
quan trong can luu ¥ 1a qua trinh hidu chinh pH ctia nguyén li¢u
tir 14 vé 3 s& di ngang qua diém pH 7, dung dich silica d& dang
bi gel hoa. Do d6 can phai didu chinh pH nhanh két hop véi
khudy manh d& tranh hon hop nguyén lidu bi gel hoa, d6 nhét
tang manh, gay kho khan trong qué trinh bom nguyén liéu.
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Béng 1. Phéan bé kich thwéc hat ciia cic méu xic tic thu dwgc khi thay
doi pH ciia nguyén li¢u.

Kich thuéc hat, pm <20 20-40 40-80 >80 D,

pH3 54,17 38,34 5,45 2,04 24,26
pH 10 57,38 35,36 5,33 1,94 23,70
pH 14 65,98 27,03 4,10 2,89 22,57

Két qua phan tich duong dang nhiét hap phu/giai hip N,
cta cac mau dugc tong hop ¢ pH khac nhau duoc trinh bay
& hinh 1. C6 thé thy ¢ pH 3 va pH 10, mau xuc tac thu dugc
¢6 dang két hop loai I+1V, chimg t6 sy c6 mét cua hé thong da
mao quan gbm vi mao quan va mao quan trung binh. O 4p suit
twong dbi p/p° cao, co su khac biét 16 rang gitra 2 mau pH 3 va
pH 10. O pH 10, san pham thu dugc c6 dung lugng hap phu
tang manh va vong tré 16n, chimg to di hinh thanh mao quan
trung binh 16n hon so véi mau pH 3. Riéng ¢ pH 14, mau xuc
tac thu duogc giéng vat liéu dic, khong ¢6 10 Xép, ¢6 thé do ciu
trac zeolite bi phd huy trong méi trudng kiém manh [5].
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Hinh 1. Puong dang nhiét hdp phu/giai hip phu N, cua cac miu xic tic
thu dugce khi thay dbi pH ciia nguyén li¢u.

Két qua do dién tich bé mit cac mau cho thay, khi pH tang
thi dién tich bé mat tong giam. O pH 3, san pham say phun co
dién tich bé mit vi mao quan 16n nhit, chung to hé vi mao quan
cta zeolite Y dugc bao vé tot nhat & gia tri pH nay. O pH 10,
dién tich bé mat mao quan trung binh 16n nhat, nhung dién tich
vimao quan giam, dan dén dién tich téng giam (bang 2). O pH
14 thi két qua dién tich bé mit rat thap (2 m¥/g). Két qua nay la
phu hop do cu triic zeolite Y kém bén trong méi truong kiém
manh. Céc ion nhom va silic trong khung mang bi tin cng boi
ion OH- va tach ra khoi khung mang, dac biét & moi truong
kiém manh, nhiét do sﬁy phun cao (220°C), dan dén lam sap
céu truc zeolite [5].

Bang 2. Dién tich bé mit ciia cdc miu xic tac thu dwge khi thay dbi pH
cia nguyén li¢u.

Dién tich bé mit (m¥/g) pH3 pH 10 pH 14
Dién tich bé mat vi mao quan 216 165 -
Dién tich bé mat mao quan trung binh 115 140 -
Dién tich bé mit tong 331 305 2
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Nhu véy, ¢6 thé thay pH anh huong manh dén hiéu qua cua
qua trinh say phun, dac biét ¢ gia tri pH cao (pH 14), cau trac
zeolite Y bi pha huy, san phém thu dugc khong c6 16 xop. O gia
tri pH thap (pH 3), cdu tric zeolite dugc bao toan, kich thudc
hat thu dwoc 1a tot nhat. Do do, gia tri pH 3 s€ dugc sur dung cho
cac nghién ctru tiép theo.

Anh hwéng ciia ham lwong rin

Ham luong rin trong hdn hop nguyén liéu ciing anh huong
manh dén qua trinh sdy phun tao hat xic tac cracking dang
cong nghiép. Pé khao sat anh huong cua ham luong ran, trong
nghién ctu ndy miu nguyén lidu v6i thanh phan 35% KL
zeolite HY: 20% KL silica: 45% KL cao lanh dugc giit nguyén,
thay d6i ham luong nude dé thu dwoc ham luong rin (R) dao
dong trong khoang 7,5 dén 20% KL. Gia tri pH ciia nguyén liéu
dugc diéu chinh vé 3 bang HCI 8M. Két qua do phan bé kich
thudce hat, hép phu vat Iy nito va phan tich hinh anh SEM dugc
trinh bay ¢ bang 3, 4 va cac hinh 2, 3.

Biing 3. Phin b kich thudc hat ciia cac miu xic téc thu dwge khi thay doi
ham lugng ran trong nguyén liéu (R).

Kich thuéc hat, pm <20 20-40 40-80 >80 Dtb

R=7,5% KL 54,17 38,34 545 2,04 24,26
R=10% KL 55,63 3821 4,60 1,56 23,59
R=15% KL 20,91 26,07 37,93 1509 43,89
R=20% KL 23,39 33,07 33,87 9,67 39,79

Két qua sang ray cho thy kich thudc hat ting rd rét tir 24
1én trén 40 pm khi ham luong ran tang 1én 15% KL. Khi ham
luong rén ting 1én thi xac suat trong tac giita cac phan tir ting
1én, dan dén sé tao thanh nhitng phén tir I6n hon. Khi tiép tuc
tang ham luong rén 1én 20% KL thi kich thudc hat c6 xu huéng
bat dau giam di. Nguyén nhan do ham luong rin qué cao dan
dén d6 nhét tang 1én 1am giam kha nang chuyén dong cia cac
phén tr, giam kha niang twong tac ciing nhu gip nhau cta cac
hop phéan [4].

3
Va 4. (cm™/g)
8
1

T T T T T T T T T T T

0 0,2 0,4 0,6 0,8 1,0
pp°

Hinh 2. Duong dang nhiét hip phu/glal hip phu N, cua cic miu xic tic
thu duogc khi thay d6i ham lwong ran trong nguyén lleu
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Tir hinh 2 ¢6 thé thdy, duong déng nhiét hap phy/giai hap
phu N, cua cac mau xtc tac thu duoc khi thay d6i ty 18 rén déu
co dang I+1V, chimg t0 sy hinh thanh h¢ thong da mao quan
trong mau xuc tac. Khi ting ham luong ran thi dung lwong hap
phu giam, dac biét manh khi ham lugng rdn >15% KL.

Bing 4. Dién tich bé miit ciia cac miu xuc tic thu dwoc khi thay déi ham
luwgng ran trong nguyén li¢u (R).

Di¢n tich bé mit (m%/g) R=7,5% KL R=10% KL R=15% KL R=20% KL
Dién tich vi mao quan 216 236 225 211

Dién tich mao quan trung binh 115 87 40 32

Dién tich bé mat tong 331 323 265 243

Két qua phan tich dién tich bé mat cua cac xic tac duge
trinh bay trong bang 4. C6 thé thiy khi tang ham lwong rén thi
dién tich bé mit tong va dién tich mao quan trung binh cua pha
nén giam. Dién tich vi mao quan gan nhu khong doi, chimg to
thay doi ham lugng ran hau nhu khéng anh huong dén céu tric
zeolite Y. Nhu vay ham luong ran thap thi ¢6 lgi cho sy hinh
thanh cau triic xop, da mao quan ctia xuc tac.

Két qua phan tich hinh anh SEM trén mau dai dién v6i ham
lugng ran 15% KL cho thay san phém xuc tac cracking thu
duoc ¢ hinh cau, kich thudc tuong d6i dong déu, tap trung &
khoang 40 pm, phu hop véi két qua phan tich bang sang ray
(hinh 3).

X1, 588

Hinh 3. Anh SEM ciia sin phim xtc tic cracking thu dwoc tir miu nguyén
liéu véi ham lwong ran 15% KL.

Nhu vy, ¢6 thé thdy ham lugng rin anh huong 16n dén chat
lugng san pham xuc tac thu dugc. Khi ham lugng rén ting thi
kich thudc hat ting, nhung dién tich bé mit tong giam. Do do,
ham luong rin t6i wu dugce lya chon 1a khoang 15% KL. O ty 18
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nay, anh SEM cho két qua hat tron, dong déu. Két qua phan tich
kich thude hat cho tha"iy tao thanh hat 16n v6i kich thude trung
binh D ~40 um, két qua phan tich hdp phu vét Iy nito cho thay
dién t1ch bé mit giam, nhung khong qué nhiéu.

Trong nguyén ciru ndy, hai thong s6 quan trong cua nguyén
liéu say phun da dugc khao sat gom pH va ham luong ran. Két
qua cho thay pha hoat tinh HY zeolite dé bi pha hiy béi moi
truong kiém. Do do, pH cia nguyén liéu nén duy tri ¢ khoang
3, tuong ung moi truong axit yéu. Tuy nhién, gia tri pH gan
nhu khong anh hudng dén kich thudc hat xuc tac cracking thu
dugce. Khic voi pH, ting ham lugng ran trong nguyén lidu say
phun cho phép diéu chinh kich thu6c hat trung binh 1én khoing
40 pm, twong Ung voi ham lugng ran trong nguyén liéu sdy
phun khoang 15% KL. Két qua ndy mé ra kha nang ché tao hat
xiic tac cracking dang cong nghiép st dung thiét bi sdy phun
quy md phong thi nghiém.
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Tong hop vat liéu Fe,O, kich thwdc nanomet
urng dung lam di€én cwc am pin sac lai
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Tom tit:

Dién cue sit dong vai tro quan trong trong pin sit - khi. Viéc 1am chii ¢ong nghé ché tao vat liéu dién cuc nay la
buéc quan trong dé cai thién dung lwgng, hiéu sudt phéng - nap, va giam gia thanh caa pin thwong phdm. Phuong
phap sol-gel dugc biét dén 1a mot phwong phap don giin, dé thue hién dé ché tao vat liéu kich thwéc nanomet. Trong
nghién ciru nay, hat nano o-Fe,0, véi cac hinh dang khac nhau da dwgc tong hop bang phwong phap sol-gel dé 1am
di¢n cwe Am cho pin sit - Khi. Phep do dic trung di¢n héa thuc hi¢n trén di¢n cuc Fe,O,/AB sir dung cac vat li¢u
nano Fe,O tong h0’p dwgec da chi ra kich thu'(rc, hinh thai hgc cta hat sat anh huéng manh dén kha nang chu trinh
héa ciia chung Ti wu héa quy trinh ché tao dé thu dworc kich thwéc, hinh dang hat Fe O, cho dic trung di¢n hoa tot
nhit da dwogc thwe hién. Anh hudng cia chit phu gia K.S trong dung dich di¢n ly len dac trung dién héa cia dién

cuc Fe, O,/AB ciing dugc nghién ciru.

Tir khéa: a-Fe,0O, kich thu¢e nanomet, phwong phap sol-gel, pin sét - khi.

Chi s6 phén loai: 2.5

- £ X
Datvan de

Trong thoi gian g?m day, xe di¢én dang dugc phat trién nhanh
& nhidu quéc gia trén thé gioi, trong d6 o Viét Nam. St dung xe
dién thay thé céc Jphuong tién dung nhién liéu hoa thach s 1a xu
thé tit yéu trén thé gisi, gop phan lam giam tinh trang 6 nhiém moi
truong dang dién ra ¢ nhiéu qudc gia. Hién nay, hau hét céc xe
dién déu sir dung pin Li-ion, loai pin nay c¢6 chi phi cao, khng an
toan va kha nang tich trlr nang lugng ctia n6 da dat mire té1 han [1].
Vi vy, viéc phat trién mot thé hé pin méi thay thé pin Li-ion mg
dung cho xe dién nhu pin kim loai - khi, pin ran, pin kim loai - ion
da hoa tri... dang la nhiém vu rat cap béch. Trong s6 cac loai pin
méi nay, pin kim loai - khi thu hit duwgc sy quan tam nghién ctiu
ctia dong dao cac nha khoa hoc vi chiing c6 ning lugng ly thuyét
cao hon, chi phi thép hon pin Li-ion [2, 3]. C6 nhiéu loai pin kim
loai - khi nhu pin nhom - khi, st - khi, k&m - khi, Liti - khi [4-8]...
nhung pin sit - khi dugc ky vong hon ca vi dung luong ly thuyét
cao, tudi tho dai, do on dinh dién hoa cao, an toan moi truong
va chi phi phtt hop do sat 1a ngudn vat liéu ré, c6 nhiéu trén trai dat
[9]. Tuy nhién, ing dung thuc té cia pin sat - khi bi giéi han boi
tinh khong 6n dinh nhiét dong luc hoc cla sit trong moi truong
kiém [4]. Phan éng sinh khi hydro xay ra dong thoi véi phan
mg khtr Fe(OH), trong qua trinh nap, dan dén gdy mt nudc cla
dung dich di¢n ly cling nhu lam gidm hi¢u suat nap cua pin [10].

Céc két qua nghién ctru trude ddy cua nhom nghién ctu cho
théy kich thudc, hinh thai hoc, ham lugng ctia hat sit anh hudng
manh dén dic trung dién hoa cia dién cuc sit [11-13]. Cu thé,
voi cung ty 1€ cac thanh phﬁn trong dién cuc, hat sit ¢6 hinh dang
khac nhau, cho cac dac trung dién hoa khac nhau. Ty 1¢ thanh

“Tac gia lién hé: Email: hang@itims.edu.vn
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phan céc chit cdu thanh dién cyc ciing anh huong manh dén
dac trung dién hoa cta né nhu hat sit kich thudc nanomet can
luong chat két dinh nhiéu hon hat sit kich thuéc micromet. Céc
chat phu gia cho dién cyc nhu nano cac bon va chat phu gia cho
dung dich di¢n ly nhu K S deu ¢ tac dong tich cyc dén kha ning
chu trinh hoa cua dién cuce sdt, gifip cai thién dung luong, ning
luong, hiéu suat cua pin sat - khi [14-16]. Do vay, viéc chii dong
tao ra vat liéu 6-xit sit c6 kich thudc, hinh thai hoc phu hop cho
ung dung lam dién cuc am trong pin sit khi 1a rét quan trong.

Phuong phap sol-gel dwgc biét dén 1a mot phuong phap don
gian, dé thuc hién dé ché tao vat lidu c6 kich thudc nanomet cho
cac img dung khac nhau. K& thira, phét trién cac két qua da dat
dugc cla cac nghién ciru trude [11-15], dong thoi voi mong
mudn gop phan lam giam gia thanh pin thwong pham trén thi
truong, trong cong trinh nay, chung t61 st dung phuong phap sol-
gel dé ché tao vat lidu Fe,0, voi kich thude, hinh dang c6 thé diéu
khién cho phu hop voi ting dung trong pin sit - khi nham cai thién
kha nang chu trinh héa ciia dién cuc sat.

Vét liéu va phuong phap nghién ciu

Mu01 Fe(NO,),.9H,0 (Sigma Aldrich) dugc st dung lam
nguon st va axit oxahc (C,H,0,2H,0) (Sigma Aldrich) dugc
str dung lam phén tur phdi tr (hgand molecules) trong quy trinh
tong hgp bt nano a-Fe,0, bang phuong phap sol-gel. Trudc
tién, muoi Fe(NO ),-9H, O Va C,H,0,.2H,0 dugc hoa tan trong
100 ml dung méi ethanol aé tao cac dung dich 0,1 M tuong
tmg. Tiép theo, nho dung dich axit vio dung dich mubi sat
dang dugc khudy déu. Hon hop dung dich sau d6 dugc duy tri
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Abstract:

Iron electrode plays an important role in iron-air
batteries. Mastering the fabrication technology of this
electrode material is a key step in improving capacity,
cycling efficiency, and lowering the cost of commercial
batteries. The sol-gel method is known to be simple and
easy to implement for producing nanomaterials. In this
study, o-Fe O, nanoparticles with various shapes were
synthesised by the sol-gel method for iron-air battery
anodes. Electrochemical characteristic measurements
performed on Fe O,/AB electrodes using synthesised Fe,O,
nanomaterials showed that the size and morphology of iron
particles strongly affect their cycleability. Optimisation of
the fabrication process to obtain the suitable Fe,O, particle
size and shape for the best electrochemical properties was
performed. Additionally, the effect of the K,S additive in
electrolyte solution on the electrochemical properties of the
Fe,0,/AB electrode was also studied.

Keywords: o-Fe,O, nanomaterials, iron-air battery, sol-gel
method.

Classification number: 2.5

& nhiét do 60°C cho dén khi gel dugc hinh thanh. Trong quéa
trinh nay, 6 pH cua dung dich dugc didu chinh ¢ cac gi4 tri
khac nhau dé thu dugc cdc mau khac nhau. Céc gel nay dwoc
loc rtra sach, séy kho ¢ 60°C va i & nhiét do 400°C hoac 600°C
trong 2 gio dé thu dwoc bot st oxit. Danh sach cac miu ché tao
bang phuong phap sol-gel nay 6 céc diéu kién khac nhau dugc thé
hién trong bang 1.

Bang 1. Danh sach cic miu Fe,0, ché tao bing phwong phap sol-gel trong cac
diéu kién khac nhau,

TT Ky hi¢u miu Diéu kién ché tao

1 pH3 Fe(NO,)+C,H,0,, pH=3, t, =400°C
2 pH7 Fe(NO,)+C,H,0,, pH=7, 1 =400°C
3 pHI1 Fe(NO,),+C,H,0,, pH=11, 1 =400°C
4 pH11-600C Fe(NO,)+C,H,0,, pH=11,t, =600°C

Céu trac hat o- -Fe,0, ché tao dugc dugc xac dinh bang phép
do nhiéu xa tia X (XRD) va kich thuge, hinh théi hoc cua chung
duoc quan sat bang kinh hién vi dién tir quét (SEM). Dé khao
sat ddc trung dién hod cta vat ligu oxit sit vira téng hop dugc, 14
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dién cuc duge ché tao bang cach nghién tron 45% bot a-Fe .0,
45% chat phu gia cacbon acetylene black (AB) va 10% chat két
dinh polytetraflouroethylene (PTFE; Daikin Co.), sau d6 can
mong ra voi do day khoang 1 mm. Chat phu gia AB duoc ding
dé 1am tang do dan dién cua dién cyc composit Fe,0,/AB. Cac
dién cuc Fe,O,/AB dugc cét tir 14 dién cyc thanh dang dia tron
mong co duc‘mg kinh 1 cm. Dia dién cuc sau do duoc ép 1én vat
liéu dan dong 1a ludi titanium véi luc ép khoang 150 kg/em? dé
gén chat dién cuc vao ludi titanium. Nghién ciru anh huong cua
chit phu gia trong dung dich dién ly K,S dugc thuc hi¢n véi
nongdoKSOOl M.

Cac phép do quét thé vong tuan hoan (CV) dugc thuc hién
trén cell 3 dién cuc voi Fe,0,/AB la dién cyc lam vigc (WE),
Pt 1a dién cuc ddi (CE) va Hg/HgO la dién cuc so sanh (RE).
Dung dich dién ly 1a KOH 8 M hodc KOH 7,99 M + K,S 0,01
M. Céc phép do CV duoc thyc hién véi toe do quét 5 mV/s va
thé quét trong khoang tir -1,3 dén -0,1 V.

Két qua va thao luan
Céu triic tinh thé vit ligu

Dé xéc dinh cdu tric vat ligu oxit sat tong hop dugc béng
phuong phap sol-gel, phép do nhiéu xa tia X dugc thyc hién, két
qua dugc biéu dién trén hinh 1. Tir gian d6 nhiéu xa tia X ta thiy ¢
cac mau cac dinh nhiéu xa xuat hién & cac g6c 2 0=24,13°,33,11°,
35,61°,40,83°,49,41°, 53,99°, 57,49°, 62,38° va 63,96° thé hién cho
cac mdt (012), (104), (110), (113), (024), (116), (018), (214) va
(300) tuong tmg. Céc dinh nhiéu xa nay trung véi cac dinh nhiéu
xa cla pho chuén a-F e,0, theo JCPDS s6 033-0664. Bén canh do,
dinh nhiéu xa & 30, 24° va 35,63° trung voi cac dinh nhiéu xa cua
phd chuén y-Fe ,0, theo JCPDS 50 039-1346. Hai dinh chinh Xuit
hién ¢ 2 6=33, 11° va 35,61°, trong do, dinh chinh tht hai ¢ 35,61°
cd thé do pha a-Fe,0, hodc y-Fe,O, va khong c6 dinh la nao the
hién tap chat xudt hlen trong phd nhleu xa. Céc dinh nhiéu xa xuat
hién trén gian b déu chimg t6 o-F ¢,0, 1a pha chinh trong vat li¢u
tong hgp dugce. Nhu vy, vat liéu a Fe 0, da duoc ché tao thanh
cong bing phuong phép sol-gel va ¢6 do sach twong di cao.

pH3

M
M“W"“/\"w p
M

pHI1 - 600C

Cuong d (d.v.t.y)

(104) a-Fe 0, (JCPDS No. 033-0664)

(110)
| (113)
1

(mlz) (O|u)(l|16) (ml) I(soo)

61 y-Fe,0, (JCPDS No. 039-1346)

(220

(400) 1 (‘”l‘”
1 L

20 30 40 50 60 70 80
26 (d9)

Hinh 1. Phé nhiéu xa tia X ciia miu Fe,0, ché tao ¢ cac diéu kién khac nhau.



Hinh thdi hoc vat liéu

Vit li¢u Fe,O, tong hop duge bing phuong phap sol-gel ¢ cac
diéu kién khac nhau duoc tién hanh chup SEM va két qua thé hién
trén hinh 2. Khi pH=3 (hinh 2A), nhiét d¢ u 400°C, hat Fe,0O, thu
duoc ratnho (c& vai chuc nanomet) va twong dbi dong deu Khl
tang pH 1én 7 (hinh 2B), gilr nguyén nhiét d¢ u 400°C, hién tuong
hat két d¢4m bat dau xuat hién lam kich thudc hat Fe O, tang 1én
va khong ddng déu. Tlep tuc tang pH 1én 11 (hinh 2C) va nhiét
do u mau khong thay d6i, hat bi két dam nhiéu hon, kich thugc
khong ddng déu, c6 nhiing hat nho vai chuc nanmet va nhing hat
to vai trim nanomet. Giit nguyén pH=11 va tang nhiét do i mau
tir 400 1én 600°C (hinh 2D) hat Fe,0 chuyén thanh nhimg manh
det to hon, bé mat tron nhén, kich thuoc tir vai chuc dén vai trim
nanomet.

Hat Fe O, c6 kich thude, hinh dang khac nhau s& thé hién dic
trung dién hoa khac nhau. Noi cach khac, kich thude, hinh thai hoe
khac nhau ctia cac mau Fe 0, ché tao ¢ céc diéu kién khac nhau sé
anh huong khac nhau dén dac trung dién hoa cua ching. Nhu vdy,
bang viéc thay d6i céc diéu kién ché tao miu bang phuong phap
sol-gel ta c6 thé thay doi duoc hinh dang, kich thudc cua hat Fe,0,
dé dat duoc dic trung dién hoa mong mubn.

(A)pH3

Hinh 2. Anh SEM ciia miu Fe,0, ché tao & cdc didu kién khac nhau: (A) pH3, (B)
pH7, (C) pH11 va (D) pH11-600C.

Didc trung dién hoa

Két qua do CV cua dién cyc Fe,0,/AB sir dung cac mau Fe,0,
ché tao bang phuong phap sol-gel & cac diéu kién khac nhau trong
dung dich KOH 8 M dugc thé hién trén hinh 3. Khi quét thé theo
chiéu tang tor -1,3 dén -0,1 V va ngugce lai, duong CV cua tat ca
cac mau pH3 (hinh 3A), pH7 (hinh 3B), pH11 (hinh 3C) va pH11-
600C (hinh 3D) déu xuét hién céc dinh oxy héa - khir theo chiéu
phéng - nap. Cac dinh oxy hoa xuat hién & thé khoang -1 0V (ay),

-0,8 V(a,) va-0.6 V (a,), trong khi chi c6 m¢t dinh khir xuét hién &
thé khoang -1,1 V (c,) cung v6i dinh sinh khi hydro theo chiéu quét
nguoc lai. Dinh khir sit Fe(H)/Fe(c ) bi che phu hoan toan bai dinh
sinh khi hydr6 (H,) ¢ cac mau, ngoai trir mau pH11-600C (hinh
3D). binh a xut hién do sy hap phu nhom OH™ cia dién cyc sit
tao thanh Fe(OH) trude khi xay ra phan tmg oxy hoa sat ¢ dinh
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a,. Cap dinh a /c, twong (g v6i qué trinh oxy hoa - khir cua Fe(I)/
Fe(H) trong khl cdp dinh a /c, twong tmg véi qua trinh oxy hoa -
khir cua Fe(Il)/Fe(11I). Dmh oxy hoa a, cao hon nhiéu so v6i dinh
a,, chimg t0 dinh a, bao gdm ca hai qua trinh oxy hoa Fe/Fe(Il) va
Fe(H)/Fe(IH) bo la do 16p thy dong Fe(OH), hinh thanh tai dinh
a, gly ra sy tang qua thé ciia cip phan (ng Fe/Fe(II) dan dén ca
ha1 cap phan mg oxy hoa xay ra tai dinh a,. Dong dién tai cac dinh
giam dan theo s0 chu ky quét & cac mau pH3 (hinh 3A), pH7 (hinh
3B), pHI1 (hinh 3C). Péng chu y, & mau pH11-600C (hinh 3D),
cac dinh oxy hoa - khir xuat hién r& rang hon, dinh khu ¢, tach biét
voi dinh sinh khi hydr6 va cuong do dong oxy hoa - khir tang theo
s chu ky quét. Piéu nay chimg to mau pH11-600C cho kha ning
chu trinh hoéa tt hon nhitng mau con lai.

(A) pH3 4
a R
a
—_1 —9
H, —3 —2
AN —6 ——1I5
(B) pH7

a

a a
IIZ’C. c,

(C) pH11 2,
a a
Hjc. c,
(D) pH11-600C a

a
a
H,Q
c¢C

-10 c ¢

Cuong d6 dong dién (A/g)

h o w3 h b owmwabh b o v & bW o N &

1,5 1,2 -0,9 -0,6 -0,3 0,0
Dién thé (V) theo Hg/HgO

Hinh 3. Pic trung CV ciia dién cue Fe,0,/AB (Fe,0,:AB:PTFE=45:45:10%) sir
dung Fe 0O, ché tao ¢ cac ditu kién khac nhau trong dung dich KOH 8 M.

So sanh duong dac trung CV cua cac mau Fe,0, ché tao duoc
v6i nhau ta thdy, mdu pH11-600C (hinh 3D) cho cdp dinh oxy
héa - khir a,/c, cao hon, rong hon cac mau con lai. Nhu vay, cung
mot ty 1¢ thanh phan Fe,0,:AB:PTFE=45:45:10%, cic mau thé
hién dac trung dién hoa khac nhau, chimg t6 kich thudc, hinh thai
hoc cua hat Fe O, ché tao dugc da anh hudng manh dén khé nang
chu trinh hoa cua sit. Quan sat anh SEM cua cdc mau trong ting
trén hinh 2 cho thay, mau pH11-600C (hinh 2D) c6 dang manh det,
trong khi cac mau khac c6 dang hinh cau (hinh 2A) va dang hat
ti do (hinh 2B, 2C). Cac mau déu c6 kich ¢ hat nanomet nhung
pH11-600C c6 kich thu6c hat 16n hon cdc mau con lai. Didu nay
chimg t6, hinh dang va kich thudc hat Fe,O, anh huong manh dén
khd nang chu trinh héa cta né. Trong dleu kién thi nghiém nay,
dang manh det cua Fe O, (mau pH11-600C) khi ché tao dién cuc
Fe,0,:AB:PTFE=45: 45 10% cho duong CV tot nhét chimg t0 hinh
dang, kich thugc nay cua Fe O, 1a phu hop nhét. D6 c6 thé do cac
manh det nano Fe O, co bé mat tron nhan, mong khi nghién tron
v6i AB sé tao thanh dién cuc c6 lién két giita céc hat Fe,0O, voi
AB va giira cdc hat Fe,0, v6i nhau chat ch€ hon, gitp cho quang
duong dich chuyen cua cac dién tir giita cac hat sit thuan tién hon
so vdi cac mau khéc.

a1
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Hinh 4. Pic trung CV cia dién cuc Fe,0,/AB (Fe,0,:AB:PTFE=45:45:10%) s
dung Fe, O, ché tao 6 cac didu kién khac nhau trong dung dich KOH+K,S.
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Hinh 5. Su thay déi dung lwgng phéng theo sé chu ky phéng - nap ciia dién cue
Fe,0,/AB trong dung dich (A) KOH va (B) KOH+K,S.

Dé khao sat anh huong ciia chat phu gia KS doi voi dién
cuc composit Fe,0,/AB, phép do CV cua cac mau duoc thuc
hi¢n trong dung d1ch dign ly KOH+KS, két qua dugc thé hién
trén hinh 4. Khi ¢6 K_S trong dung dlCh dién ly, cac dinh oxy
hoa cao hon, nhon horn va dinh khtr ¢, da bt du dugc tach kh01
dinh sinh khi H, & mau c6 d6 pH thap (hinh 4A, 4B) so v6i mau
Fe,0,/AB tuong ung trong dung dich KOH (hinh 3). Cac dinh
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oxy héa cao hon chimg t6 tc d phan g oxy hoa cla sat ting
1én, tuy nhién, cuong do dong dién van suy giam dan theo chu
ky quét. i voi mau pH11 va pH11-600C, cac dinh oxy hoa
dich dan vé phia thé dwong hon, trong khi dinh khir dich din vé
phia thé 4m hon, giy nén sy ting qua thé. Diéu nay anh hudng
khong tot dén qua trinh phong - nap cta dién cuc. Tuy véy, su
c6 mit cua K.S trong dung dich dién ly da c6 anh hudng tich
cyc dén kha nang chu trinh héa cua dién cyc Fe,0,/AB. D6 ¢6
thé do ion S* két hop vao mang oxit st va tuO’ng tac vai Fe(l),
Fe(IT) hoac Fe(Ill) trong 16p mang oxit dé kich thich su phan
huy cua sit [17, 18] va lam tdng do dan dién cua dién cuc [19-
21, do d6 cai thién kha ning chu trinh hoa cua sat.

pé thay rd anh hudng cia chat phu gia K.S trong dung dich
dién ly ddi véi dién cuc Fe,0,/AB, dung luorng phong cua dién
cuc duogc tinh toan tir két qua do CV cua dién cuc Fe,0,/AB
trong KOH (hinh 3) va trong KOH+K,S (hinh 4), két qua duoc
biéu dién trén hinh 5.

Trong dung dich dién ly co ban KOH 8 M (hinh 5A), mau
Fe 0, ché tao trong diéu kién pH11-600C cho dung lugng
phong cao nhat va twong dbi on dinh sau vai chu ky dau Khi
dung dich dién ly chira chét phy gia K.S (hinh 5B), tit ca céc
mau déu cho dung luong phong cao horn so v6i trong dung dich
dién ly co ban KOH 8 M. Két qua nay chimg to anh huong tich
cuc cua K. S trong dung dich dién ly d6i voi kha nang chu trinh
hoa, dung luong cua dién cyc Fe,0,/AB. So sanh dung luong
cua cdc mau pH=3, 7, 11 va pH11- 6OOC trong KOH+K_S (hinh
5B) ta thdy mau PHI1-600C van cho gia tri dung hrorng cao
nhat. Nhu vy, d01 v6i cac mau Fe 0, tong hop bang phuong
phép sol-gel, mau Fe,0, ché tao trong dleu kién pH11-600C co
wu thé vuot troi hon ca, the hién ¢ cac dinh oxy hoa - khu cao
hon, rong hon, dung lugng phong cta né 16n hon cac mau con
lai. Piéu d6 chimg to vat lidu nay co tiém ning tng dung lam
dién cuc 4m trong pin st - khi.

Mot yéu td quan trong dé danh gia vai tro cua chat phu gia
K.S trong dung dich dién ly 1a kha nang khir lvong H, sinh ra,
do vay lugng H, sinh ra cua cac mau duoc tinh toan tir phep do
CV (hinh 4) ¢ tat ca cac chu ky trong dung dich c6 va khong c6
S%, két qua duoc biéu dién trén hinh 6.

Céc mau Fe 0, ché tao trong diéu kién pH3 va pH7 c6 luong
H, sinh ra trong dung dich dién ly chira K,S (hinh 6B) nho hon
luorng H, sinh ra trong dung dich dién ly khong ¢ chét phu gia
(hinh 6A) trong khi hién tugng nguoc lai xuét hién ¢ cac mau
pHI11 va pH11-600C. Két qua nay chimg 16, luong H, sinh ra
da bi khu phan 16n trong qué trinh phan tmg dbi v6i mau pH3
va pH7. D6i v6i pH11 va pH11-600C, do qua thé phan g oxy
héa - khir cua st ting 1én khi c6 mat K.S 1am cho dong khu
khong tach biét voi dong H, sinh ra, gay nén sy tang dong H,.
Hién tuong nay c6 thé quan sat trén duong CV cla mau lel
va pH11-600C (hinh 3, 4). Nhu vay, anh hudng tich cuc cua
K,S dén dic trung dién hoa cua dién cuc Fe,O,/AB van duoc
thé hién nhu: lam tang toc do phan tng oxy hoa khu, giam
lugng H, sinh ra, ting cuong do dong dién, din dén cai thién
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Hinh 6. Sy thay dbi lwvong H, sinh ra theo s6 chu ky phéng - nap ciia dién cuc
Fe,0,/AB trong dung dich (A) KOH va (B) KOH+K S.

dung lugng, hiéu suat phong - nap cia dién cuc Fe,0,/AB. Qua
cac phép do déc trung dién hoa ta thay, trong sd cac mau Fe O,
ché tao duoc, mau pH11-600C c6 tiém ning ing dung lam dlen
cuc Am cho pin sat - khi.

Vit liéu Fe,O, kich thu6c nanomet v6i cac hinh dang khac
nhau di duoc ché tao thanh cong bang phuong phap sol-gel.
Khao sat dac trung dién hoa cua dién cyc Fe,0,/AB sur dung cac
mau Fe O, da tdng hop duoc chi ra kich thude, hinh thai hoc ctia
hat sit anh huong manh dén kha nang chu trinh hoa cua chung.
Bing viéc thay doi diéu kién ché tao, kich thudc, hinh dang hat
Fe,0, ¢o thé diéu khién dugc dé cho dic trung dién hoa tot nhat
cho ung dung lam dién cyc trong pin sac lai. Sy co mit ciia chat
phu gia K,S trong dung dich dién ly cho thay anh huong tich
cuc cua nd dén tinh chat dién héa cua dién cuc Fe,O,/AB nhu:
lam ting toc d6 phan tng oxy hoa - khir sit, ting dung luong
cua dién cuc Fe,0,/AB va giam luong H, sinh ra. Trong s6 cac
mau a-F ¢,0,ché tao duoc bang phuong phap sol-gel, mau nano

o-Fe 0, ché tao trong diéu kién 'pHI11-600C c6 tiém ning (g
dung lam dién cuc 4m cho pin sat - khi.

L01 CAM ON

Nghién ctrunay dugc tai trg bdi Bo Gido duc va Pao tao thong
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Nghién ctru xay dung cong thire tao sin pham bot ném dinh dwéng
tir bot dam thiy phéan phu pham ca tra

Buii Thi Thu Hién", Nguyén Thanh Binh!, Pham Thi Piém',
Bui Thi Minh Nguyét!, Pao Vin Hao?, Lé Xuin Qué?, Truong Vinh Thanh?
"Vién Nghién citu hdi san
2Céng ty C6 phan dau tw du lich va phat trién thiyy sin
Ngay nhan bai 20/4/2021; ngay chuyén phan bién 23/4/2021; ngay nhn phan bién 24/5/2021; ngay chép nhan dang 31/5/2021

Tom tit:

Qua trinh ché blen ca tra da tao ra mot 50 phu pham c6 gia tri kinh té va sinh hoc nhw dau, xuong, vay, nhung cac
san pham nay van chua dugc tin dung triét dé. Bot dam thiy phan tir phu pham ca tra c6 ham lwgng dinh dudng
cao, huong vi hip din dwoc sir dung lam nguyén liéu chinh trong sin xuit mdt s6 san phAm thuc phim gia tri
gia ting. Muc dich ciia nghién ciru nay la xdy dung dwoc cong thire tao sin pham bot ném tir bot dam thity phan
phu phim ca tra. Cac thanh phin chinh nhw bt dam ca tra, tinh bot, gia vi co ban (mudi, dudong, bot hanh, girng,
tiéu...) dwoc nghién ctru va lya chon trong cong thirc tao bot ném. Nghién ciru xac dinh ty 1 cac thanh phan nguyén
liéu chinh dwge thye hién véi 25-45% bot dam tir phu phiam ca tra két hop véi 20-35% tinh bt bién tinh; 16-24%
muoi; 5-20% dwong kinh; 0,5-2% hdn hop gia vi bdt hanh, bot girng, bt tiéu. Chat lwgng sian phim dwgc danh gia
thong qua cac chi tiéu cdm quan, ham lwgng protein, carbohydrat... Két qua nghién ciu da xay dung dugc cong
thirc san xuit sin pham bt ném dinh dlro’ng tir bt dam thity phan phu pham c4 tra c6 ham lu’Ung protein 18 22%,
carbohydrat 30-33%, ham lugng mudi 18-20%, ham 4m <10% va cac chi tiéu an toan thuc pham dat yéu ciu theo
cac quy dinh hién hanh.

Tir khéa: bot dam, bot ném, ca tra, phu phidm, thiy phan.

Chi s6 phén logi: 2.10

Pat van de

Ca tra (Pangasius hypophthalmus) 1a abi tuong thuy san ¢ vi
tri quan trong trong linh vire nuéi trong, ché bién thiy san & nudc
ta noi chung va Bong bing song Ciru Long (DBSCL) noi riéng.
Theo s6 liéu cong bd cua Hiép hoi Ché bién va xuat khiu thay san
Viét Nam (VASEP), ndim 2019 nganh ca tra c6 dién tich nuoi dat
6,6 nghin ha vdi san lugng 1,42 trigu tan, gia tri xuit khau mang
lai 2,06 ty USD. Nganh cong nghiép ché bién ca tra xudt khau
tao ra mot lwong 16n phy pham (chiém 65-70% san lugng nguyén
liéu) nhu thit vun, xwong, dau ca, noi tang... [1]. Phu phim c4
chira nhidu protein va acid béo khong sinh cholesterol, cing v6i
céc khoang chat khac ¢6 thé san xuat ra nhiéu san pham c6 gia trj
nhu bdt ca, collagen, gelatin, dau c4, bot dam, bot canxi va ung
dung trong nhidu san phdm khac [1]. Nhing nim gan day, viéc tin
dung phu phém cé tra dang nhan dugc sy quan tdm cua cac doanh
nghiép nham ché bién ra cdc mit hang ¢6 gid tri gia ting ma mot
trong nhitng hudng di mdi ¢ nhiéu tién nang phat trién 1a san xuat
bot ném gia vi tir phy pham cé tra.

Bot ném 1a san phém dugc 1am tir hon hop bot dam thuc vat
hoac dong vat phéi tron voi cac loai gia vi va phy gia, dugc st dung
& diéu chinh huong vi ciia cc moén an trong qué trinh ché bién.
Trén thé gidi, san phém bot ném duge san xudt tir nhiéu nguf”)n

‘Tac gia lién hé: Email: hien.rimfl@gmail.com
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nguyén liéu phong phu, bao gdm ca thuy hai san. Cdc san pham
bt ném c6 ngudn goc thuy san phat trién rat da dang tai thi trudng
Nhat Ban, Han Qudc, Thai Lan, nhur hat ném ca ngir Topvalu, hat
ném rong bién, hat ném ca com, hat ném tom, bot ném cho mot
s6 mon sup an lién tir ¢ tra [2-4]... Cac san pham nhap ngoai co
ham Iugng bot dam cao (10-50%) va sir dung cac gia vi ¢ nguon
gdc tu nhién nhu bot rong bién, mudi, bot hanh, toi, bot ngd, tiéu,
6t, tinh bot. Gia thanh cac san pham nay tir 600.000-1.800.000 d/
kg. Tai Viét Nam, bot ném chiém ty trong 33% trong tong sb cac
mdt hang gia vi, doanh s0 cuia mat hang bt ném va bot ngot tang
truong 4,6%, dong gop 18,9% vio tong doanh so clia nganh hang
thuc phém [5]. Theo khao sat, mi nam Viét Nam tieu thu khoang
1.500 tn bot ném [6 ]. Nhung phan 16n bot ném xudt xr trong nuoc
hién nay déu co nguon goc tir dong, thuc vat, duge san Xuit bang
cach phdi tron céc chit diéu vi, phu gia tao ngot, hwong va mau
tong hop 1a thanh phan chinh, ty trong cua cac thanh phan dinh
dudng nhu bot thit xuwong, nudc cot ham Xuong, nuoc him xwong
¢d ddc, dam dau nanh... chi chiém 2-3% tong khoi lugng, gid dao
dong tir 60.000-80.000 d/kg. Cac san pham bot ném c6 ngudn goe
tir thity san con khd han ché vé ching loai.

Hién tai, mot so6 nha khoa hoc quan tdm nghién ciru san xuat
bot ném co nguodn goc tur hai san, nhu bot ném tom tur phu pham
dau tom, bot gia vi tir phy pham cd nglr, cd chém... Theo cac nghién
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Abstract:

The processing of pangasius fish has produced a number
of by-products with economic and biological value such
as heads, bones, and fins, but these products have not
been fully utilised. The hydrolysed protein powder from
pangasius by-products has a high nutritional content,
attractive taste and mainly used as the raw material in
the production of some value-added food products. The
purpose of this study was to develop a formula to create
seasoning products from protein powder hydrolysed
pangasius by-products. The main ingredients such as
pangasius protein powder, starch, basic spices (salt,
sugar, onion powder, ginger, pepper, etc.) were studied
and selected in the recipe for seasoning powder. In which,
the research process to determine the ratio of the main
ingredients was done with 25-45% protein powder from
pangasius by-products combined with 20-35% modified
starch; 16-24% salt; 5-20% sugar; 0.5-2% spice mixture
of onion powder, ginger powder, pepper powder. Product
quality was assessed through sensory criteria, protein
content, carbohydrates, etc. Research results had built
a formula for producing nutritional seasoning products
from protein powder hydrolysed pangasius by-products
with protein content 18-22%, carbohydrates 30-33%,
salt content 18-20%, moisture content <10%, and food
safety criteria meet the requirements according to
current regulations.

Keywords: by-products, hydrolysis, pangasius, protein
powder, seasoning powder.
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cuu da cong bd, san phém bot ném tom dugc tao tir bot dam dau
tom 6 do am 74,5% dugc phdi tron voi dextrin va NaCl theo ty
1€ twong mg 6 va 10% so vdi luong ché pham sir dung va sdy dé
giam d6 4m, han ché ton that ham lugng carotenoid va tang gia
tri cam quan cho san pham sau sdy [7]. San pham bot gia vi dinh
dudng tir co thit sim mau ca ngt, trong do co thit sim mau ca ngtr
dugc thuy phan bing enzyme, sau d6 sdy dich thity phan thanh bot
va phéi tron voi cac gia vi khac dé tao nén bot gia vi ¢4 ngir ¢6
ham lugng protein 21-36,2% [8]... Tuy nhién, chua ¢6 san pham
hay cac nghién ciru lién quan dén bot ném tir ca tra.

Mat khac, voi viée img dung cong nghé enzyme vao qua trinh
xur Iy phy pham tan thu bot dam tir nguén phu pham trong qua
trinh ché bién dang la mot huong di mdi, hiéu qua, an toan va bén
vitng cho nganh ché bién ca tra. Phu phim c4 tra (d4u, xuong, viy)
duoc xur Iy va thuy phan bang hon hop enzyme protease, trai qua
cac cong doan nhur loc, sdy dé tao san phim bot dam thiy phan.
Ngudn bot dam thu dugc ¢6 ham lugng protein cao (63,17%), ham
lwong amino acid dat 6,41%, gia tri dinh dudng va cam quan déu
ghi nhan & muec tdt, dat céc chi tiéu vé an toan thyc pham theo quy
dinh tai Quyét dinh sb 46/2007/QD-BYT.

Xuét phat tir nhig 1y do trén, viéc san xuét bot ném tir phy
pham ca tra 1a rit can thiét. Nghién ctru nay co y nghia thyc tién rat
16n, khong nhimg gop phan han ché 6 nhiém méi truong do viée
thai bo phu phdm ¢4 tra gdy ra ma con tin dung ngudn nguyén liéu
gi4 ré, gip nang cao hiéu qua kinh té cho nguon nguyén liéu nay,
tao ra mot san phém bot ném co gia tri dinh dudng cao, gia thanh
phu hop voi nguoi tiéu dung trong nudce va 1am da dang hoa céc
mat hang bot ném, hat ném trén thi truong.

Poi tuong va phuong phap nghién ciu
Dii tuong

Bot dam phu pl}ém ca tra la san pham ciia quy trinh thily phan
phu pham c4 tra (dau, xuong, vay, bung).

Vat lidu: mudi, bot ngot, tinh bot bién tinh, bot gimg, bot hanh,
bot ticu... theo QCVN 4-1:2010/BYT.

Phuwong phap

Thi nghiém duoc tién hanh trén co so thay d6i mot hay hai
nhén t6 va ¢ dinh cac nhan t6 con lai. Két qua cua thi nghiém
trude duge sir dung lam thong s6 ¢b dinh cho thi nghiém ké tiép,
thi nghiém duoc b tr ngau nhién véi 3 lan lap lai. Cac thi nghi¢ém
dugc thue hién dua trén nguyén 1y st dung bot dam thu hoi tur qua
trinh xtr 1y phu pham cé tra két hop véi cac thanh phan gia vi co
ban nhu mudi, duong, tinh bot... dé diéu chinh huong vi phi hop
cho san pham.

Nghién ciru xdc dinh ty I¢ bot dam tie phu phcfm cd tra: lya chon
ty 1¢ bot dam thich hop sao cho dap ing dugc ham lugng protein
18-22%. Bot dam phu phém ca tra ¢c6 ham lugng protein 62-63%,
do d6 bb tri khao sat trén 5 cong thuc véi ty 1€ bot dam phu phfim
cé tra lan luot 1a: 25, 30, 35, 40, 45% két hop v6i tinh bot bip dé ty
1¢ cong thue dat 100%, danh gid cam quan theo phuong phap cho
diém ciia TCVN 3215-79 va phan tich chi tiéu protein.

o1
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Nghién cuu lya chon va xdc dinh ty I¢ cdc gia vi tao mui: tién
hanh thi nghiém voi 3 cong thuc: CT6: 1% bot hanh; 0,5% bot
tieu; 0,5% bot gung; CT7: 0,5% bot hanh; 1% bot tiéu; 0,5% bot
gung; CT8: 0,5% bot hanh; 0,5% bot ticu; 1% bot gimg. Danh gia
cam quan dé luya chon ty 1¢ hon hop gia vi tao mui.

Nghién ciru xac dinh ty [¢ cdc logi gia vi tao vi: ty 1€ mudi dnh
huong rit nhidu dén vi cua san pham. Khi b sung qua nhiéu mudi
san pham s& ¢6 vi man cao, rat kho sir dung trong qua trinh ding
hat ném ché bién mén an. Nhung khi dé ty 1é mudi qua thap s&
khong tao dwgc vi va kho trong qué trinh bio quan cho sin pham
hat ném khi lvu thong. Céc ty 1& mudi dugc thi nghiém gom: 16,
18, 20, 22 va 24%. Danh gia diém cam quan va phan tich ham
lwong mudi dé xac dinh ty 1& mubi phu hop. Nghién ciru xac dinh
ty 18 duong lan lugt nhu sau: 5, 10, 15, 20%. Panh gia diém cam
quan dé xé4c dinh ty 18 dudng phu hop.

Nghién citu xdc dinh ty I tinh bét bdp: tinh bot bap duoc sir
dung véi muc dich két dinh céc bot dam véi cac thanh phan gia vi
khéc, 4 thi nghiém véi ty 1¢ tinh bot bap lan luot 1a 20, 25, 30 va
35%. Panh gia diém cam quan va xac dinh ham lugng carbohydrat
sao cho san phém dat 30-33%, tir d6 lya chon ty 1¢ tinh bot bép
pht hgp.

Chdt heong san phdam bot ném tir phu phdm cd tra: tién hanh
danh gia cam quan, phan tich cac chi tiéu hoa hoc va vi sinh cia
san ph?im hat ném tur phu phém catra va so sanh ham lugng protein
tong s voi cac san pham hat ném cing loai khac trén thi truong.

Phuwong phdp phan tich

Phuong phap ldy mau theo TCVN 5276-90. Phuong phap xéc
dinh dam tong s6 Nts theo TCVN 3705-90. Phuong phap xéc dinh
ham 4m theo TCVN 8135-90. Phan tich d4nh gi4 cam quan theo
phuong phap mo ta cho diém TCVN 3215-79 véi hoi dong danh
gia cam quan 5 nguoi va thang diém nhu duoc thé hién trén bang
1. San pham bot ném tir phu pham cé tra dugc pha vao nudc nong
voi ty 1€ 10-15 g trong 500 ml nude.

Bang 1. Thang diém cim quan ctia bot ném phu phim ca tra.

Chi  Thang diém Hé sb
titu 5 4 3 2 1 quan trong
5 Mau vang sing,  Mau ving, Mau vang, ndu N —
D déng nhat déng nhit khong dfmg nhat R (et !
. Mui thom, Mui thom nhe, ~ Khong rd mui
bt khong tanh khong tanh thom, tanh nhe iy Ll 2
Vi Dam da, ngot Dam da,ngot  Nhat, hu vi Nhat,hqu ~ Nhat, khong co 08
: hau vi hau vi it ngot 1 vi it ngot hau vi ’
Trang Bot kho, toi, Bot kho, cling, Bt m,von ]
thai Eollholon XOp hoi clmg khong toi cuc nhe Vimermay 1
£ 2 ~ 2 a
Két qua va thao luan

Két qua phén tich chit lwgng bjt dam thu héi tiv phu phim
cd tra si dung trong sdn xuat bjt ném

Bot dam st dung trong nghién ciru 1a san phim cta quy trinh
thuy phan phu pham cé tra (dau, xuong, vay, bung) dang bot say
phun toi, min, khong von cuc, c6 mau vang nhat, mui thom déc
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trung cua bot ca, khong rd mui tanh, vi ngot rat dac trung, chét
lugng bot dam dugc thé hién trong bang 2.

Bing 2. Két qua phan tich chét lugng sin phim bot dam phu phim ca tra.

TT Chitiéu Ponvido Két qui phin tich Phwong phap phan tich

I Chitiéu dinh dwing

1 Protein % 63,17£0,12 TCVN 3705-1990
2 Amino acid Iéng % 6,4140,25 TCVN 3708-1990
3 Naa/Nts % 63,42+ 0,15

4 Pim % 4,80+0,25 TCVN 3702 - 1990
5 Lipid tong s % 0,85+0,06 TCVN 3701-1990
6  Trotong % 2,7240,05 TCVN 5105-2009
11 Chi tiéu an toan vé sinh thuc phtfm vé vi sinh it

7 Tongsb visinh vit hiéu khi cfu/g 3,3x10 1SO 4833-1:2013
8 C. perfringens cfu/g <10 IS0 7937:2004

9  E coli cfulg <10 1SO 16649-2:2001
10 Staphylococus aureus cfu/g <10 AOAC975.55

11 Salmonella (cfu25¢g) KPH IS0 6579-1:2017
12 V. parahaemolyticcus cfu/g <10 NMKL 156:1997
13 Téng s bao tir ndm men va ndm moc ~ cfu/g KPH 1SO 21527-2:2008

KPH: khong phat hién, Naa: dam axit amin, Nts: dam téng $6.

Tu ket qua phan tich thanh phan hoa hoc cho thy, bot dam
tir ngudn phu pham cé tra co gia tri dinh dudng cao, ham luong
protein cua bot dam chiém dén 63,17% dat yéu ciu quy cach ciia
bot ca thuc phém [9]. Déc biét, ty 1¢ Naa/Nts dat 63,42%, tuong
duong voi ty 1€ Naa/Nts ctia bot dam moi 62,59%, bot dam ca nuc
60,4% trong nghién ctru [10]. Ham lugng céc acid amin tu do cao
s& gitip san pham duogc tidu hda va hip thy nhanh. Céc chi tiéu vé
vi sinh vt déu trong ngudng an toan theo Quyét dinh s6 46/2007/
QDB-BYT. Do d6 bot dam thiy phan tir phu pham c4 tra 1a ngudn
nguyén ligu thich hop dé san xuat cac san pham dinh dudng nhu
bot ném, banh, snack hay dugc sir dung dé ting cuong ham luong
dam trong thyc pham.

Két qud lwa chon ty Ié bot dam phu phim cd tra

Vi ty I€ protein cua bot dam phu phém catradat 63,17+0,12%,
nhom tic gia s& thay dbi ty 1¢ bot dam trong cong thirc bot ném phu
phim c4 tra tir 25-45%. Két qua phan tich protein va danh gi4 cam
quan duogc trinh bay ¢ bang 3.

Bing 3. Két qua phan tich protein va danh gia cim quan.

Ty 1€ bot dam Ham lwgng protein (%) Dénh gid cam quan

CT1:25% 15,80 Mui thom nhe, khong 1 hau vi, mau vang nhat
CT2:30% 18,95 Mui thom, hau vi ngot it, mau vang nhat
CT3:35% 22,11 Mui thom 3, rd hau vi, mau vang

CT4: 40% 2527 Dam mui bot dam, hau vi rd, mau vang dam
CT5: 45% 28,42 Dam mui bot dam, hau vi rd, mau vang dam

Véi myc dich ting gia tri dinh dudng cho san phim bt ném
va gia thanh san xuat khong qua cao, trong nghién ctru nay, ty 1&
protein can dat trong sdn pham bt ném tir phy pham c4 tra dugc
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xéc dinh tir 18-22%, theo d6 CT2 va CT3 s& dap img duoc yéu cau
chat luong cua san pham. Ham luong protein clia san pham bot
ném ca tra trong nghién ctru twong dong voi ham lugng protein
trong cac nghién ctru san xuat bot ném tom 21,4% [7], bot gia vi
dinh dudng tir ca ngir 21-36,2% [8]. Cac san pham trén thi truong
trong nudc hién nay c6 ham lugng protein dao dong tir 18-22%,
tuy nhién ty 1¢ bot dam tir nguyén li¢u chinh (b6t thit, nude cbt
xuong, bot dam) rat thp (2-3%), con lai la ngudn protein tir dam
thuc vat thity phan va bot chiét xuat ndm men. Trong khi céc san
pham nhap khau nhur hat ném c4 ngir Topvalu co protein 20%; hat
ném tom Ajnomoto co protein 22,8%; va ty 1¢ bot dam tir nguyén
liéu chinh (c4, tom) chiém ty 1¢ cao (20-50%).

Do do, dénh gia bang chi tiéu protein va cam quan cho thay ty
1€ bot dam phu pham cd tra bang 30-35% la phu hop dé san xuat
bot ném tur phu pham c4 tra.

Két qua nghién cvru lwa chon va xdc dinh ty I¢ cdc gia vi tao
mui cho san phdm bt ném tir phu pham cd tra

Két qua nghién ciru lya chon cac logi gia vi tao mui cho san
phdm bot ném phu pham cd tra: sau khi lya chon dugc ty 16 bot
dam phy pham c4 tra phii hop v6i qué trinh san xuat bot ném,
nhém tac gia tiép tuc lya chon cac loai gia vi nhu bot hanh, toi,
gumng, tiéu, mui giup tang miii vi cho san pham. Két qua danh gia
diém cam quan vé mui khi két hop bot dam tir phu pham ca tra v6i
cac nhom gia vi khac nhau dugc thé hién trén hinh 1 va 2.

7.00
6.00

5.00
4,00
3,00
2,00
1.00
0.00

B4t Bot Bot Bot  Bot
hanh toi gumg mui tiéu

Diém cAm quan (diém)

Hinh 1. Két qui cam quan ciia tirg loai gia vi tao mui két hgp véi bot
dam phu phim c tra.
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a
3
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Bt hanh+tiéu

Diém cam quan (diém)

-

Bt hanh+ glrng Bt girng + tiéu Bt hanh+glrng+tiéu

Hinh 2. Két qua diém ciam quan khi két hgp hdn hop céc gia vi tao mui
v6i bot dam phu phim c4 tra.

Qua khéo sat thanh phan cac san phim bot ném hién c6 trén
thi trudng trong nudc cho thay cac gia vi nhu bt hanh, kg(f)t 101, bot
gung, bot mui (ngo) 1a nhiing gia vi tao mui, hwong pho bién cho
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san pham bot ném. Trong nghién ciru nay, két hop bot dam phu
phim c4 tra voi timg gia vi nhu bot t6i va bot mui khong hai hoa,
khong kich thich vi giac khi cam quan (thé hién rd & mirc diém
cam quan rét thép, 1an luot 12 2,40+0,76 va 3,00+0,66 diém). bbi
voi bot hanh, gung, tiéu thu duge muc diém cam quan cao ¢ muc
5,2040,62 diém (hinh 1). Ngoai ra, dac tinh ctia bt hanh c6 chua
nhiéu tinh dau allixin ¢6 tac dung diét khuin manbh, chéng oxy hoa,
1a mot chat bao quéan tw nhién gitp tang thoi gian bao quan ciia san
phidm. Bot gimg va bot tiéu gitip ting huong vi cho cc sin pham
c6 ngudn goc tir c.

Khi két hop 1an lugt bot hanh va bot tidu, bot hanh va bot gimg,
bot gung va bot ti€u voi bot dam, diém cam quan thu dugc 6 muc
khé cao, 1an luot 14 5,00+0,49; 4,80+0; 4,60+0,49 diém, nhung
mili ciia san pham van chua hai hoa, chua kich thich khiru giac
cua nguoi sir dung. Nhung khi két hop du 3 loai gia vi bot gimg,
bot hanh, bot tiéu, san phém da c6 mui tot hon v6i diém cam quan
dat mac 5,60+£0,62 diém (hinh 2). San phém da kich thich duoc
khiru gide cia nguoi st dung, hai hoa v6i qua trinh ném ném khi
ché bién. Mat khac trong nhig nghién ctru da dwgc cong b trude
day, cdc tac gia cuing s dung bot hanh, tiéu, girng trong san pham
bt ném c6 ngudn goc tir hai san nhu st dung 3% bot tiéu, 4% bot
gimg cho san pham gia vi hai san tir bot dam thay phan noi tang
bach tudc [11]; str dung 0,05 g bot gumg, 0,15 g bot hanh, 0,1 g tiéu
tring trong san phim gia vi dn lién tir hai san [12]. Do do, nhém
gia vi tao miii cho san pham bot ném tir phu phim c4 tra bao gom
bot hanh, bot tiéu, bot giing.

Két qua nghién ciru xdc dinh ty 1é cdc gia vi tao muii: diém cam
quan duoc thé hién trén hinh 3. Vi 3 cong thire thuc nghiém trén,
diém cam quan thu dugc cao nht ¢ CT6, dat 17,88+0,30 diém va
thap nhit tai CT8 véi 15,18+0,12 diém. Vi nhom gia vi nay, bot
tiéu va glmg c6 tinh nong vi cay thuong dugc bd sung véi mot ty
18 rat thap trong cac gia vi mon an.

e imn ¢ A -:|lun 1l i)

Camg Thire ihi |||gl||1:||a wac dlinh gia v o mai

Hinh 3. Két qué diém cam quan x4c dinh ty 1§ cic gia vi tao mui.
CT6: 1% bot hanh, 0,5% bot tiéu, 0,5% bot gimg; CT7: 0,5% bot hanh, 1% bot
tiéu, 0,5% bot gimg; CTS: 0,5% bot hanh, 0,5% bt tiéu, 1% bot gimg.

Trong céc san phdm trén thi trudng hién nay ciing nhu trong
cac nghién clu trude dy: bot ném tir dau tom, bot gia vi ca ngir
dd cong b ciing str dung ty 1¢ cac gia vi tao mui (gimg, tiéu, hanh)
trong muc 0,5-4% [8], san phém bot gia vi an lién tir hai san, bot
bach tudc ty 1& hon hop bot gia vi glmg, tiéu, hanh trong khoang
6,5-10,5% [11, 12].



s Khoa hoc Ky thuat va Céng nghé

Do d6, cin ctr trén két qua danh gia cam quan, nghién clru xéc
dinh ty 18 hon hop gia vi 1% bot hanh, 0,5% bot tiéu, 0,5% bot
gimg cho qua trinh san xudt bot ném dinh dudng tir phu phim ca
tra 1a phu hop.

Két qua nghién civu xdc dinh 1y Ié cdc gia vi tao vi cho sin
Pphém bt ném tir phu phém cd tra

Qua két qua khao sat ghi nhan dugc cac chét tao vi nhu mudi,
bot ngot, dudng, cac chét diéu vi siéu ngot nhu E621, E635, E627
1a nhig gia vi, phu gia phd bién trong cac san pham bot ném hién
¢ trén thi trudng. Trong céc nghién clru di cong bé thi cac gia vi
phé bién bao gdm dudng, mudi, my chinh, tinh bot ¢6 trong thanh
phf?m cac loai bt gia vi nhu bot ném tom [7], bot ném ca nuc [8],
bot gia vi bach tudc [11], bot gia vi hdi san [12].

Déi voi bot dam tir phu pham ca tra 13 san pham cta qua trinh
thity phan bang enzyme nén co chira nhidu cac axit amin thanh
phf”m. Vi cua thuc phém phu thudc phf”m 16n vao loai axit amin
¢6 trong thyc pham d6, thanh phan va ham luong axit amin quyét
dinh manh me t6i1 vi cua thuc phém [13]. V6i dac thu ham lugng
acid glutamic thit ca tra cao tir 5,88-6,91% chét kho, chiém ty 16
16n nhat trong cac acid amin thanh phan [14], cao hon nhiéu so v6i
ham lugng acid glutamic c6 trong céac thit nguyén li¢u thiy san
khac nhu trong thit ca chép, ca hoi, ca ngu, myc, tom lan luot 2,25;
3,22; 3,48; 2,11; 2,84 g/100 g [15]. Acid glutamic la mot trong
nhiing acid amin co ban tao vi “umami” la vi ngon ngot cho san
pham [15], 1a thanh phan chinh trong san xuat bot ngot.

Két qua nghién citu xdc dinh ty 1¢ mudi: két qua cam quan va
phan tich ham lugng mudi dugc thé hi¢n ¢ hinh 4 va bang 4.
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Hinh 4. Két qua diém cam quan ciia cic cong thire xac dinh ty 18 mudi.

Bing 4. Két qua phan tich ham lwgng mudi.

STT Ty 18 mubi (%) Ham lugng NaCl (%)
1 16 15,67+0,24

2 18 17,86+0,31

3 20 19,24+0,12

4 22 21,61+0,27

5 24 23,84+0,10
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Khi sir dung mudi 6 ty 18 22 va 24%, diém cam quan thu duoc
& mic trung binh véi s6 diém lan luot 1a 15,03+0,45 va 15,18+0,38
diém. Khi st dung 2 ty 1€ mudi nay bot ném thu duge cod vi man
cao, ham lugng NaCl ¢ muc 21,61£0,27% va 23,84+0,10%, cao
hon so v6i yéu cau chit lwong ciia san phém (ham lugng NaCl
trong ngudng 18-20%). Nhung khi giam xu6ng 20 va 18% thi
diém cam quan da dat muc khd v6i sb diém 1an luot 13 18,32+0,31
va 17,7240,24 diém, dugc hoi dong cam quan danh gia rat cao, vi
min vira phai, rit phit hop khi st dung san phdm vao qué trinh ché
bién cdc mon an. Dic biét, voi ty 1& mudi st dung 20% vi cua san
pham rét hai hoa, ting mui vi dic trung cta san phim va do ngot
hau vi voi ham luong mubi dat 19, 24+0,12% (trong ngudng cho
phép ctia san pham). Ham luong mudi trong san pham bot ném c4
tra dang thp hon so v6i mot sb san phdm bot ném da cong bd nhur
bt ném tom, bot ném ca nuc, ca nglr da néu o phan trén. San pham
bot ném ca tra khong b sung bot ngot dé didu vi, ma co san ham
luong cao acid glutamic trong thanh phan nén c6 vi ngot tw nhién,
néu str dung ham lurong mudi cao s& anh hudng dén vi ngot ciia san
pham. Do d6 nghién ctru lya chon ty 1¢ mudi 20% cho qué trinh
san xuét bot ném tir phy pham ca tra.

Két qua nghién ciru xdc dinh ty 1é duong: duong dong mot
vai tro quan trong lam diu vi mén ctla mudi, gilip san phém co vi
hai hoa hon. Ty 1¢ duong trong san pham dugc khao sat 1an luot
nhu sau: 5, 10, 15, 20%. Két qua diém cam quan dugc thé hién ¢
hinh 5.

Vi ty 1€ duong st dung 12 5% san phﬁm dat diém 15,85+0,23,
dat muc diém kha, nhung do ty 1¢ dudng str dung con th?ip, vi clia
san pham van chua duoc hai hoa. Khi st dung ty 1& duong 10%
diém cam quan la 17,72+0,24, dat mirc diém kha va san phém co
vi hai hoa hon, ting d6 ngot cho san pham, gitip san pham hat ném
khi ché bién cic mén an ngon hon.
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Hinh 5. Két qua diém cam quan xic dinh ty 1¢ dudng.

Tiép tuc tang ty 18 duong 1én 15 va 20%, diém cam quan giam
manh con 15,57+0,63 va 15,00+0,39 diém do ¢ céac ty 1¢ duong
ndy san phim qua ngot, pha v& sy hai hoa trong mui vi cta san
phém. Vingot cua duong da at hét vi ngot cua bot dam.

Do d6 nghién ctru da lya chon ty 1€ duong 10% cho qua trinh
san xuat bot ném tlr phu pham ca tra. Nghién ctru cua Bui Trong



Tam (2020) [16] ciing d sir dung 10% duong trong san xuat bot
ném dinh dudng tr cd nuc va nghién ciru cia Bui Xuan Dong
(2019) [8] cling str dung 10% duong trong san xuat bt gia vi ca
ngu.

Két qud nghién cvru xdc dinh ty I¢ tinh bjt bd'p trong sdn xudt
bot ném tir phu pham cd tra

Ham lugng carbohydrat trong san pham bot ném tir phu pham
ca tra bao gdom thanh phan carbohydrat co trong dudng, tinh bot
bép va chat trg siy maltodextrin trong bot dam phu pham cé tra
2,5%. Dé x4c dinh ty 1¢ tinh bot bap phi hop, ching t6i bo sung
tinh bot bap véi cac ty 18: 20, 25, 30, 35% va tién hanh dénh gia
cam quan, phan tich ham luong carbohydrat cho timg mau.

Két qua cim quan va ham lugng carbohydrat duoc thé hién &
hinh 6 va bang 5.
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Hinh 6. Biéu dd diém cam quan Iya chon ¥ 1¢ tinh bt biip phit hep.

Bing 5. Két qua phén tich ham lwgng carbohydrat.

Khoa hoc Ky thuat va Céng nghé n—

Bing 6. Két qué diéu chinh cong thirc bot ném tir phu phim ca tra.

(&Y CTI0  CTII CT12 CT13 CT14
Bot dam 30 3 35 30 E) 34
Mudi 20 20 20 21 21 21
Duing 15 13 10 15 15 13
Bot hanh 1 | | 15 15 15
Bit tiéu 05 05 05 025 025 025
Bot gimg 05 05 05 025 025 025
Tinh bt béip 3 3 3 EJ) 30 30
Difmcim quan 1801023 1645:031 17,0980,18 18,142025 16,050.20 18,75:0,21
z‘T"g\l,‘;:‘;;l"S‘;';‘;“‘ Khi Khi Khi Khi Khi Tét
Protein (%) 18958025 202140,10 22,11£024 1895:025 20,21+0,10 21,48+0,24
NaCl (%) 19242013 19,1950,17 192040,14 20,06£020 20,11£0,I5 19,86+0,13
Carbodydrat (%) 3607£0,23 36,100,017 36,15:030 35312032 32,89+0,17 32,5740,25

Dé san pham c6 diém cam quan cao nhat va thanh phan protein
cao trong khoang 18-22%, ham lugng carbohydrat trong khoang
30-33%, ham luong mudi NaCl trong khoang 18-20% va phu hgp
véi moi ddi twong tiéu dung, nhom nghién ctru chon cong thirc
CT14 gdm: 34% bot dam phu pham ca tra, 21% mudi, 13% duong,
1,5% bot hanh, 0,25% bot gimg, 0,25% bot tidu, 30% tinh bot bip
cho san phdm bot ném phy pham c4 tra.

Két qud phan tich chit lwgng sin phim bét ném tiv phu
phém cd tra

San phdm bot ném tir phu pham ca tra duoc danh gia cam quan
va phan tich cac chi tiéu hoa hoc, vi sinh, két qua dugc thé hién
trong bang 7.

Biang 7. Két qua phan tich chét lwgng sin phidm bdt ném tir phu phim

Bt bip Ham lugng carbohydrat ca tra.
20 26,5240,14% Tén chi tiéu Py chmdotbnsin o b e gt Quy dinh
pham tham chieu
25% 30,22£0,27% p————
1 tieu cam quan
30% 33,11+0,30% Mau sfc Mau vang nhat Mau vang nhat, ving
35% 37,15+£0,16% Mui vi Khong co vi la Khong co vi la TCVN
, ) , Trang thai Dang bot min Dang hat/dang bot 2579
. At \ g0/ Ao 2 z
. Khi st dung tinh bot‘bap 30 va 35 A). 916111 c4m quan dE:it thaE), Tap i Khingcb tpchit Khong cb tap chit
lan lugt 1a15,80+0,63 va 14,58+0,29 diém, ham lugng tinh bot P
\ N s A . R . i tiéu hod Iy
cang cao, cang anh hudng téi do hoa tan cua hat ném trong nudc. - Tham khio
e 1A \ ox . . Do % 471 <10 iéu chud
Véi ty 1€ 20 va 25% mitc diém cam quan thu duoc ¢ mitc kha, ¢am ° :;:jﬁ‘;’;
lan luot 12 16,05£0,32 va 17,93+0,27 diém, khong anh hu¢ng dén ~ Protein % Ak 1822 céc sin phim
trang thai cua mon an. Nhung vdi ty 1€ tinh bot bap 20% thi ham ~ NaCl % 19,86 18-20 ?ﬁe‘l‘rﬁ‘;;r;“
2 i
lugng carbohydrat trong san pham la 26,52+0,14%, khong dat yéu Carbohydrat % 32,57 30-33
cau chat luong cua san phém Mt khac, ty 1€ tinh bt 25% cling Céc chi tiéu vi sink vt
duogc st dung trong san pham bot gia vi tir bot thit ca tra [17]. Do Ténp sovisinh o )
0 4t hiéu khi cfu/g L2l 0
do, ty 1¢ tinh bt bip 25% la phu hop v6i san pham. L
A > 7 en » a ’ A P \ A , E. coli cfug 0 3 33%?2004
Ket qua hi¢u chinh cong thirc bot ném tir phu pham ca tra A
S. aureus cfu/g 0 10? Quyct dinh
s a L XX . - , 5 46/2007/
Céc thi nghiém duoc tién hanh dé di€u chinh lai cong thirc sao Sulmonella sy 0 0 E’D_BYT
cho tong cac ty 1¢ gia vi dat 100%. Muyc dich la tao bot ném co gia PRV
. Ay 1t o 1 N U SR A Tong 50 bao t
tri cam quan tot, khi st dung vao cdc mon an c6 vi hai hoa, dam ném men, nfm ofu/g 0 10°
da, hap dan. Két qua thé hién trong bang 6. moe
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San pham bot ném tir phy pham cé tra ¢ ham luong protein dat
21,48%, cao hon nhiéu so vdi céc san phém bot ném khac cua Viét
Nam dang luu hanh trén thi treong nhu bot ném Knorr, bot ném
Aji-ngon 20% protein (thong tin ghi trén bao bi). Cac chi tiéu vé vi
sinh vét déu nam trong ngudng cho phép theo TCVN 7396-2004
va Quyet dinh sb 46/2007/QD-BYT cua Bo Y té. Vdi cc can cur
néu trén, san pham bot ném tir phu phdm c4 tra hoan toan phu hop
dé dua ra thi truong, dap img nhu cau cua ngudi tiéu ding.

Nghién cuu da tién hanh khao sat va lya chon dugc cac thanh
phan phii hop tao nén bot ném tir phu pham cé tra 6 vi hai hoa,
hép dan ma khong cin dung dén cac chat diéu vi va chét tao ngot
tong hop. Két qua lua chon cong thirc phi hop cho san pham bot
ném tir phy phim ca tra nhu sau: 34% bot dam phu phim ca tra,
21% mudi, 13% dudng, 1,5% bot hanh, 0,25% bot gimg, 0,25%
bot tiéu, 30% tinh bot bap cho san phim bot ném phu phim ca tra.
San pham bot ném c6 két qua cam quan tot, mau vang nhat, mii
thom nhe ctia bot dam thity phan phu phim c4 tra, vi hai hoa, ham
lugng protein 18-22%, ham lugng mudi 18-20%, carbohydrat 30-
33%, dat céc tiéu chuan an toan thuc pham.
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Nghién ciru say ming bang cong nghé siy bom nhiét Sasaki
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Tom tit:

Nghién ctru duge tién hanh nhim Kkhao sat anh huéng cua ciac ché d chan & cac nf)ng do mudi va nhiét do sf'ly bing
cong nghé siy bom nhiét Sasaki dén chit lwong ciia sin phAm ming siy nhiam giir dwoec mau sic, hwong vi va chit
lwong san phim. Ming twoi dwgc cit thanh lit ¢6 dd day 6 mm, dwge xir Iy chan trong nuwée mudi & 100°C véi cac
ndng d9 khac nhau (0, 1, 3, 5%) trong 15 phut, sau dé dwgc sdy & ché d9 nhiét khac nhau (30, 40, 50°C) bing may siy
Sasaki va dugc kiém tra d9 4m, mau sic, ham llr()'ng Xyanua, vi s1nh vat, kha niang bu nlr()'c, chit llr()’ng cam quan
san pham. Két qua cho thay, mang tum dwgc chan trong nwéc muodi nong ¢6 nhiét d 100°C, ndng dd mu01 3% trong
15 phut, dugc say ¢ 40°C bang may say Sasaki cho chét lwgng tot nhat. Ché do xir 1y nay gitip mau sic clia mang it
bién doi nhat va sy bu nwéc tot nhit so véi cac ché dd xir Iy khac. Ming khd ¢6 mau vang sang, déu nhau, mui dic

trung, déo dai, it bi bién dang, ham lugng xyanua thip va ham lwgng vi sinh dat dudi ngudng, dim bdo an toan vé

sinh thuc pham.

Tir khéa: chin ming, ming bat dd, ming sy, siy nhiét do thap.

Chi s6 phén loai: 2.10

Mang 1a mdt trong nhitng loai thyc vat dugc dung lam moén an
pho bién va chiém vi tri quan trong trong am thuc cta ngudi dan
cac nudc Pong Nam A ciing nhu Viét Nam. Ming chi yéu duoc st
dung ¢ dang tuoi, kho, cétnho, ngam chua, dong hdp hodc 1én men
[1]. Tuy nhién, ham lugng carbohydrate va protein cia mang giam
sau khi dong hop va 1én men [2, 3]. Mang c¢ it chat béo va calo
nhung lai gidu chét dinh dudng nhu vitamin, protein, khoang chat
va chat xo. Loai thuc phdm nay ciing 1a mot nguon cung cép kali
tt va chira flavonoid, phenol tong sb va axit phenolic c6 kha ning
chéng oxy hoa [4], chong ung thu, khang khuan, chdng viém [5,
6]. Tuy nhién, ngoai cac chat dinh dudng, ming con chira mot ham
luong chét doc gy chét nguoi (xyanua) can duogc loai bo trudce khi
st dung [7] (EFSA 2004). Cac glycoside xyanogenic nay khi thuy
phan ndi sinh tao ra axit hydrocyanic ¢ hai cho con ngudi. Nong do
hydro Xyanua gay chét ngudi cép tinh dugc bao cao 13 0,5-3,5 mg/kg
thé trong [7]. Bang cach xt 1y thich hop, chat xyanua c6 thé dugc loai
b6 hodic giam bét trude khi tiéu thu, do d6 1am giam dang ké nguy co
gay hai cho stic khoe con nguoi.

Hién nay, ¢ nudc ta mang la mot trong nhiing cdy trong quan
trong nhung mang tinh thoi vy, d& hu hong trong tu nhién va thiéu
cong ngh¢ sau thu hoach thich hop. Do do, viéc ché bién, bao quan
va st dung mang doi hdi phdi co nhiing co so khoa hoc cung voi
kién thirc ban dia ciia ngudi dan. Ming tuoi méi thu hoach phai
dugc ché bién trude khi ndu dé loai bo chat doc va vi déng. Cacqua
trinh (got vo, cat lat, rira dudi dong nude chay, dun soi trong nhiéu

“Tac gia lién hé: Email: tthang311@yahoo.com
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gio...) dugc nguoi dan 4p dung dua trén kién thic truyén thong
ma chua ¢6 nghién ctiu khoa hoc nao vé khia canh nay. Pé lam
kho ming, nguoi dan thuong sdy ming bang than cii hodc phoi
kho du6i anh nang mt troi. Tuy nhién, mang dugc lam kho bing
cach nay dé bj nhidm khuén, khong dam bao d¢ kho can thiét, néu
bdo qudn thoi gian dai rat d& bi méc, hong. Do vay, mot s ¢o s¢
san xuat thii cong da sir dung luu huynh 1a mot chat dc trong qua
trinh sdy kho mang dé chéng am mdc va tao mau vang cho ming
co mau dep hon. Mot vai doanh nghiép da st dung phu’()’ng phap
sy nong nhung thoi gian sdy lau va kho giir duoc mau sic, hwong
vi ban du cta san pham Vi vay, viéc thir nghiém mdt cong nghé
sy m6i voi thoi gian ngan, dam bao do kho, mau sic va miii vi cho
san phém, dac biét 1a an toan cho nguoi st dung la rat can thiét.

Vé6ily do do, Vién Nghién ciru va Phat trién Ving - Bo KH&CN
di tién hanh “Nghién ctru bao quan mang bang cong nghé siy bom
nhiét Sasaki”. Day 1a mot cong nghé sdy nhiét do thap tuan hoan
doc d4o, dugc nghién ctru tmg dung tai Viét Nam theo tiéu chuan
cua Nhat Ban. V6i nguyén 1y sdy kho dang bom nhiét, tach nudc
cudng birc ra khoi san pham sdy, lam boc hoi nude tir trong san
pham, gitp cho san pham giit nguyén mau, nguyén mui vi va rit
ngin 50% thoi gian siy, dic biét tiét kiém 83% dién nang tiéu thy
50 v6i sdy nhiét truyén thong va 43% so voi may sdy ding bom
nhiét. Ngoai ra, cong ngh¢ Sasaki c6 chiic nang chiéu tia UV diat
khuén, gitp dam bao chat lugng, vé sinh thyc phém vacohé théng
cam bién thong minh gitip ty dong can bang nhiét do, do 4m trong
budng sdy, két nbi cac hé thong quan trj théng minh.
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Abstract:

The study was conducted to investigate the effects of
blanching regimes at the salt concentration and drying
temperature using Sasaki heat pump drying technology
on the quality of dried bamboo shoots to create a product
that can be kept color, flavour, and quality. Fresh
bamboo shoots were cut into slices with a thickness
of 6 mm, boiled in hot saltwater at 100°C at different
concentrations (0, 1, 3, 5%) for 15 minutes. Then, they
were dried in the temperature setting differences (30, 40,
50°C) by Sasaki dryers and tested for moisture, color,
cyanide content, microorganisms, water compensation
capacity, and product sensory quality. Fresh bamboo
shoots were boiled in hot saltwater at 100°C, 3% salt
concentration for 15 minutes, and dried at 40°C by
Sasaki drier for the best quality. This treatment mode
provides the lowest color variation and the best water
compensation compared to other treatment modes.
Dried bamboo shoots are bright yellow, uniform color,
characteristic odour, toughness with little deformation,
low cyanide content, and microbiological content below
the threshold of food hygiene and safety.

Keywords: bat do bamboo shoots, blanching bamboo
shoots, dried bamboo shoots, low-temperature drying.

Classification number: 2.10

Doi tugng, thoi gian, thiét bi va phuong phap nghién ciiu
Dii twong nghién ciru
Ddi tuong nghién ciru la mang bat d9, mua tai thi trin Lap
Thach, tinh Vinh Phuc. Thoi gian tir khi thu hai dén khi dwa vao
thi nghiém khong qua 24 h. Miang duoc lya chon ddng déu vé kich
thudc, sau khi thu hai dugc boc vo, rira sach va xu 1y theo céc
cong thurc.

Thoi gian nghién ciru

Thoi gian thyc hién nghién ctru tir thang 4 dén thang 10/2020.
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Thiét bi nghién ciru

My sdy Sasaki str dung dé nghién ciru c6 model HPTSASAKIO10,
san xudt tai Viét Nam, 13 dong méy sdy bom nhiét nho duoc tich hop
che hé thong hit 4m, tao nhiét, diéu khién, quat gi6 trong cling mot
than méy voi budng sdy, khéi luong sy t6i da 100 kg tuy theo loai san
phém (hinh 1). Nhiét do sdy rong, trong khoang 3-80°C.

-

- Quat gi6 tan nhiét
| % dannoéng lanh

| 5 . as
—* Dan néng ngoai

i

; , Day dién ngudn
220V/50Hz

Thong gid
tu dién

o '
: ]—P DPuong thoat nude

Hinh 1. Khai quat mét s6 bd phan cia thiét bi siy Sasaki HPTSASAKI010.
Phuwong phap nghién ciru
Bo tri thi nghiém:

Thi nghiém 1: Nghién ctru anh huong cta ché do chan maing
tuoi dén chét luong san phim mang sdy kho. Nguyén liéu ming
sau thu hai dwoc dua vé phong thi nghiém dé so ché va lam sach,
thi miéng doc theo than mang v6i do day 6 mm, sau d6 tién hanh
xtr ly nhiét bang céch chan trong nudc mudi nong 100°C & cac nbng
d6 mudi khac nhau (0, 1, 3, 5%) trong 15 phut, v6t ra rira sach dé réo
nude, chudn bi cho cong doan sdy kho.

Thi nghiém 2: Nghién ciru anh huong ctia nhiét do say dén chat
lugng san pham ming sdy kho. Nguyén lidu ming tuoi sau khi
duoc thai lat va xir Iy chin & ndng d6 mudi tot nhat (két qua cua
thi nghiém 1) dugc dem di séy tai cac nhiét do khac nhau (30, 40,
50°C) dén do 4m 6-7%.

Phuwong phap phan tich cac chi tiéu:

- Do én} cia san pham duoc xdc dinh theo phuong phap sy
kho dén khoi lugng khong doi theo TCVN 4415:1987.

- Xac dinh chi s6 mau sic (L, a, b) bing mdy do mau sic cam
tay NR3000. Do tai 3 vi tri khac nhau trén lat cit cta san pham, gia
tri mau sdc dugc danh gia theo hé thong CIE (L, a, b). Gia tri tong
chénh léch mau sic (DE) clia qua trinh sdy mang dugc tinh theo
cong thirc: AE = /(AL)Z + (Aa)2 + (Ab)Z, trong do: AE = tong
chénh 1éch mau séc; AL = sy khéc biét ctia do sang; Aa = su khac
biét ciia do do; Ab = su khac biét ctia do vang.




- Su bu nude duoc thé hién thong (qua ty 1€ bu nude. Ty 1€ bu
nuée cho ta biét kha ning cua san pham siy kho ting khdi luong
1én bao nhiéu 1an sau khi cho hut nude, duge xéc dinh bang cach
ngam mau sau khi sdy kho vao nudc ¢ nhiét d phong (25°C) va
100°C.

m2—
Ty 1€ bunude = 71 x 100 (%), trong do m1 la khi lrong
mau ming kho dem di bi nu6e (g); m2 13 khoi nude ming kho da
ngdm nudc (g).

- Panh gia chét lugng cam quan dua vao phuong phap cho diém
theo TCVN 3215-79. Ham lugng Coliform xéac dinh theo TCVN
6848-2007. Ham lugng E. coli xéc dinh theo TCVN 7924-2:2008.
Tdng s6 bao tir ndm men - mdc xéc dinh theo TCVN 8275-2:2010.
Ham luong vi sinh vat hiéu khi tong sd x4c dinh theo TCVN
4884:2005. Ham luong xyanua dugc xdc dinh dua theo phuong
phdp quang pho ciia Hogg va Ahlgren (1942) [8].

_Phwong phdp xii 1 6 liéu: 56 liéu dugc xir 1y thong ké bing
phan mém Minitab 16 ¢ mutc y nghia p=0,05 v6i 3 lan lap lai va
phan mém Microsoft Excel 2007.

Két qua nghién cuiu va thao luan
Anh huwéng ciia ché do chan mang twoi dén thoi gian say va
chit luwgng sin pham mang say

Anh hudng cia ché dj chan mang tioi dén kha nang tach cfm
va thoi gian sdy mang: két qua danh gia d¢ am va thoi gian say
kho giira cac cong thire ming chan véi nudce nong cd ndng do mudi
khac nhau duoc thé hién trong bang 1.

Bing 1. Anh hwéng ciia ché d9 chin ming twoi dén khi ning tich 4m va
thoi gian sy ming.

o, NaCl P) 4m ming twoi P) 4m trung binh Thoi gian siy
° (%) ming sau siy (%) (phit)
bC (0) 6,37 990
1 6,33 975
88,49
3 6,31° 960
5 6,35° 945

Ghi chu: cac gia tri trong ciing mot cot ¢o chi sé mii khac nhau thé hién sy khac
nhau c6 y nghia ¢ muc y nghia p=0,05.

S6 ligu bang 1 cho thiy, ché do chan ming bé“lng nuée muéi
néng c6 anh huong dén thoi gian say kho mang dé dat dugc do am
tr 6-7%. O cong thirc mang dugc chan véi nude nong ¢ bo sung
thém mudi ¢6 thoi gian sy ngin hon so véi cong thire ddi chimg
(madng chan véi nudc néng khong bo sung mudi), trong do cong
thirc méng chan nuée nong co nong do mudi 5% cho thoi gian sy
ngan nhit (945 phut). Mau mang chan bang nude nong khong co
mubi thi thoi gian sdy 1au nhit (990 phit). Ttr do, co thé thay ché
do chan mang tuoi co bo sung thém mudi anh huong dén kha nang
tach 4m va thoi gian siy kho mang. Sy anh huong nay co thé lién
quan dén sy tach nudc thim thiu trong giai doan tién xir 1y nguyén
liéu trong cac dung dich tham thau. Qud trinh ndy phu thudc vao
hién tuong khuéch tin d6 am tir nguyén liéu thyc phim bé‘mg cach
ngdm trong dung dich uu truong, & moi truong nude muodi co mot
phan mudi ngdm vao trong té bao va nudc th1 ngam qua mang té
bao va di ra. Thém vao d0, viéc bo sung mudi con gitip ngin can
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su phat trién cia mot s vi sinh vt gay doc trong san pham [9, 10].

Anh huong ciia ché d¢ chan mang twoi dén mau sdc ciia mang
say: ché d6 chan co anh huong 16n dén chit luong va gid tri cam
quan, déng thoi giup 6n dinh cAu trac va mau sic cho san phém.
Két qua danh gia mau sic cua lat ming & cac ché do chin dugc thé
hién ¢ bang 2.

Bing 2. Anh huong ciia ché dd chin ming twoi dén mau séc ciia ming séy.

Chi sb % NaCl Ming tuwoi Miing sau khi chin Miing sau siy
bC (0) 41,98¢ 38,354
. 1 44,570 44,79
Chiso L 59,41
3 45,92° 49,90°
5 45,70* 46,42°
bC (0) 6,26° 12,12°
. 1 7,66* 15,42¢
Chisoa 8,10
3 7,55 16,53¢
5 7,20 16,44*
bC (0) 27,35 41,85°
. 1 27,22° 37,75°
Chiso b 24,36
3 25,28¢ 36,13¢
5 26,12° 40,83
CT1 17,78 27,68
CT2 15,12° 21,14
AE
CT3 13,52¢ 17,334
CT4 13,85¢ 22,58°

Ghi chu: céc gia tri trong cung mot ¢t ¢6 chi s6 mii khac nhau thé hién sy khac
nhau c6 y nghia ¢ mirc y nghia p=0,05.

Tir s6 liéu bang 2 cho thay, chin ming tuoi ¢ cdc nong do mudi
khéc nhau déu c6 anh huong dén mau sic cia cc miu ming sau chan
va sy kho, Sau khi chan, céc chi sb duogc xir Iy thong ké (p=0,05) o
s khac nhau vé mau sic gitta cic mau mang. Chi s6 L (d0 sang) cua
ming dugc chan bang nudc mudi c6 nong do 3 va 5% la khac nhau
khong c6 ¥ nghia théng ké, nhung c6 su khac biét véi cac miu ming
chan bang nudc khong c6 mudi va nude mudi co nong do 1%. Chi
s6 L cao nhat khi ming dugc chin bang nude mubi ¢o ndng do 3%
(45,92), thép nhat khi chan bang nudc soi khong c6 mudi (41,98).

Sau khi sdy, mau sac cia 4 mau ming déu c6 su sai khac khi xir
Iy théng ké. Cac miu mang dugc chan bang nude mudi sau khi siy
cho chi s6 L tang so véi mau trude khi say, nhung v6i miu chan
& cong thire ddi chimg khong ¢ mudi thi chi s L lai b giam tir
41,98 xudng 38,35. Mau ming siy sau khi chan bang nudc mudi
3% c6 chi s6 L cao nhit (49,90).

Gia trj a cla tt ca cac mau déu giam di sau khi chan, sau d6
déu ¢6 xu hudng ting 1én sau khi sdy kho. Ming chan & ndng do
mudi 1, 3, 5% c6 xu huéng ting cao hon nhung khong co sy khac
biét giita hai cong thirc khi xir Iy thong ké. Chi s6 a thap nhat 1a
cong thirc déi chimg chin méang trong nudc nong khong co mudi.

Gia tri b ciia cac cong thirc sau khi sdy c6 xu hudng ting 1én
sau khi chan va siy kho, va sy tang 1én nay khac nhau gitra cac
cong thire. Tong chénh léch mau sac AE c6 sy khdc biét gitta méng
sau khi say kho va miu mang tuoi, gia tri AE thap nhat & ming sdy
sau khi chan bang nudc mudi nong do 3% (17.,33). Ttr do, c6 the
thiy ming tuoi dugc chin bang nudc mudi ndng do 3% sau khi siy
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¢6 cac chi sO mau sac tot nhat.

Anh hieong ciia ché d chan mang twoi dén s bit nuée ciia sin
phdm mang sdy: dic tinh bi nude cta cac san pham sdy kho duoc
str dung rong rai 1am chi s6 chét lugng. Ty 18 bu nu6e hop 1y chimg
t0 sy 6n dinh cdu tric té bao cua san phém. Sau khi tinh toan va xur
ly ‘théng ké (p=0,05), ty 1¢ bu nudc cua cc mau mang tai cac thoi
diém dugc thé hién & bang 3.

Béng 3; Anh hlr(")'l}g ciia ché d9 chin ming twoi dén sy bu nwée (%) cia
san pham ming say.

Nhiét dd bu Thoi gian bi % NaCl

nuée (°C) nude (phut) PC 1 3 5
30 127,674 155,50°  187,17° 169,00

’s 60 214,83 261,50  265,83* 242,00
90 287,674 312,67  321,17*  295,50¢
120 329,67° 350,83  357,33*  322,83¢
3 101,17¢  143,00°  152,67*  150,17°

100 6 195,83¢ 203,33 223,17* 208,67
9 236,33¢  242,67¢  273,67* 251,33
12 265,67 271,17°  303,00* 281,00

Ghi chu: cac gié tri trong cling mot hang c6 chi sé mii khac nhau thé hién sy
khac nhau c6 y nghia 6 murc ¥ nghia p=0,05.

Két qua xir Iy thong ké (p=0,05) & bang 3 thé hién su khac nhau
¢6 y nghia gilra ty 1é bu nuée cua cac mau ming khi duoc chan
bang cic nong do mu01 khdc nhau. Ty 1€ ndy ¢6 xu hutng tang
khi tang nong do mudi tir 0 1én 3%, sau d6 giam khi tang nong
d6 mudi 1én 5%. Ty 1& bu nudc cao nhét 1a mau mang duoc chan
bing nude mudi 3% va thap nhit & mau ming duoc chan bing nude
khong chira mudi. Két qua nay phu hop voi két qua nghién clru cla
P.R. Nirmala va cong su (2018) [11] vé anh huong cta NaCl dén
sy bu nude cua qua ly gai An D¢ sdy kho, su ting kha nang bu
nude ¢6 thé lién quan dén lyc hit manh gitta nude (hop chét phan
cuc) vdi cac dién tich am va duong ctia NaCl (phan tir ludng cuc).
Tuy nhién, khi nong d6 mudi cao ¢6 thé pha v& mo té bao, thanh
té bao tao thanh cum véi céc tinh thé mudi vo dinh hinh lam giam
kha nang hut nude.

Anh hwong clia ché do chan mdng twoi dén chat lwgng cam
quan cua san pham mdng sdy: trong linh vye nghién ctru vé thuc
phim va nguyén liéu, nhimg tinh cht va quy trinh ché bién s&
luon doi hoi cac phép thir cam quan dé danh gia nhan thirc cia con
nguoi ddi voi céc thay doi trong san pham. ‘Két qua danh gia chat
luong cam quan cua cac miu mang duoc thé hién trong bang 4.
Bf"mg 4. Dén!l gia chit lwgng cAm quan ctia méiing sdy dwgc chin trong cac
nong d muoi khac nhau.

IR Syt
PC(0) 43 4,7 43 17,6 Khé
1 46 49 43 18,2 Kha
3 4,9 4,9 4,7 193 Tét
5 44 49 46 18,3 Kha

Két qua bang 4 cho thay, mang khi dwgc xir Iy trong nudc nong
c6 nong do mudi 3% dugc danh gia xép loai chat huong tit (19,3
diém) bao gom mau séc, mui va cau tric cling dugc danh gia cao nhét
(lén luot1a4,9;4.9; 4,7 diém). Céc mau mang duogc xir Iy chan nudc
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nong co nf”)ng d6 mubi 1 va 5% ciing dugc danh gi4 cam quan cao
hon so v6i mau méang xu 1y chin trong nude nong khong chira mudi.
Nhur vdy, ché do chin mang tuoi bing nudc mubi ¢6 nong do 3% &
100°C trong 15 phit gitip tiét kiém thoi gian sy, ma van giit dugc
mau sic tuoi sang, tang sy bu nude va co mui huong, céu tric duoc
danh gi4 cao. Ché d6 nay phu hop dé xir Iy méng tuoi cho cac cong
doan tiép theo.

Anh hwong ciia nhiét dp sd'y tdi thoi gian sd'y va chit lwong sin
pham mang say

Mang tuoi sau khi duge xtr Iy ch?m nude mudi nong do 3% &
IQO°C trong 15 phl’}t dugc dem di say taj cac nhiét do khac nhau
dén do 4m 6-7% dé xdc dinh nhi¢t d¢ sy thich hop va dénh gia
chat lugng san pham sau say (khoi lugng 5 kg/mé).

Anh huong cia nhi¢t do sdy dén khd néng tach am va thoi gian

say mang: ket qua danh gid cdc anh huong cua nhiét do dén kha
ning tach am va thoi gian sdy duoc thé hién trong bang 5.

Bang 5. Anh hwéng ciia nhiét d9 sdy dén kha ning tich 4m va thoi gian
say maing.

30°C 88,18 6,45° 1050
40°C 87,92¢ 6,44° 960
50°C 87,9* 6,45° 870

Ghi chu: céc gia tri trong cung mot ¢t ¢ chi 6 mii khac nhau thé hién sy khac
nhau c6 y nghia ¢ muc y nghia p=0,05.

S6 liéu bang 5 cho thiy, nhiét do sy ¢6 anh huong rd rét toi
kha nang tach 4m va thoi gian sdy mang. Khi sdy mang den doa am
6-7% thi mang dugc say 6 nhiét do 50°C co thoi gian sdy ngan
nhét (870 phiit), mang sdy & nhiét d 30°C ¢6 thoi glan sdy dai nhit
(1050 phut). Nhu vay, nhiét do sdy cang cao thi thoi gian siy mang
cang ngén va kha ning tich 4m cang nhanh. Két qua nay ciing phu
hop véi nguyén Iy ciia qua trinh sdy: nhiét do cang cao thi kha ning
truyén nhiét ctia tic nhan khong khi néng vao nguyén lidu s& cang
nhanh. Do d6, ham am trén bé mit vét liéu siy s& boc hoi nhanh hon so
v6i nhiét do thap. Mang c6 thé say ¢ nhiét do 30-50°C, tuy nhién can
danh gia cht luong san phdm dé tim ra nhiét do sy pht hop nhat.

Anh huong ciia nhiét dj sy d‘en mau sdc san pham mang sdy:
két qua anh hudng cua nhiét do sdy dén chi sé mau sic cia mang
sau khi sdy kho duoc thé hién trong bang 6.

Bang 6. Anh hwéng ciia nhiét do sy dén chi s6 mau sic cia ming sau

Khi siy.
Nhiét dd Chisé L Chi sé a Chi sé b
shy Maing Maing Mang  Maing Ming  Ming
Q9 twoi sau sdy twoi sau sdy twoi sau sdy
30 60,38° 51,38 8,37 14,80¢ 24,56 35,72¢
40 60,28° 50,21° 8,48° 16,04° 24,60° 36,36"
50 60,35 49,59 8,387 17,58 24,63° 37,82¢

Ghi chu: cac gia tri trong cung mot cdt co chi s mil khac nhau thé hién su khac
nhau c6 y nghia & murc ¥ nghia p=0,05.

S6 lidu bang 6 cho thay, mau sac cua mang sau khi say kho co
lién quan dén nhiét do sdy. Chi s6 mau sac L cua mau méing say
bién doi theo xu huéng gidm chi s6 mau sang, trong khi chi s6 a



(mau do), chi s6 b (mau vang) co xu hudng tang 1én so voi mau
mang tuoi khi nhiét dg say tang lén. Diéu nay dan dén sy xuat hién
mau vang thim hon, mau sdc vang va do cua miu ming sy ting
1én. Trong cac nhiét do sy, sdy ¢ nhiét do 30°C ming kho co su
bién doi chi sé mau sic L, a, b 1a thap nhat. Khi x Iy thong ke, cac
chi s6 mau sic khac biét giita mau ming kho va méing twoi déu co
su khac biét ¢ cac cong thuc nhiét d§ voi do tin cay 95%. Nhiét
do cang cao thi sw bién dbi mau sic cang 16n hon. Sy suy giam
clia céc gia tri L va sy gia ting ciia cac gia tri a va b ¢6 thé do xay
ra phan tmg hoa ndu & cac nhiét do sy khong thich hop, emzyme
peroxidase va PPO bi bat hoat trong qué trinh sdy méng [12].

Anh huong cia nhiét dp sdy dén su bii nuée cia san pham
mdng sdy: ty 1& bl nuéc ctia ming kho sau khi sdy ¢ nhiét d 30,
40, 50°C vé6i nhiét do bu nuée 1a 25 va 100°C duoc thé hién &
bang 7.

Bing 7. Anh hwing ciia nhiét d§ siy dén sy bl nwéc ciia san pham ming
A
say.

Nhiét d bu Thoi gian bu Ty 1€ b nuére (%)

nudre (°C) nude (phit) 30°C 40°Cc 50°C
30 151,33¢ 167,33 160,67°

’s 60 242,83¢ 258,00 249,33"
90 296,17¢ 310,83° 298,500
120 322,33¢ 351,000 326,670
3 131,33¢ 158,33 136,67°

100 6 227,33¢ 248,00 232,33"
9 283,50° 303,33 286,83°
12 306,83¢ 339,33 312,33

Ghi chu: céc gié trj trong ciing mot hang c6 chi sé mii khac nhau thé hién sy
khac nhau c6 y nghia & mtrc y nghia p=0,05.

S6 liéu bang 7 cho thdy, sy khéc biét gitta céc cong thirc sy
méng khi mang bu nudc ¢ 25°C va 100°C 1a co y nghia (xu ly
thdng ké voi do tin cdy 95%). Ming sdy & nhiét do 40°C c6 ty 1&
bu nude cao nhat (6 ca hai nhiét d§ bu nudc) va tai cac thoi diém
do mau. Ming sdy ¢ nhiét do 30°C va 50°C cho ty 1& bu nudc thap
hon. D§ bu nude cao hon khi sy ¢ 40°C ¢6 thé do qué trinh lam
khé nhanh hon, giy ra it thay dbi cau tric té bao hon trong san
pham cudi ciing. Tuy nhién, ty 1¢ bl nudc cia mang sy o nhiét do
30°C kém hon c6 thé do sy ¢ nhiét do thap nén thoi gian sdy lau
hon, két cau ciia san pham kém hon.

Mit két cAu 1a nguyén nhan chinh dan dén ty 16 bu nudc kém
khi sdy ¢ nhiét do thap. Sy pha hay thanh t& bao cao hon xay ra ¢
nhiét do cao, din dén giam kha ning hap thy nudc. Diéu nay phu
hop voi céc két luan ciia Paramasivam va cong su (2012) [13]
trong nghién ciru vé md hinh toan hoc va ky thuat sdy lat ming
bing phwong phép siy khay tai cdc nhiét do bién doi.

Anh hudng cua nhiét dg sdy dén chdt leong cam quan cia san
pham mang say: nhiét do sdy c6 anh huong dén mau sic, mui vi va
céu triic clia san pham say. Sau khi sy mang & cac nhiét 6 khic
nhau, c4c kiém nghiém vién s& danh gi4 cam quan cdc miu mang
bing phuong phap cho diém theo TCVN 3215-79, két qua dwoc
thé hién trong bang 8.
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Bing 8. Panh gia chét lwgng cim quan ciia ming siy khé véi cic nhigt
d9 sdy khac nhau.

Nhié¢t 3@  Mau .. Chu tric, Téng diém c6 hé sb  Xép loai
séy (C) sic wint hinh dang trong luwong (diém) chit lwong
30 4,7 46 44 18,2 Kha

40 4,9 47 47 19,1 Tét

50 4,6 47 46 18,4 Kha

Miing séy kho ¢ nhiét dj 40°C cho san ph?im ¢6 mau sic, ciu tric, hinh
dang dep nhit, miii thom hon va dwge xép loai chit lwgng tét.

Mang sfiy kho tai nhiét do 40°C co mau sic, cdu tric, hinh
dang dep nhét, mii thom hon va dugc xép loai chat lugng tot (19,1
diém). Miang dugc say ¢ nhiét d6 30°C va 50°C dugc xep loai chat
lucmg kha, trong d6 c6 sw khac biét o rét vé mau sic va cdu tric
so0 voi mang dugc say & nhiét do 40°C.

Tir nhitng két qua danh gia vé chit luong va cam quan & trén
cho thiy, ming tuoi dugc chan & nong do mubi 3% va siy kho &
40°C cho san phdm mang sdy tot nht, va san phdm nay duoc tién
hanh d4nh gia c4c chi tiéu vi sinh va ham luong doc t6 xyanua.

Dinh gia chi tiéu vi sinh vit va ham lwgng xyanua ciia sin
phim méng say

Céc chi tiéu vi sinh vat 1a mot trong nhimg yéu t5 can thiét
dé danh gia chat luong san pham. Pac biét, ming c6 ham luong
xyanua la chat doc co nguy co gay hai cho stic khoe con ngudi can
dugc kiém soét trudc khi sir dung. San pham mang sau khi chan va
say kho & 40°C duoc tién hanh danh gia céc chi tiéu vi sinh va ham
lugng xyanua, két qua dugc thé hién ¢ bang 9.

Béng 9.'Két qua phén tich vi sinh va ham lwong xyanua trong sin phim
ming say.

STT  Chi tiéu Don vi tinh Két qua

1 Coliforms CFU/g KPH

2 E. coli CFU/g KPH

3 ToA'ng 80 bao tir nam men - nam CFU/g 1.2x102
moc : .

4 Vi sinh vat hiéu khi tong so CFU/g 13x10*

5 Ham lugng xyanua /100 g 0,0019

KPH: khong phat hién.
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Tu két qua danh gia ¢ bang 9 cho théy, san pham ming kho sau
khi sy dén do dm 6-7% khong thiy xuat hién vi sinh vat gay hai
nhu: Coliforms, E. coli. Téng s6 bao tir nAm men - nAm méc, vi sinh
vét hiéu khi tong s6 déu dudi ngudng cho phép theo Quyét dinh s6
46/2007/Qb-BYT cua B Y té. Dic biét, ham lugng xyanua trong
ming sdy kho con rat it, chi chiém 0,0019 g/100 g (liéu Xyanua gy
tir vong cho con ngudi la 1,5 mg/kg trong luong co thé) va thap
hon so véi cong b6 ciia Pandey va Ojha (2011) [14]. Nhu vy, san
phdm ming sdy kho trong nghién ctru ctia ching toi dam béo vé
sinh an toan thuc pham v an toan cho nguoi st dung.

Két luan

Mang tuoi duge xur 1y trong nude mudi ¢6 néng do 3% tai
100°C trong 15 phit va sdy ¢ 40°C cho chat lugng tot nhat. Ché do
xur ly nay gilip mau sdc clia mang it bi bién doi nhét va sy bu nude
tot nhat so véi céc ché dg xir Iy khac. Mang kho c6 mau vang sang,
déu nhau, mui dic trung, mang déo dai, it bi bién dang. Dong thot,
sau khi chan & ché do nay va sdy bing cong nghé siy bom nhiét
Sasaki, ham lugng xyanua va vi sinh vat déu dat dudi ngudng cho
phép theo quy dinh. San pham ming siy khé dam bao chét luong
va an toan vé sinh thuc phém.
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Anh huéng ciia mdt so thong so trong qua trinh
trich ly dén kha nang khang oxy hoa
cua dau hat cheé (Camellia sinensis O. Kuntze)

Phan Thi Phwong Thiao" %, Giang Trung Khoa? Vii Hong Son'

Vién Cong nghé sinh hoc va Cong nghé thuc phtfm, Truong Dai hoc Bach khoa Ha Ngi
’Khoa Céng nghé thuc pham, Hoc vién Nong nghiép Viét Nam

Ngay nhan bai 2/11/2020; ngay chuyén phan bién 9/11/2020; ngay nhan phan bién 25/12/2020; ngay chip nhéan ding 15/1/2021

Tom tit:

Nghién ctru dwge thwe hi¢n trén hat ché (Camellia sinensis O. Kuntze) véi 22,01% dau dwge thu hoach tir giong
Trung du & Phii The nhim xac dinh théng s6 phit hop trong qua trinh trich ly, gitp ting kha ning khang oxy héa
ciia diu hat ché (TSO). Nghién ctru da tién hanh danh gia anh huéng ciia kich thuée nguyén li¢u, ty 1¢ nguyén ligu/
dung méi, nhiét d9, thoi gian, téc dd va sb 1an trich ly doi véi cac dic tinh khang oxy hoéa cia dau (théng qua danh
gia cac chis6 IC 5> ham lugng polyphenol tong s6 - TPC, tong ham hrgng carotenoid va tocopherol). Mt so thong so
phu hop trong qua trinh trich ly dugc xdc dinh nhu sau: kich thuéce nguyén liéu 0,25-0,5 mm, ty 1€ nguyén li€éu/dung
méi 1/8-1/10, nhiét d trich ly 35-45°C, thoi gian trich ly 7-9h, téc d trich ly 1a 200- 250 vong/phiit (v/p) va s6 lan
trich ly 1a 2 lan. TSO dugce chiét xuét trong cac diéu kién thich hop cé hoat tinh quet goc tu do DPPH (ICSG), TPC,
tong ham lwong carotenmd va tocopherol lan lwgt 12 62,19 mg/ml, 4,45 mg GAE/g chit kho, 89 mg/kg va 710 mg/kg
Ham lwgng cao cac yeu to khang oxy héa giip TSO khong nhirng 1a mot loai diu thuc vat quy ma con cé tinh chét

nhw mdt chit khang oxy hoa tw nhién.

Tir khéa: diu hat che, khi ning khing oxy héa, qua trinh trich ly, thong so.

Chi s6 phén logi: 2.11

- £ X
Dét van dé

Nho diéu kién khi hau va dat dai thich hop cho sw phat trién cia
cdy che, Viét Nam co dién tich trong ché dimg thir 5 thé gidi
voi cac san pham chii yéu 1a bup, 1a ché. Cay che dugc trong &
23 tinh, tap trung nh1eu & céc tinh trung du va mién nui véi dién
tich 16n, cho thay tiém nang thu nhan hat ché cao [1]. Tuy nhién
o nudc ta, nguon nguyén liu quy gid nay van chua duoc quan
tam khai thc, trong khi nhiéu quoc gia trén thé gioi da st dung
hat ché dé san xuédt dau in, thudc thio dugc nhu Puc, Trung
Qudc, Nhat Ban, An Do [2]. Hat ché ¢ chira nhidu hop chét co
gid tri sir dung nhu saponin, protein, lipit..., trong do lipit chiém
29-34%. Nhur véy, nghién ciru san xuat TSO m ra tiém nang 16n
glup nang cao g1a tri cdy ché, tang thém thu nhap cho nong dan,
dong thoi phat trién céc san pham méi ¢6 loi cho sire khoe va phit
hop véi nhu cau st dung ctia con nguoi. TSO thyc sy 1a co hoi
mé ra tiém ndng phat trién méi cho nganh san xuat dau thuc vat.

TSO 1a mdt loai déu an duge, ¢d vai trd nhu mot dang thyc
pham ting cuong stic khoe trong ché do an udng do hoat tinh
khang oxy hoa ctia n6 [3]. “Tudi tho” cia TSO cao 1a nhd ham
lugng axit béo linolenic va linoleic thap; sw c6 mit ciia polyphenol
va vitamin E (cac cht khang oxy hoa) ¢6 tac dung 16n trong viéc
giup TSO it bi oxy héa hon [4]. TSO c6 mau vang, long va trong

“Tac gia lién hé: Email: phanphuongthao.cntp@gmail.com
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sudt, co tac dung lam giam huyét ap, cholesterol, dong thoi co
ham lugng cao cac chat chong oxy hod (polyphenols, carotenoids,
vitamin E) va giau cdc chat [am mém cho da... [3, 5, 6].

Nghién ciru nay s dung phuong phap trich ly dung moi aé
chiét xuét dau, d4nh gia anh huong cia mot sb thong sb cia qua
trinh trich ly: kich thudc nguyén liéu, ty 1é nguyén liéu/dung moi,
nhiét dg, thoi gian, toc do, so 1an trich ly déi voi kha ning khang
oxy hoa ctia TSO gibéng Trung du & tinh Pht Tho thong qua TPC,
carotenoid, tocopherol va hoat tinh khang oxy hoa (kha nang loai
bo gbe tr do DPPH). Muc dich ctia nghién ciru nhdm xdy dung quy
trinh trich ly tao san pham TSO c6 kha ning khéng oxy héa cao.

Vat liéu va phuong phap nghién cuu

Vit liéu nghién ciru

Qua ché duogc thu hoach tu cay chQ giéng Trung du tai Phu
Tho, 1a nhiing qua gia c6 chat luong dong dé}l va khong bi sf,iu
bénh. Hat che sau khi boc tach vo qua duge say kho ¢ 55°C dén
do ﬁm 8-10%. Sau do, nhan hat (saq khiNtéch vo hat) dugc nghién
ray dé giam kich thudc va dong nhat mau.

Hoa chit: natri thiosunfat, natri cacbonat, thudc thir Folin-
Ciocalteu, axit galic, DPPH, ethyl acetat, methanol, petroleum
ether, acetone, ethanol.
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Abstract:

This research was carried out on Tea (Camellia sinensis
0. Kuntze.) seeds (containing 22.01% oil) harvested
from Trung du tea trees varieties, cultivated in Phu Tho,
Vietnam to select the most suitable processing methods
which enhance the high antioxidant activity of the oil
in the seed oil extraction. The objective of this research
is to study the effects of particle size, material/solvent
ratio, temperature, time, speed of solvent movement,
and extraction cycle on antioxidant properties of the
oil (by analysing IC,, total polyphenol content, total
carotenoid, and total tocopherol value). The suitable
extraction conditions were determined as follows:
particle size was 0.25-0.5 mm, the solid-solvent ratio
was 1/8-1/10, the extraction temperature was 35-45°C,
the extraction time was 7-9h, speed of solvent movement
was 200-250 r/m and the extraction cycle was two times.
The tea seed oil extracted under the suitable conditions
had the DPPH radical scavenging activity (IC,), total
polyphenol content, total carotene, and total tocopherol
of 62.19 mg/ml, 4.45 mgGAE/g dry weight, 89 mg/
kg, and 710 mg/kg, respectively. The high content of
antioxidants makes tea seed oil has a good antioxidant
capacity, high oxidation stability, and relatively long
shelf life. Therefore, research on using wasted tea seed
sources to extract oil has great potential for the vegetable
oil industry and a high potential of application in food
technology.

Keywords: antioxidant properties, extraction process,
parameter, tea seed oil.

Classification number: 2.11
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Thiét bi: ta séy Memmer, can phan tich Practum 224-18S, can
k¥ thuat Ohaus, may so mau UV-Vis Shimadzu, hé thong sic ky
long HPLC 10A Shimadzu, bé siéu am Elmasonic, may vortex
IKA MS3, may nghién rdy Retsch ZM200, méy ly tim Mikro
200R, hé thong ¢b quay chan khong Buchi.

Phuwong phdap nghién ciru

Phitong phdp cong nghé: dé thu nhan TSO, hé dung moi
ethanol/ethyl acetate dugc sir dung theo ty 1¢ 3/1. Tién hanh trich
ly v6i sy thay doi cac thong so theo khao sat, sau do loai dung
moi & 40+0,5°C bang thiét bi ¢d quay chan khong. Dau thu duoc
dugc day kin va bao quan trong ti lanh sau (-20+0,5°C).

Nghién ctru tién hanh khao st 7 mirc nhiét do trich ly (25-
55°C), 5 muc kich thudc nguyén lidu (0,25-2 mm), 6 mirc toc do
trich ly (tir trich ly tinh 0 v/p dén trich ly dong 250 v/p), 4 mirc
thoi gian (5, 7, 9 va 11h), 3 mirc s6 lan trich ly (1, 2 va 3), 4 mic
ty 1€ nguyén li¢u/dung méi (1/6, 1/8, 1/10, 1/12).

Phwong phap phan tich:

Xac dinh TPC theo phuong phap duge moé ta boi Fu va cs
(2011) [7]: axit gallic dugc su dung lam chat chudn ddi chiéu,
xay dung duong chuén bang cach lap diy diém chuan axit gallic
vdi cac nong do 100, 80, 60, 40 va 20 pg/ml, ldy 0,5 ml dung dich
chuén thém vao 2,5 ml thuéc thir Folin-Ciocalteu da dugc pha
loang 10 lan; sau 4 phit, cho thém 2 ml dung dich natri cacbonat
7,5%. Do hfip thu ctia hon hop duoc do & bude song 760 nm sau
khi dé trong 2h ¢ nhiét ¢ phong. C4c mau TSO dugc pha lodng
10 1an bang methanol 80%, sau d6 siéu 4m khong nhiét do, ly tim
dé xu 1y mau, léy 0,5 ml thuc hién cac budc twong tu nhu doi voi
dung dich chudn. Két qua duoc biéu thi bang mg axit gallic (mg
GARE) trén trong lugng kho ciia dau.

_0DxcxV
a axm

Trong do: X la TPC (mg GAE/gek); OD la dg hép thy quang
cua mau ¢ bude song 760 nm; ¢ 1a do pha loang dich chiét (lan);
V la thé tich dich chiét (ml); a 1a hé s6 ciia phuong trinh dudng
chuan axit gallic (y = ax+b); m la khéi lugng mau dung dé chiét
dich (gek).

Xac dinh ham luong carotenoid tong s6 theo phuong phap
duge md ta boi Franke va cs (2010) [8] co mot sb thay doi: 0,04 g
dau duoc pha lodng trong 5 ml petroleum ether/acetone (1/1 theo
thé tich). Su hdp thu cua petroleum ether/acetone (1/1 theo thé
tich) dugc dung lam miu dbi chimg. Ham lugng carotenoid (mg/
kg) dugc tinh theo cong thire sau:

_ Axyx10’
A% X 1000 % g

Trong d6: X 1a ham lugng carotenoid (mg/kg); A 1a gia tri do hap
thu & budc song 445 nm y la thé tich dung dich chiét (ml); g 1a
khdi luong mau (g), A%y 1a hé sb hip thu trung binh ciia phan tir
carotenoid.

Xac dinh hoat tinh khang oxy hoa (kha nang bat gdc tw do
DPPH) thong qua chi s0 IC, duoc thuc hi¢n theo [9]. Dung dich
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gbc duge diéu ché bang cach hoa tan 24 mg DPPH véi 100 ml
methanol, sau d6 dugc bao quan & -20°C cho dén khi st dung.
Pha loéing dung dich gdc 10 lan bang ethyl acetat. Pha loing mau
theo céc ndng do 200, 100, 50, 25 va 12,5 mg/ml bing ethyl
acetat. Cac mau dau, mau ddi chimg duoc thém 2.850 pl dung
dich DPPH da pha loang, dé 30 phiit trong bong ti. Tién hanh do
tai bude song 517 nm. Két qua thé hién bang phan trim tc ché
g0e tr do: 1(%) = [(Ayg e ~ A/ Agis hing) X 100, khi €6 phan
trdm Grc ché cac goc tw do xdy dung phuong trinh ciia mau (twong
quan giita 1% va ndng d6 mau) dang y = ax + b. Tir d6, thay thé
1% bang 50% da thu gia tri IC,, (e ché 50% gbc tu do).

Xéc dinh tong ham lugng tocopherol: viéc x4c dinh tocopherol
dugc thyuc hién theo [10], bang phuong phap HPLC, sir dung mo
hinh Varian 210-263 (Hoa Ky), may do huynh quang. Viéc dinh
lugng dugce thyc hién bang tiéu chudn hoa va cac gia tri dugc xc
dinh dua trén dién tich pic va dugc biéu thj bang mg/kg.

Phuwong phdp xit Iy 6 liéu

Cac s6 lidu dwoc xur ly bang phan mém Excel, sau d6 phan
tich phuong sai mot yéu t (ANOVA) - tién hanh bang phan mém
Minitab 16 ¢ mtc y nghla 5%. S liéu thé hién la gid tri trung
binh ctia 3 lan nhéc lai va dugc lam tron toi chir s6 thap phan thur
2 + d9 léch chuan (SD). Céc chur s6 khac nhau ¢ cing thong sb
khao sat trén dd thi thé hién sw khac nhau ¢6 y nghia thong ké &
muc ¥ nghia 5%.

Két qua va thao luan
Anh hwéng ciia mét sé thong soé trong qud trinh trich

ly dén TPC ciia TSO

TPC (mg GAE/gek)
6,00
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Y
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s
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Nhigt d6(°C)

Hinh 1. Anl} huwéng ciia mdt sb thﬁng §o trong qua trinh trich ly t6i TPC trong
TSO (céc s6 liéu theo mdt nhom yeu t6 ¢6 chir cai khac 1a khac nhau c6 § nghia
thong ké & muc 5%).

TPC thu dugc trong TSO tang dan khi nhiét do ting tir 25 dén
40°C, voi gia tri TPC dat 4,45 mg GAE/gck, sau do giam dan
khi nhiét d¢ tiép tuc ting tir 40 dén 55°C. Két qua nay phu hop
voi nhan dinh cua Simon va cs (1990) [11]: khi nhiét d¢ trich ly
tang, kha nang hoa tan ciia nguyén liéu sé tang, tir d6 gitip khuéch
tan cac hop chat polyphenol tot hon; dong thoi do nhét cia dung
moi giam; qué trinh chuyén chat va sy thim w6t ctia nguyén liéu
tang, tir d6 vide chiét cac hop chét polyphenol dat hidu qua cao
hon. Khi ting nhiét d chiét qué cao, cac hop chat polyphenol
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trong nguyén li¢u bi phan huy boi cac phan Gmg thuy phan, oxy
héa noi tai va polymer hoa. Két qua nay tuong dong voi nghién
ctru cta Giang Trung Khoa va cs (2017) [12] vé anh hudng ciia
nhiét do trich ly véi TPC thu dugce tir 14 ché: TPC tang khi nhiét
do tang tir 35 dén 45°C, khi nhiét do tiép tuc tang thi TPC ciia 14
che giam.

Khi kich thudc nguyén ligu tang thi TPC trong TSO giam,
dat gia tri cao nhét 14 4,37 mg GAE/gck voi kich thude 0,25 mm
(kich thudc 0,5 mm cho thy khong c6 sw khac biét co ¥ nghia
thdng ké vai kich thude 0,25 mm). Theo Nguyén Thi Hoang Lan
va cs (2016) [13], kich thudc nguyén liéu c6 anh huong dén dién
tich tiép xtic giita nguyén liéu va dung mdi, nhin chung, kich
thudc clia nguyén lidu cang nho thi hiéu suat trich ly cang ting.
Kich thude nguyén liéu nho s& c6 bé mit tiép xtc voi dung moi
16n hon, dung moi s& dé dang tham sau hoa tan va tach chiét
polyphenol, gitp qua trinh chiét tach cac hop chit hiéu qua hon,
do d6 TPC tang khi kich thudc giam.

Khdo sat véi céc diém toe do tir trich ly tinh ti trich ly dong
& cée toe do khac nhau, bude nhdy cua toc do 16n méi ¢ su khéc
biét ¢6 ¥ nghia thong ké. Nhin chung, TPC trong TSO ting khi
tc do chiét ting, voi ham luong polyphenol cao nhit ¢ toc do
200 va 250 v/p.

TPC trong dau hat che khong c6 su khac biét khi ty 1€ nguyén
liéu/dung méi tang tir 1/6 dén 1/8, khi tiép tuc tang ty 1é nguyén
liéu/dung mdi gia tri TPC co6 su khac biét va tang Ién, dat gia tri
cao nhit ¢ ty 16 1/12. C6 thé thay, hiéu qua tach chiét cac chit
¢o lién quan t6i viéc st dung dung moi 1a rd rang. Theo nhén
dinh ctia Nguyén Thi Hoang Lan va cs (2016) [13], khi sir dung
lugng dung moi qua it thi hiéu suét trich ly dau sé thap do luong
d6 khong du dé hoa tan dau & trong nguyén liéu, tuy nhién khi sir
dung luong dung moi du thira s& gy lang phi, ngoai ra con lam
tang lugng tap chat qué trinh thu hoi dung méi mat thoi gian khién
hiéu qua kinh té khong cao. Ham lugng cac hop chét tach chiét
dugc ciing anh huéng theo xu hudng cia hiéu suat trich ly dau.

Labbé va cs (2006) [14] dd chimg minh ring, chiét xuit
polyphenol bi anh huong rat nhidu boi thoi gian chiét. Két qua
thu dugc cho thdy, TPC trong TSO tang tir 5 1én 9h va ¢6 sw khac
biét rd rang ¢ mure y nghia 0=5%. Tuy nhién, tir 9 dén 11h, TPC
trong mau dau di giam xudng.

TPC thu dugc tr TSO gita ba cép d6 khao sat 1, 2 va 3 lan
trich ly khong khéc nhau dang ké. Diéu nay ¢6 thé dugc giai thich
nhu sau: trich ly 1a qua trinh khuéch tan phén ti chiét xuat hoa
tan vao dung moi va khuéch tan ra khoi té bao. Khi polyphenol
dat dén nong do can bang giita bén trong va bén ngoai té bao, qua
trinh chiét xuat két thic. Khi tang s lan trich ly, TPC khong tang
hoic ¢6 thé ting rat it.

So sanh TPC ciia TSO so v6i mot loai dau phé bién 1a dau dau
nanh, Duong Thi Phuong Lién va cs (2014) [15] xac dinh TPC
trong dau dau nanh bang 2,61 mg GAE/g, cho thdy ham luong
trong TSO xét chung khodng 4,45 mg GAE/g la cao hon so véi
dau d4u nanh, didu nay c6 thé 1a minh chimg cho kha ning khang
oxy hoa tot cia TSO thu nhan.
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Anh hwong ciia mt 5o thong so trong qud trinh trich ly toi
ham lwgng carotenoid ciia TSO

Theo Velasco va Dobarganes (2002) [16], carotenoid co thé
lam giam sy oxy héa dau cua diu bang cach loc anh sang, khir
cac gbe tu do. Két qua cho thdy, nhin chung sy tac dong cua cic
thong s6 t6i ham luong carotenoid c6 xu hudng twong ddi gidng
voi sy tac dong ciia cac thong sb trong qua trinh trich ly t6i tong
TPC (hinh 2).

Téng carotenoid
10000 meke
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Hinh 2. Anh huong ciia mdt s6 thong sb trong qua trinh trich ly téi ham lugng

carotenoid trong TSO (céc 56 li¢u theo mot nhom yéu t6 6 chit céi khac 1a khac
nhau c6 y nghia thong ké ¢ muc 5%).

Ciing gidng nhu TPC ciia dau, ban dau nhiét d¢ ting gitp
tang hiéu qua tach chiét, khién tong ham lugng carotenoid trong
TSO ting, tuy nhién sau d6 tong ham lugng carotenoid c6 xu
hudéng giam khi nhiét d9 tang cao. V§i dai nhiét do khdo sat, xt
1y thong ké cho thiy tac dong ciia nhiét do ciing duoc chia thanh
cac nhom anh huong téi ham lugng carotenoid.

Khi kich thuéc ctua nguyén liéu 16n hon, tong ham luong
carotenoid trong TSO c6 gi4 tri thap dan, gi4 tri nay thu dugc
& kich thuée 0,25 va 0,5 mm khong khac biét khi xir 1y thong
ké, dong thoi cho ham lugng carotenoid cao nhat (khoang 0,089
mg/g trong dwong 89 mg/kg); ham lugng thap nhét ¢ kich thudc
cao nhit 2 mm. Vé anh huong cua toc do trich ly, ¢ cac mau
TSO tong ham lugng carotenoid ¢6 xu hudng twong tu véi TPC,
voi 6 diém khao sat két qua chi chia thanh 3 nhom, khi toe do
¢6 su khéc biét 1on (100 v/p) méi thay sw khac biét. Him lugng
carotenoid tang khi tang ty 1¢ 1/6 1én 1/12, ¢ ty 1¢ 1/10 va 1/12
khong ¢ su khac biét c6 y nghia thong ké. Véi sy thay doi cia
thoi gian, ham lwgng carotenoid khong khac nhau rd rang, ¢ 11h
ham lugng carotenoid giam giéng nhu xu huéng & TPC trong dau
thu nhan, ¢6 thé néi thoi gian trich ly qua dai khong c6 tic dong
t6t t61 ham lugng céc chit khang oxy héa.

' Anh huéng ciia mgt sé thong so trong qud trinh trich ly téi
tong ham lugng tocopherol

Vitamin E (gdm tocopherol va tocotrienol) 1a chat chdng oxy
héa ty nhién, gitip kéo dai tudi tho cua dau, ngan ngira su 6i thiu
[17]. Tocopherol 1a ham lugng chinh, lugng tocotrienol rét it.
Do d6 chiing t6i khao sat ham lwong tocopherol cia cac mau thir
nghi¢m (hinh 3).
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Hinh 3. Anh huéng ciia mdt s6 thong sb trong qua trinh trich ly t6i ham lugng
tocopherol trong TSO (cac s0 liéu theo mot nhom yéu to co chir cai khac 1a khac
nhau c¢6 y nghia thong ké & mirc 5%).

Nhin chung xu hudng anh huong cua nhiét do, kich thudc,
tdc do trich ly dbi v6i ham luong tocopherol giong voi su anh
hudng ctia nhiét do, kich thudc, toc do trich ly t6i TPC trong dau
hat ché. Véi sur thay di ctia nhiét o, ham lugng tocopherol thap
nhit 1a 0,572 mg/g & 25°C va ting dan, dat gia tri cao nhat & 55°C
v6i ham lugng tocopherol bang 710 mg/kg; su thay di cua kich
thudce nguyén lidu khi ting tir 0,25 1én 2 mm ciing gdy thay doi
ham lugng tocopherol theo xu hudng giam, hay noi cach khac
kich thudc ty 1¢ nghich v6i ham lugng tocopherol. Vé sy anh
huong cta toc do trich ly dén ham lugng tocopherol két qua cho
théy, toc do trich ly ty 1€ thuan véi ham lugng tocopherol. Su thay
d6i nhu vay boi vi nhiét do trich ly tang, kich thudc giam, toc do
trich ly tang, giup tang hiéu qua chiét cac hop chat tocopherol,
dong thoi  hop chét tocopherol bén oxy héa trude cic yéu t6 nén
su thay d6i nhiét do khong 1am hao hut ham lugng.

Nam 2008, Fazel va cs [3] da xac dinh ham lugng vitamin E
va phenolic trong TSO, v6i ham lugng tocopherol chiém 0,376
mg/g va tocotrienol chiém 0,013 mg/g. Ham lugng tocopherol
trong mau dau hat ché dang nghién ctru duge xéc dinh 1a 710
mg/kg (0,710 mg/g), gip gan 2 lan so v6i két qua cua Fazel va
cs x4c dinh. C6 thé noi, véi ham lugng tocopherol cao nhu vay,
TSO ¢6 tiém nang lon trong viée trd thanh maot loai dau co do
bén oxy hoa cao.

Két qua vé khao sat thoi gian trich ly cho thdy ham luong
tocopherol tang theo thoi gian. Tuy nhién, tai 9 hay 11h trich ly,
ham lugng tocopherol gan nhu khong thay doi. Yé y,éu t6 56 lan
trich ly, ham luong tocopherol tang khi so lan chiét xuat tang. Hi¢u
qué chiét tocopherol c6 phu thudc vao sb lan trich ly, tuy nhién
c6 thé thdy su chénh 1éch giira trich Iy 2 va 3 1an 1a khong nhiéu.

Anh hwong ciia mot 56 thong 56 trong qud trinh trich ly toi
hoat tinh khang oxy héa IC ciia TSO

Hoat dong quét géc tu do DPPH dugc st dung rong rai
dé diéu tra hoat dong chdng oxy hoa (kha ning khang oxy
hoa) ctia cac loai thuc vat va hop chat tinh khiét khac nhau
[18]. Chung t6i xdc dinh gid tri IC, (nong do tai d6 tic ché
duge 50% gbc ty do DPPH), tir do xdc dinh kha ndng bt
gbc tu do clia TSO hay kha niang khang oxy héa. Chi so IC,,
cang cao thi kha ning chong oxy hoa cang thap va nguoc 1a1
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Hinh 4. Anh huéng ciia mot so thong s6 trong qua trinh trich ly t6i IC,, cia TSO
(cac s6 lidu theo mot nhom yéu t6 ¢6 chit cai khac 1a khac nhau ¢6 ¥ nghla théng
ké & mirc 5%).

Nghién ctru ciia Phan Thi Bich TrAm va Nguyén Thi Diém
My (2016) [19] cho thdy c6 mbi twong quan nghich giira TPC
va kha ning loai gbc tu do thong qua gid tri IC,) Nhu vay, su
tac dong cua cac thong sb t6i gia tri IC, co thé duoc giai thich
bdi xu hudng tac dong cta cac thong so trong qua trinh trich ly
t6i TPC cua TSO. Su tic dong cua cac thong 50 t6i IC,, TPC,
ham lugng carotenoid va tocopherol ¢6 moi lién h¢. Chung t6i
nhan thay, ty 1é nghich khong chi giira gia tri IC,, v6i TPC ma
con voi ca ham lugng carotenoid va tocopherol.

Hoat tinh khang oxy héa ting dan khi ting nhiét do tir 25
dén 40°C (gié tri IC, thap nhat 13 62,19 mg/ml & 40°C) va giam
dan khi nhiét do tang tir 40 1én 55°C, nhu vay xét cung su anh
huong toi ham lugng cac chit khang oxy hoa ¢ cac khao sat
trén, nhiét do 25 dén 40°C 1a khodng nhiét d¢ trich ly thu nhan
TSO c6 kha nang khang oxy hoa cao nhat. Voi sy dnh huong
cua kich thude, IC, ty 1€ thuan véi kich thude nguyén liéu, hay
noi cach khéc kha ning bat goc tu do DPPH ty 1¢ nghlch VoI
kich thugc cua bot hat che. Toc do trich ly tang thi IC, giam,
c6 nghia 1a kha ning bét goc ty do DPPH t6t nhat & toc do 200
va 250 v/p, tuy nhién khong c6 su khac biét & hai mtc toc do
ndy doi véi ca IC, va ham lugng céc chat oxy héa, toc d6 200
v/p 1a phu hop. Thoi gian 7 va Sh gibng vai tac dong cua ham
luong céc chat khang oxy hoa, 1a cac thoi gian cho két qua t6t
nhét vé hoat tinh khang oxy hoa. Ty 1& nguyén liéu/dung moi
tang tir 1/6 dén 1/10 thi hoat tinh khang oxy héa ciing tang, tuy
nhién khi ting t6i 1/12 hoat tinh khang oxy héa lai giam xudng,
két qua thong ké cho két qua twong dwong véi hoat tinh khang
oxy hoa cua TSO tai ty 1¢ 1/8.

Keét luan

Trong nghién ctu nay, phuong phap thi nghiém don yeu
t6 da dugc s dung dé x4c dinh anh huong cia timg thong sé
trong qua trinh trich ly t6i kha nang khang oxy hoa cua TSO.
Két qué chi ra su tdc dong cua mot sO thong so6 trong qua trinh
trich ly dén TPC, tong ham lugng carotenoid, tocopherol, hoat
tinh khang oxy héa 1a rd rang. Cu thé: & kich thudc 0,25-0,5
mm, toc do 200-250 v/p, nhiét do 35-45°C, thoi gian 7-h, ty 18
nguyén liéu/dung moi 1/8-1/10, trich ly 2 1an (dé tiét kiém thoi
gian va khong gdy that thot cac hop chét khang oxy hoa) cho
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kha ning khang oxy hoa cao nhat. Day la tién dé cho viéc tdi uu
hoéa quy trinh trich ly, xay dung quy trinh trich ly TSO c6 ham
lugng céac chat khang oxy hoéa cao.
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Phén tich co sé ha tang va nguon nhan lwe
cong nghé xa tri ¢ Viét Nam

Hoang Anh Tuén’, Pinh Vin Chién
Cuc Nang luong nguyén tir
Ngay nhédn bai 5/2/2021; ngay chuyén phan bién 8/2/2021; ngay nhan phan bién 16/3/2021; ngay chap nhan dang 1/4/2021

Tém tit:

Trong nghién ctru nay, cc tac gia tong hop va phan tich két qua diéu tra thong ké nim 2019-2020 vé co sé ha tang va
nguon nhin lyc ciia cac co sé xa trl 6 Viét Nam, tir d6 danh gia Kkét qua thwe hién muc tiéu Quy hoach chi tiét phat
trién, irng dung birc xa trong y té dén nim 2020, dong thoi danh gia ty 1¢ sir dung xa tri thue té (ARUR) ciia Viét
Nam. Két qua diéu tra thong ké da dwoc phan tich dé thao luin vé phin bo dia Iy va danh gia cac ty s6 dic trung PT/
LINAC, PT/RO, PT/ROMP, PT/RTT ciia cac co sé' xa tri trong ing dung cong nghé xa tri LINAC. Két qué nghién
ctru chi ra rz"mg, tuy Viét Nam chwa dat muc tiéu quy hoach dén niam 2020, nhung da dat nhiéu thanh tyu vé phat
trién mang ludi co sé xa tri trong toan qudc va dau tw thiét bi xa tri LINAC dat mirc 0,73 thiét bi LINAC/tri¢u dén;
ty 1¢ sir dung xa tri thwe té bang LINAC dat 20% véi viée ing dung cac ky thuit tién tién nhw IMRT, VMAT, IGRT,
SRS, SBRT va diu tur thiét bi mé phéng CT, MRI, PET/CT. Téng s6 bac sy, nhan vién y vat 1y, ky thuat vién xa tri
trong toan quoc twong vng 1a 318, 151 va 356 nguoi. Céc co s6 xa tri va di ngii chuyén gia chii yéu tip trung & Ha
Noi va TP H6 Chi Minh véi 67% thiét bi LINAC dap trng 80% s6 bénh nhén xa tri LINAC hang nim. Mt mé hinh
du bao nhu cu xa tri da dwoc dé xuét va ap dung dé xac dinh sb lwgng thiét bi LINAC, ngu?)n nhan lwe ky vong cin
thiét cho giai doan 2020-2040 nham dat ty 1€ str dung xa tri thuc té 25-35% s6 bénh nhan mic ung thu méi hang nam.
Theo d6, so6 lrgng thiét bi LINAC ky vong can thiét dén nim 2030 va nim 2040 twong tng dat ty 18 1,1 LINAC/tri¢u
dan va 1,7 LINAC/triéu din, nhu cau nguon nhan lyc RO, ROMP, RTT dwgc du bio sé ting twong ing tdi thiéu 12,
34 va 67% tir nim 2021 dén nim 2030 va 71% cho giai doan 2031-2040.

Tir khéa: co sé ha ting, dw bao nhu cau, LINAC, nguon nhén lwe, quy hoach, ty 1¢ sir dung xa tri thue té, xa tri.

Chi s6 phén loai: 2.11

Dit van de

Theo s6 liéu thong ké ciia Co quan Nghién ctru ung thu qudc
t& (IARC), s6 ca mdc ung thy méi ciia Viét Nam nam 2020 1a
183.000 ngudi va voi xu hudng ngay cang ting trong giai doan dén
2040 [1]. Quy hoach chi tiét phat trién, (mg dung birc xa trong y té
dén ndm 2020 duoc ban hanh theo Quyét dinh sb 1958/QD-TTg
ngay 04/11/2011 cua Thit tuéng Chinh phi (Quy hoach chi tiét) da
dat ra muc tiéu dén nam 2020: thanh lap va hoan thién mang ludi
cac co sy té ung dung biic xa trong kham, chita bénh, dao tao va
nghién ctru khoa hoc, véi cac muyc tiéu cu thé 1a: 80% tinh, thanh
pho trye thude Trung wong cd co' sy hoc hat nhan va co' s¢ ung
budu co thiét bi xa tri; toan qudc dat ty 18 it nhat 01 thiét bi xa tri
va 01 thiét bi xa hinh trén 01 triéu dan... Pé danh gia két qua dat
dugc so voi myc tiéu, nhiém vy cua Quy hoach chi tiét trong linh
vuc xa tri, dong thoi danh gid nhu cau phat trién trong giai doan
sau 2020, chung t6i da tién hanh diéu tra thong ké vé co's0 ha ting
va ngudn nhan lyc cta cac co so xa tri trong toan quoc Ngoai ra,
ket qué diéu tra thong ké s& duogc sir dung lam co so dé thao luan
vé phan bd dia ly, danh gia va so sanh céc ty so dac trung trong img
dung cong nghé xa tri 0 Viét Nam. Céc ty s6 dic trung [2, 3] bao
gom ty 0 gitra s bénh nhin va s thiét bi LINAC (PT/LINAC), ty
s0 gitta s bénh nhan va sd lwong bac sy xa tri (PT/RO), ty s giita

‘Tac gia lién hé: Email: hatuan@most.gov.vn
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s bénh nhan va s6 lugng nhan vién y vat Iy xa tri (PT/ROMP), ty
sb giita s6 bénh nhan va sb luong ky thudt vién xa tri (PT/RTT).
Day 1a cac ty s6 dugc chap nhan rong ri trong linh vuc tmg dung
cong nghé xa tri trén thé > gl va thuong duoc st dung dé danh gia
muc do hop ly trong m01 quan hé giita s lugng bénh nhan dugc
diéu tri hang nam va nguon nhan lyc cua cac co so xa tri hodc cua
moét quic gia. SO liéu dleu tra thong ké ciia Viét Nam va cta céc co
quan chuyén mon quoc té s& dugc sir dung lam co so xay dung mo
hinh dy bao nhu ciu phat trién co so ha ting va nguon nhan lyc xa
tri, gop phan xay dung quy hoach thoi ky 2021-2030, tim nhin dén
nim 2050 theo Nghi dinh s6 41/2019/ND-CP ngay 15/5/2019 ctia
Chinh phii quy dinh chi tiét viéc 1ap, tham dinh, phé duyét, cong
bd, thuc hién, danh gia va diéu chinh quy hoach phét trién, tmg
dung nang lugng nguyén tir.

Doi tuong va phuong phap nghién ciiu

Tién hanh diéu tra thong ké vé co s ha ting va ngudn nhan lyc
clia céc co sO xa trj trong toan qudc. Téng hop va phén tich s6 liéu
diéu tra théng ké dé danh gia két qua thyuc hién muc tiéu quy hoach
dén nam 2020, xac dinh ty 16 str dung xa tri thuc té & Viét Nam,
thao ludn vé phan b dia 1y va cc ty so dic trung PT/LINAC, PT/
RO, PT/ROMP, PT/RTT ddi véi céc co s tmg dung cong nghé xa
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Abstract:

In this study, the authors synthesise and analyse the re-
sults of the 2019-2020 statistical survey on infrastructure
and human resources of radiotherapy centers in Viet-
nam, thereby assessing the results of the detailed plan-
ning on the development and application of radiation in
health to 2020, and at the same time assessing the actual
radiotherapy utilisation rate of Vietnam. Statistical sur-
vey results were analysed to discuss geographic distribu-
tion and evaluate the characteristic ratios of PT/LINAC,
PT/RO, PT/ROMP, PT/RTT of the radiotherapy centers
in the application of LINAC radiotherapy technology.
Research results show that although Vietnam has not
met its planned target by 2020, it has obtained many
achievements in developing a network of radiotherapy
centers nationwide and investing in LINAC radiothera-
py equipment reaching 0.73 LINAC/mil. people and the
actual radiotherapy utilisation rate (ARUR) being 20%
with application of advanced technologies such as IMRT,
VMAT, IGRT, SRS, SBRT, simulation devices such as
CT, MRI, PET/CT. The total number of radiotherapists,
medical physicists, and technicians nationwide are 318,
151, and 356 people, respectively. Radiotherapy centers
and specialists are highly concentrated in Hanoi and Ho
Chi Minh city with 67% of LINAC machines, respond-
ing to 80% of patients receiving cancer treatment by
LINAC annually. A model for forecasting radiotherapy
demand has been proposed and applied to determine the
expected number of LINAC machines, human resourc-
es needed for the period 2020-2040 to achieve the actual
radiotherapy utilisation rate of 25-35% of new cancer
cases annually. Accordingly, the number of LINAC ma-
chines needed by 2030 and 2040 will reach 1.1 LINAC/
million people and 1.7 LINAC/million people. The de-
mand for RO, ROMP, and RTT human resources is fore-
casted to increase at least by 12, 34, and 67% from 2021
to 2030, respectively, and 71% for all from 2031 to 2040.

Keywords: actual radiotherapy utilisation rate, demand
projection, human resources, infrastructure, LINAC,
planning, radiotherapy.
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tri 6 Viét Nam. Ty 1€ s dung xa tri thye té (ARUR) 1a ty 18 giira
$0 bénh nhén dugc xa tri va tong sd ca ung thu méi trong nam cua
mot qudc gia, lién hé chit ché véi ty sé PT/LINAC va s6 thiét b
xa tri trén mat triéu dan.

Céc s6 liéu dugc tong hop tir mot s nguon, bao gdm két qua
diéu tra thong ké Gmg dung cong nghé xa tri nam 2019-2020, dit
liéu cua Co quan Ning luong nguyén tir qudc té (IAEA), Co quan
Nghién ctru ung thu qudc t& (TARC), Hiép hoi Xa tri va ung thu
hoc chau Au (ESTRO) va céc tai lidu lién quan. S6 liéu d1eu tra
thong ké ciia Viét Nam va cta céc co quan chuyén mon quoc té s&
duge str dung lam co s¢ xay dung m6 hinh dy bdo nhu cau phat
trién co s ha tang va ngudn nhan luc xa trj trong quy hoach cho
giai doan 2020-2040. Trong mo6 hinh dy bdo, ching t6i st dung
ham muc tiéu la ty 1€ su dung xa tri thuc té ky vong cua Viét Nam
va céc tham s PT/LINAC, RO/LINAC, ROMP/LINAC, RTT/
LINAC dé du bao sb luong thiét bj LINAC, sb lugng béc s§, nhan
vién y vét Iy, k¥ thudt vién xa tri ky vong can thiét.

Trong nam 2019, chung t6i dd xdy dung phuong an, mau phiéu
diéu tra thong ké tmg dung cong nghé xa tri va gui dén 40 co so
xa tri trén ca nude. Céc chi tiéu diéu tra thong ké trong mau phiéu
bao gorn s6 luong thiét bi xa tri LINAC, Tele-Co60, xa tri ap sat,
xa phau, 56 luong bénh nhan xa tri, bac sy xa tri, nhan vién y vat
ly xa tri, k¥ thuat vién xa tri trong cac ndm 2017, 2018, 2019 va
cac thong tin lién quan cia co so xa tri. Cong tic diéu tra thong
ké duoc tién hanh theo 2 dot: dot 1 tir thang 8-12/2019, dot 2 tir
thang 8-12/2020. Nam 2020, 04 co so xa tri dugc thanh lap méi,
nang tong s co so xa tri trong toan qubc 1a 44 co s¢. Dén thang
12/2020, chiing t6i da nhan dugc béo céo cdp nhat s0 lidu dén hét
thang 12/2019 va thong tin vé s6 luong thiét bi, nhan luc, bénh
nhan cap nht dén thang 9/2020 cua 35/44 co s6 xa tri gui vé Cuc
Nang luong nguyén tur. Cén luu y rang, mic du 09/44 co so xa tri
(bao gém 04 co s¢ méi duge thanh 1ép) chua co sb lidu cap nhat
vé nguon nhan lyc va 56 bénh nhén xa tri, nhung khong anh huong
d4ng ké dén két qua didu tra thong ké.

Két qua va thao luan
Két qua diéu tra thong ké

Két qua diéu tra théng ké vé co so ha tang va ngudn nhan lyc
ung dung cong ngh¢ xa tri cua cac co sd xa tri bao gém céac chling
loai, sO luong thiét b xa tri, s6 lugng bac sy xa tri (RO), nhan vién
y vat ly xa tri (ROMP), k¥ thudt vién xa tri (RTT).

Nam 2019, theo két qua diéu tra théng ké, Viét Nam c6 40 co
0O xa tri tai 40 bénh vién voi t6ng s 95 thiét bi xa trj va xa phau,
trong do: 66 thiét bi LINAC tai 33 co s (07 co s& chua cd thiét b
LINAC), 08 thiét bj xa phau tai 06 co s, 05 Tele-Co60 (thyc té chi
¢6 02 thiét b dang dugc st dung) va 16 thiét bi ap sat tai mot sd
co s6. DI v6i 35 co s6 xa tri ¢6 béo cdo nguén nhan lyc (87,5%),
tong s6 RO, ROMP, RTT tuong tmg la 276, 131 va 310 ngudi,
trong do, tong s6 RO, ROMP, RTT ciia 28 co s& xa tri LINAC
twong tmg 1a 250, 123 va 277 ngudi. Pa s6 nhan vién y vat Iy ¢
cac co s xa tri da ¢ kinh nghiém trén 05 nam, t6t nghiép ctr nhan
hodc thac sy chuyén nganh vat ly hat nhan, k¥ thuat hat nhan tr cac
truong dai hoc ¢ Ha Noi, TP Ho Chi Minh, Mot thuc té can dugc
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nhén manh ddi véi linh vuc y vat 1y ¢ Viét Nam la chua hinh thanh
mot hé thdng dap g thuc sy chuan muc quéc té vé dao tao van
bang ¢ truong dai hoc va dao tao 1am sang tai co so xa tri. Tong
s0 bénh nhan xa tri LINAC cua 28/33 ¢o s vi 60 thiét bi LINAC
la 34.580 bénh nhan (khong tinh $0 bénh nhan xa tri LINAC cua
05 co 56 con lai v6i 06 thiét bi LINAC); tong s6 bénh nhan dugc
diéu trj xa phau, Tele-Co60, xa tri ap sat 1a 4.687 bénh nhan. Tir
50 lidu ciia IARC [1] vé s6 ca mic ung thu méi ¢ Viét Nam trong
cac nam 2018 va 2020, udc tinh s6 ca méic ung thu méi nam 2019
& Viét Nam 12 174.000 ca. Do d6, trong ndm 2019, v6i tong s6
34.580 bénh nhan dugc xa tri LINAC, thi ty 1¢ ARUR ¢ Viét Nam
14 19,87%. Néu tinh thém s6 lugng bénh nhan duogc xa trj LINAC
chua thong ké duoc cua 05 co so xa tri v6i 06 thiét bi LINAC tai
Ha Noi va TP H Chi Minh thi ty 1é ARUR & Viét Nam 1a 20%
hodc cao hon mot it.

Nim 2020, voi viée dau tu 04 thiét bj LINAC tai 04 co so xa
tri moi dugc thanh 1ap, Viét Nam co téng $6 99 thiét bi xa tri va
xa phau tai 44 co so xa tri cia 44 bénh vién, trong d6: 70 thiét bi
LINAC tai 37 co so, 08 thiét bi xa phiu, 05 Tele-Co60 va 16 thiét
bi 4p sat. Dya trén tong s6 RO, ROMP, RTT cua 28 co s xa tri
v6i 60 thiét bi LINAC tuong tmg 14 250, 123, 277 ngudi, cac hé sd
RO/LINAC, ROMP/LINAC va RTT/LINAC cua Viét Nam duoc
d4nh gia twong g 1a 4,2-2,0-4,6. Khi st dung céc hé s6 nay dé
uée tinh s6 luong nhan lyc cua 09 co s6 xa tri voi 10 LINAC, thi
dén ndm 2020, Viét Nam c6 tong s6 RO, ROMP, RTT uéc tinh
twong Ung la 318, 151 va 356 nguoi.

Sw phdt trién tng dung cong nghé xa tri

Trong nhiing ndm qua, nhiéu co s¢ xa tri & Viét Nam da duogc
xdy dyng, phat trién va dau tu thiét bi xa tri LINAC {mg dung céc
ky thudt tién tién nhu xa tri diéu bién liéu (IMRT), xa tri cung tron
diéu bién lidu theo thé tich (VMAT), xa trj theo huéng dan hinh
anh (IGRT), xa phau (SRS), xa tri 1ap thé dinh vi than (SBRT)
nhdm nng cao chat lugng diéu tri. Cong nghé Varian Truebeam
da dugc ung dung tir ndm 2018 tai cac bénh vién Trung wong Quéan
doi 108, Ung budu TP Hb Chi Minh, Vinmec Central Park [4-
7]. Ngoai ra, nhiéu thiét bi LINAC hién dai di dwoc tmg dung
nhu Elekta Versa HD tai Bénh vién Cho Ray (2018), Bénh vién K
(2019); Elekta Infinity tai Bénh vién K (2017); Elekta Synergy ¢
Bénh vién K (2018), Da khoa Hgp Luc (2018), Ung budu Nghé¢ An
(2019), Ung budu Béc Giang (2020), Pa khoa Ninh Binh (2020),
Da khoa Hung Yén (2020), Hitu nghi Lac Vi¢t (2020)...

Theo cic tai liéu [5-7] va két qua didu tra théng ké cta ching
ti, sy phat trién s co s xa trj va thiét bi LINAC & Viét Nam
duoc thé hién trong hinh 1. Giai doan 2015-2020 danh diu su phat
trién nhanh chong vé sb luong céac co so xa tri va s0 lugng thiét b
LINAC duoc dau tw, phan anh viéc dap img nhu cau diéu trj ung
thu ngdy cang ting & Viét Nam va két qua thyc hién Quy hoach
chi tiét. Trong giai doan 2015-2020, s6 co s xa tri ting gan 2,0
lan (dat ty 1& 35% tinh/thanh phd tryc thude Trung wong cb co s&
ung budu co thiét bi xa trj so v&i muc tiéu 80% trong Quy hoach
chi tiét), s luong thiét bi LINAC tang 2,7 lan (dat ty 1¢ 0,73 thiét
bi LINAC/tri¢u dan so v6i muc tiéu toi thiéu 01 thiét bi xa tri/triéu
dan vao ndm 2020 cua Quy hoach chi tiét).
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mCosoxatri ™ Thiét bi xa tri LINAC
Hinh 1. S6 lwgng co s6 xa tri va thiét bi LINAC ¢ Viét Nam giai doan
2015-2020.

Phiin bo dia ly cdc co 56 xa tri

Phén bé dia ly va két qua hoat dong xa tri trong ndm 2019 cla
33 co sO xa tri ¢6 thiét bi LINAC theo ba vung Bic B9, Trung
B6 - Tay Nguyén, Nam B¢ va 03 thanh phd Ha Noi, Da Nang, TP
H6 Chi Minh dugc trinh bay trong bang 1. Phan b6 dia Iy cac co
s6 xa trj LINAC, thiét bi LINAC, s6 bénh nhan xa trj LINAC nam
2019 duoc thé hién trong hinh 2. Cac co so xa tri LINAC chu yéu
tap trung & Ha Noi, TP Ho Chi Minh, Pa Néng, dic biét 1a 6 Bénh
vién K Ha N¢i, Bénh vién Trung wong Quan doi 108, Bénh vién
Ung budu TP Ho Chi Minh, Bénh vién Cho Riy. Tong s6 thiét bi
LINAC va s6 bénh nhan xa tri LINAC ctia Ha Noi va TP Ho Chi
Minh tuong ng 1a 44 LINAC (66,7%), 27.416 bénh nhan (79,3%).

Bang 1. Phén bb dia Iy cac co sé xa tri LINAC nim 2019.

s Shthiét Ty lé thiét 6 bénh Ty 1é bénh nhin  Dén s6 nim

Khu vye, thanh pho » LINAé bixatrji biLINAC nhinxatri  xatriLINAC 2019 (tri¢u
: LINAC (%) LINAC' (%) ngudi)

Bic B) 16 3 485 17.961 5194 35
Trung B9 - Tay Nguyén 8 12 182 4114 119 26
Nam B 9 yy) 33 12,50 36,16 35
Tong 3 06 100 34580 100 9%
Ha Noi 10 2 379 15363 44 8
DaNing 3 5 76 1.284 371 11
TP Ho Chi Minh 7 19 288 12053 34,86 9
Tong 2 49 743 28700 83,0 18,1

*Khéng tinh 5 co s& xa tri vdi 6 thiét bi LINAC chua ¢6 s6 ligu cap nhat vé s6 bénh nhan.
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Hinh 2. Phin bé dia Iy cic co sé xa tri LINAC, thiét bi LINAC, s6 bénh
nhén xa tri LINAC nam 2019.

Ty so dic trung va phdn logi cdc co sé xa tri

Théng thuong, gia tri cta cac ty so dic trung PT/LINAC, PT/
RO, PT/ROMP, PT/RTT ndm trong mot khoang nhét dinh. Khi ty
s nay 16n hon gi6i han thi can xem xét vide bd sung thiét bi, nhan
Iy hodc nguroc lai khi ty s6 thap hon gi61 han c6 nghfa la hiéu qua,
tinh kinh t& cia viéc dau tu trang thiét bi con thap, cin xem xét
nang cao theo diéu kién thuc té. Trong nghién ctru nay, cac ty sb
dac trung lan déu tién dugc xac dinh cho 28 co so xa tri ¢6 thiét bi
LINAC va dugc trinh bay trong bang 2 va hinh 3 (sip xép theo thir
tu ting din cua ty sd PT/LINAC).
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Bang 2. Ty sb dic trung PT/LINAC, PT/RO, PT/ROMP, PT/RTT ciia 28 co
s& xa tri LINAC nam 2019.

SIT  Cosixat 6 PT/ PT/  PT/ PT/
N LINAC LINAC RO ROMP  RIT

1 C PaNing 1 34 17 34 6

2 Pa khoa Hop Luc 1 91 30 46 30
3 Pa khoa Pa Ning 2 105 42 70 Iy}
4 Pa khoa Kién Giang 2 125 83 42 50
5 Da khoa Bic Ninh 1 140 35 47 47
6 Ung buéu Nghé An 2 200 67 80 44
7 Da khoa Dong Nai 1 202 51 67 101
8 Bii Chay 2 221 76 151 41
9 Viét Nam - Thuy Dién (Usng Bi) 1 240 120 240 120
10 Da khoa Binh Dinh 1 309 155 309 71
1 Quény 103 2 325 81 217 163
12 Da khoa Théi Binh 1 347 174 174 87
13 19-8 By Cong an 1 475 158 238 95
14 Y hoc phong xa va U budu Quan doi 1 478 96 239 96
15 Quény 175 2 480 96 240 160
16 Ung budu Da Ning 2 520 16 173 87
17 Trung wong Quan doi 108 3 527 198 264 105
18 Phéi Trung wong 1 530 53 265 177
19 Ung bu6u Thanh Hoa 1 656 60 328 328
20 Hitu nghi Viét Tigp 1 686 137 229 137
21 Trung wong Hué 2 687 125 344 137
2 Cho Riy 4 690 394 460 120
23 Da khoa Phu Tho 1 732 92 183 73
24 Nhén dan 115 2 750 375 500 214
25 Ung budu Ha Noi 2 753 188 376 167
26 K Ha Noi 12 779 267 667 183
27 Bach Mai 1 800 53 267 133
28 Ung budu TP Ho Chi Minh 7 976 121 273 137

——PT/UNAC ——PT/RD ——PT/ROMP ——PT/TT
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Hinh 3. Phin bd cac ty s§ dic trung ciia 28 co' s¢' xa tri (nim 2019).

Theo tai li€u “Xa tri ung thu: D4i mat véi thach thir toan cau”
[8], cong suat xa tri (PT/LINAC) ctia mot thiét bi LINAC tir 400 dén
600 bénh nhan/nam. S6 lugng bénh nhan dugc xa trj cia mot thiét bi
LINAC trong mdt ndm con tuy thudc vao co so xa tri cu thé. Dé tinh
toan sd lugng LINAC can thiét cho mot co so xa tri, vung dia Iy hoac
ca nudc can thiét phai sir dung s6 liéu PT/LINAC & pham vi thich
hop. Ty s6 PT/LINAC nidm 2019 ciia Viét Nam udc tinh khoang 540
bénh nhéan xa tri/LINAC. Phan tich sd lidu vé cac ty sd dic trung cua
28 co o xa tri duoc trinh bay trong bang 2 va hinh 3, ¢ thé phan
loai cac co s¢ xa tri & Viét Nam theo ba nhom sau day: nhom I: co
SO xa tri co ty 56 PT/LINAC > 600; nhom II: co s xa tri voi 400 <
ty s6 PT/LINAC < 600; nhom III: co s6 xa tri ¢6 ty s6 PT/LINAC
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<400. Theo phan nhém nhu trén, c6 10 co s¢ thudc nhom I véi 33
thiét bi LINAC, 6 co s6 thude nhém I véi 10 thiét bi LINAC, 12 co
O xa tri thudoc nhom III vai 17 thidt bi LINAC. Trong bang 2, danh
sach cac co so xa tri thudc cac nhom I, I1, TIT twong (mg s6 thir tur 1a
19-28, 13-18 va 1-12. Céc ty s6 dic trung theo IAEA [2], ESTRO [3]
cling v6i cac ty s dic trung trong img dung cong nghé xa tri cua Viét
Nam theo ba nhom co s¢ xa tri LINAC dugc trinh bay trong bang 3.

Bing 3. Ty s6 dic trung ciia ba nhém co sé xa tri LINAC ciia Vigt Nam,
IAEA, ESTRO.

PT/LINAC PT/RO PT/ROMP  PT/RTT
IAEA 400-500 250-300 300-400 100-150
ESTRO 400-450 200-250 450-500 -

Nhom I (600-1.000) 53-394 183-667 73-328
Viét Nam (2019) Nhom II (400-600) 53-198 173-265 87-160

Nhom IIT (<400) 17-174 34-309 6-163

Dua trén s6 liéu duogc trinh bay trong bang 2 va bang 3, c6 thé
dua ra cac danh gia so sanh va khuyén cdo nhu sau:

Db6i véi nhom I: 02 bénh vién & TP HO Chi Minh (Cho Ry va
Nhan dan 115) ¢6 ty s6 PT/RO >300, cin sém ¢6 ké hoach dau tu
thiét bi LINAC, bd sung s0 luong bac sy va nhan vién y vat ly xa tri.
Bénh vién K Ha Noi ¢6 ty s6 PT/ROMP la 667, vuot qua giéi han
cia TAEA va ESTRO, can c6 ké hoach bo sung khoang 30% nhan
vién y vét 1y, dau tu thiét bi LINAC. Céc bénh vién Ung budu Ha
Noi, K Ha N¢i, Nhan dan 115, Ung budu Thanh Hoa co ty s6 PT/
RTT >150 theo khuyén cdo cta IAEA, can c6 ké hoach kip thoi bo
sung $0 luong ky thuat vién xa tri.

i béi voi nhom II: céc ty sb ddc trung cua 6 co sO xa tri nhom 11
vé co ban nam trong gioi han khuyen céo cua IAEA, chi c6 ty s6 PT/
RTT cua Bénh vién 175 1a 160, vuot gidi han 150.

D6i voi nhom IIT: cac ty s6 ddc trung cta 12 co so xa tri nhom I11
v& co ban nam trong gi6i han khuyén cao cia IAEA, ESTRO, chi ¢6
ty s0 PT/RTT cua Bénh vién Quan y 103 [a 163, vuot gidi han 150.
Tuy nhién, cdn phai ning cao ning lyc diéu tri, chat lwong ngudn
nhan lyc va hidu qua dau tr ddi voi 12 co s xa tri thuée nhom IIL.

M@ hinh dyw bdo nhu ciu LINAC va nguén nhin luc

Viée lap ké hoach qudc gia vé phat trién tmg dung cong nghé xa
tri doi hoi phai ¢6 hidu biét ki ludng vé hd so dich t& hoc ung thu
ciia dt nudc, ty 16 sir dung xa tri thue té ARUR va dy bao tuong lai
cua dir liéu nay. Theo IAEA, ty 1¢ ARUR ¢ cac nudc c6 thu nhdp
trung binh 1a 28% (9-46%) va ty & xa tri toi wu 1a 52% (47-56%)
[9]. Theo két qua diéu tra thng ké (mg dung cong nghé xa tri &
Viét Nam dugc trinh bay ¢ trén, ty 1¢ sir dung xa tri LINAC thyc té
ARUR ¢ Vi¢t Nam 1a 20%, do d6 chung ta co thé ky vong ty 16 nay
s& tang dan trong giai doan sau 2020.

Trong mo hinh dy bao nhu cau, chung toi dat myc tiéu ty 1&
ky vong ARUR sur dung LINAC tuong tng 1a 25% cho giai doan
2020-2030 va 35% cho giai doan 2030-2040. Ngoai ra, theo bao
cho cta Bo Y té bang Victoria (Uc) [10], sb lwong can thiét RO,
ROMP, RTT ty 1& véi sb thiét bi LINAC ky vong véi cac hé sb
tuong tmg 13 3,0-1,7-10,0. Theo két qua diéu tra thong ke, cac hé sb
RO/LINAC, ROMP/LINAC va RTT/LINAC cua Viét Nam da dugc
xéc dinh twong (g 1a 4,2-2,0-4,6. Két hop két qua nghién ciru cia
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TAEA [8], Uc [10] va két qua diéu tra thong ké trong nghién ctru
nay, chung toi st dung cac hé s6 PT/LINAC, RO/LINAC, ROMP/
LINAC va RTT/LINAC trong m6 hinh danh gia du bao twong tng la
500-3,0-1,7-5,0. S6 lugng LINAC ky vong can thiét s& 1a (ARUR x
N)/500, trong d6 N 1a s ca méc ung thw méi hang ndm theo s6 liéu
ciia JARC. Két qua danh gia du bao s6 lugng LINAC, RO, ROMP,
RTT cén thiét ky vong tdi thiéu cho giai doan dén 2040 dugc trinh
bay trong bang 4 (céc s6 lidu c6 ddu (-) vao nam 2020 la s6 lwong
LINAC, ROMP, RTT thiéu hut so v6i nhu ciu ky vong).

Bing 4. Dy bao nhu cAu LINAC va ngudn nhén lyce xa tri dén nim 2040.

S6 ca ung thw Sb ca diéu tri )

Nim o e Linac RO ROMP  RTT
2020 183.000 45.750 92(-22) 276 156 (-5) 460 (-104)
2025 209.000 52.250 105 315 179 525

2030 237.000 59.250 119 357 202 595

2035 265.000 92.750 186 558 316 930

2040 291.000 101.850 204 612 347 1.020

V6i gia thiét ty 1 ting truong dan sb cta Viét Nam 1a 1,16%/
nam, thi dén nam 2030 va nam 2040, sb lugng LINAC/tri¢u dan du
bao tuong tng dat ty 1€ 1,1 LINAC/tri¢u dan va 1,7 LINAC/tri¢u
dan. Nhu cdu nguén nhan lyc RO, ROMP, RTT dugc du bao tang
twong (g toi thiéu 12, 34 va 67% tir nam 2021 dén nam 2030 va
71% trong giai doan 2031-2040.

Nhu vy, st dyng ty 16 xa tri thuc té ¢ Viét Nam lam muyc tiéu
thay cho chi tiéu so thiét bi xa tri trén mot triéu dan trong quy hoach
phat trién tmg dung cong nghé xa tri cho phép xdc dinh cac ngudn
lyc va giai phap phat trién can thiét mot cach dong bo. Ngoai viec
dau tu thiét bj LINAC ung dung céac k¥ thudt hi¢n dai nhu IMRT,
IGRT, VMAT, SRS, SBRT, can thiét tién hanh nghién ctru kha thi
cac du 4n dau tu cong ngh¢ hién dai nhu MRI/LINAC, xa tri proton,
xa tri BNCT tng dung chum notron tir 160 phan tng nghién ctru hoac
thiét bi gia toc. Dé khai thac hiéu qua thiét bi xa tri hién dai, can phai
dong thoi dau tu thiét bi moé phong nhu CT md phong, MRI, PET/
CT, PET/MRI va ning cao chat lwgng ngudn nhéan lyc thong qua
mot chuong trinh dao tao quéc gia trong linh vuc xa tri.

Keét luan

Lan dau tién tién hanh diéu tra thong ké va tong hop, phan tich
$6 lidu vé co s6 ha tﬁng va nguén nhan lyc cua cac co so xa tri &
Viét Nam, da ghi nhan sy tang trudng dang ké vé s6 co so xa tri, sb
thiét bi xa tri LINAC trong giai doan thyc hién Quy hoach chi tiét
phat trién, tmg dung birc xa trong y té dén nam 2020 theo Quyét
dinh ciia Thu tuong Chinh pha. Dén nam 2020, Viét Nam da dau
tu, phat trién 44 co so xa tri, dat ty 1¢ 0,73 LINAC/tri¢u dan va
35% tinh/thanh phd truc thude Trung wong ¢6 co s ung budu co
thiét bi xa tri. Tong sb bac sy, nhan vién y vét 1y, k¥ thut vién xa
tri trong toan qudc twong mg 1a 318, 151 va 356 ngudi. C6 sy tap
trung cao doi ngii chuyén gia, thiét bi LINAC (67%) va bénh nhan
xa tri LINAC (80%) ¢ Ha Noi va TP H) Chi Minh. Nim 2019, voi
téng s 34.580 bénh nhén xa trj LINAC, ty 1€ su dung xa tri thuc té
(ARUR) mg dung cong ngh¢ LINAC ¢ Viét Nam dat khoang 20%.

Nh(‘{ viéc xac dinh ty $6 ddc trung gilra $0 luong bénh nhan trén
mdt thiet bi LINAC (PT/LINAC), cac co sé xa tri ciia Viét Nam
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dugc phan loai theo ba nhom. Can cir cac ty s6 dic trung PT/RO,
PT/ROMP, PT/RTT duogc x4c dinh ddi voi 28 co s xa tri LINAC,
can phai kip thoi bd sung nhan lyc va dau tu thiét bi doi véi cac co
56 xa tri thuoc Nhom I v6i s6 bénh nhén 13 600-1.000/LINAC/nim
béi vi céc ty s dic trung cla co s& xa tri ndy vuot qué gidi han
khuyén cdo ciia IAEA va ESTRO; can phai nang cao ning luc diéu
tri, chat lugng nguE‘)n nhan lyc va hiéu qua dAu tw ddi v6i 12 co'sé xa
tri thudc nhom 111 véi sb bénh nhan dudi 400/LINAC/nam.

Can thiét st dung ty 1€ xa tri thyc té & Viét Nam lam muc tiéu
thay cho chi tiéu s0 thiét bi xa tri trén mot triéu dan trong viéc xay
dung Quy hoach phat trién, img dung ning luong nguyén tir thoi
ky 2021-2030, tim nhin dén nam 2050 theo Quyét dinh sb 108/
QDb-TTg ngay 22/01/2021 cua Thu twéng Chinh phu. Véi muc tiéu
st dung xa tri thuc té dat ty 1€ 25-35% cho giai doan 2030-2040, $0
luong thiét bi LINAC can thiét dén nim 2030 va 2040 duoc du bao
theo md hinh chiing t6i d& xuat 1a 119 va 204 thiét bi, twong tng ty
1é 1,1 LINAC/triéu dan va 1,7 LINAC/trigu dan. Nhu cau nguén
nhan lyc bac sy xa tri, nhan vién y vat ly va ky thudt vién dy bao
ting twong tmg toi thiéu 12, 34 va 67% tir nam 2021 dén ndm 2030
va 71% trong giai doan 2031-2040.

L01 CAM ON

Nghién ctru nay duge thue hi¢n trong khuén kho Dé tai “Xay
dung ban b cong nghé birc xa va dong vi phong xa trong linh vire
y té, cong nghi¢p” ma s6 DM.48.DA/19, thuge Chuong trinh Doi
méi cong ngh¢ quoc gia. Chung t6i xin chan thanh cam on Ban chu
nhi¢m va cic co quan quéan ly Chuong trinh, cdc bénh vién c6 co s&
Xa tri da ho tro thyc hién nghién ciru nay.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gUii dang trén Tap chi phai 1a bai viét nguyén thuy (chua dudc cong bd trude do). Tac gia
khong dudc gui dang bai viét trén cac tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Bai bao dai khong qua 10 trang (bao gdm ca bang biéu, ghi chd, tai liéu tham khao va phu Iuc) font
chii: Times New Roman; ¢G chii 13; khé glay A4, |€ trén 2 cm, 1€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Noi) hodc qua hom thu dién tl, dia chi: khcnvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

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

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc G cac cd quan khac nhau thi tén téc gia dugc danh s (2+) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dugc viét § cudi trang dau tién clia bai bao.

Tom tit

Tom tat bang tiéng Viét va tiéng Anh. Néu dugc muc dich, phudng phéap nghién clu chinh, két qua
nghién ctu va két luan chi yéu. Tl khoa bang ca tiéng Viét va tiéng Anh theo thi ty alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/dat van dé
Dinh nghia van dé; tém Iugc vdn dé nghién cliu da dudc cdng bd trong va ngoai nudc, néu muc tiéu

nghién cuu \(a gidi thich sy Iua‘chon dé tai va muc tiéu nghién ctiu dé thay dudc tinh thai su, tinh khoa
hoc va su can thiét cla van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién clu can trinh bay tiéu chuén Iya chon, déc diém déi tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen clu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phap xG ly s6 liéu, md ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

Trinh bay day du, khach quan cac két qua thu dugc sau nghién cuu, cac két qua nay phai phuc vu
cho muc tiéu nghién cuu. Cac s6 liéu phai chinh xac va khép véi nhau. )

Phan k&t qua nghién ctiu chi trinh bay cac k&t qua nghién ctiu cla dé tai, khéng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xeét, danh gia mot cach khach quan cac k&t qua nghién cuiu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bdo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muc tiéu nghién ctu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. .
Tén ngudn cé thé 1a tén tap chi, tén séch, hay tén tai liéu goc cla tai liéu dugc trich dan (phan nay dugc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khao do cling 1 tac gia/nhém tac gia, cung nam cong bo, thi céc tai liéu
tham khao nay can dugc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mot s tai liéu tham khéo trong ciing 1 bai béo dugc trich dan c6 s6 trang khéac nhau thi can trich
dan thém sé trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOR HOC

AAAAAAAAA
CP®NDO W=

2.1.

1.Khoa hoc tu nhién
Toan hoc va théng ké
Khoa hoc may tinh va théng tin
vatly
Héa hoc
Khoa hoc trai dat va méi trudng
Khoa hoc sy song
Khoa hoc nano
Khoa hoc tinh todn
Cac linh vuc khéac cta khoa hoc tu
nhién

2. Khoa hoc ki thuat va cong nghé
Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh
Ky thuat dién, ky thuat dién t0, ky
thuat thong tin
K§ thuat ca khi, ché tao may
Ky thuat hoa hoc
Ky thuat vat liéu va luyén kim
Ky thuét y hoc
Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé udng

. Céc Iinh vuc khac cua khoa hoc
ky thuat va cong nghé

3.Khoa hoc y - duge

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc giao duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hoi
. Théng tin dai chiing va truyén thong

Lich st va khao ¢ hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dUc va ton giao

. Nghién ctiu vé khu vuc va quéc té

. C4c linh vuc khéac cla khoa hoc xa
hoéi va nhan van
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Thiét ké nén tang Biosensing quang hoc dwa trén céu tric nano dién
moi - kim loai - dién méi.
Pham Dinh Dat, Pham Tién Thanh

Thanh phin héa hoc va hoat tinh in vitro khang nam Colletotrichum
spp- gay bénh than thw trén cay trong cia dau nghé (Curcuma longa
L.).

Pham Trung Hiéu, Tran Dai Lam, Pham Thi Nam, Vii Dinh Hoang, Nguyén
Hdng Tuyén, Trinh Thi Hong, I.&¢ Pang Quang

Panh gia do nhay cac thong s6 va hiéu chinh mé hinh DNDC phuc vu
tinh toan phat thai khi nha kinh tir hoat dong canh tac lda nwéc.
Bui Thi Thu Trang, Chu S§ Huan, Mai Van Trinh, Dinh Thai Hung

Nghién ciru lan truyél} Kkhdi nwéc mang mam bénh trong hé thong nudi
trong thiy san ven bién.
Nguyén Pinh Vuong, Ting Pic Thing

Nhén dong, biéu hién va tinh sach chaperone AcrH ciia vi khuin
Aeromonas hydrophila st dung vat chi Escherichia coli.
Nguyén Vin Sang, Nguyén Thi Uyén

So sanh hi¢u qua ciia cac thuit toan metaheuristic cho bai toan 0i wu
khung thép sir dung phan tich phi tuyen.
Ha Manh Hung

Mt dwong hap thu khi thai va dé xuat ap dung tai Viét Nam.
Nguyén Vian Nam, Vii Dtrc S§, Pham Huy Khang

Ung dung giai phap giéng thu nwéc mit thay thé hinh thirc 1dy nuwoc
truyén thong tai cac tinh mién niii phia Bic.

Nguyén Huy Vuwong, Pham Tuan, Nguyén Thanh Céng, Tran Vin Quang,
Dinh Van Thic

Nghién ciru anh hwéng ciia tinh chit nguyén liéu dén qua trinh tao hat
xuc tac cracking dang cong nghiép bang cong nghé say phun.

Truong Dttic Hoan, Ngé Thuy Phuong, Dinh Dttc Manh, Pang Thanh
Tung, Pao Thi Kim Thoa, Vii Xuan Hoan

Téng hop vat liéu Fe,O, kich thwéc nanomet ing dung lam dién cuc
am pin sac lai.
Bui Thi Hing, Tran Vin Pang, Nguyén Vian Quy

Nghién ciru xay dung cong thirc tao san pham bot ném dinh dudng tir
bét dam thity phan phu phim c4 tra.

Bui Thi Thu Hién, Nguyén Thanh Binh, Pham Thi Diém, Bui Thi Minh
Nguyét, Pao Van Hao, & Xuan Qué, Truong Vinh Thanh

Nghién ciru sdy méing bing cong nghé siy bom nhiét Sasaki.
Poan Thi Béc, Ta Thu Hing, Nguyén Péc Binh Minh, Nguyén Thi Hoang
Lan, Trin Thu Trang

Anh hwéng ciia mét §6 thong s6 trong qua trinh trich ly dén kha ning
khang oxy héa ciia dau hat ché (Camellia sinensis O. Kuntze).
Phan Thi Phuong Thao, Giang Trung Khoa, Vii Hong Son

Phin tich co sé ha tAng va ngudn nhén lwc cong nghé xa tri & Viét
Nam.
Hoang Anh Tuan, Pinh Vin Chién
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Designing a new optical biosensing platform based on an insula-
tor-metal-insulator nanostructure.
Dinh Dat Pham, Tien Thanh Pham

Chemical composition and in vitro antifungal activity of turmeric oil
from Curcuma longa L. rhizome against Colletotrichum spp.

Trung Hieu Pham, Dai Lam Tran, Thi Nam Pham, Dinh Hoang Vu, Hong
Tuyen Nguyen, Thi Hong Trinh, Dang Quang Le

Research on the sensitivity of parameters and calibrates DNDC
model for calculating emissions from paddy rice cultivation activities.
Thi Thu Trang Bui, Sy Huan Chu, Van Trinh Mai, Thai Hung Dinh

Research on the spread of pathogens-carrying water in the coastal
aquaculture system.
Dinh Vuong Nguyen, Duc Thang Tang

Cloning, expression, and purification of chaperone AcrH from
Aeromonas hydrophila using Escherichia coli host cells.
Van Sang Nguyen, Thi Uyen Nguyen

Performance comparison of metaheuristic algorithms for optimisa-
tion of steel frames using nonlinear inelastic analysis.
Manh Hung Ha

Pollution-absorbing pavement and proposals for the application in
Vietnam.
Van Nam Nguyen, Duc Sy Vu, Huy Khang Pham

Application of collecter well to replace the conventional method in
the northern mountainous area.

Huy Vuong Nguyen, Tuan Pham, Thanh Cong Nguyen, Van Quang Tran,
Van Thuc Dinh

Effects of feed properties in spray drying formulation of prototype
industrial cracking catalysts.

Duc Hoan Truong, Thuy Phuong Ngo, Duc Manh Dinh, Thanh Tung
Dang, Thi Kim Thoa Dao, Xuan Hoan Vu

Synthesis of Fe,O, nanomaterials for a rechargeable battery anode.
Thi Hang Bui, Van Dang Tran, Van Quy Nguyen

Research on formula establishment to produce nutritional seasoning
powder from pangasius by-product hydrolysed protein.

Thi Thu Hien Bui, Thanh Binh Nguyen, Thi Diem Pham, Thi Minh
Nguyet Bui, Van Hao Dao, Xuan Que Le, Vinh Thanh Truong

Study on drying bamboo shoots by Sasaki heat pump drying technol-
ogy.

Thi Bac Doan, Thu Hang Ta, Dac Binh Minh Nguyen, Thi Hoang Lan
Nguyen, Thu Trang Tran

Effect of process parameters on the antioxidant activity of Vietnam-
ese tea (Camellia sinensis O. Kuntze) seed oil.
Thi Phuong Thao Phan, Trung Khoa Giang, Hong Son Vu

Analysis of radiotherapy technology infrastructure and human
resources in Vietnam.
Anh Tuan Hoang, Van Chien Dinh

Tap chi dién ti (E-journal): vistum; b.ujst.un
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