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Khoa hoc Tu nhién n—

Nghién ciru dnh hwong cuia it libu dé 0-3i0, dén kha nang hap phu khi CO
cua graphene bang tinh toan mo phong ly thuyet phlem ham mét do

Phung Thi Viét Bic!", Pham B4 Lich2, Pinh Vin An> 3"

Vién Khoa hoc Bén vitng, Truong Pai hoc Viét Nhat, Dai hoc Quéc gia Ha Noi
’Chuong trinh Cong nghé Nano, Truong Dai hoc Viét Nhdt, Pai hoc Quéc gia Ha Noi
$Trung tam Cong nghé Phdn tir va Nguyén tir, Pai hoc Osaka, Nhdt Ban

Ngay nhén bai 12/1/2021; ngay chuyén phan bién 26/1/2021; ngay nhan phan bién 3/5/2021; ngay chip nhan ding 31/5/2021

Tom tit:

Co ché hap phu phan tir khi CO trén bé mat clia graphene tw do va graphene dat trén vt liéu aé a-Si0, (G/Si0,)
duoc nghlen cuu bang phu’o‘ng phap mo phong ly thuyet ham mat do. Két qua tinh toan cho thay sw hap phu khi
CO trén bé mat graphene la hap phu vat ly dién hinh. Cac thugc tinh hap phu cia khi CO trén graphene tw do va
trén G/a-SiO, nhu ning lwgng hap phu, khoang cach hap phu, d§ dai dap u'ng da dwoc tinh toan chi tiét. Két qua
cung cho thay a-Si0, 1a vat li¢u dé c6 thé sir dung délam tang nang lwgng hap phu cia CO trén graphene. Phan tich
cau tric vung nang lu’(rng va mat do trang thai (DOS) da giai thich dwgc nguyén nhan Xuit hién khe nang lwgng
khoidng 51 meV & diém Dirac trong graphene do sy twong tac gitra 0-SiO, va graphene lam pha vé tinh dbi xirng cua
graphene. Sy ¢6 mit ciia 16p vat liéu dé a- -SiO, lam tiang kha nang dich chuyen dién tich giira khi CO va graphene.

Tir khéa: cam bién khi doc CO, graphene, tinh toan mo phong DFT, vat li¢u aé a-Si0,.

Chi s6 phdn logi: 1.3

M6 dau

Nhu cau tim vét liéu nhay khi trong thiét k&, ché tao linh kién
cam bién tmg dung trong kiém soat 6 nhiém khong khi 1a rat cp
thiét [1-3]. Viéc xac dinh kha nang nhay khi cta vat li¢u héip phu
¢ thé tinh ton duoc thong qua mé phong nghién ctru co ché hip
phu cta vat li¢u d6i voi cac loai khi [4-7]. Tir m6 hinh tinh toan
1y thuyét, ching ta xac dinh dugc ban chét cua sy tuong tic gitra
phan tir khi hap phu trén vét liéu hap phu [8-11]. Ngoai tuong tac
tinh dién c6 dién, qué trinh hip phu gitta phéan tir bi hap phu va
vat liéu hip phu & kich thudc phan tir con bi chi phdi boi tuong
tac lugng tir, trong d6 bao gdm trong tac trao doi va twong quan.
Khi tinh todn ning lwong trong quan, cac nghién ciru gan day vé
hap phu khi d4 chi ra ring, twong tac van der Waals (vdW) dong
vai trd chi yéu [9, 11, 12]. Dé bao ham dugc cac tuong tac kha
di thi su hép phu cua cac phan tir khi don 1€ trén vat liéu nhay
khi dugc danh gia mot cach hiéu qua bang cac phuong phap mo
phong luong tir dya trén 1y thuyét phiém ham mat do (DFT)
[13, 14], mot trong nhitng phuong phép wu viét hién nay trong
nghién ctru md phong tinh cht ciia vat liéu. Nghién ctru ciia Tao
va Rappe (2014) [15] d chi ra ring, ning luong hap phu trong
hap phu vat 1y khi két hop mo phong DFT véi vdW cho két qua
phtt hop v6i thue nghiém. Phiém ham vdW-DF dugc dé xut boi
Dion va cs (2004) [16] 1a phlem ham tuong quan khong cuc b9
dé mo ta twong tac phén tan. Tiép theo do, cic phiém ham trao
d6i dugc bd sung nhu optPBE-vdW, optB88-vdW [17, 18] duoc
t6i wu cho phan tvong quan va vdW-DF2 sir dung ham trao doi
ban cuc bo dé cai thién do chinh xéc trong tinh vdW dbi véi hé
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hép phu vat Iy yéu do Hamada va Otani (2010) phat trién [19].

Trong nhirng ndm gan day, graphene dugc biét dén nhu mot
loai nén tang cam bién carbon méi dé phat hién khi doc trong
khong khi mdt cach hig¢u qua [1, 3]. Graphene 1a vat li¢u c6 tinh
nang uu viét dugc st dyng rong rai va la vat liéu nhay khi c6 tinh
ning cao. Nhiéu nghién ctru thuc nghiém va 1y thuyét cho thay,
cac cam bién ciu tric nano dya trén graphene c6 kha nang phat
hlen khi doc bao gom céc oxit cacbon (CO ) va oxit nito (NO )
& ndng do rat nho thong qua sy twong tac gitra vat liéu s dung
1am cam bién va phan tir khi hp phu [20-22]. Cam bién lam tir
graphene c6 kha nang phat hi¢n nhling thay d6i rat nho khi mdi
phan tir khi twong tac v6i bé mit graphene [21], cic phan tir khi
bi hép phu lam thay d6i cuc bd nf“)ng d6 cta cac hat tai, dan dén
su thay doi dién tro. Hé ghép graphene véi mot loai vat liéu ding
1am dé phi hop duoc ky vong c6 tinh ning hap phu v6i do nhay,
d6 chon loc cao hon hé graphene don 1é thuan tay [8, 23-25].
Dé tim vat ligu dé thich hop cho linh kién cam bién nhay khi thi
viéc nghién ctru co ché hip phu cac phan tir khi 1a rat can thiét.
Tuy nhién, viéc nghién ciru co ché hap phu trén graphene con
chua c6 tinh h¢ thong, dac biét 1a trén cac hé graphene ghep voi
cac vat ligu dé tiém nang cho thiét ké linh kién cam bién. Trong
nghién ctru ndy, chung t6i khao sat hé vat liéu graphene va vat
ligu dé a- Si0,. Pé a- Si0, duoc lua chon boi trong thuc nghiém
graphene da duorc ché tao thanh cong trén loai vat lidu dé nay
[26 27]. Thém vao do, a-SiO, la mot trong nhiing vat li¢u aé
tiém nang dang duoc tim hleu vé kha nang nang cao do nhay
cua vat liéu trong hap phu khi [8, 28]. Chét khi ding dé khao
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Abstract:

The adsorption mechanism of CO gas molecule onto the
surface of free-standing graphene and graphene on the
a-SiO, substrate is studied using the density functional
theory. CO molecule is found to be physically adsorbed
on the graphene surface. The adsorption properties of CO
gas on free-standing graphene and graphene/o-SiO,, such
as adsorption energy, adsorption distance, and response
length, are calculated in detail. a-SiO, has been found as
a good substrate to enhance the adsorption energy of CO
onto graphene. The electronic band structures and density
of states (DOS) analysis results show that the interaction
between a-SiO, and graphene breaks the symmetry of
graphene and a tunnelling bandgap occurs at the Dirac
point. 0-SiO, substrate modifies the electronic band
structures of free-standing graphene and opens a narrow
bandgap of 51 meV. The calculated charge transfer data
suggest that the presence of a-SiO, enhances the charge
donation of CO molecule to the graphene surface.

Keywords: CO gas sensing, DFT calculations, graphene,
a-SiO, substrate.

Classification number: 1.3

sat [a CO, mot khi doc trong khong khi. Khi ¢ néng d6 nho co
100 ppm, CO ¢6 thé gdy nguy hiém dén strc khoe va de doa tinh
mang con nguoi [29].

Cac nghién ctru thyc nghiém va ly thuyét trude ddy di chi
ra rang, sy bién doi tinh chat dién tir ciia graphene trén nén dé
0-Si0, nhu viéc m¢ rong ning 1u’Q’1}g ving cam va giam tinh
linh dQng cua dién tr khi (}fét Erén de Sio, [30-34']. Mac du da
¢6 nhi€u tinh toan ly thuyét dé giai thich tinh chat dac biét cua
graphene hép phy trén dé o- SIO (G/S1O ), nhung cho dén nay
van chua ¢6 co ché 15 rang vé ban chat cua h¢ vat liu ghép nay
cling nhu con rét it cong trinh cong b6 vé co ché hap phy ciia khi
doc nhu CO trong khong khi trén bé mit hé vt liéu nay. Trong
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s cac nghién ctru da cong b, dang chu ¥ 1a nghién ciru CO hip
phu trén graphene tu do ctua O. Leenaerts va cs (2008) [5], da
chi ra 3 dinh huéng khac nhau ciia phan tir CO khi hép phy trén
bé mat graphene dan dén sy khac nhau vé lugng dién tich dich
chuyén dua trén mo6 phong DFT voi phiém ham GGA-PBE. Tuy
nhién, cac kha ning dinh hudng khac cia CO ciing nhu khdo
sat voi cac bd phiém ham khac nhau trong mé phong DFT chua
dugc khao sat day du dé danh gia va 1am 16 co ché CO hép phu
trén bé mit graphene. Trong cong trinh nay, cAu tric hé phirc
hop cua CO va G/SiO, duge t6i wu thong qua cac mo phong
tinh toan luong tt, dua trén cong cu co the khao sat nhidu kha
nang dinh huéng CO trén graphene, bao gdm cac vi tri va goc
quay ctia CO dinh huéng trén bé miat graphene. Sir dung cac bo
phiém ham DFT khéc nhau, qua trinh hap phy khi CO trén G/
Si0, dugc danh gia thong qua cac dai luong dac trung cho kha
ning hap phu, nhu ning lwong hap phy, sy dich chuyén dién tich
va d¢ dai dap ung.

Phuong phap nghién cuu

Toan b0 tinh toan dya trén ly thuyét phiém ham mét do DFT
dugc thyc hién trén phan mém mo phong VASP (Vienna Ab
initio simulation package) [35-38], su dung phuong phap PAW
(projector-augmented wave) dé biéu dién ham song dién tir cta
hé. Do twong tic vdW dong vai tro dang ké trong hé hip phu
va vit lidu ghép graphene trén vat liéu dé, hiéu chinh tuong tac
vdW dugc dua vao tinh toan thong qua phiém ham trao doi -
twong quan [17, 18]. Ciu tric hlnh hoc cua graphene va a-SiO,
dugc xay dung dua trén céc sb liéu thuc ngh1em [39, 40], mlnh
hoa trén hinh 1. Graphene duoc dit trén bé mat Si0,, tiép xuc
mat phan cuec Silic (Si) cua dé a- -Si0, v6i 3 lop Si. Khoang cach
ban dau giira 2 16p vat lidu nay duoc thiét ké 1a 3 A. Cau tric
hinh hoc cua h¢ khdo sat dugc xay dung dua trén mot supercell
¢6 tinh tuan hoan don 16p véi chiéu z c6 khoang cach du 16n
(mot 16p chan khong khoang cach 13 20 A) dé loai trir cac tuong
tac c¢6 kha nang xdy ra gilia cac 16p vét licu. H¢ 6 mang co s&
cua G/Si0, duge xay dung theo mo hinh slab, cac nguyén tir Si
¢ day duoc thy dong hoa boi cac nguyén tir H. Hé nghién ciru
hip phu bao gdm mot siéu 6 mang 4x4 cia mang co so G/SiO,
kém theo phan tir khi CO bi hap phu 0 trén bé mat. Trudc khl
khao sat kha ning hip phu khi CO, cau tric dién tir cua h¢ G/
SiO, dugc tinh todn chi tiét. Nang luong E V2 s6 luong diém
K trong khong gian mang dao dugc toi uu chon lya phu hop cho
hé vat lidu dé dat duge do chinh x4c va dam bao thoi gian tinh
toan. Nang luong cutoff 600 eV trén bo ham co s¢ song phang,
luéi cac diém K-point 6x6x1 va 12x12x1 dinh tam tai diém T
(gamma) dugc lan luot sir dung [41] cho céc tinh toan tdi wu
nang lugng va tinh mat d¢ trang thai.

Cau trac tbi uu ciia hé heterostructure G/SiO, ciing nhu cau
hinh hap thu wu tién CO/G/SiO , trong nghién ctru nay duoc khao
sat mot cach c6 hé thong bing ky thudt scanning dua trén cong
cu phan mém Computational DFT-based nanoscope [42-45].
Céc cAu trac cuc tiéu nang luong s€ dugc xéac dinh, cung véi do
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Hinh 1. Ciu triic 6 mang co's¢' ciia graphene (A); a-SiO, (P3,21) hinh
chiéu tir trén xuong (B) va chiéu tir canh bén (C); ciu truc siéu 6 mang
khi dit graphene trén a-SiO, (D). Si: mau xanh; O: mau d6; C: mau nau.

1a khoang cach t6i wu cua 2 16p vt lidu graphene va dé a- Si0,

cling nhu khoang cach tir phan tir khi den bé mdt graphene. Quy
trinh scanning dugc sir dung dé tim céu hinh t5i wu c6 thé md
ta nhu sau:

- D6i voi hé graphene trén é a- Si0,: don 16p graphene ban
dau dugc dat trén dé a- -Si0, ¢ khoang cach 3A, sau d6 thuc hién
phep tinh tién theo hai chleu X va y clia bé mit. Sau khi tim dugc
cau hinh nang lugng cuc tiéu theo phuong xy, don 16p graphene
dugc dich chuyén theo chiéu z dé t6i wu vé khoang cach gitra 2
16p vat liéu nay.

- Pbi v6i ti wu khi CO trén bé mit graphene: phén tir khi CO
dwoc dit trén bé mat graphene ¢ khoang cach 2,7 A va thyc hién
dong thoi phép tinh tién theo phuong xy va quay quanh tam kh01
cua phan tir khi CO dé x4c dinh cdu hinh co nang lugng cyc tiéu.
T cdu hinh d6, phan tir CO dwoc dich chuyén theo chiéu z dé
tim vi tri toi wu, déng thoi x4c dinh dugc do dai dap ing va ning
lugng hép phu cta CO trén bé mit vét liéu hép phu.

Ning lugng hap phu dugc tinh toan dya trén viée khao st
cac tuong tac ¢ dong gop tir trong tic vdW thong qua 3 phiém
ham vdW 1a revPBE-vdW, optPBE-vdW va vdW-DF2 [17, 18,
46]. Vé ly thuyét, nang luong tong cua hé vét liéu G/SiO, bao
gom nang lugng tuong tac vdW va nang lugng dan hoi, trong do
twong tic vdW chiém wu thé. D4i v6i hé hap phu khi, bang viéc
stt dung cong cu Computational DFT-based nanoscope, nang
lugng hap phy dugc tinh bing cong thirc nhur sau:

adsorption = Ecumplex - (Egas + Eabsurbent)
13 nang lugng tong cta hé khi hip phu trén bé

la nang luong cua chét khi va E, . landng

Trong do: E,
mat vat li¢u, Bi
lugng cua vt 11eu hap phu.

lex

Bang phuong phap phan tich phan l?é dién tich bader dugc
thuc hién trong thuat toan dugc phat trién boi Henkelman va cs
(2006) [47], su dich chuyén dién tich gitta khi CO va vat liéu hap
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phu s& dugc danh gia va phan tich chi tiét. Theo phuong phéap
phan tich dién tich bader, mat d dién tich ctia phan tr hay chat
ran dugc phan chia cho timg nguyén tir riéng 1¢ sir dung bé mit
thong luong hai chiéu, trong do mat do dién tich vudng goc v6i
bé mit la cuc tiéu. Do vy, dién tich nam trong thé tich bader 1a
mot gia tri gn dung voi tong dién tich cua nguyén tir. Sy phan
bé dién tich c6 thé duge st dung dé xac dinh moémen da cuc cia
cac nguyén t hoac phan tir twong tac.

Két qua va thao luan
Ciu tritc h¢ G/SiO,

Céu tric hinh hoc va tinh chét dién tir cia vét ligu don 16p
graphene va vt liéu khéi Si0, duoc khao sat truge khi tinh toan
mé phong vét liéu ghép G/SiO,, Hing s6 mang cua vét lidu
khéi Si0, tinh duoc bang phu’O’ng phap revPBE 1a a=b=4,912
A; =5 404 A, twong dong voi gia tri hiang sé mang thuc
nghiém (4,913 A va 5,405 A [40]). Cau tric a-SiO, su dung
trong nghién ctru nay thudc pha cau tric P3,21, hé tlnh thé tam
phuong (trigonal) (hinh 1B, 1C). Hang s0 mang tinh dugc cua
1x1 graphene 1a 2,468 A. Khi dat 2x2 graphene Ién trén bé mit
(0001) cua a- Si0,, d9 1¢ch thong $0 mang dugc tinh theo cong
thirc sau:

2a6-asio,

E= ~ 0,48%

asio,

Trong do ¢ la do léch thong ) mang, a . va aSzoz lan luot 1a
hing s mang ciia 6 mang co so cua grapheme va 0-Si0,. Gia
tri nay twong d6i nho, dan dén hidu ing cang anh erorng 1én
tinh chat dién cua graphene dugc loai bo. Két qua khao sat cdu
hinh ti wu cta don 16p graphene khi dat trén bé mit 0-Si0,
duge md ta trén hinh 2A. Cau tric cyc tiéu ning lugng duoc
xdc dinh thong qua viéc tinh todn nang luong céc cau hinh khi
di chuyén graphene trén bé mat 0-Si0, theo céc chiéu X va Y,
trong do X, Y 1a céac toa d¢ ty 1€ cua vector siéu 6 mang st dung
trong md phong. AE 1a d6 léch nang luong giita cac cdu hinh ¢
cac vi tri khac nhau (meV). Sy thay d6i mau sic mo ta do 1éch
nang luong, ving t6i mau tuong tmg ving hé vat liéu bén viing
vé nang luong; nguoc lai, ving mau sang tuong g véi cac ciu
hinh it bén hon. Hinh 2A md ta d¢ léch nang lugng khi quét cac
vi tri khdc nhau cia graphene trén bé mat 0-Si0, trong mot 6
mang co s¢ & khodng cach 3 A. Vi tri cuce tiéu nang luong cuc
b6 twong tmg véi AE=0 meV. Str dung cau hinh cuc tiéu cuc bo
nang lugng khi di chuyen graphene trén mat XY cua SiO, nay,
hé vat liéu ghép G/SiO, tiép tuc duoc t01 uu hoa dé tim cau hinh
bén nhét bang viéc tlm khoang cach i uu gitra 2 16p graphene
va Si0, thong qua viée dich chuyén 16p graphene theo chidu Z
ciao mang Hinh 3 mo ta cu trac hinh hoc ti wu cia hé G/ Si0,.

Khoang cich t6i wu giita 16p graphene va 16p nguyén tur Si gan
nhét phu thugc vao 3 bg ham khac nhau ctia thé tuong tac vdW 1a
1evPBE-vdW, optPBE-vdW va vdW-DF2 (hinh 2B). Két qua chi
ra, voi phiém ham revPBE, optPBE, DF2, khoang cach t6i wu
thu duoc 1an lwot 12 3,672 A, 3,446 A, 3,525 A. Trong do, phiém
ham DF2 cho két qua gan nhat v6i thuc nghiém (3,56 A) [26].
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Hinh 2. (A) Bé mait nang lwong 3 chidu ciia h¢ G/SiO, trong 1 don vi 6 mang co s6. X, Y la cac toa do
ty 1€ cta vector siéu 6 mang su dung trong m6 phong. AE 1a 6 1éch nang luong gitra cac c4u hinh & cac
vi tri khdc nhau (meV). Phan déy 1 gian db nang lugng 3 chidu dugc chiéu xubng mét phang XY. D¢ léch
nang luong AE (meV) gilra cdc céu hinh khéc nhau dwoc mé ta qua mau séc va do cao theo phuong vuong
goc voi mit phing XY. (B) Sw phu thudc ciia niing lrong lién két giira graphene va @-Si0, vao khodng
cach giira 2 16p vat ligu véi 3 bd phiém ham vdW revPBE-vdW, optPBE-vdW va vdW—DF2 Truc

hoanh la khoang céch d_ giira bé mat graphene va o- -Sio, (A), tryc tung 13 ning luong lién két Eiiing (eV).

Hﬁ'p phu khi CO trén graphene/o-
Si0,

Cadu triic hinh hoc va ning hrong
hap phu:

Khi khao sat vi tri ¢6 kha nang hip
phy, cac nghién ciru mo phong thuong
tap trung vao 3 vi tri cua khi trén vat
liéu hip phy, bao gom trén dinh (T
- top), cau (B - bridge) va tam (H -
hollow), minh hoa trén hinh 4. Vi tri
trén dinh T 13 vi tri khi hip phu ndm
chinh xac trén dinh mot nguyén tir C
cta 16p graphene. Vi tri cau B 1a vi tri
ma phén tir khi hip phu ndm giita lién
két cong hoa tri cua hai nguyén tu C
cua graphene, vi trf tim H 1a vi tri phan
tir khi ndm chinh gitra tAm cta cdu truc
luc giac déu cia graphene.

(A) (B)

Hinh 3. CAu tric t6i wu ciia h¢ vit li¢u graphene trén dé 0-SiO, véi 3
lop Silic. (A) top view; (B) side view. Si: mau xanh; O: mau do; C: mau nau.

Bén canh viéc mo ta sy phu thudc ning lwong lién két gitra
graphene va a-SiO,, E hindige vao khoang céch gitra chung d, hinh
2B con chi ra ket qua vé do dai dap ung cua h¢ vat heu Khi
khoang cach gitra 2 16p dat toi ¢d 8 A, giita 2 16p khong con
tuong tac, nang lugng lién két tiém can gia tri 0 meV. Két qua vé
khoang cach tdi wu, do dai dap img va nang luong lién két giita
hai 16p vat liéu duoc liét ké trong bang 1. Nang luong lién két co
gia tri 809 meV, 1091 meV va 818 meV tuong g voi 3 phiém
ham vdW khac nhau revPBE-vdW, optPBE-vdW va vdW-DF2.
Gi4 tri ning luong nay cho thiy graphene kha bén viing khi
ghép trén vat lidu dé a-SiO, v6i khoang cach & vi tri can bing
khoang 3,446~3,672 A. Cau trac hinh hoc cua graphene sau
khi ghép trén be mat vét liéu dé o- Si0, khong ¢o sy thay doi,

graphene giit cdu tric phang, chiéu dai hen két C-C la 1,41 A.

Bang 1. CAc thong sb cdu triic & trang thai co' ban va ning lwgng lién
két giita graphene va dé a-Si0,.

Thé vdW/tinh chat revPBE-vdW  optPBE-vdW vdW-DF2  Thuwe nghiém
Khoang cach graphene/

0810,z (A) 3,672 3,446 3,525 3,56 [26]

D9 dai dép tmg (A) 8,252 8,013 8,021 NA

Niing lugng lién két (meV) 809 1091 818 NA

NA: no available.
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Hinh 4. Ba vi tri hip phu khéc nhau ciia CO trén graphene: vi tri T
(top) trén dinh ciia nguyén tir C graphene, vi tri B (bridge) giira ciu
néi ciia 2 nguyén tir C graphene canh nhau va vi tri H (hollow) & giira
tam hinh luc gidc C graphene.

Trong nghién ctru nay, céc vi tri hap phu cua khi CO trén hé
G/Si0, duge tim mot cach c6 h¢ thong, bao gom toan bg khd nang
ma CO ¢6 thé dinh huéng vao bé mit vat liéu bing cach sir dung
cong cy Computational DFT-based nanoscope [42] dé quét kha
nang hép phu CO trén toan bd bé mat vat lidu. Két qua tim céu
hinh t6i wu cta CO hap phu trén don 16p graphene dugc mo ta
trong hinh 5. Céc s6 liéu vé nang luong hap phu, khoang cach hap
phu dugc tong hop trong bang 2. Dé khao sat sy anh hudng cua
é a- Si0, 1én graphene, chung t6i so sanh kha ning hép phu CO
trén don lop graphene khi khong c6 vat liéu dé va CO trén G/ Si0,.

Déi voi vat liéu hip phu la don 16p graphene, két qua tinh toan
cho thédy CO dinh huéng vao bé mit graphene theo phuong lién
két C-O song song voi bé mat graphene va ¢ vi tri hollow cua luc
giac C graphene (hinh 6A, 6B), két qua nay tring hop véi cdu hinh
t0i wu cua CO trén graphene theo tinh todn ciia Leenaerts va cs
(2008) [5]. Trong khi do, véi vat liéu graphene dit trén dé a- Si0,,
CO cuing dinh huéng hép phu theo phuong lién két C-O song song
v6i bé mit graphene. Tuy nhién, phan tir khi CO hap phu ¢ vi tri
ma nguyén tir O ¢ trén dinh nguyén tu C graphene. Hon nira, cdu
truc hinh hoc cta graphene thay d01 cac nguyén tir C graphene c6
twong tac voi khi CO khong con ndm trén cling mét phing véi cac
nguyén tir C graphene ¢ xa phan tu khi CO (hinh 6C, 6D). Lop
graphene trén é o- Si0, khi hip phu khi CO da thay doi cau trac
hinh hoc, cdu triic doi xung ciia bé mat graphene da bi pha vd, din



CO-Graphene

AE (mcV)

(A)

revPBE —e— |

OptPBE

DFT-DF2

2 3 4 5 6 7 8
dy (A

Hinh 5. (A) B& mit ning lwgng 3 chidu ciia hé hdp phu khi CO trén
graphene & cdc vi tri khic nhau ciia bé mit; (B) Ning lugng hz‘ip phu
cia CO trén graphene phu thudc khoing ciach cia CO dén bé mit
graphene véi 3 b ham vdW revPBE-vdW, optPBE-vdW va vdW-DF2.
Truc X 1a khoang cach d_cua CO dén bé mat graphene (A), truc Y 14 ning
luong hip phu E, (eV).

(A)

Hinh 6. CAu tric hinh hgc khi CO hép phu trén graphene va CO trén
G/Si0,. (A) sideview va (B) topview ctia h¢ hip phu CO trén graphene;
(©) s1dev1ew va (D) topview ciia hé hip phu CO trén G/ SiO,.

dén su thay d6i cu tric dién tu cling nhu sy phan b6 dién tich
trong 16p vat liéu nay. Cac két qua tinh toan thu duoc vé khoang
cach hép phy t6i uu va nang luong hdp phu CO trén graphene
don 16p va trén G/SiO, v6i 3 bo phiém ham vdW revPBE-vdW,
optPBE-vdW va vdW-DF2 dugc so sanh ¢ bang 2. So voi ket
qua cta Leenaerts va cs (2008) [5] dbi voi hép phu khi CO trén
don 16p graphene, khoang cach hép phu trong nghién ciru nay
nho hon (3.435 A), ning luong hap phu ting dang ké (162 meV).

Céu hinh sau hap phu khi CO trén graphene/a-SiO, cho thay
ning lugng hip phu di tang 14% so véi khi CO hép phu trén bé
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mit graphene tu do, khoang cach hip phu toi wu di giam rd rét, vi
du tir 3,425 A xuong 3,154 A doi véi phuong phép revPBE nhu s6
liéu tinh todn ¢ bang 2. So sanh nang lugng va khoang cach hap
phy, 1 rang vét liéu d€ 0-Si0, da lam tang dang ké kha ndng héap
phu khi CO ctia graphene.

Bang 2. So sanh niing lwgng héip phu, khoang cich hip phu tbi wu ciia
CO trén bé mat don 16p graphene va ciia CO trén bé mit graphene
trén dé a-SiO, khi tinh véi cic by ham vdW khac nhau.

CO trén

CO hélp phu trén graphene CO héip phu trén G/o-5i0,
Thuge tinh G[3]

revPBE  optPBE DFT-DF2  revPBE revPBE  optPBE  DFT-DF2
Khoang cach
dg25-G) (A) 3435 3,234 3418 373 3,154 3120 3,131
Nang lugng
hap phy 162 186 136 13 185 212 163
E  (meV)

Phan tich mat do trang thai DOS va vung nang liwong:

Dé phan tich sy thay dbi cAu truc dién tir cia graphene khi dit
trén dé a- Si0, tic dong dén tinh hap phu cta bé mit vat liéu aoi
Vi phan t kh1 CO, str dung céc cdu tric hinh hoc hip phu téi wu
thu dugc, cac tinh toan phan tich mat d¢ trang thai dugc thyc hién,
két qua thé hién ¢ hinh 7 va 8. Dbi v6i don 16p graphene, gi tri do
réng ving cdm bang 0 meV nhw hién thi trén cau trac ving nang
lugng & diém T trén hinh 7A. Khi ¢6 khi CO hép phu trén bé mat
don 16p graphene (hinh 7B), xuat hién thém dinh DOS ctia khi CO
trong phan b6 mat do trang thai xung quanh muac Fermi. Két qua
phan tich ving ning lugng cho thy, do rong ving cAm di ting
1én c& 5 meV, tuy gi4 tri nho nhung di cho thiy anh huong cua
CO dén cdu trac dién tir cua graphene. Cling v6i sy xuét hién khe
nang lugng ¢ dinh Dirac khi xdy ra hién tugng hép phu, d6 chénh
léch nang luong gitta LUMO (Lowest Unoccupied Molecular
Orbital) (2) va HOMO (Highest Unoccupied Molecular Orbital)
(56) trong phén tr khi CO ciing thay ddi. Pbi voi khi CO tu
do, AE 0. HoMO la 6951 meV, sau khi CO hép phu trén bé mit
graphene, gid tri AELUMO Hovio. 18 6978 meV. Bang phén tich dién
tich bader, két qua cho thay bé mat graphene nhan 0,01 & tir phan
tu khi CO, CO dong vai tro la chat nhuong dién tich. Tuy 56 lugng
dién tich chuyén dich nho, nhung su thay d6i nay dan dén sy thay
doi dién tro ciia graphene su dung dé 1am vat lidu nhay khi trong
thiét ké linh kién cam bién.

Két qua phan tich mat do trang thai va cdu triic ving ning
lugng cua hé graphene dét trén é a- Si0, duge mo ta trén hinh
8. Cudng do ctua dinh DOS tong (mau den) ¢ vung hoa tri trong
khoang nang luong -6,0 eV dén -4,0 eV (¢ dudi mic Fermi)
do phan déng gop chii yéu cua O (mau do) trong a-Si0, va C
graphene. Trong khi d6, cuong dg cua dinh DOS tong 0’ vung
dan trong khoang ning luong tir 2,0 eV dén 6,0 eV (¢ trén mirc
Fermi) do phan déng gop chu yéu ciia Si (mau xanh nude bién)
trong a-SiO, va C graphene. Tuong tac gitra 2 10p vét liéu nay
lam thay d01 cdu trac dién tir cua graphene, phén tich cu tric
viing ning luong trén hinh 8A cho thay, graphene don 16p tir vat
ligu khong ¢6 ving cam tr¢ thanh vét lidu co khe ning lugng
tai diém Dirac 1a 51 meV. Dy 1a nguyén nhan tic dong dén kha
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Hinh 7. (A) CAu triic viing niing lugng theo cic diém M, I, K, M trong khong gian mang diao va mat d¢ trang thai DOS ciia don 16p graphene.
(B) Mt do trang thai DOS ciia h¢ hap phu khi CO trén don 16p graphene tw do (khi khong dit trén de o-SiO,).
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Hinh 8. Céu triic ving ning lugng theo cic diém M, T, K, M trong khong gian mang dio va mat do trang thai (DOS) ciia graphene/a-SiO,. (A)
Cau tric vung ning lugng theo cac diem M, I, K, M; (B) DOS cua a-SiO,, 16p Si ¢ dudi duge trung hoa dién tich béi cac nguyén tir H; (C) DOS cua

graphene; (D) DOS téng cua hé graphene/a-SiO,.

ning hap phu khi CO ctia graphene boi sy c6 mit cua dé 0-Si0,.

Két qua phan tich sy chuyén dich dién tich bader cua hé
hép phu khi c6 dé a-Si0, cho thdy phan tir khi CO chuyén
0,012 & sang bé mat graphene. So v6i hé hap phu khi khong
dat graphene trén dé a-Si0,, gia tri dién tich trao doi da tang
20%. Do d6, dua trén két qua tinh toan vé nang lugng hap
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phu va su chuyén dich dién tich da cho thdy vat lidu a-SiO,
lam tang tinh chat nhay khi CO ctia graphene.

Str dung céc tinh toan mo phdéng lugng tir dya trén ly
thuyét phiém ham mat do, cdu trac hinh hoc va dinh hudng
t6i uu cia khi CO hap phu trén bé mit graphene va graphene



dat trén dé 0-SiO, da duge nghién ciu chi tiét v6i cac phiém
ham vdW khac nhau. CO hap phu trén bé mat graphene dinh
huéng song song v6i bé mit va ning lwong hip phu 1a 162
meV khi tinh véi ham revPBE, dién hinh cho hién tuong
hap phu vat ly. Kha ning chuyén dich dién tich tir khi CO
sang graphene da dugc phan tich thong qua tinh toan di¢n
tigh bader. Su wcc') ngét cua lop vat lidu dé a-Si0, tac dong
dén sy thay doi cau trac dién tir cua graphene, lam ting
kha niang hap phu ctia graphene (ning lwong hap phu khi cé
a-Si0, la 185 meV) cling nhu tang kha nang dich chuyén
dién tich gitra khi CO va graphene. Cu thé, khi CO chuyén
0,012 é sang bé mat graphene khi 96 mat dé a-Si0,, trong
khi do6 véi graphene ty do CO chuyén 0,01 & sang graphene.
Nguyén nhan chinh din dén sy anh huéng nay 1a do tuong
tac gilta a-SiO, va graphene lam thay dbi tinh ddi xtmg cua
graphene, dan dén thay doi do 1on vung cam c¢& 51 meV
ctia graphene. St dung dé a-Si0, lam tang do nhay dbi véi
CO cua graphene, tuy gia tri tding nho, nhung diéu nay co y
nghia ddi véi su lva chon vat liéu dé cho graphene khi thiét
ké céc linh kién dung lam cam bién khi doc CO.
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Nghién ciru florua hoa dyspr(m oxit bang tac nhan
amoni biflorua diéu ché muoi dysprozi florua

Nguyén Trong Hung, Lé Ba Thuin, Nguyén Thanh Thiy*
Vien Cong nghé xa hiém
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Tom tit:

Trong nghién ciru nay, dysprozi florua (DyF,) - nguyen liéu cho qua trinh diéu ché dysprozi (Dy) da dwoc didu ché
tir qua trinh florua héa dysprom oxit (Dy,0,) bang mudi NH HF,. Anh hlr(rng cia thoi glan va nhiét do phan ing
dén sy hinh thanh ciia mudi florua di dwoc nghlen ciru. Thanh phan pha va céu tric tinh thé ciia cc san pham thu
dwge sau qua trinh diéu ché duwgce xac dinh bang phuong phap nhiéu xa tia X (XRD). Phuong phap phén tich nhiét
dugc ap dung dé xac dinh dai nhiét d¢ nghién ctru. Hinh thai hoc va thanh phz“ln cic nguyén t6 hoa hoc ciia cic miu
thi nghiém dwoc xac dinh bang phu'o’ng phap kinh hién vi dién tir quét (SEM) va pho nhiéu xa ning luong (EDS).
Két qua nghién ctu cho thay, mudi DyF, véi dg tinh khiét cao di dwoc hinh thanh tai nhiét do >350°C, thoi gian
nung >1 h. San pham thu dugc hoan toan phu hgp cho qua trinh diéu ché Dy kim loai bang phwong phap nhiét kim.

Tir khéa: dysprozi florua, dysprozi kim loai, florua hoa, nhiét kim.

Chi s6 phén loai: 1.4

- £ X
Dét van dé

Dysprozi - mét trong cac nguyén t6 dat hiém (RE), 1a
thanh phan khong thé thiéu trong san xuit nam cham Nd-
Fe-Dy-B, vét li¢u tir gido terfenol-D, vat liéu laser, vat liu
hap thu notron va nhiéu img dung c6ng nghé cao khac. Ngay
nay, cung véi su phat trién manh mé ctia nganh ché tao 6 to
dién - xang (hybrid), 0 td6 (xe may) dién, turbin gio... thi
nhu cau Dy néi riéng va cic nguyén td dat hiém khac nhu
Pr,Nd, Tb, Y... 1a rat 16n [1-4].

Hai phuong phap duoc sir dung chu yéu dé diéu ché Dy
n6i riéng va cac kim loai dt hiém (REM) n6i chung la dién
phan néng chay va nhiét kim cac mudi halogenua dat hiém.
Céc nguyén to dat hiém nhom nhe (tir La dén Nd) c¢6 nhiét
d6 nong chay thap (<1030°C) nén c6 thé diéu ché bang ca
hai phuong phap. Trong khi d6, cac nguyén to dat hiém
nhém trung va nhém nang (tir Sm dén Lu va Y) c¢6 nhiét do
noéng chay cao nén thuong duoc diéu ché bang phuong phap
nhiét kim [2-10]. C4c muodi halogenua dat hiém REF, va
RECI, dugc sir dung nhu 1a nguyén li¢u cho ca hai phuong
phap trén. Trong hai mudi dugc st dung, muo6i RECI, co6
nhi¢t d6 nong chdy thap hon REF, nén thuén lgi hon cho
qua trinh di€u che¢ REM. Tuy nhién, mudi RECI, lai c6 tinh
hat am cao va rat kho khan hoa, trong khi mudi REF, lai
khac phuc dugc nhugc diem do6. Tuy thude vao kim loai dat
hiém can diéu ché va chat khir (d6i voi phuong phap nhiét
kim) s& str dung mudi clorua hay florua cho phu hop [2-10].
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Pé diéu ché mubi REF, khan, ¢6 hai phuong phéap la
phuong phap w6t di tir dung dich RECI, va phuong phap
kho di tr oxit RE O, [4, 11-13]. Phuong phép kho la phuong
phép pho bién hon do qua trinh thyc hién dé dang va khong
phai khan héa mudi trong qua trinh diéu ché. Cac phan tng
florua hoa dién ra nhu sau [4, 11-13]:

REO, . + 6HF — 2REF, . +3HO (D)

REO +6NHFHF —>2REF +6NHF +3HO (2)

4" khi

Tac nhan florua héa amoni biflorua NH,F.HF du’(_)rc ua
chudng hon vi qua trinh dé dang trién khai trén quy mé 16n
va yéu cau thiét bi don gian [11-13].

Trudc day, Vién Cong nghé xa hiém d3 thuc hién céac
nghién ctru ché bién quing dat hiém, tir giai doan tuyén thu
nhan tinh quing dat hiém va thuy luyén thu nhan tong oxit
dat hiém (TREO) dén phan chia tinh ché riéng r& TREO dé
thu nhan mot sd nguyén td RE c6 do sach cao nhu La, Ce,
Nd, Pr va mot s6 nguyén t6 RE nhom trung, nhém ning nhur
Sm, Eu, Gd [4, 14-16]. Mt khéc, Vién ciing da thyc hién dé
tai khoa hoc cong nghé cap nha nudc thugc Chuong trinh
KH&CN trong diém vé cong nghé khai thac va ché bién
khang san [4]. Nham nang cao gia trj kinh té clia ngudn tai
nguyén dét hiém trong nude, viéc nghién ctru diéu ché cac
REM can duoc tién hanh. Trong nghién ctru ndy, chiing toi
sir dung phuong phap kho voi mudi NH ,HF, va oxit Dy,O,
la cac tac nhan phan ung dé dieu ché mudi DyF, dung lam
nguyén liéu dé didu ché kim loai Dy.
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Abstract:

In this report, dysprosium fluoride (DyF,) - a material
for the preparation of dysprosium (Dy) metal was
prepared by the fluorination of dysprosium oxide
(Dy,0,) by ammonium bifluoride (NH,HF),) reagent. The
effect of reaction time and temperature on the formation
of dysprosium fluoride salt has been studied. The phase
composition and crystal structure of the obtained
products were analysed by X-ray diffraction (XRD).
Thermal analysis techniques were applied to determine
the temperature range of the fluorination. Scanning
electron microscopy with energy dispersive spectroscopy
(SEM/EDS) was used for external morphology
observation and chemical elemental composition
analysis. The results showed that the high purity phase
of DyF, was formed at the conditions: reaction time
and temperature of >1 h and >350°C, respectively. The
product is available for the preparation of Dy metal by
metallothermic reduction.

Keywords: dysprosium fluoride, dysprosium metal,
fluorination, metallothermic reduction.
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Hoa chat va phucong phap nghién ciiu
Héa chit

Céc hoa chat dugc sir dung bao gom DyZO c6 do tinh
khlet 99,9% (xuat x{r Trung Quoc) va mudi NH_HF, (>98%,
xuit xr Trung Quoc) V61 moi thi nghiém, 5 g DyQO duoc
tron déu voi mudi NH,HF theo ty 1¢ NH,”/Dy*" duoc luya
chon 1a 3,9/1,0 (mol/mol) _tuong Gng voi luong NH HF,
du 30% so v6i Iy thuyét. Hon hop dugc cho vao chén nung
molypden va nung trong 10 6 ong kin khi. Khi argon dugc nap
vao 16 trong sudt qua trinh nung voi toc do 5 lit/phut. Nhiét
d6 nung duoc thay doi tir 250 dén 450°C, thoi gian nung dao
dong tir 1 dén 3 h dé danh gia su hinh thanh cta vat liéu.

Phwong phap nghién ciru

Phuong phap phan tich nhiét (sir dung thiét bi SETARAM
Thermal Analyzer tai Khoa Hoa hoc, Truong Dai hoc
Khoa hoc Ty nhién, Pai hoc Qubc gia Ha Noi) duoc ap
dung nhim x4c dinh qua trinh florua héa, tr d6 xac dinh
khoang nhiét d6 khao sat. Phuong phap XRD (sir dung thiét
bi SIEMENS D5005 instrument tai Khoa Hoa hoc, Truong
Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc gia Ha No6i)
dugc sir dung dé xac dinh thanh phan pha cua nguyén liéu
cling nhu san phim sau nung. Phuong phap SEM/EDS (st
dung thiét bi JEOL JSM-IT100LV instrument tai Vién Cong
nghé xa hiém) dugc st dung dé xac dinh hinh thai hoc va
thanh phan cac nguyén t6 hoa hoc; kich thudc hat duoc xac
dinh thong qua anh SEM va phan mém xu 1y anh Image].
Phan mém Origin duoc str dung dé dung lai gian 46 XRD
tir file data gdc.

Két qua va thao luan

Nguyén liéu Dy,O, dé dugc so b danh gia cu trac tinh
thé va hinh thai hoc bang phuong phap XRD va SEM (hinh
1va2). Két qua danh gia cho thay, nguyén liéu Dy, 0, duoc
su dung ¢6 cau tric 1ap phuong va kich thudc hat tuong ddi
ddng déu, nam trong khoang 2-10 pum.
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Hinh 1. Gién d6 XRD ciia nguyén liéu Dy,0..
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Hinh 2. Anh SEM ciia nguyén lidu Dy,0,.

Xdc dinh khodng nhiét dp florua héa Dy,0, béng tic
nhin NH HF,

Qua trinh florua hoa Dy, O, bang tac nhan NH HFE, dién
ra & nhiét d6 cao. Pé xac dinh khoang nhiét do phan tng
florua héa dién ra, phuong phap phan tich nhiét duoc thuc
hi¢n: bot Dy, O, dugc tron voi NH,HF, theo ty 1¢ NH,/Dy**
12 3,9/1 (mol/mol), sau d6 hon hop dugc phéan tich nhiét
trong moi truong khi argon; nhiét do khao sat tur nhiét do
phong dén 800°C, téc do nang nhiét 10°C/phut. Két qua
phén tich TGA/DTA cung v6i duong DrTGA duoc thé hién
trong hinh 3.

Pudng nhiét trong lugng (TGA) cho thiy c6 sy hut khéi
lwong tir 50 dén 350°C. Trong d6, sw mat khdi lugng dién
ra manh mé trong khoang nhiét d6 125 dén 250°C, twong
ung voi mot pic 16n trén duong DrTGA véi dinh pic tai
199,87°C. Nhu vay c6 thé nhan théy r?mg, hi¢u tng héa hoc
dién ra manh mé trong khoang nhiét do nay.

Puong phan tich nhiét vi sai (DTA) cho thdy mot sb
hiéu tng toa/thu nhiét khac nhau. Tai nhiét do dudi 80°C
xuét hién mot pic toa nhiét, twong tng vdoi d6 1a mot pic
¢ cuong d6 nho trén duong DrTGA. Piéu nay duoc nhan
dinh 1a do su bay hoi cham cua mudi NH ,HF, truge khi qua
trinh néng chay ciia mudi nay xay ra [11-13, 17-19]. Khi
lwong miu bay hoi trong truong hop nay 1a khong dang ké.
Pic thu nhiét xuat hién ngay sau d6 véi dinh pic tuong ddi
bang tai nhiét do khoang 125°C, cuing véi hiéu mg rat nho
trén duong DrTGA. Piéu nay 1a do sy nong chay ciia mudi
NH,HF, [11-13, 17-19]. Sau khi néng chdy, qua trinh bay
hoi van ti€p tuc dién ra voi mot pic tda nhiét tai khoang
150°C. Sau nhiét d0 nay, qua trinh sut giam khéi lugng dién
ra rAt manh cung v&i pic thu nhiét cé dinh tai 199,63°C.
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Diéu d6 cho thay phan tng giira Dy,O, va NH HF, dién
ra manh mé&. Qua trinh phan (g giira hai chat trén dlen ra
trong thuc té tuong ddi phirc tap v&i nhidu san pham trung
gian dugc hinh thanh. Phuong trinh phan tng dugc mo ta
theo phuong trinh sau [11-13]:

Dy,O,. + 4 NHFHF, — 2 DyF.NHF,( + 2
NHSkhl’ + 3 H2Okhi (3)
DyF,NH,F, — DyF,. + NHF,, (4)

Phéan ung (3) xdy ra trudc trong giai doan nhi¢t do tur
150 dén 250°C. Sy sut giam khdi lugng manh mé (41%)
trong giai doan nay la do su bay hoi ctia cic san pham khi
NH,, H,O va mt phan nhé cia mudi NH,HF,. Két thuc giai
doan nay san phdm trung gian DyF ,-NH,F duoc hinh thanh
va tiép tuc bi phan huy khi nhié¢t d6 tang 1én. Nhi¢t do hinh
thanh va phan huy cac hop chit trung gian khong dugc xac
dinh mot cach chinh xac. Tuy nhién, qua trinh két thac phan
(g c6 thé dat trudc 400°C do khong c6 hidu ing nhiét ciing
nhu sy sut khdi luong nao dang ké khi nhiét do 16n hon
400°C. Khi nhiét 6 16n hon 700°C, duong DTG cho thay su
sut giam khdi lwong twong dbi cham. Puong DrTGA khong
xuét hién dinh pic, ciing v6i d6 1a khong xuat hién hiéu tng
thu/toa nhiét trén dudong DTA. Diéu nay co thé 1a do su
chuyén hoéa tir tir ciia mudi DyF, do nhiét do cao.
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vﬁ e e e e W SN =
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Hinh 3. Gién db phan tich nhi¢t ciia hén hop Dy,O, va NH HF,.

Nghién ciru qua trinh florua héa Dy ,0, bt%ng tac nhdn
NH HF,

Duya trén két qua thu dugc tir phuong phap phan tich
nhi¢t, nhi¢t d§ khao sat qua trinh florua hoa Dy, O, béng
NH_HF, dugc lya chon ¢ cac nhi¢t do 250, 350 va 450°C.
Qua tham khao céc tai li¢u [11-13], nhom tac gié lua chon
thoi gian cta qua trinh florua hoa Dy,O, tir 1 dén 3 h. Cac
nghién ciru duoc thyc hién véi cac diéu kién néu trén, két
qua phan tich XRD ciia cac mau thi nghiém dugc chi ra
trong hinh 4.
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Hinh 4. Gizn do XRD ciia cic miu thu dwoc & cac diéu kién nhiét do
va thoi gian khac nhau.

Két qua phan tich XRD cho thay, tai nhiét do 250°C hau
nhu chua xut hién cac pic dic trung cho DyF, tai tat ca cac
thoi gian nghién ctru. Qua trinh phan ung van chua dién
ra hoan toan ma méi hinh thanh hop chat trung gian nhu
DyF,-NH,F tai nhi¢t d0 nay. Tai nhi¢t 4o 350°C, cac pic dac
trung cho pha tinh thé cta DyF, da xuét hién mot cach rd
nét. Cac pic c¢6 cuong do 16n xuat hién trong khoang goc
20=18-30°. Gian d6 XRD tai nhiét do nay ciing cho thiy
cuong do pic tdng 1én khi thoi gian nung tang, thoi gian 1-2
h 1a chua du dé phan tng dién ra hoan toan. Gian ¢6 XRD
ctia cac mau thu dugc khi nung & 450°C cho thay DyF , da
xuat hién ngay tai thoi gian 1 h. Cuong d¢ cac pic cua mau
nung trong 1 h twong dwong véi mau thu duge khi nung &
nhiét d6 350°C/3 h. So sanh cac pic tai thoi gian nung 2 va 3
h nhan thiy, v6i nhiét d6 450°C, thoi gian nung 2 h 1a du dé
thu dugc duge san pham DyF, ¢6 d6 tinh khiét cao.
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Dé danh gia chinh xac hon d¢ tinh khiét ciia san pham
thu dugc ¢ cac thoi gian va nhiét do khac nhau, nhom
nghién ctru tién hanh phan tich EDS cac mau thu dugc khi
nung & 450 va 350°C/3 h. Két qua duoc chi ra trong bang 1
va hinh 5.

Bén,g 1. Két qua phan tich EDS ciia cic miu thi nghiém va miu tinh
khiét.

Thanh phén nguyén tir trong hep chit (%)

Nguyén tir

350°C/3h  450°C/Lh  450°C2h  450°C/3h  DyF,
Dy 31 27 29 31 31
F 69 73 71 69 69
Tyl F/Dy 2,23 2,70 2,45 2,23 2,23

Két qua & bang 1 cho thay, ¢ tit ca cac mau thi nghiém
déu kh6ng ¢6 su xuat hién cua nguyén tr oxy (0). Piéu nay
cho thay Dy,0O, da duoc chuyén héa hoan toan thanh cac
hop chét florua. Két qua nay ciing di ching minh nhén dinh
dua trén két qua phan tich nhiét 1a qua trinh florua héa dién
ra manh m¢ tai nhiét d khoémg 200°C. Thanh phan nguyén
tir Dy va F trong hop chat DyF lan luot la 31 va 69%; ty
1& nguyén tir F/Dy 1 2,23. Di véi cac miu nghién ciru, ty
1¢ F/Dy phu thudc rat 16n vao thoi gian nung. Tai thoi gian
nung 1 va 2 h, ty 1& F/Dy lan luot 13 2,70 va 2,45. Diéu nay
ching to con du mot luong ion flo trong san pham cubi
cung. Tai thoi gian nung 3 h (d6i véi ca hai nhiét d6 nung
350 va 450°C), ty 1€ trén la 2,23. Gia tri nay tuong duong
voi gid tri cua DyF, tinh khiét. Didu d6 noi 1én rang nhiét
d6 nung 350-450°C va thoi gian nung 3 h 14 du dé phan tng
xay ra hoan toan.
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Hinh 5. EDS ciia mui DyF,.

Két qua nghién ciru ciing cho thy kich thudc hat ciia
cac mau thu dugc khf)ng ¢6 su thay d6i nhiéu so véi nguyén
ligu DyzO (hlnh 6). Bé mit cac hat khong con nhin nhu ban
dau ma xuét hién nhiéu 16 x6p. Piéu nay chung to qua trinh
phén tng dién ra trén bé mat hat oxit Dy, 0O, rdi tién dan vao
bén trong hat. Cac hat thu dugc sau khi phan ting khong bi
co cum ma van c6 bién giéi hat rd rang.
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Qua trinh diéu ché mudi DyF, tr Dy,O, bang phuong
phép kho str dung mgéi NH,HF, lrém tac nh’én florua hoa da
dugc nghién ctru. Ket qua cho thay hgp chat DyF, da dugc
hinh thanh khi nhiét d6 nung dat 350°C. Cac hat hinh thanh
¢6 bién gi6i rd rang va kich thuée nhé hon 10 pm. Dé loai
b6 tap chét flo con lai trong san phdm cudi cing thi qua trinh
phan tng phai dugc thuc hién ¢ nhiét do >350°C va thoi
gian phan tmg >3 h. San pham thu dugc c6 thé dugc sir dung
12 nguyén liéu cho qua trinh nhiét kim diéu ché Dy kim loai.

LO1 CAM ON

Nghién ctru nay dugc thuc hién thong qua dé tai ma sb:
DPTCB.11/19/VCNXH (VINATOM). Nhom tac gia xin tran
trong cam on.
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Nghién ciru thanh phan dong vi cua nuoc mua
khu vyre thanh pho Long Khanh, mién Dong Nam Bo

Bui Quang Tri'", Huynh Thi Thu Hwong', Pham Uyén Thi!, Dwong Thi Bich Chi!, Phan Thi Luin!,
L& Thi Thanh TAm', Tran Tri Hai', L& Vin Son', Nguyén Vin Muéi2, Ding Dirc Nhan?
"Trung tam Ung dung ky thudt hat nhén trong cong nghzep

2Trung tam Quy hoach va Piéu tra tdi nguyén nirée quoc gia
3Héi Dia chat Thuy van Viét Nam

Ngay nhédn bai 5/5/2021; ngay chuyén phan bién 13/5/2021; ngay nhan phan bién 14/6/2021; ngay chap nhan ding 21/6/2021

Tom tit:

Ty s6 dong vi H/'H va ®0/'°O trong nwéc mwa mang nhiéu thong tin vé s phan tich ciia phin tir nwéc trong chu
trinh thity quyén. Méi lién hé giira cac ty s6 dong vi ciia nwéc mwa trong mdt khu vue dic trung béi dwong nwée khi
twong dia phwong, dwoc biét dén nhw gia tri tham khao tin cdy cho cac nghién ciru lién quan dén phan dinh ngudn
gbc cita nwrée bo cap nwrde dwdi dit va didu tra bién ddi khi hau. Nghién ciru nay trinh bay viée xay dung du’(‘)’ng nlr(’)'c
khl tuwong dia phu'(rng Long Khanh (LK LMWL) trong giai doan 2020-2021 lam co s& cho Vlec nghlen ciru veé nguon
goc nuo’c dwoi dit trén dia ban thanh pho Long Khanh va cac nghién ciru tlep theo vé nguon goc nuéce dudi dit
ciia mién Pong Nam B9, lwvu vire song Pong Nai. Két qua cho thiy gia tri 5°H ciia nwéc mwa dao dong tir -73,64 dén
0,36%o v6i gi tri trung binh 13 -49,74%o va 6'*0 dao dong tir -10,91 dén -1,59%o v6i gia tri trung binh la -7,68%o, khi
s0 véi miu chuin VSMOW. Nwéc mwa ¢ Long Khanh vé mia kho ¢é thanh phan ddng vi 6°H va %0 giau hon so
v6i nuéc mua trong mia mua do hiéu ing lrong mua va dic diém Kkhi twong ciia khu vee. LK LMWL tuén theo
phwong trinh 62H = (7,89+0,38)x56'*0 + (10,28+2,93) (R>=0,96, n=19) cho thiy, thanh phin dong vi ciia 5'*0 trong
nwée mua dwoce 1am gidu hon thanh phin dong vi ciia §*H. Mirc dwr doteri (d-excess) ciia nwéc mua trong khu vue
12 10,28+2,93%o, twong dwong véi quy mo toan ciu la 10%o.

Tir khoa: d-excess, dwong nuwée khi twgng Long Khanh, §°H, §'%0.
Chi s6 phdn logi: 1.5

Datvan dé Dé c6 thé nhan biét ngudn bé cap ciing nhur lu(mg bd cap nudc
ngam trén khu vuc bang ky thuat thily van dong vi can phai co dir

Long Khanh - thanh phé tryc thudc tinh Dong Nai, 1a mot liéu v& thanh phan déng vi 8H va 550 [1].

trong nhiing dia phuong phat trién nhanh nhat trong nhoém do thi

dia phuong khu vyc mién Dong Nam B§. Qua trinh d6 thi hoa
ngdy cang tang kém theo sy gia ting dan s6 co hoc dang gay ap luc
1én ngudn cung cap nude sach cho dan cu dia phuong. Ngoai ra,
nhu cau str dung nude cho cac hoat dong phat trién cong nghiép,
néng nghiép tuong ddi 16n, trong khi ngudn nuée mat rat han che

ciing 1a mot trong nhimg kho khin cho Ddng Nai khi phat trién
kinh t€ - xa hoi.

Trong k¥ thuat “Thuy van déng vi”, déng vi ctia hydro va oxy
duoc sir dung pho bién nhat vi cdc dong vi nay 1a thanh phan cia
phan tir nude. Phan tir nude dugc cu tao boi cac déng vi nhe va
ning cta oxy va hydro. Do do, doteri va oxy-18 14 hai dong vi
ning duoc coi 1a Iy tuong dé sir dung 1am chit danh dau trong
cdc nghién ctru thily van. Doteri va oxy-18 thuong dugc st dung
dé danh gia “ngudn gdc” clia nude, dac biét 1a trong cac hé thong
nude dudi deit; cac qué trinh lién quan dén viéc bo cap (theo doi
qué trinh); dé udc tinh ty 1& hoa tron ciia cac ngudn hodc thanh
phan khéc nhau (truy tim thanh phan); va nghién ctru mdi quan hé
thity lyc giira nue dudi dat va nude mit hodc gitra cac tang chira
nudc khac nhau trong mot hé théng nude dudi dat nhét dinh.

“Tac gia lién hé: Email: tribg@canti.vn, Tel: 0913188582
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Thanh phan ddng vi cta doteri va oxy-18 trong nudc duogc ky
hi¢u la delta (6) vz‘i dugc dinh nghia nhu sau:

82 H(%) = ( 5“"“"6 ~1)x1000 (1)
std

52 H(%) = ( “‘mp"‘ ~1)x1000 2)
std

Trong do: °R R, "R "R, twong tmg la ty - sb mirc

sample” " std’ sample’ std

phd bién (abundance) cua dong vi 6*H va 8"%0 trong mau nudc
nghién ctru (sample) va trong mau chuén (std).

Mau chudn duoc sir dung trong cac nghién ciru vé thanh phan
dong vi trong nude 1 mdu VSMOW (Vienna Standard Mean
Ocean Water). VSMOW la mau nude bién do B0 phan Thuy van
dong vi cua Co quan Nang lugng nguyén tir quoc t¢ (IAEA) chuan
bi va ban cho céc co s¢ trén pham vi toan cau sir dung cho cac muc
dich nghién ctru cua minh.

Moi quan hé gura thanh phan dong vi 8H va 6"*0 trong nude
mua trén pham vi toan cau 13 méi quan hé tuyén tinh, 1in dau tién
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Study on the isotopic composition
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Abstract:

The H/'H and 30O/'°O isotope ratios in rainwater bring
a lot of information about the fractionation of water
molecules in the hydrosphere. The relationship between
the isotope ratios of rainwater in an area characterised by
the local meteoric water line, which is known as a reliable
reference value for studies related to the identification of
the recharge source of groundwater and climate change
investigations. This study aims to establish a local
meteoric water line in Long Khanh city (LK LMWL) in
the period of 2020-2021, which is considered as a basis
for research on the origin of groundwater in the area of
Long Khanh city and subsequent studies on the origin of
groundwater in the Southeast of the Mekong Delta region
and the Dong Nai river basin. Results show that 6’H in
rainwater ranges from -73.64 to 0.36 (% VSMOW) with
an average value of -49.74%o, (n=19) and that figure of
680 ranges from -10.91 to -1.59 (%0 VSMOW) with a
mean of -7.68%o (n=19). Due to the amount and specific
meteorological conditions of the region, 6*H and 4'*0
in rainwater are enriched in the dry season but deplete
in the rainy season. The LK LMWL follows a model of
6’H=(7.89+0.38)x6'*0 + (10.28+2.93) (R>=0.96, n=19),
which shows that the isotopic composition of 630 in
rainwater is more enriched than the isotopic composition
of 8’H. The deuterium excess (d-excess) of rainwater
in the region is found to be 10.28+2.93%., which is
comparable to those for the global scale of 10%o.

Keywords: d-excess, Long Khanh meteoric water line,
67H, 5'%0.

Classification number: 1.5
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duoc Craig (1961) [1] phat hién khi xir Iy s6 liéu thanh phan dong
vi clia hai dong vi nang trong nudc mua, thu thap tir hon 100 tram
quan tric khi tuong toan cau lip dat ca trén cac dai duong va bao
phi héu nhu déu khip luc dia. M6i quan hé nay duoc goi 1a "duong
nuée khi tuong toan cau" (Global Meteoric Water Line, GMWL)
va phuong trinh cia GMWL ¢6 dang (3):

§°H = 8.5%0 + 10 3)

Trén pham vi khu vye, gia tri hé s0 goc va muc du doteri
(d-excess) cua duong nudc khi twong khu vyce sé khac 8 va 10 do
c6 céc hiéu tmg vi o, do cao, nhiét do khi quyén va do am khong
khi khi quyén nhu trinh bay & trén. Gié tri hé sb goc cua dudng
nuée khi tuong duoc quyét dinh khong nhimg bai cac yéu td nhiét
dong hoc cta qua trinh chuyén pha ma con boi cac hidu tmg lién
quan dén dong hoc ctia qua trinh ngung tu - roi ling udt, d6 1a
nhiét do va do am khi quyén [2]. d-excess dugc tinh theo cong
thuc (4) [3]:

d-excess=6°H__ - 8.5'%0 4)

sample sample
Trong do, °H_ va 6"0_ la gia tri thanh phan dong vi &°H
sample sample ) . :
va 6'30 trong cac mau nudc nghién ciru. d-excess phu thudc vao
nguon phat sinh do am gay mua trén khu vuc [2, 4].

Trong nhitng ndm qua, cac nha khoa hoc trong nudc su dung
k¥ thuat thuy vin dong vi, chu yéu dé nghién ctru nuéc ngim tai
hai hé thong song Hong va song Mé Kong. Trong khi d6, hé thong
song Dong Nai ¢6 t6i 99% luwu vie nam hoan toan trén dat nudc
ta [5], 1a didu kién thuan loi dé nghién ctru thuy van dong vi (vi
khong phai ra nudc ngoai thu thap mau), nhung lai chua dugc
quan tam. Hién nay trong khu vuc mién bong Nam B9, dai dién 1a
Long Khéanh lai chua c6 dit liéu mang tinh hé thong vé thanh phan
dong vi H va 880 ciia nudc mua, trong khi d6 viée nghién ciru
b6 cap nude dudi dat (ngudn bo cap va luong bo cap) ¢ khu vuc
nay la can thiét doi voi cong tac quan 1y tai nguyén nude. Vi vay,
muc dich ciia cong trinh nay la phan tich thanh phan dong vi 8H
va 8'0 trong nu6c mua thu thap & khu vye Long Khanh dé thiét
lap duong nudce khi tugng dia phuong, lam co sd cho viéc nghién
ciru vé ngudn tai nguyén nude dudi dat khu vuc Long Khanh va
chc nghién ctru trong tuong lai vé ngudn gbe nude dudi dat khu
vuc mién Pong Nam Bo, luu vire song Dong Nai.

No1 dung va phiiong phap nghién ciu
Khu vuce nghién ciiu

Long Khanh ndm & phia dong tinh Pdng Nai, cach thanh phd
Bién Hoa 47 km, cach thanh phé Ho Chi Minh 72 km. Dién tich
ctia thanh phd 1a 194,09 km?, chiém 3,3% dién tich tu nhién toan
tinh Dong Nai. Thanh phd Long Khanh giap huyén Xuén Loc vé
phia dong - dong bac, giap huyén Théng Nhat vé phia tay - tay bic,
gidp huyén Cam My vé phia nam - tiy nam va giap huyén Dinh
Quén vé phia bic (hinh 1) [6].
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Hinh 1. Ban db khu vure nghién ctru - thanh phd Long Khanh, tinh Pong Nai.
86 liéu khi twong trong thoi gian nghién ciru

Trong thdi gian nghién ctu, tir thang 3/2020 dén thang 2/2021,
nhiét do trung binh thang tai thanh pho Long Khanh dao dong tir
24 dén 29°C voi gia tri trung binh 1a 26°C. Nhiét do trung binh
thang 16n nhat 14 29°C (thang 5/2020) va trung binh thang thép
nhit 14 24°C (thang 1/2021) [7]. Lugng mua ca nam 1a 1.751 mm,
thap hon lwgng mua trung binh 10 ndm trudc (2.158 mm). Thang
5/2020 c6 luong mua 16n nhat 1a 410 mm va thang 2/2021 ¢6
lwong mwa nho nhat 1a 38 mm, hai thang 3/2020 va thang 1/2021
khong c6 mua [7]. D 4m trung binh thang trong thoi gian nghién
ciru dao dong tir 78 dén 90% vao mua mua va tir 68 dén 80% vao
mua kho [7]. Hinh 2 trinh bay sy thay d6i nhiét do va luong mua
trung binh thang tai thanh pho Long Khanh.

500 35
400

300 20

Téng lwgng muwa (mm)
Nhigt dj trung binh (°C)

200

100

0 0
I * '»“ D 05 @9 o q/Q ;,”Q ,»\ »
y V& @9 § \0 IS 0‘4 %a e & ((w

Hinh 2. Nhiét d§ va lwgng mua trung binh thang trong giai doan
nghién ciru.

Luong bdc hoi trong mua khé cao, chiém khoang 64% tong
luong bdc hoi ca ndm. Nguoc lai luong bdc hoi vao miia mua thap
hon, chiém khoang 34-36% tong luong boc hoi ca nam. Lugng
bdc hoi thang cao nhat 1a 200 mm (thang 3) va thap nhat 1a 42 mm
(thang 10) [7].

Thoi gian ning hang ngay trung binh trong thang dao dong
trong khodng tir 5+9 h/ngay. Trong giai doan nghién ctru, thoi gian
néing trung binh 1a 6 h/ngay [7].

Theo tiéu chi S-S xdc dinh luong mua [8] thi mua mua ¢ khu
vuc Long Khanh trong thoi gian nghién ctru bat dau tir thang 6 dén
gitra thang 10/2020, thoi gian con lai 12 mua kho.

Thu thip méu nwéc muwa

19 miu nuéc mua (SRO1 dén SR19) d dugc thu thap tir thing
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4/2020 dén thang 2/2021 tai Tram Khi tugng Long Khanh. B
dung cu thu mau nudc mua 1a loai nhing duoc mo ta trong huéng
dan vé Quy trinh k¥ thudt IAEA ldy mau nuéc mua [9]. Dung cu
nay bao gbm mdt binh/can nhya polyetylen ty trong cao (HDPE)
dung tich 20 lit dugc ldp mot phéu himg thing dimg c6 duong kinh
14 cm xuyén qua ndp cao su day khit miéng can va ndi véi dng dan
cham gin dén day binh chira mau. Khoang khong trong can dugc
can bang ap suat khi quyén bang mot ng nhya duong kinh trong
2 mm va dai 15 m cun tron. Can nhya thu mau duge 6n nhiét,
tranh na“ing mat troi va lép dat tai Tram Khi tugng Long Khanh &
vi tri xung quanh khong ¢6 nha cao tang can tro nuéc mua roi theo
chiéu thing dimg. Thiét ké cta bd dung cu nay dam bao khong
cho miu nude thu duoc trong thang bi boc hoi 1am thay dbi thanh
phin dong vi. Mau duoc lay vao ngay 15 va 30 hang thang. Trude
khi ldy miu tién hanh do thé tich nudc trong can dé tinh do sau
muc nudc mua (H=4.V/3,14xd?), trong d6 d=140 mm la duong
kinh phéu himg va V 1a thé tich nu6c trong can (tinh bang ml) ctia
mdi nira thang, sau d6 mau duge san vao chai dung tich 500 ml co
nép hai 16p ddy khit miéng chai. Mau duoc chuyén vé phong thi
nghiém dé xir Iy va phan tich thanh phan dong vi. Trudc khi phan
tich, mau dugc bao quan & nhiét do 4°C.

Phin tich thanh phan dong vi trong phong thi nghi¢m

Thanh phan dong vi 8H va 880 clia cac mau nude mua dugc
dinh lugng bang thiét bi quang phd laser IWA-35EP (hing Los
Gatos Research - LGR) tai Phong thi nghiém thuy van dong vi va
moi truong ciia Trung tim Ung dung k¥ thuat hat nhan trong cong
nghiép. Chi tiét v& nguyén Iy ciing nhu thiét bi phan tich thanh
phan dong vi cia nude bang thiét bi IWA cta hing Los Gatos.

Thiét bi dugc ty dong diéu khién thong qua phan mém LWIA
Post Analysis Software. Khi phan tich, k¥ thuat vién dat chuong
trinh phan tich twong tmg cho thanh phan déng vi §°H hodc §'°0
va lap danh sach ky hiéu mau, phin mém s& chon budc song chum
laser phii hop cho timg dong vi. Ctr 8 mau phén tich thi dat mot
mau chuan dé hiéu chinh muc troi cua tin hidu. Hé thong thiét
bi s& tu dong liy va bom mau qua b phan bom mau ty dong
(Autosampler). Sau mi phép phén tich, phin mém sé tinh gia tri
R e VAR " roi tinh & trong tng d01 v6i 2H va 180. Két qua thanh
phan dong vi 8°H va §"°0 trong mau dugc thong bio bang %o $O
v6i mau chuan VSMOW. Quy trinh phén tich duoc thiét 1ap theo
hudng dan cia hing cung cip may (LGR). M&i mau dugc phan
tich lap sau lan, két qua ciia hai lan do dau tién dugc phan mém
tu dong loai bo dé tranh hidu ung “nhé” cua may, dam bao cho
két qua ghi nhan duoc la chinh xéc. Két qua nghién ctu cia dé
tai cép co s6 nam 2018 da xac dinh d¢ 13p lai cta céc két qua do
1a tir £0,02 dén =0,79%o dbi voi &H va tir 0,02 dén +0,11%o dbi
voi 60 [10].

£ 2 ~ 2 a
Ket qua va thao luan

Két qua theo doi luong mua theo thdi gian thu mau (nira thang
mot lan), thanh phan dong vi 8°H va §'%0 trong nude mua va két
qua tinh d-excess clia 19 mau nudc mua thu duge trong hai nim
2020-2021 tai khu vyc Long Khanh dugc trinh bay trong bang 1.
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Bang 1. Lwgng mua, thanh phin ddng vi 62H va 60 trong nwéc mwa va mirc
d-excess ciia 19 mAu nwée mua thu duwge tai Long Khanh trong nim 2020-2021.

Téng  Két qua
TT I:::l gflag;;ll:ang :::';:g SH (%) 590 (%) d-excess (%o)

(mm)
1 SROI 15/04/2020 287 036 0,71  -1,59 0,09 13,06 1,01
2 SR02 30/04/2020 847  -2236 051 -428 0,11 1191 =102
3 SRO3 15/05/2020 5,6 5427 40,02 872 0,02 1550 0,16
4 SR04 31/05/2020 73,5  -29.87 40,74 -538 0,12 13,17 £121
5 SRO5 15/06/2020 1622 -5727 +0,28 9,44 0,08 1823 0,70
6 SRO6 30/06/2020 2447 -7198 +048  -10,7 0,06 13,30 £0,68
7 SRO7 15/07/2020 833 4851 0,18 -831 0,05 17,94 044
8  SRO8 31/07/2020 1248 49,17 0,16  -751 0,04 1091 +0,36
9  SRO9 15/08/2020 182,7 -50,08 023  -6,86  +0,06 476  +0,53
10 SR10 31/08/2020 1145 -4995 +0,15 -696  +0,06 575  £0,50
11 SRIl 15/09/2020 1074 -7321 40,79  -10,1 0,11 743  <£I,18
12 SR12 30/09/2020 1388 -73,04 +0,34 -102 0,06 827  +0,59
13 SRI13 15/10/2020 2068 -73,64 +035  -1091 0,04 13,66 047
14 SR14 31/10/2020 50,9  -59.92 +041 9,06 0,04 12,54 +0,52
15 SRI15 15/11/2020 324  -43,67 025 -635 0,05 711  £047
16 SRI16 31/11/2020 232  -55,03 +034 -7,85 0,06 7,78  £0,59
17 SR17 15/12/2020 45,1 4190 033 -614 0,07 722 £0,65
18 SRI8 31/12/2020 3,1 33,14 2027 5120 0,04 779 042
19 SRI19 152/2021 388  -859 0,12 291 40,03 14,69 £0,27
Tong lwgng mua 1.751,2
Trung binh -47,12 -7,28 11,107

Két qua trong bang 1 cho thiy cdc mau véi ky hiéu tir SR05
dén SR13 duoc thu gom trong khoang thoi gian tir ngay 15/6 dén
15/10/2020 c6 lvong mua cao nhét, ddy 1a mua mua. Cac mau nudc
mua thu gom vao mila mua c¢6 thanh phan dong vi nang nghéo hon
(s0 v6i mau nude thu vio mua kho), gia tri °H dao dong tir -73,64
dén -48,51%o va 80 dao dong tir -10.91 dén -6.86%o (bang 1).
Céc mau tir SRO1 dén SR04 va tir SR14 dén SR19 dugc thu gom
vao mua kho, luong mua thap, thanh phn dong vi trong miu giau
16n, gia tri 6*H dao dong tir -59,92 dén 0,36%o va 80 dao dong tir
-9,06 dén -1,59%o. Mirc d6 thay d6i thanh phan dong vi ning trong
nuée mua theo mua dugce biét dén nhu 13 hiéu ung “luong, amount
effect” [2, 11]. Hinh 3 trinh bay méi tvong quan giita lwong mua
(P) va "*0 minh hoa cho hi¢u (g nay.

0 -

= <
=
E -4 | o
Q
E=l g °
2 -6 1 o © o
=11} <
Esq e ° °
=20 M °
Z-10 o o R
©
12 } | . ! | |
0 50 100 150 200 250 300

D¢ sau/lrong mua (mm)

Hinh 3. Méi twong quan giira d su (lwgng) mua va 50 trong nwéc mua.
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Moi tuong quan gitta “lugng mua” va §'°O trong nudc mua
(hinh 3) dugc mo ta bang cong thuc:

810(%o) = -0,02xP(mm) -5,27; (R>=0,34) (5)

Tuong tu, mdi twong quan gitta 8°H va P dugc mo ta bé“mg
cong thuc:

§H(%o) = -0,17xP(mm) - 31,37; (R>=0,32) (6)

Tuy céc phuong trinh (5) va (6) c6 hé s tuong quan thap
(<0,5), tirc 1a thanh phan dong vi va P co twong quan khong cht
ché, nhung chicu huéng chung 1a thanh phan dong vi &°H va 60
deu ngheo di khi do sau (lugng mua) cia nude mua tang 1én (he
s goc cia mdi tu’O’ng quan <0). C6 hai ly do giai thich vi sao moi
tuong quan gitta 6 va P trong truong hop nay khong dugc chit ché.
Thir nhat 14 do s6 lwgng mau (19 mau thu thap trong nim 2020
va dé}u nam 2021) con han ché, boi vay s0 lidu théng ké 1a chua
du dé co mdi twong quan tot hon. O Ha Noi, quan tric thanh phan
dong vi 8*H va 8'*0 trong nuwdc mua va lugng mua thang trong
khoang thoi gian 10 nam (tr 2001 dén 2011) cho théy mdi trong
quan gilra 6 va P ¢6 hé s6 twong quan R?=0,54 [12], t6t hon so vai
két qua cua nghlen ctru nay. Tuy nhién, véi h¢ s6 R*=0,34 thi moi
twong quan gitra 8 va P van chua thé coi la chdt ché, c6 nghia la
hi¢u ung “lugng” chua du dé giai thich moi twong quan nghich
bién giita & va P. Ly do thtr hai c6 18 1a do dic thi cua dleu kién
khi twong & khu vuc Nam A. Aggarwal va cs cho biét vé mia he,
mua ¢ cac nuée Nam A tir 100 dén 170° kinh d6 Pong, trong do
c6 Viét Nam, chiu sy chi phdi boi hai khoi khong khi, d6 1a khéi
d6i luu gi6 mua dai duong (ocean monsoon trough) va khdi gio
mau dich (trade wind trough) mang theo hoi am tur mién tiy Thai
Binh Duong, noi nude bién bé mit 6 nhiét d cao. Con dudng van
chuyén hoi 4m cta hai khdi khong khi nay dén Viét Nam 1a kha dai
va trén dudng di hoi 4m s& ngung tu va roi ling dan, khi dén Viét
Nam thanh phén dong vi trong nuGc mua s€ ngheo di do higu ing
phan tach dong vi [13].

Két qua trinh bay trong bang 1 cho phép thiét 1ap duong nude
khi twong khu vyc Long Khanh (LK LMWL), tic 1a sy phu thudc
gitra 6°H va 680 dugc trinh bay ¢ hinh 4.
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Hinh 4. Pwong nuéc khi twgng khu vue Long Khanh (LK LMWL),
dugc thiét 1ap tir thang 4/2020 dén thang 2/2021.

Puong nude khi tugng khu vae LK LMWL tuén theo phuong
trinh:
OH = (7,89+0,38)x0"*0 + (10,3142,93); (R?*=0,96) (7)

DPuong nudc khi tugng khu vuc ¢ hé $0 tuong quan R>=0,96
la kha chat ché.

1
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Nghién ctru ciia Poan Vin Canh va cs (2018) [14] quan tric
thanh phan dong vi trong nudc mua ¢ thanh phé HO Chi Minh
tir 2013 dén nay cho thy, duong nude khi twong khu vuc (HCM
LMWL) tuén theo phuong trinh:

O*H =17,37x 3"%0 + 5,15; (R*=0,97) (8)

buong nudc khi tugng khu vuc Da Lat, Lam Déng (bL
LMWL) tuan theo phuong trinh sau [15]:

OH = 7,78x8"%0 + 14,03; (R*=0,98) )

buong nude khi twong khu vuc Long An (LA LMWL) tuan
theo phuong trinh sau [16]:

OH = (7,56+0.11)x8"%0 + (7,26+0,67); (R*=0,99)  (10)

Duodng nude khi twong ¢ BangKok, Thai Lan, (BK LMWL)
khong khac biét nhi€u so v6i duong nude khi twong ¢ thanh pho
H6 Chi Minh va tun theo phuong trinh sau [17]:

H = 7,33x8"0 + 5,17; (R*=0,95) (11)

Puong nude khi tuong & thanh phd Ha Noi tuan theo phuong
trinh sau [12]:

= (8,04£0,13)xd O + (12,96+0,86); (R*=0,98) (12)

Tir cac phuong trinh (7), (8), (10) va (11) nhan thiy hé sb goc
cua duong nude khi tugng bon khu vye Long Khanh (LK), thanh
phd H6 Chi Minh (HCM), Long An (LA) va BangKok (BK) co gid
tri twong duong nhau (trong gi6i han sai s6 thong k&), trung binh
1a 7,54 thap hon gia tri h¢ so goc cua dudng nude khi tugng toan
cap 1a 8. Piéu nay 1a do nhiét d6 khong khi & bon dia diém quan
trac 1a kha tuong dong va cao hon so vdi nhiét d§ ¢ cac vung 6n
d(’gi. Nhiét‘d(f) kh(‘)pg khi cao nén khi mua, cac giot nuoe trude khi
tiep can be mat dat s& bi boc hoi, 1am cho thanh phan dong vi 180
trong nudc mua thu ¢ bé mat dat gidu 1€n. Hi¢u ing boc hoi cua
cdc giot nude mua trén dudng roi xuong mat dat dugce biét dén nhu
1a hiéu img mat can bang dong hoc cua nudc mua ¢ nhimg ving
c6 khi hau nhiét doi. O Ha N¢i, nhiét d khong khi ndi chung 1a
thap hon so v6i ¢ Long Khanh, thanh pho H6 Chi Minh, Long An
hodc BangKok, do véy hiéu img mét can bépg dong hoc ctia nude
mua gan nhu khong dang ké va vi thé h¢ so goc cua duong nude
khi tugng dia phuong Ha Noi rat gan voi 8. Buong nude khi tuong
khu vye Da Lat ¢6 hé s6 goc twong duong véi hé¢ so goc cua bon
khu vue LK, HCM, LA, BK nhung gia tri d-excess lai >10. Diéu
nay co thé 1a do hi¢u (mg mat can bang dong hoc nhung khong phai
do nhiét do khong khi cao ma do do am khong khi ¢ Da Lat thap
hon so v6i ¢ cac khu vue khac nén cling gay hiéu img bdc hoi trén
dudng mua roi xubng mat dat.

Két qua trinh bay trong bang 1 cho thiy gi4 trj d-excess thay di
theo timg thoi diém thu gop méau, dao dong tir 4,76 dén 18,23%o.
Vao nhitng thoi diém c6 nhiét 6 khong khi cao, nhu tir thang 2 dén
thang 8 gia tri d-excess thuong cao hon 10, nhung vao nhiing thoi
diém nhiét do khong khi mat me (thang 9 dén thang giéng ndm sau)
thi d-excess thap hon 10. Gia tri d-excess >10 1a do trong Am khong
khi gdy mua c6 thém thanh phan hoi nuéc bde hoi tir cac ngudn
nudc dia phuong nhu tir song, ho hodc tham thuc vat, trong khi do
d-excess <10 cho biét thanh phan dm tir dia phuong 13 khong dang
ké. Cac giatri hé s goc va d-excess nhan dugc trén co so két qua
quan tric thyc té (phuong trinh 7) cho thay ngudn am gay mua tai
khu vyc Long Khanh, thugc mién Dong Nam B ¢4 nguon goc tlr
nude dai duong 1a chii yéu.
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Thanh phan dong vi bén 82H va §'*0 ciia nudc mua trén khu vuce
Long Khanh, dai dién cho mién bong Nam Bg da dugc danh gia
dinh lwong trong khoang thoi gian tir thang 4/2020 dén hét thang
2/2021. Két qua cho thiy sy bién di °H va §'°0 la rat rong, dao
dong tir-10,91 dén -1,59%o doi voi 850 va tir -73,64 dén 0,36%0 doi
v6i °H, phu thugc vao mua. Puong nude khi twong tai khu vue
Long Khanh (LK LMWL) tuan theo phuong trinh *H = (7,89+0,38)
X810 + (10,31£2,93), v6i hé s6 twong quan R>=0,96. Céc gia tri
hé sb goc va d-excess cua LK LMWL 1a twong dwong voi cac gia
tri twong Ung cua duong nudce khi tugng dia phuong tai khu vyc
thanh ph6 Ho Chi Minh, Long An, va BangKok do diéu ki¢n khi
hau trén toan khu vyc la kha twong ddng. Nguon 4m gdy mua trén
khu vuc chu yéu 13 tir dai duong chiu anh huong cua cc yéu to
gi6 mua. Dé c6 co s¢ xac dinh mién bd cap nudc dudi dat khu vuce
Pong Nam B bang ky thuat thay van dong vi, can c6 bo s lidu
vé duong nudc khi tuong theo do cao. Do vdy, hudng nghién ciru
tiép theo 14 phai xdy dyng dugc mang quan tric thanh phan dong
vi trong nudc mua theo d§ cao tir Long Khanh lén dén Pa Lat.
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Nghién ctru hinh thai hat phan ciia ho Nhai
(Oleaceae Hoffmanns. & Link) ¢ Viét Nam
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Vién Sinh thai va Tai nguyén sinh vat, Vién Han lam KH&CN Viét Nam
Hoc vién Khoa hoc va Cong nghé, Vién Han ldm KH&CN Viét Nam
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Tom tit:

Bai b4o nay sir dung kinh hién vi di¢n tir quét va kinh hién vi quang hoc dé nghién ciru hat phin cac loai thudc ho
Nhai (Oleaceae) phin bd & Viét Nam, bao gom 23 loai thudc 6 chi. Hat phan cac loai thudc ho Nhai ¢ Viét Nam thude
loai ding cue, di xing tia, 3 rinh, kich thwéc nhé, véi 2 loai hinh dang 1a dang hoi dai (Jasminum va Olea) va dang
hinh cau dai (Jasminum, Fraxinus, Ligustrum, Osmanthus va Chengiodendron). B¢ mit hat phan cia da s6 cac loai
12 dang mang luéi. DAy la cac dic diém hinh thai quan trong dé phan loai ho Nhai qua hinh thai hat phan.

Tir khéa: hat phén, hinh thai, kinh hién vi dién tir quét, kinh hién vi quang hoc, nghién ctru, Oleaceae, Viét Nam.

Chi s6 phén loai: 1.6

A study on pollen morphology
of the family Oleaceae
Hoffmanns. & Link

in Vietnam
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Abstract:

This paper uses scanning electron microscopy (SEM)
analyses and light microscopy (LM) to study pollen
grains of species of the family Oleaceae Hoffmanns.
& Link distributed in Vietnam, including 23 species
belonging to 6 genera of the family (Oleaceae). Pollen
grains of all species (Oleaceae) in Vietnam are isopolar,
radial, 3- prolate pollen grains small size, with two
types: subprolate type (Jasminum and Olea) and prolate
spheroidal type (Jasminum, Fraxinus, Ligustrum,
Osmanthus, and Chengiodendron). The surface of the
pollen grains in most species is reticulate. These are
important morphological features to classify the Nhai
family through pollen morphology.

Keywords: LM, morphology, Oleaceae, pollen, SEM,
study, Vietnam.

Classification number: 1.6
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Ho Nhai (Oleaceae Hoffmanns. & Link) c6 khoang 25 chi
voi hon 600 loai, phan b & hau hét cdc ving nhiét doi va can
nhiét doi trén thé giéi [1-4]. Céc dic diém hinh thai hat phan
lién quan dén d6 mo, hinh dang 15 thoat, tﬁng ngoai hat phén,
kich thudc hat phan va hinh dang hat phan da dugc sir dung
lam “d4u hiéu c6 sinh” trong nghién ctru cac mdi quan hé hé
thong va phat sinh loai thuc vat hat kin 6 tit ca cac cip do phan
loai. Hat phén cta ho Nhai Oleaceae noi chung la hat phén co
dang hinh cau hoi dai & vi tri xich dao voi mot 16p ngoai dang
ludi [5, 6].

O Viét Nam, ho nhai hién c6 78 loai, 8 phan loai va 1 thu,
nhiéu loai ¢6 gia tri kinh té va khoa hoc [7, 8]. Nhitng nim gan
day con c6 mot s0 ghi nhan maéi vé ho Nhai, dua téng s loai
1én t6i 80 [9-11]. Tuy nhién, hdu hét cac nghién ctru chu yéu
chuyén sau vé hinh thai hoc, hé théng hoc va béo ton, chua co
cac nghién ctru vé hat phin. Do d6, nghién ctru nay st dung kinh
hién vi dién tir quét va kinh hién vi quang hoc dé nghién ctru hinh
thai hat phén cac loai thudc ho Nhai (Oleaceae) ¢ Viét Nam.

Vat liéu va phuong phap nghién ciiu

Nguyén lidu hat phin dugc lay tir hoa cic mau vat thu thap
trén thuc dia, hién luu gir tai Bdo tang thuc vat cua Vién Sinh
thai va Tai nguyén sinh vét. Hat phin ciia 23 loai thugc ho Nhai
(Oleaceae) da dugc phan tich (bang 1), trong d6 16 loai thudc
chi Jaminum L., 2 loai thudc chi Fraxinus, 2 loai thudc chi
Ligustrum, 1 loai thudc chi Olea, 1 loai thudc chi Osmanthus
va 1 loai thuc chi Chengiodendron.

Hat phén dwogc chudn bi bang phwong phép phéan ly
acetolysis tiéu chuan [12], dé quét phan tich bang kinh hién
vi dién t&r quét (SEM) va kinh hién vi quang hoc (LM), qua
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Béng 1. Céc chi va loai thudc ho Nhai (Oleaceae) dwge phén tich hinh
thai hat phén sir dung kinh SEM va LM.

Chi Loai Noi thu $6 higu mAu Bio tang
J. brevilobum Mang Yang (Gia Lai) PTV 1018 HN
J. anodontum Vinh Ciru (Déng Nai) VK 4608 HN
J. longipetalum  KBang (Gia Lai) LX-VN 676 HN
J. microcalyx Tra Linh (Cao Bing) BH. Quang 115 HN
J. laurifolium KBang (Gia Lai) VK 4485 HN
J. duclouxii Bat Xat (Lao Cai) Phuong 7442 HN
J. scandens Vinh Ciru (Dong Nai) BH. Quang54  HN
J. multiflorum KBang (Gia Lai) PTV 1025 HN
JASMINUM e
J. rufohirtum Muong Ma (Dién Bién) ~ B.H. Quang 107~ HN
J. elongatum Sa Pa (Lao Cai) B.H.Quang 74 HN
J. pedunculatum  Thét Khé (Cao Bing) B.H. Quang 110 HN
J. annamense Bi Dip (Lim Béng) B.H.Quang48  HN
J. harmandianum ~ Chu Mom Ray (Kon Tum) B.H.Quang79  HN
J. KonKaKinh (GiaLai) ~ BH.Quang30  HN
J. pierreanum Kon Chu Réng (Gia Lai) ~ VK 4743 HN
J. vietnamense  Nam Giang (Quang Nam) ~ B.H. Quang 76 HN
FRAXINUS F stylosa Bat Dai,S(m (Ha GAiang) DK/H 516l HN
E. chinensis Tram Tau (Yén Bai) Hién, Franck 495 HN
LIGUSTRUM L. sinense Sa Pa (Lao Cai) ' B.H. Quang 77 HN
L. confusum Nguyén Binh (Cao Bang) VN 823 HN
OLEA 0. dioica Chu Mon Ray (Kon Tum) B.H.Quang82  HN
OSMANTHUS 0. suavis Sa Pa (Lao Cai) HAL 2575 HN
CHENGIODENDRON  C. matsumuranum  Bét Xat (Lao Cai) B.H.Quang88  HN

d6 cac phép do khac nhau dugc thyc hién vé duong kinh trung
binh (um), dudng kinh cuc (P), duong kinh xich dao (E) va ty
16 giita phép do cuc va xich dao (P/E). D4i v6i hat phan khong
cuc, chi do duge duong kinh. Déi véi cac phan tich SEM, cac
hat phan hoa truéc d6 dd dwoc aceton phan huy trong ¢on ting
dan (50%, 70%, 80%, 90% va 100% etanol). Ché phim cé
chira cac hat phén duoc nho truc tiép 1én cac lam kinh, sau khi
kho hoan toan s& dugc phii mot 16p vang trong didu kién chan
khong cao, dé phan tich sau do.

Két qua
Gen.1. JASMINUM L. - NHAI

MO ta: hat phan gan nhu hinh cau dai va dang hoi dai, dang
cuc, doi xmg tia, 3 ranh, c6 ba thuy khi nhin tir cye, mot sd it co
hinh tron bon thity. C6 ba rénh, mt s6 it ¢6 bon ranh. Hai 16p &
mat ngoai, dang ludi tho, do day bé mat 2,4-4,85 pum.

Trén thé gioi c6 khoang 200 loai, phan bd & chau Phi, chau
A, chau Uc, mot loai ¢ ving Pia Trung Hai. O Viét Nam c6 38
loai, 6 phan loai va 1 th.

1) Jasminum brevilobum DC. - Nhai thuy ngan

Mo ta: hat phén c6 dang hinh hoi dai ¢ vi tri xich dao, kich
thudc nho: P=33,8 um, E=31,7 um, P/E=1,06, bé mat ngoai hat
phan dang ludi tho, d§ day bé mat ngoai 2,7 um (anh 1. A, B, C).

Phén bd: Pa Nang, Gia Lai, Ninh Thuén.

Sinh hoc va sinh thai: ra hoa thang 6-7, c6 qua thang 9-10.

TAP CHI

HOA HOC

ONG NGHE /It Nam 63(8) 8.2021

Moc ven rung, do cao 200-800 m.
Mau nghién ctru: GIA LAI PTV 1018 (HN).
2) Jasminum anodontum Gagnep. - Nhai khong rang

Mo ta: hat phén ¢6 dang hinh hoi dai ¢ vi tri‘ xich dao, kich
thudc nhd: P=49,4 um, E=42.8 um, P/E=1,15, bé mit ngoai hat
phan dang ludi tho, do day bé mat ngoai 3,4 um (anh 1. D, E, F).

Sinh hoc va sinh thai: ra hoa thang 1-2, c6 qua thang 3-4.
Moc noi sang, ven rung, do cao 100-200 m.

Phén bé: Pik Lik, Ninh Thuan, Binh Thuén, Ddng Nai.

Mau nghién ctru: PONG NAI VK 4608 (HN).

3) Jasminum longipetalum King & Gamble - Nhai canh hoa
dai

Mo ta: hat phén c6 dang hinh hoi dai ¢ vi tri‘ xich dao, kich
thude nho: P=34,3 um, E=30,9 um, P/E=1,11, bé mat ngoai hat
phan dang ludi tho, dd day bé mat ngoai 2,9 um. (anh 1. G, H, I).

Sinh hoc va sinh thai: ra hoa thang 7-8, c6 qua thang 9-10.
Moc ¢ ven rumg, do cao 1000-1400 m.

Phan bd: Quang Binh, Quang Tri, Thira Thién - Hué, Pa
Ning, Gia Lai, Lim Dong, Dong Nai.

Mau nghién ctru: GIA LAI, LX-VN 676 (HN).
4) Jasminum microcalyx Hance. - Nhai dai nhd

Mo ta: hat phén ¢6 dang hinh hoi dai ¢ vi tri‘ xich dao, kich
thudc nho: P=42,1 um, E=40,4 um, P/E=1,04, bé mat ngoai hat
phan dang ludi tho, 46 day bé mat ngoai 3,6 um (anh 1. J, K, L).

Sinh hoc va sinh thai: ra hoa thang 5-10, c6 qua thang 12-2
(ndm sau). Moc trong thung liing, ring thua.

Phan bd: Cao Béng, Ha Nam, Ninh Binh.
Mau nghién ctru: CAO BANG, B.H. Quang 115 (HN).
5) Jasminum laurifolium Roxb. - Nhai 14 qué

Mo ta: hat phén c dang hinh ciu dai ¢ vi tri xich dao, kich
thudc nhd: P=38,8 um, E=35,4 um, P/E=1,09, bé mat ngoai hat
phan dang ludi tho, d§ day bé mat ngoai 3,4 um (anh 1. M, N, O).

Sinh hoc va sinh thai: ra hoa thang 5-6, c6 qua thang 8-12.
Moc rai rdc ven rung.

Phan b: Gia Lai.
Mau nghién ctru: GIA LAI, VK 4485 (HN).
6) Jasminum duclouxii (Lévl.) Rehd. - Lai ducloux

Mo ta: hat phén ¢6 dang hinh hoi dai ¢ vi tri‘ xich dao, kich
thqdc nhd, P=41,0 um, E=3$,6 um, P/E=1,06, bé mat ngoai hat
phan dang ludi tho, do day bé mat ngoai 2,4 um (anh 2. A, B, C).

Sinh hoc va sinh thai: ra hoa thang 2-3, c¢6 qua thang 4-5.
Moc ven rung thua, trang cay bui, ua sang, ¢ do cao tdi 2270 m.

Phén bé: Lao Cai, Ha Giang,
Mau nghién ctru: LAO CAI, Phuong 7442 (HN).
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Anh 1. J. brevilobum. Chup kinh LM: gdc nhin can xich dao (A), goc
nhin tong quat (B). Chup kinh SEM: chi tiét bé mit (C); J. anodontum.
Chup kinh LM: géc nhin tdng quat (D). Chup kinh SEM: géc nhin téng
quét (E), chi tiét bé mat (F); J. longipetalum. Chup kinh LM: goc nhin
téng quét (G). Chup kinh SEM: gbc nhin tong quat (H), chi tiét bé mat (I);
J. microcalyx. Chup kinh LM: goc nhin téng quat (J), Chup kinh SEM:
goc nhin tong quat (K), chi tiét bé mat (L); J. laurifolium. Chup kinh LM:
goc nhin téng quéat (M). Chup kinh SEM: géc nhin téng quét (N), chi tiét
bé mat (0).

7) Jasminum scandens (Retz.) Vahl - Nhai leo

Mo ta: hat phén ¢6 dang hinh hoi dai ¢ vi tri xich dao, kich
thude nhd: P=38,4 um, E=33,0 um, P/E=1,16, b¢ mat ngoai hat
phan dang ludi tho, do day bé mat ngoai 2,4 um (anh 2. D, E, F).

Sinh hoc va sinh thai: mua ra hoa thang 5-6, qua chin thang
7-8. Moc ven rung noi sang, ¢ do cao khoang 1050 m.

Phén bd: Son La, Tuyén Quang, Ha Noi, Lim DPdng, Dong
Nai va Nam B0.

Mau nghién ctru: PONG NAI B.H. Quang 54 (HN).

8) Jasminum multiflorum (Burm. f.) Andr. - Nhai nhiéu hoa

Mo ta: hat phén ¢6 dang hinh hoi dai ¢ vi tri xich dao, kich
thudc nho: P=44,3 um, E=37,3 um, P/E=1,18, bé mdt ngoai hat
phan dang ludi tho, 4o day bé mat ngoai 3,1 pm (anh 2. G, H, I).

Sinh hoc va sinh thai: ra hoa thang 10-12, c6 qua chin thang
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2-4 (nam sau). Moc ¢ bia ring hay trang cay bui.

Phan bo: Bac Giang, Ha Noi, Ninh Binh, Thira Thién - Hué,
Da Ning, Gia Lai, Dak Lak, LAm Dong.

Mau nghién ctru: GIA LAI PTV 1025 (HN).

9) Jasminum rufohirtum Gagnep. - Nhai 16ng hung.

M0 ta: hat phan ¢6 dang hinh cau hoi dai ¢ vi tri xich dao,
kich thudc nho: P=50,4 um, E=48,1 um, P/E=1,047, bé mat
ngoai hat phan dang lu6i tho, do day bé mat ngoai 3,9 pm (4nh
2.J.K.L).

Sinh hoc va sinh thai: ra hoa thang 4-5, c6 qua thang 5-6.
Moc ven sudi hay rach nuéc, trong thung liing.

Phén bd: Son La, Dién Bién.
Mau nghién ctru: DIEN BIEN, B.H. Quang 107 (HN).
10) Jasminum elongatum (Bergius) Willd. - Nhai bac bo

Mo ta: hat phén ¢6 dang hinh hoi dai ¢ vi tri xich dao, kich
thudc nho: P=37,6 um, E=32,1 um, P/E=1,17, bé mat ngoai hat
phan dang ludi tho, do day be mat ngoai 2,4 um (anh 2. M. N. O).

Sinh hoc va sinh théi: ra hoa thang 4-12, ¢6 qua chin thang

Anh 2. J. duclouxii. Chyp kinh LM: goc nhin téng quat (A). Chup kinh
SEM: gbc nhin tong quat (C), chi tiét bé mat (D); J. scandens. Chyp kinh
LM: géc nhin tong quat, can xich dao (D). Chup kinh SEM: gbc nhin tong
quat (E), chi tiét bé mat (F); J. multiflorum. Chyp kinh LM: goc nhin tong
quat (G). Chup kinh SEM: gbéc nhin tong quat (H), chi tiét bé mat (I); J.
rufohirtum. Chyp kinh LM: goc nhin tong quat (J). Chup kinh SEM: goc
nhin tong quét (K), chi tiét bé mit (L); J. elongatum. Chyp kinh LM: goc
nhin téng quat (M). Chup kinh SEM: goc nhin tdng quat (N), chi tiét bé
mat (O).
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8-3 (nam sau). Moc trong rimg & do cao dén 900 m.
. Phan bd: Lao Cai, Yén Bai, Son La, Tuyén Quapg, Cao
Bang, Thai Nguyén, Phii Tho, Vinh Phuc, Ha Noi, Pong Nai.
Mau nghién ctru: LAO CAI B.H. Quang 74 (HN).
11) Jasminum pedunculatum Gagnep. - Nhai cong

Mo ta: hat phén c6 dang hinh hoi dai ¢ vi tr xich dao, kich
thudc nhd: P=48,0 um, E=46,0 pm, P/E=1,04, bé mat ngoai hat
phan dang Iudi tho, d§ day bé mat ngoai 3,5 um (anh 3. A, B, C).

Sinh hoc va sinh thdi: mua ra hoa thang 11, c6 qua thang 2-3
nam sau. Moc ven rung thua ¢ do cao 300-400 m.

Phén bd: Ha Giang, Cao Bang, Phu Tho.

Mau nghién ctiru: CAO BANG, B.H. Quang 110 (HN).

12) Jasminum annamense Wernham - Lai trung b

Mo ta: hat phén c6 dang hinh hoi dai ¢ vi tri‘ xich dao, kich
thude nho: P=32,4 um, E=30,6 um, P/E=1,05, bé mat ngoai hat
phan dang ludi tho, do day bé mat ngoai 2,4 um (anh 3. D, E, F).

Sinh hoc va sinh thdi: ra hoa thang 3-4, c6 qua thdng 5-6.
Moc ven rung, trang cdy bui, ua sang.

Phan bd: Thira Thién - Hué, Kon Tum, Dik Lik, Lim Déng,
Binh Duong, Ba Ria - Viing Tau.

Mau nghién ctiru: LAM DONG, B.H. Quang 48 (HN).

13) Jasminum harmandianum Gagnep. - Nhai harmand

Mo ta: hat phén ¢6 dang hinh cau dai & vi tri‘ xich dao, kich
thufrc nhd: P=36,8 um, E:34},7 um, P/E=1,06, bé mat ngoai hat
phan dang ludi tho, do day bé mit ngoai 3,1 um (anh 3. G, H, I).

Sinh hoc va sinh thai: ra hoa thang 6-7, c6 qua thang 8-9,
moc ven rung.

Phén bd: Dik Lic, Kon Tum, Nam B6 (An Giang).

Mau nghién ctru: KON TUM, B.H. Quang 79 (HN).

14) Jasminum attenuatum Roxb. ex DC. - Nhai la rong

Mo ta: hat phfin ¢6 dang hinh hoi dai ¢ vi tri xigh dao, kich
thude ph("): P=43,9 pm, E=36,28 um, P/E=1,21, bé mat ngoai
hat phan dang ludi tho, d§ day bé mit ngoai 4,85 um (anh 3. J,
K, L).

Sinh hoc va sinh thai: mua ra hoa thang 7, c6 qua thang 9.
Moc ven suoi ¢ do cao 235-300 m.

Phén bé: Gia Lai.

Mau nghién ctru: GIA LAI, B.H. Quang 30 (HN).

15) Jasminum pierreanum Gagnep. - Nhai pierre

Mo ta: hat phén c6 dang hinh hoi dai ¢ vi tri‘ xich dao, kich
thude nho: P=50,9 um, E=48,4 um, P/E=1,05, bé mat ngoai hat
phan dang ludi tho, do day bé mat ngoai 4,8 um (anh 3. M, N,
0).

Sinh hoc va sinh thai: ra hoa thang 8-9, ¢6 qua thang 12-2
(ndm sau). Moc trong rung thua, trén cat ¢ noi thap.
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Phan bd: Hoa Binh, Thira Thién - Hué, Pdng Nai, Gia Lai,
Dik Lic.

Mau nghién ctru: GIA LAL VK 4743 (HN).

16) Jasminum vietnamense B.H. Quang & Joongku Lee -
Nhai Viét Nam

M0 ta: hat phan ¢6 dang hinh cau hoi dai ¢ vi tri xich dao,
kich thudc nho: P=42,4 um, E=39,1 um, P/E=1,07, bé mat ngoai
hat phan dang lu6i tho, do day bé mat ngoai 4,3 pm (anh 3. P,
Q. R).

Sinh hoc va sinh thai: mua ra hoa thang 2-3, c6 qud thang
4-5. Moc trong rung thua, ven sudi, noi sang, thuong gap ¢ do
cao 300-400 m.

Phén bd: méi gap & Quang Nam.

Mau nghién ctru: QUANG NAM, B.H. Quang 76 (HN).

Anh 3. J. pedunculatum. Chyp kinh LM: goc nhin tdng quat, can xich
dao (A). Chup kinh SEM: géc nhin tdng quat (B), chi tiét bé mat (C); J.
annamense. Chup kinh LM: goc nhin téng quat (D). Chup kinh SEM: goc
nhin téng quat (E), chi tiét bé mat (F); J. harmandianum. Chup kinh LM:
goc nhin tong quat (G). Chup kinh SEM: goc nhin téng quat (H), chi tiét
bé mat (I); J. attenuatum. Chyp kinh LM: goc nhin tong quat (J). Chup
kinh SEM: géc nhin téng quat (K), chi tiét bé mat (L); J. pierreanum.
Chyp kinh LM: goc nhin téng quat (M). Chup kinh SEM: géc nhin tdng
quat (N), chi tiét bé mat (O); J. vietnamense. Chyp kinh LM: goc nhin
tong quat (P). Chup kinh SEM: goc nhin téng quat (Q), chi tiét bé mit (R).
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GEN.2. FRAXINUS L. - TRAN TAU

MO ta: hat phan 1a hinh hoi dai dang cuc, d6i xtmg tia, 3 ranh
hinh tron ba thiy khi nhin tir cyc. Kich thuée nho, véi ba 16 va
ranh, cac 16 khong 16 rang. Vach ngoai ¢4 hai 16p, c6 hoa van
dang ludi min. 46 day bé mat ngoai 1,3-1,4 um.

Trén thé gidi co khoang 60 loai: chu yéu ¢ ving 6n dai va
can nhiét déi ctia bac ban cau. O Viét Nam ¢6 4 loai va 1 phan
loai.

17) Fraxinus stylosa Lingels. - Tan

Mo ta: hat phén c6 dang hinh hoi dai ¢ vi tri ;(ich dao: P=19,7
um, E=18,4 um, P/E=1,07, bé mat ngoai hat phan dang ludi min,
do day bé mat ngoai 1,4 um (anh 4. A, B, C).

Sinh hoc va sinh thai: mua hoa qua thang 4-7. Gap ¢ duong
dinh ndi, rimg hon giao cay la kim, noi am, & d6 cao 1100-1200
m.

Phén bé: Ha Giang.

Mau nghién ctru: HA GIANG, DKH 5161 (HN).

18) Fraxinus chinensis Roxb. - Tan bi 14 mii

M5 ta: hat phan co dang hinh hoi dai & vi tri xich dao,
P=19,2 um, E=18,2 um, P/E=1,05, bé mat ngoai hat phan dang
ludi min, d§ day bé mat ngoai 1,3 um (anh 4. D, E, F).

Sinh hoc va sinh thai: mua hoa thang 3-5, ¢6 qua thang 9-10.
Moc ¢ ven rimg, gan song, sudi - noi am, & do cao 300-1000 m.

Phén bé: Yén Bii.

Mau nghién ctru: YEN BAI N.H.Hién, M Franck 495 (HN).

GEN.3. LIGUSTRUM L. - RAM

Mo ta: hat phén ¢6 hinh dang hoi dai, d'fmg cuc, dbi xung tia,
3 ranh nhin tir cyc hinh tron ba thuy. Ba 16 va 3 ranh, 10 bén trong
khong 10 rang, mat cat ctia 10 ¢6 thé nhin thay trén mat phang
xich dao. Hai 16p mdt ngoai, d¢ day 2.2 um, c6 dang giong ludi
thd, kich thudc va hinh dang ctia mat ludi khac nhau ¢ moi loai.

Trén thé gi6i co khodng 50 loai: chii yéu & ving nhiét doi. O
Viét Nam c6 5 loai.

19) Ligustrum sinense Lour. - Ram Trung Qudc

MO ta: hat phén co dapg hoi dai ¢ vi tri x1:ch dao: P=32.4 um,
E=26,7 um, P/E=1,21, b¢ mat ngoai hat phan dang ludi tho, do
day bé mat ngoai 2,2 um (anh 4. G, H, I).

Sinh hoc va sinh thai: moc rai rac trong rung, ¢ do cao dudi
1500 m. Ra hoa thang 3-6, c6 qua chin thang 9-12.

Phan bd: Lao Cai, Ha Giang, Phu Tho, Hoa Binh, Ninh Binh,
Kon Tum, Lam Dong.

Mau nghién ctru: LAO CAI, B.H. Quang 77 (HN).

20) Ligustrum confusum Decne. - Ram 19 bi

Mo ta: hat phan c6 dang hinh hoi dai ¢ vi tri xich dao: P=26,3
um, E=24,6 pm, P/E=1,06, bé mat ngoai hat phan dang ludi tho,
do day bé mat ngoai 2,2 pm (anh 4. J, K, L).
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Sinh hoc va sinh thai: ra hoa thang 3-4, c6 qua thang 6-7.
Moc ¢ vung nui da voi, do cao dudi 1500 m.

Phan bd: Cao Bing, Lao Cai, Bic Kan, Thai Nguyén, Phu
Tho, Hoa Binh, Ha Noi, Ha Nam, Ninh Binh, Thanh Hoa, Ngh¢
An, Quang Tri, Thua Thién - Hue, Kon Tum, Lam Dong.

Mau nghién ctiru: CAO BANG, VN 823 (HN)

GEN.4. OLEA L. - CHI OLIU

MO ta: hat phan c6 hinh cau hoi dai, dang cuc, ddi ximg tia,
3 ranh hinh tron ba thuy khi nhin tir cuc. Kich thude nhd, véi ba
10, 3 ranh manh, dau nhon, 16 bén trong khong rod rang. Bé mat
ngoai dang ludi min.

Trén thé gidi c6 khoang 40 loai, phan bd ¢ chau Phi, chau A,
chau Au. Viét Nam ¢6 10 loai.

21) Olea dioica Roxb. - Lo nghe

M0 ta: hat phan ¢6 dang hinh cau hoi dai ¢ vi tri xich dao,
kich thude nho: P=49,2 um, E=45,8 um, P/E=1,07, bé mat ngoai
hat phan dang Iudi min, 4§ day bé mat ngoai 4,8 um (anh 4. M,
N, O).

Sinh hoc va sinh thai: ra hoa thang 3-5, c6 qua thang 6-12.
Moc & do cao 200-2100 m.

Phan bé: Ha Giang, Ha Noi, Ha Nam, Thanh Hoa, Quang
Binh, Quéng‘Tri, Thtra Thién - Hué, bak Nong, Gia Lai, Kon
Tum, Lam Dong, Binh Dinh, Dong Nai.

Mau nghién ctru: KON TUM, B.H. Quang 82 (HN).

GEN.5. OSMANTHUS LOUR - HOA MQC

Mo ta: hat phén ¢6 hinh cau hoi dai, déng cuc, ddi xung tia,
3 ranh, c6 ba thi‘ly khi nhin tEr cuc, kich thudc ph(’). Cobalova
3 ranh manh, dau nhon va 10 bén trong kin: Bé mat c6 hai 16p,
16p trong va 16p ngoai c6 do day gan nhu bang nhau, bé mét c6
cac van ludi min.

Chi c6 khoang 35 loai, phan bb & vung nhiét d61 va can nhiét
dai chau A va My. Viét Nam c6 3 loai phan b6 ¢ phia bac, mién
trung va Tay Nguyén.

22) Osmanthus suavis King ex C.B. Clarke - Mdc hoa thom

Mo té: hat phén c6 dang hinh cau hoi dai ¢ vi tri xich dao:
P=17,9 um, E=17,3 um, P/E=1,03, b¢ mat ngoai hat phan dang
ludi min, do day bé mat ngoai 1,3 um (anh 4. P, Q, R).

Sinh hoc va sinh thai: mua hoa thang 3-4, c6 qua thang 10-
11. Gap trong ring thuong xanh cay 14 rong hodc trang cay bui
trén suon nui, do cao 1400-2650 m.

Phan bé: Lao Cai, Thanh Hoa.

Mau nghién ctru: LAO CAI, HAL 2575(HN).

GEN.6. CHENGIODENDRON C.B. Shang, X.R. Wang,
Yi F. Duan & Yong F. Li - MOQC CONG

Mo ta: hat phén ¢6 hinh cau hoi dai, déng cuc, ddi Xung tia,
3 ranh, hinh tron ba thuy khi nhin tir cye. kich thude nho. C6 ba
10 va 3 ranh manh, dau nhon va 10 bén trong kin. B€ mat c6 cac
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van ludi min.

Thé gidi co tat ca 3 loai, déu phén b 6 cac khu vyc can nhiét
d6i hodc nhiét ddi cua chau A. O Viét Nam c6 1 loai.

23) Chengiodendron matsumuranum (Hayata) C.B. Shang,
X.R. Wang, Yi F. Duan & Yong F. Li- Mdc cong

Mo ta: hat phén c6 dang hinh cau hoi dai & vi tri xich dao:
P=22,1 ym, E=19,4 um, P/E=1,13, bé mat ngoai hat phén dang
ludi min, do day bé mat ngoai 1,3 um (anh 4. S, T, U).

Sinh hoc va sinh thai: cdy ra hoa thang 5-6, c6 qua thang 11-
12. Moc rai rac trong ring nguyén sinh, vung nii dat, & d§ cao
200-1000 m.

Anh 4. Fraxinus stylosa. Chyp kinh LM: gbc nhin tdng quat (A). Chup
kinh SEM: géc nhin tong quat (B), chi tiét bé mat (C); E chinensis. Chup
kinh LM: goc nhin tdng quat (D). Chup kinh SEM: géc nhin téng quat
(E), chi tiét bé mit (F); Ligustrum sinense. Chup kinh LM: goc nhin tong
quét (G). Chyp kinh SEM: gbéc nhin téng quat (H), chi tiét bé mat (I);
L. confusum. Chup kinh LM: goc nhin tong quat (J). Chup kinh SEM:
gbc nhin téng quat (K), chi tiét bé mit (L); Olea dioica Roxb Chup kinh
LM: goc nhin téng quat (M). Chup kinh SEM: goc nhin tong quat ™),
chi tiét b& mat (O); Osmanthus suavis. Chyp kinh LM: goc nhin tong
quét (P). Chup kinh SEM: goc nhin tdng quat (Q), chi tiét bé mit (R);
Chengiodendron matsumuranum. Chup kinh LM: goc nhin tong quét
(S). Chup kinh SEM: goc nhin téng quat (T), chi tiét bé mat (U).
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Phén bd: Son La, Ha Giang, Thai Nguyén, Lang Son, Lao
Cai, Vinh Phiic, Bic Giang, Quang Ninh, Tuyén Quang, Hoa
Binh, Hai Duong, Thanh Héa, Ngh¢ An, Quang Binh, Quang
Tri, Gia Lai, Lam Df”)ng.

Mau nghién ciru: LAO CAI B.H. Quang 88 (HN).
Két luan

1) Ba mo ta chi tiét cac diac diém hinh thai hat phan cua 23
loai thudc 6 chi ciia ho Nhai (Oleaeae) dugce thu thap tir cac ving
khac nhau cua Viét Nam..

~ 2)Hat pl}én cac loai Nhai ¢ Viét Nam c¢ kich thude nho, loai
dang cyc, doi ximg tia, 3 ranh, ¢6 2 dang la dang hoi dai (13 loai)
va dang hinh cau dai (10 loai).

3)Dasd caclodi co bé mathat phén dang mang ludi (reticulate).
Ludi bé mat c6 2 dang Iudi tho (Jasminum, Ligustrum) va ludi
min (Fraxinus, Olea, Osmanthus, Chengiodendron).

L1 CAM ON

Nghién ctru nay dugc tai tro boi Quy phét trién KH&CN qudc
gia (NAFOSTED) thong qua dé tai ma s6 106.03-2017.300. Tac
gia xin tran trong cam on.
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Tom tit:

Biach bd 1a ciy thude quy thudc ho Bach b (Stemonaceae), cé tinh ing dung cao trong doi sdng. Cac chiét xuit tir
14 hay ré ciia loai ciy nay chira nhiéu hoat chit sinh hoc, c6 nhiéu gia tri vé mit dwoc ly nén ¢6 gia tri kinh té. Tuy
nhién, vi¢c nghién ciru, danh gia va phan loai dua trén chi thi DNA cho Bach b ¢ Viét Nam vin chlra dugc tién hanh
nhiéu. O nghién ciru nay, cc tic gia thue hién phan tich hai chi thi ma vach DNA (DNA barcode) gom rbcL va trnl
dé co nhirng danh gid & mirc do phan tir cho 4 mau Bach b thu duwgec tir viing nii mién Bic Viét Nam, dong thoi so
sanh v6i cac trinh ty twong dong trong ho Bach bd di dwoc cong bd trén Ngian hang gen qudc té (GenBank). Budée
diu, cic két qua nghién ciru khoing cich di truyén va ciy phat sinh chiing loai cho thiy mdi quan hé gin giii giira
cac miu Bach bd nghién ctru véi trinh tw ciia loai Stemona tuberosa Lour. Vung gen trnL (1100 bp) cho thiy kha ning
phan biét cac loai Bich bd tot hon so véi vung gen rbcL (600 bp). Nhirng két qua nay la tién dé cho nhirng nghién
ciru tiép theo vé loai Bach bd va nhiing loai cAy thudc quy khac, phuc vu cho nghién ctru khoa hoc va thue tién nhw

phan loai danh gia da dang va bio ton.
Tir khéa: Bach by, ma vach DNA, rbcL, Stemona, trnL.
Chi sé phin loai: 1.6

Md dau

Bach bo (Stemona tuberosa Lour.), hay day ba muoi, 1a
mot loai thao mdc ¢6 hoa thudc chi Bach bd (Stemona), co6
gia tri kinh té cling nhu gia tri dugc liéu cao. Cay dugc phan
bd & nhiéu ving trén thé giéi nhu Trung Qudc, Han Qudc,
Nhat Ban hay Bong Nam A. O nuéc ta, loai cdy nay moc
hoang & nhiéu noi, dic biét 1a vung ddi nui, ¢ nhiéu tinh nhu
Ha Giang, Hoa Binh, Bic Kan... Vi thudc nay cling dé bi
nham 13n v6i mot s6 loai duoc lidu quy hiém nhu bang sam,
Nhan sam... Day 1a mot cdy thudc quy, thanh phan giau
alkaloid, trong d6 c6 nhitng loai quan trong nhu: croomine,
stemonimine, tuberostemonine, neotuberostemonine va 2
dan xuit cua 3,4-dehydrotocopherol [1], cung vé&i nhidu
hoat chét khac. Nho vao nhiing dac tinh do, Bach by da
dugc st dung rong rai, cod nhiéu cong dung trong chita cac
bénh lién quan ti hé ho hip nhu lam thude ho, chira cac
chung réi loan ho hap nhu viém phé quan, ho ga hay lao
phéi [2]. Hon nita, ciy con c6 thé dugc st dung nhu thude
giun cho nguoi hoac vat nudi; chéng lai nhiéu loai vi khuén,
nam [3] hay con tring c6 hai [4]. Do su phong phu trong
cong dung, Bach bd dang chiu sy khai thac cao, dan t6i tinh
trang hiém gip ngoai tu nhién, c6 nguy co de doa su ton tai
[5]. Do d6, can c6 nhimng giai phap cho cong tic bao ton va
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phat trién dbi voi cay thude quy nay. Bén canh do, viée su
dung cac loai trong chi Bach bd chua dugc xac dinh chinh
xac ngudn gde do hinh thai tuong tu ¢ thé dan t6i viée ha
thép gia tri dugc li€u cua chung. Vi vay, viéc suu tam va
dinh danh chinh xac cho loai cay nay 1a cin thiét.

Thong thuong, viéc phan loai s€ dua trén cac dac diém
hinh thai, sinh 1y, sinh héa... Diéu nay c6 thé dan téi sai
sot trong phan loai, khi nhiing quan sét hinh thai, cac giai
doan sinh trudng, phat trién chua du dé dinh danh hodc phan
biét loai. Hién nay, phuong phap hién dai dé giai quyét kho
khan nay la Gng dung nhitng hiéu biét trong sinh hoc phan
tir dé so sanh sy tién hoa hay khac biét giira cac loai bai cac
doan DNA dac trung, dugc goi 1a DNA barcoding. Pay la
phuong phap da va dang dugc su dung phd bién trén thé
giéi dé dinh danh hay nghién ctru di truyén véi uu diém
nhanh chong va d6 chinh xac cao, c6 Ung dung 16n trong
cong tac danh gia, phan loai mtrc 4§ da dang sinh hoc va bao
t6n ngudn gen cua nhiéu loai thyuc vét [6]. Phuong phéap nay
da dugc ap dung cho nhiéu ddi tuong khac nhau, tir dong,
thuc vat cho toi cac loai vi sinh vét, dua trén nguyén tic so
sanh mot so trinh tw DNA & trong nhan, ty thé hay luc lap,
¢6 toc do tién hoa du 16n dé phan loai & quy mo cac loai
trong mot chi hodc giita cac chi. Mot sé ma vach thudng
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Abstract:

Stemona tuberosa Lour. a precious medicinal plant that
belongs to the Stemonaceae family, has high applicability
to human life. Extracts from leaves or roots of this herb
contain many bioactive compounds with great value for
both medical application and economy. However, there is
not enough data related to evaluation and classification
for Stemona species in Vietnam. Therefore, in this
study, the authors used the DNA barcoding method
to evaluate at the molecular level for four samples of
Stemona tuberosa Lour. in northern Vietnam compared
with other reference sequences from other species in
the Stemonaceae family from GenBank based on two
chloroplast barcodes rbcL and trnL. The primary results
of genetics distance analysis and phylogenetic trees
showed the close relationship between the four studied
samples with Stemona tuberosa Lour. (sequenced from
GenBank). The #rnL with 1100 bp in length also proves
the better classification ability of Stemona than the rbcL
region with 600 bp in length. These outcomes would
be the first promising step for further studies about
Stemona and other herbs, thus contributing to both
scientific research and practical applicability demands
as classification and conservation.

Keywords: DNA barcoding, rbcL, Stemona, Stemona
tuberosa Lour., trnL.

Classification number: 1.6
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dugc str dung ¢ thuc vat dugc biét dén 1a matK, rbel [6],
rpoCl, rpoB [7], trnH-psbA [8] thudc viung gen luc lap, hay
ITS (internal transcribed spacer) & ving gen nhan. Trén thé
gidi, dd c6 nhitng nghién ctru vé chi thi phan tir cho Bach
bd nhu nghién ctru vé ma vach phan tir cua loai Stemona
tuberosa & nhiing vung chi thi trnH-, psbA [9] hay trnL [10].
O Viét Nam, ciing da c6 nhitng tim hiéu vé loai cdy quy nay,
vi du nhu cong bd cta Pau Xuén Puc va Vo Cong Diing
(2017) [11] vé tong hop alkaloid tir ciy Bach bo. Tuy nhién,
vi¢e nghién clru phén tich céc chi thi phan tr & cay Bach bo
van ¢ mirc do kha han ché.

Vi sy phat trién manh mé& cua sinh hoc phén ti hién
nay, viéc khai thac thong tin loai thong qua ma vach phan tu
1a rat can thiét phuc vu cho nghién ctru co ban ciing nhu cac
tmg dung trong doi sdng. Tur thuc tién néu trén, chung toi
thyuc hién nghién ctru “Panh gia kha nang phan loai cta hai
chi thi rbeL va trnL voi mot sé mau Bach b (Stemonaceae)
thu tai phia Bic Viét Nam” dé danh gia mdi quan hé di
truyén giita Bach b v6i nhimng loai ciing chi da dugc dinh
danh trén GenBank, qua d6 gop phan bo sung co s¢ dir lidu
vé phan tir, ddng thoi lam co s& cho viée phan tich di truyén
va tmg dung vao thyc tién, nhu nhan dién va bao ton su phat
trién cac loai Bach b cua Viét Nam.

Vat liéu va phuong phap nghién ciu

Vit liéu

Mau Béch b sir dung trong nghién ciru 1a 4 mau 14 phoi
khé dugc thu thap tir cac vuon duoc liéu khac nhau & Bic
B9, duoc ky hiéu lan luot 1a A, B, C va D. Mau la dugc luu
trlt va bao quan trong tu lanh & nhiét d¢ -80°C dé dam bao
chat lwong cho cac thi nghiém tiép theo.

Tdch chiét DNA tong sé, khuéch dai gen va gidi trinh
tw

DNA téng s6 dugc tach chiét bé“mg cach nghién cic mau
la trong N, l6ng, sau do thyc hi¢n chiét DNA bang phenol
: chloroform theo phuong phap CTAB cua Doyle va cs
[12] voq mot sb cai tién dé phu hop hon véi cac mau. Cac
doan mdi dic hiéu cho phan tng PCR khuéch dai gen rbclL
dai khoang 600 nucleotide va gen #rnL dai khoang 1100
nucleotide, duoc thiét ké dya trén thong tin vé trinh tu gen tir
GenBank (trnlL-trnF: F: 5> TGGCGAAATTGGTAGACGC
3’; R: 5 AACCATCTCGTCTCCTGA 3° va rbcL:
F: 5> ATTTGAACTGGTGACACGAG 3°; R: 5
CGAAATCGGTAGACGCTACG 3°). Phan ting khuéch dai
duoc toi wu o cac didu kién bao gdm 25 pl tong thé tich,
chtra 50 ng DNA tong sd, 2,5 pM mdi primer, 1 unit Taq
DNA Polymerase, 1| mM dNTPs va dém tuong ung. Chu
trinh nhiét cta phan tmg PCR bao gdm 1 chu ky bién tinh
95°C/3 phut, 35 chu ky (95°C/30 giay, 52°C/30 giay, 72°C/
phat) va bude tong hop cudi cing 72°C/5 phiit. San pham
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PCR dugc kiém tra bang dién di trén gel agarose 0,8%,
tinh sach b'fmg bd hoa chat GeneJETTM PCR Purification
Kit (Thermo Scientific, M), sau do trinh tu dugc xac dinh
bang hé théng ABI 3500 Genetic Analyzer theo nguyén
ly ctia Sanger, voi bo kit BigDye®Terminator v 3.1 Cycle
Sequencing (Applied Biosystems, M¥).

Phén tich so sanh két qud trinh tw nucleotide

Céc trinh ty DNA thu duoc sau khi gidi trinh ty dugc xir 1y
va phan tich bang phan mém BioEdit [13], trong d6 so sanh
Vv6i cac trinh tu twong dong trong chi Bach bo (Stemona),
trinh tu loai Croomia heterosepala (ma s6 MH191379.1)
thugc mat chi khac trong ho Bach bg dugc st dung lam loai
ngoai (bang 1). Khoang cach di truyén theo timg cip mau
va cay phat sinh chung loai duoc xay dung boi phuong phap
Maximum likelihood bang phin mém MEGA-X [14] v&i
gia tri bootstrap 1000.

Bang 1. Théong tin vé céc trinh ty dwogc sir dung dé so sanh trong ho
Bach bg.

A T 9 M3 s6 Genbank

TT Tén loai Vung DNA barcode (NCBI)

rbcL MW246829.1
1 Stemona tuberosa

trnL MW246829.1

rbcL MW023922.2
2 Stemona sessilifolia

trnL MW023922.2

rbcL MN853949.1
3 Stemona kerrii

trnL FJ194466.1

rbcL MN853948.1
4 Stemona parviflora

trnL AB490133.1

rbcL MH191381.1
5 Stemona japonica

trnL MH191381.1

rbcL MH191382.1
6 Stemona mairei

trnL MH191382.1

rbcL MN853938.1
7 Stemona javanica

trnL FJ194465.1

rbcL MH191379.1
8 Croomia heterosepala

trnL MH191379.1

Két qua va thao luan

Két qud tich chiét DNA téng so va khuéch dai PCR

Trong nghién ctru ndy, DNA tong s6 cta 4 mau Bach bo
duoc tach chiét va tinh sach c6 chat luong dam bao cho cac
budc khuéch dai PCR. Két qua dién di san pham PCR trén
gel agarose 0,8% cho thay, cac cip mdi rbeL va trnl déu
duoc khuéceh dai thanh cong, cac bang sang ro, chi xuét hién
mdt bing vach duy nhat v6i kich thude nhu dy doan khoang
0,6 va 1,1 kb 1an luot v6i hai ving gen rbcL va trnL (hinh
1), san phém PCR sau d6 dugc tinh sach va st dung cho
bude phan tich x4c dinh trinh tw gen tiép theo.
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15kb _

1kb— —11kb

0.75kb —
0.5kb —

(A) (B)

Hinh 1. Két qua san phAm PCR khuéch dai gen rbcL (A) va trnL (B).
M: thang DNA chuan (marker 1 kb plus); A, B, C, D: san pham PCR
tuong tmg clia cic mau nghién ciu.

Két qud phin tich trinh tu, tinh todn khodng cdch tién
hoa va cdy phdt sinh chung loai

Céc trinh tu gen sau khi khuéch dai va giai trinh ty cho
két qua dung kich thudc tinh toan, ving nhiéu ¢ hai dau cia
cac doan trinh tu sau d6 dugc tién hanh loai bo chi gilr lai
vung trinh ty ¢ tin hi¢u tdt, do vay d6 dai doan rbcL dugce
su dung phan tich 1a khoang 545 bp va d¢ dai doan frnL
khoang 941 bp, dugc so sanh vdi cac trinh ty twong Ging cua
cac loai trong chi Bach bo dd dugc cong bd trén GenBank
bang cong cu BLAST.

Céc loai dugce so sanh bao gdm 7 loai thudc chi Stemona
va 1 loai ngoai nhom 1a Croomia heterosepala (bang 1).
Qua phan tich cho théy, ca 2 chi thi trén déu chira mot sb
nucleotide khac biét giita cidc mau nghién ctru v6i cac loai
tham chiéu, dic biét 1a & ma vach #rnL. Nhiing sai khac nay
déu 1a cac thay doi nam trén ving khong mi hoa cho tRNA
la vung intron va vung xen k& (intergenic spacer). Trén
vung ma hda tRNA cua ma vach nay khong co6 su khac biét
nao giita cac mau ciing nhu céc trinh ty cung chi Stemona
(bang 2).

Két qua so sanh trinh tu cac chi thi cho th?iy, gen rbcL co
d6 bao thu kha 16n khi khong ¢6 nhiéu su thay doi giita cac
mau thu thap véi cac loai khac nhau trong chi Bach b, tuy
nhién c6 hai su khac biét dic trung cho cac mau Bach bo
Viét Nam ¢ vi tri nucleotide thir 518 (G>A) va mot sy khac
biét cho loai S. tuberosa & vi tri 71 (A>T). O vung trnL,
xuit hién nhiéu hon nhiing diém da hinh, trong d6 vi tri
126 (insert A), 252-261 (insert ATACATACTG), 338 (T>A)
hay 348-359 (indel TGTATATGTATG) la nhitng thay doi
vé nucleotide dic trung cho cac mau thudc loai S. tuberosa
va co su khac biét voi céc trinh tu thude cac loai khac trong
chi nay. Ngoai ra, con ton tai mot sb sai khac don 1¢ giita
cic mau so sanh (vi tri 25-49, 466) hay sai khac khong dic
trung hoan toan (vi tri 340-359). Sy da hinh nucleotide ctua
céc trinh tu duoc biéu dién diy du lan luot cho hai chi thi
0 hinh 2. Qua phan tich, hai chi thi déu ton tai nhitng vi tri
da hinh dé phan biét v6i cac loai khac trong chi Stemona va
bude dau cho thay c¢6 hiéu qua trong phén tich danh gia méi
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quan h¢ phat sinh loai ¢ cay Béach b, tuy vay vung gen trnL
(1100 bp) cho thiy phat hién dwoc nhiéu vi tri nucleotide sai
khac hon so véi vung gen rbeL (600 bp).

Bang 2. Khoing cich di truyén theo cip miu (genetic distance
pairwise) giita cic miu Béach b dwa trén trinh tu chi thi a. rbcL, b.
trnL va c. rbeL+ trnL.

a. rbcl
a) rbcL
1 : | 3 | 4 [ s ¢ [ 7 [ 8 | o w [ u [ w» |
1A 0000000 0000000 0000000 0001924 000613 0002613 0002613 000324 0003737 0005363  0.006827
28 0000000 0000000 0000000 0001924 0002613 0002613 0002613 000324 0003737 0005368 0006827
3.C 0000000 0.000000 0000000 0001924 0002613 0002613 0002613 0003294 0003737 0005368  0.006827
4.0 0000000 0.000000 0000000 0001924 0002613 000613 0002613 0003204 0003737 0005368 0006827
5. Stemona tuberosa 0001905 0001905 0001905 0001905 0001797 0001797 0001797 0002672 0003198 0005028  0.006607
6. Stemona sessilfolia 0003810 0003810 0003810  0.03610 0001905 0000000  0.000000 0001958  0.02613 0004639  0.006847
7. Stemona keri 0003810 0003310 0003810 0003310 0001905  0.000000 0000000 0001958 0002613 0004639 0006847
8. Stemona panviflora 0003810 0003610 0003810 0003310 0001905 0000000 0.000000 0001958 000613 0004639  0.006847
9. Stemona japonica 0005714 0005714 0005714 0005714 0003810 0001905 0001905 0001905 0003304 0005092 0007207
10. Stemona mairei 0007619 0007613 0007619 0007619 000714 0003810 0003810 0003810 0005714 0004712 0.006844
11. Stemona javenica 001588 0015238 001588 0015238 0013333 001420 0011429 0011429 0013333 0011429 0007240
12.Croomia heterosepela | 0024762 0024762 0024762 0024762 0022857 0024762 004762 0024762 0026667 0024762 0028571
b. trnL
Stemonaavanica 1 2 3 « [ s [ s [ 7 s [ s [ ® [ u 2
Croonia heterosepala 1.A 0000000 000100 0001089 0001089 0002549 0001855 0002840 0.002953  0.002661 0003354  0.008100
28 0000000 0001091 0001089 0001031 0002552 00189 0002846 0002057 0002667 0003358 0008116
3.C 0001065 0.001067 0000000 0000000 0002343 000124 0002593 0002785 0002437 0003161 0008100
b) trnl 4.0 0001065 0.001065 0000000 0000000 0002341 0001523 0002591 000782 0002434 0003160 0008087
5. Stemona tuberosa 0001065 0.001067 0000000  0.000000 0002341 0001521 0002588 0002782 0002431 0003159 0008080
6. Stemona sessilfolia 0006479 0006485 0005405 0005400 0005400 0002359 0001857 0001512 0002586 0003076  0.008258
0 2 2 w0 o . 20 20 . 100 7. Stemona kerri 0003233 000340 0002160 0002157 0002155  0.005405 0002665 0002797 000458  0.03195 0008055
N | | T T T | | | 1] 8. Stemona panviflora 0007634 0007650 0006557 0006550 0006543 0003272  0.006550 0002396 0002849 0003001 0008182
= 9. Stemona japonica 0008639 000849 0007563 0007559 0007559 0002155 0007568  0.005453 0002981 0003468 0008328
s 10. Stemona meairei 0006459 0006472 0005394 0005388 000532 0006479 0005319 007634  0.008639 0003389 0008085
Stemona tuberosa Lt 11. Stemona javanica 0010858 0010870 0009783 0009772 0009772 0008705 0009657 0007684 0010811 0010718 0008375
Stamona Kerrii 12.Croomia heterosepala |  0.061742 0061878 0.060773 000705 0060639 001674 0060706 001111 0063677 0061742  0.066225

Stemona parviflora
Stemona Japenica
Stemona mairei
Stemona Jjavanica .
Croomia heterosepala ..

a
B
<

b
Stemona tubsrosa
Stemona sessilifolia
Stemona kerrii
Stemona parviflora

Stemona Jjavanica .
Croomia heterosepala

caww

Stemona tuberosa
Stemona sessilifolia
Stemona kerrii

Stemona parviflora
Stemona japonica

Stemona mairei

Stemona javanica

Croonia heterosepala ...

in oar oo TATTATA

TGT ATATGTATG| .

TGT ATATGTATG
TGT ATATGTATG| .

a .
Stemona javanica T _.TA TAATTATA.
Croomia heterosepala .C.-.... ARARTIC. ...A..

460

Stemona javanica o
Croomia heterosepala

A
B
c
Stemona tuberosa

Stemona sessilifolia

Stemona japonica
Stemona mairei
Stemona javanica
Croomia heterosepala

A
B
c

Stemona tuberosa

Stemona parviflora
Stemona japonica
Stemona mairei

Stemona javanica - .
Croomia heterosepala —......... .. K]

Hinh 2. So sianh cic nucleotide sai khac giira cAc miu nghién ciru va
cac trinh tu tham chiéu.
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¢. rbcL + trnL

- = 1> I T T O
1.A 0000000 0000712 0000712 0000971  0.001978 0001604 0002141 0002333 0002233  0.002991  0.05756
2.8 0.000000 0000713 0000712  0.000973 0001979 0001606  0.002144 0002334 0002236  0.002993  0.005765
3.C 0.000684  0.000684 0000000  0.000679  0.001832 0001423  0.002006  0.002207  0.002121  0.002882  0.005706
4.0 0000683  0.000683  0.000000 0.000678  0.001831 0001422 0002005  0.002205  0.002119  0.002881 0.005705
5. Stemona tuberosa 0001366  0.001368  0.000684  0.000684 0001680  0.001234  0.001868 0002073  0.001971  0.002769  0.005698
6. Stemona sessilifolia 0005513 0005517  0.004828  0.004824  0.004135 0001508  0.001155 0001198 000189  0.002554  0.005868
7. Stemona kerrii 0.003441 0003446 0002757  0.002755 0002065  0.003448 0001669 0001928  0.001797 0002672  0.005848
8. Stemona parvifiora 0.006241 0006250  0.005556  0.005552 0004854  0.002080  0.004164 0.001641 0002086  0.002461 0.005851
9. Stemona japonica 0007581 0007586 0006897 0006892 0006203  0.002065 ~ 0.005517 ~ 0.004161 0002221 0002801  0.005988
10. Stemona mairei 0006878 0006887  0.006198 0006194 0005502  0.005513 0004778  0.006241  0.007581 0002805 0005847
11. Stemona javanica 0012448 0012457 0011765 0011757 0011065 0.009695 0010295 0009053 0011724  0.010974 0.006121
12. Croomia heterosepala 0048184  0.048252  0.047552 0047519 0.046788  0.048151 0047519  0.047719 0050244  0.048184  0.052411

Dua trén sy so sanh trinh tw & mau nghién ciru v6i nhimg
trinh tu trong cung chi khai thac tr GenBank, chiing t6i da
tinh toan khoang cach di truyén va xdy dung cdy pha hé. Viéc
két hop céc chi thi dé ting hiéu qua phan loai dd dugc thuc
hién & mot sd nghién cuu vé thuc vat trude day [15]. Khoang
cach tién hoa giita cac don vi phan loai (taxon) dugc tinh toan
dua trén mé hinh p-distance va gia su ty 1& thay doi 1a dong
nhat gifra cic vi tri. Chi s6 bién thién trung binh ctia khoang
cach di truyén trong chi Stemona & cac chi thi dao dong trong
khoang 0,0018-0,0149, 0,0005-0,0103 va 0,0013-0,0123, lan
lugt cho rbeL, trnL va khi két hop ca hai ving & cac loai thude
chi Stemona. Két qua tir s6 liéu khoang cach di truyén ¢ bang
2 cing mot 1an nita khang dinh cic mau quan tim c6 quan h¢
gan gui nhét v6i loai S. tuberosa khi khoang cach gitra cac mau
luon gan nhat véi loai nay. Ngoai ra, ket qua cay pha h¢ cua
ca ba tru(mg hop ciing déu chi ra mdi quan hé gan gui gitra
cac mau vdi trinh ty cua loai S. wberosa so véi mot so loai
khac trong cting chi. Pang luu ¥, chi s6 bootstrap cao hon khi
két hop cac ma vach cho thiy két qua dang tin cay hon so voi
két qua don 1é tir mdi trinh ty, phit hop véi mot sd nghién ctru
trude ddy cing s dung phuong phap két hop nay [15]. Chi
50  bootstrap khong qua cao (hinh 3) c6 thé 1y giai do s6 luong
mau con it, khién két qua phén tich phat sinh loai con ton tai
nhiing han ché. Tuy nhién, viéc két hop ca hai chi thi daé phan
tich cling giup cho d¢ tin cay cua cay phan loai dugc céi thién.
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Hinh 3. Biéu do hinh ciy vé mdi quan h¢ phit sinh loai dwa trén cac
trinh ty nucleotide cic ving gen nghién ctru dwoe xdy dung bing
phuwong phap Maximum likelihood & chi thi a. rbcL, b. trnL va c.
rbeL+trnL.

Viéc nghlen ctru Bach b bang phuong phép ch1 thi ma
vach DNA 1a tién d& cho céc nghién ctru tiép theo vé& nghién
ctru phan tir cua loai nay ciing nhu tng dung cho nhling hé
gen dugc li¢u quy khac, khi hién tai chua co nhiéu cong
bd theo hudng nay cho cdy Bach bo ¢ nudc ta. Tuy nhién
trén thé gidi, vao nam 2006, Jiang va cs [10] sau khi phan
loai mot sb hop chét alkaloid cua S. mberosa da phan tich
trinh tu #7nL dé khiang dinh quan hé gan giii giita Stemona
va Croomia, von 1a hai nhanh cua ho Stemonaceae. Sau
do, theo nghién curu cua Vongsak va cs (2008) [9], vung
gen trnH-psbA cua Bach bo (S. tuberosa) Thai Lan dugc sir
dung cho phan biét loai & mirc d6 phan tir & ing dung cho
muc dich nghién ciru va phan loai. Trong mét cong bd khéc,
nhoém cac nha khoa hoc Trung Quédc di phan tich 4 ving
DNA lyc lap mét s loai thudc 16p Stemona nay, bao gom
trnL-trnF, petB-petD, trnH-psbA va trnK-rps16 [16]. Nhu
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vay, cac két qua nghién ctru trén cac mau Bach bo thu thap
tr mot sb dia diém thudc vung nui phia Bic Viét Nam di bo
sung thong tin & muc d) phan tir va ung dung ma vach rbcL
va trnL phuc vu dinh danh cho nhém loai nay, hd trg cho
cong tac sir dung, bao ton va khai thac bén virng loai dugc
liéu quy nay cta Viét Nam.

Keét luan

Qua két qua phan tich hai ving chi thi ma vach DNA la
rbcL va trnL, quan hé cta cac mau Bach bo thu thap ¢ phia
Bac Viét Nam v6i mot s6 loai thudc chi Stemona da duoc
xéac dinh. Cac mau Bach bd nghién ctru ¢6 quan hé gan va
turong dong cao v6i loai S. tuberosa Lour. khi dua trén sy
két hop hai chi thi rbcL va trnL. Trinh tu nucleotide két hop
hai vung chi thi ma vach trén c6 thé 1a ung vién ma vach
DNA cho dinh danh loai S. tuberosa Lour.
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Danh gia doc tinh va kha nang tang tin hiéu twong phan anh MRI
cua vat liéu nano tir Fe O,@PLA-PEG trén mo hinh in vitro

Nguyén Pic T2, Ha Phwong Thu?, Bui Thi Van Khanh!, Pham Hong Nam?,
Nguyén Xuan Phic?, Lam Khanh*, Hoang Thi M§ Nhung!
!Khoa Sinh hoc, Truong Pai hoc Khoa hoc Tw nhién, Pai hoc Quo’b gia Ha Noi
’Trung tam Cong nghé cao Vinmec
3Vién Khoa hoc Vit liéu, Vién Han lam Khoa hoc va Cong nghé Viét Nam
‘Bénh vién Trung wong Qudn doi 108

Ngay nhdn bai 12/4/2021; ngay chuyén phan bién 16/4/2021; ngay nhan phan bién 28/5/2021; ngay chip nhan dang 4/6/2021

Tém tit:

Hat nano 16i sat tir (superparamagnetic iron oxide nanoparticles - SPIONs) dugc clu tao tir 16i Fe,O, hodc gamma
Fe,0, va v6 boc twong hop sinh hgc nhw Dextran, Poly Lactic Acid (PLA), Poly Ethylene Glycol (PEG), Chistosan
hay Poly Vinyl Alcohol (PVA). SPIONs ¢6 nhiéu ung dung quan trong trong y sinh hoc nhu phan tach té bao, mang
thudc, nhiét tir tri, lam tac nhan twong phan cho cong huwéng tir hat nhan. H¢ nano 16i sat tir Fe O, dwgc boc boi
copolyme PLA-PEG (Fe,O @PLA-PEG) cho thay khong ¢6 doc tinh trén hai dong té bao BT—474 va Sarcoma 180.
Panh gia trén ché dd chup T2 cho thay he nano Fe,O,@PLA-PEG c6 kha nang lam ting twong phan anh chup MRI
trong nhiéu diéu kién khac nhau, bao gom moi trlro’ng nuwéc, moi trweong chira dung dich ly giai té bao va ca khi bi

thue bao. Két qua nghién ciru thé hién tiém ning tng dung cia h¢ nano tir Fe,O

hinh danh MRI phuc vu cho cic chin do4n 1am sang.

L @PLA-PEG trong ting twong phin

Tir khéa: anh cdng hwong tir, doc tinh té bao, hat nano thuin tir, PLA-PEG.

Chi s6 phén loai: 1.7

Pat van de

Hat nano (nanoparticles) dugc dinh nghia la vat liéu
v6i ca ba chiéu déu c6 kich thudc nanomet (1-100 nm).
Trong do, hat nano 161 sat tir hay 151 oxit st siéu thuan tir
superparamagnetic iron oxide nanoparticles (SPIONs) la
loai hat nano thuan tir duy nhét da duoc chép thudn su dung
trong 1am sang [1, 2]. SPIONs duoc cau tao tir 15i (Fe,O,
hodc gamma Fe,0,) va vo boc twong hop sinh hoc co6 ban
chét v6 co hodc huu co, doc tinh thip va dugc dong hoc da
duoc nghién ciru 16 rang [3, 4]. VO boc dong vai tro quan
trong trong kha ning duy tri tir tinh, sy 6n dinh, phan tan
cua hat nano, tinh twong hop sinh hoc ciing nhu dugc dong
hoc cta toan hé trong co thé. Chién luge hién dang duoc
quan tam trong viéc boc cac hat nano sat tir 1 su dung céac
polymer, dang chii ¥ nhat 1a Dextran, PLA, PEG, Chistosan,
PVA 4, 5].

SPIONs dugc nghién ciru va ing dung rong rai trong cac
linh vyc ciia y hoc 1am sang, sinh hoc nhu phan tach té bao,
mang thudc huéng dich, ting twong phan trong chup anh cong
hudng tir (Magnetic resonance imaging - MRI), nhiét tri li¢u
(Hyperthermia) [3-8]. Trong nhiing tng dung néu trén, tang
tuong phan anh chup cong hudng tir 1a huéng di rat dang
quan tam trong chan doén ung thu. Dya trén dic tinh huong
ung voi tu truong cua SPIONs, phuong phap chup cong

“Tac gia lién hé: Email: v.tund5@vinmec.com
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hudng su dung hat nano tir 1am tang tin hi¢u hinh anh, tir do
giup danh gia chinh xdc vi tri, tinh trang cia mo bénh ly, bao
gdm ca khéi u [9-12]. Hién nay, Nhiéu SPIONSs di duoc phé
duyét dé thuong mai hoa, tmg dung trong trong chan doan
lam sang, trong d6 dang cha ¥ co thé ké dén Ferumoxides
(Feridex® 1V, Berlex Laboratories), Ferucarbotran
(Resovist®, Bayer Healthcare), Ferumoxtran-10 (AMI-227,
Code-7227) [13, 14].

Nhitng nghién ctru ngay cang nhiéu vé doc tinh trong
{mg dung cia SPIONs ciing 1am gia ting nhiing lo ngai vé
ddc tinh, anh huong lau dai cua loai vat liéu nay véi co thé
con nguoi. Tu kich thudc nanomet va cac dac tinh riéng,
SPIONSs c6 thé gy ra nhiéu anh hudng dén strc khoe con
nguoi [15-17]. Trong nghién ctru nay, chung toi tap trung
danh gia doc tinh in vitro cia SPIONs dugc nghién ciru ché
tao trong nudc ciing nhu nghién cuu thir nghiém cuia loai vat
liéu nay véi vai trod 1am tac nhan tang tin hiéu hién anh cong
huong tir hat nhan.

Doi wiong va phuong phap
Déi twong nghién ciru

Vat liéu nano Fe,O,@PLA-PEG nong do 16i sat tir 5
mg/ml. Phuong phap che tao va cac dac tinh cua hé nano
Fe,0,@PLA-PEG dugc bao cdo chi tiét tai [18]. Cac dic
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Abstract:

SPIONs are composed of Fe, O, or gamma Fe,O, cores
and a biocompatible shell from Dextran, PLA, PEG,
Chitosan, or PVA. SPIONs have many important
applications in medicine and biology such as cell
sorting, drug carrier, magnetic hyperthermia, and
magnetic resonance imaging (MRI). This study aims
to check the ability of copolymer PLA-PEG coated
Fe O, ferromagnetic nanosystems (Fe,O,@PLA-PEG)
produced for MRI application. The results showed
that these nanoparticles had non-toxicity on BT-474
and Sarcoma 180 cell lines. Evaluation on T2 imaging
mode revealed that Fe,O,@PLA-PEG nanoparticles
were capable of enhancing the MRI image contrast in
different conditions, including water, cell lysates solution,
and even inside the cells. The report demonstrates that
Fe,O,@PLA-PEG nanoparticles have a high potential
application in MRI for clinical diagnosis.

Keywords: cytotoxicity, MRI, PLA-PEG, SPIONs.
Classification number: 1.7

tinh co ban cta h¢ nano Fe,O,@PLA-PEG: hinh dang cau
voi mot 161 duy nhat, duong kinh trung binh 20 nm (trong
do 16i Fe,O, la 15 nm), ty 1¢ PLA-PEG:Fe,0, la 0,3:3 mg/
ml. Vit ligu Fe,O (@PLA-PEG c6 kha nang duy tri 6n dinh
trong dung dich toi thiéu 90 ngay.

Nuéi cdy té bao
Dong té bao ung thu biéu mé tuyén va nguoi BT-474
va ung thu mo lién két chudt Sarcoma 180 (American Type
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Culture Collection) dwgc nuéi cay lan lugt trong mi truong
DMEM va RPMI 1640 (Gibco), 10% FBS (Gibco), 1%
khang sinh (Invitrogen), 5% CO,.

Thir nghiém djc tinh in vitro (MTT assay)

B kit MTT assay (PROMEGA) dugc sir dung dé danh
gia dgc tinh cuia h¢ nano Fe O,@PLA-PEG len dong té bao
BT-474 Va Sarcoma 180. Te bao duoc nudi cay 6n dinh trén
dia 96 giéng voi mat do 2000 té bao/giéng trong 24h trude
khi bd sung cac chat thir nghiém theo dai ndng d6 cia F e,0,
1a500-50-5-0,5-0,05 ug/ml. Sau 48h, dia thir nghiém sé&
dugc do bang may do quang phd huynh quang Laminator.
Gia tri IC, dugc tinh theo hudng dan cua bo kit.

Phdn lap dai thuc bao

Chudt nhét tring Swiss trong luong 35-40 g cung cap boi
Trung tam Giéng dong vat chuén thire, Vién Vé sinh dich t&
Trung vong dugc st dung dé phan lap dai thuc bao. Té bao
sau khi phan 1ap dugc nuéi cdy 6n dinh trong méi truong
DMEM 10% FBS, 1% khang sinh 24h trude khi thyc hién
cac thu nghiém. Té bao dai thuc bao duge nhudm kiém tra
bang khang thé khang CD11b chudt gin huynh quang FITC
(Abcam). Nhan té bao dugc nhuom bing Hoechst 33342
(Invitrogen). Mau sau xir Iy dugc phan tich béng hé théng
kinh hién vi dong tu laser quét LSM 510 (Carl ziess) va
hé théng dém té bao dong chay FASC Canto II (Beckman
Dicktons).

Chup dnh cong huwong tu hat nhin (MRI)

Khé ning tang tuong phan anh MRI cta h¢ nano Fe,0,@
PLA-PEG dugc kiém tra ¢ ba trang thai: (1) trong moi
truong nude, (2) trong mdi trudng ly giai té bao Sarcoma
80, va (3) khi bi thuc bao. Ky thuat chup anh MRI dugc tién
hanh trén may chup cong hudng tir 3T (Phillipe). Cac miu
duoc phan tich trén ché do chup T2, TE 80 ms, TR 3,0 s.

Cuong do tin hiéu anh MRI sau chup dwoc chuyén doi
sang gia tri pixel bing phan mém Image J. Dit liéu dugc
phan tich bang t-test Student trén phin mém Graph Prism
9.1.0 (221). Y nghia thong ké dugc xac dinh véi p<0,05.

Ket qua
Déc tinh in vitro ciia hé nano tir

Kha ning ting sinh cua hai dong t& bao BT-474 va
Sarcoma 189 & ndng do thir nghiém cao nhat cua Fe.O,@
PLA-PEG déu dat trén 80%, ¢ 3 nong d¢ trung gian dat 90-
95% va & ndng do thip nhit khong co su khac biét so voi
dbi chimg sinh hoc (hinh 1) (p>0,05). Két qua thir nghiém
cho thdy hé nano Fe,0,@PLA-PEG ¢ dai noéng do thir
nghi¢m khong gay doc cho t€ bao. Gia tri IC, thu dugc 16n
hon 500 pM.
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% So véi déi chirng sinh hoc

0.5pM 0,05 pM

5 M

500 pM 50 pM
M Sarcoma 180 mBT-474

Hinh 1. Ty 1¢ ting sinh ciia té bao Sarcoma 180 va BT-474 so véi ddi
chirmg sinh hoc khi dugc thir nghi¢m dgc tinh véi h¢ nano Fe,O,@
PLA-PEG theo dai ndng d¢ 0,05-500 M.

Phdn lap va dinh danh dai thuc bao

Quén thé té bao thu tir xoang bung chudt duoc quan sat
dudi kinh hién vi quang hoc ngay sau khi phan 1ap gdom cac
té bao dang cau, tréi ndi, kich thudc khong dong nhat (hinh
2A). Sau 24h nudi cdy, da s6 cac té bao bam dinh, mot sd
hinh thanh cac chan gia dic trung cho kiéu hinh cta té bao
thuc bao voi kich thude khoang 10-15 pm (hinh 2B). Két
qué phan tich trén kinh hién vi dong tu laser quét LSM 510
(Carl Ziess) cho thay hau hét cac té bao déu biéu hién duong
tinh v61 chi thi sinh hoc CD11b gén FITC ¢6 mau xanh la
(hinh 2C) va ¢6 nhan dang hat ddu dic trung cho céc té bao
dai thuc bao (hinh 2D). Thong ké trén phan mém FACS
DIVA ctia hé thong FACS Canto II thé hién 97% té bao bam
dinh sau 24h nuéi cdy duong tinh vi CD11b, tuong duong
voi ty 1€ dai thuc bao thu dugc (hinh 2F).

Pl PFl=01%

L Plegts

FITG-A

Hinh 2. Té bao dai thuc bio tich tir xoang bung chudt nhit tring
Swiss. Té bao ngay sau khi phan 1ap (A) va bam dinh sau 24h nuéi ciy (B).
(A, B) =20 pm. Céc té bao duong tinh v&i chi thi ddc hiéu cua dai thuc
bao CD11b gin huynh quang FITC mau xanh 14 (C) va c6 nhan hinh hat
dau mau xanh lam (D). (D) = 10 pm. Ty 1& dai thuc bao co trong quén thé
sau nudi cdy chiém 97% (F). Bbi chimg khong nhudém huynh quang (E).
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Kha nang tang tin hiéu hinh anh chup MRI cua vit
li¢u nano Fe O @PLA-PEG

Tin hiéu chup MRI cua vat lieu Fe ,O @PLA-PEG trong
moi truong ly giai té bao Sarcoma l 80 moi truong bén
trong co thé c6 thé anh huong dén tin hiéu MRI cua cac vat
li¢u. Chinh vi vay, chung t6i thuc hién kiém tra muc d0 anh
hudng cua cac phan tir trong méi truong dich co thé 1én kha
nang tang tuong phan trong chup MRI cua h¢ Fe,O,@PLA-
PEG. Két qua cho thdy, moi truong co chura dung dich ly
giai té bao khong 1am anh huéng dén tinh chit twong phan
anh cta h¢ nano. Ché do chup T2 vén cho su khac biét manh
vé tin hi¢u giita d6i chimg khong c6 nano Fe,O,@PLA-
PEG (giéng 6) va cac gleng c6 chira-nano Fe, O @PLA-PEG
(hlnh 3B). Ngay ¢ ndng do 250 uM (giéng 2) su khac biét
vé tin hiéu téi trén man h1nh d3 rat 1 rang so voi ddi chimg
(gleng 6) (p<0 05). Tir ndng do 1000 uM (giéng 4) tin hiéu
tbi mau gan nhu chlem toan bo dién tich anh. Néu so sanh
cac giéng co cliing nong d6 vat liéu, co thé nhan thiy tin hiéu
t01 mau trén cac giéng tuong tmg tron 1an dung dich ly giai
té bao (hinh 3B) manh hon so véi trong méi trudng chi c6
nude (hinh 3A) (p<0,05). Két qua thu dugc twong tmg voi
gia tri do dugc trén Image J (bang 1).

Hinh 3. Két qua chup MRI. Két qua chup trén ché d6 T2 cua vt liéu
Fe,O (/PLA -PEG trong (A) moi truong nude, (B) moi truong dung dlCh
ly giai té bao Sarcoma 180 va (C) trong diéu kién bi thuc bao véi cac ndng
d6 vat liéu nhu sau: (1) 50 uM, (2) 250 uM, (3) 500 uM, (4) 1000 puM, (5)
2500 puM, (6) Dbi chimg khong co vat ligu.

Bing 1. Két qua do tin hi¢u sang mau (pixel) trén anh MRI ciia vit
li¢u Fe,0,@PLA-PEG biing phin mém Image J.

Gia tri cwong do sang (pixel)

T" ng g vat o . Mai trwong Khi bi

iéu (nM) Moi truong nuwéc by gidi té bio s I.uio
50 171,3+8,5 169,5+9,6 109,5+7,7*
250 168,5+9,2 121,8+9,4* 14,3+0,6*
500 76,3+6,7* 66,1+5,3* 11,5+0,5%*
1000 35,542,3* 22,9+41,5* 8,3+0,3*
2500 18,7+1,1* 10,240,3* 9,5+0,2*
Déi ching 179,6+11,8 175,8+10,5 183,1+10,9
*p<0,05
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Tin hiéu chup MRI cua v@t liéu Fe,O (@PLA-PEG sau
khi bi thuc bao: sau 24 gio pé sung yét ligu Fe3Q L@PLA-
PEG vao mdi treong nudi cay, cod thé quan sat thay nhirng
bién doi rd rét clia dai thuc bao. TE bao ¢ mau nau dé do
da thuc bao vat liéu nano vao trong té bao chat, kich thudc
té bao tang 1én, hinh thanh nhiéu khong bao, s6 lugng chan
gia giam, té bao ¢6 xu hudng co tron (hinh 4).

100 um

Divesy Mag
b

Hinh 4. Hinh anh trwong sang va hién vi dién tir (TEM) cia dai thuc bao trudc va sau khi
thue bao vat li¢u nano Fe,O 4@PLA-PEG Té bao dai thuc bao trude khi 0 véi hat nano tir Fe,O,@
PLA-PEG 6 ché d6 chup tru'(mg sang (A) va TEM (B). Té bao dai thyc bao sau khi t v6i hat nano
tr Fe,O0,@PLA-PEG ¢ ché do chup tru'orng sang (C) va TEM (D). Té bao dai thuc bao sau khi 0 v6i
hat nano tir Fe,0,@PLA-PEG ¢ ché d6 chup trudng sang (E) va TEM (F) véi d phong dai 16n.

Két qua thir nghiém ciing cho thiy hé nano FeSO @
PLA-PEG sau khi bi thuc bao Van c6 kha nang ting cuong
tin hi€u chyp MRI. Ngay tai nong d0 vat liéu u véi dai thuc
bao thip nhat 50 uM (giéng 1), tin hiéu MRI dd manh hon
s0 v6i dbi chung (hinh 3C) (p<0,05). Tin hiéu MRI gan nhu
dat tdi da tai ndng d6 250 uM (giéng 2) (hinh 3C). Nhu vay,
trong diéu kién bj thyuc bao, kha ning ting tuong phan hinh
anh MRI trén ché d6 chup T2 cua vat liu Fe,O,@PLA-
PEG manh hon so véi ¢ trang thai trong nudc va trong moi
truong ly gidi té bao. Két qua thu dwoc tuong Gng véi gia tri
do duogc trén Image J (bang 1).

Ddc tinh in vitro cua h¢ nano Fe,O @PLA PEG su dung
trong nghién ctru ¢6 gia tri IC, 16n hon nhiéu lan so vai lidu
thtr nghiém cao nhat 500 uM Theo Boyd, mét chat dugc
coi 1a ¢ doc tinh néu gia tri IC,, nho hon 100 uM [19].
Nhu vay c6 thé noi hé vat lidu nano Fe O,@PLA-PEG trong
nghién cru khong c6 hoat tinh gay doc té bao. Két qua nay
tuong dong véi cong bd ctia Domaca va cong sy trén vat
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liéu nano tr boc PLA-PEG v6i IC, 1a 37, 26, va 23 nM khi
t1ep xuc 24, 48 va 72h trén dong te bao A549 [20] va co6 doc
tinh thip hon nhiéu so v&i cong b cia Kazem va cong su 1a
27,5 va 1 pg/ml (twong duong 137,5 va 5 uM) trén dong té
bao NIH3T3 va A549 [21].

Vit liéu nano voi 16i st tir Fe,0, 1a cac chit siéu thuan
tir. Chung sé tac dong truc tiép lam g1am thoi gian hdi phuc
T2 [22], tir d6 tang do twong phan cua
hinh anh trong ché do chup T2. Két
qua thu dugc khi tién hanh chup MRI
v6i h¢ nano tir Fe,O,@PLA-PEG hoan
toan tuan theo ly thuyet trén. HE nano
Fe,O,@PLA-PEG giy ra su nhiéu
loan tur truong dia phuong tai vi tri
ma no tap trung do su tuong tac giira
momen ti cia cac proton trong nguyén
to hydro cua nudc va momen tu cua
161 Fe,O, trong qua trinh hoéi phuc. Su
nhiéu loan tir truong néu trén lam tin
hiéu trén hinh anh c6 mau t6i hon cac
vung xung quanh [23-25]. Nguyén nhan
cua hién tugng tin hi¢u MRI trong moi
truong ly giai t& bao manh hon moi
truong nude lién quan d&én sy c6 mat
cua protein va lipit. Nhitng phan tir nay
thuong c6 nhidu diém tich dién trén bé
mat va c¢6 khuynh hudng hut cac proton
mang dién tich duong. Ching tao thanh
cac cau ndi long 1éo 1am giam bét kha
nang chuyén dong tu do cua cic phan
tir nude. Phan nudce bi han ché chuyén
dong nhu vay duogc goi la nudce tu. Cac
phan tr trong nude ti chuyén dong
cham nén céc proton ctia ching dé bi tac dong boi tinh trang
khong dong nhat ctia tir truong cuc bd xung quanh, thoi gian
hoi gidn T2 ngén, hién thi trén hinh anh mau tdi hon.

Blrse magi |
[

Bach cu don nhan sau khi dugc hinh thanh ¢ tiy xwong
s& theo dong mau di cu vao trong mo dé biét hoa tao thanh
dai thuc bao. Trong quﬁn thé dai thuc bao, nhom M2 1a céc
dai thuc bao lién két ung thu dong vai tro quan trong trong
viéc 1am diu phan tng viém, loai bo san pham thai cta té
bao, kich thich su tao mach va tai té chitc mo, tir d6 kich
thich khdi u phat trién. Bang nhiéu cach khac nhau, khéi u
¢6 xu hudng 16i kéo cac dai thuc bao nay vé phia no [26,
27]. Pic diém nay goi ¥ phuong thirc hudéng dich trong
do6 cac dai thyc bao duogc sir dung nhu phuong tién dé van
chuyén hat nano tap trung vao vi tri khéi u, phuc vu cho cac
muc dich dan thubc hay chup MRI. Tinh chit ting tuong
phéan hinh anh MRI cua vat liéu nano khi bi thyc bao manh
hon so voi ¢ trang thai thuong 1a két qua phu hop do vat
liéu nano tir khi bi thuc bao s€ dugc chira trong khong bao
hoic lysosome. Trong méi trudng nay, luong nude tu do rat
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it, trong khi néng d6 hat nano tur lai cao nén ca thoi gian hoi
gian T2 duoc rit ngan va lam tang tin hiéu mau toi.

£ a
Ket luan

Két qua nghién ctru cho thay h¢ nano Fe,O,@PLA-PEG
khong c6 doc tinh voi hai dong té bao BT- 474 va Sarcoma
180. Bong thoi, hé vat liéu st dung trong nghién ctru c6 tin
hiéu tot trén ché do chup T2 trong moi truong nude, moi
truong 1an t& bao va khi bi thyc bao nén c6 tiém ning ng
dung cao trong hd trg ting tinh twong phan hinh anh chup
MRI. Ngoai ra, cac dai thuc bao c¢é thé duge sir dung nhu
mot tac nhan van chuyén tiém nang dé dua vat liéu nano
dén vi tri khéi u, tir d6 phuc vu cho cac ung dung chan doan
bang chup cong hudng tir hay mang thudc hudng dich.
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Ung dung thuit toan Rao ,t(A')i vu khung thép
sitr dung phan tich phi tuyén tinh phi dan hoi

Ha Manh Hung", Truong Viét Hung?, Nguyén Minh Phuong?
'Khoa Xay dung ddn dung va cong nghiép, Truong Dai hoc Xdy dung
’Khoa Cong trinh, Truong Dai hoc Thiy loi
Ngay nhan bai 16/4/2021; ngay chuyén phan bién 22/4/2021; ngay nhan phan bién 24/5/2021; ngay chip nhan dang 28/5/2021

Tém tit:

Cac thuit toan tdi wu metaheuristic ngay cﬁng dwgrc sir dung réng rai trong thiét ké cong trinh nho kha nﬁng vuot
troi ciia chung trong viéc tim kiém cac thiét ké tdi wu toan cuc. vé mat ly thuyet cac thuat toan nay rit manh va
mang tinh tong quat cao, cé thé ap dung trong moi dang bai toan tbi wu. Tuy nhién, trén thuc té, hiéu suét ciia cic
thuit toan nay phu thugc vao dac diém ciia tirng 16p bai toan. Thém vao do, tinh phirc tap ciia thuit toan ciing la
mot yeu to quan trong anh huéng dén kha nang ap dung chiing trong cac bai toan thiét ké cu thé. Trong bai bao
nay, thuat todn tdi wu Rao, mt trong nhirng thuit toan metaheuristic méi nhit, dwgc trinh bay cho bai toan tdi wvu
két ciu Khung thép. Uu diém ciia thuat toan Rao la kha don glan (véi rit it tham so) nén cac ky sw co thé dé dang
uing dung trong cong Vlec thiét ké hang ngay. Phén tich ph1 tuyén tinh phi dan hdi dwoc sir dung dé xét dén cac ing
xir phi tuyen ciia két cAu thép. Khung thep khong gian 2 tang dwgce sir dung ('Ie minh hoa cho nghién ctru. Két qua
thu dwgc cho thiy Rao-1 c6 tinh 6n dinh tot h0’n, hdi tu nhanh hon nhung dé mic vao cuc bj dia ph1r0’ng hon so véi
Rao-2 va Rao-4. Rao-4 cho kha ning tim kiém t6i wu toan cuc tot hon nhung tinh 6 on dinh lai kém nhit.

Tir khéa: khung thép, phén tich phi tuyén tinh phi dan hdi, thuit toin Rao, tdi wu.
Chi 56 phin logi: 2.1

toan t6i wu hoa phirc tap trong moi linh vye. Uu diém ndi
bat ctia cac thuat toan nay 1a kha ning két hop hai hoa giira
viéc tim kiém cuc bd va tim kiém toan cuc dé tim nghiém
tdi wu tdt nhat. Mot sb thuét toan metaheuristic quen thudc
¢6 thé ké dén nhu: tim kiém hai hoa (Harmony Search) (HS)
[1], tién hoa vi phan (Differential Evolution) (DE) [2], thuét
toan di truyén (Genetic Algorithm) (GA) [3]... Tuy nhién,
d6i voi mot hodc mot nhom van dé tdi wu cu thé, hidu qua
cua mot thuat toan metaheuristic 1a khac nhau. Do d6, viéc
danh gia tinh hi€u qua cua mét thudt toan metaheuristic véi
mot loai bai toan tdi uu hoa cu thé 1a diéu can thiét dé cung
cép thong tin quan trong cho ngudi dung phuc vu cho cong
viéc cua ho. Cac thudt toan metaheuristic thuong can diéu
chinh cac tham sb diéu khién dé dat dugc hiéu qua, do do
viée g dung trong t6i wu két cau thuc té dang con han ché.

Két cdu thép duoc sir dung rong rii cho cac cong trinh
dan dung va cong nghiép hién nay nho kha nang chiu luc
t6t, da dang vé hinh dang, kich thudc, trong d6, khung thép
1a mot trong nhitng két cdu dién hinh, thuong duoc str dung
trong xay dung. Bén canh do, trong nhiing nam g?m day,
nho sy phat trién nhanh chong ctia cong nghé tinh toan, viéc
g dung cac thudt toan t6i wu vao thiét ké cong trinh ngay
cang nhan dugc sy quan tam 16n cua cac nha khoa hoc trén
thé gidi va Viét Nam. Thiét ké t6i uu két ciu cong trinh gitp
t6i da hoa loi ich vé vat lidu va gia thanh, ma van dam bao
an toan cho cong trinh xdy dung. Tong gia thanh hoic khbi
luong cua cong trinh thuong dugce luya chon 1a ham muc tiéu
dé t6i thiéu hoa trong qua trinh tdi wu v6i nhiéu diéu kién
rang budc kém theo vé cudng do va vé sir dung ddi voi cac
bai toan toi wu két cau khung thép. Tiét dién cua céc cau
kién dam va cot thuong dugc chon 1a cac bién thiét ké trong
cac bai toan toi wu nay.

Thuat todan Rao la mét trong nhiing thudt toan
metaheuristic kha m¢i, duoc gioi thiéu vao nam 2020 va
dat tén theo gido su Rao (ngudi An Do) [4 ]. Uu diém cua

Tuy nhién do phtc tap ctia cac bai toan t6i wu hoa ngay
cang cao, khién cac thuat toan toi wu hoa thong thuong
khong con phi hop. Pa s6 céc bai toan i wu cac két cau
trong xay dung déu kha phuc tap, do c6 tinh phi tuyén cao,
da diém cuc tri va da chiéu. Vi Vay, thuét todn metaheuristic
da dugc chimg minh 1a cach tiép can t6t nhat dé giai cac bai

“Tac gia lién hé: Email: hunghm@nuce.edu.vn
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thuat toan Rao la rat don glan vi yéu cau rat it tham so, bao
gdm céc ca thé kém nhat, tot nhat va ngau nhién trong quan
thé. Mic du don gian nhung thuat toan Rao kha hiéu qua
trong nhiéu dang bai toan tdi wu hoa khac nhau [5-7]. Trong
nghién ctru ciia minh, Rao da dé xuit 4 k¥ thuat dot bién
khéc nhau, dan dén c6 4 thuét toan tdi wu Rao khac nhau.
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Abstract:

Metaheuristic optimisation algorithms have been
increasingly used because of their superior ability to
find globally optimal solutions. Theoretically, these
algorithms are very powerful and can be applied in
all types of optimisation problems. However, in reality,
their performance depends on the characteristics
of each optimisation problem class. In addition, the
complexity of an algorithm is an important factor
affecting its application in specific design problems. In
this paper, the Rao optimisation algorithm, one of the
newest metaheuristic algorithms, is presented for the
optimisation algorithm of steel frame structures. The
advantage of the Rao algorithm is that it is quite simple
with few parameters, so engineers can easily apply it in
daily design tasks. A nonlinear inelastic analysis is used
to consider the nonlinear behaviors of the steel structure.
A two-story space steel frame is studied. The results show
that Rao-1 is more stable and converged more quickly
but easily trapped in local solutions than Rao-2 and Rao-
4. Rao-4 is more efficient in global search but its stability
is less than other algorithms.

Keywords: nonlinear inelastic analysis, optimisation,
Rao algorithm, steel frame.

Classification number: 2.1

TAP CHI

HOA HOC

NG NGHE |t Nam 63(8) 8.2021

Tuy vao bai toan tdi wu cu thé, nguoi s dung co thé tu lua
chon thuat toan hi¢u qua nhat. Bén canh do, trong nghién
cuu cua minh, Rao maéi gioi han viée danh gia hi¢u qua cua
thudt toan Rao trong cac ham toan hoc.

Hién nay, (mg dung ctia thuat toan Rao trong t6i uru hoa
két cau cong trinh chwa dugc nghién ciu ddy du. Trong
nghién clru nay, ching t6i s€ gidi thiéu va ap dung thuét
toan Rao dé t6i uu hoa két cdu khung thép phi tuyén, von
duoc coi 1a mot bai toan tdi wu mang tinh thuc té va phi
tuyén cao, do cac tmg xur phi tuyén hinh hoc va vét liéu
ctia két cau, tinh khong lién tuc cta bién thiét ké. Dé chung
minh hiéu qua cua phuong phap dé xuit, mot khung thép
khong gian hai tang dugc nghién ctru.

Thiét 1ap bai tean toi uu khung thép sif dung phan tich phi
tuyén tinh phi dan hoi

Ung xir thuc té ciia két cdu thép dudi tac dung cua tai
trong 14 phi tuyén, do cac tmg xir phi tuyén hinh hoc ctia két
céu va phi dan hdi cua vat liéu thép. Vi vdy, dé phan anh
chinh xac hon mg xir ctia két cau thép, mot s6 cong trinh t6i
wu hoa két cdu thép str dung phén tich phi tuyén tinh phi dan
hoi dd duoc cong bd trong nhitng nam gan day [8-10]. T6i
uu hoa khung thép bang cach sir dung phén tich phi tuyén
tinh phi dan hdi duoc miéu ta nhu sau [1]:

To61i thi€u hdéa ham:

W(X):ZN:pl.AiL,. (M

Chiu diéu kién rang budc:

l-constr, <0 m=L..,N_,..
1_LF/ <0 ] = 1""’Nvtrength
2
i .
——1<0 k=L..,N s/ =L...Ng,
1|
acl4]

Trong d6 i, j va k lan luot 1a sé thir tu ctia cac phan tir két
cAu va td hop tai trong theo gidi han cuong dd va st dung; p
1a khéi lwong riéng cua vat lidu; L va 4 1a chidu dai va dién
tich tiét dién cua phan tir két clu; constr, 1a gid tri twong
(g véi diéu kién rang budc vé cau tao thtr m; [A] 13 tap hop
cac tiét dién dugc st dung cua bién thiét ké (la tiét dién cua
phan tir két cdu); X = (x,, x,,....x, ) la vec-to bién thiét ké voi
x la sb thu tu cua loai tiét dién duogc sur dung trong tap hop
tiét dién da cho; A , va hi la chuyén vi 1&ch tﬁng va gia tri
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gidi han ctia n6; LF = R/S - hé s6 chiu tai tdi da cua két cau,
la ty 1¢ gifra kha nang chiu tai cuia cong trinh (R) va hi¢u trng
do tai trong gay ra (9S).

Céc rang bugc ve cau tao hinh hoc thudng la cac yéu cau
ve kich thude chiéu rdng cua cdt va dam, chiéu rong cua cot
bén dudi va cdt bén trén [1].

Dé c6 thé ap dung cac thuat toan metaheuristic, bai toan
t6i wru c6 diéu kién rang budc dugc trinh bay trong cong
thirc (1) phai dwoc chuyén dbi thanh bai toan ti wu khong
c6 diéu kién rang budc. Pé thuc hién van dé nay, mot cach
don gian nhat 1 sir dung phuong phap ham phat dugc trinh
bay trong cong thuc (3):

“\"x onstr N strength AV,m jice
w, (X) = [1 + z Leonsir B + z as/y,jﬂl,/ + z adixp,kﬂS,lt ]X W(X)
el =] =]

B, = max (1-constr, ,0); 3, —max(l—LF],O);ﬂM —imax[zj‘/—l,o]
=1 (7

3)
Trong d6, o, ... @ - vaa,  lacaché sO phat. Cac hé sb
nay dugc lua chon véi gia trl du 16n nhdm dam bao ring, cac
cé thé vi pham diéu kién rang bugc s& tu dong bi loai bd dan
trong qua trinh toi wu. Trong nghién ctru ndy, cac hé sb phat
dugc lay bang 10,000.

Ung dung thuat toan Rao trong bai toan tdi uu khung thép
phi tuyén
Thudt todn t6i wu Rao

Thuat toan t6i wu Rao duqc dé xuét vao nam 2020 va dat
tén theo gido su Rao (ngudi An Do) véi 4 ky thuat dot bien
co ban nhu sau [5]:

Rao-1: X; =X; +n '(Xbest _Xworst) “
Rao-2: X, =% +1 - (X ~ Xy ) 45 -d (% =[x, ) (5)
Rao-3: x; =X; +1 (X = | Xy N+ 1, -d (1%, |-X;) (6)
Rao-4: X;’:Xi +rl'(xbesl worst )+05 h: ( worst )H} (Xbes( ) ( worst ) (7)

Trong d6 x, 1a ca thé thu i trong quan thé hién tai; Xlz . va
x . tuong unglaca thé t6t nhat va kém nhat trong quan thé
hién tai; X, 1a mot cac thé ngau nhién ctia quan thé; r N
var,la cac véc-to s6 thuc ngiu nhlen trong khoang [0, 1]
cua vong tién hoa hién tai; =1 néu ham muc tiéu cua X, la
t6t hon 0 voi cua X, Nguoc lai thi d=-1. Néu héﬂ} muc tiéu
cua x, tot hon cta x, n6 s€ dugc lya chon thay the cho vi tri

cua x, trong quan th¢ mai.

Téi wu khung thép phi tuyén sir dung thudt todn toi
wu Rao

Dua trén thuat toan Rao, bai toan ti uu khung thép su
dung phén tich phi tuyén tinh phi dan hoi trinh bay trong
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cong thice (3) duoc xay dung véi cac bude chinh nhu sau:

Buée 1: thiét 1ap bai toan tdi wu. Trong budc nay, diéu
quan trong nhét 13 thiét 1ap duoc cong thic t6i wu khong co
diéu klen rang budc dugc trinh bay trong cong thuc (3). Cac
thong sé vé bién thiét ké, tap thiét ké twong ung, thong s6
cua thuat toan Rao cling dugc xac dinh. Luu y rang, ddi véi
thuat toan Rao, chi c6 2 thong sb co ban can xac dinh 1a: sb
luong ca thé trong quan thé (NP) va sb vong tién hoa tdi da
cho chuong trinh t6i wvu (MaxIter).

Buede 2: thiét 1ap quan thé ban ddu mot cach ngiu nhién
bao gdm NP c4 thé. Cac ca thé nay dwoc x4c dinh gia trj ham
muc tiéu bang cach st dung cong thic (3), trong d6, phan
tich phi tuyén tinh phi dan hdi dugc sir dung dé xac dinh tmg
xir ctia két cau.

Buoc 3: x@y dung quﬁn thé méi dua trén ky thuat dot
bién. Quﬁn thé méi duge xay dyng dua trén ky thuat dot
bién. Lan luot, tung ca thé trong qué”m thé hién tai duge chon
1a c4 thé muc tiéu dé xay dung nén mot ca thé moi tuong
mg. Néu ca thé méi nay c6 gia tri ham muc tiéu tt hon so
v6i ca thé muc tiéu, thi no duoc lya chon thay thé cho cé thé
muc tiéu trong quan thé mai. Trong trudng hop nguoc lai,
c4 thé muc tiéu van tiép tuc duoc gitr lai.

Bude 4: két thiic qué trinh t6i wu. Budce 3 dugce thuc hién
cho dén khi s6 vong tién hoa dat dén gia tri ti da MaxIter.
Liic nay, két qua tbi wu thu dugc 1a ca thé tot nht trong quan
thé cudi cung.

Trong phan vi du minh hoa cho phuong phap nay, mot
két cdu khung khong gian 2 ting bang thép dugc nghién ciru
nham danh gia hiéu qua cta cac thuat toan Rao ddi v6i bai
toan toi uu khung thép sir dung phan tich phi tuyén tinh phi
dan hoi. Kich thudc ciia khung thép: nhip 1a 6 m va chiéu
cao cac téng 12 4 m, duoc thé hién trong hinh 1. D§ 1€ch cdt
ban dau duoc liy bang 1/500 theo ca 2 phwong X va Y nhim
xét dén sy khong hoan hao ban dau cuia két céu. Bai toan
t6i wu dugc nghién ctru trong vi du ndy gdm 8 bién thiét ké
(nhém 1 dén nhém 8), 1a tiét dién cua cac phan tir khung.
Céc cot duge thiét ké, chon lya tir cac tiét dien W10, W12,
W14 va W16. Cac dam dugc thiét ké tir tiét dien W10 dén
W44. Vit lidu thép str dung cho két cau 1a A992, véi mé dun
dan h01 E=200 (GPa) va cuong d¢ chay f =345 (MPa). Tai
trong gdm tinh tai DL va hoat tai LL 1a cac tal trong phan b
déu tac dung 1én cac dam. Gi4 tri cua tinh tai 1a 40 (kN/m)
va cua hoat tai 1a 30 (kN/m). Tai trong gi6 tac dung lén
cac niit khung theo chidu truc X va c6 gid tri bang 100 kN.
Céc t6 hop tai trong duoc xét dén trong bai toan dua theo
tiéu chuan AISC-LRFD ctia My [11], trong d6, hai t& hop
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cudng do duoc xem xét (1,2DL + 1,6LL) va (1,2DL + 1,6W
+0,5LL) 1a 2 didu kién rang budc vé cuong do, con lai mot
t6 hop (1,0DL + 0,7W + 0,5LL) 1a didu kién rang budc vé
chuyén vi (dam bao diéu kién twong mg 13 chuyén vi léch
tang cia khung khong vuot quéa £/400, véi h 1a chiéu cao
tang). Phan mém phan tich phi tuyén tinh phi dan hdi PAAP
[12] dugc sir dung dé phan tich két ciu khung thép.

Trong nghién ctru nay, cac tac gia tién hanh so sanh hiéu
suét cta 3 thuat toan Rao-1, Rao-2 va Rao-4. Thuét toan
Rao-3 khong duoc xem xét vi khi cac bién thiét ké trong bai
toan nay déu nhén gia trj duong cho nén Rao-3 véi Rao-2 1a
nhu nhau. Cac thong sé duge st dung 1a: tong sé vong tién
hoa t6i da = 4000 va s c4 thé trong quin thé = 25.

Bing 1. Két qua tinh toan t6i wu két cAu khung thép 2 ting.

Rao-1 Rao-2 Rao-4
ﬁ“;‘hg‘g‘ﬁ g‘;ztck(ig‘ W 5741 30 5641,10 5606,30
ﬁ;‘;ﬁ;’:’fr;hgok: (fgi)““ 6006,20 6015,70 6176,40
f:r‘l’; Eﬁﬁgﬁﬁi?ulitgjgl;u 5861,63 5804,17 582411
D0 léch chuin khoi luong g ¢ 175,42 198,48

t6i vu tim duge (kg)

Thiét ké t6i wu tim dugc

16x50,16x57,
12x40,16x77,
24x62,14x38,

18x35,16x36

16x45,16x67,
14x30,16x67,
21x57,18x35,

18x40,14x43

16x45,16x67,
12x35,16x77,
21x57,16x31,
18x35,16x40
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DL,LL
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DL,LL

Nhoém 7 N
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\\%4

Nhom 3

Nhom 7

DL,LL

Nhom 3

<t

g

Bl

Nhom 4
4,0m

!

!

Nhom 5

LW

Hinh 2 thé hién dudng cong hdi ty trung binh cia cac
thuat toan toi uu. C6 thé thy rang, khi sb vong tién hoa 1on
(4000 vong) két qua thu duoc cua 2 thudt toan Rao-2 va
Rao-4 1a tot horn so voi Rao-1. Diéu nay phu hop véi phan
tich két qua tdi vu da duoc trinh bay Tuy nhién, mot két qua
kha tht vi & day 1a khi s6 vong tién hoa 1 nho (dudi 1500)
thi két qua trung binh thu dugc cua Rao-1 lai tét hon dang
ké so v6i Rao-2 va Rao-4. Diéu nay cho théiy rf“mg, toe do
hoi tu cta thuat toan Rao-1 1a tt hon so véi Rao-2 va Rao-
4. Hay n6i cach khac, Rao-1 dugc uu tién sur dung néu nhu
chung ta str dung s6 vong tién hoa 1a nho. Tuy nhién, khi sb
vong tién hoa 14 16n thi Rao-1 dé bi mic vao hoi tu cuc bd
hon Rao-2 va Rao-4, vay nén, Kkét qua tdi wu tim duoc cua

4,0m

Nhoém 5

Zsoo
;1/500
6,0 m b

Nhom 2

n6 13 kém hon. Bé minh hoa thém cho tinh hoi tu ctia cac
thuét toan, hinh 3 trinh bay duong cong hdi tu twong ung
v6i cac trudong hop cac tdi wu tot nhét tim dugce. Ta ciing co
thé nhan ra, trong truong hop cu thé nay, tbc do hoi tu cta
Rao-1 t6t hon so v&i Rao-2 va Rao-4, nhung bi hoi tu vao
cuc trj dia phuong khi ma két qua téi wu tt nhat khong thay
d6i 6 mot giai doan kha dai tir vong tién hoa 1500 dén 3300.

Nhom |
S
o

N
Nhom 2
N

o)
3

£
e
=
z
1/500 £ .
o X
Vorz 72

Hinh 1. Khung thép 2 ting. B 9000
Két qua tbi uu héa duoc trinh bay trong bang 1, trong do, E: 8500
moi thudt toan to6i uu dugc chay 10 lan nham gidm bét anh g so00
huéng cua tinh ngau nhién trong thuat todn metaheuristic. E
Chung ta c6 thé thiy rang, két qua ti wu tot nhét tim duoc §D 7200
cua thuat toan Rao-1 bang 5741,30 (kg) 1a kém hon so véi é 7000
Ra9—2 (5641’,10 kg) va Rao—4 (5606,30 kg). Tuy nhién, 2 500
khoi lugng t6i uvu kém nhat tim dugc cta thuat toan Rao-1 =
(6006,20 kg) lai tot hon so v6i ciia Rao-2 (6015,70 kg) va 5 6000
Rao-4 (6176,40 kg). Piéu nay cho thiy, két qua ctia Rao-1 5500 . . .

¢6 tinh 6n dinh tot hon so véi Rao-2 va Rao-4. Piéu nay 0
cling dugc thé hién qua d6 léch chuén cua két qua ti wu tim
duoc cuia Rao-1 14 tot nhat trong 3 thuat toan.

S vong tién hoa

Hinh 2. Pwong cong hoi tu trung binh.
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Hinh 3. Duong cong hi tu ciia thiét ké toi wu tét nhit tim duorc.
Ket luan

Trong bai bao nay, ing dung thuat toan Rao vao giai
quyét bai toan téi wu khung thép phi tuyén di dugc trinh
bay. Bai toan tdi wu khung thép phi tuyén duoc thanh lap
dwa trén st dung phén tich phi tuyén tinh phi dan hoi, bao
gdm ham t6i wu 1a tong khoi luong két ciu, bién thiét ké 1a
loai tiét dién ctia dAm cot va diéu kién rang budc gém diéu
kién rang budc vé céu tao va diéu kién rang budc theo cac
t6 hop tai trong cudng do va sir dung. Hiéu qua cua ba ky
thuat dot bién co ban cua thuat toan Rao gém Rao-1, Rao-2
va Rao-4 duogc phén tich danh gia thong qua bai toan ti wu
khung thép khong gian 2 tang véi 8 bién thiét ké. Két qua
thu duoc cho théy, Rao-1 ¢6 tinh én dinh t6t hon, hoi tu
nhanh hon nhung d& méc vao cuc bd dia phuong hon so voi
Rao-2 va Rao-4. Rao-4 cho kha ning tim kiém t5i uu toan
cuc tot hon nhung tinh on dinh lai kém nhat. Do vay, Rao-1
s& duoc ru tién st dung trong truong hop cac bai toan ti uu
¢6 sb vong tién héa 1a nho, con Rao-2 va Rao-4 thi vu tién
trong truong hop s6 vong tién héa 1a 1on.
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Nghién ctru mot s yéu to anh huong
va xac dinh gla tri mo dun dan hoi (E,),
hé 50 l0p (a) cia mot 50 loai BTN chat nong ¢ Vlet Nam

Nguyén Quang Phic!, Vii Vin Thing?”
"Truong Dai hoc Giao thong Vin tai
2Vién Khoa hoc va Cong nghé Giao thong Vin tai
Ngay nhén bai 2/4/2021; ngay chuyén phan bién 8/4/2021; ngay nhan phan bién 7/5/2021; ngay chép nhan ding 12/5/2021

Tém tit:

Phwong phap thiét ké két cAu do0 dlro'ng mém theo AASHTO 1993 di duge nhiéu bang & My va Canada sir dung
va dang dwgc nhiéu nuwéc khac tai chau Au, chiau A nghlen cu’u ap dung. Hé so 16p (a) trong phuong trinh thiét ke
AASHTO biéu thi mot quan hé thwe nghiém giira chi 56 két cAu mat duong mem va chiéu day. Gia tri cia cac hé s0
16p a, dugc quy dinh cho méi lép vat liéu tuy thuoc chat lwong thé hién chi yeu qua mo dun dan hdi. Bai bao nay
trinh bay cac ket qua nghién ciru buéce dau mdt s6 yéu té anh hwéng va xac dinh gia tri mé dun dan héi (E,), h¢ s0

16p a, cia mot s0 loai bé tong nhwa (BTN) chit nong ¢ Viét Nam.

Tir khéa: bé tong nhua (BTN), hé s6 16p a, md dun dan hoi (E, ), nhua duwong.

Chi s6 phén loai: 2.1

Pat van de

Phuong phap thiét ké két cau mat dudng mém theo
AASHTO 1993 da duoc bién soan thanh 22 TCN 274-01
(Tiéu chuan thiét ké mat duong mém) tir nhimg nim 2000
thong qua Dy an tai tro ciia Ngan hang thé gioi. B Giao
thong Vén tai da dinh hudng xay dung 1§ trinh chuyén d01
sang ap dung phwong phap thiét ké két cdu mat duong mém
theo AASHTO 1993, tuy nhién viéc ap dung phuong phap
thiét ke nay trong thuc té con it do khé khan khi Iya chon
mot s6 thong s0 phuc vu cong tac thiét ké, trong d6 c6 thé
ké dén 1a hé sb lop két cau a, cua BTN [1-3]. M6 dun dan
hoi (E,) cua BTN la thong s6 quan trong nhét khi thiét ké
két cau mat duong theo AASHTO 1993. Bai bdo trinh bay
cac két qua nghién ciru mot s6 yeu t6 anh hudng dén E _va
a cua 3 loai BTN su dung phé bién lam 16p mat du’ong o
Vlet Nam.

Thiét ké nghién ciiu thuc nghiém

C6 nhiéu yeu tb ‘anh hudng dén E  cua BTN, trong d6 c6
thé ké dén l1a yeu t6 vt liéu, bao gom duong kinh 16n nhét
danh dinh cua cdt liéu, dic trung tho - min cta cap ph01 hdn
hop cbt liéu, dic tinh cua nhya duong, d6 chat - do rdng cla
hon hgp BTN...

Nghién ctru dugc thyce hién véi 3 loai BTN chat (BTNC)
dang duoc st dung phé bién tai nude ta 1a BTNCI12,5,
BTNC19 va BTNC25 (ATB25). St dung 3 loai nhya duong
60/70, 40/50 va nhya dudng polymer. Cot liéu sir dung 3
loai ¢4 dam pho bién 1a da voi, da granite va bazan. Tong s6

‘Tac gia lién hé: Email: vuvanthangitst@gmail.com
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thi nghiém 13 3 x 3 x 3 x 3 maw/té mau = 81 mau.

Phuong phép thi nghiém theo mé hinh kéo gian tiép
tai trong 1ap xac dinh E_ cua BTN, ti€u chuén thi nghiém
ASTM D4123 va ASTM D7369 [4, 5], nhi¢t do thi nghiem
1a 20°C. Két qua thi nghiém E__ ¢ nhiét d6 20°C la co so aé
xac dinh h¢ s6 16p a, cho cac 10a1 BTN theo AASHTO 1993.

Két qua thi nghiém duoc danh gia thong ké theo trinh tu:

- Panh gia s6 mau trong t6 mau: thi nghiém véi 3 mau/
t0 mau.

- Phan tich do chum cua céc két qua thi nghiém.

- Phan tich phuong sai (analysis of variance - ANOVA)
danh gia cac y€u t6 anh huong dén E_.

- Tinh toan cac gia tri dac trung.

Str dung phin mém Minitab 19 dé phan tich thng ké ¢
do tin cay 95%.

M6 dun dan hdi dic trung (E,) clia céc két qud thi
nghiém dugc tinh theo (1):

5 1S

Jn

Trong do: E, 1a mé dun dan hdi dic trung, 14 khoang tin
cay 1 phia (ph1a phai) (right sided confidence interval) trong
phan phdi student; £ 1a mé dun dan hoi trung binh cua cac
két qua thi nghiém dugc tinh theo cong thirc (2):

(1

E(?t
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Researching on influence factors
and value confirmation of elastic
modulus (E, ), layer coefficient (a)
of some types of hot dense
asphalt concrete in Vietnam
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Abstract:

The method of designing flexible road structures under
the guidance of AASHTO 1993 was used in many
states in the US and Canada and is being applied by
many other countries in Europe and Asia. The layer
coefficient a, in the AASHTO design equation represents
an empirical relationship between the structural index
SN and thickness. The value of the layer coefficients (a,)
is specified for each material layer depending on the
quality shown mainly through resilient modulus. This
paper presents the initial research results of influencing
factors and value confirmation of resilient modulus (E, )
and layer coefficients (a,) of some types of hot dense
asphalt concrete in Vietnam.

Keywords: asphalt, asphalt concrete, layer coefficient (a,),
resilient modulus (E_ ).
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S
1

n

E= ()

n 1a s6 két qua thi nghiém (3 két qua/chi tiéu trong nghién
cuu).

S 1a do léch tiéu chuén cua céc tri s6 md dun dan hoi dugce
xac dinh theo (3):

)

t 1a hé s6 duogc xac dinh tuy theo suit dam bao va sb liéu
Kiém tra n nhidu hay it; t, dugc xac dinh bang st dung ham
trong EXCEL: t = TINV(R/IOO (n-1)), v6i sudt dam bao
R=95% thi t = TINV(O 95,(3-1))=2,92.

Thi nghiém mé dun dan hoi (E,) va phan tich két qua

Thiét ké cac loai hdn hop BTNC theo phuong phap
Marshall, xac dinh duoc thanh phan cap phoi c6t liéu, ham
luong nhya t6i wu.

Mau thi nghiém E_ dugc ché tao theo phuong phéap
Marshall (theo TCVN 8860-1:2011) c¢6 duong kinh 101,6
mm va chiéu cao theo quy dinh véi s6 chay ddm 2x75 chay/
mit. Mau sau khi bao dudng it nhat 3 ngay trong diéu kién
phong thi nghiém duogc dem ra thi nghiém.

Dé ¢6 co sé xac dinh do 16n cua tai trong 1ap tac dung,
truge khi thi nghiém xac dinh E & 20°C, tién hanh thi
nghiém xac dinh cuong do chiu keo gian t1ep (S) ¢ nhiét
d6 20°C theo ASTM D4867 (mau thi nghiém ¢ trang thai
“kh6”, mbi hdn hop thi nghiém 1 t6 miu gdbm 3 mau).

Sau khi xac dinh dugc cac gia tri S, tién hanh thi nghiém
E, . theo tiéu chuan ASTM D4123. Cac thong s6 thi nghiém
duqc Iwra chon nhu sau:

- Nhiét d6 thi nghiém: 20°C.

- Thi nghi€ém xac dinh E_ dugc thyc hién véi d6 16n cua
tai trong lap dugc lya chon sao cho gia tri dat Vé‘lo‘ khqéng
tir 10 dén 50% do 16n cua S, ¢ nhi€t do twong ng, tan s tac
dung tai la 1 Hz.

- Khi tinh toan E_
BTN u=0,35.

st dung hé so poisson cua cac loai

Thi nghiém dugc thyc hién trén thiét bi thoa man yéu
cau theo ti€u chuan ASTM D4123, cac thong so k¥ thuét
cua thiét bi nhu sau [4]:

- Lyc tac dung dau gia tai: 20 kN.
- Hanh trinh: 30 mm.
- Tan sb: 0-30 Hz.

- Pau cam bién do bién dang ngang: +£0,25 mm.

M



s Khoa hoc Ky thuat va Céng nghé

- Ngudn dién: 220-240 V, 50 Hz.
- Ngudn cép khi nén: ap luc 7-10 bar.
- Ta diéu khién nhiét do: -10-60°C.

Cong tac didu khién thiét bi va xur 1y sd lidu duoc thuc
hién trén may tinh véi phan mém chuyén dung kém theo.

Loai BTN Nhua D4 dam
6750
£ 6500 \
é \\ »
™)
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€ 6250 /
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5500 ¢
wn e wn o o m 6 £ g
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Hinh 1. Biéu db anh hwéng cac yéu td dén E,.

Két qua phan tich phuong sai cac yéu to chinh déu anh
huéng dén E,  c6 ¥ nghia thong ké, hé sé p-value cua cac
yéu t6 chinh déu nho hon mirc ¥ nghia p=0,05. Hé s6 xac
dinh diéu chinh R?, =81,83%. Tir bicu do hinh 1 nhén thay:

- Loai nhya c6 anh hudng 1on nhat dén E_ thé hién bé‘mg
d6 dbc ciia duong thing biéu dién gia tri trung binh. Nhya
60/70 cho gia tri E_, th?ip nhéat, nhwa 40/50 cho giatriE_ cao
nhat, nhya polymer PMB3 cho gia tri E ¢ gila. Két qua
nhya 40/50 cho gia tri E_ cao nhét ciing phit hop v6i mot sd
nghién ciru trén thé gioi, day 1a goi y tot cho viée lya chon
nhwa phu hop véi cac diéu kién khai thac ¢ nude ta.

- Loai d4 anh huéng dén E_: da voi cho gia tri E__ thip
nhét, da granite cho gié tri E _cao nhét va da bazan cho gia
tri ¢ khoang gitra. Tuy nhién, chénh I¢ch E_ gitra sir dung da
bazan va da voi 1a khong nhiéu so véi da granite.

- Loai BTNC c¢6 anh hudng dén E_ thé hién b?mg do dbc
kha thoai ctia duong biéu dién gia tri trung binh. M6 dun
dan hoi tang dan tir BTNC12,5; BTNC19 va BTNC25. Két
quéa nay ciing trong dong véi mot sb nghién ctru trén thé
gioi, cd hat danh dinh 6n thi E_ tang 1én.

Biéu d6 hinh 2 thé hién E_ctia BTN phu thuge vao loai
BTNC, loai nhya va loai d4 dam. Nhan thay cac biéu do
déu thé hién quy luat nhu nhau, BTNC ¢6 ¢ hat danh dinh
cang 16n thi E_ cang 16n; nhya 40/50 cho E_ 16n nhét, nhua
60/70 cho E__ nho nhit; d4 granite cho E_Ion nhét; da voi
cho E_ nh¢ nhét.
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Hinh 2. Biéu d6 mé dun dan héi E_.

Tir phan tich cac yéu t6 anh huong dén E,_ ctua BTNC,
tong hop ket qua E__ duoc lam tron nhu trong bang 1.

Bang 1. Téng hop két qui E .

Nhra 60/70 Nhya 40/50 Nhua PMB3
;;;-;i ((;[al,gr)'E Logi di Logi di Logi di
Voi  Bazan Granite Voi Bazan Granite Voi Bazan Granite
Min 4990 4770 5360 6200 6320 6950 4680 4910 5710
125 Max 5560 5700 5480 6610 6510 7400 5590 5590 6060
Dictrung 4750 4470 5310 6060 6260 6800 4400 4710 5550
Min 5060 5040 5730 6340 6240 6610 5380 5490 6330
19 Max 5520 5570 5960 6660 6940 7360 5560 5910 6690
Dictrung 4910 4890 5660 6180 6040 6380 5310 5340 6200
Min 5350 5420 5940 6290 6030 6920 5360 6070 6070
25 Max 5570 5840 6100 6770 6980 7560 5850 6380 6800
Dictrung 5290 5290 5890 6140 5750 6730 5170 5970 5860

Két qua xac dinh hé s6 I6p a, ciia cac loai BINC va thao luan

Dé xéc dinh tri s6 a, cua cac 16p BTNC dung cho cac 16p
0 tang mat (16p trén va 16p dudi) st dung biéu d6 hinh 3 khi
biét m6é dun dan hoi E_ cua BTNC ¢ nhi€t do tinh toan 68°F
(20°C) cia mat duong.

_ -

04

03

02

01

cho 16p mat dudng bé tong asphalt

Hé s6 két cdu a,

0,0

o

500000 (psi)
3450  (MPa)

100000
690

200000
1380

300000
2070

400000
2760

Hinh 3. Biéu dé x4c dinh hé s6 16p a, ciia 16p mit 1am bing BTNC
(cho ¢4 16p trén va 16p duéi cia 16p mat), theo E__ & nhiét d tinh todn
(68°F=20°C).
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Tir két qua thi nghiém & hinh 2 va bang 1 nhan thdy,
tat ca cac gla tri E, deu 16n hon gia tri t6i da 3450 MPa
trong biéu d6 hinh 3 Ung v6i gia tri 16n nhat nay hé sb lorp
a=0,44. Nhu vay, tu két qua nghién ctru thye nghi¢m kién
ngh1 hé s 16p ciia cac loai BTN bang 0,44.

Thir nghiém AASHTO dugc thuc hién tir nhitng nam
1960 va biéu d6 hinh 3 xac dinh hé s6 16p duoc thiét 1ap tir
nam 1960, sau d6 nam 1972 duoc chinh thirc hoéa. Han ché
ctia bicu d6 nay 1a chi thiét 1p voi nhimg vat lidu cu thé, voi
nhitng diéu kién tai noi thu nghiém. Nhleu bang cta My quy
dinh cu thé g1a tri hé s6 16p ma khong can tra toan do theo
mé dun dan hdi, nhu hudng dan thiét ké mat duong mém
clia bang Alabama, hé s6 16p cho cac loai BTNC bang 0,54;
bang Washington bang 0,50 [6]; tiéu chuan thiét k& mat
dudng bang Florida quy dinh hé s6 16p cua cac loai BTN
bang 0,44 nhu bang 2 [7]. Thiét k& hdn hop BTNC, chon
loai nhya sé dugc quy dinh chat ché theo diéu kién khi hau
va tai trong, didu nay quyét dinh dén chit lugng mit dudng.
Khi thi cong phai dam bao céc chi tiéu ky thuat cua BTN.
Bang 2. Hé s6 16p ciia cac loai BTN theo hwéng dén thiét ké Florida
[7].

Loai vat li¢u Hé s6 lop a,  Tiéu chuéin tham chiéu
FC-5 0,00 337
FC-12.5,FC-9.5 0,44 337
Superpave SP (SP-9.5, SP-12.5, SP-19) 0,44 334

Heé s6 10p cuia cac bang nuée My néu trén déu duoc xac
dinh thong qua thi nghiém trong phong, tra toan do hinh
3, sau d6 xay dung cac doan duong thir nghiém dé kiém
chimg lai. Két qua gia tri mo dun dan hoi trong phong déu
vuot qua so voi biéu do, khong ngoai suy dwoc nén Viéc
xdc dinh a, phal thong qua phan tich hién trudng. Hé sb 16p
nay duoc dleu chinh qua kinh nghiém khai thac duong. Day
cling 14 mat han ché ctia phuong phap AASHTO 1993, nhat
1a dbi voi cac nudc chua co nhiéu diéu kién kiém chimg
hién truong.

Tir két qua nghién ciru trong phong thi nghiém, tir cac
phan tich nhu trén, budc dau kién nghi h¢ ) 16p cta cac loai
BTNC bang 0,44. Nhu vay khi thiét ké két ciu mat duong,
sau khi da thiét ké cau tao theo cac nguyén ly s& kiém toan
két ciu theo AASHTO 1993 dé xac dinh chiéu day cac 16p
vat liéu. Tir d6 tién hanh thiét ké hdn hop BTN, chon loai
d4, loai nhwa, thanh phan cap phdi... dé thoa man cac yéu
cau cua thiét ké hdn hop theo cac quy dinh hién hanh tuy
thudc cap hang duong, diéu kién khi hau, tai trong.

Nhu dd phén tich, biéu dd quan hé giira E,_vaa cua
BTN duoc lap tir nhitng nam 1960-1972 véi chc didu klen
vat liéu, tai trong, khi hau, nén dat, cong nghé thi cong dia
phuong nén hién nay cac nghién ctru khong di vao hudng
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kéo dai biéu d6 ma xac dinh tir thuc nghiém hién trudng.
Dinh hudng nghién ctru tiép theo s& tién hanh cac thuc
nghiém hi¢n trudng trén cac doan str dung 16p BTN véi cac
loai cdt liéu, loai nhua khac nhau, thiét bi do dong (FWD)
dé xac dinh hé sb 16p va dan timg budc diéu chinh tir kinh
nghiém khai thac.

£ ~
Két luan

Tir cac két qua nghién ctru va phan tich, trong pham vi
nghién cru thyc nghiém, cac yeu td dnh huong dén moé dun
dan hoi cua BTNC la:

- Loai nhya c6 anh hudng 16n nhat dén E_: nhua 60/70
chogiatriE thép nhét, nhua 40/50 cho giatri E_ cao nhét,
nhya polymer PMB3 cho gia tri E_ ¢ khoang gitra.

- Loai d4 anh huéng dén E_: d4 véi cho gid tri E__ thap
nhét, d4 granite cho gia tri E_cao nhit va d4 bazan cho gia
tri & khoang gitta. Tuy nhi€n chénh léch E_ gitra sir dung da
bazan va da voi 1a khong nhiéu so voi da granite.

- Loai BTNC ¢6 anh huong t6i E_: ¢& hat 16n nhét danh
dinh cang I6n thi E_ cang cao va E__ tang dan tir BTNC12,5;
BTNC19 dén BTNC25.

Nghién ctru dd dé xuat bang gia tri E_cua BTNC phu
thudc vao loai BTNC (c& hat lon nhét danh dinh), loai da
va loai nhya sir dung. Ba dé xuét gia tri hé sb 16p a. cua
cac loai BINC dé thiét ké két cdu mat duong theo hudng
dan AASHTO 1993 bang 0,44. Khi thiét ké hn hop BTNC,
chon loai nhya s€ dugc quy dinh chat ché theo diéu kién khi
hau va tai trong, didu nay quyét dinh dén chit lugng mat
duong. Khi thi cong phai dam bao cac chi tiéu k¥ thuét ctua
BTNC nhu thiét ké hon hop.
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Tom tit:

Vé6i nhiéu wu diém nhw trang thai va tinh chét 18 xdp 6n dinh, da dang vé cdu tric ciing nhw bién ddi linh hoat,
vt lidu zeolitic imidazolate framework (ZIF) sé hiru tiém ning to 16n trong linh vic phén tich cac hdn hop khi
hydrocarbon Trong nghién ctru nay, cac tac gia sit dung phu’(rng phap vi séng aé t6ng hop mét cach nhanh chong
16p hat va tlep sau do6 1a mang loc ZIF-8. Két qua cho thay, mang lgc thu dwogc co chét lwgng va thé hién do phan
tach cao ddi véi hén hop propylene/propane. Luong truyén qua ciia propylene dat 105x10'° mol.m" s Pa’l, va hé so
phéan tach propylene/propane dat dweec 1a 70. Mang lgc con cho thay do bén, do 1ap lai ciing nhw do 6 6n dinh cao khi
thwe hién phan tach propylene/propane gian doan ciing nhw lién tuc.

Tir khéoa: mang lgc, phan tach khi, propylene/propane, vat liéu khung co kim, ZIF-8.

Chi s6 phdn loai: 2.5

Pat van de

Do cac dic diém vat Iy twong tu nhau, viéc phan tach
hén hop khi propylene/propane 1a mot thach thirc, nhung rat
quan trong trong cong nghiép loc dau vé& mit thuong mai,
vi propylene c6 d¢ tinh khiét cao 1a nguyén lidu dé san xuét
rt nhiéu san pharn c6 gia tri nhu acrylonitrile, propylene
oxide, cumene/phenol, oxo alcohols, acrylic acid, isopropyl
alcohol, oligomers va dic biét 1a polypropylene [1-3]. Hién
nay, viéc phan tach cac hon hop nhu propylene/propane
duoc thyc hién béng phuong phap chung cat & nhiét do
thap, rat ton kém va tiéu t6n nhiéu ning lugng do nhiét do
bay hoi turong d6i thip va tuong duong nhau ciia propylene
va propane (b.p. cua propylene l1a -47°C va propane la
-42,1°C). Cac thap chung ct can thiét thuong cao khoang
100 m, chtta hon 200 dia va nang lugng khoang 1,2x1014
BTU/niam, duogc st dung dé tach propylene/propane [4, 5].
Vi vay, cac nha khoa hoc trén thé gi6i da nghién cuu dua
ra nhidu phuong phéap thay thé hi¢u qua hon vé kinh té nhu
hép phu, hap thy, mang loc [6-9]. Trong s6 d6, cong ngh¢
mang loc 1a mot phuong phap thay thé tiém ning voi nhidu
ru diém nhu chi phi thap, don gian va d& van hanh [10].

ZIF 1a mot bo phan cia vat liéu khung co kim (metal
organic framework, MOF) dang thu hut dugc nhiéu sy quan
tam cta cac nha khoa hoc trén thé gisi [11, 12]. ZIF, giéng
nhu MOF, dugc dac trung boi clu trac vi Xép, c6 do tinh
thé cao, dwoc xdy dung tir cac mang lap lai ba chiéu cua cac

‘Tac gia lién hé: Email: trannguyentien@duytan.edu.vn
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ion kim loai phdi tri tir dién va két ndi boi cac phdi tir hitu
co (ligand). bac diém phan biét cua ZIF 14 viéc sir dung cac
cau ndi imidazole dé tao ra cac goc lién két khi phdi hop
v01 cac thanh phan vO co, tuong tu cac lién két duoc tao ra
gilia cac nguyén tur silic va oxy trong qua trinh hinh thanh
ctia zeolite. Goc lién két M-mIm-M (M=Zn, Co) trong ZIF
1a 145°, gin véi goc T-O-T (T=Al, Si, P) trong zeolite [13,
14]. ZIF cho thay sy két hop hoan hao cac dic tinh cling nhu
cac tinh nang uu viét cia ca MOF va zeolite, nhu c6 thé diéu
chinh kich thuéc 16 xép va cac dic diém hoa hoc, dién tich
bé mit riéng 16n va kha nang on dinh nhiét va hoa hoc cao.
Cac dac tinh nay 1am cho ZIF tré thanh ting vién n6i bat cho
viéc ché tao mang rdy phan tir dé phan tach khi.

Trong s6 cac vat liéu ZIF duoc tim théy cho dén nay, ZIF-
8, dugc tong hop tir mudi Zn va cdu ndi 2-methylimidazole,
1a mot lya chon 1y tuong dé tong hop mang loc phan tach
hon hop khi propylene/propane. Cac nghién ciru da chi ra
rang, kich thudc 16 x6p thuc cua ZIF-8 1a 4 A, vira nim
gitta dudng kinh phan tir ciia propylene 1a 4 A va propane 1a
4,3 A [15]. Chinh vi vay, tong hop mang loc ZIF-8 dé phan
tach hon hop khi propylene/propane 1a mot hudng di diy
tiém ning va ngay cang gianh dugc nhiéu su quan tdm cta
céc nha khoa hoc. Cho dén nay, phuong phap chu yéu dugc
cac nha khoa hoc trén thé gidi str dung dé téng hop mang
loc ZIF-8 phan tach propylene/propane la phuong phap hai
giai doan véi 16p hat dugc tao thanh béng phuong phéap phu
nhung hodc phu trugt. Tuy nhién, 16p hat dugc tao thanh
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Abstract:

Owing to their permanent porosity, diverse topology
structures, and coordination factors combined with
chemical tunability, the zeolitic imidazolate framework
(ZIF) has shown great potential for the effective
separation of hydrocarbon mixtures. In this work, the
authors presented a simple microwave-assisted seeding
strategy to rapidly prepare a seed layer for the synthesis
of high-quality ZIF-8 membranes for propylene/
propane separation. The resulted membranes grown on
planar alumina support displayed excellent separation
performances for a wide range of propylene/propane
mixtures. The membrane displayed a propylene/
propane separation factor of 70 and propylene
permeance of 105x10"° mol.m?s'Pa!. Long-term
stability test also showed stable gas permeance and
separation performance of the ZIF-8 membranes in both
atmospheric conditions and propylene/propane mixture
stream.

Keywords: gas separation, membrane, metal organic
framework, propylene/propane, ZIF-8.

Classification number: 2.5

theo cac phuong phap nay mat nhleu thoi gian va khong
dem lai hiéu qua cao do su gin két yeu cung nhu sy phan bd
khong ddng déu cia cac tinh thé hat, ddn dén hiéu suit phan
tach thap cua 16p mang [16, 17].

Trong nghién ctiiu nay, ching toi st dung phuong phap
vi song dé téng hop mot cach nhanh chong 16p hat va sau
d6 phat trién thi cap hinh thanh mang loc ZIF-8. Bang cach
sir dung k¥ thudt tao 16p hat nay, ching t6i c¢6 thé rut ngén
dang ké thoi gian tong hop, cho ning suét cao dong thoi 16p
hat tao thanh c6 mat d6 cao va lién két chit ché véi tAm nén.
Cau triic cling nhur bé mit ctia 10p mang ZIF-8 sau khi tong
hop s& duge quan sat boi SEM, thanh phan pha tinh thé ciia
mang s& dugc khao sat bai phuong phap nhidu xa tia X.
Cudi cung, kha niang phan tach khi ciia mang ZIF-8 s& duoc
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khao sat bang ky thuat Wicke-Kallenbach.

Thuc nghiém
Téng hop tém nén a-Al,0,

Tam nén a- -ALO, c6 dang dia, dugc chuin bi boi bot
alumina (Ba1kowsk1 CR-6) c6 do tinh khiét cao. Hon hop
gdm bot alumina va polyvinyl alcohol, sau khi tron s& duoc
dua vao khudn va tao hinh biang may ép tao mau trong
phong thi nghiém. Sau khi nung & nhiét d6 1100°C trong
2 h, tim nén thu dugc co duong kinh 22 mm, d¢ day 2 mm
véi do xép khoang 45%. Mot mat cua tam nén s& dugc mai
nhin bang thiét bi mai chuyén dung va dugc dung dé tong
hop mang ZIF-8. Cudi cting, tim nén dugc rira sach va sdy
0 70°C trong 6 h.

Téng hop I6p hat va mang loc ZIF-8

Mang loc ZIF-8 dugc téng hop trén tim nén alumina theo
phuong phap 2 giai doan. Dau tién, 16p hat s& dugc chuan
bi bén trén be mit tim nén bang phuong phap vi song. Hai
dung dich tong hop duoc chuén bi riéng biét. Dung dich A
véi 5 mmol Zn(NO,),.6H,0 hoa tan trong 40 ml methanol.
Dung dich B gom 32 mmol 2-methylimidazole va 2 mmol
sodium formate hoa tan trong 40 ml methanol. Ca hai hon
hop dugc khudy tron hoan toan trong 15 phat. Sau khi ngam
trong dung dich A trong 1 h, tim nén a- -AlL,O; dugc bao hoa
ion k&m s& dugc dua vao dat thing dimg trong ong thuy tinh
¢6 chtra sin dung dich B. Ngay sau do, 16p hat s& dugc tong
hop dudi birc xa vi séng cta 10 vi song chuyén dung ¢ cong
suat 100 W trong 90 s. TAm nén duoc phu 16p hat sau khi
tong hop s& dugc 13y ra rira k§ nhidu 1an trong methanol va
sdy & 60°C trong 2 h.

Tiép theo, trong giai doan phat trién thir hai, tim nén
v6i 16p hat duoc dat thang dung trong dung dich tong hop
gém 0,11 g Zn(NO,),.6H,0 va 2,27 g 2-methylimidazole
hoa tan trong 40 ml nuoc cat. Phan tng dugc thyc hién ¢
diéu kién phong trong 2, 6 va 10 h. Sau khi tong hop, mang
loc ZIF-8 duogc 1ay ra mot cach can than r01 rira voi nudc cat
va methanol dé loai bo cac hat ZIF-8 gan két 1ong 1éo trén
bé mat mang. Sau do, mang loc ZIF-8 s& dugc ngadm trong
methanol 2 ngay de trao doi dung méi. Cudi ciing, mang loc
s& duoc phoi kho can than ¢ nhiét d6 phong.

Ddc trung vt liéu va thuwe nghiém phdn tach khi

bic trung hinh thai hoc cua céac hat tinh thé, mang ZIF-
8 dugc xac dinh bang phwong phap hién vi dién tir quét
(SEM) trén may Leo-Supra 55 tai dién thé gia toc 15 kV.
Céu truc tinh thé cta 16p mang duoc xac dinh bang phuong
phép nhiéu xa tia X (XRD) trén may Rigaku MAC-18XHF
(Nhat Ban) voi ddu do (Detector) D/teX Ultra 250, dung
buic xa cua Cu-K, tai dién thé gia tdc 40 kV, cuong do dong
30 mA, khoang quét 20 tir 3° dén 60° véi tée do quét 3°/phit.

Luong truyén qua ctia hdn hop khi propylene/propane
duoc do tai diéu kién phong bdi ki thuat Wicke-Kallenbach
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[16]. Hon hop khi propylene/propane (ty 1& 1:1) dugc cap
vao modun tach khi chira mang loc ZIF-8 voi tdc do 112 ml/
phut sir dung bo didu khién dong. Pdng thoi, Argon dugc st
dung lam khi mang dua luong khi truyén qua mang loc vao
may GC (YL-6500, Young-Lin) dé phan tich thanh phan.

D0 phén tach la thong s6 duoc dung dé danh gia kha
nang van chuyén va tach khi cua mang loc ZIF-8. D6 phan
tach c6 thé xac dinh bang ty 18 giita luong truyén qua cia
cac khi trong hdn hop. Luong truyén qua cua khi i
(propylene), K™, dugc tinh boi cong thire sau [9]:

mix
mix _ 2L
' Apln,i
Trong do6, Ji™" 1a thé tich dong cua khi i (propylene) trong
hdn hop khi truyén qua mang loc ZIF-8, APy, 13 su khac
biét ap sudt ciia dong vao va dong ra khoi mang loc.

Do phan tach, (Zl /i P dugc tinh bang cach 1ap ty s gitra
lwong khi truyén qua cua khi i (propylene), K™* v6i khi j

(propane), K™, af = K9]
p p L/] K}nix :

Thyuc nghiém phan tach khi propylene/propane dugc
thuc hién 3 1an cho m&i mau va thuc hién trén 3 mau khac
nhau duoc tong hop trong cuing didu kién dé dam bao do lap
lai va chat luong ctia mang.

Keét qua va thao luan

Pé tong hop mang loc ZIF bang phuong phép hai giai
doan, 16p hat dong vai tro quan trong cho giai doan phat
trién thi cap tiép theo. Trong nghién ctru nay, chiing toi tong
hop mét 16p hat déng déu va co mat do cao bang phuong
phap vi song, qua trinh co thé glan luge nhu sau: (1) bao hoa
tam nén vé6i dung dich chira mu6i Zn, (2) di chuyén tam nén
vao trong dung dich cau ndi, (3) nhanh chong hinh thanh
16p hat dudi bue xa vi song. Phuong phap nay glup duy tri
nong do cao cua ca ion kim loai va phén tir cu noi (ligand)
trong ving 1an can cua bé mat tim nén (ving phan Gmg) lam
cho cac hat tinh thé ZIF hinh thanh mot cach nhanh chong
va dong déu khi chiéu xa vi song.
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,§ Lép hat 1 lh

A
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Hinh 1. Giéin db nhiéu xa tia X (XRD) ciia tim nén, 16p hat va mang
ZIF-8 tong hop & cac thoi gian khac nhau.
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Céu tric tinh thé ciia tAm nén, 16p hat va mang ZIF-8 sau
khi tong hop duoc xéc dinh bing phuong phap nhiéu xa tia
X (XRD) va trinh bay trong hinh 1. Két qua cho thiy cac
phd XRD déu co cac dinh sic nét, rd rang, ching to rang
cic mau déu co6 do tinh khiét va do két tinh cao. Phd XRD
cua 16p hat cho thiy cac peak c6 cuong dd nhé 1a do kich
thudc nho ctia céc hat tinh thé ZIF-8 va do day nho cia 16p
hat. Ngoai ra con c6 mot sy khac biét nho vé cuong do cua
céc 16p mang tong hop & cac thoi gian khac nhau 1a do sy
khéc biét cua d6 day 1op mang. Cac peak chinh déac trung
cho tinh thé ZIF-8 ndm tai 20=7,5; 10,3; 12,4; 14,7; 16,3
va 18,0° (JCPDS: 00-062-1030). Ket qua nay phu hop véi
céc két qua nghién ciru trude ddy vé pha tinh the cua ZIF-8
[18]. Peak tai 26=26; 35,5; 38° 1a pha a ctia tam nén alumina
(JCPDS: 01-082-1468).

Hinh 2. Anh SEM ciia bé mit va mit ciit ngang ciia (A, B) tim nén
o-alumina, (C, D) 16p hat.

Hinh 2 trinh bay danh SEM ciia tim nén trude va sau khi
xu 1y vi séng tao 16p hat. Hinh 2A, 2B 13 bé mat va mat cat
ngang cua tam nén trudc khi tién hanh tong hop 16p hat, 6
thé thay 16 cac 16 hong kich thudc macro bén trén tAm nén.
Sy hién dién cta cac tinh thé ZIF-8 ¢6 kich thude nano duoc
chimg thyc thém boi hinh 2C va 2D. C6 thé thdy, bé mat
tam nén duoc bao phu dong nhét va day dic véi cac tinh thé
nano ZIF-8. Bén canh d6, co thé quan sat thiy cac tinh thé
nano ZIF-8 ciing dugc hinh thanh bén trong tim nén, diéu
nay dugc ky vong s& lam ting do 6n dinh co hoc cua 16p
hat va 16p mang ZIF-8 (miii tén mau do6 trén hinh 2D). Dé
tong hop mang loc bang phwong phap hai giai doan, 16p hat
dong mot vai tro quan trong. Cac hat cia 16p hat dong vai
tro 1a cac hat nhan dé phat trién trong giai doan thir cap hinh
thanh nén céac hat ZIF 16n hon va dan xen vao nhau dé tao
16p mang. Su ddng déu va bao phu t6t cta cac tinh thé ZIF-8
s& thuc day qua trinh tao mam va phat trién cua cac hat tinh
thé ZIF trén bé mat tAm nén, gitip che 1ap cac khiém khuyét
ctia mang loc. Néu khong c6 16p hat, 16p mang ZIF kho co
thé hinh thanh ngay ca khi thoi gian phat trién tht cap (giai
doan 2) dugc kéo dai hon 24 h [16].



Hinh 3. Anh SEM ciia bé& mit va mit _c{'lt ngang cua lop mang ZIF-8
sau 2 h (A, B), 6 h (C, D), 10 h (E, F) tong hop.

Anh SEM cua bé mat va mit cit ngang cua mang loc
ZIF-8 & cac thoi gian téng hop khac nhau dugce trinh bay
trong hinh 3. Sau khi tién hanh tong hop, mot 16p ZIF-8
dic, chic hinh thanh bén trén bé miat tim nén alumina. Mot
lugng 16n tinh thé v&i nhiéu kich thudce khac nhau moc xen
k& dugc quan sat thiy sau 2 h tién hanh phan tng ¢ nhiét do
phong (hinh 3A). Cac 16 kich thudc macro cua bé mit tim
nén quan sat dugc trude ddy gan nhu da dugc lap day boi
16p mang tinh thé ZIF-8. Tuy nhién, mot sé 16 hong kich
thudc nano van con quan sat thdy va cac dudng bién giita
cac tinh thé duo‘ng nhu van chua lién két chit khit vao nhau.
Khi tang thoi gian phan ng 1€n 6 h, mét 16p tinh thé ZIF-8
hoan thién phat trién dan xen voi hinh thai khdi da dién hinh
thoi da bao pht hoan toan bé mit tim nén ma khong c6 bat
ky “khuyét tat” nao c6 thé nhin thiy nhu 16 kim hodc vét
nut (hinh 3C). Sau d6, khi thoi gian tong hop dugc kéo dai
dén 10 h, bé mat 16p mang trd nén thoé hon, mot vai tinh thé
ZIF-8 phat trién 16n hon, dong thoi xuat hién nhiéu hat don
1¢ trén bé mat (hinh 3E). Khi thoi gian phan ng ting, do
day cua lop mang tang tur khoang 2,5 pm tai 2 h, 4,2 pm tai
6 h dén 5 um tai 10 h (hinh 3B, 3D, 3F). Trong 6 h dau tién,
téc do phat trién cua 16p mang xay ra nhanh, sau d6 cham
lai, gitip han che su hinh thanh qua day cua 16p mang. Xu
huéng nay 1a can thiét vi mot khi 16p mang phat trién qua
day s& c6 xu hudng tao ra nhidu lyc can cho khi di qua, lam
giam hiéu qua phan tach khi ciia mang [19].

Bang 1. Két qua phan tach hén hgp propylene/propane ciia mang loc
ZIF-8 téng hop & cac thoi gian khac nhau.

Lwong truyén qua (x10°

Thoi gian tong hop mol.ms"Pa™) Hé s6 phan tach
Propylene Propane
2h 135,6+15,3 5,3+0,6 26,3+2,8
6h 104,6+8,8 1,5+0,3 70,2+3.,9
10h 96,6+6,9 1,5+0,2 65,0+3.3
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Khoa hoc Ky thuat va Céng nghé

Dé khao sat ky cang hon chét luong cua mang ZIF-8 sau
khi tong hop, cac tic gia tién hanh thyc nghiém phan tach
hén hop khi propylene/propane & diéu kién phong sir dung k¥
thuat Wicke-Kallenbach. Két qua dugc trinh bay trong bang
1. C6 thé thay, lugng khi truyén qua ciing nhu do phan tach
khi cta cac mang loc rat phu hop véi két qua tir SEM. Tat
ca cac mau déu cho hé s phan tach 16n hon 1, cho thdy chét
lugng cao ciia 16p hat tong hop bang phuong phap vi séng.
Su dong déu cung nhu mat do cao cua l6p hat da giup lop
mang phat trién mot cach lién tuc va dong déu bén trén tim
nén alumina. Luong truyen qua cua khi propylene va propane
giam khi tang thot gian tong hop tir 2 1én 10 h. Sy giam nay
1a do khi thoi gian tong hop ngin, khong du dé cung cap cho
co ché tai két tinh cac hat ZIF-8 dé dong cac khe ho ciing
nhur 16 héng trén mang, 1am cho luong truyén qua cia cac khi
propylene va propane cao hon. Mang loc sau 6 h téng hop dat
dwoc hé s phan tach propylene/propane cao nhét (70) véi
lugng truyén qua ctia propylene 1a 105x10"° mol.m?s"'Pa’.
He¢ s6 phan tach dat dugc trong nghién ctru niy cao gip doi
két qua dat dwoc ctia Y. Pan va cong su [16]. Khi ting thoi
gian phan tmg 1én 10 h, hé s6 phén tach va lugng truyén qua
cua cdc khi giam nhe, két qua nay 1a do do day 16p mang tang
1én khi cac tinh thé tlep tuc phat trién vé kich thudc. Mang day
hon thuong tao ra nhiéu lyc can hon cho khi di qua, do do lam
giam luong truyén qua va hé s6 phén tach khi.
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Hinh 4. Lugng truyén qua va hé s6 phan tich propylene/propane ciia
16p mang ZIF-8 khi thuc hién phan tach gian doan trong 6 thang.

Cac tac gia tiép tuc thuc hién phan tach hdn hop propylene/
propane mot cach lién tuc va gian doan dé danh gid mot cach
toan dién hon chat lugng va do 6n dinh cua 16p mang sau khi
tong hop. Két qua phan tach khi lién tuc trong 150 h va gian
doan trong 6 thang ciia mang loc ZIF-8 sau 6 h tong hop dugce
trinh bay trong hinh 4, 5 va tong hop trong bang 2. Két qua
cho thiy, gin nhu khong c6 su thay d6i hé s6 phan tach ciing
nhu lugng truyén qua cua cac khi propylene va propane khi
tién hanh phan tach gian doan (hinh 4). Déi voi qua trinh phan
tach lién tuc, lugng truyén qua ciia propylene va propane ting
nhe (hinh 5). D¢ tang luong truyén qua ctia propylene nhanh
hon so vé&i propane, lam cho d6 phan tich ctia hon hop ting
nhe trong qua trinh thue nghiém. Co su thay d6i nay 1a do cdu
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tric 16 xOp cua 16p mang d it nhiéu bi anh hudng boi luong
khi propylene va propane lién tuc thoi qua 16p mang, dan dén
su thay doi ciia luong truyén qua ciing nhu hé sé phan tich
ctia cac khi propylene va propane. Cac két qua phan tich da
cho thay do 6n dinh ciing nhu chat lugng rat cao ciia mang
loc ZIF-8 tong hop dugc trong nghién ciru nay. Sy duy tri kha
nang phan tach trong mot thoi gian dai mo ra mot hudng di
day trién vong va la tién dé dé phat trién hon nira cing nhu
ung dung truc tlep mang loc ZIF-8 vao thyuc té phéan tach khi
trong cong nghiép.
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Hinh 5. Lwong truyén qua va hé s6 phan tich propylene/propane ciia

16p mang ZIF-8 khi thuc hi¢n phén tach lién tuc trong 150 h.

Bing 2. Két qua phan tach hdn hop propylene/propane & cac diéu
kién khac nhau ciia mang loc ZIF-8 (6 h).

Luwong truyén qua (x10°

Pidu kién mol.m?s'Pa’') Hé s6 phan tach
Propylene Propane
Lién tyc (150 h) 110,6+8,0 1,5+0,2 73,5+4,2
Gian doan (6 thang) 105,2+6,5 1,5+0,3 70+3,8
Két luan

Mang loc ZIF-8 c6 chét lugng cao di dugc cac tac gia
tong hop thanh cong st dung phuong phéap hai giai doan
v6i 16p hat duoc chuén bi bﬁng ky thuat vi song. Phuong
phap tao 16p hat nay cho phép hinh thanh nhanh chéng céac
tinh thé hat nano ZIF trén bé mat tim nén v&i do che phu bé
mit cao va dong déu. Sy phat trién thir cip sau d6 cia 16p
hat ZIF-8 giup hinh thanh 16p mang ZIF-8 c6 chat luong
cao, phat trién lién tuc va dong thoi cho thay hiéu sut tach
propylene/propane cao. Lop mang sau 6 h tong hop & diéu
kién phong c6 do day khoang 4,2 um va dat duoc hé s phan
tach 1a 70 v6i luong truyén qua cta propylene 1a 105x10-1°
mol.m?s"'Pa’. Ngoai ra, mang ZIF-8 con cho thay tinh 6n
dinh, kha ning lap lai va hiéu qua cao khi phan tach hon hop
propylene/propane mdt cach lién tuc cling nhu gian doan.
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Phén Ip va tuyén chon vi Khuan Bacillus sp.
c0 kha nang sinh tong hop protease tir cc san pham dau nanh lén men

Lé Thi Ngoc Han"?, Vé Thi Ngoc Piép', Trinh Thi Tuyét Hoa!, Nguyén Vin Thanh'

'Vién Nghién citu va Phat trién Cong nghé sinh hoc, Truong Dai hoc Can Tho
’Truong Cao dang Kinh té - Ky thudt Can Tho

Ngay nhén bai 26/3/2021; ngay chuyén phan bién 30/3/2021; ngay nhan phan bién 7/5/2021; ngay chip nhan ding 17/5/2021
Tém tit:

Nghién ciru duwge thwe hién véi muc dich phan lap va tuyén chon cac dong vi khuin Bacillus sp. ¢6 kha ning sinh
protease tir sin phim diu nanh 1én men. Sir dung phwong phip do duong kinh vong thiiy phan (halo) trén méi
truomg Skim milk agar (SMA) va 1én men trong méi truwong long dé danh gia kha ning sinh protease. Tir cac sin
phim dau nanh 1én men thu tai 2 dia phwong 1a An Giang va Can Tho, di phén lap dwoc 29 dong vi khuin. Qua két
qua khio sat vé diic diém hinh thai va sinh héa cho thiy 29 dong vi khuén trén thudc chi Bacillus. Két qua kiém tra
kha ning sinh protease trén dia SMA da tuyén chon dwoc 8 dong c6 dwong kinh vong halo 16m. Trong méi truong
1én men 16ng véi mat s6 10° té bao/ml, pH 7,2 & 37°C trong 48 gio, chon dwgc dong MLO1 cho hoat tinh protease dic
hi¢u cao nhat 185,92 U/mg. Két qua phén tich trinh tw viing gen 16S rRNA ciia dong MLO01 cho thiy ¢6 mdi quan hé
cao voi trinh tu cta Bacillus subtilis.

Tir khéa: Bacillus, 1én men, protease, vi khuén.

Chi s6 phén loai: 2.8

Protease 1a mot trong nhiing enzyme c6 nhiéu tng dung
trong cac nganh cong nghiép: thuc pham, duoc pham, xur
1y chat thai... [1]. Protease chu yéu tham gia vao viéc phan
cét cac chudi peptide dai thanh cac doan ngan va dugc san
xuét bai nhiéu nguén khéac nhau nhu thyc vat, dong vat va
vi sinh vat. Trong do, vi sinh vat 1a ddi tugng chinh san
xudt enzyme noi chung va protease noi rleng, vi ¢6 thé sinh
truong va phat trién trong thoi gian ngan, tao ra mot loai
enzyme chuyén biét, gia thanh ré va dang tin cdy [2]. Mot
s6 loai vi sinh vat ¢6 kha ning sinh tong hgp protease nhu
Bacillus subtilis, Bacillus cereus...[3]. Trong m6i truong
nudi cdy, mot luong 16n protease ngoai bao duoc tao ra boi
cac vi khuan thudc chi Bacillus [2].

Vi khudn B. subtilis c6 kha ning thich nghi cao va sinh
téng hop dugc nhidu loai enzyme can thiét trong qua trinh
sinh truong dé thich nghi véi diéu kién méi truong. Ham
luong protein va hoat tinh protease tong hop tir B. subtilis
phu thudc vao nhidu yéu t6 nhu: dong vi khuén, diéu kién
nudi cdy, phuong phéap thu nhan... [3]. Vi vay, dé thu nhan
protease c6 hoat tinh cao can lya chon ngudn phén 1ap phu
hop va tdi wu vé phuong phap, cac diéu kién nudi ciy...
Nghién cuu duge thyc hién nhim phan lap va tuyén chon
dong vi khudn Bacillus spp. ¢6 kha ning sinh tong hop
protease vdi hoat tinh déc hi€u cao, day la tién d& cho cac
nghién ctru ing dung sau nay.

“Tac gia lién hé: Email: ltnhan@ctec.edu.vn; Tel: 0907299908
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U4t liéu va phuong phap

Vit liéu

Mau twong hot, chao thanh phém thu tai Co s& san xuét
nudce tuong Huong Sen (phuong My Hoa, TP Long Xuyén,
tinh An Giang) va Co s¢ chao Huong Viét (so6 118/5 Trung
Nt Vuong, quan O Moén, TP Can Tho).

Mau nuéc mam chay va nudc tuong thu tai hd kinh
doanh Tu Hoa (khom Trung Hung, phuc‘)'ng My Théi, TP
Long Xuyén, tinh An Giang) va Co s¢ nugc mam chay Lién

Huong (s6 28/5, khu vye 10, phuong Chéau Van Liém, quan
O Mbén, TP Cén Tho).

Phuwong phap nghién ciru

Phan Zap va dinh danh so bg cac dong vi khudn Bacillus
spp. tir san pham ddu nanh 1én men:

Tang sinh mau: cho 1 g miu vao 99 ml méi trudong
minimal Davis (khong chtra agar) (pH 7,0+0,2 ¢ 25°C) c6
chura cac thanh phan nhu bang 1, trong dicu kién vo trung,

Bang 1. Mdi trudong minimal Davis nudi cdy Bacillus subtilis.

Héa chit Nong d (g/l)
K,HPO, 7,0

KH,PO, 2,0
(NH,),S0, 1,0

Glucose 1,0

Sodium Citrate 0,5
MgSO,.7H,0 0,1

Agar 15,0
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Abstract:

This study aims to isolate and select strains of Bacillus for
protease production from fermented soybean products.
To evaluate the ability of protease production, the authors
applied the hydrolysis diameter measurement method
on Skim milk agar (SMA) and submerged fermentation
(SmF). The results showed that 29 bacterial strains were
isolated from fermented soybean products in An Giang
and Can Tho provinces. Based on the morphological
and biochemical characteristics of bacteria, these are
defined belong to the Bacillus genus. The results of the
protease generation test on SMA helped to select eight
strains with a high halo diameter. In SmF with 10° cells/
ml, pH 7.2, at 37°C for 48 hours, the MLO01 strain gave
the highest specific protease activity of 185.92 U/mg.
Sequence analysis results of the 16S rRNA gene region
of MLO01 exhibited a high relationship with the sequence
of Bacillus subtilis.

Keywords: Bacillus, bacteria, submerged

fermentation.

Classification number: 2.8

protease,

lic & & 37°C trong 48 gid. Sau d6 dun cach thuy ¢ 80°C
trong 20 phut dé loai bo té bao sinh dudng.

Phan 1ap vi khuan: miu sau ting sinh duoc pha lodng
tir ndng do 10 dén 10 va trai mau & mdi nong do ra dia
mdi trudng minimal agar. U ¢ 37°C trong 48 gid, quan sat
su xuét hién cua khuén lac. Tuyén chon céc khuan lac ¢6
dic diém khac nhau va cdy phan lap nhiéu lan dé tao dong
thuan. Dong vi khudn sau khi lam thuan dugc trit gidng trong
moi truong thach nghiéng ¢ 4°C.

Phuong phap dinh danh vi khudn Bacillus: sit dung
cac phuong phap sinh hoa dé budc dau sang loc cac dong
vi khuan thudc chi Bacillus. Cac dong vi khuan phan lap
dugc mo ta dic diém khuan lac, xdc dinh hinh thai bang
phuong phap nhudém gram, nhudm bao tir, quan sat hinh
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dang, kiém tra mot s dic tinh sinh hoa nhu thu nghiém
catalase, oxidase, methyl red dé xéac dinh vi khuan thudc chi
Bacillus [4].

Khdo sat kha nang sinh protease ciia cac dong vi khudn
Bacillus spp. dd phan lap trén moi truong SMA:

Mbi trudng thach Skim milk (SMA) duoc phan phéi vao
dia petri, dung dung cu khoan 16 c6 kich thugc nho (0,5 cm)
vao giita dia thach. Vi mdi dong vi khudn huat 5 ul dich
nuoi sau khi tang sinh 24 gio nho vao dia moi truong SMA
vau o 37°C trong 48 gid. Hoat tinh protease cua cac dong vi
khuédn dugc danh gia dya vao kha ning tao vong thity phan
(vong halo) trén moi truong SMA [5], duong kinh thuy
phan duogc tinh theo cong thuc:

Duong kinh thuy phan = Buong kinh vong halo - duong
kinh 15 khoan.

Tuyén chon dong vi khudn Bacillus spp. c6 kha ndng
sinh protease trong moi truong long:

Cho 100 ml méi truong 1én men 1ong (pH 7,2) cb cac
thanh phan nhu bang 2 [6] vao binh tam gidc 250 ml, ding
nut gon khong tham nudce ddy kin miéng binh tam giac, phia
trén day ndp gidy. Khir trung ¢ 121°C trong 20 phat. Sau
khi dé ngudi hoan toan, ching 1 ml dich tang sinh vi khuan
v6i mat sb 10° t& bao/ml vao méi truong. TAt ca cac mau
duoc u lic lién tuc voi tde do 150 vong/phut ¢ 37°C. Sau 48
gio 1én men, cac mau dugce ly tim 10.000 vong/phut & 4°C
trong 10 phat, thu 1dy phan dich long dem phan tich hoat
tinh enzyme.

Béng 2. Méi trwong 1én men 16ng.

Héa chat Nong d (g/l)
Soya Peptone 10
K ,HPO, 2,0
MgSO, 1,0
Glucose 2,0
Maltose 20
Yeast extract 10

Nuée cit Vira da 1.000 ml

Chi ti€u phan tich: xac dinh hoat tinh protease (phuong
phap Kunitz cai tién) [7] va ham lugng protein (phuong
phép Bradford) [8].

Dinh nghia vé don vi hoat tinh enzyme: 1 don vi hoat
tinh enzyme (U (Unit)) la lugng enzyme can thiét dé thuy
phan casein, tuong duong véi 1 uM tyrosine sinh ra trong
thoi gian 1 pht ¢ nhiét d6 37°C, pH 7,5.

Hoat tinh dac hi¢u (hoat tinh riéng) la sb6 don vi hoat tinh
enzyme c6 trong 1 mg protein (U/mg) [9].



Dinh danh dong vi khudn ¢6 kha nang sinh protease cao
nhat bang phirong phap gidi trinh ti 16S rRNA:

Phuong phép tach chiét DNA va giai trinh ty: str dung bo
hoa chit QIAamp DNA Mini Kit dé tach chiét DNA va giai
trinh tw bang phuwong phap Sanger.

Khoa hoc Ky thuat va Céng nghé n—

Bang 4. Pic diém khufn lac va té bao ciia 29 dong phan lap sau 48
gio nudi cy.

Dijc diém khudn lac Dic diém té bio

! Kich ] Chiéu— Chiéu
Don, , 6

i windi twic ™ Hhdg di g
dfng

(imm) (um) ()

Hinhdang ~ Miusic — Dang bia

(s , A A 2 CTXI Khongdew Tringdue Chiathiy Phing 225  + o135 0gl
Phuwong phap dinh danh: stt dung phan mém BLAST dé sl g el o Qe il :
, R , R . 2 A pe s CTX2 Khongdéu  Trangduc  Réngcua Lai 225 4+ uengan 1,5 0,62
so sanh trinh ty gen ctia dong vi khuan phan lap véi trinh tu e ¢ : ¢ ¢
NN Y i 1en . . CTX3 Khongdew Trangduc  Réngecwa Phang 335  + Quengin 16 0.6
tham chiéu tr co s dit liéu 16S ribosomal RNA (Bacteria , ,
. x . , . HUXI  Tron Trangdye  Nguyén Mo 153+ Quengin 13 05
and Archaea type strains). Mau duoc phan tich tai Trung : . o .
Am Xé hiem k& thud K TP H‘A hi Minh HUX2 ~ Tron Trangdue  Nguyén Mo 23 + Quengin 16 0,65
tam Ket nghiem ky thuat cao Keest, 6 Chi Minh. MCXI Khongddu  Tringdye  Chiathly Mo 354+ Quengin 14 065
Xir Iy 6 lidu: MCX2 Khongdéu Tringtong Ngwén Lai 34+ Quengin 15 068
S licy d ¢ 19 b3 3 dm M ft Excel MCX3 Khongdéw Tringdwe Chiathiy Mo 335+ Quengin 17 066
O lieu dugc xu an an mem 1crosoft Exce . : ; ; ;
Y Ay Ag p . . TMXI  Khongdew  Trangduc  Chiathuy Lai 225+ Quengin 146 0,71
2013 va phan mém thong ké Statgraphics Centurion XV.I. DO Kingdhy Thgomg Rigow Li 152 ¢ Qe 15 06
Kél lIllil va “Iaﬂ I"an TUXI  Tron \ Tra?ng dyc  Nguyén Mo 0,5 + Que daly 20 0,71
) TUX2  Khongdéu  Trangdue ~ Rangewa Mo 153+ Quengin 15 0,66
Phén lgp va d.l"h danh so b.o cac dong vi khudn CMO1  Tron Tringdue  Ringem  Lai 4044+ Quengin 13 0,62
Bacillus spp. tir san pham dgu nanh lén men & tinh An o T Thede Ringan Li 182+ Qengh 12 067
Giang va TP Can Tho CM03  Khongdéu  Tringdue  Ringema Mo 2024+ Quengin 16 07
A ; A 7a . 2 CTO01  Tro Tring Nguyén Mo 384 4 o1l 0,65
Ket qud phan lap vi khudn: oL R e : Qe ot
CT02  Khongdew  Trangduc  Réngcua Mo 223+ Quengin 13 0,66
Tong cong c6 29 dong vi khuan duge phén 18p trén mOi (13 Khingdhu  Trngdwe  Ringom Lii 334+ Qengn 12 06l
truong minimal agar tir cac san pham dau nanh 1én men thutai ~ HOl  Tran Tringdue  Ngwén L 2023 + Quengin 17 068
An Giang (12 dong) va Can Tho (17 dong). Ky hiéu cdc dong ~ HB  Tin Tingdue Ngyén Mo 3537 + Quengin 14 063
vi khuén va dia diém thu mau dugc trinh bay trong bang 3. HLOS  Tron Trngde Ringon Lii 2527 + Quedii 24 073
_ _ HLO6  Khongdéu Tringdye Ringowa Lai 2628 + Quengin 12 06l
Bing 3. Cac dong vi khuan phén lap tir cic sin pham diu nanh Ién HLO?  Khongdhu  Trngdue  Chiathiy Mo 05+ Qengn 16 071
men. ; :
HLO§  Tron Trangdue  Réngewa  Lai 1517+ Quengin 12 0,65
Dong vi khuin Miu Dia diém thu miu MOl Khongdén Tringngd  Chiathiy Lai 2530 + Quedi 20 065
CTXI, CTX2, CTX3 Chao thanh phém Co s Huong Sen MLO9  Khong d?u Trz'?ng duc  Chiathuy Lai 294+ Quengin 15 0,67
; : MLI2  Khongdéu  Tringd Nguyén  Lai 2225 + di 22 0,71
HUX1, HUX2 Diu nanh i méc lam twong hot (A Giang) i ?u rfmg v Qe aly
- T03  Khongdeu  Trangtrong Réngewa  Lai 46 + Quengin 15 0,6
Dau nanh giai doan u 1én men : .
MCX1, MCX2, MCX3 @ . T04  Tron Tringngd  Nguyén  Lai 3337+ Quengin 13 0,65
nudc mam chay H¢ kinh doanh Tw -
Punanh i (2 tudn) lamnuée ~ Hoa (An Giang) (+): ¢6 chuyén dong.
TMX1, TMX2, TUX1, TUX2
tuong
CMO1, CM02, CM03 Chao giai doan u moc Co s& chao Huong
CTO01, CT02, CT03 Chao thanh pham Viét (Can Tho)
HLO1, HLO03, HLOS, HL06, HL07, ~D4u nanh giai doan 0 lén men
HL08 nudc mam chay T ] ] ] ] L . ) o
Nuée mém chay trude thanh ey T i Hinh 1. Hlph dang khuan lac ciia mgt $0 dong vi khuan phan lap.
MLO1, ML09, ML12 tring Pl CTO02: khuan lac trang duc, tron khong déu, bia ring cua, mo; ML09:
(Gm i) khuén lac tréng duc, tron khong déu, bia chia thuy, lai; MLO1: khuén lac
T03, T04 Nuée twong trude thanh tring trang nga, tron khong déu, bia chia thuy, lai.

Pic diém khuan lac va té bao cua céac dong vi khuén
phan 1ap duoc trén moi treong minimal agar sau 48 gid nudi
cay thé hién ¢ bang 4 va hinh 1.
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DPinh danh vi khudn Bacillus:

T{?:lt ca 29 dong vi khuain phan 1ap déu c6 kha ning
chuyén dong khi quan sat bang phuong phap giot ép dudi
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kinh hién vi & vat kinh 100X [10].

Té bao vi khuan cua tit ca cic dong phén lap déu co
dang hinh que ngan hodc dai (hinh 2) [10], kich thudc dao
dong tir 0,5 um dén 2,4 um va c6 ndi bao tir. Noi bao tir
hinh bau duc, nam giira hay trong khoang tir trung tim dén
gén cudi té bao, mdi té bao chi tao mot bao tir. Bao tir chiém
70%, bat mau xanh cta dung dich malachite green [11, 12].

Hinh 2. Té bao hinh que ciia dong vi khuin MLO1 dwogc chup duéi
kinh hién vi dién tir quét.

Két qua nhuém Gram cho thdy, 29 dong vi khuén phan
18p bat mau tim xanh cua dung dich violet, ching t6 cac dong
vi khuan nay thudc nhom vi khuan Gram dwong (+) [11].

Thir nghiém catalase: 29 dong vi khuan c6 hién tuong
hinh thanh bot khi (hinh 3), chirng t6 cac dong nay déu cod
enzyme catalase phan giai H,O, thanh H,O va O, [13, 14].

MLO1 (+)

Hinh 3. Thir nghiém catalase (PC: Am tinh, ML01: Duong tinh).

Thir nghiém oxidase: dugc thuc hién trén dia gidy co
tam N-dimethyl-para phenylenediamine. Két qua 29 dong
vi khuén phan 1ap déu c6 hién twong xuat hién phirc hop
mau tim/xanh ddm sau 10-30 gidy (duong tinh) (hinh 4),
chimg t6 cac dong nay déu c6 enzyme oxidase [15].

MLO01 (+)

Hinh 4. Thir nghiém oxidase (C: Am tinh, ML01: Dwong tinh).
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Thir nghiém methyl red: két qua tat ca cac dong vi khuan
phan 1ap dugc déu lam moi truong thir chuyén sang mau
cam hodc mau do, hay néi cach khac 1a dwong tinh véi thude
thir methyl red. Vi mot s6 loai vi khuan dién hinh 1a chi
Bacillus c6 kha nang 1én men dudng sinh acid nén khi cho
1-5 giot methyl red vao s& lam d6i mau méi trudng thanh
mau cam, d6, hay do nhat tiiy theo mirc d6 nhiéu hay it ciia
lugng acid tao thanh, néu khong tao acid moi truong s€ cé
mau vang [13, 16].

Dua theo khoa phan loai Bergey cho thay, 29 dong vi
khuén phén 1ap tir cdc miu dau nanh 1én men trén moi
truong phan 1ap chon loc c6 cac dic diém khuan lac, hinh
dang té bao (bang 4), kha nang di dong, Gram duong, c6 ndi
bao tir, catalase duong tinh, oxidase duong tinh va c6 kha
nang 1én men duong. Nhu vay cac dong vi khuan nay dugc
xac dinh thudc chi Bacillus [17].

Kha nang sinh téng hop protease trén moi truong SMA

Hoat tinh protease cta cac dong vi khudn dugc danh gia
dua vao kha nang tao vong thiy phan trén moéi truong SMA
(bang 5 va hinh 5).

Bang 5. Khi niing sinh tdng hop protease ciia cac dong vi khuén.

Sinh Duong kinh Sinh Duong kinh
SIT  Dong e thity phén STT Dong e thity phin
(cm) (cm)
1 CTXI  + 1, 5hilk 16 CT0l + 2,33
2 CTX2  + 2,07bede 17 CT2 + 1,3
3 CTX3  + 2,2bed 18 CT03 + 2,26
4 HUX1  + 1,87t 19 HLOI + 1,534
5 HUX2 + 1,23¢ 20 HLO3 + 1,234
6 MCXI  + ,7¢hi 21 HLOS + 1,534
7 MCX2 + D= 2 HL6 + PALES
8 MCX3  + PlozEd 23 HLO7 + 1,465
9 T™X1  + 1,5hik 24 HLO8  + 1,73fh
10 ™X2 + AjR 25 MLOI  + 24
11 TUX1  + DAl 26 MLO9  + LIT
12 X2 + 14314 27 MLI2 + 14314
13 cMOl - + 243 28 T03 + 1,531
14 M2+ 1,934t 29 T4+ 1,33
15 CM03 + 1,53

S{') ligu & cot trong bang la trung binh ba lan lap lai. Trong cung mot ct, cac
s0 mang s0 mil giong nhau thi khdc biét khong c6 y nghia & mirc 5% theo phép
thir Duncan (p<0,05) va ngugc lai. (+): ¢6 sinh tong hgp protease.

Két qua tir bang 5 cho thay sau 48 gid, 29 dong vi khuan
déu c6 kha ning sinh protease thé hién qua vong thity phan
trén moi truong sita (dat 100%), thap nhat 1a ML09 (1,17
cm) va cao nhit 1a CMO1 (2,43 cm); trong d6 8 dong c6 kha
nang tao vong thuy phan voi duong kinh 16n hon so véi cac
dong con lai: CTX3 (2,2 cm), MCX2 (2,23 cm), TMX2 (2,2
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cm), TUXI (2,17 em), CMO!1 (2,43 cm), CTO1 (2,33 cm),
CTO3 (2,26 cm) va MLO1 (2.4 cm).

So sanh kha ning sinh protease voi nghién ctru khac thi
cac dong vi khuan phan 1ap c6 kha ning tao vong halo thip
hon dong Bacillus subtilis C10 (3,8 cm) cua N.T.A. Thu
va cs (2020) [18]. Das va Prasad (2010) [5] cling ghi nhan
enzyme protease sau khi tinh sach cia cac dong vi khuin
Bacillus phan lap tir ving Bangalore déu tao vong thuy
phan trén dia SMA.

Puong kinh vong halo tao ra giita cac dong vi khuan
khéac nhau la do kha nang sinh protease cua cac dong vi
khuan khac nhau. Pudng kinh cang 16n nghia 1a vi khuan
¢6 kha nang tiét ra protease cang nhidu. Nhu véy c6 thé két
ludn so b 8 dong vi khuén trén ¢ kha ning sinh protease
hoat tinh cao hon cac dong khac trong 29 dong vi khuan
phan 1ap, do d6 8 dong nay duoc chon cho khao sat tiép theo.

Hinh 5. Vong halo do protease tao thanh trén méi truong SMA cia
dong vi khuan MLO01 sau 24 va 48 gio.

Khd ndng sinh tong hop protease trén méi trwong long

Tir két qua kiém tra kha nang sinh protease trén moi
truong SMA, 8 dong vi khuan 1a CTX3, MCX2, TMX2,
TUX1,CMO01,CTO01, CT03, MLO1 dugc chon 1én men trong
moi truong long dé xac dinh hoat tinh dc hiéu protease tu
ham luong protein va hoat tinh protease.

Hoat tinh dic hiéu cta ché pham enzyme dic trung cho
d6 tinh sach cua ché phém enzyme d6. Hoat tinh déc hi¢u
dugc biéu thi bang s6 don vi hoat tinh enzyme c6 trong 1 mg
protein (U/mg) [9]. Vi thé hoat tinh dic hiéu 1a chi tiéu duoc
chon dé xac dinh dong vi khuan c6 kha nang sinh tong hop
protease & moi truong 1ong, dong vi khuan cé hoat tinh dic
hiéu cao thi kha ning sinh tong hop protease manh.

Két qua trinh bay & bang 6 cho thay 8 dong vi khuan déu
c6 kha ning sinh téng hop protease trong moi trudng long,
hoat tinh déc hi€u protease 1a khéa cao va c6 sy chénh léch
gitia 8 dong phan lap.
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Bang 6. Ham lugng protein, hoat tinh va hoat tinh dac hiéu protease
ciia 8 dong vi khuén.

Dong vi Ham lugng Hoat tinh Hoat tinh dic
Khuan protein (mg/ml)  protease (U/ml) hi¢u (U/mg)
MCX2 0,189° 9,434 49,87¢

TMX2 0,199° 10,15% 51,69¢

CTX3 0,203° 31,01° 168,83
TUX1 0,109¢ 3,98¢ 36,46°

MLO1 0,086 15,96 185,92¢

CTO1 0,052¢ 25,95 165,56

CTO03 0,093¢ 17,73 63,54°

CMO1 0,359° 43,79° 122,10°

Sé ligu & cot trong bang la trung binh ba lan lap lai. Trong cung mot cdt, cac
s0 mang s6 mil giong nhau thi khac biét khong c6 y nghia ¢ mirc 5% theo phép
thur Duncan (p<0,05) va ngugc lai.

Hoat tinh protease dac hi¢u dao dong tur 36,46-185,92
U/mg, trong do, dong TUX1 c¢6 hoat tinh protease dac hi¢u
thap nhat 1a 36,46 U/mg, dong MLO1 c¢6 hoat tinh protease
dac hiéu cao nhat 1a 185,92 U/mg (hinh 6), khac biét co ¥
nghia thdng ké ¢ do tin cdy 95% so v&i cac dong vi khuan
con lai. Nhu vay, MLO1 1a dong vi khuén c6 hoat tinh dic
hiéu protease cao nhat, két qua nay cao hon két qua ctia mot
s6 nghién ctru trude d6: dong Bacillus sp. CK 11-4 dugc
Kim va cs [19] phan 1ap tor mot loai sOt dau nanh 1én men
truyén thong ctia Han Qudc cho hoat tinh dic hiéu protease
1a 19,2 U/mg; hoat tinh ddc hi¢u protease ctia dong BL2 do
Aderibgbe va cs (1990) [20] phan lap va tuyén chon tr dau
lén men & chau Phi la 19,06 U/mg.

200 185,92

3 180 168,83 165,56
100
80 63,54
o0 | 4987 5169
36,46
40
11 B
0

= 160
S 140

MCX2 TMX2 CTX3 TUX1 MLO1 CTO1 CTO03
Dong vi khuén

(U/m

122,10
€120

>

Hoat tinh dac hi

CMO1

Hinh 6. Hoat tinh dic hiéu ciia 8 dong vi khuén.
Két qud dinh danh dong vi khuin MLO1

- Phuong phap sinh hoa: MLO1 ¢6 cic dic diém khuan
lac (hinh dang khong déu, mau tring nga, bia chia thuy, 1ai),
té bao hinh que dai, c6 kha nang di dong, Gram duong, cd
ndi bao tur, catalase duong tinh, oxidase duong tinh va cé
kha nang 1én men duong. Nhu vay dong vi khudn nay dugc
xac dinh thudc chi Bacillus [17].

- Phuong phép gidi trinh tu cho thdy MLO1 ¢6 d6 twong
dong 99,86% so vdi trinh tu gen 16S rRNA cua Bacillus
subtilis (s6 dang ky trén genbank la NR_112686.1).



s Khoa hoc Ky thuat va Céng nghé

Bacillus subtilis 14 loai vi khuan quan trong dé san xuat
protease Umg dung trong cong nghiép va y hoc [21], do do
tiém ning san xuat protease cua dong MLO1 1a rét 16n.

£ a
Ket luan

Tt cac san phém d4u nanh 1én men thu tai cac s& san xudt
& Can Tho va An Giang di phan lap dwoc 29 dong vi khuén.
Dua vao cac dic diém khuan lac, hinh thai té bao va sinh
héa da xac dinh cac dong phén 1ap thudce chi Bacillus. Trong
d6 da tuyén chon duoc 8 dong vi khuan c6 kha ning sinh
protease cao: CTX3, MCX2, TMX2, TUX1, CMO01, CTO1,
CT03 va MLO1 véi duong kinh vong halo tir 1,17 cm dén
2,43 cm. Trong moi truong 1én men long, chon dugc dong
MLO1 c6 kha ning sinh protease cao nhat 1a 185,92 U/mg,
dong vi khuan nay c6 trinh tyr 16S rRNA twong dong cao
v6i trinh ty cta Bacillus subtilis. Nghién ciru d gop phan
lam tang nguén giéng vi sinh vat ¢6 kha nang sinh téng hop
protease voi hoat lyc cao ung dung trong cic nganh cong
nghiép tai Viét Nam.
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Tom tit:

Két qua nghién ctru trén tong sé 380 miu thit (Ign, bo, ga) twoi song dwece iy ngiu nhién tai cic chg truyén thong
trén dia ban TP H Chi Minh cho thdy, ty 1¢ nhiém Salmonella spp. 1 42,37%. Trong d6, ty 1¢ nhiém ¢ tirng nh6ém
miu lan lwot 13 50,00% doi véi thit lon, 49,62% ddi véi thit ga va 26,83% dbi véi thit bo. Ty 1¢é dé khang véi it nhat
1 loai khang sinh & cac chiing Salmonella phan lap dwoc 1a 37,89%, tir 2 dén 5 loai khang sinh 12 22,98% va tir 6
dén 11 loai khang sinh 13 8,70%, chii yéu déi véi cac khang sinh nhém -lactams, Tetracyclin, Chloramphenicol,
Streptomycin, va Sulfamethoxazol/Trimethoprim. Dac biét, co6 83,72% ching Salmonella mang gen khang khang
sinh, chi yeu c¢6 nguon goc phan lap tir thit lon. O cac ching Salmonella dé khang khang sinh, cac gen sull, cmiA,
tetA, sul2 va cmIB dwgc phat hién véi ty 18 1an lwet 1a 27,90, 23,26, 21,74, 9,30 va 5,59%. Ngoai ra, c¢6 58,14% cac
ching Salmonella dwgc phat hi¢n mang gen ma héa ESBL thuc nhém TEM va 9,30% chiing mang gen thudc nhém
CTX. Dir li¢u nay chi ra rang, sin pham thit twoi song 12 ngudn chira Salmonella da khang rit cao. Két qua ciia
nghién ciru nay cung cip thém bing chirng truc tiép vé tinh trang nhiém Salmonella trong thuwe phim va sy luu
hanh cac ching khang khang sinh & TP Ho Chi Minh. Do vay, can thiét 1ap cac chuong trinh gidm sat, kiém soat

Salmonella va tinh hinh sir dung khang sinh & Viét Nam dé bao vé sirc khoé ngudi tiéu ding.

Tir khéa: khang khang sinh, khang sinh, Salmonella, thit twoi song.

Chi s6 phén loai: 2.10

Dat van dé

An toan thye pham 13 mot trong nhitng vén d& ma tir lau chung
ta ddc biét quan tam, coi ddy 13 yéu t6 c6 y nghia 16n vé kinh té - xa
hoi, sirc khoe cong ddng, anh huong tryc tiép dén muc tidu phat trién
bén vimg cta quoc gia. Dic biét I tinh trang nhiém khuan khing
khang sinh trong céc san phim thit tuoi séng, trong d6 c6 vi khudn
Salmonella spp. Nguyén nhan cta hién trang nay la do viéc st dung
khang sinh trong chan nudi va diéu tri bénh chua duoc kiém soat hiéu
qua. Salmonella 13 mdt trong nhiing tic nhan gdy ngd doc thue pham
ph bién nht trén thé gioi, voi hang tridu ca nhiém hang nam, trong
d6 6 hang tram nghin nguoi da chét. Salmonella c6 mit & khip moi
noi, phan bd rit khac nhau tily theo vi tri dia 1y va déu c6 kha ning
gy bénh cho ngudi va vat nuoi [1]. Nguén lay nhiém Salmonella chu
yéu thong qua thuc pham va nguon nude bi 6 nhiém. Thit gia cam,
trimg, thit bo, thit lon 14 nhimg nguon lay nhiém phd bién ciia loai vi
khuén nay [2]. Hién nay, Salmonella di va dang trg nén khang v6i
nhiéu loai khang sinh, bao gdm ca nhitng loai khang sinh quan trong
dugc st dung trén lam sang nhu ceftriaxone va ciprofloxacin [3, 4].
Viéc sir dung khang sinh khong dung céch va lam dung v6i nhiéu myc
dich nhu kich thich su ting truong, phong va diéu tri bénh trong chin
nudi dan dén vi khuan Salmonella da phét trién nhiéu co ché dé khang
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khéc nhau, 1am xuat hién va lan truyén rong rii cac chung vi khudn
khang da khang sinh [3, 4]. Dé kiém soét thuc trang nay, cic co quan
chire nang, quan 1y nha nudc da va dang thyc hién nhidu giai phap
khéc nhau, nhiéu van ban quy pham phap luat di dugc ban hanh, cip
nhit dé quan 1y viéc sir dung khang sinh trong chan nuoi tot hon. Céc
chuong trinh theo ddi gidm sat mirc do dé khang khang sinh cua vi
khuén trong thuc pham ciing duoc thyc hién thuong xuyén.

Nghién ciru ndy dat vén dé danh gia: (i) mic do vy nhidm va (i)
thuc trang dé khang khang sinh cua vi khuan Salmonella spp. phan
1ap tir san phdm thit twoi song tai cac cho truyén thong trén dia ban TP
Ho Chi Minh. Két qua nghién ctru s& gop phan hoan thién cc din lidu
khoa hoc vé tinh hinh vay nhiém va dic diém khéng khang sinh cua
Salmonella spp. phan 1ap tur san pham thit twoi song, bd sung bing
chimg khoa hoc cho cac quyét dinh cap nha nude vé quan ly va nang
cao y thuc str dung khang sinh c6 hiéu qua tai Viét Nam noi chung va
TP Hd Chi Minh ni riéng.

Poi tuong va phuong phap nghién ciu
Dii twgng

Cac chung Salmonella spp. phan 13p tir thit tuoi sbng tai cac cho
truyén thong trén dia ban TP H6 Chi Minh.
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Abstract:

The study’s results on a total of 380 fresh samples of
raw meat (pork, beef, chicken) randomly collected at
conventional markets of districts in Ho Chi Minh city
showed that the prevalence of Salmonella spp. is 42.37%.
The prevalence of Salmonella in pork, chicken, and beef
were 50.00%, 49.62%, and 26.83%, respectively. The
proportion of Salmonella strains that resisted at least
1 antibiotic was 37.89%, from 2 to 5 antibiotics was
22.98%, and from 6 to 11 antibiotics occupied 8.70%,
mainly for B-lactams, Tetracyclin, Chloramphenicol,
Streptomycin, and Sulfamethoxazole/Trimethoprim
antibiotics. In particular, up to 83.72% of the Salmonella
strains carry antibiotic resistance genes (mainly isolated
from pork). In antibiotic-resistant Salmonella strains, the
sull, cmlA, tetA, sul2, cmIB genes were detected with the
rates 0f 27.90, 23.26, 21.74, 9.30, and 5.59%, respectively.
Salmonella strains carrying genes encoding ESBL in the
TEM group were 58.14% and 9.30% in the CTX group.
This data provided more direct evidence of Salmonella
contamination in food and the prevalence of antibiotic-
resistant strains in Ho Chi Minh city. Therefore, there
is an urgent need to establish programs to monitor and
control Salmonella and the use of antibiotics in Vietnam
to protect the health of consumers.

Keywords: antibiotic, multi-drug resistance, retail meat,
Salmonella.

Classification number: 2.10

Phuwong phdp

CG mdu nghién ciru: nghién ciru st dung cong thire tinh ¢& mau
sau:
_zZ ()
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Trong d6: z 1 gié tri phan phdi twong (g voi do tin cdy 95%, z=1,96;
p 12ty & % wc tinh ciia thye pham khong dat chi tiéu vi sinh ctia mot
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nghién ciru trude d6, p=0,4 (voi ty 18 thye pham khong dat chi tiéu vi
sinh 14 43,75%) [5]; e 1a mirc chinh xc mong muon, e=0, 05; q la ude
tinh ty 18 % ciia tong thé, g=1-p. Theo cong thitc trén, ¢& miu cin cho
nghién ciru phai 16n hon hodc bang 376 mau.

Phwong phdp ldy va bao quan mau: téng S(S 380 mau thit (lon:
126, bo: 123, ga: 131) tuoi séng di duoc ldy ngau nhién tai cac chg
truyén thong thudc cic quan trén dia ban TP Ho Chi Minh vao khoang
thoi gian 8-9 gior sang trong sudt 12 thang (9/2019-9/2020). Lugng
méu duoc lay phuc vu nghién ctru khoang 150-1.500 g/méu [6]. Mau
dugc chuyén dén phong thi nghiém khong qua 12 gior sau khi lay va
dugc tién hanh phan tich ngay.

Phdn ldp va xdac dinh Salmonella spp.: phuwong phap phan lap
Salmonella spp. dugc thyc hién theo tiéu chuén 1SO 6579-1:2017
[7], bao g6m cac bude: (i) chuin bi mau thir va tang sinh so bo: déng
nhat khoang 25 g mau thir voi 225 ml Buffer Pepton Water-BPW
(Merck/1.07228) it 6 37°C trong 18+2 gio; (i) tang sinh chon loc: cdy
dich tang sinh sang canh thang Rappaport Vassiliadis medium with
soya-RV (Merck/1.07700) ¢ 41,5°C trong 2443 gid va canh thang
Kauffmann tetrathionate novobiocin-MKTTn (Merck/1.05878) u &
37°C trong 24+3 gio; (iii) phan lap: cy dich ting sinh chon loc 1én
moi trudng thach chon loc Xylose Lysine Deoxychonate agar-XLD
(Merck/1.05287) va Mannitol Lysine Crystal Violet Brilliant Green
agar-MLCB (Ox0id/CM0783) i ¢ 37°C trong 243 gio; (iv) khang
dinh: céc khuan lac nghi ngd Salmonella spp. dugc khing dinh bang
k¥ thuat PCR véi cap moi invA.

Danh gid kha ning khéng khéng sinh ciia Salmonella spp.: mdi
ching Salmonella spp. duoc ldy 3-5 khuén lac thuan khiét tir thach
Nutrient Agar (Merck/1.05450) dé thyc hién danh gia kha ning nhay
cam khang sinh bang phuong phép Kirby-Bauer trén Muller Hinton
Agar (Ox0id/CM0337). Dya vao duong kinh viing trc ché theo hudéng
dan [8] dé phién giai két qua mirc do nhay cam khang sinh (R/I/S)
cua Salmonella.

Céc khang sinh su dung trong nghién ctu nay duoc lya chon
theo [9]. Cac dia khang sinh v6 khuan (Oxoid, Anh) c6 dwong kinh 6
mm dugc tim dung dich khang sinh v6i nong do twong tmg nhu sau:
ampicillin (AM, 10 pg/ml), amoxicillin/acid clavulanic (AMC, 30 pg/
ml), ceftazidime (CAZ, 30 pg/ml), chloramphenicol (C, 30 pg/ml),
ciprofloxacin (CIP, 5 pg/ml), ofloxacin (OFX, 5 pg/ml), gentamicin
(CN, 10 pg/ml), streptomycin (STR, 10 pg/ml), nalidixic acid
(NA, 30 pg/ml), tetracycline (TE, 30 pg/ml) va sulfamethoxazole/
trimethoprim (SXT, 30 pg/ml).

Ly trich ADN: ding que cay tron liy mot vong khuan lac trén
thach Nutrient Agar (Merck/1.05450) cho vao Eppendorf chira san 1
ml nude cat vo triung. Quy trinh ly trich DNA duoc thuc hién theo b
kit AccuRive pDNA Prep Kit (KT Biotech).

Khdng dinh Salmonella spp. bang ky thudt PCR: gen invA (inva-
sion) dugc khuéch dai dua trén trinh tu cac cap mdi dic hiéu tuong ung
dugc trinh bay o' bang 1. Thanh phan hdn hgp phan img PCR thyc hién
theo TCVN 8342:2010 [10], chuong trinh khuéch dai trén may Mas-
tercycler (Eppendorf) nhu sau: 95°C/5 phit (1 chu ky); 95°C/60 gidy;
54°C/45 giay va 72°C/60 giay (35 chu ky); 72°C/10 phut (1 chu ky).



Béng 1. Trinh tu primer sir dung cho phan ung PCR.
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Bang 2. Ty 1é mAu thit twoi song nhiém Salmonella.

Gen muyc tiéu Primer  Trinh ty 5™-3’ Kich thuée (bp) ~ Tham khao
IvAl  TTGTTACGGCTATTTTGACCA
InvA 520 [10]
ImA2  CTGACTGCTACCTTGGCTGATG
ey CCTCOCCOCATACACTATICTC )
a
TTTATCCGCCTCCATCCAGTC
i CCAGCAGGATCTGGTGGACTAC
Gen khing blaSHY 3l (1]
-lactam CCGGGAAGCGCCTCAT
wacrx CCCATOGTTAAAAMACACTGC
T CAGCGCTTTTGCCGTCTAAG
CGCCACGGTGTTGTTGTTAT
cmlA 394
Gen khing GCGACCTGCGTAAATGTCAC 1]
Chloramphenicol B ACTCGGCATGGACATGTACT 840
M ACGGACTGCGGAATCCATAG
i OGCCTCAATTTCCTGACG n
el
Gen khing AAGCAGGATGTAGCCTGTGC 1
Tetracycline . GAGACGCAATCGAATTCGG -
. TTTAGTGGCTATTCTTCCTGCC
" TCACCGAGGACTCCTICTTC
Sui
Gen khéng CAGTCCGCCTCAGCAATATC -
Sulfamethoxazole . CCTGTTTCGTCCGACACAGA 45
o GAAGCGCAGCCGCAATTCAT

Phat hién gen khdng khdng sinh bang kyf thudt multiplex PCR:
cac gen blaTEM, blaSHV, blaCTX ma hoa khang khang sinh
nhom B-lactam; gen c¢mlA, cm/B ma hoa khang choloramphenicol;
gen fetA, tetB ma hoa khang tetracycline va gen su/l, sul2 ma hoa
khang sulfamethoxazole dugc xac dinh dua trén viéc st dung cac
cp mdi dic hiéu twong mg cho timg gen khang khang sinh (bang 1).

Thanh phin phan ¢ng m-PCR gbm 2 UI AmpliTaq Gold; 0,2 mM
dNTP; 1,5 mM MgCl,; buffer 1X; 0,5 pl moi doan moi (ndng do
0,625 uM); 5 pl DNA khuon miu va nudc cit khir ion vira du thé
tich 25 pl.

Chuong trinh khuéch dai trén may Mastercycler (Eppendorf) nhu
sau:

- D4i voi céc gen khang p-lactam: 95°C/02 phit; 95°C/30 gidy; 25
chu ky (60°C/90 gidy va 72°C/90 giay); 68°C/10 phut.

- Bdi véi cac gen khang chloramphenicol: 95°C/10 phat; 30 chu
ky (95°C/30 giay, 55°C/01 phut, 72°C/01 phut); 72°C/07 phut.

- Dbi véi cac gen khang tetracycline: 94°C/01 phut; 30 chu ky
(94°C/01 phut, 55°C/01 phut, 72°C/02 phit); 72°C/10 phut.

- P6i voi cac gen khang sulfamethoxazole: 95°C/10 phit; 30 chu
ky (95°C/30 giay, 55°C/01 phuat, 72°C/01 phut); 72°C/7 phut.

Dién di va doc két qua: san pham PCR duoc dién di trén gel
agarose 1,5% co chira 1 pg/ml ethidium bromide trong TBE. Thang
ladder (GenetBio/Han quéc) cling duoc dién di dong thoi. Thoi gian
dién di la 35-40 phut 6 100 V va 100 mA. Chup hinh gel bang may
Ingenius/Anh.

Két qua
Phan lgp va xdc dinh cdc chiing Salmonella spp.

Salmonella spp. trong cic miu thit tuoi séng tai cac cho duge
phan 1ap theo ISO 6579-1:2017 va khang dinh bang ky thuat PCR .
Két qua dugc thé hién ¢ bang 2.
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. . Dwong tinh Am tinh
Mau Tong so mau P ; e -
S0 mau Ty Ié (%) S0 mau Ty Ié (%)
Thit lgn 126 63 50,00 63 50,00
Thit bo 123 33 26,83 90 73,17
Thit g 131 65 49,62 66 50,38
Téng so 380 161 937 219 57,63

Bing 2 cho thay, trong s6 380 miu dugc thu thap, phat hién 161
méu nhidm Salmonella spp., chiém ty 18 42,37% (161/380). Mau thit
lon va thit ga c6 mitc do nhiém Salmonella twong duong nhau véi ty
18 1an Tuot 13 50,00% (63/126) va 49,62% (65/131), méu thit bo ¢ ty
1¢ nhiém thap nhat voi 26,83% (33/123).

Ty Ié nhay cam khang sinh ciia cdc chiing Salmonella spp.

Mirc d6 d& khang cua 161 ching Salmonella spp. phan lap dugc
voi 11 loai khang sinh thir nghi€ém dugc trinh bay trong bang 3. Tir do
cho thdy ty 1& dé khang vdi it nhét 1 loai khéng sinh ciia Salmonella
spp. chiém 37,89% (61/161), khang tir 2 dén 5 loai khéng sinh 22,98%
(37/161) va tir 6 dén 11 loai khang sinh 8,70% (14/161).

Béng 3. Mirc d§ khang khang sinh cia Salmonella spp.

T§ 18 (%) (n=161)

$6 lwgng khang sinh et : -

Dé khang Trung gian Nhay cim
[t nhét 01 khang sinh 37,89% (61) 29,19% (47) 57,14% (92)
Ttr 02-05 khang sinh 22,98% (37) 5,59% (09) 11,80% (19)
Tur 06-11 khang sinh 8,70% (14) 0% (00) 34,78% (56)

Két qua khao sat tinh hinh khang khang sinh ctia cac chung
Salmonella phan lap tir cic nhém mau khac nhau (bang 4) cho thay
ty 1¢ khang TE 1a cao nhét v6i 31,68%, thap nhét 1a AMC véi 1,86%,
ty 1¢ khang d6i voi cac khang sinh con lai 1an lugt 1a AM (22,98%),
C (22,36%), SXT, STR (21,74%), NA (10,56%), GN (6,21%), CIP
(4,97%), OFX (3,73%) va CAZ (3,11%).

Béng 4. Mirc d§ khang tirng loai khang sinh cia Salmonella spp.

Thitlgn (n=63)  Thit bo (n=33) Thit ga (n=65) Chung (n=161)

Khang . 7 c
sinh S(? ching Sé ching S(? ching Sé ching

de khang de khang de khang de khang
AMC 02 3,17 00 00 01 1,54 03 1,86
AM 14 222 04 1212 19 2923 37 22,98
CAZ (2 3,17 00 00 03 462 05 3,11
C 12 19,05 02 6,00 22 33,85 36 22,36
NA 05 794 01 303 11 1692 17 10,56
CIP 04 6,35 01 303 03 462 08 497
OFX 02 317 01 303 03 462 06 3,73
GN 03 476 01 3,03 06 923 10 6,21
STR 09 1429 06 18,18 20 30,77 35 21,74
TE 21 3330 07 21,21 23 3538 51 31,68
SXT 12 19,05 03 9,09 20 30,77 35 21,74

Chu thich: AMC (Amoxicillin/Clavunic acid), AM (Ampicillin), CAZ (Ceftazidime),
C (Chloramphenicol), NA (Nalidixic acid), CIP (Ciprofloxacin), OFX (Ofloxacin),
GN (Gentamycin), STR (Streptomycin), TE (Tetracycline), SXT (Sulfamethoxazol/
Trimethoprim).
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Xét vé nguon goc phan 1ap thi cac ching Salmonella phan lap
tir thit ga c6 ty 18 khang v6i timg loai khang sinh cao hon cac nguon
khéc. Ddi véi TE thi cac chung Salmonella phan lap tir thit ga c6 ty
1¢ khang 1a 35,38%, cao hon tur thit lon (33,30%). Tuong ng, cac
chung khac tir thit ga so voi thit lon nhu sau: SXT co ty 1€ 30,77%
so vai 19,05%, STR 30,77% so véi 14,29%, C co ty 1€ 33,85% so
voi 19,05%, AM ¢o ty 1§ 29,23% so voi 22,22%. Salmonella spp.
phan lap tur thit bo nhay cam hoan toan véi AMC va CAZ va co ty
1& dé khang thap nhét so vdi cac chung phan 1ap tir thit ga va thit lon
(bang 4).

Két qud phat hién gen dé khdng ciia cdc chiing Salmonella spp.
da khang

Trong s6 43 ching Salmonella spp. c6 kiéu hinh da khang phan
lap duoc phat hién, c6 36/43 ching mang gen dé khang (bang 5). Ty
1& phat hién céc gen dé khang sull (27,90%), cmIA (23,26%), tetA
(21,74%), sul2 (9,30%), cmiB (5,59%). Dbi chiéu voi két qua cua
nhom tac gia Hoang Hoai Phuong va cong su (2008) khi phat hi¢n
gen khang khang sinh cua 11 ching Salmonella spp. phan 1ap tlr thuc
pham ¢6 su khac biét véi két qua nghién ctru ciia chung t0i, theo do
blaTEM (90,9%), sul2 (72,7%), tetA, tetB va sull cung 1a 63,6%,
clmA (45,5%) [11].

Bang 5. Ty 1€ cac Salmonella spp. mang gene khang khang sinh.

Thit lgn Thit ga Thit bo Téng
(n=14) (n=25) (n=04) (n=43)
86 chiing, 86 chiing, 86 chiing, 86 chiing,
n(%) n(%) n(%) n(%)
bla/cml/tet/sul 13(92,86) 21 (84,00) 02 (50,00) 36 (83,72)
blaTEM 11(78,57) 12 (48,00) 02 (50,00) 25(58,14)
blaSHV 0(0) 0(0) 0(0) 0(0)
blaCTX 01(7,14) 03 (12,00) 0(0) 04 (9,30)
cmlA 05 (35,71) 04 (16,00) 01 (25,00) 10(23,26)
cmiB 05 (35,71) 04 (16,00) 0(0) 09 (5,59)
tetA 13(92,86) 20 (80,00) 02 (50,00) 35(21,74)
tetB 0(0) 0(0) 0(0) 0(0)
sull 01(7,14) 08 (32,00) 0(0) 12 (27,90)
sul2 01(7,14) 02 (8,00) 01 (25,00) 04 (9,30)
blaTEM/CTX 01(7,14) 01 (4,00) 0(0) 02 (4,65)
blaTEM-cmIA 05 (35,71) 04 (16,00) 01 (25,00) 10(23,26)
blaTEM-cmiB 05 (35,71) 03 (12,00) 0(0) 08 (18,60)
blaTEM-cmlA-emB 05 (35,71) 03 (12,00) 0(0) 08 (18,60)
blaTEM-tetA 11(78,57) 12 (48,00 02 (50,00) 25(58,14)
blaCTX-tetA 01(7,14) 03 (12,00) 0(0) 04 (9,30)
blaTEM/CTX-tetA 01 (7,14) 01 (4,00) 0(0) 01(2,33)
blaTEM-sull 01(7,14) 0 (00) 0(00) 01(2,33)
blaTEM-sul2 01(7,14) 02 (8,00 0(00) 03 (6,98)
blaCTX-sull 0(00) 02 (8,00 0(00) 02 (4,65)

Xét theo ngudn gbe phan lap thi cic Salmonella ngudn goc tir
thit lgn co6 ty 1¢ phat hién gen aé khang (13/14, 92,86%) cao hon
cac ching c6 ngudn goc tir thit ga (21/25, 84,00%) va thit bo (2/4,
50,00%). Céc gen ma hoa khang TE duoc phat hién cao nhét trong s6
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céc gen dé khang khac. Doi voi gen fetA, cac ching Salmonella phan
lap tir thit lon c6 ty 1€ phat hién 13/14 (92,86%) cao hon tir nguén thit
g3 20/25 (80,00%) va thit bo 2/4 (50,00%). O tat ca cdc ngudn phan
18p, chiing t61 khong phat hién gen terB. Trong nghién ctu nay, ty 1¢
xuat hién gen cmlA 05/14 (35,71%) vi cmiB 04/25 (16,00%) ma hoa
khang C ¢ céc chung Salmonella phan 1ap tir thit lon va thit ga tuong
duong nhau, xét kiéu hinh dé khang hoan toan phu hop, chimg to
chiing c6 vai trd trong viée dé khang véi C & cac mu thit twoi song.
Ty 1¢ phét hién gen sull, sul2 ma hoa khang khang sinh SXT thap hon
s0 vi cac gen dé khang khac trong nghién ciru nay. Gen sul2 phat
hién & tAt ca cac chung Salmonella voi ty 1¢ 9,30% (4/43), nguoc lai
gen sull chi phat hién ¢ cac chung Salmonella ¢ ngudn goc phan 1ap
tUr thit ga 32,00% (8/25) va thit lon 7,14% (1/14) (bang 5).

Diic diém kiéu gen md héa ESBL ciia cic chiing Salmonella
spp-

Két qua 6 bang 6 cho thiy, c6 25/43 (58,14%) ching Salmonella
mang gen ma hoa ESBL thugc nhom TEM va 4/43 (9,30%) ching
mang gen thugc nhom CTX. Khong phat hién truong hop nao mang
cac gen thude nhom SHV. Kiéu gen TEM phét hién & Salmonella
sinh ESBL phan 13p tur thit lgn cao hon thit bo va thit ga lan luot 1a
(11/14, 78,57%), (2/4, 50,00%), (12/25, 48,00%). Trong khi d6, kiéu
gen CTX chi phat hién 6 Salmonella sinh ESBL phan 1ap tur thit ga
(3/25, 12,00%), thit lon (1/14, 7,14%).

Bang 6. Phan bd kiéu gen mi hoa ESBL & cac chiing Salmonella spp.

Kiéu gen ma héa ESBL, n (%)

bIATEM, n (%) blaCTX, n (%) blaSHY, n (%)
Thitlon (n=14) 11 (78,57) 01 (7,14) 0(0)
Thitga (1=25) 12 (48,00) 03 (12,00) 0(0)
Thitbo (n=04) 02 (50,00) 0(0) 0(0)
Téng (n=43) 25(58,14) 04 (9,30) 0(0)

Déi chiéu vai kiéu hinh khing CAZ (bang 4) cta cac chung
Salmonella thi c6 4/5 chung c6 phat hién gen blaCTX voi ty 1€
80,00%. CAZ 1a khang sinh thudc nhém cephalosporin thé hé thit
3. Céc p-lactamase thuy phan nhom khang sinh nay phan 16n thudc
nhém CTX, ma hoa boi gene hlaCTX, dicu nay hoan toan phi hop
v6i két qua nghién ctru cta chiing toi.

Két qua phan lap va xac dinh Salmonella spp. ctia ching toi ¢6
phan khéc biét so voi mot vai nghién ciru khac. Theo do, P6 Ngoc
Thuy va cong su (2006) cong bd ring trong thit twoi tai cac cho trén
dia ban Ha Noi, ty 16 nhiém Salmonella spp. 1a 30%, trong d6 thit ga
chiém 47,1%, thit Ion 27,3% va thit bo 19% [12]. Nhom tac gia thuc
Vién Pasteur TP H6 Chi Minh dé 14y ngdu nhién 1.150 miu thuc
phém thit lon, ga, bo tuoi séng tai cac cho trén dia ban thanh phé. Két
qua, ty 16 thit dong vat tuoi song bay ban tai cic cho nhidm khuan
Salmonella spp. chiém t6i 32,26% (Tran Thi Thiry Giang va cong su,
2014 [13]. Tai TP HO Chi Minh, két qua khdo sat cia ching toi co
phan cao hon so véi béo cao ciia L& Vian Du va cong su (2017) cho
biét, Salmonella dugc phat hién trong mau thit lon (43,75%) va mau
thit ga (37,24%) [5].



Phan tich ty 1¢ luu hanh cac chung Salmonella spp. khang khang
sinh, két qua cho thdy c6 43/161 (26,71%) ching Salmonella spp.
phén 1ap ¢6 kiéu hinh da khang khang sinh. Trong d6 ty 18 vi khuan
Salmonella spp. da khang phan 1ap & thit ga 25/65 (38,46%) cao hon
s0 v6i thit lon 14/63 (22,22%) va thit bo 4/33 (12,12%). Diéu nay, co
su khac biét voi két qua cta Tran Thi Thiy Nga va cong su (2019)
cho thdy co 153/334 (45,8%) ching Salmonella phan 1ap dugc tir san
phém thit tuoi séng tai khu vuc mién Trung c6 kiéu hinh da khang
khang sinh. Trong d6 ty 1¢ vi khuan Salmonella da khang phan 1ap &
thit ga (63,2%) cao hon so vdi thit lon (47,5%) va thit bo (34,6%) [14].

Muc d§ khang tiung loai khang sinh cua Salmonella spp. cling
¢ su khac biét dang ké so voi nghién clru cta Truong Ha Théi va
cong su (2017) trén 241 ching Salmonella phan 1ap tir ddi tuong thit
lon va thit gia cam tai cac tinh mién Béc. Theo d6, nhom tac gia nay
phat hién Salmonella khang véi SXT (34,0%), TET (58,5%), AMP
(39,8%) va STR (47,3%) [15]. Tai khu vuc phia Nam, nhom tac gid
Hoang Hoai Phuong va cong su (2008) ciling phat hi¢n cac ching
Salmonella spp. phan 1ap tir thuc pham tai TP Ho Chi Minh dé khang
voi SXT (37,5%), AMP (37,5%), CIP (12,5%) va GEN (5%) [11]. Tai
khu vue mién Trung, Tran Thi Thity Nga va cong sy (2019) khao sat
tinh hinh khang khang sinh cua cac chung vi khudn Salmonella spp.
phén 1ap tir cac san pham thit twoi séng tai khu vic mién Trung véi
ty 1¢ SXT (50,6%), TET (45,8%), AMP (41,6%) va STR (24%) [14].

Bic diém cta cac chung Salmonella c6 kha ning sinh ESBL mang
ddng thoi clng lic 2 gen HlaTEM/CTX 1a rét thap 2/43 (4,65%), chu
yéu céc ching c6 ngudn gbe phan 1ap tir thit lon va thit ga. Tuy nhién,
cc chung Salmonella c6 kha nang sinh ESBL mang gen khang TE
chiém ty 1& 25/43 (58,14%) cao hon céc gen dé khang khéc, phan 16n
cac ching ¢6 ngudn phan 1ap tir thit lon 11/14 (78,57%). Ké dén 1a
cac ching sinh ESBL mang gen khang C 10/43 (23,26%), cac ching
co nguf”)n phan 1ap tur thit lon co ty 1¢ 35,71% (5/14) cao hon thit bo
1/4 (25,00%) va thit ga 4/25 (16,00%). Sau cung, cac chung sinh
ESBL mang gen khang SXT la thip nhat voi ty 18 6,98% (3/43).

Mirc d vay nhiém Salmonella spp. tir thit twoi song 1a 42,37%.
Kha nang khang khang sinh cua Salmonella véi 1 loai khang sinh
(37,89%), tir 2 dén 5 loai khang sinh (22,98%) va tir 6 dén 11 loai
khang sinh (8,70%). Ty 1& Salmonella da khang la 26,71%. Khang
sinh ¢ ty 1¢ khang cao nhét la TE v6i 31,68% va thip nhat 1a AMC
voi 1,86%. Phat hién 83,72% chung mang gen khang khang sinh va
58,14% chung mang gen ma héa ESBL thugc nhom TEM va 4/43
(9,30%) chung mang gen thugc nhom CTX. Khong phat hign cac gen
thudc nhom SHV.

Tir két qua nghién ctru nay co thé thy rang, vi khuan Salmonella
co nguén géc phan 1ap tur thit tuoi séng ban I¢ tai cac cho truyén
thong trén dia ban TP HO Chi Minh c6 ty 1¢ da khang, mang gen
khang khang sinh ¢ muc kha cao, ddc biét la cac chung sinh ESBL
mang gen ma hoa dé khang. Déy 1a co s6 khoa hoc phuc vu cho cong
tic gi4m sat vi khuan khang thudc lan truyén thong qua chudi thye
pham Két qua cua nghlen ciru nay cung cp thém bang chimg truc
tiép vé tinh trang nhidm Salmonella trong thyc phém va sy lru hanh
céc chiing khang khang sinh & TP HO Chi Minh.
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Khoa hoc Ky thuat va Céng nghé

Nghién ciru nay dugc hd trg vé kinh phi tir nhi¢m vu khoa hoc
cong ngh¢ thudc Hop d(}ng 0 70/2019/HD-QPTKHCN cua S¢ Khoa
hoc va Cong ngh¢ TP H6 Chi Minh. Céc tac gia xin tran trong cam on.
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Tom tit:

Xiic xich nhii twong (emulsion sausages) 1a mdt trong cic nhém san pham thit rat pho bién trén thé giéi béi hwong
vi thom ngon, gia tri dinh dudng va dic biét b6i cau triic gion, dan hoi rat hap din. O Viét Nam, dong sin pham
xuc xich nhi twong hién dang chiém pho bién thi phan ctia nhém sian pham thit va dwgc cac cong ty 16m san xuat

chi dao nhu Dire Viét, CP, Dabaco, Mavin...

Chét lrgng ciia xiic xich nhii twong dwge quyét dinh béi rat nhiéu yéu

t0, va nghién ciru nay dwgc thwe hién nham xac dinh anh hwéng cia viéc bo sung whey protein den chat lwgng cia
xuc xich nhii twong nham cai thién cau tric, mau sac, d§ bén virng, dong thoi dwa ra cac thong so6 cong nghé (ché

do gia nhiét, bao quan) phu hop.

Tir khéa: @9 bén gel, hé nhii twong thit, whey protein, xic xich nhii twong.
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Abstract:

Emulsion sausages are one of the most popular meat
product groups in the world because of their delicious
taste, nutritional value, and firm and elastic texture, which
is very favourable. In Vietnam, the emulsion sausage
product line currently occupies the most popular market
share in the meat product group and is mainly produced
by big companies such as Duc Viet, CP, Dabaco, Mavin,
etc. The quality of this product is determined by many
factors. Therefore, this study investigated the effect of
whey protein supplementation on the quality of sausage
emulsion to improve the structure, color, and stability,
and provided suitable technology parameters (heating
mode and store condition).

Keywords: emulsion sausage, gel strength, meat emulsion,
whey protein.
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Trén thé gidi, xtc xich nhii tuong la mot trong cic nhém san
pham thit rit phd bién va phong phi véi cac tén ndi tiéng nhu
Frankfurter, Bologna Mortadella... Trong nudc, dong san pham
nay dugc du nhdp tir nude ngoai véi cac thuong hidu ban dau nhu
xtc xich Dirc Viét, Ha Long, Vissan... va gan ddy xuat hién rat
nhiéu thwong hiéu méi (nhu xtc xich CP, Dabaco, Mavin...) khéc
nhau b01 thanh phan nguyén li€u, gia vi, phu gia hay cong nghe
san xuat Chat lrong nhom san pham nay duoc quyét dinh boi rat
nhiéu yéu td, trong do thanh phan nguyén li¢u thit/md, cac gia vi,
phu gia, cong ngh¢ khi xay, cat, gia nhiét anh huong nhidu nhét
dén chat luong va huong vi cta san phim [1, 2].

Whey protein duoc biét dén chinh 1a dich whey thu hdi tir cong
nghé san xuét phomat, sau d6 dugc xir 1y ¢6 dic, sy phun... chira
nhiéu prtein hoa tan ciia sita. Whey protein khong chi ¢6 gid tri
dinh dudng cao ma con c6 kha nang tao cau tric tt cho cac san
pham thyc pham, dic biét tang cuong ciu tric gel cho xuc xich
nhii trong va da duge mot s nghién ctru trén thé gii dé cap dén
[3-5]. O cac nghién ctru ndy, whey protein v6i ham lugng protein
30-80% dugc mg dung cho mot s san pham thit (nhu xtc xich
nhil tuong tu 1 dén 5%...) déu gitp cai thién kha nang gitr nudc,
tang cau tric gel va do dan hdi cho san phim. Hon nira, cac nghién
ctru cling cho thay whey protein con ¢6 tic dung lam giam lugng vi
sinh vt tong sd, coliform va nim men khi bao quan xuc xich nhii
tuong trong 25 ngay ¢ 0-4°.

O Viét Nam, céc nghién ciru vé (mg dung ctia whey protein
trong san xudt thyc phdm gan nhu chua dugc dé cap. Nghién ctru
nay mong mudn tim duogc loai va lugng whey protein phii hop
nhdm cai thién chét luong clia xuc xich nhil twong, déc bigt vé chu
tric, mau sic, do bén ving khi bao quan. Bén canh d6, cac qua



trinh cong nghé nhL( gia nhiét, bao quan ciing duoc danh gia dé phu
hop véi loai san pham nay.

Vat liéu va phuong phap nghién ciiu
Nguyén li¢u

Nguyén li¢u thit lon va m& lon duge thu mua tai cac co s¢ kinh
doanh thit, dam bao TCVN. Vo bao Collagen Edicas (Tay Ban
Nha) duong kinh 26 mm. Cac gia vi, phy gia: muoi an, duong,
mi chinh (Vi¢t Nam), Sodium pyrophosphate - TSPP va Sodium
tripolyphosphate - STPP (loai Food Grade, Phap), whey protein
WPC 30 va 80% (xuat XI:I Ha Lan, c6 ham 1uqng am <5%, protein
30-80%, va cac thanh phan con lai 1a lactoza, chat bép, khqéng. ).
Dy 1a 2 loai whey protein c6 ham luong protein thap nhat (30%)
va cao nhat (80%) trong nhom WPC dugc lya chon cho nghién
cuu nay.

Phuwong phdp nghién ciru

Phuwong phap phan tich:

- Xéc dinh pH theo tiéu chuin TCVN 4834-1990.

- Panh gi4 cAu tric cua cac sin phim bang thiét bi do cdu tric
Texture Analyser TA.XT Plus.

- Po luc nén ép (d6 bén gel) bang dau do hinh cau Spherrical
stainless 5 mm (P/5S).

- Po lyc cit (Cutting force - d§ rén chic thé hién luc cén) bﬁng
dau do Warner Bratzler (HDP/BSW).

- Po do dan hoi (4o bién dang) bing dau do dang dia nén
P/100, st dung phuong phap phan tich bg cau trac TPA (Texture
Profile Analysis).

Do le nén (A), lwe cit (B) va dd dan hdi cita san phim (C).

- Po mau sic xtc xich: do mau sic clia san pham bang thiét bi
do mau Spectrophotomer colorlite SPH 860 qua céac gia tri L*, a*,
b*. Trong d6, L*: thang do 0-100 tmg vdi cudng do tir tdi dén sang
cua san phém; a*: sdc do clia mau tir xanh 14 cay dén do; b*: sic do
tir xanh duong dén vang.

- Phuong phép dinh lugng tong vi sinh vat hiéu khi trén moi
truong PCA (TCVN 4884-2:2015).

Phitong phdp bé tri thi nghiém:

- Quy trinh san xuét xtc xich nhii twong dwgc thyc hién nhu sau
[4]: nguyén li¢u (thit/md lanh dong) — rd dong (-5°C) — cit/cua
miéng, xay — bam nhuyen phdi tron (tao nhii twong) — nhdi, dinh
lugng — siy — hip — lam ngudi— déng gbi, hoan thién — bao
quén lanh (san phdm). Cac nguyén liéu phu, phu gia, whey protein
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va da vay dugce bo sung vao cong doan bdm nhuyen, phoi tron.

- Cong thirc phdi tron xtic xich nhii twong: thit lon sin vai
(60%), md lon (25%); phu gia, gia vi: NaCl, hon hop mudi
photphat, NaNO,, erythobat, bot ti€u, bot toi, tinh bot bién tinh,
whey protein loai 30 va 80%, da vay, vo bao collagen duong kinh
26 mm, khoi luong 50 g/chiéc. Mbi mé tién hanh san xuét 2 kg
xtic xich nhil twong dé bao quan va danh gia cac chi tiéu, cac thi
nghiém duoc 13p lai it nhat 3 14n, s6 liéu dugc xur Iy bang Excel.

- Nghién ciru lya chon loai va lrgng whey protein bo sung phu
hop cho chét lugng céu tric xic xich tot nhat. Tién hanh san xuét
6 mau xic xich nhii twong c6 thanh phan phdi tron va cong nghé
gidng nhau nhu trén, chi thay d6i ham lugng va loai whey protein
va lugng da vay (thay doi theo chat kho) va mau 7 1a kiém chimg
khong bo sung whey theo bang 1. Ham lugng whey protein duoc
khao sat trude d6 v6i ham luong tir 1 dén <3%, tuy nhién cho hiéu
qua khong cao, do vy ¢ bang nay tién hanh bo sung WPC véi ham
lwong 3-8%, twong g voi ham lwong dé vay 8-16% tang theo
lugng WPC bd sung do can lugng nude da tir da vay dé hoa tan
luong chat kho bo sung thém.

Bang 1. Ham hrgng whey protein va d4 vy sir dung cho 7 mu xiic xich.

MAu xtc xich 1 2 3 4 5 6 7
HL whey protein 30 (%) 3 8 - - - 0
HL whey protein 80 (%) - - - 3 5 8 0
HL da vay (%) 8 12 16 8 12 16 5

Ghi cht: HL: ham lugng.

- Nghién ctru lwa chon ché d6 gia nhiét phi hop cho xic xich
nhil tuong c6 bd sung whey protein. Tién hanh lam méau xtc xich
nhil twong co ty 1€ thit nac/md/da, gia vi phu gia, ty 1¢ whey protein
nhu nhau di xéc dinh dugc & budc trén, chi khac nhau vé ché do
gia nhiét nhu bang 2. Sdy ¢ nhiét d6 50-60°C 1a cong doan dau tién
khi gia nhiét, gitip 1am giam 4m va ting phan tmg lim bén mau do
hong mé co boi sy két hop cia NO véi sic to myoglobin ciia mo
co thit, giai doan ndy con gitip tao mdi lién két -S-S- lam ting ciu
tric gel cho protein thit.

Bing 2. Cac ché d gia nhiét xiic xich nhii twong nghién ciru.

Mau 1 MAu 2 MAu 3

(ché do 1) (chédpIm)  (ché dpIIM)
Thoi gian sdy & 50°C 45 phat 30 phut 15 phit
Thoi gian sdy & 60°C 15 phut 30 phut 45 phut

- Nghién ctru danh gia chit luong (cu tric, vi sinh vét) cia
xuc xich nhil twong c¢6 bo sung whey protein so voi mau kiém
chimg khong bo sung trong qua trinh bao quan ¢ nhiét do -3 dén
-5°C.

Két qua

Nghién civu liwa chon logi va lwong whey protein phit hop dé
bo sung vao xic xich nhii twong

Tién hanh 1am 7 mAu xdc xich nhi tuong co ty 1¢ thit nac/md
va gia vi phu gia, thanh phan nhu nhau theo quy trinh trén, chi
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khac nhau vé loai va lwong whey protein, lugng da vay (bang 1).
Sau khi gia nhiét sy & 50°C (30 phit), 60°C(30 phiit) va hip bang
hoi nuée ¢ 85°C trong 20 phut, cac mau xuc xich duge lam nguoi,
dong goi, bao quan ¢ 4°C va dem phén tich cdc chi tiéu céu trac Iyc
nen, lyc cit va cac chi sé mau sau 1, 5 va 10 ngay. Két qua danh
gi4 cdu tric nhu sau:

Lurc nén: két qua danh gia luc nén (46 bén gel) cia cc miu xtc
xich ¢ hinh 1 cho thay, sau 10 ngay, mau 1 giir dugc cuong do gel
(Iyc nén) & mitc cao nhét (408,02-387,39 g.cm); hai mau 2 va 7 c6
cuong do gel cao thir 2 va 3, lan luot 1a 378,41-325,69 va 348,36-
318,48 g.cm; mau 6 co cuong do gel thap nhét.

Luec cdt: cac mau xic xich sau khi bao quan duoc tién hanh do
Iyc cat tai cac thoi diém sau 1, 5 va 10 ngay dé danh gia sy rén chic
cta san pham theo thoi gian. Mau 1 ¢6 lyc cét do duoc 16n nhat
(2789,55-2530,67 g), sau d6 1a mau 2 (2452,7-2066,67 g), mau 6
¢ lyc cit thap nhat (1895,15-1329,23 g) (hinh 2).

Po mau xiic xich (L, a, b): cac mau xic xich sau khi bdo quan
duogc tién hanh do mau tai cac thoi diém sau 1, 5 va 10 ngay aé
danh gia sw thay doi mau sic ciia san pham theo thoi gian thong

Lwc nén Luc cét
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Hinh 2. Luc cit cia cic miu
xtic xich khi bé sung ham lwong
whey protein khac nhau.

Hinh 1. Lyc nén ciia cic miu xic
xich khi bé sung ham lwong whey
protein khac nhau.

qua chi s6 do mau L va a. Két qua thé hién ¢ hinh 3-5.

Ket qua do mau hinh 3 va 4 cho thay, chi sb L (d6 sang t6i) gitra
cic mau qua cac ngdy 1a khong cé nhiéu su khac biét. Vi chi s6
a (ing vdi cuong do mau do) thi lai ¢6 sy khac nhau kha ro gitra
cac mau, nhitng mau bo sung whey protein WPC 30% cho mau do
hong dam hon so voi nhitng mau khac, dic biét 1a mau 1 véi ty 1¢
whey protein 3% cho mau d6 hong dam nhit. Cudng do mau do
hf‘)ng dac trung mo co 12 mdt thudc tinh quan trong cla cac san
phém thit va dugc danh gia cao vé& mit cam quan.

Két qua trén cho thay, loai whey protein va ham lugng b sung
phu hop nhét cho san pham xuc xich nhii tuong 1a WPC 30% voi
ty 16 3%. Két qua nay ciing kha phit hop véi nghién ctru cia Badpa
Abdolgafour va cs (2014) [4] 1a khi st dung WPC véi ham lugng
3-4% cho kha ning gift nude va cdu tric gel cta xuc xich nhii
tuong cao nhit.

Nghién citu lwa chon mdt s6 yéu to cong nghé phit hop sin
xuat xiic xich nhii tuong co bo sung whey protein

Nghién citu lya chon ché dj gia nhiét phi hop: qué trinh gia
nhiét xuc xich nhii twong thuong duoc tién hanh theo 2 giai doan,
giai doan 1 1a qua trinh sdy & nhiét d 50-60°C voi thoi gian nhat
dinh giap lam se bé mat, tao diéu kién cho enzyme proteaza tao
miii vi thom ngon, mau sic d6 hong cho mé co thit. Dy ciing 1a
giai doan hdn hop prtein thit trai qua khoang nhiét d¢ rt quan
trong 14 40°C gitip tao cac mdi lién két disunfua -S-S- lam bén gel
cho c4u tric xuc xich. Do vy, tién hanh 1am 3 m3u xuc xich nhil
tuong bd sung 3% whey protein WPC 30% c6 khdi lugng 50 g/
chiéc voi ché d gia nhiét khac nhau nhu bang 2, két qua do nhiét
d0 tai tim san phém thé hién ¢ bang 3.

Bang 3. Ché d§ gia nhiét xiic xich va thoi gian duy tri tim san phim ¢ 40°C.
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Hinh 4. Chi s a ciia miu xuc
xich bd sung ham lwgng whey
protein khac nhau.

Hinh 3. Chi s6 L ciia mAu xiic xich
b6 sung ham lweng whey protein
khéc nhau.

Hinh 5. Anh chup lat ¢fit 7 miu xuc xich nhii twong cé6 bé sung ham
lwgng whey protein sau 10 ngay bao quan ¢ 4°C.
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Méu 1 Méu 2 Miu 3

(che doI) (chéddIl) (ché ddII)
Thoi gian sdy ¢ 50°C 45 phut 30 phut 15 phut
Thoi gian sdy & 60°C 15 phut 30 phut 45 phat
Thoi gian duy tri tam san pham 6 phit 9 phit 18 phit

& 40°C (38-45°C)

Két qua cho thdy, ché do say III & 50°C/15 phut va nang lén
60°C/45 phitt duy tri duoc nhiét do tim san pham & khoang 40°C
trong thoi gian lau hon (18 phit) so véi cic mau con lai, day la
nhiét do cén thiét dé qua trinh tao gel cua san phém dat hiéu qua
cao nht do hinh thanh méi lién két disunfua -S-S- nhiéu hon. Sau
d6 xuc xich s€ dugc gia nhiét hoan thién ¢ giai doan 2 la tién hanh
hép bang hoi nudc bao hoa khong ché ¢ 85°C dé tam san pham dat
70°C (nhiét d6 nay s€ lam chin xtic xich, tiéu diét vi sinh vat sinh
dudng, dam bao vé sinh an toan thyc phém). Sau d0, xuc xich dugc
1am ngudi va déng goi dua di bao quan & 4°C, dugc dénh gia cu
tric vé do bén gel thong qua lyc nén va do rin chic thong qua lyc
cit, két qua thé hién ¢ hinh 6 va 7.

Két qua cho thdy, mau 3 c6 lyc nén cao nhat (452,49-429,81
g.cm), tiép d6 1a mau 2 (407,99-373,08 g.cm) va thap nhét la mau
1(392,35-338,57 g.cm). Piéu nay kha phu hop véi Iy thuyét va cic
nghién cuu trude do khi thoi gian gia nhiét ¢ nhiét do 40°C cang
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Lwc nén

B M3u 2 B mau 1

Mau 3

mMau 1

Lwc cat

2657,75 2921,75

xich danh gia sau 40 ngdy bao quan ¢
0-4°C cho chat lugng kha tot, dac biét ve
cau triic dugc danh gia cam quan cao hon

Hmiu 2 méu 3

2871,7 2710,45

583,4

sau 1 ngay sau5ngay sau 10 ngay

2420,75

sau 1 ngay sau 5ngay sau 10 ngay

24486 2239,85

1993,45

hin miu xic xich khong bd sung WPC.

Nghién ciru danh gid chdt heong
cua xuc xich nhii twong trong qud trinh
bdo quan ¢ nhiét dj thap -5°C: thong
thuong dong xuc xich nhil twong trén
thi truong thuong dugc bdo quan ¢

Hinh 6. Lue nén cac miu xic xich nhii twong &3 Hinh 7. Lue cit cic mAu xic xich nhi twong
& 3 ché d gia nhiét khac nhau.

ché d¢ gia nhiét khac nhau.

dai thi mdi lién két -S-S- tao thanh cang nhiéu va cang lam ting
0 bén gel cho san pham. Twong ty két qua do lyc cat (hinh 7) cho
thdy, mau xic xich 3 ciing c6 lyc cit cao nhét sau 1, 5 va 10 ngay
bao quan la 2921,75-2710,45 g.

Két qua danh gia mau sic ciia 3 mau xiic xich cho thay, d¢ sing
L ciia cac mau khong sai khac nhiéu sau san xuét 1 va 10 ngdy bao
quan, tuy nhién mau do hdng dic trung cho mo co thit thé hién qua
chi s6 a thi c6 su sai khac giita cac mau (hinh 8), mau 3 ¢6 chi s6
a cao nhit (5,05+0,08) sau | ngay va giam con (4,61=0,13) sau 10
ngay bao quan.

gk

Hinh 8. Mau siic lat cit cAc mAu xic xich nhii twong & 3 ché dd gia nhiét khac
nhau sau 10 ngay.

\’/\b

Cac mau xuc xich vdi cac ché do gia nhiét khac nhau, sau khi
béo quan duoc tién hanh danh gia chi tiéu vi sinh vt tai céc thoi
diém sau 1, 5 va 10 ngay dé danh gia mirc d hu hong cua sin
pham theo th(n gian thong qua sy bién d6i tong vi sinh vét hiéu khi.
Két qua dénh gia ¢ hinh 9 cho thiy, mau 3 luon ¢ lugng vi sinh
vét tong so thip nhat qua céc ngy, va cho thay hiéu qua tiéu diét
vi sinh vat cia ché do gia nhiét nay 1 cao nhat.

Log cfulg

s oooe B e @

Hinh 9. Sw bién ddi s6 lwong tong vi sinh vét hiéu khi va anh khuin lac vi
sinh vét tong s6 (d6 pha lodng 107) ciia cac mAu xic xich nhii twong & 3 ché
do gia nhiét khac nhau.

V6i cac két qua trén cho thiy, ché do gia nhiét I1I (say ¢ 50°C
trong 15 phut, sau d6 tang 1én 60°C trong 45 phut va cudi cing hip
b6 sung & 85°C trong 20 phut) 1a ché do gia nhiét phii hop nhét cho
xtc xich nhii tuong c6 bo sung whey protein 30%. Chat lugng xtc
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nhiét d§ 0-4°C véi thoi han st dung 30-
40 ngay. Voi mong mudn kéo dai thoi
gian bdo quan hon nita cho dong xuc
xich nay ¢ nhiét d¢ thap hon (<0°C) ma chat luong va dic biét cau
tric xtc xich khong bi suy giam, chung t6i tién hanh nghién ctru
danh gia chét lugng xtc xich nhii tuong ¢6 b sung whey protein
khi bao quan ¢ -5°C.

Tién hanh 1am 2 mau xuc xich nhil twong co ty 1€ thit nac/md/
d4 va gia vi phu gia, mau thi nghiém bo sung whey protein WPC
30% voi ham lugng 3% (ty 1¢ da vay 8%) va mau kiém ching
khong bo sung whey protein (ty 1¢ da vay 5%). Sau khi gia nhiét
v6i ché d6 III nhu trén, tién hanh 1am nguéi, dong goi bao quan &
-5°C va danh gia cac chi tiéu chit luong trong thdi gian 90 ngay
(chc mau sau khi 14y ra khoi ta lanh bao quan dugc rd dong trong
0,5+1h dé dua vé nhiét do 4°C rdi dua di phan tich cac chi tidu).

Chi tiéu pH gian tiép danh gia su bién doi chét luong cla san
pham thit trong qud trinh bao quan, pH cang on dinh thi sy bién
doi vé chét luong vi sinh, mui vi va cau tric cang 6n dinh, it bi suy
giam. Két qua thay d6i pH ciia 2 miu xtc xich theo thoi gian bao
quan duoc thé hién ¢ bang 4.

Bang 4. Két qua do dj pH ciia cic miu xtic xich nhii twong trong qua trinh
bao quan ¢ -5°C.

pH

1 ngay 30 ngay 60 ngay 90 ngay
Mau thinghiém  6,22£0,02  6,1940,01  6,17+0,02  6,13+0,02
Mau ddi chimg 6,16+0,01 6,07+0,02  5,9740,02  5,85+0,02

Sau 90 ngay theo ddi, @6 pH ctia mAu kiém chimg c6 dau hidu
sut giam (tir 6,16 xudng 5,97 sau 60 ngay va 5,85 sau 90 ngay), con
mau thi nghiém c6 bd sung whey protein pH kha 6n dinh va it co sy
thay doi (sau 90 ngay gidm tur 6,22 xuong 6,13). Qua do cho thay,
whey protein it nhleu co vai tro 1am 6n dinh chét luong cd ve vi
sinh va gian tiép la 6n dinh cau tric, mii vi cho san pham tGt hon.
Diéu nay co thé dugc giai thich do trong thanh phan cia WPC ¢6
duong lactoza va cac axit amin cua sita nén c6 kha nang tham gia
phan (mg Maillard khi gia nhiét, tao nén cc hop chat melanodin
vira lam tang cuong do mau, vira c6 kha ning khang khuan [5].

Két qua danh gi4 cau trac (d6 dan hoi bién dang) va do bén gel
(thong qua do luc nén) cla xtc xich nhil twong bao quén ¢ -5°C
duoc thé hién ¢ hinh 10 va 11.
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D6 dan hdi (bién dang 30%)

B MAau thi nghiém

B MAau kiém chirng
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Lwc nén

B mau thi nghiém

Két qua danh gia tong luong vi
sinh vét hiéu khi cua 2 miu xuc xich
khi bao quan ¢ -5°C dugc thé hi¢n ¢
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whey protein co sy ting so lugng tong
vi sinh vat hiéu khi chim hon va sau
90 ngay van dat chi tiéu cho phép log
CFU< 3, mau kiém chimg cam quan
thdy hoi nhét va bat dau hong, chimg

Hinh 10. P dan hdi (dd bién dang 30%) ciia cic
miu xic xich nhii twong trong qua trinh bio quin
6 -5°C.

Sau 90 ngay theo doi, do dan hdi cia mau thi nghiém ludn cho
thay sw 6n dinh hon va giam kha it (95 xudng 89%), voi mau kiém
chimg khong bd sung whey protein thi giam kha nhiéu (95 xudng
80%). Vé do bén gel, voi mau thi nghiém giam tir 458,8 xudng
425.4 g.cm, & ngudng van kha tot va duoc chdp nhan cta nguoi
tiéu dung (>400 g.cm), trong khi d6 mau kiém chimg ¢6 ddu hiéu
sut giam manh (tir 385,65 xudng 321,05 g.cm). Didu nay cho thiy
hiéu qua kha 3 rét ciia whey protein trong viéc lam ting va on
dinh cu tric cta xtc xich nhii tuong.

Két qua dénh gia chi s6 a - dac trung cho mau do hong cia
mau thi nghiém c6 bo sung whey protein c6 gi tri giam kha it, tir
5,08+0,04 sau 1 ngay san xuét xudng con 4,20+0,11 sau 90 ngay
bao quan ¢ -5°C; v6i mau khong bo sung thi a giam kha nhiéu, tir
3,48+0,05 ban du xuéng con 2,15+0,09, va danh gia cam quan
ciing nhin thiy mau nay c6 mau kha nhat so vi mau 6 bd sung.

Chi tiéu vi sinh vat tdng s&

Hinh 11. Luc nén ciia cic miu xic xich nhii
twong trong qua trinh bio quan ¢ -5°C.

log cfu/g
p
|

Sau 1 ngay Sau 30 ngay

e—t=—MA&u thi nghiém

Sau 60 ngay
—m—M3au kiém chirng

Sau 90 ngay

Hinh 12. S bién ddi sb lugng tong vi sinh vt hiéu khi ciia miu xic xich (c6
va khong bd sung whey protein) trong qué trinh béo quén 6 -5°C.

Mau
thi
nghiém

Mﬁu
kiém
chiing

Thoi
gian

Sau 1 ngay Sau 30 ngay Sau 60 ngay Sau 90 ngay

Hinh 13. Anh khuén lac tong vi sinh vét hiéu khi ciia 2 miu xic xich nhii
twong trong qua trinh bao quan & -5°C (d9 pha lodng 107).
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to whey protein ¢6 kha ning tc ché
su phat trién cua vi sinh vit. Diéu nay
ciing kha phi hop voi két qua cia mot
50 tac gia khi danh gia hiéu qua cta viée sir dung WPC trong ché
bién cac san pham thit [3, 5], boi do céc hop chét ciia WPC c6 kha
ning tham gia phan tmg Maillard khi gia nhiét, tao hop chét co kha
ning tre ché vi sinh vat.

Két qua danh gia cam quan ca 2 mau xtc xich cho thay, mau
b6 sung whey protein dugc danh gi4 cam quan tot hon nhiéu vé
cac chi tiéu (cAu tric, mii vi, mau sic) sau 90 ngdy bao quan &
-5°C, cu thé c4c dic tinh nhu mau do héng, 14t ¢4t min, cAu tric rin
chic, mui thom gia vi... ciing nhu mirc d6 wa thich ciia ngudi ding.

£ ~
Két luan

Két qua nghién ctru cho thay, khi thém whey protein WPC
30% voi ham luong bo sung 3% vao xic xich nhil twong cho chat
lugng t6t hon han cac mau khac vé tat ca cac chi tiéu mau sic, do
bén gel, d ran chic.

Ché d6 gia nhiét & cong doan sdy pht hop cho xtc xich nhi
tuong c6 bd sung whey protein la sdy & 50°C trong 15 phut, ning
16n 60°C trong 45 phut va hap & 85°C trong 20 phut s& cho xtc xich
c6 mau sic do hong dep va cdu tric gel tot nhit.

Thoi gian bao quan véi miu xiic xich ¢6 bd sung 3% whey
protein WPC 30% ¢ -5°C dén 90 ngay cho chit lugng kha 6n dinh
va dat yéu cau vé tat ca cac chi tiéu mau sic, mui vi, cu tric.
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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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Nghién citu anh hudng ciia vat liéu dé a-Sio, dén kha niang hip phu
khi CO ciia graphene bing tinh toan mé phéng 1y thuyét phiém ham
mat do.

Phimg Thi Viét Bic, Pham Ba Lich, Dinh Vin An

Nghién ciru florua héa dysprozi oxit bang tac nhin amoni biflorua diéu
ché mudi dysprozi florua.
Nguyén Trong Hung, L& Ba Thuén, Nguyén Thanh Thily

Nghién ciru thanh phin déng vi clia nwéc mwa khu vwe thanh pho
Long Khanh, mién Pong Nam B.

Bui Quang Tri, Huynh Thi Thu Huong, Pham Uyén Thi, Duong Thi Bich
Chi, Phan Thi Luén, I.& Thi Thanh Tam, Trin Tri Hai, Lé Van Son, Nguyén
Vian Muoi, Dang Dtic Nhan

Nghién citu hinh thai hat phin ciia ho Nhai (Oleaceae Hoffmanns. &
Link) ¢ Viét Nam.
Bui Hong Quang

Panh gia kha niing phin loai ciia hai chi thi rbcL va trnL voi mét s6
miau Bich bd (Stemonaceae) thu tai phia Bic Viét Nam.
Huynh Thi Thu Hué, Pao Quang Ha, I.¢ Hong Piép, Nguyén Pang Ton

Panh gia doc tinh va kha nang ting tin hiéu twong phan anh MRI cia
vit li¢u nano tir Fe,O, @PLA-PEG trén md hinh in vitro.

Nguyén Déc Tt, Ha Phuong Thuw, Bui Thi Van Khanh, Pham Hdng Nam,
Nguyén Xuan Phtic, LAm Khanh, Hoang Thi M§ Nhung

Ung dung thuit toan Rao t6i wu khung thép sit dung phan tich phi
tuyén tinh phi dan hoi.

Ha Manh Hung, Truong Viét Hing, Nguyén Minh Phuong

Nghién citu mét s6 yéu t6 anh hwéng va xac dinh gia tri mé dun dan hoi
(E, ), hé 56 16p (a,) ciia mot s6 loai BTN chiit néng & Viét Nam.
Nguyén Quang Phic, Vii Van Thing

Ung dung phwong phap vi séng téng hgp nhanh 16p hat va mang loc
ZIF-8 dé phan tach hén hop khi propylene/propane.
Nguyén Kim Minh, Trin Nguyén Tién

Phén 1ap va tuyén chon vi khuin Bacillus sp. c6 kha niing sinh tong
hop protease tir cic sain phAm dAu nanh 1én men.

LLé Thi Ngoc Han, V5 Thi Ngoc Diép, Trinh Thi Tuyét Hoa, Nguyén Vin
Thanh

Thuec trang va dic diém khang khang sinh ciia Salmonella spp. phan
1ap tir san phAm thit twoi song tai TP H6 Chi Minh.

Truong Huynh Anh Vii, Nguyén Hoang Khué Tt, Chu Van Hai, Huynh
Yén Ha

Nghién ciru bd sung whey protein dé cai thién chit lrong xiic xich nhii
twong.

Phan Thanh Tam, Houangsa Honglikith
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Effect of a-SiO, substrate on the CO adsorption onto graphene using
density functional theory calculations.
Thi Viet Bac Phung, Ba Lich Pham, Van An Dinh

Study on the fluorination of dysprosium oxide by ammonium bifluo-
ride for the preparation of dysprosium fluoride.
Trong Hung Nguyen, Ba Thuan Le, Thanh Thuy Nguyen

Study on the isotopic composition of rainwater in Long Khanh city,
Southeast of the Mekong Delta region.

Quang Tri Bui, Thi Thu Huong Huynh, Uyen Thi Pham, Thi Bich Chi
Duong, Thi Luan Phan, Thi Thanh Tam Le, Tri Hai Tran, Van Son Le, Van
Muoi Nguyen, Duc Nhan Dang

A study on pollen morphology of the family Oleaceae Hoffmanns. &
Link in Vietnam.
Hong Quang Bui

Assessment of classification ability for rbcL and trnL barcode in some
Stemonaceae samples collected from northern Vietnam.
Thi Thu Hue Huynh, Quang Ha Dao, Hong Diep Le, Dang Ton Nguyen

Evaluation of cytotoxicity and MRI contrast enhancement ability of
Fe,O,@PLA PEG iron oxide nanoparticles in vitro model.

Dac Tu Nguyen, Phuong Thu Ha, Thi Van Khanh Bui, Hong Nam Pham,
Xuan Phuc Nguyen, Khanh Lam, Thi My Nhung Hoang

Rao algorithm-based method for optimisation of steel frames using
nonlinear inelastic analysis.
Manh Hung Ha, Viet Hung Truong, Minh Phuong Nguyen

Researching on influence factors and value confirmation of elastic
modulus (E, ), layer coefficient (a)) of some types of hot dense asphalt
concrete in Vietnam.

Quang Phuc Nguyen, Van Thang Vu

Rapid microwave-assisted seeding and secondary growth synthesis of
Z1F-8 membrane for propylene/propane separation.
Kim Minh Nguyen, Nguyen Tien Tran

Isolation and selection of Bacillus sp. with the potential biosynthesis
of protease from fermented soybean products.
Thi Ngoc Han Le, Thi Ngoc Diep Vo, Thi Tuyet Hoa Trinh, Van Thanh

Nguyen

Antimicrobial susceptibility of Salmonella spp. isolated from raw
meats at traditional markets in Ho Chi Minbh city.

Huynh Anh Vu Truong, Hoang Khue Tu Nguyen, Van Hai Chu, Yen Ha
Huynh

A study on whey protein supplementation to improve emulsion
sausage quality.
Thanh Tam Phan, Honglikith Houangsa

Tap chi dién ti (E-journal): vistum; b.ujst.un
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