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Nghién ciru tinh chat quang cua vat liéu MgGa,0, :Eu’* tong hop
bing phan {ng pha rin

Nguyén Thi Thwong, Nguyén Vian Quang’
Trwong Pai hoc Sw pham Ha Noi 2, 32 Nguyén Véin Linh, phwong Xudn Hoa, tinh Phu Tho, Viét Nam
Ngay nhan bai 31/3/2025; ngay chuyén phan bién 2/4/2025; ngdy nhan phan bién 21/4/2025; ngay chip nhan ding 29/4/2025
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Cac chit phat quang MgGa,0,:Eu®* phat xa mau d6 da dwoc tong hop bang phan &ng pha ran cai tién. Vat liéu
dwgc hinh thanh va don pha & nhiét d6 nung trén 1200°C, c6 cau truc spinel dang lap phwong. Két qua phan
tich hinh anh FESEM vit liéu cho kich thwéc hat tir 500 nm dén 1 pm. Phé Kich thich huynh quang (PLE) cho
thdy cac mau thu dwoc c6 dai hdp thu rong trong khoang 270-500 nm, véi dinh hap thu manh tai 272, 394
va 465 nm. Trong dé, dinh hip thu & bwéc song ~394 nm c6 thé dwoc gan cho sw chuyén mikc ning lwong
’F,~°L, ctia ion Eu®*. Dwéi sy Kich thich & bwéc séng 394 nm, vat liéu MgGa,0,:Eu®* phat xa manh viing cam
- d6 (bwdrc song tir 570 dén 700 nm) véi cac dinh phat xa dé manh nhit & 613 va 616 nm. Ciwong dd phat
quang (PL) cao nhit dwgc quan sat khi nhiét d nung mau & 1300°C. Cac két qua nay cho thiy tiém nang lén
trong viéc st dung bot huynh quang MgGa,0,:3%Eu’* phat quang mau dé cho cac ng dung WLED.

Tir khéa: anh sang trang, MgGa,0 4:Eu3+, phan &ng pha ran, phat xa dé.
Chi sé phdn logi: 1.3, 1.4, 2.5

Investigation of the optical properties of MgGa,0 :Eu" phosphors synthesised
by solid-state reaction method
Thi Thuong Nguyen, Van Quang Nguyen”
Hanoi Pedagogical University 2, 32 Nguyen Van Linh Street, Xuan Hoa Ward, Phu Tho Province, Vietham
Received 31 March 2025; revised 21 April 2025; accepted 29 April 2025

Abstract:

Red-emitting MgGa,0,:Eu3* phosphors were synthesised via an improved solid-state reaction method.
The formation of a monophasic structure was confirmed at calcination temperatures exceeding 1200°C,
exhibiting a cubic spinel crystal structure. FESEM analysis revealed that the synthesised particles possessed
sizes ranging from 500 nm to 1 pum. Photoluminescence excitation (PLE) spectra showed a broad excitation
band in the 270-500 nm region, with prominent excitation peaks at 272, 394, and 465 nm. In particular, the
excitation peak located at approximately 394 nm can be attributed to the ’F —°L_ electronic transition of Eu3*
ions. Upon excitation at 394 nm, the MgGa,0,:Eu®* phosphors exhibited intense orange-red emission in the
570-700 nmregion, with the strongestred emission peaksat613 and 616 nm. The highest photoluminescence
(PL) intensity was observed for the sample calcined at 1300°C. These results demonstrate the considerable
potential of MgGa,0,4:3%Eu®* red-emitting phosphors for applications in white light-emitting diodes
(WLEDs).

Keywords: MgGa,0 4:Eu3+, red emission, solid-state reaction, white light.
Classification numbers: 1.3, 1.4, 2.5
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1. it van de

Cung vGi sy phat trién cia cong nghé noi chung, cong
nghé chiéu sang cling c6 nhirng cai tién ré rét. Trudc day,
ngudi ta st dung cac nguon chiéu sang dan dung 1a dén
dau hodc nén; sau d6 dung anh sang bang dén soi dot,
tuy nhién, dén soi dét c6 hiéu suit phat quang thap, tiéu
ton dién ning va téa nhiét 1ém. Tiép theo, viéc st dung
dén huynh quang tuy da tiét kiém hon so véi dén soi dét
nhuwng ciing c6 nhwgc diém st dung hoi thuy ngin anh
hwdng dén sirc khoé con nguwdi va chi sé hoan mau (CRI)
th4p, nhiét d® mau cao din dén chat lwong 4nh sang
khong t6t. Hién nay, ngwoi ta st dung cac dén LED than
thién moi trweong, tiét kiém dién nang. D& ché tao WLED
thwong mai hién nay, ngwoi ta thwong str dung bot YAG:
Ce®* pht 1én chip Blue LED [1-9]. Tuy nhién, WLED nay
c6 nhwoc diém 12 thiu viing 4nh sdng d6 nén chi s6 hoan
mau khéng cao [2]. D€ khic phuc nhwoc diém nay, cac
nha nghién ctru da ché tao cac bot huynh quang phat xa
d6 dwa vao suw phat xa cta ion Eu®* trong cic mang nén
khéc nhau [1, 2, 10]. Theo tim hiéu ctia ching téi, tuy da
c6 nghién ctru vé MgGa,0,:Eu®, viéc khao sat hé vat liéu
téng hop bang phan (rng pha ran cai tién trong dai nhiét
do6 nung cao 1000-1300°C, gin v&i thir nghiém ché tao

LED trén chip 395 nm, van can dwoc lam ro [11].

Trong nghién ciru nay, chung tdi ché tao vat liéu
MgGa,0,:Eu** bang phwong phap phan tng pha ran cé
cai tién két hop véi thiéu két & nhiét do cao dé nang cao
cwong do phat xa cia bot huynh quang. Chiing toi nghién
ciu anh hwdng cia nhiét dé dén ciu tric tinh thé va tinh
chat quang cta vat liéu. Dic biét, ching tdi thir nghiém
ché tao LED anh sang do tir vat liéu MgGa,0,:Eu’* va chip
395 nm. Cac két qua dwoc trinh bay chi tiét trong phin

két qua va ban luin.
2. Thuc nghiém va phuong phap nghién ciiu
2.1. Thwe nghiém

Vat liéu MgGa,0, pha tap Eu®* 3% dwoc tong hop
bang phwong phap phan rng pha ran cai tién, cac hda
chit ban dau gobm MgO, Ga,0, va EuCl,. Quy trinh ché tao

vat liéu MgGa,0,:Eu** duoc tién hanh nhw sau: Cho vao céc
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thay tinh dung tich 100 ml lwgng héa chit gobm 0,798 gam
MgO; 3,7489 gam Ga,0, va 0,194 gam EuCl, sau d6 thém 50
ml nuéc cit hai Ian, khudy déu bang may khudy tir, bat nhiét
do khudy tir & 100°C, tiép tuc khudy dén can. Mau dwoc siy
trong ti sdy thwomg & 200°C trong 5 gid, nghién min mau
bang c6i ma nio. Cudi cing, nung mau & nhiét d6 1000°C
dén 1300°C, 5 gitr trong khong khi dé thu dwoc cac vat liéu
MgGa,0,:Eu*.

2.2. Phwong phdp nghién ciru

Vat liéu MgGa,0,:Eu* sau khi ché tao dwoc nghién
ctru ciu truc tinh thé, hinh thai bé mat, thanh phan hoa
hoc, tinh chit quang cta vat liéu va thir nghiém ché tao
LED. Phan tich c4u tric tinh thé bang phép do nhiéu xa
tia X, phan tich hinh 4nh bé mait vat liéu bang phép do
hién vi dién t phat xa treong (FESEM), nghién ctvu tinh
chat quang bing phép do phd huynh quang (PL) va phd
kich thich huynh quang (PLE).

3. Két qua va ban luan
3.1. Két qud phdan tich cdu tric tinh thé cia vdt liéu

Dic tinh ciu tric cdc miu XRD cta cic bot huynh
quang MgGa,0,:3%Eu*" dwoc xtt ly trong khong khi, 5 gior
& cac nhiét d6 khac nhau tir 1000 dén 1300°C, duwoc minh
hoa trong hinh 1. Nung & 1000 va 1100°C chi quan sat
thiy cac pha tinh thé cla cac tién chit ban dau gbm cac
tinh thé MgO va Ga,0, [12, 13], cu thé & cac dinh nhiéu xa
20=36,83 va 42,8° twong tng véi mat phang (111) va (200)
va dinh nhiéu xa 28,24° ctia tinh thé Mg0 (g v6i thé chuin
JCPDS-4-829 [13]; con cac dinh nhiéu xa 20=47,16; 62,2°
twong tng véi mét phang (-203) va (-711) ctia tinh thé Ga,0,
rng véi thé chuin 43-1012 [12]. Khi cAc mau dwoc i & nhiét
do tir 1200 dén 1300°C, cac dinh nhiéu xa dic trung ctia ciu
tric tinh thé spinel MgGa,0, tinh thé 1ap phurong (thé chuan
JCPDS 10-0113) & 26=30,44°; 35,88°; 37,6°; 43,71°; 54,22°;
57,8°% 63,46° va 72,07° twong Ung v6i cac mit phang (220),
(311), (222), (400), (422), (511), (440) va (533) dwgc quan
sat thiy va khong c6 pha tinh thé nao khic dwgc nhan ra

[11]. Ngoai ra, can lwu y rang cé sw ting cudong cwomng dod
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ctia dinh nhiéu xa manh nhat & vi tri 26=35,9° khi nhiét do
tang tir 1200 dén 1300°C; tuy nhién, & nhiét d6 nung mau
trén 1300°C thi vatliéu bi chay. Diéu ndy c6 thé kétluan rang,
chat lwong tinh thé tot nhat clia pha MgGa,0, thu dwoc &
1300°C trong diéu kién nghién cru nay.

3
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Hinh 1. Gian dé nhiéu xa tia X cta vat liéu MgGa,0,:3%Eu* nung
& nhiét d6 1000-1300°C, 5 gio trong khong khi.

3.2. Két qud phdn tich hinh thdi va thanh phdn hod
hoc ctia vit liéu

Trén co s& vat liéu cho két tinh t6t nhit khi nung
thiéu két & 1300°C, chting tdi da tién hanh phan tich hinh
thai bé mat va kich thwéc hat cia vat liéu bang phép do
FESEM. Két qua hinh 2A cho thiy, vatliéu c6 dang hatkich
thwdc tir 500 nm dén 1 pm. Phan tich thanh phin héa hoc &
hinh 2B chi ra rang, thanh phan héa hoc ctia vat liéu chi gom
cacnguyén té Mg, Ga, O va Eu. Diéu nay chirng té vat liéu thu

dwoc khong phat hién tap nguyén t6 dang ké trong giGi han
phép do EDX va tinh chit quang chi do nguyén t6 Eu** trong
mang nén MgGa, 0, tao ra.

3.3. Két quad phan tich tinh chdt quang ctia vt liéu

bé khao sat khad niang hip thu cua vat liéu
MgGa,0,:3%Eu®*, chiing t6i da tién hanh do phd kich
thich huynh quang. Hinh 3A 1a phd kich thich huynh
quang ctia mau MgGa,0,:3%Eu’®* (ng v&i dinh phat xa
613 nm. Két qua thu dwoc cho thiy, chat phat quang thu
dwoc hap thu manh & cac bwéc séng ~272 nm va ~394
nm [11, 14, 15]. BPinh hap thu & bwéc séng ~272 nm ¢
thé dworc gidi thich b&i sw chuyén electron tir orbital 2p
hoan toan 14p diy cta ion 0% sang orbital 4f mot phan
14p day cda ion Eu® hoa tri ba [14, 15]. Pinh hip thu
& buéc séng ~394 nm c¢é thé dwoc gan cho sy chuyén
mirc nang lwong ’F —°L, cla ion Eu*. Thém vao d6, mot
dinh hép thu yéu hon khéc cé thé quan sat thiy & cac
buéc séng ~361 nm ("FO-°D,), 381 nm ("F —°G,), 413
nm ("F—°D,) va 465 nm ("F —5D,), ddc trung cho cac
chuyén doi electron f-f clia ion Eu® [15, 16]. Phé phat
quang (PL) trong hinh 3B cho thdy rang, du¢i bwéc
séng kich thich 272, 394 va 465 nm, chit phat quang
MgGa,0,:3%Eu’* phat xa trong viing cam - d6, véi pham
vi tir 570 dén 700 nm. Trong d6, cac dinh phat xa dé
manh tai ~613 va ~616 nm lién quan dén sy chuyén doi
lwdng cuc dién tir 5D0—>7F2 cua ion Eu* [11, 14, 15, 17].
Cac dinh trong vung cam, dac biét quanh 591 va 596 nm,
gan voi chuyén doi ludng cyc dién °D —7F [11, 14, 15, 17].
Ngoai ra, cac dinh phat xa tai ~653 nm va trong khoang
~680-710 nm c¢é thé dwoc quy cho cic chuyén ddi
electron twong tng °D —’F, va
5D,~’F, cta ion Eu’* [11, 14, 15,
17]. K&t qua thu dwoc tir hinh 3B
cling cho thiy khi kich b&i buéc

% Atomic
O 52,84
22,28

24,28 séng 394 nm, cwong do phat

0,6

quang manh hon dang ké so véi
khi kich thich & 272 nm, 465 nm.
biéu nay dwogc giai thich mac du
phé hip thu 272 nm manh hon
394 nm, nhwng phat xa manh &

Hinh 2. Hinh thai bé mat (A) va thanh phan hoa hoc (B) cua vat liéu MgGa,0,:3%Eu®* nung &

nhiét d6 1300°C, 5 gio trong khong khi.

‘ SKHORHOC [P

bwéc song kich thich 394 nmlado
xac sult chuyén doi cha dién tir &



trang thai °L, vé cac trang thai 7Fj. Trong khi d6 khi dién
ttr kich thich 1én dai CTB c6 thé da dAn dén qua trinh tai
hop khong phat xa khi dién tir dich vé trang thai trung
gian ctia tm phat xa, qua trinh nay lam cwong dé huynh
quang giam. Cac két qua nay chi ra rang, buéc séng kich
thich ~394 nm 14 phu hgp dé nghién ctru sdu hon vé tinh
chat quang hoc ctia vat liéu nay.

272 (A) 613 (B)

©
o

—=PL394

t—=PL272

Cwong dd (dvty)
394

361
381
465

©
=

500 550 600 650 700
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Hinh 3. Phé kich thich huynh quang (A) va phé phat quang (B) cta
vat liéu MgGa,0,:3%Eu®* nung & 1300°C trong 5 gio.

Hinh 4 1a so d6 mic ning lwgng cta vat liéu huynh
quang MgGa,0, pha tap Eu** minh hoa trang thai ning
lwong ctia cac ion Eu®* cling véi co ché c6 thé xay ra clia
qué trinh truyén dién tich, chuyén déi birc xa va khong
birc xa gilra cac trang thai lwong t& khac nhau.
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Hinh 4. So’ dd minh hoa cac qua trinh quang vat Iy trong chat phat
quang MgGa,0, pha tap Eu®.

Phé phat quang cta vat liéu huynh quang
MgGa,0,:3%Eu* dwoc nung & cac nhiét do khac nhau,
trong khoang tir 1000 dén 1300°C dwoc nghién ctiru va
trinh bay trong hinh 5. K&t qua hinh 5 chi ra rang, phé
phat quang c6 hinh dang twong tw nhau déu cho phat xa
vung cam dén dd, phat xa manh trong vung anh sang dé
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va cuc dai & dinh 613 va 616 nm. Tuy nhién, cwong do
c6 sy thay doi ré rét, & nhiét @6 1000 va 1100°C cwong
do6 phat xa kha yéu, diéu nay ciing phu hgp véi cau tric
tinh thé b&i vi & nhiét d6 nay ciu tric tinh thé chwa hinh
thanh, nguyén nhan phat xa & nhiét d0 nung mau nay
12 MgO:Eu* va Ga,0,:Eu*. O’ nhiét d6 nung miu 1200,
1300°C cwong do huynh quang tang manh va phat xa
manh nhit & nhiét d6 nung 1300°C, diéu nay 1a do &
nhiét dd nung cao hon chit lwong tinh thé tot hon va sy
tang cwong khuéch tan Eu®* trong mang nén [18].

613 ——1000°C|

Cworng do (dvty)

550 600 650 700 750
Bwéc song (nm)

Hinh 5. Ph6 phat quang ctia vat liéu MgGa,0,:3%Eu** nung & nhiét
do khac nhau véi bwéc séng kich thich 394 nm, do & nhiét do
phong.

D€ thém khang dinh &nh hwdng cua nhiét do nung
mAu dén tinh chit quang cta vatliéu, chiing t6i tién hanh
do phé kich thich huynh quang cia vat liéu theo nhiét do
nung mau. K&t qua hinh 6 cho thiy, nhiét d6 nung miu
thay d6i hinh dang phé twong tw nhau, vat liéu hip thu
manh & buéc séng 272 va 394 nm, ngoai ra vat liéu hip
thu dinh khéc véi ceong do yéu hon. biéu nay pht hop
hoan toan véi phd phat quang & hinh 5.

272

394

Cwérng do (dvty)

w0
©
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300 350 400
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Hinh 6. Phé kich thich huynh quang cua vat liéu MgGa,0,:Eu**
nung & nhiét do tir 1000 dén 1300°C, 5 gi® trong khong khi, do &
nhiét dé phong trng véi dinh phat xa 613 nm.
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3.4. Thir nghiém ché tao LED

Thr nghiém ché tao LED dwoc thuc hién bang cach
st dung bot huynh quang MgGa,0,:3%Eu® két hop véi
chip 395 nm. Hinh 7 thé hién két qua phé dién quang ctia
sw két hop gitra chip 395 nm va bot huynh quang, cing
véi dnh thuce té ctia LED. Két qua tir hinh 7 cho thiy, khi
str dung chip 395 nm va pht bé mit bang vat liéu huynh
quang, mét ving phat xa do ré rét da xuat hién, dong thoi
anh thuc té ctia LED thé hién mau dé sic nét. Tir nhitng
két qua nay, c6 thé két luan rang, vat liéu MgGa,0,:Eu**
c6 tiém nang ng dung lam bot phat xa do trong cac hé
théng WLED.

Chip
= Anh LED
=
k=2
O
<]
fo2}
=
S
=]
(&)
B6t huynh quang
T T T T
300 400 500 600 700 800

Buoc song (nm)

Hinh 7. Phé dién quang va anh LED cua vat liéu ché tao dwoc phu
1én chip 395 nm.

4. Két luan

Trong nghién cdu nay, bdt huynh quang
MgGa,0,:3%Eu** dwoc ché tao thanh cong thong qua
phuwong phap phén rng pha ran cai tién véi quy trinh
téng hop don gian, d6 1dp cao va c6 tiém nang mé rong dé
ché tao bot huynh quang. Cac chit phat quang thu dwoc
c6 thé dwgc kich thich hiéu qua bang anh sang NUV &
buwéc song 394 nm dé phat ra dnh sdng d6 manh & dinh
613 nm. Cwong do PL cao nhit dat dwgc d6i véi chit phat
quang MgGa,0,:3%Eu*" dugc i & 1300°C trong 5 gio. Thir
nghiém thanh céng LED anh sang do tir bot ché tao va chip
395 nm. Nhitng két qua nay cho thay, MgGa,0,:3%Eu* c6
thé dwoc st dung lam chat phat quang phat ra mau do
trong WLED dwa trén NUV. Trong nghién ctru tiép theo,
chiing t6i sé nghién ctru tic dong cia ndng dd pha tap Eu®*
dén ddc tinh quang hoc ctia vét liéu MgGa,0,:Eu’".
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Tém tat:

0 nhiém bui PM, , trong moi trweong khong khi do thi tai Viét Nam l1a van dé dang lo ngai do nhirng tac dong
bat loii d6i véri moi trudrng va strc khée con ngwdi. Sw gia ting s6 lwong cac dang va loai chat 6 nhiém maéi,
khoé phat hién trong cac thanh phin méi trweong dang tré thanh méi de doa cho cong dong. Trong nghién
ciru nay, cac chat gay roi loan ndi tiét (bisphenol A - BPA va 4-nitrophenol - 4NP) bwédc dadu dworc phan tich
trong bui PM, ; st dung thiét bi sac ky khi khéi phé (GC/MS). Két qua cho thay, BPA va 4NP dwoc phat hién
trong 96,4 va 100% mau bui PM, . thu thap tai hai khu virc ni d6 Ha Noi véi ndng do lan lwot dao dong trong
khoang 0,22-3,92 ng/m? (trung vi 0,72 ng/m?) va 0,94-7,34 ng/m? (trung vi 3,09 ng/m?). Noéng do (trung vi)
cua 4NP cao hon 4,3 Iin so véi BPA, tuy nhién khong c6 sw bién thién ro rét vé nong do cua BPA va 4NP trong
bui PM, _ giira ban ngay va ban dém & ca hai vi tri nghién ciru. Nghién ciru bué'c dau cung cip théng tin c6 gia
tri vé hién trang cac chat gy rdi loan néi tiét trong bui PM, , 1a co’ sé gitp cac nha quan ly dé xuit giai phap
giam thiéu sw phat tan va xir ly hiéu qua cac chit 6 nhiém doc hai trong moi trwong.

Tir khéa: bisphenol A, 6 nhiém khéng khi, PM
Chi sé phdn logi: 1.4, 1.5, 2.7

, 5 4-nitrophenol.
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Abstract:

PM, . pollution in urban air environments in Vietnam is a matter of concern due to its adverse impacts on
the environment and human health. The increasing occurrence of new and difficult-to-detect pollutants
in the environmental matrices is becoming a threat to the community. In this study, endocrine disruptors
(bisphenol A - BPA and 4-nitrophenol - 4NP) were initially analysed in PM, . using a gas chromatography-
mass spectrometry (GC/MS) instrument. The results showed that BPA and 4NP were detected in 96.4 and
100% of PM, . samples collected from two urban areas of Hanoi, respectively, with concentrations ranging
from 0.22 to 3.92 ng/m? (median: 0.72 ng/m?) and from 0.94 to 7.34 ng/m? (median: 3.09 ng/m?). The median
concentration of 4NP was 4.3 times higher than that of BPA; however, there was no significant variation in
the concentrations of BPA and 4NP in PM, . between daytime and night-time at both studied locations. This
preliminary study provides valuable information on the current status of endocrine disruptors in PM, ,
which serves as a basis for environmental managers to propose solutions to minimise their release and
improve the management of toxic pollutants.

Keywords: air pollution, bisphenol A, PM
Classification numbers: 1.4, 1.5, 2.7

,5 4-nitrophenol.
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1. Dat van de

Chat lwong khong khi déng vai tro quan trong doi véi
con nguwoi va méi treomg séng. Qua trinh do thi hoa va
cong nghiép hoa dién ra ngay cang manh mé nhirng nam
gan day, bén canh cac tc dong tich cuc do6i véi nén kinh
té, xa hoi va chat lwgng cudc séng clia ngwdi dan thi qua
trinh nay déng thoi tadc dong tiéu cuwe téi moi treong, dic
biét 1a moi treong khong khi. Theo T6 chie Y t& Thé gidi,
céc chat 6 nhiém khong khi trong nha va ngoai troi dwoc
coi 1a nguyén nhan 1é6n nhit gy bénh va tir vong trén thé
giGi hién nay va bui min la mét nhan t6 1é6n tac dong dén
strc khoe con ngwoi. Bui siéu min (ultrafine particles -
UFPs, c6 dwong kinh dwéi 100 nm) khong dwoc loai bo
bdi hé thong hé hip c6 thé thAm thiu vao mau va tich
tu trong co thé [1]. Thém vao dé, kich thwéc bui min,
bui PM,, nhé va dién tich bé mat riéng lém gitp ching
dé dang hap phu va tich liiy cac chit doc hai, xAm nhap
vao phé nang qua hé hé hip, gy hai nghiém trong cho
strc khde con ngudi [2]. Nhiéu nghién ctru vé cac chat
6 nhiém trong bui khong khi da dwoc thwc hién tai cac
khu vuc khac nhau trén thé gi¢i, cht yéu tip trung vao
cac chit 6 nhiém khong phan cuc va twong doi bén nhw
cac hydrocacbon thom da vong (PAHs), cidc hop chit
polyclo biphenyl (PCBs), cadc hda chat bao vé thuc vat co
clo (OCPs), cac chit lam chim chay (FRs)... Tuy nhién,
nghién ctru gan day vé cdc nhom hop chit mai, dic biét
12 nhém chat gay rdiloan ndi tiét trong bui khong khi van
con han ché.

Phthalate esters (PAEs) 1a nhdm chit c6 nguy co tac
dong giy pha v noi tiét (nhw tac dung khang estrogen)
[3] va tham gia vao cac qua trinh gay ung thw va gay
dot bién [4]. Di(2-ethylhexyl)phthalate (DEHP) duwgc
dwa vao danh sach cac chat wu tién trong linh vwc chinh
sach vé nuéc do Uy ban chau Au cong bé (Quyét dinh
s6 2455/2001/EC ngay 20 thang 11 nam 2001). Nghién
ctru PAEs trong bui khéng khi da dwgc thuc hién trén
thé gidi va tai Viét Nam, dién hinh nhw bdo cdo cua J.
Wang va cs (2018) [5] vé sy hién dién ctia PAEs trong
266 mau bui PM, _ thu thép tir 19 cong dong & Tay An,
Trung Qudc trong thoi ky 6 nhiém ndng. K&t qua cho théy,
PAEs dwoc phat hién véi ndng do cao ndm trong khoang
tir 271,7 dén 2134 ng/m? (trung binh 952,6 ng/m?);
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trong d6, DEHP dwoc phat hién véi tAn suit va nong do
cao, dong gop 42,2% trong tong s6 PAEs dwoc phat hién.
Mot nghién ctru khac vé cac thanh phan hitu co trong 30
mau bui min PM, . thu thap tai khu vuc dd thi ciia Béc
Kinh dwoc thwe hién cho thiy, 101 hop chit héa hoc da
dwoc phathién bao gom nhém chitthom, chdtbéo khong
bio hoa, axit ferulic, PAHs va cac chat hitu co vi 6 nhiém
khéc (hopan, corticosteroid) da dwoc phat hién. Nong do
clia cAc nhém chat nay phu thudc vao ngudn 6 nhiém va
diéu kién thoi tiét trong d6 nhém chit thom, PAHs va
hopanes dwoc quan sat & nong dd cao nhat vao mua déng
[6]. Nghién ctru vé cac chat hitru co bén (polychlorinated
dibenzo-p-dioxin/furan (PCDD/Fs), PCBs, PAEs, chit tao
déo bis(2-ethylhexyl) adipate (DEHA) va PAHs) tir khu
vuc tai ché chit thai dién tir khéng chinh thirc va khu
vire khac tai cac siéu d6 thi ctia An Do cho thiy, nong
do ), ,PCDD/Fs, },.PCBs, } plasticizers va }; PAHs
1an lwot trong khoang 3,1-26 (14+7; trung binh+SD),
0,5-52 (9+12); 7,5-520 (63+107) va 6-33 ng/m? (176)
[7]. Khu vuece tai ché rac thai dién ti (EW) dong gop 45%
téng néng dé6 PCB. PCDD/Fs, PCBs va plasticizers ludn
cao nhat & EW, trong khi PAH cao nhit & khu vuc cong
nghiép, ti€p dén la EW. Rui ro hit phai doi véi thanh
nién va nguoi 16n wéce tinh cao nhat déi voi dl-PCB va
plasticizers tai EW & Bangalore, tiép dén la Chennai va
New Delhi.

Hién nay, nghién ctru vé héa chat giy ro6i loan noi
ti€t trong bui khong khi tai Viét Nam con han ché, dic
biét d6i véi BPA va 4NP - hai nhém chit c6 tac dong tiéu
cuc tdi strc khde con ngwoi. BPA 1a mot héa chat cong
nghiép, chu yéu dwoc st dung nhw chat héa déo hodc
chit &n dinh trong polyester, nhwa polycarbonate hoac
nhwa epoxy, dwoc ng dung trong ché tao cac d6 dung
phuc vu nhu ciu sinh hoat cla con ngwodi nhw d6 choi
tré em, vat liéu bao goéi thuc phdm hodc gidy nhiét [8, 9].
BPA c6 nguy co phoi nhiém déi véi strc khée con nguoi
qua dwong khong khi trong méi trwong lam viéc do bui
chtra BPA c¢6 kha ning tao thanh hén hop dé chay né véi
khong khi trong mot s6 diéu kién nhit dinh [10]. Thém
vao do6, BPA da dwoc liét ké 1a mot trong cac hoa chét
gay roi loan noi tiét do cac tac dong twong tw hormone
va anh hwdng tiéu cwc dén sic khde nhw hé sinh san,
hé mién dich, hé than kinh noi tiét... [11, 12]. Con ngudi



c6 thé bi phoi nhiém véi BPA qua nhiéu con dwong
khac nhau, chu yéu la nuét phai qua thwe phdm hoic
nwéc uong, hit phai qua khong khi, hodc tiép xic qua da
[8, 9, 13]. Bén canh d6, 4NP mdt hop chit nitrat phenol
da dwgc chitng minh gy anh hwéng tiéu cwc dén stc
khée con ngwoi, ]am mat can bang hé sinh thai, ting nguy
co ung thw va can tré sw phat trién cta thwc vat [14-
16]. Cac nitrat phenol (methyl-nitrophenol, nitrophenol,
methyl-nitrocatechol va nitrocatechol) c6 thé giy 6
nhiém khong khi trén toan thé gi¢i [13-15]. Chiing dwoc
st dung lam nguyén liéu trong cdng nghiép dé san xuit
nhuwa phenol-formaldehyde, thudc nhudém, thudc nd va
chat khir trung [17, 18] va x4m nhip vao moéi truong
théng qua qua trinh dét sinh khéi [19-21], dét than,
xdng va dau diesel [18, 22, 23]. Ngoai ra, viéc st dung
thudc trir sau va thudc diét cé trong nong nghiép ciing la
nguyén nhan dwa 4NP vao khi quyén [18, 24].

Nghién ctru vé sy hién dién, phan bé va tac dong doi
v&i strc khde con ngudi cia BPA va 4NP - nhom chét
gdy roi loan noi tiét trong bui PM, . da dwoc thuc hién
tai nhiéu noi trén thé gi¢i [25-31], tuy nhién, s6 liéu
vé BPA va 4NP trong bui khéng khi, ddc biét 1a bui min
PMz.s'
ché nghién ctru da dwoc thwe hién tai Ha No6i, dién hinh
nhw nghién ctru cia H.T. Duong va cs (2019) [32] da phat
hién 118 hop chit hitu co vi 6 nhiém trong bui khong

tai Viét Nam con rat han ché. Mot s6 lwong han

khi (bui téng s6) tai Ha Noi, trong d6 nhém chit giy roi
loan noi tiét (BPA, 4NP) va hop chit cham séc strc khoe
(diethyltoluamide, caffeine) dwoc phat hién trong hon
90% mau bui phan tich. Trong mot nghién ctru khac ctia
H.L. Quang va cs (2022) [33] cho thiy, téng 288 hop chit
hitu co vi 6 nhiém dwgc phat hién trong bui PM, . thu
thip tai Ha Noi (bao gobm 23 PAHSs, 13 plastic, 104 hoa
chat bdo vé thuc vat), trong s6 d6 BPA dwoc phat hién
trong 87% mau phan tich. Tuy nhién, nghién ctru chuyén
siu vé sy hién dién, xu hwéng phan bo, cling nhw tac
déng ddi véi strc khde con ngwdi clia hai nhém chit pha
v& ndi tiét (BPA va 4NP) trong bui PM, . chwa dwoc thyc
hién. Chinh vi ly do d6, viéc danh gia hién trang 6 nhiém,
thanh phan, nguén gdc va rui ro téi stec khoe clia cac chit
gdy rdi loan noi tiét BPA va 4NP trong bui PM, . tai khu
virc ndi dé6 Ha Noi 1a cap thiét.
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2. Déi iigng va phuong phap nghién ciu
2.1. Phwong phdp thu thdp mau bui PM,

Mau bui PM, , (28 miu) dwoc 14y tai Ha Noi (S1 va S2)
& d6 cao khoang 8 m tinh tir mat dat. Piém S1 (toa do:
21.0220992, 105.8197142) la vi tri trén ting 3 toa nha
gan dwong Dé La Thanh (khu vuc c6 mit do dan sé cao
nhit Ha No6i véi hon 40.000 ngudri/km? [34]) va diém S2
(toa do: 21.031367, 105.825265) canh dwong Kim Ma.
Hai vi tri lra chon ndm & trung tAm thanh phé dic trung
b&i mat do dan cw va lwu lwgng giao thong cao, véi hoat
dong cha yéu 1a thwong mai dich vu va dan sinh dworc
quan sat thdy quanh khu vuc 14y mau. 28 mau bui PM,
dworc thu thap vao mang loc s¢i thach anh (Quartz fiber
PALLFLEX 2500 QAT-UP 8x10inch, Pall Laboratory, Hoa
Ky; da duoc xir Iy & 450°C va 6n dinh trong binh hut 4m
téi khdi lwgng khong déi) lién tiép trong 7 ngay dém vao
mua khé (thadng 11 nidm 2019) v&i thoi gian thu miu
khodng 10 tiéng/mau (ban ngay: tir 8-9 gir sing dén 6-7
gitr chiéu va ban dém: tir 7-8 gi¢ téi dén 7-8 gitr sang).
Thiét bi 14y mau khong khi thé tich 16n SIBATA HV700R
(SIBATA Science Technology, Nhat Ban) dwoc s dung
véi tdc dd 700 1/phut. Sau khi mau dugc thu thap, mau
bui dwgc boc trong gidy nhom va dwoc bao quan tai nhiét
dd -20°C cho dén khi chiét tich va phan tich.

2.2. Phwong phdp phdn tich mdu bui PM,

Phwong phap phan tich BPA va 4NP trong bui PM, .
dwoc thwe hién trén co s& tham khao nghién ctru do H.T.
Duong va cs (2019) [32] cong bd véi mot s6 thay doi
nhd, cu thé nhw sau: cdt nhé mang loc bui téi kich thwéc
khoang 1-2 cm va dwa vao dng ly tim mau xam thé tich
50 ml. Thém 25 ml dung mo6i dichloromethane vao 6ng
ly tAm va chiét siéu 4&m trong 15 phut. Mau sau d6 dugc
ly tAm trong 10 phit v&i toc d6 2000 vong/phut va dich
chiét dwoc thu vao binh qua 1é (thé tich 100 ml). Lap lai
qua trinh chiét ndy thém 2 lan nita. Mau dich chiét thu
duoc qua 3 1an chiét tach dugc 1am gidu bang thiét bi co
quay chan khong téi thé tich khoang 1 ml (trwong hop
dich chiét c6 nuwéc, thém Na SO, dé loai bé nuwérc. Thém
5 ml hexan vao dich chiét va lIam giau dich chiét téi 1 ml
bang théi khi nito. Cudi cing, 100 pl ndi chuin (BPA-d6
va 4NP-d4) dwoc thém vao dich chiét truwédc khi phan
tich trén thiét bi GC/MS (GC/MS-QP2010, Shimadzu,
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Nhat Ban). Mot pl dich chiét dwgc bom vao cot mao
quan fused silica J&W DB-5ms (5% phenyl-95%
methylsilicone; 30 m chiéu dai cdtx0,25 mm dwong kinh
trongx0,25 pm chiéu day 1&¢p mao quan) dé tach BPA va
4NP v6i toc d6 dong tuyén tinh khong déi 40 cm/gidy.
Khi helium tinh khiét (99,999%) dwgc st dung lam khi
mang. Dich chiét dwoc bom tw dong & ché d khong chia
dong (splitless) vao c6ng bom mau & nhiét do 250°C,
nhiét dd ngudn ion va nhiét dd dwong chuyén sang MS
lan lwot dwoc cai dit & 200 va 300°C. Nhiét do 10 GC bat
dau & 40°C gitr trong 2 phit, sau dé dwoc ning 1én 310°C
(véi téc do 8°C/phut) va duy tri & nhiét do 310°C trong
2 phut. BPA va 4NP dwoc dinh lwgng trong mau bang
ché do6 chon loc ion (SIM) dwdi tic dong ion héa dién tir
&70eV.

Phan tich 13p lai duoc thwe hién ddi véi 4 mau thu
thap vao ngay 14y mAu tht 4 tai S1 va S2 (mAu ban ngay
va mau ban dém tai mdi di€ém). Do 1éch chuin twong déi
(RSD) ctia BPA va 4NP trong cdc mau phan tich nhé hon
15% cho thay, phwong phap phan tich c¢é do lap lai tét
va phtt hop cho phan tich dinh lwong chinh xac BPA va
4NP trong bui PM, . Gi¢i han phat hién ciia phwong phap
(MDL) d6i v&i BPA va 4NP dwoc wéc tinh dwa trén gidi
han phat hién cda thiét bi (IDL) véi hé s6 1a 4 (thé hién
moi quan hé gitra IDL va MDL) [35], thé tich bom mAu (1
ul), thé tich mAu (1 ml) va mot nira thé tich khong khi thu
thap (m®) (do 1/2 mang loc bui dugc stt dung dé phan
tich). Do d6, IDL ctia BPA va 4NP la 0,01 ng va thé tich
khong khi thu thap 1a 200 m3, MDL twong (rng ciia BPA
va 4NP trong bui 12 0,2 ng/m?3.

2.3. Phworng phdp ddnh gid ri ro déi véi sivc khée
con ngwoi

Khi tinh toan rui ro clia cac chit 6 nhiém trong bui
khong khi do6i véi strc khoe con nguoi, thong thwong
ba con dwong phoi nhiém chinh dwoc nghién ctru bao
gbm hit thd, dn u6ng va tiép xdc qua da. Tuy nhién, phoi
nhiém bui min qua hé hip 1a con dwong phoi nhiém
chinh d6i v&i con ngudi [36, 37]. Theo huwéng dan cta Co
quan bao vé moéi trweong Hoa Ky, chi sd rui ro (HQ) dworc
stt dung dé danh gia phoi nhiém théng qua con dwong
hit thé cia BPA va 4NP d6i véi strc khde cia hai nhom
déi twong nguwoi 16m (tir 31 dén 51 tudi) va tré em (tir 3
dén 6 tudi) [38].
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HO = CDI (D
Q= RfDs
Dlair x EF x ED
CDl= ——mM8M8M8 —— (2)
AT

trong do6: CDI 12 lwong hip thu hing ngay man tinh
(ng/kg/ngay); RfDs la lieu lwgng tham chiéu cho phoi
nhiém main tinh (ng/kg/ngay) d6i véi mot hop chat.
Gia tri RfDs d6i véi BPA va 4NP lan lwot 12 50.000 va
8.000 ng/kg/ngay [39,40]; DI laliéulwonghap thuhdng
ngay (ng/kg/ngay); EF 12 tAn sudt phoi nhiém (ngay/nim,
365 ngay); ED 1a thoi gian phoi nhiém (nam) (gia tri 7,0
dé6i voi tré em va 34,5 doi véi ngwoi 1om). AT la tudi tho
trung binh (70 nam, khoang 25.550 ngay) [41].

Liéu lwong hép thu hang ngay (DI ) cta tirng chét
dwoc tinh toan theo cong thirc sau [38, 42]:

BW

trong dé: Cair 12 ndng do ctia BPA va 4NP (ng/m?®); F 1a
thoi gian & trong moi truedng phoi nhiém bui véi khodng
thoi gian trong mét ndm & néng dd cao nhit va trung vi;
IR la lwgng khi hit thé (m®/ngay) (gia tri lan lwgt d6i véi
tré em va nguwdi 16m 1an lwot1a 10,1 va 16 m3/ngay) [43];
BW la trong lwong co thé (kg) (trung binh ddi véi tré em
va nguwoi 1on 1an lwot 12 15 va 60 kg) [44].

Chi s6 nguy hai (HI) 14 thwéc do danh gia rui ro tich
lily cua BPA va 4NP dén sirc khoe con nguoi, dugc st
dung d€ wéc tinh phoi nhiém tich liiy theo cong thirc (4).
Cac chit dwoc cho 1a khéng gay ridi ro néu gia tri Hi<1 va
nguwoc lai [45].

HI = SHQi (4)

trong d6: HQ; (Hé s nguy hai ctia tirng chat i) dwoc tinh
theo cong thirc sau:

HQi= —— (5)

RfD;
véi: E; (lidu phoi nhiém): lwong chit ma con nguoi tiép
xuc (qua dn udng, hit thd, tiép xic da...) tinh theo mg/kg
thé trong/ngay; RfD; (liéu tham chiéu an toan): ngudng
litu dwoc co quan quan 1y (nhw USEPA, WHO) x4c dinh
ma duwdi mirc ndy viéc phoi nhiém lau dai khong gay anh

hwéng strc khoe.



3. Két qua va ban luan

3.1. Két qud phan tich bisphenol A va 4-nitrophenol
trong bui PM,

BPA va 4NP dwgc phat hién lin lwot trong 96,4
(27/28) va 100% (28/28 mau) mau bui PM, . v&i tdng
nong do dao déng trong khodng ttr 2,08 dén 7,94 ng/m?
(trung vi 3,81 ng/m?). K& qua nay phu hop véi cac
nghién ctu trudec day vé mirc d6 phong phu ctia BPA va
4NP trong bui khong khi [46-50]. Néng dé (trung vi) cia
4NP trong PM, . cao hon 5,1 va 4,8 lan so v&i BPA & S1 va
S2 (hinh 1, 2). Néng d6 trung binh ctia 4NP trong PM,
tai nghién ctru nay (3,37 ng/m?) cao hon gan 1,2 I4n so
vOi 4NP phat hién trong bui PM, . tai Nam Kinh, Trung
Quéc (2,83 ng/m?®) [48] va tai Bac Kinh, Trung Qudc
(2,90 ng/m?) [47]. Tuy nhién, khdng c6 sw bién thién ro
rét vé nong do ctia BPA va 4NP trong bui PM, . giita ban
ngay va ban dém & ca hai vi tri, m3c du néng dd 4NP vao
ban ngay cao hon ban dém dwoc quan sat thiy & S1va S2
& ngay 14y mau thir 3 dén thir 6 clia dot 1y mau (hinh 1).
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Xu hwéng nguoc lai dwoc quan sat déi véi BPA véi mau
thu thap vao ban ngay c6 nong dd BPA thap hon so véi
ban dém (ngdy 2-4 va ngay thit 7 clia dot 14y mau) & ca
2 vi tri, dic biét BPA dwoc quan sat & néng do cao nhit
(3,92 ng/m?) vao ngay thit 7 cia dot 14y mau tai S1 (hinh
2).Nguyén nhéin vé sw khac biét nay c6 thé do tac dong to
hop chia nhiéu yéu td nhw sw khac biét vé tinh chat hoaly
cta BPA va 4NP, sy thay d6i cia diéu kién khi quyén hay
hoat ddng con ngudi dan dén qud trinh phat tan va ton
tai ctia chung trong bui khong khi vao ban ngay va ban
dém khéic nhau. Tuy nhién, do s6 lwong mau bui nghién
ctru chwa du 1ém (14 maiu ngay va dém tai mdi vi tri) véi
thoi gian thu mau ngén (7 ngay), trong pham vi hep (2
vi tri khu vuc déng dan cw Ha Ni), déng thoi 1a nghién
ctru tién khao sat vé hién trang 6 nhiém cac hop chat
gy roi loan noéi tiét trong bui PM, . tai Ha Noi. Do do,
két qua nghién ctru cin bd sung d& danh gia hién trang 6
nhiém cac nhém chat ndy, cling nhw xac dinh ngudn goc
cua chung trong bui PM, . tai khu virc d6 thi Ha Noi.

3.2. Sw phan bé cua bisphenol A

E Ban dém

B Ban ngay

7,00
6,00
€ 5,00

% 4,00

S 1,00
Z 0,00

1 2 3 4 5 6 7 1 2 3
S1

4 5 6 7

va 4-nitrophenol trong bui PM, .

& BPA 13 mot hop chit gay roi loan
i ndi tiét do kha niang pha v& cdu tao
ndi tiét to cla cac sinh vat séng, dién
hinh 13 cac tac dong xau doi voi hé
théng sinh san & dong vat va con
nguwoi [51, 52]. BPA dwoc san xudt
va st dung véi khéi lwong 16n trong

Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay

qué trinh tong hgp nhwa va cac san

S2 phim tlr nhwa. Sw xAm nhap cia BPA

Hinh 1. Néng dé cua 4-nitrophenol vao ban ngay va ban dém tai S1 va S2.

vao méi tredng xudt phat tir cac hoat
dong clia con ngwoi nhw qua trinh

4,50 - .
Ban ngay [ Ban dém

4,00 —
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

Nong d6 (ng/m3

Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay

1 2 3 4 5 6 7 1 2 3
S1

Hinh 2. Néng dé cua bisphenol A vao ban ngay va ban dém tai S1 va S2.
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dot chay cac vat liéu chiva BPA, nhip
kh4u va xuit khau cac vat liéu c6 thé
tai ché& (dic biétla rac thai dién tr) va
khi thai phat tan gin cac co s& xi ly
BPA..,, trong d6, khong khi va bui la
nhitng ngu6n phéd bién khién sinh vat

sOng ti€p xuc va phoi nhiém véi BPA.
Trong nghién cru nay, néong dé cta
5 6 7 BPAvao banngay vaban dém tai hai vi
tri khéng cé sw bién dong 16m (<1,53

ng/m?), ngoai trir mau thu thap vao
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ban dém ctia ngdy cudi ciing trong chwong trinh 14y mau
tai S1va S2 c6 nong dd cao détbién (3,92 va 1,91 ng/m?).
Nong do (trung vi) cao nhit clia BPA tai S1 va S2 la
twong dwong (hinh 3), tuy nhién nong do (trung vi) cao
nhit ctia chit nay vao ban dém (0,79 ng/m?) cao hon
mot chit so véi ban ngay (0,60 ng/m?) (hinh 4). Nong
dd cao nhit ciia BPA tai nghién ciru nay (3,92 ng/m?)
cao hon 5,4 1an so v&i ndng do BPA cao nhit phat hién
trong mau bui PM,  thu thép tai thanh phd Milan, mién
Bic nudc Y (0,73 ng/m?) [53]. Pitu nay cé thé do khu
vuc thu mau bui ndm bén ngoai khu vuc ndi thanh cla
thanh phé Milan va ngudn 6 nhiém chi y&u dén tir hoat
ddéng cia con ngudi gy ra (chi yéu la giao thong va hé
théng swdi trong mua dong) [53], vi vAy nhitng nguén
nay khong phai la ngudn 6 nhiém chinh phét sinh BPA tai
Milan, Y. So sanh véi Yufa (mot dia diém ngoai 6 gan Bic
Kinh) va Quang Chau, Trung Qudc (noi bi anh hwéng béi
mot s6 diém tai ché rac thai dién ti tir khu vuce 1an can
nhw Thanh Vién va Guiyu thudc tinh Quang Pong), ndng
dd BPA cao nhit phat hién tai nghién ciru nay lan lwot
cao hon 4,6 va 1,7 1an [54] so v&i nong dd BPA cao nhat
tai Yufa (0,86) va Quang Chau (2,34 ng/m?), Trung Qudc.

Nitrophenol 12 chit gdy 6 nhiém phd bién trong khi
quyén, c6 & dang khi va bui, dwoc hinh thanh théng qua
cac qua trinh dét chay, phan hay thudc trir sdu (vi du
parathion) va sw hinh thanh th& cip cta nitrophenol
trong khi quyén [18, 50]. 2-NP va 4NP la cic thanh
phan chinh cia nhém nitrophenol trong khi quyén va
dwoc EPA dwa vao danh muc cac chit 6 nhiém nguy hai
wu tién [55]. Ddc biét, 4NP c6 doc tinh cao d6i véi con
ngudi [56]. Khac véi BPA, 4NP ¢6 xu hwédng cao hon
vao ban ngay so véi ban dém & ca hai vi tri véi nong do
4NP tai S1 dao dong 0,94-6,21 ng/m3 (trung vi 3,03 ng/
m?) vao ban ngay va tir 1,78-3,16 ng/m? (trung vi 2,40
ng/m?%) vao ban dém. Twong tw déi véi 4NP dwoc phat
hién tai S2, néng do 4NP vao ban ngay va ban dém lan
lwot trong Khoang 1,27-7,34 ng/m? (trung vi 3,91 ng/
m?) va 2,40-4,24 ng/m? (trung vi 3,45 ng/m?). Mau
bui PM, , thu thép vao ban ngay ctia ngay thu mau thi
3 dén thit 5 trong chwong trinh 18y mau tai S2 c6 nong
dd 4NP cao gp 2 1an so v&i cac ngay con lai tai cing vi
tri, dao dong trong khoang 6,21-7,34 ng/m?. Tuy nhién,

%H%-IE 68(6) 6.2026

xu hwdng nay khong ro rang tai S1 véi nong do 4NP cao
nhit (6,21 ng/m?®) dwgc quan sat vao ban ngay ngay thi 5
trong chwong trinh 14y mau. Nong do (trung vi) cao nhat
cla 4NP tai S2 cao hon mot chut so véi S1 (hinh 3), tuy
nhién ndéng d6 (trung vi) cao nhit cia 4NP vao ban ngay
(3,91 ng/m?) cao hon so véi ban dém (3,45 ng/m?) (hinh 4).
Nong do caonhatcia 4NP tai nghién crunay (7,34 ng/m?)
cao hon 5,8 Ian so véi nong dd 4NP phat hién trong miu
bui tai Mainz, Pt (1,27 ng/m?3) [57]. Sw khac biét nay
c6 thé bat ngudn tir dic diém dia ly va mat do dan sé
tai Mainz, noi c6 téng s6 dan twong déi thip (khoang
200.000 ngui), ndm cach trung tAm thanh phé khoang
2 km va cht yéu chiu anh hwéng bdi cac khdi khong khi
bao gobm khong khi tAng bién luc dia tir cad khu vuc do
thi va néng thon. Twong tw, néng dd cao nhit cia 4NP
ghi nhan trong nghién cttu nay thap hon 1,2 lan so véi
noéng do 4NP dwoc phat hién trong cdc mau PM, thu
thap tai tram gidm sat chat lwgng khong khi Tsuen Wan
(TW AQMS; 22.378°N, 114.118°E) - mét dia diém nén do
thi ndm trong khu phtrc hop dan cw, thwong mai va cong

nghiép tai Hong Kéng, Trung Qudc (8,66 ng/m?) [14].
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3.3. Pdnh gida rii ro cua bisphenol A va
4-nitrophenol trong PM, . doi véi sirc khée con nguoi

Rui ro ctia BPA va 4NP trong PM, . d6i véi strc khoe
con nguoi thong qua con dwong hit thé dwoc danh gia
déi véi hai nhém ddi twong l1a tré em va ngudi 1én. Liéu
lwong hdp thu hang ngay cao nhit cia tirng chat ctia BPA
& nguwoilén vatré em Ian lwotla 1,05 va 2,64 ng/kg/ngay,
trong khi d6 DI__ctia 4NP doi véi nguoi 16m va tré em lan
lwotla 1,96 va 4,94 ng/kg/ngay. Liéu lwgng hap thu hang
ngay ctia 4NP cao hon so v&i BPA dwoc quan sat ddi véi
hai déi twong tré em va ngwoi 16n do néng do cao cua
4NP trong bui PM, . Trung binh, tré em phoi nhiém vé&i
héa chat cao hon khoang 2,5 lan so véi nguoi 1on trén
1 kg trong lwgng co thé. Khi xem xét mirc phoi nhiém
t6i da (& nong do cao nhat), chi s6 rui ro HQ cia BPA
déi véi ngwoi 16m va tré em ludn thap hon 1,03x10° va
5,3x10°%; twong tw doi véi 4NP gia tri HQ ddi véi ngudi
16n va tré em lan lwot thip hon 1,21x10* va 6,2x107,
do d6 su hién dién cua BPA va 4NP trong PM, . khong
gay rui ro déi véi stire khde cdng dong tai khu vire nghién
ctru. Rui ro ctia BPA va 4NP trong bui PM, . déi véi tré
em nho hon so v&i ngwoi 1dn do ching cé ty 1€ hit phai
trén trong lwgng co thé nhd. Chi s6 nguy hai HI (danh gia
rui ro tich liiy ciia BPA va 4NP) & nong do phoi nhiém
toi da doi véi tré em va ngudi 1n thip hon 6,73x10° va
1,31x10* cho thiy, rui ro tich liiy tir viéc ti€p xtc véi BPA
va 4NP trong bui PM, . duoc coi la chwa c6 tac dong xau
nao doi véi strc khoe con nguwoi tai 2 vi tri nghién ciu.
Tuy nhién, vi sd lwgng cac chat gy roi loan ndi tiét dwgc
nghién ctru con han ché (2 chat) va con nhiéu cdc nhém
chat gay rd6i loan noi tiét khac ton tai trong bui PM,  vi
thé viéc tiép xtic 1au dai véi cac chit nay cé thé gay rui ro
d6i voi stre khoe con nguoi. Do d6, trong twong lai can
thwce hién nghién cttu chuyén sau, trén pham vi rong véi
s0 lwong 16m chét gy roi loan noi tiét trong bui PM, . tai
Ha Noi nham danh gia toan dién tac dong téng hop cla
cac héa chat gy roi loan noi tiét d6i véi stire khoe con
nguoi.

4. Két luan
Két qua nghién ctru buéc dau xac dinh dwgc ham

lwgng, sw phan bé va rui ro doi véi sitc khoe cia BPA
va 4NP trong bui PM, . tai Ha Noi. BPA va 4NP dwoc
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phat hién trong tit cA cAc mau bui nghién ctru ngoai trir
1 mau bui thu thap vao ban dém tai S1 c6 ham luong
BPA nhd hon gi¢i han phat hién ctia phwong phap. Nong
dd (trung vi) ctia 4NP trong PM, . cao hon 4,3 lan so véi
BPA, tuy nhién khéng cé sw bién thién ro rét vé néng do
cua BPA va 4NP trong bui PM, . gitra ban ngay va ban
dém & ca hai vi tri. Chi s6 rii ro tich liy HI cua BPA va
4NP & ndng dd phoi nhiém cao nhat d6i véi tré em va
nguwdi 1én déu nho hon 1 cho thiy, viéc tiép xdc véi BPA
va 4NP trong bui PM, . chwra gay tac dong xdu doi véi strc
khoe con nguoi tai 2 dia diém nghién ctru. Tuy nhién,
can thuc hién nghién ctu chuyén siu trong twong lai vé
hién trang 6 nhiém cac chat gay rdi loan noi tiét trong bui
PM, . véi s gia tang vé s6 lwong chat nghién ciru, trén
pham vi réng - khu vuc dan cw doé thi, ndng nghiép, cong
nghiép, cung thiét ké chwong trinh 14y mau theo khong
gian va thoi gian nham danh gid dwoc tdng thé hién trang
6 nhiém, x4c dinh ngudn goc cling nhu tac dong téng hop
cta chung doi véi strc khde con ngueoi.
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Danh gia hoat tinh khang oxy hoa va khang nm Trichophyton rubrum
cila chiét xuat 14 trau khong (Piper betle L.) va 14 neem (Azadivachta indica L.)
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Tém tdt:

Nghién ciru dwgc thwe hién nham danh gia kha niang khang ndm Trichophyton rubrum cua chiét xuat 14 trau khéong
(LT-Et96) va 1a neem (LN-Et96) véi dung méi ethanol. Ham lwong phenolic téng (TPC) dwoc xac dinh bang thuéc thir
Folin-Ciocalteu va flavonoid téng (TFC) dworc xac dinh bing nhom clorua. Kha niang khang oxy héa dwoc danh gia bing
phwong phap trung hoa gdc tw do 2,2-diphenyl-1-picrylhydrazyl (DPPH). Hiéu qua khang ndm dwgc danh gia bing
phwong phap khuéch tan trén dia thach, xac dinh néng do &c ché tdi thiéu (MIC) va diét ndm tdi thiéu (MFC). K&t qua ghi
nhan ham lwong TPC1a 567,29+6,81 mg GAE/g va TFC1a 21,59+0,98 mg QE/g d6i véi LT-Et96; & mau LN-Et96 cac gia tri
nay lan lwotla 161,79+5,12 mg GAE/g va 21,24+1,15 mg QE/g. Kha ning trung hoa 50% goc tw do DPPH dwo'c ghi nhin
& nong do 1,005+0,527 mg/ml d6i véi LT-Et96 va 10,301+2,041 mg/ml déi véi LN-Et96. Nong do MIC cua LT-Et96 1a 1
mg/ml va LN-Et96 1a 10 mg/ml. Néng dé MFC ctia LT-Et96 va LN-Et96 & 48 gid Ian lwot 1a 4 va 40 mg/ml. Hon hop phdi
tron chia cac chiét xuit cho thay hiéu qua khang nim déu dat 100% & cac nghiém thirc néng d9 LT-Et96 1 mg/ml két hgp
v@i cac ndng do LN-Et96 khac nhau. Cac két qua cho thiy tiém ning (ng dung ctia cac chiét xuit trong phat trién cac san
pham hé tro phong ngira hoic ki€ém soat nhiém nim da d4u c6 ngudn goc tir nguyén liéu tw nhién.

Tir khéa: flavonoid, 14 neem, 14 triau khong, ndm Trichophyton rubrum, phenolic.

Chi s6 phdn logi: 1.4,1.6, 3.4

Evaluation of the biological activity and antifungal potential
of Piper betle L. and Azadirachta indica L. leaf extracts against Trichophyton rubrum
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Abstract:

The study was carried out to evaluate the antifungal activity of betel leaf extract (LT-Et96) and neem leaf extract (LN-
Et96) against Trichophyton rubrum using ethanol solvent. The total phenolic content (TPC) was determined using the
Folin-Ciocalteu method while the total flavonoid content (TFC) was measured using the aluminum chloride method.
DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay was used to estimate the antioxidant activity.
Antifungal activity was evaluated using the agar diffusion method, with determination of the minimum inhibitory
concentration (MIC) and minimum fungicidal concentration (MFC). The results revealed that the TPC and TFC values of
LT-Et96 were 567.29+6.81 mg GAE/g and 21.59+0.98 mg QE /g, respectively, whereas those of LN-Et96 were 161.79+5.12
mg GAE/g and 21.24+1.15 mg QE/g, respectively. The concentration for neutralising 50% of DPPH free radicals was
1.005£0.527 mg/ml for LT-Et96 and 10.301+2.041 mg/ml for LN-Et96. The MIC values of LT-Et96 and LN-Et96 were 1 and
10 mg/ml, respectively. The MFC values at 48 hours were 4 mg/ml for LT-Et96 and 40 mg/ml for LN-Et96. The combined
extracts exhibited 100% antifungal efficacy across all treatments containing LT-Et96 at a concentration of 1 mg/ml in
combination with various concentrations of LN-Et96. The results indicated the potential application of these extracts in
the development of natural products for the treatment and prevention of scalp fungal infections.

Keywords: flavonoid, neem leaf, phenolic, piper betle leaf, Trichophyton rubrum.
Classification numbers: 1.4, 1.6, 3.4
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1. Dat van de

Trichophyton rubrum 1a loai ndm truyén nhiém phd
bién gy bénh nidm da & nguwoi, véi ty 1€ gy bénh chiém
dén hon 60%. Dic diém dién hinh cia nim da 13 wa
strng, thwong xdm nhip vao cac ciu tric sirng héa nhw
16p strng cua da, téc va moéng tay, chan [1]. Hién nay, cac
bién phap khang nim thwong dwoc st dung la cac loai
thuéc ¢ chira allylamine, azole hay echinocandins. Mic
du mang hiéu qua kha cao nhuwng van tiém 4n cic van dé
vé khang thudc va cac tic dung phu khi st dung 1au dai.
Vi vay, xu hwéng hién nay dang dan hwéng dén st dung
cic san pham c6 ngudn gdc tir thién nhién d€ khang lai
cac tic nhan nim bénh.

Cay trau khong (Piper betle L.) tir1au da dwoc st dung
nhu mot ngudn dwoc liéu véi nhiéu céng dung tai nhiéu
qudc gia. L4 trau c6 chira nhiéu hoat chit khang oxy hoa
bao gom flavonoid, tannin, saponin va nhiéu hoat chit
khac cé kha ning &c ché va tiéu diét mét sé loai ndm
giy bénh nhw ndm Candida albicans, Aspergillus niger va
Trichophyton mentagrophytes [2]. MOt nguyén liéu khac
dang duwoc quan tAm va &ng dung rong rai 1a chiét xuit
tlr cAy neem (Azadirachta indica). Nh¢ vao thanh phin
gidu chat chéng oxy hda va cac hop chit cé hoat tinh sinh
hoc nhw azadirachtin, salannin, nimbolinin; chiét xuat 14
va hat cia cdy neem da dwgc thir nghiém hoat tinh chéng
nidm da va cho thdy hiéu qua chdng lai mot s6 loai ndm
da nhw Trichophyton rubrum, Trichophyton violaceum,
Microsporum nanum, Epidermophyton floccosum va
Candida albicans [3]. Vi vdy, muc dich cta nghién ctru
nay 1a nhdm danh gia kha nang khang nim T. rubrum cta
chiét xuat 14 trau khéng va 1a neem, cling nhw khao sat
hiéu qua khi két hop cta hailoai chiét xuit nay; tir d6 tao
tién dé dé phat trién cic sdn phAm cham séc sirc khoe c6
ngubn goc tlr thue vat.

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

L4 triu khong twoi (Piper betle L.) dwoc thu nhin
tlr ciy trau khong 5 ndm tudi tai Binh Dwong va 1a neem
twoi (Azadirachta indica L.) dwoc thu nhan tir cdy neem
12 nim tudi thudc gidng neem An Do trong tai Ninh
Thuan. Mau 14 twoi dwoc chon 12 loai 14 gid mau xanh
dam, thu hai ngoai tw nhién bang dung cu cat trong
khoédng 8-10 gi¢ sdng vao thang 3/2024. MAu 14 sau thu
nhan dwoc xt Iy so bo va riva loai bé bui ban trwdc khi
tién hanh thi nghiém.
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Ching ndm T rubrum (ATCC 28188) dwoc lwu triv
tai Phong Thi nghiém Cong nghé sinh hoc, Trung tam
Nghién ctru trién khai Khu cong nghé cao TP. H6 Chi
Minh.

2.2. Phwong phdp nghién civu
2.2.1. Phwong phdp thu nhdn chiét xudt

Chiét xuat dwgc thu nhan theo phwong phap ctia H.T.
Duong va cs (2022) [4] c6 stra d8i. MAu 14 twoi sau khi
Xt Iy so b6 dwoc ddong kho & -51°C, trong diéu kién chan
khong tir 24 dén 48 gid. Nghién nhé mau 14 thanh dang
bot, cAn 10 g bot 14, b6 sung 200 ml dung moi ethanol
96%. Tién hanh danh siéu &m bang hé thdng siéu 4m
dang thanh Q1375 (Qsonica, My) v&i tin s6 20 kHz va
80% cdng sudt may trong 15 pht, loc va thu nhén chiét
xuat bang gidy loc Whatman. Loai bé dung méi bing
cach dun cach thuy & 60°C. Hoa tan chiét xuit 14 trau
khong (LT-Et96) va chiét xuit 14 neem (LN-Et96) thu
duoc trong dimethyl sulfoxide (DMSO) va bao quan &
4°C trwdce khi tién hanh cac thi nghiém tié€p theo. Cong
thirc tinh hiéu suit thu hoi chiét xuit [4]:

H(%) = (W1 x 100)/W2

trong d6: H: hiéu suét thu hoi; W1: khdi lwong cao thu
dwoc; W2: khdi lwgng bot 14 st dung.

2.2.2. Xdc dinh ham lwgng phenolic va flavonoid téng

Xac dinh ham lwong TPC theo phwong phap Folin-
Ciocalteu c6 sira ddi [5]. Pha loang cac mau chiét xuit
thanh cac ndng dd khac nhau. Cho 0,5 ml mau vao 2,5 ml
dung dich thudc thi Folin-Ciocalteu 10%, 1ac déu va dé 4
phit & nhiét d6 phong. Tiép tuc b6 sung 2 ml dung dich
Na,CO, 2% vao hén hop trén. Sau 120 phut phan tng,
tién hanh do d6 hdp thu & buwéc séng 765 nm (0D, ).
Acid gallic dwoc st dung nhw chat d6i chirtng dwong.
Ham lwong TPC trong mAu chiét xuat dwoc xac dinh dwa
trén phwong trinh dwong chuin acid gallic.

Ham lwong TFC dwoc x4c dinh bang phwong phap
so mau AICL, c6 stra d6i [5]. Pha lodng cdc mau chiét xuit
thanh cac ndng dd khac nhau. Cho 0,5 ml mau vao 1,5 ml
dung dich ethanol 95%, dé yén trong 5 phut. Thém vao
0,1 ml dung dich AICI, 10% va l3c déu. Sau 6 phut, thém
vao 0,1 ml CH,COOK 1M va 2,8 ml nwéc cit, lac déu, dé
on dinh & nhiét d6 phong. Sau 30 pht, tién hanh do do
hip thu & bwéc séng 415 nm. Quercetin dwoc st dung
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nhu chat d6i chirtng dwong. Ham lwgng TFC trong chiét
xuit dwgc xac dinh dwa vao phwong trinh dwong chuin
quercetin.

2.2.3. Xdc dinh khd ndng khdng oxy héa

Kha ndng khang oxy hda cta chiét xuit dwoc xac
dinh bang phwong phap khtr géc tw do 2,2-diphenyl-1-
picrylhydrazyl (DPPH) [6]. Cho 20 pl chiét xuit & cac
nong do khac nhau vao 880 pl methanol va 100 ul DPPH
500 pM, lic déu va d€ yén trong 30 phut & diéu kién
tranh sang. D6 hap thu dwoc do & bwdc séng 517 nm.
MAu d6i chirng dwoc thwc hién twong tu, thay thé tich
chiét xuit bang dung moi pha mau. Méi thi nghiém dworc
lap lai 3 IAn. Kha nang trung hoa gbc tw do DPPH (%)
dwoc tinh bang cong thirc sau:

C'As

x 100

DPPH(%) =
trong d6: A_la d6 hép thu ctia mau déi chirng; A_la do
hép thu ctia miu khao sat; IC_, 1a gia tri ndng d6 ciia mau
chiét xuit tai d6 trung hoa 50% cac goc DPPH ban dau;
IC,, dwoc tinh tir phwong trinh dwong twong quan tuyén
tinh gitta ndng do6 chiét xuit va phan tram &c ché géc tw
do DPPH.

2.2.4. Xdc dinh hoat tinh khdng ndm T rubrum ctia
cdc loai chiét xudt

Buwéc dau danh gid kha ning khang nim T rubrum
clia cac chiét xuit bang phwong phap khuéch tan thach
c6 stra doi [7]. Dung Ong duc vd trung tao hai giéng
c6 dwong kinh 7 mm trén mdi dia thach Sabouraud
dextrose agar (SDA). B6 sung vao cac giéng 100 pl cac
chiét xuit LT-Et96 va LN-Et96 & néng do 50, 25 va 10
mg/ml, d6i chirng 4m 1a dung dich DMSO 10%. Dat tan
nam c6 dwong kinh 7 mm vao trung tim dia. U cac dia
ndm & nhiét d6 phong, quan sat va ghi nhan kich thwéc
clia tdn ndm & ngay thi 10. Mi thi nghiém dwoc 13p lai
ba lan.

2.2.5. Xdc dinh néng dé trc ché ndm téi thiéu cia cdc
loai chiét xudt

Nong dé &c ché t6i thi€éu (MIC) cla cac chiét xuit
déi véi ndm T rubrum dwoc xac dinh theo md ta cda
M. Moslem va cs (2009) [8]. Pha lodng cac chiét xuit v&i
DMSO thanh cac nong do khac nhau, b6 sung thém moi
truedng SDA sao cho nong dd DMSO cudi cung dat 2%. D6
cac hon hop vao dia petri dwong kinh 60 mm va dé dong
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& nhiét do phong. Pit vao trung tAm mdi dia thach, tan
ndm c6 dwong kinh 5 mm, 0 cac dia & nhiét do phong,
quan sat va ghi nhan két qua & ngay thi 10 K€ tir khi tién
hanh thi nghiém. Ty 1& (rc ché sy phat trién ctia ndm (1%)
dwoc tinh bang cong thitc sau [8]:

1(%) =

x 100

trong d6, C 1a dwong kinh khuén lac & mau déi ching; T
12 dwdrng kinh khuin lac & mau c6 chira chiét xuit.

2.2.6. Xdc dinh ndng d6 diét ndm téi thiéu ctia cdc chiét
xudt

Duva trén néng doé MIC cia LT-Et96 va LN-Et96, tién
hanh xac dinh ndng d6 MFC ctia cac chiét xuit theo mo ta
cia D.T.M. Thy va cs (2020) [9]. Cit mau ndm c6 dwong
kinh 5 mm va ngdm trong cic néng do chiét xuat khac
nhau trong 6, 14, 24 va 48 gid, sau do rira sach va ciy
vao moi trudng SDA. Moi nghiém thirc dwoc lap lai 3
1an. Sau it nhat 3 ngay quan sat, MFC dwogc xac dinh la
nong do thip nhit khong cé soi ndm phat trién. Néu ty 1é
MFC/MIC<4 hop chit dwoc xac dinh c6 kha nang diét
ndm; MFC/MIC>4 hop chit dwoc xac dinh 1a c¢6 kha nang
trc ché ndm [10].

2.2.7. Khdo sdt hiéu qud khdng ndm T. rubrum cta
hén hop phéi trén tir cdc chiét xudt

Lan lwot phéi tron cac ndong do khac nhau cta chiét
xudt LT-Et96 va LN-Et96 theo ty 1& 1:1 (v:v) (bang 1).
Téng thé tich ctia hdén hop phdi tron st dung cho moi
nghiém thtic 1a 0,5 ml va b6 sung thém 4,5 ml moi
truedrng SDA sao cho néong do DMSO dwoc st dung 1a 2%.
D6 hon hop vao dia petri c6 dwong kinh 60 mm va dé
dong & nhiét dd phong. Dung kep v6 trung gap tdn nim
c6 dudng kinh 5 mm dit vao trung tAm moi dia thach
[7, 8]. Quan sat va ghi nhin két qua & ngay thi 10 ké tir
khi tién hanh thi nghiém.

Bang 1. Nghiém thirc phdi trén cac chiét xuét (ty 1é 1:1).

Nong dd LN-Et96 (mg/ml)

Nong do LT-Et96

(mg/ml) 10(N) 5(N) 25(N)  1L,25(N)
1(T) TN, TN, T, N, T,N,
0,5 (T,) T,N, T,N, T,N, T,N,
0,25 (T,) TN, TN, T, N, T, N,
0,125 (T,) T,N, T,N, TN, T,N,
0,0625 (T) TN, TN, T,N, T, N,
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3. Két qua va ban luan

3.1. Hiéu sudt thu nhdn hai loai chiét xudt thwc vt
LT-Et96 va LN-Et96

Hiéu sudt thu hoi cia chiét xuat LT-Et96 va LN-Et96
véi dung moi ethanol lan lwet 1a 13,58 va 15,53% (bang
2), gan twong dwong véi nhau. Dung méi ethanol thuwong
dwoc st dung phd bién dé tach chiét cic hop chit
polyphenol nh¢ tinh hoa tan cé chon loc va hoat chat it
bi phén huy trong qua trinh c6 dic. Thanh phin cac hop
chit c6 kha ndang khang oxy héa manh nhw polyphenol
thu nhan véi dung moi ethanol cling da dang va phong
pht hon so véi dung mdi nwée hay cac dung moi khac
[11]. Viéc két hop st dung dung mdi ethanol v&i sw hod
tro ciia song siéu Am dé thu nhan chiét xuit thuc vat c
wu diém chinh 13 thoi gian phan &ng ngan hon so véi
phwong phap truyén théng, st dung lwong mau nguyén
liéu nhd, gitp tang hiéu qua va giam chi phi trong hoat
déng san xuit.

Bang 2. Hiéu suét thu hdi cac chiét xuét.

Miu Khéi lrgng Khéi lrgng Hiéu suit
nguyén li¢u (g) chiét xuit (g) thu nhén (%)

LT-Et96 10 1,358+0,02 13,58+0,25

LN-Et96 10 1,553+0,03 15,53+0,33

3.2. Ham lwg'ng phenolic va flavonoid téng ctia cdc
loai chiét xudt

Polyphenol va flavonoid dai dién cho nhitng chit
chuyén hoa thwc vat thir cp v&i cac hoat tinh sinh hoc
doc dao va da dang nhu khang viém, khang oxy hda,
khang khuin va ngin nglra ung thw [12]. Ham lwong
polyphenol (TPC) va flavonoid toan phan (TFC) c6 trong
hai loai chiét xuit dwoc thé hién & bang 3.

Bang 3. Ham lweng phenolic va flavonoid tdng chia cac chiét xuét.

Miu TPC (mg GAE/g) TFC (mg QE/g)
LT-Et96 567,29+6,81 21,59+0,98
LN-Et96 161,79+5,12 21,24+1,15

Bang 4. Hiéu suat (rc ché géc tw do DPPH cua cac chiét xuét.

Ham lwong TPC ctia mau LT-Et96 1a 567,29+6,81
mg GAE/g cao hon khoang 4 lan so v&i mau LN-Et96
(161,79+5,12 mg GAE/g). P6i véi ham lwong TFC, hai
mau LT-Et96 va LN-Et96 c6 gia tri gan nhw twong dwong
nhau v&i két qua ghi nhin Ian lwot 1a 21,59+0,98 va
21,24+1,15 mg QE/g. Theo L.T.T. Nguyen va cs (2020)
[13] khi thu nhin chiét xuit I14 trau khong véi cac loai
dung méi khac nhau cho thdy viéc str dung dung moi
ethanol gitp thu nhin dwoc chiét xuit c6 ham lwong
TPC va TFC cao nhit lan lwot 1a 249,96 (mg GAE/g) va
27,82 (mg QE/g). Nghién cru cta A. Ali va cs (2018)
[14] ciing cho thiy viéc str dung két hop séng siéu 4m
gitp tiang hiéu suit thu héi ham lwgng TPC 1én 13,71
so v&i 10,96% khi sit dung phwong phap chiét ngam.
Trong nghién cttu nay, ham lwgng TPC ghi nhan c6 gia tri
cao hon so véi khao sat trwéc dé cia nhom (386,34 mg
GAE/g) [4], nguyén nhan c6 thé do nhém st dung 80%
cong sudt may siéu Am véi gia tri la 1100 W so véi chi
stt dung 70% cong suit may trudc d6. Ham lwong TPC
cua la neem theo nghién ctru cua A.R. Abdulkadir va cs
(2017) [15] dat 136,45 mg GAE/g (dung mo6i ethanol) va
ham Iwong TFC 12 77,01 mg QE/g. Cac chi s6 TPC va TFC
nay gan twong dong véi két qua ghi nhan trén chiét xuit
tlr 14 neem ctia nhém.

3.3. Khdo sdt kha ndng trung hoa géc tw do DPPH

Khao sat kha ning trung hoa géc tw do DPPH 1a mot
trong nhitng phwong phap phé bién dé danh gia kha
nang khang oxy hda clia mét hop chit. Hiéu suat trc ché
gbc tw do DPPH cua céc loai chiét xuit dwoc trinh bay &
bang 4.

Gia tri IC_, ciia miu LT-Et96 (1,005 mg/ml) nho hon
so véi mau LN-Et96 (10,30 mg/ml) (bang 4) cho thiy
kha ndng trung hoa géc tw do DPPH clia mau LT-Et96
manh hon so v&i mau LN-Et96. Nghién ctru ciia I. Ali va cs
(2010) [16] da chirng minh hoat tinh khang oxy héa cao
cua l4 triu nh¢ sw hién dién cta hop chat hydroxychavicol
(thuéc nhom phenolic). Khdo sat trén chiét xuit tir 14
va than ciy ké dau ngwa (Xanthium strumarium L.) cho

Méu LT-Et96 LN-Et96

Nong dp (mg/ml) 0,5 1 L5 2 5 10 15 20

Higu sudt e ché gbe twdo (%) 29,25£0,057  51,99+0,071  73,84£0,048 93,79+0,011 24,8+0,061 51,130,042 76,57+0,004  90,39+0,02
Phuong trinh hdi quy tuyén tinh  y=46,437x+3,3413 (R>=0,9945) y=4,6498x+2,1003 (R?=0,9898)

Gié tri IC, (mg/ml) 1,005+ 0,527 10,3012,041
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thdy ham lwong TPC va TFC twong quan ty 1é thun véi
gia tri 1/IC,,
cang cao thi hoat tinh khang oxy hoa trong nghién ctru

déng nghia véi ham lwgng TPC va TFC

cang manh [17].

3.4. Xdc dinh hoat tinh khdng ndm T. rubrum ctia
cdc loai chiét xudt

- 233+0,723 233=0,723

2520, 23320723

1
= 21,33+ 0,055 - T
=) -
\E 20 7 : 18330370
s
o 15
§ 10 /
s
fé 5
: 7
£ 2
5 10 25 50
Néng d6 mg/ml

BLLE96 GSLN-E96 0Déiching

Hinh 1. Két qua khang ndm bing phwong phap khuéch tan thach.

Phwong phap khuéch tan dia thach dwoc thwce hién
nham buéc dau xac dinh hiéu qua khang ndm T, rubrum
clia cac loai chiét xuit, d€ 1am tién dé cho cic thi nghiém
tiép theo, két qua dwoc thé hién qua hinh 1 va 2. Mau
LT-Et96 ghi nhin hiéu qua khang nim cao nhit & nong
d6 50 mg/ml, kich thwéc phat trién cia tdn nAim do dwoc
la 9,330,289 mm thap hon 2,5 lan so v&i chirng 4m
(23,3+0,723 mm). Cac nghién ctru trwéc diy cho thay,
nong d6 10-50 mg/ml chiét xudt 14 trau cé hiéu qua trén
ndm P, oryzae [18], C. albicans va Aspergillus sp. [19].
MAu LN-Et96 ciing ghi nhan duoc hiéu qua khang nim
& nong dd 50 mg/ml, kich thwéc phat trién cia tdn ndm
do dwoc 1a 18,33+0,379 mm, thip hon x4p xi 1,27 lan
so v&i chitng &m. Theo cic nghién ctu trudc day, nong
d6 12,5-50 mg/ml chiét xuit 1a neem

c6 hoat tinh khang lai ndm A. niger

120
100
80
60

)

va C. albicans [20]. Két qua budc dau g
cho thdy, mau LT-Et96 c6 tinh khang

T rubrum manh hon so véi LN-Et96.

23,611=0,058
20 P

Phén triim ke ché ndm (%

Nguyén nhan c6 thé do ham lwgng

hoat chat phenolic, flavonoid va kha 00625 0".1;5
nang khang oxy hoéa cao c6 trong LT- (A)

Et96 (bang 3 va 4). Theo cac nghién

JHOAHOC . -

LT-Et96

40 29,1672 0,05

Néng d6 mg/ml (B)
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ctru trwde day, hoat chit chinh thuéc nhém phenolic
trong chiét xuat 1a trau khong bao gom hydroxychavicol,
cavicol, cavibetol, carvacrol va eugenol [21]. Dé&i vé&i 14
neem, cac hgp chat c6 hoat chit sinh hoc thwong dworc
ghi nhan gém azadirachtin, nimbin, salanin va mot sé
flavonoid, limonoid khéc [22]. P4y dwoc xem la cac chat
déng vai tro chu yéu trong kha ning khang ndm bénh

cda la trau khong va 1a neem.

Hinh 2. Danh gia khang ndm T. rubrum cla cac chiét xuat.
(A) LT-Et96; (B) LN-E196.

3.5. Nong dé trc ché ndm téi thiéu cua cdc loai
chiét xudt

Tir két qua khdo sat hoat tinh khang ndm & trén,
chuing t6i tiép tuc tién hanh xac dinh néng do MIC doi
véi ndm T rubrum cia hai loai chiét xuat; két qua dwoc
thé hién qua hinh 3 va 4.

Chiét xudt LT-Et96 cho két qua MIC d6i véi nAm T
rubrum & nong do 1 mg/ml vGi ty 1€ Gc ché ghi nhin
duwoc 1a 100% (hinh 3 va 4). Cac nghién ctru truéc day
vé kha ning khang nidm cua la triu chu yéu thwc hién
véi tinh dau 14 trau tinh khiét nhw céng bé D.C. Ontengco

100
n22E031 E 60 50,7

- ] G 50
883301 B . 040 2761220225

: ‘ \
‘ | @ig 149250278 %

]
0.25 0.5 1 0.625 125 25
Néng dé6 mg/ml

Hinh 3. Hiéu qua (rc ché ndm T. rubrum cua céc chiét xuét. (A) LT-Et96; (B) LN-Et96.
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Hinh 4. Két qua MIC cta cac chiét xuat. (A) LT-Et96; (B) LN-Et96.

(2019) [23] v&indng do MIC<0,156 mg/ml cho kha nang
trc ché ndm T. mentagrophytes, T. rubrum va T. tonsurans.
Dai véi chiét xuit 14 neem nong do trc ché t6i thiéu MIC
la 10 mg/ml véi ty 1€ &rc ché 75,4%. Ty 1€ tc ché nay cao
hon nghién ctru cta D.I1.O. Salazar va cs (2015) [24]: cu
thé chiét xuit 14 neem (4 mg/ml) rc ché 29,527% nim
T rubrum va diu hat neem (4 mg/ml) ty 1& Gc ché la
12,5%. Nhu vay, ty 1é rc ché cla cac chiét xuat LT-Et96
(ndng d6 1 mg/ml) va LN-Et96 (néng dé 10 mg/ml) doi
vGi chung ndm T. rubrum déu trén 70%, cho thiy tiém
nang khang ndm ctia cac chiét xuit thwc vat nay.

3.6. Nong dé diét nd@m tdi thiéu cua cdc loai chiét
xudt

K&t qua khao sat ndong do MFC ddi véi mau LT-Et96
ghi nhn & thoi diém 6, 14 va 24 gior1a 8 mg/ml; & 48 gior
noéng do nay la 4 mg/ml. Nong d6 MFC ctia LN-Et96 lan
lwot 1a 50 mg/ml & 24 git va 40 mg/ml & 48 gio. C6 thé
nhin thiy, ndng do MFC cta LT-Et96 thip hon rit nhiéu
so v&i ndng do MFC cta LN-Et96, cu thé, x4p xi gdp 6 lan
& thoi diém <24 gio va gdp 10 lan & thoi diém 48 gio.
biéu nay cé thé 1a do ham lwong ctia hoat chat phenolic,
flavonoid va hgp chdt khang oxy héa cao c6 trong mau LT-
Et96 (bang 3 va 4). Cac nghién ctru truweéc day vé hoat tinh

khang ndm cia cac chiét
xuit thwc vat doi véi cac
ching dermatophyte ghi
nhin dwoc nong do MFC
dao dong 125-250 mg/ml
(chiét xudt tir 14 cay
Tetradenia riparia) [25],
nong do MFC 0,39-25 mg/ml

(chiét xudt tr 14 cay
Tapinanthus  globiferus)
[26]. Dwa trén ty 1é

MFC/MIC, & thoi diém 48 gi miu LT-Et96 (ndng do 4
mg/ml) va LN-Et96 (néng dé 40 mg/ml) c6 kha nang
diét ndm.

3.7. Khdo sdt hiéu quad phéi trén cta hai loai chiét
xudt Id trdu khéng va Id neem

Trong pham vi nghién cru nay, bén canh cac thw
nghiém danh gid kha ning khang nim T. rubrum riéng
1é ctia cac chiét xuit, nhom con tién hanh khao sat kha
nang khang ndm ctia hén hgp nham xac dinh xem sw két
hop nay c6 mang lai hiéu qua khang ndm t6t hon riéng
1é hay khong, cling nhw c6 tic dung bd trg nhau trong
kha ning khang nidm hay khong. K&t qua thi nghiém
dwoc thé hién trong bang 5 va hinh 5.

Bang 5. Hiéu qua trc ché ndm T. rubrum cua cac hén hop.

Phén trim e ché ndm 7. rubrum (%)

EIT*“E': w0 Miu LN-Et96 (ng/ml)

(mg/ml) 0 5 25 1,25

1 100 100 100 100

0,5 100 58,805£0,087 53,779+0,103  43,034+0,134
025 61,047£0,156 57,914+0,124  48,751£0,126  35,681+0,114
0,125  70,527+0,098 59,458+0,111 40,629+0,113  33,080+0,157
0,0625  65484+0,135 55429+0,113 41,744+0,166 35,565+0,156

Hinh 5. K&t qua mét s6 mau phéi tron. (A) T, phéi tron vai N,-N,; (B) T, phéi tron véi N -N,; (C) T, phéi tron voi N,-N,.
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Trong cac nghiém thirc phéi tron LT-Et96 va LN-
Et96, chiét xudt 1a trdu khong & néng d6 1 mg/ml két
hop v&i chiét xuit 14 neem 10-1,25 mg/ml déu dat hiéu
qua khang ndm 100%, twong dwong véi khi str dung LT-
Et96 riéng 1é. Cac ty 1& phdi trén con lai ghi nhian hiéu
qua khang ndm gidam dan theo néng dd, dao dong tir
hon 60% (0,5-0,065 mg/ml LT-Et96 véi 10 mg/ml LN-
Et96) xu6ng con hon 30% (0,5-0,065 mg/ml LT-Et96 véi
1,25 mg/ml LN-Et96); trir tj 1¢ 0,5 LT-Et96 va 10 mg/ml
LN-Et96 cho hiéu qua khang dat 100%. Khi so sanh hiéu
qué hén hop phéi tron véi kha nang khang ndm T, rubrum
riéng lé cla tirng loai chiét xuit thi hiéu qua khang nim
dwoc cai thién khong dang ké, cu thé, khi két hgp nong
do 0,125-0,0625 mg/ml LT-Et96 va 10 mg/ml LN-Et96
thi kha nang khang ndm cuia 14 trau tang tir 29 1én xap xi
65% nhwng hiéu qua khang nim cda 14 neem lai giam ttr
75 xuéng xap xi 65%. Nhw vay, két qua cho thiy khong
ghi nhan dwoc tic dung bd tro nhau ctia cac chiét xuit
trong khang nam T rubrum. Cac nghién ctru trwdc day
ciing tirng danh gia hiéu qua phdi tron chiét xuit neem
hodc 14 triu khong véi cac hoat chat khic, hiéu qua diét
100% ching Trichophyton tonsurans Khi phéi tron chiét
xudt neem v&i dau Eucalyptus citriodora va Cymbopogon
martini cho hiéu qua [27]; phéi tron chiét xuat 14 trau véi
cac khang sinh chloramphenicol cho hiéu qua khang trén
cac chiing Pseudomonas aeruginosa, Propionibacterium
acnes, Staphylococcus epidermidis va Streptococcus
pyogenes [28].

4. Két luan

Cac két qua thi nghiém cho théy, chiét xuit LT-Et96
va LN-Et96 c6 hiéu qua khac nhau trong khiang nim
T rubrum; cu thé, mau LT-Et96 c6 tinh khang ndm cao
va mau LN-Et96 c6 tinh khang yéu hon. Nong do MIC
déi véi ndm T rubrum ghi nhin dwoc cia LT-Et96 va
LN-Et96 1an lwot 12 1 va 10 mg/ml. Néng do MFC cta
LT-Et96 & 6, 14 va 24 git 1a 8 mg/ml; & 48 gid néng
d6 12 4 mg/ml. Nong dd MFC ctia LN-Et96 Ian lwot 14
50 mg/ml & 24 gior va 40 mg/ml & 48 gio. Nhu vay, & thoi
diém 48 gior khdo sat MFC, hailoai chiét xuat déu ghi nhin
kha nang diét ndm. Cac nghiém thirc phdi tron & néng do
cao ciia LT-Et96 (1 mg/ml) v&i cac nong do ciia LN-Et96
(10-1,25 mg/ml) ghi nh4n hiéu qua khang nim dat 100%;
két qua twong tw khi két hop 0,5 (LT-Et96) va 10 mg/ml
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(LN-Et96). O’ cac nghiém thikc con lai cho thdy hiéu qua
khang nidm gidm din theo cic nong do tir xap xi hon
60 (0,5-0,0625 mg/ml LT-Et96 vé&i 10 mg/ml LN-Et96)
xudng con hon 30% (0,5-0,0625 mg/ml LT-Et96 v&i
1,25 mg/ml LN-Et96).
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Diic diém giai phau va sinh thai ciia Pyrularia edulis (Cervantesiaceae)
ghi nhan tai Lao Cai, Viét Nam
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Tém tat:

Pyrularia edulis, m¢t thanh vién cta chi Pyrularia (Cervantesiaceae), dwgc ghi nhian phin bé & Bhutan,
Trung Quéc, An Po, trong d6 cé Sikkim, Myanmar, Nepal, va gan day 1a Viét Nam. Mét s6 nghién citu vé danh
gia da dang thanh phan loai va méi quan hé phat sinh cta Pyrularia da dwgc tién hanh. Tuy vay, hién tai cac
thong tin vé giai phiu va hinh thai cia Pyrularia dic biét 1a P. edulis ctia chau A con riat han ché va cin dwoc
nghién ciru. Nghién ctru nay str dung mau vat cta P. edulis thu tai Lao Cai (Viét Nam) di cung cAp mot s6 thong
tin co ban vé dic diém sinh thai, giai phau cta loai thwc vat nay. Két qua nghién citu cho thiy, ciu tao giai
phau than, 14, ré cta P. edulis twong dong véi thwc vat hai 14 mam, tuy nhién c6 nhiéu diém dic treng nhw
xuét hién mé day goc & phan vo cta thian thi cap, cac tinh thé canxi oxalat & than va l1a. Cac dac diém ciu tao
cla than, 14, ré ctia P, edulis thé hién sy thich nghi véi dic diém sinh thai cia mét loai thwc vat wa sang thudc
bo Pan hwong, phin bd tai khu vwc ven rirng.

Tir khéa: giai phau, hinh thai, Pyrularia edulis, sinh thai, Viét Nam.
Chi s6 phdn logi: 1.5, 1.6, 4.4

Anatomical and ecological characteristics
of Pyrularia edulis (Cervantesiaceae) recorded in Lao Cai, Vietnam
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Abstract:

Pyrularia edulis, a member of the genus Pyrularia (Cervantesiaceae), has been recorded in Bhutan, China,
India (including Sikkim), Myanmar, Nepal and more recently in Vietnam. Several studies have been
conducted to assess the species diversity and phylogenetic relationships of Pyrularia. However, currently,
information on the morphological and anatomical characteristics of Pyrularia, especially Asian P. edulis,
remains limited and requires further investigation. The study, using specimens of Pyrularia edulis collected in
Lao Cai, Vietnam, provides basic information on the ecological and anatomical characteristics of this species.
The results show that the anatomical structures of the stem, leaves, and roots of P. edulis are consistent
with those of dicotyledons, but exhibit distinctive features, including the presence of collenchyma in the
cortex of the secondary stem and calcium oxalate crystals in the stem and leaves. These anatomical features
demonstrate the adaptation of P. edulis to the ecological conditions of a light-demanding plant of the order
Santalales, typically distributed in forest-edge habitats.

Keywords: anatomy, ecology, morphology, Pyrularia edulis, Vietnam.
Classification numbers: 1.5, 1.6, 4.4
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1. Md dau

Cervantesiaceae 1a mot ho thwe vat thuéc béo Pan
hwong Santalales dwoc thanh 1dp béi D.L. Nickrent va
cs (2010) [1]. Ho Cervantesiaceae gbm 8 chi thanh vién,
bao gébm Pyrularia, cac loai trong ho nay dwgc phan
bd & nhiéu noi trén thé gi¢i nhw chau My, chiu Phi va
chau A [1]. Pyrularia dwoc ghi nhan 1a thanh vién cla
Cervantesiaceae v&i hai loai duy nhat trén thé gid¢i, gom
P, pubera phan bé & Pong Bic My va P. edulis phan bd &
Pong A (Bhutan, Trung Qudc, An Do, Myanmar, Nepal,
Sikkim) [2]. Theo N. Xia va cs (2003) [3], Z. Zhou va cs
(2019) [4], P. edulis chi dwoc ghi nhan phan bs & Pong A
bao gom An P, Nepal va Trung Qudc.

Mac du la moét chi thwe vat nhé nhwng Pyrularia nhan
dwoc sy quan tAm cda nhiéu nha thwc vat hoc, mot so
nghién ctru vé chi nay da dwoc tién hanh. Tuy vay, cac
nghién cru tip trung nhiéu vao viéc danh gia da dang
thanh phan loai va moi quan hé phat sinh cta Pyrularia
cling nhu Cervantesiaceae. ].P. Der va cs (2008) [5]
nghién ciru mdi quan hé phat sinh loai ciia ho Pan hwong
bang dit liéu sinh hoc phan tir da ung hd Cervantesiaceae
la nhanh don phat sinh bao gém tam chi thanh vién. Tuy
nhién, s6 lwgng mau cla Cervantesiaceae trong nghién
cru nay la rat han ché, do d6, moéi quan hé di truyén va
da dang thanh phan loai bén trong Cervantesiaceae chwa
dwoc thio ludn [5]. Mic du vay, két qua ciia nghién ctiru
nay dwoc st dung dé D.L. Nickrent va cs (2010) [1] thanh
lap ho Cervantesiaceae.

C.T. Le va cs (2019) [6] tai xay dwng cay phat sinh
loai cho ho Pan hwong Santalaceae. Két qua cia nghién
ctru nay chi ra mdi quan hé phét sinh gitra cac loai trong
chi Pyrularia 1a chwa rd rang, dac biét 1a viéc xac dinh s6
lwong loai ctia chi nay & chau A. Cac tac gia ciing d@é xuit
rang, cac nghién ctru trong twong lai bang viéc tp trung
14y mau cho chi nay c6 thé gitp lam sang té s6 lwong loai
cda chi. Hon nita, mét phan tich chuyén siu vé nguén
gbc phat sinh sé& gitup lam sang to lich st tién héa cua
chi Pyrularia trén toan thé gi¢i dé hinh thanh sw phan
bd cac loai cua Pyrularia nhw hién nay. Z. Zhou va cs
(2019) [4] d@é xuat rang, cac loai Pyrularia & chau A nén
gbp thanh mot loai P, edulis dwa trén dit liéu hinh thai
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va phan t. Nghién ctru cling mo6 phong lai lich st tién
héa cia Cervantesiaceae, trong dé, t6 tién cia Pyrularia
dwgc hinh thanh & chau Phi vao khodng 5,58 triéu nam
trudc va da phat tan dén chau A va sang Bic My. Tuy vay,
nghién ctru chwa tap trung vao danh gia da dang cac khu
virc phan bd ctia Pyrularia tai chau A.

Nghién ctru vé giai phiu ctia nhém thuc vat ky sinh
trong bo Pan hwong Santalales 1a mot huwdng nghién ctru
thu vi, dwgc quan tdm thdng qua cac nghién cttu cia V.
Malecot (2004) [7], M.L. Luna va cs (2005) [8]. Gin day,
C.T. Le va cs (2024) [2] da ghi nhidn sy phan béd cua P
edulis tai Lao Cai, Viét Nam. Cac thong tin vé mé ta hinh
thai, vi tri phadn bd mdi quan hé phat sinh cta loai nay
dwoc cung cip chi tiét. Tuy vdy, dén hién tai, cic thong
tin vé gidi phAu va hinh thai cta Pyrularia, dic biét 1a P
edulis ctia chau A con rat han ché, chwa rd rang va can
dwoc nghién ctru. Do d6, nghién ctru nay sir dung mau
vat cia P, edulis dwoc thu tai Viét Nam nhdm xac dinh
dic diém giai phiu cda cac co quan sinh dwdng va cung
cip mot s6 thong tin vé hinh thai, sinh thai cta P, edulis

& Viét Nam.
2. Vat liéu va phuong phap nghién ciu
2.1. Vit liéu

Nghién ctru st dung mau vat twoi (bao gom ré, than,
14) cta P, edulis dwgc thu tai Sa Pa, Lao Cai. MAu vat dwoc
thu tai vi tri theo ghi nhan cia C.T. Le va cs (2024) [2],

sau dé duoc bao quan mat.
2.2. Phwrorng phdp nghién civu

Céc dic diém moi treedng sdng, hinh thai co quan sinh
dudng bao gom ré, than, 14, qua dwoc quan sat, ghi chép
tai thwe dia va trén cac tiéu ban kho. Hinh anh dwogc chup

bing may anh Canon.

Phwong phap nghién ciru gidi phiu va moé ta dic
diém c4u tao: Cac co quan than, 14 va ré dwoc lwa chon
14y & nhirng phan khéng qua gia, khong qua non, khong
bi bién dang va siu bénh. C4c tiéu ban gidi phiu hinh
thai trén mau twoi dwoc thwe hién theo phwong phap
cta R.M. Klein va cs (1979) [9], N. Ba (2010) [10], quan
sat mau tiéu ban bang kinh hién vi quang hoc. Sr dung
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trac vi vat kinh va tric vi thi kinh dé do kich thuéc té bao
[8-11] va chup &nh hién vi mAu vat. M6 ta cac dic diém
giai phau dwoc thwe hién theo cac tai liéu chuyén nganh
[9-11]. Cac thi nghiém dworc thuc hién tai Khoa Sinh hoc,
Trwong Pai hoc Sw pham Ha Néi 2.

Phuwong phap diéu tra phong van vé dic diém hinh
thai va sinh thai cta P edulis dwoc thwc hién véi 18
nguoi dan dia phwong tai xa Ta Phin, thi xa Sa Pa, tinh
Lao Cai (trwée sap nhap) [12] véi cac ndi dung chinh:
Diac diém hinh thai cta than (cao trén 10 m hay dwéi 10
m), 14 (don hay kép, moc so le hay moc d6i), cum hoa (&
dau canh hay nach 14), hoa (don tinh hay ludng tinh),
qua (dn dwoc hay khong an dwoc, tén goi); dac diém sinh
thai: khu v thwong quan sat thiy P, edulis, s6 lwong ca
thé c6 thé tim thdy quanh khu vwc canh tac (ban kinh
dwéi 500 va trén 500 m), nhitng cay thwong moc xung
quanh céc ca thé P, edulis quan sat dwoc, c6 sir dung P
edulis 1am thudc hay khong.

3. Két qua va ban luan

3.1. Pdc diém sinh thdi cia Pyrularia edulis tai
Viét Nam

Theo két qua diéu tra thuwc dia, chi ghi nhan P, edulis
phén bo tai x4 Ta Phin, thi x4 Sa Pa, tinh Lao Cai tai do
cao khoang 1000 m. Quan sat ngoai tw nhién cho thdy,
P edulis 1a loai rung 1a theo mua, thich nghi v&i diéu kién
séng tai khu vuc ven rirng, dic biét la rirng thir sinh, wa
4m, nhiét do trung binh nim 15-30°C.

Cac nghién ctu vé dic diém rirng, khu vuc ven rirng
th sinh chd yéu la ciy bui, diy leo nhd, véi chiéu cao
2-4 m (hinh 1). Thuc vat & khu vuc nay thudng wa sang.
P, edulis 12 mdt loai thwe vat ky sinh ré ciia bo Pan hwong
Santalales, ching c6 bd ré phat trién va ky sinh vao ré
clia mot s6 cAy gb khac xung quanh dé 14y nwéc va dinh
dwdng [13].

P, edulis c6 dang cdy bui hodc cay gb nhé, con dwoc
ngudi dan dia phwong goi 1a “8i rirng”. Loai nay cé 14
don, moc so le, c6 3-5 cdp gan 14 hinh 16ng chim. Cum
hoa & dau canh hodc nach 13, hoa lwdng tinh, doi xirng
tdéa tron va mau 5. Qua dang hach, qua cua loai nay c6
hinh dang nhw moét s6 loai caa chi Oi Psidium va c6 thé
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Hinh 1. Dang séng cua Pyrularia edulis tai Lao Cai, Viét Nam.

an duwoc. Ngoai ra, P, edulis cling c6 gia tri dwoc liéu va
dwoc str dung nhuw nhirng loai thdo dwgc trong y hoc ¢
truyeén [2, 3, 12, 13].

Két qua diéu tra thwc dia cho thiy, s6 lwong P, edulis
dwoc quan sat thiy hién nay 1a khéng nhiéu, da s6 phan
bd & cac khu vue ndi déc, tir d6 cao khoang 1000 m tré
1én, nhiéu ca thé dwoc nhin thiy & gin khu vuc canh tac
cta nguwoi dan, do dé loai nay c6 nhiéu nguy co déi dién
véi viée gidm vé s lwong va tuyét chiing do anh hwdng
cla cac tac dong tw nhién nhw sat 1& dat va con nguoi.

3.2. Pdc diém gidi phdu ciua Pyrularia edulis tai
Viét Nam

Ddc diém gidi phdu ctia thdn cdy: Thiét dién cua than
cua P, edulis c6 dang hinh tron. C4u tao giai phau than cay
mang dic diém chung cta 16p Hai 14 mam nén phin vo

va tru phan biét nhau rat ré (hinh 2B).
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Hinh 2. Giai phau than cta Pyrularia edulis. (A) C4u tao mat cat mot
phan cla than; (B) CAu tao mat cit toan bo than. 1: Mé mém chira tinh
thé canxi oxalat, 2: Chu bi (bao gdm: ban, tang sinh ban, vé luc), 3: Libe
th clp, 4: gb thir cap, 5: mé day, 6: mo cing.

Phin vé dwoc hinh thanh béi sw hoat ddng manh mé
cda tang sinh vo. TAng nay sinh ra phia ngoai 1a ban (3-4
16p) c6 dang hinh phién xép sit nhau, vach té bao thAm
suberin (hinh 2A). Nam phia trong ting sinh ban 1a 16p
v0 luc, té bao c6 kich thwdc nhé (1-3 16p). Hang ndm, 16p
chu bi méi dwoc hinh thanh sé ddy 16p cii ra bén ngoai,
vai 1ép chu bi ép dep lai véi nhau tao thanh thu bi mau

nau xam.

Theo tac gia N. Ba (2010) [10], md day thwdong chi
xudt hién & than so cip ciy hai 14 mam. Tuy nhién, khi
quan sat mau cua P. edulis m6 day goc van xudt hién &
phén vé cla than thit cip gitp cho viéc bdo vé cdc mo
bén trong dwgc tot hon trudce tic déng cua diéu kién
ngoai canh (hinh 2A).

Nam xen ké trong kh6i mé mém 1a nhirng té bao chira
tinh thé canxi oxalat c6 dang hinh géc canh, mau niu
nhat (hinh 2B). Canxi oxalate 1a dang tinh thé phé bién
dwoc tim thiy & nhiéu loai thwc vat khac nhau. Chung
thuwong dwoc tim thdy nhiéu trong nhitng loai thyc vat
c6 dwoc tinh [8].

M6 cirng & than thir cAp khéng tao thanh vong khép
kin quanh tru gitta, vach day héa gb mot phan bao phia
ngoai hé théng b6 din cuia than ciy. B6 mach sip xép
theo ki€u chong chat, ting sinh tru hoat dong manh
sinh ra phia ngoai 1a libe phia trong 1a gb. Xen gitra cac
b6 mach 13 hé théng soi rat phat trién, s6 lwgng mach
g6/b6 nhiéu.

Ddc diém gidi phdu cua ld cdy: Két qua giai phiu cudng
14 va gin chinh cda P, edulis cho thay, bi€u bi hinh thanh
phia ngoai cuing ctia cudng 14 v&éi moét 16p té bao dang
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phién. Vich ngoai cta té€ bao biéu bi twong ddi phang,
mot s6 té bao biéu bi kéo dai ra tao thanh 16ng che ché da
bao. M6 day tip trung nhiéu & nhitng gdc 16i ciia cuéng
14, c6 tac dung bao vé cho cac mé & bén trong. M6 mém
chiém dién tich 16n trén bé mat cit ngang cta cudng 13,
nam xen ké 12 nhirng khdi tinh thé canxi oxalat (hinh 3).

Hinh 3. Giai phau la cta Pyrularia edulis. (A) C4u tao mat cat ngang
cuéng la; (B) CAu tao mat c&t ngang gan chinh va phién la. 1: md giau,
2: md x4p, 3: biéu bi, 4: bd mach, 5: 16ng che chd, 6: md day, 7: phién 14.

Trong ciu tao cta cudng 13, hé théng b6 mach cudng
14 (10-12 bo) x€p thanh vong cung. B6 to nam giita, bé
nhé & hai bén d6i xitng nhau qua truc (hinh 3A). Hé
théng mach dan cudng 14 c6 ciu tao gan gidng than cay.
Mach dan & gan chinh va phién 14 c6 xu hwéng gidm bét
hé théng mo co, chi con chu yéu 1a yéu t6 din. B6 mach
xa gan chinh té bao s¢i gidm di rit nhiéu, chi con lai la
yéu t6 dan. Trong moi bé mach, libe nam & ngoai con gob
nam & phia trong.

Thit 14 nam giira biéu bi trén va bi€u bi duédi co sw
phan hoa thanh mé gidu va mo x8p. Lo khi tp trung cha
yé&u & mat dudi 14, két qua gidi phau nay phu hop véi dic
diém sinh thai cta P, edulis 1a cdy wa sang va phan bé &

ven rirng [13].

Ddc diém gidi phdu, hinh thdi ctia ré cdy: Ré coc to phat
trién dam sau xudng long dat (ré cap 1). R& bén duoc
hinh thanh theo con dwdng ndi sinh. R& non thwong ndm
& vi tri xa so v&i goc ré. Phan vo va tru phan biét nhau ro
rang (hinh 4). Khi ciy & giai doan so cdp phén vo chiém
dién tich 16n (60-70% bé mat cda 14t cit). Nhung khi
sang giai doan sinh trwdng th cAp phin vé c6 dién tich
nhé hon rat nhiéu so vé&i tru dan. Khi ré cay phat trién
th cap biéu bi dan dwoc thay thé bdi 1ép chu bi véi sy
hoat ddng manh mé cia ting sinh vé. M6 cirng ndm doi
dién véi cac bé mach. Tru gitra clia ré chiém phan lén
dién tich mit cit ngang ré. TAng sinh tru hoat déng hinh
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thanh nén libe thir cdp & ngoai va gb thir cip & trong
(hinh 4). Phan tich ciu tao gidi phau ré cta P, edulis thiy
rang libe so cap sé bi ddy ra bén ngoai sau mot thoi gian
bep di con gb so cip ddy vao phia trong c6 dang hinh
ngoi sao va ciing bién mAit sau mot thoi gian. Go chiém
chu yéu, dic biét 1a cac mach gb c6 kich thwdc 16m va co
nhiéu t€ bao md mém véach héa gd, diéu nay gitip cho ré
phat trién va thwc hién t6t chirc nang.

(A) (B)

Hinh 4. Giai phau ré cha Pyrularia edulis. (A) M6t phan cla ré; (B)
Tru gitka ctia ré. 1: mach gé, 2: md ctrng, 3: v3, 4: md mém rudt.

Trong nghién ctru ndy, nhdm bao ton ca thé P, edulis,
ching toi chwa thu phan gidc mat (haustorium) cla ré,
noi ching bam va hut nwéc va chat dinh dudng tir cay
cht cho nghién ctru gidi phAu. Noi dung nay c6 thé dwoc
diéu tra khi s lwong ca thé cta P, edulis dwoc tim thay
nhiéu hon va diéu kién nghién ctru phu hop hon trong

cac nghién ctru tiép theo.
4. Két luan

Nghién ctru str dung mau vt clia P, edulis thu tai Lao
Cai, Viét Nam da cung cidp mot s6 thong tin co ban vé
dic diém giai phau, sinh thai clia loai thuc vat nay. Mot
s dac diém hinh thai chinh cta P, edulis dwoc mo t3, két
hop véi cac dic diém ciu tao cda than, 14, ré cia P, edulis
dwoc 1am rd, thé hién sy thich nghi v&i dic diém sinh
thai ciia mot loai thwe vat wa sang thudc bo Pan hwong,
phéan bo tai khu vwc ven rirng. Pyrularia la chi thyc vat
mé&i dwoc ghi nhan b sung cho hé thuwe vat Viét Nam, do
dé6 cling nén c6 thém cac nghién ciru danh gia vé gia tri
tai nguyén cta chi nay va bén canh dé céng tac bao ton
da dang sinh hoc cho Pyrularia cling cAn dwoc quan tAm
trudc sw suy giam sé lwong va nguy co bi de doa do danh
hwdng cla cic tic dong cla tw nhién nhw sat 16 dat va

con nguai.
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Tinh cheé iéu phan LukF-PV cia doc to Panton-Valentine leukocidin tir Staphylococcs aures
biéu hién trong Escherichia coli va tao khang huyet thanh ¢ chudt

Lé Dwong Vwong!, Phan Diém My, Phan Thi Phwgng Trang? Nguyén Hiru Ngoc Tuén?, Dang Thily Tién*, Nguyén Dirc Hoang"

!Trung tdm Khoa hoc va Céng nghé Sinh hoc, Truwong Dai hoc Khoa hoc Tw nhién, Pai hoc Qudc gia TP. H Chi Minh,
227 Nguyén Vin Ctt, phworng Cho Qudn, TP HO Chi Minh, Viét Nam
2Phong Thi nghiém Céng nghé Sinh hoc Phdn ti, Truong Pai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia TP. H6 Chi Minh,
227 Nguyén Viin Ctr, phwong Chor Qudn, TP H6 Chi Minh, Viét Nam
3Trung tdm Nghién ctru Y sinh va B0 mén Sinh héa va Sinh hoc phdn tit, Trwong Pai hoc Y khoa Pham Ngoc Thach,
2 Dwong Quang Trung, phwong Hoa Hung, TP. H6 Chi Minh, Viét Nam
*Vién Khoa hoc Vat liéu Ung dung, Vién Han ldm Khoa hoc va Céng nghé Viét Nam, phuong An Phii Déng, TP, Ho Chi Minh, Viét Nam

Ngay nhan bai 16/1/2025; ngay chuyén phan bién 21/1/2025; ngay nhin phan bién 12/2/2025; ngay chip nhan ding 13/2/2025

E, [ < [.

LukF-PV la mét trong hai ti€u phan cta yéu t6 doc lwc Panton-Valentine leukocidin (PVL) cta Staphylococcus aureus
(S. aureus). Tiéu phan LukF-PV c6 kha nang lién két véi ti€u phan LukS-PV theo ty 1€ 4:4 d€ hinh thanh ciu tric octameric,
tao 16 trén mang va pha huy té bao bach cau vat chi. Nghién ctru nay nham thu nhan protein LukF-PV dwoc dung hop véi dudi
6xHis (6xHis-LukF-PV) va tao khang huyét thanh trén chuét. Khi sir dung cac diéu kién nuéi cdy véi nhiét do, nong do chat
cam ng va th&i gian sau cam ng phi hop, s biéu hién 6xHis-LuKF-PV trén chiing chu E. coli BL21(DE3) dat mirc Khoang
30% téng so protein ndi bao. Dwa vao sac ky ai lwc, protein 6xHis-LukF-PV da dwgc thu nhan véi néng do 2,45 mg/ml,
dd tinh sach 95% va hiéu suit thu nhén 6,75 mg/l mdi trwdng LB. Khang huyét thanh dwec tao ra tir chudt thu dweee cé hiéu
gia khang thé 1/160.000. Cac két qua nghién ctru c6 thé gitip cung cip thong tin va nguyén liéu cho cac nghién ciru ti€p theo
trong phong ngira va diéu tri bénh do S. aureus giy ra.

Tir khéa: Escherichia coli, LukF-PV, Panton-Valentine leukocidin, Staphylococcus aureus, tinh ché protein tai t6 hop, vac-xin.

Chi s phdn logi: 1.6, 2.8, 3.1

Purification of the LukF-PV subunit of Staphylococcus aureus Panton-Valentine

leukocidin expressed in Escherichia coli and generation of antiserum in mice
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Abstract:

LukF-PV is one of the two subunits of the virulence factor Panton-Valentine leukocidin (PVL) produced by Staphylococcus
aureus. The LukF-PV subunit can bind with the LukS-PV subunit in a 4:4 ratio to construct an octameric structure that
creates pores in the leukocyte cell membrane, leading to leukocyte destruction. This study focused on purifying the
LukF-PV protein fused with a 6xHis-Tag (6xHis-LukF-PV) and raising antiserum in mice. The expression of 6xHis-LukF-PV
in Escherichia coli BL21(DE3) was achieved under culture conditions with appropriate temperature, inducer and time
after induction, resulting in an expression level of approximately 30% of total intracellular protein. Using affinity
chromatography, 6xHis-LukF-PV was purified to 95% purity, achieving a concentration of 2.45 mg/ml and a yield of 6.75
mg/l in LB medium. Antisera were generated in mice, having antiserum with a titer of 1/160,000. The results provide
information and primary materials for future preventative or treatment studies against S. aureus.

Keywords: Escherichia coli, LukF-PV, Panton-Valentine leukocidin, recombinant protein purification, Staphylococcus
aureus, vaccine.

Classification numbers: 1.6, 2.8, 3.1
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1. it van de

Staphylococcus aureus 1a mot vi khudn giy bénh
co hoi, lién quan dén nhiéu loai nhiém trung tir nhe
dén nghiém trong, bao gdm nhiém tring da, mé mém,
nhiém triing mau, viém phdi, va viém ndi tAm mac. Pic
biét, cac chung S. aureus khang methicillin (MRSA) da
tré thanh méi de doa y té€ toan ciu, lam gia ting ty 1&
tlr vong va chi phi diéu tri [1]. Hién nay, cic phwong
phap phong ngira va diéu tri bao gobm st dung khang
sinh va kiém soat nhiém khuin, nhung su gia ting cla
cac ching khang thu6c da dat ra thach thirc 16m, thic
day nhu ciu tim kiém cac liéu phap thay thé nhw khang

huyét thanh hodc vac-xin [2].

Mot trong nhitng yéu té6 doc lwc quan trong cta S.
aureus 1a PVL. Doc to nay chiu trach nhiém pha hiy cac
té bao bach ciu, giy hoai t, apoptosis [3]. PVL dwoc
phat hién dién v&i mot ty 1é nho (khodng 5%) trong
cac chung S. aureus 1am sang, nhuwng né lién quan chat
ché véi cac ching CA-MRSA (khoang 85%), dac biét la
cac chiing gay bénh viém phdi, nhiém trung da va mo
mém [4]. Trong bio cdo 1am sang cua M.J. Alawad va cs
(2023) [5], bénh viém phdi hoat tir PVL-MRSA da gay ra
nhitng bién chirng nang c6 kha ning de doa tinh mang
con ngwoi nhw suy ho hip va tiéu co van. Do do, viéc
phat trién vac-xin chéng lai cac ching S. aureus c6 kha

nang sinh PVL la thuc sw can thiét.

PVL dwoc béo cdo l4n dau tién vao ndm 1932. Giong
nhuw cdu tric cta cac leukocidin khac dwoc tim thiy &
S. aureus, PVL 1a mot doc t0 hai thanh phin bao gom
LukF-PV, v&i khéi lwong phén tir 34 kDa va LukS-PV, véi
khéi lwgng phan tir 32 kDa. Hai protein oligome héa véi
nhau dé hinh thanh 16 xuyén mang, dan dén s ly giai
cdia bach ciu da nhan va dai thwc bao [6]. Trong qua
trinh oligome ho6a, mot 16 rong hinh vong dwoc hinh
thanh cho phép vung than dwoc dwa vao mang té bao
dich, dAn dén sy hinh thanh 16 ¢6 dwdong kinh 1-2 nm

ciu tao bdi bdn ti€u phan S va bon tiéu phin F [7]. Dac
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biét, tiéu phan LukF-PV con dwoc cho 1a c6 kha nang
twong tac dic hiéu véi cac thu thé trén bé mit bach ciu
nhw C5aR va C5L2, gép phan vao co ché né tranh mién
dich cda vi khuén [8]. Mic du cic nghién ciru trudc diy
da phéan tich tong thé vai tro ctia PVL trong co ché bénh
sinh, viéc tp trung vao ti€éu phin LukF-PV nhw mot
muc tiéu tiém niang dé phat trién liéu phéap diéu tri vAn

con han ché.

Trong nghién ctru nay, chung toi tién hanh biéu hién
tiéu phan LukF-PV tai t6 hop trong hé théng chung chu
E. coli. Sau qua trinh tinh sach, protein 6xHis-LukF-
PV tai t6 hop nay duoc st dung dé gay mién dich trén
chudt, tao ra khang huyét thanh dic hiéu véi LukF-PV.
DPay 1a co s& quan trong cho viéc phat trién cac liéu
ph4p mién dich chéng lai S. aureus, nhw khang huyét
thanh hodc vac-xin. Nghién ctru nay cang tré nén quan
trong trong béi canh cac giai phap hién tai nhw khang
sinh dang dan mat hiéu qua trwdc sw gia tang cua cac

chung S. aureus khang thuéc [9].

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

Trong nghién ctru nay, ching E. coli OmniMAX
(Invitrogen) dwgc st dung dé tao dong plasmid gen
LukF-PV. Chung E. coli BL21(DE3) (Thermo Scientific)
dwoc lwa chon dé biéu hién protein LukF-PV. Plasmid
khung swon pET28a(+) (Novagen) cé promoter T7 va
vung trinh ty ma héa dudi 6xHis. Plasmid pHT2332
[10] mang gen LukF-PV tong hop dwoc st dung lam
khudn cho PCR.

2.2. Tao dong plasmid biéu hién mang gen
LukF-PV

Plasmid biéu hién pHT2352 dwoc tao ra nhuw sau.
Gen LukF-PV dwoc thu nhan tir vector pHT2332 bang
phwong phap PCR str dung hai cdp moi dac hiéu ON2369
(5’- GCCGCGCGGCAGCCATATGGATGCTGCTCAACATATT
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ACACCG -3’) dé thém vi tri nhan biét cit cia enzyme
Ndel va ON2370 (5- GGTGGTGGTGCTCGAGTTAGACG
TCAGACATAGGGTTCTTTTC-3') dé thém vi tri nhin
biét cat ctia enzyme Xhol. Gen LukF-PV dwgc nhan
ban bang enzyme Pfu DNA polymerase. San phim
PCR thu gen (953 bp) va plasmid khung pET28a+
lan lwot dwgc xt ly véi cdp enzyme cat gi¢i han
Ndel/Xhol rbi néi lai véi nhau bang T4 DNA ligase. San
phidm ndi dwoc bién nap vao chung tao dong 1a E. coli
OmniMAX [11] va sang loc trén mdi trwong LB-Kan-
Agar. PCR khuin lac v&i cdp moi diac hiéu ON1461
(5’-GGTGATGTCGGCGATATAGGA-3’ gan véi ving trinh
tw trén plasmid khuén) va ON2370(5’-GGTGGTGGTGC
TCGAGTTAGACGTCAGACATAGGGTTCTTTTC-3’
vGoi vung trinh tw trén gen LukF-PV). Khuin lac

gan

cho san phdm PCR twong &ng kich thwéc thiét ké
(953 bp) dwoc nudi cly, tach plasmid va giai trinh tw
(thuc hién b&i Macrogen Inc., Han Qudc) bang cip
modi  ON1659(5-CCCGCGAAATTAATACGACTCACTATA
GG-3’)/ON1462(5’CCGTTTAGAGGCCCCAAGG-3").

2.3. Biéu hién protein 6xHis-LukF-PV trong E. coli

Plasmid pHT2352 dwgc bién nap vao ching chu E.
coli BL21(DE3) dé biéu hién protein 6xHis-LukF-PV.
Cac diéu kién biéu hién protein dwoc khao sat 1a: nhiét
do (23, 30, 37°C), nong do6 IPTG cam tng (0-1 mM) va
thoi diém thu miu sau cdm @ng (0-12 gio). Cac miu
khdo sat dwgc thu nhin véi cung lwong té bao (twong
trng véi 1 ml dich nuéi c6 OD,,  =6) va duogc pha té
bao bang séng siéu Am. Sau khi ly tAm 100 pl mau vé&i
lwc ly tAm 13.000 xg trong 5 phut dé phan tach, cac
phan doan protein tia (P-pellet), tan (S-Soluble) tiép
tuc dwoc bién tinh bang cach b sung 25 pl Sample 5X
(250 mM Tris-HCI pH 6,8, 10% SDS, 10% Glycerol, 10
mM DTT, 0,05% Bromophenol Blue) va G & 95°C trong
5 phit. Mirc d6 biéu hién protein 6xHis-LukF-PV & cac
diéu kién dwoc kiém tra bang phwong phap SDS-PAGE
va phan tich bang phAn mém AlphaEase FC.
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2.4. Thu nhan protein 6xHis-LukF-PV bdng sdc ky
di lwc (IMAC)

Protein 6xHis-LukF-PV dwoc tinh sach thong qua
sac ky ai luc kim loai (IMAC) trén cot HisTrap™ HP.
MAu sinh khéi E. coli BL21(DE3)/pHT2352 duwgc hoa
tan trong dung dich dém Tris (Tris-HCl 30 mM pH 8,0;
NaCl 500 mM, 5% Glycerol) pha té€ bao bang song siéu
am va ly tdm 3 lan véi lwe ly tAm 19.000 xg trong 15
phut. Phin dich ndi chira cac protein trong phin doan
tan dugc loc bing mang nitrocellulose (kich thwéc 16
0,22 um) va bom qua cdt siac ky HisTrap™ HP dé tién
hanh tinh ché. Qua trinh ly gidi dé thu nhin protein
6xHis-LukF-PV dwoc thuwc hién bang dung dich dém
Tris dwoc bd sung chat ly gidi la Imidazole (v&i néng
d6 tang dan theo gradient 10-500 mM). Cac phan doan
protein ly giai duwoc kiém tra bang SDS-PAGE. Nong do
protein tinh sach dwoc xac dinh dwa trén phwong phap
do sw hdp thu quang phd UV-Vis (UV-Vis spectroscopy)
va hé s6 Molar extinction coefficient ctia protein 6xHis-
LukF-PV [12].

2.5. Sac ky 16ng ghép khéi phé hai lin (LC-MS/MS)

Qua trinh phan cit protein dugc thuc hién thong
qua viéc str dung enzyme trypsin (Merck, Dirc). D€ thuc
hién qua trinh phan cat, 0,25 mg protein tinh sach dwoc
hoa tan bang 200 pl dung dich dém NH,HCO, (pH 7,5)
va thém 5 pl trypsin. Qud trinh phan cat bang enzyme
duwoc thwe hién bang cach i mau & nhiét do 37°C trong
16 gio.

Giai trinh tw bang cich st dung dit liéu MS/MS
két hop co s& dir liéu Cyclotide dwoc thwc hién nhw
sau. MAu protein 6xHis-LukF-PV tinh sach dwoc
phan tich trinh tw peptide bidng phwong phap Liquid
chromatography - Tandem mass spectrometry/
Tandem mass spectrometry (LC-MS/MS). Mau sau khi
dwoc phan cdt bang enzyme trypsin cdt tai cac vi tri
dic hiéu, tao ra cac doan peptide ngin. Cac peptide thu
dwoc sau qua trinh thuy phan dwoc dwa vao hé thong
LC-MS/MS. Phan tich dwoc tién hanh & toc do dong
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chdy 0,3 ml/phut. Pha déng bao gém hai dung moi, cu
thé 1a A va B. Dung mdi A dwoc chuin bi bang cach két
hop 0,1% FA (Fisher Scientific, Hoa Ky) v&i miliQ-H20...
Dung méi B dwoc chuén bi bang cach thém acetonitrile
(Fisher Scientific, Hoa Ky) v&i 0,1% FA... D6 doc rira giai
dworc 14p trinh dé ting nong d6 dung méi B tir 10 1én
90% trong khoang thoi gian 37 phut. Qua trinh phan
tich st dung c6t XBridge C18 3,5 pm, 2,1x150 mm trén
may quang phé khoi TripleTOF 6600+ (AB SCIEX),
dwoc trang bi Phan tich TF 1.8. Trong do6, giai doan LC
tach cac peptide dwa trén dac tinh héa ly, va MS/MS
thwc hién phan tich khéi ph6. Phé MS/MS dwoc phin
tich bang phwong phap tim kiém ProteinPilot. Giai trinh
tw thl cong dwoc thwc hién va cac doan dwoc can chinh
bang Biokit trén PeakView@2.2 d€ ddm bdo d chinh xac
cua cac doan dwgrc gii trinh tu.

2.6. Gdy ddp wvng mién dich trén chuét bdng protein
6xHis-LukF-PV

Protein 6xHis-LukF-PV sau khi tinh sach dwgc pha
lodng dén néng dé 1 mg/ml va trén véi ta chit Freund
theo ty 1& khéi lwong 1:1 d€ tao thanh hon hop tiém. Quy
trinh giy dap (rng mién dich trén chudt Swiss (8 tuan
tudi) bang phwong phap tiém dwéi da dwgc thuc hién
theo tht tw Ian lwot 13: hai 1an tiém hén hop protein
v&i ta chat FCA dé kich hoat hé mién dich ctia chudt va
hai lan tiém nhac hon hop protein véi ta chit Freund's
incomplete adjuvant (FIA). Thé tich mdi lan tiém la
100 ul va céac lan tiém cach nhau hai tudn. Thi nghiém
dwoc thuyc hién trén bén con chudt, trong d6 mot con
1am d6i chirng chi tiém ta chat, ba con con lai tiém hon
hop protein khang nguyén 6xHis-LukF-PV. CAc mau mau
dwoc thu trwéc 1an tiém dau tién va sau lan tiém nhic
cudi cung. Huyét thanh dwgc thu nhin bang cach ly tAm
lanh 6.000 xg & 4°C trong 10 phut.

Thinghiém nay dwoc thuwc hién véi sw chap thuén (cho
phép) vé cac khia canh y dirc trong nghién ctru ctia Hoi
dong dao dirc trong nghién ctru tai Vién Sét rét - Ky sinh
trung - Con trung TP H6 Chi Minh (ngay 01/03/2020).

2.7. Xdc dinh hiéu gid khdng thé bdng phwong
phdp ELISA

Protein 6xHis-LukF-PV dwoc pha lodng vé cac nong
doé 20, 10, 5, 2 va 1 pg/ml, c¢6 dinh trong cac giéng
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ELISA trén dia Nunc. Cac giéng ELISA dwoc b6 sung 100
ul huyét thanh dwgc gy dap ing mién dich chi dong
bang protein 6xHis-LukF-PV (ty 1& pha loang 1/5.000;
1/10.000; 1/20.000; 1/40.000; 1/80.000; 1/160.000 va
1/320.000) va tién hanh 0 qua dém. Sau khi rtra sach 5
lan bang PBS-T, cAc mau ELISA tiép tuc dwoc t véi 100
ul khang thé th cidp Anti-mouse IgG peroxidase (nong
do phaloangla 1/10.000) & nhiét dd phong trong 1 gio.
Co chidt TMB dwgc sir dung d€ phan rng tao mau v&i
enzyme peroxidase. PO hdp thu & buwédc séng 450 nm
clia tirng mAu ELISA dwoc xac dinh bang may doc dia
CLARIOStar (BMG Labtech, btrc). Gia tri ngwdng dwong
tinh (Cut-off value) dwoc xac dinh bang “X + 3*SD” vé&i X:
12 gi4 tri trung binh ciia mau déi chirng 4m, SD: 12 d¢ 1éch

chuén cua gia tri chirng 4m & cac 1an ldp lai [13].
3. Kétqua

3.1. Tao dong plasmid pHT2352 mang gen md hoa
protein 6xHis-LukF-PV

Plasmid pHT2352 dwoc tao ra dwa trén plasmid
khung swon pET28a+ va gen LukF-PV dwgc thu nhan tir
plasmid pHT2332. K&t qua gidi trinh tw DNA tir khuin
lac c6 PCR khudn lac dwong tinh cho thdy, trinh ty thu
dwoc hoan toan trung khép (100%) véi trinh tw thiét
ké in silico (dit liéu khéng dwoc trinh bay). Diéu nay xac
nhin rang plasmid pHT2352 mang gen ma hda protein
6xHis-LukF-PV di dwoc tao dong thanh cong. So d6 chi
tiét vé plasmid pHT2352 dwoc trinh bay trong hinh 1A.

3.2. Biéu hién protein 6xHis-LukF-PV trong E. coli

Plasmid pHT2352 dd duwgc bién nap vao ching chi
E. coli BL21(DE3) d€ tao ra chung E. coli BL21(DE3)/
pHT2352 c6 kha nang bi€u hién protein 6xHis-LukF-
PV duwéi sw diéu khién cia promoter T7. Kha ning biéu
hién protein 6xHis-LukF-PV ctia ching cht nay da dwoc
khdo sat dwédi cic diéu kién khac nhau vé nhiét do (23,
30, 37°C), nong do6 IPTG cam tng (0; 0,01; 0,05; 0,1; 0,5;
1 mM), va thoi gian thu mau sau khi cdm &ng (tir 0 dén
12 gi®r). Két qua khao sat cho thay, so véi mau chirng Am
E. coli BL21(DE3)/pET28a+ (khong mang gen LukF-PV
nén khong c6 vach protein muc tiéu), tit cd mau khao sat

c6 cam rng déu c6 thém sy xudt hién cha vach protein
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6xHis-LukF-PV Khoang 40 kDa (hinh 1B). Tuy nhién,
kich thwéc cia cac vach protein lai 1éch so véi Kich thwéc
theo thiét ké in silico cia 6xHis-LukF-PV (35 kDa). Du
vay, sw bi€u hién protein 6xHis-LukF-PV sé dwoc xac

minh lai trong cac bwéc nghién ctru tiép theo.

Két qua khdo sat nhiét do cho thiy, hai diéu kién 23
va 30°C ¢6 sw biéu hién vwot troi so véi 37°C. Khi xét vé
pha tan, vach protein 6xHis-LukF-PV & mau 23°C c6 chi
s6 dinh lwong twong d6i Area (phan tich bang phin mém
AlphaEaseFC) cao hon 8% vach protein ctia mau 30°C.
Do d6, nhiét d6 23°C dwoc xac dinh 1a diéu kién phu hop
dé chung E. coli BL21(DE3)/pHT2352 biéu hién protein
6xHis-LukF-PV & pha tan. D6i véi khdo sat nong do IPTG
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(hinh 1C) va thoi gian thu mau (hinh 1D), diéu kién 0,05
mM IPTG va thu miu sau 10 gi¢r cdm (rng dwoc xac dinh
12 diéu kién phu hop. Két qua phan tich bang phin mém
AlphaEase FC cho thay, v&i diéu kién & nhiét do 23°C,
0,05 mM IPTG va thoi diém thu mau 10 gio sau cam
trng, protein 6xHis-LukF-PV chiém khodng 30% tong s6
protein noi bao.

3.3. Tinh sach protein 6xHis-LukF-PV

Khi tién hanh nuoi ciy v&i cac diéu kién da khao sat:
nhiét d6 23°C, 0,05 mM IPTG va thoi diém thu mau 10
gi®r sau cAm &ng, khéi lwgng sinh khéi ciia ching E. coli
BL21(DE3)/pHT2352 dat dwgc sau khinudi cdy la 22,81
g tlr 4,5 1 mdi tredng LB-Kan. Sau qua trinh pha té bao
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Hinh 1. Sw biéu hién protein 6xHis-LukF-PV trong E. coli BL21(DE3)/pHT2352: (A) plasmid pHT2352; (B) khao sat nhiét do biéu hién 6xHis-
LukF-PV: mau tdng (T), mau tda (P), mau tan (S); (C) khao sat cac ndng dé IPTG cam (rng; (D) khao sat thdi gian thu mau sau cdm trng. M: thang
protein; (+) E. coli BL21(DE3)/pHT2352 da dwoc cam ng; (-) E. coli BL21(DE3)/ pET28a+.
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(B) Cac phéan doan dung ly
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Hinh 2. Két qua tinh ché thu nhan protein 6xHis-LukF-PV bang cét HisTrapTM HP. (A) Ian tinh ché 1; (B) lan tinh ché 2. M: thang protein;
BC (before column): dich pha té bao clia E. coli BL21(DE3)/pHT2352 da dwoc cdm (ng trdc khi qua cot HisTrapTM HP; AC (after column): dich
protein thu nhan sau khi di qua ¢t HisTrapTM HP; WO (wash fraction): phan doan rira cét véi Buffer 0 mM Imidazole.

bang séng siéu Am va ly tAm dé thu nhan pha tan, protein
dung hop 6xHis-LukF-PV dwoc tinh sach thong qua cot
sac ky ai lwc HisTrap™ HP, nh¢r sw twong tac gitra dudi
6xHis cua protein va cac hat Ni-NTA. Két qua SDS-PAGE
(hinh 2A) cho thay, cdc phin doan dwoc riva giai voi
nong do Imidazole ttr 100 mM dén 240 mM xudt hién
vach protein dam véi kich thwéc khodng 40 kDa, giong
véi kich thwée & phan khao sat. Piéu nay chirng té vach
protein ma dé tai quan tdm c6 dudi dung hop 6xHis va

c6 thé ding 1a protein muc tiéu 6xHis-LukF-PV.

Ngoaira, do cadc phan doan ly gidi c6 sw ton tai clia cac
vach protein tap nén cac phan doan cé protein 6xHis-
LukF-PV dwoc gop lai, thAm tach loai Imidazole bang
dung dich dém Tris va tiép tuc dwoc tinh sach bang cot
HisTrap™ HP lan 2. K&t qua tinh ché lan 2 (hinh 2B)
cho thay, hdu hét cac vach protein tap da dwoc loai bo.
Protein 6xHis-LukF-PV d3 dwoc thu nhin véi néng do
2,45 mg/ml va do tinh khiét trén 95% (du diéu kién
dé thuc hién thi nghiém giy dap (ng mién dich trén
chuot). San lwong thu nhan protein 6xHis-LukF-PV tir
chung E. coli BL21(DE3)/pHT2352 la 6,75 mg/l moi
treorng LB-Kan hay 1,33 mg/g sinh khéi wét.

3.4. Xdc nhdn 6xHis-LukF-PV bang khéi phé LC-
MS/MS

Trwéc khi tién hanh phan ng gy dap ng mién dich
trén chudt, dé tai ti€én hanh xac nhan phan doan protein
tinh sach bang phwong phap LC-MS/MS. Protein tinh
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sach duwgc thiy phan bang enzyme Trypsin tao ra
nhiéu doan peptide ngan. Cac ion y va b (twong &ng
véi peptide) c6 cwong do cao nhat dwoc phan lap, phan
manh va dwgc pho MS/MS ghi lai. Hinh 3 mé ta mot s6
manh da phan cit, cu thé 12 cic manh dwgc tao ra thong
qua qua trinh phan hdy enzyme trypsin va hén hop
trypsin va endo GluC. Trong dd, hai phan doan peptide
GSHMDAAQHITPVSEK (hinh 3A) va SFSETINYKQE
(hinh 3B) dwgc chon dé€ minh hoa cho dir liéu khdi phd
MS/MS. Hinh 3A, 3B ndi bat véi do 1dp lai, tin ciy cao;
twong ng véi cac trinh tw & ving dau N va vung gitra

cta protein LukF-PV.

Sau d6, cac manh peptide dwoc phan tich dé giai trinh
tw peptide bang cach tim kiém co sé dirliéu protein ctia cac
manh két qua. Viéc xac dinh protein chwa biét dwoc thuc
hién bang cach khép cac khdi lwong peptide nhigu két qua
v&i cong cu tim kiém. Cong cu tim kiém ProteinPilot dwgc
str dung dé phéan tich phé MS/MS. Hon nira, mot phwong
phap giai trinh tw thu cong dwoc st dung trong do6 cac
doan dwoc lién két bang Bio Tool Kit trén PeakView@ 2.2
dé€ xac nhan d6 chinh xac cta cac doan dwoc giai trinh
tw. Hai trinh tw cta hai doan peptide dwoc so sanh véi
trinh tw cia protein His-LukF-PV. Két qua hinh 3C cho
thay, c6 sw trung khép véi trinh tw protein. Vi vy, chirng
té protein tinh sach ma nhém nghién cttru thu nhan dwoc

dung la protein 6xHis-LukF-PV.
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3.5. Tao khdng huyét thanh khdng 6xHis-LukF-PV

& chuét

Sau qua trinh gdy dap (rng mién dich, huyét thanh
cda 3 con chudt dwoc tron lai véi nhau thanh mot mau
gOp dong nhat dé kiém tra sy twong tac ctia khang huyét
thanh chuot thu nhan véi khang nguyén 6xHis-LukF-PV
bang phuwong phap ELISA véi cadc ndng do khang nguyén
va khang thé khac nhau. Sy twong tac ctia khang nguyén
6xHis-LukF-PV va khang thé trong huyét thanh thu nhan
tir chudt dwoc gay dap ing mién dich dwgc xac dinh dua
trén phan ng tao mau gitra co chdt TMB va enzyme

peroxidase (dwoc gin trén khang thé thir cip). P6 hap

thu ctia mau ELISA tai bwéc séng 450 nm (0D, . ) cang
cao chirng té6 sw twong tdc khang nguyén - khang thé
cang manh hay lwgng khang thé khang 6xHis-LukF-PV
trong huyét thanh chudt dwoc gy ddp ing mién dich
cang nhiéu. Néu gia tri OD,., _thap hon nguéng duwong
tinh thi sw twong tac khang nguyén-khang thé dwoc xem
la khéng dang ké (hay 4m tinh). K&t qua ELISA (hinh 4 va
bang 1) cho thiy, khang nguyén 6xHis-LukF-PV v&inéng
d6 thap nhat 1 ug/ml c6 kha nang twong tic khang huyét
thanh dwoc thu nhan tir chudt (gia tri OD,., 16n hon
ngudng dwong tinh) véi dd pha loang ctia khang huyét

thanh (hiéu gia khang thé)1a 1/160.000.
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peptidel-Trypsin 1
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Hinh 3. Két qua xac nhan protein 6xHis-LukF-PV bang phwong phap LC-MS/MS. (A) Khéi phd LC-MS/MS cla doan peptide
GSHMDAAQHITPVSEK; (B) Khéi phé LC-MS/MS clia doan peptide SFSETINYKQE; (C) Két qua so sanh gitra trinh tw 2 doan peptide va trinh ty

clia protein 6xHis-LukF-PV cé sy trung khép.
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Bang 1. Sé liéu cac phan trng ELISA cuia khang huyét thanh chuét véi khang nguyén 6xHis-LukF-PV

PO pha Cac nong do khang nguyén 6xHis-LukF-PV DJi chirng (20 pg/ml
loang huyét 6xHis-LuKF-PV voi huyét
thanh 20 pg/ml 10 pg/ml 5 ug/ml 2 ug/ml 1 pg/ml thanh chuét tiém PBS)
1/5.000 2,37+0,031 2,317+0,023 1,974+0,026 1,83+0,013 1,808+0,011 0,069+0,001

1/10.000 1,731 0,013 1,695+0,06 1,376+0,027 0,737+0,005 0,957+0,016 0,064+0,002

1/20.000 1,185+0,013 1,088+0,021 0,876+0,002 0,527+0,084 0,53+ 0,036 0,054+0,004

1/40.000 0,713+0,023 0,644+0,016 0,521+0,007 0,332+0,016 0,259+0,015 0,067+0,013

1/80.000 0,417+0,003 0,379+0,003 0,298+0,003 0,19+0,001 0,143+0,016 0,068+0,002

1/160.000 0,247+0,012 0,225+0,002 0,177+0,004 0,117+0,004 0,09+0,001 0,067+0,002

1/320.000 0,164+0,007 0,139+0,009 0,123+0,001 0,088+0,001 0,071+0,001 0,059+0,003

Nguwdng dwong tinh (Cut-off value) = 0,079.

25
24 fL A P
. Cac nong do khang
2’2 nguyén 6xHis-LukF-PV
2’; ——20 ug/mL
19
18 =o—10 ug/mL
1,7
l’f Sug/mL
15
, 14
; 13 =e—2 ug/mL
s 12
© 11
1 =e—1ug/mL
09
038 20 ug/mL véi huyét thanh
0,7 chudt dwge tiém PBS
0,6
0,5 =e—Ngudng
04 duong tinh
03
0.2
0,1
0

1/5.000  1/10.000  1/20.000  1/40.000

1/80.000 1/160.000 1/320.000 D4 pha lodng huyét thanh

Hinh 4. D4 thi biéu dién sw twong tac ciia khang huyét thanh chuét véi khang nguyén 6xHis-LukF-PV

bang phwong phap ELISA. OD,,
sw twong tac khang nguyén - khang the.

4. Ban luan

Cac két qua dwoc trinh bay trong nghién ctru nay
da cho thdy tiém nang san xuit va &ng dung protein
6xHis-LukF-PV bidu hién béi chung E. coli BL21(DE3)/
pHT2352 trong nghién ciru phat trién vic-xin khang
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: @6 hap thu anh sang ctia mau ELISA tai buwéc séng 450 nm, phan anh

S. aureus. Tuy nhién, mot sé
van dé can dwoc ban luan.
Th& nhAt, khi xét vé san
lwong thu nhan trén E. coli,
cao nhat dat mirc 946 mg
protein/l moi truwdng [14],
san lwong 6,75 mg 6xHis-
LukF-PV/l méi truong LB
chi thuéc mirc thap. Du vy,
két qua nay vin dap tng
dwoc muc tiéu chinh cua
nghién ctru nay la thu nhan
lwong protein 6xHis-LukF-
PV c6 d6 tinh sach cao va s6
lwong du dé tién hanh khao
sat tinh sinh mién dich. Viéc
gia tang san lwong thu nhan
hoan toan cé thé thuwc hién

trong nhitng nghién ctru

ti€p theo khi tién hanh tdi wu cac diéu kién nuodi ciy

(nhiét do, néng dd IPTG, thoi gian thu mAu, ndng do Oxy

trong méi trwong...) hay cic thanh phan da va vi lwong

bang cac phwong phap thong ké. VAn dé thir hai 13, sw
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khac biét vé kich thwéc clda protein muc tiéu 6xHis-
LuKkF-PV theo du doan ly thuyét dwa trén trinh tw amino
acid la 35 kDa v&i kich thuéc vach protein tinh ché trén
gel SDS-PAGE khodng 40 kDa. Theo nhitng nghién ctru
khdac trén thé gidi, sw khac biét nay c6 thé 1a do nhu sw
gan SDS khong dong déu do tinh acid/base, tinh ky nwéc
hay céc ciu tric dic biét cta protein [16, 17]. Thuec té,
protein nay kha dic biét c6 pl1a 9,14 va c6 1é vi diéu nay
dan dén suw khac biét kich thwéc thé hién trén SDS-PAGE.
Thr ba 1a vé dudi dung hop 6xHis. Cau héi dit ra la liéu
dudi dung hgp nay c6 anh hwdng dén sy tao khang thé
khang LukF-PV hay khéng. Mot vi du dién hinh 1a nghién
ctru ctia T.W. Lin va cs (2022), sy dung hop dudi 6xHis
da lam gidm d4ng ké tinh sinh mién dich cia SARS-CoV-2
RBD protein [18]. Do d6, trong nghién ctru tiép theo, dudi
6xHis s& dwoc thiét ké dé loai bo sau qua trinh tinh ché
theo mo hinh tinh ché hai buéc dwa trén TEV protease
[19] hodc HRV3C protease [20]. Cu6i cung 1a vé hiéu gid
khang thé& mét chi s6 quan trong trong viéc danh gia
hiéu qua clia mot loai vic-xin hoic liéu phap mién dich.
Hiéu gid khang thé 1/160.000 chirng t6 huyét thanh tir
chudt dwoc gy dap ing mién dich bang protein tai to
hop 6xHis-LukF-PV t6n tai lwong 1én khing thé khang
lai khang nguyén nay. Dong thoi, gia tri nay cho thiy sw
twong tdc manh ctia khang huyét thanh véi khang nguyén
6xHis-LukF-PV, cho thiy tiém nang trung hoa ddc t6 PVL
cta khang huyét thanh (dé tai thu nhan) nhw ciac khang
thé khang LukF-PV trong cac nghién ctru trwdc nhw cta
B.J. Laventie va cs (2011) [21] hay H. Karauzum va cs
(2013) [22]. Trong twong lai, ching toi sé tiép tuc tién
hanh khao sat sw phéi tron protein LukF-PV véi LukS-PV
(hoac cac yéu td doc lwc khac cla S. aures nhw LukA, Hla,
MntC...) nhidm tao ra khang huyét thanh c6 ty 1& bao ho
cao, c6 kha nang trung hoa doc t8 PVL ciing nhw vac-xin

da dong khang S. aureus.
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5. Két luan

Trong nghién ctu nay, protein 6xHis-LukF-PV biéu
hién trong E. coli BL21(DE3)/pHT2352) da dwoc thu
nhan vé&i dd tinh sach cao. Protein dwoc xac nhan bang
khoi phé. Khang huyét thanh tir chudt ¢ hiéu gia khang
thé dat 1/160.000. K&t qua nghién ciru nay 1a co sé& va
nguyén liéu cho cac nghién ctu tiép theo trong phong
ngra, diéu tri bénh giy ra boi S. aureus.
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K thuat Multiplex-PCR khiuéch dai trinh t Lip li ngan (STR) trong phén tich
di truyén lién ket gen GAA tmg dung trong chan doan bénh Pompe
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Tém tat:

Muc tiéu: Hoan thién ky thuat Multiplex-PCR khuéch dai dong thdi cac chi thi trinh tw 1ap lai ngan (STR) gan
gen GAA, phuc vu phan tich di truyén lién két chan doan bénh Pompe. Ddi twong va phwong phap: Nghién
ctru thwe hién trén mot gia dinh gom b, me va ba ngwi con, trong dé mot ngwdi con mac bénh Pompe, mang
bién thé dong hop tir cia gen GAA: ¢.1933G>C (p.Asp645His). Phan @rng Multiplex-PCR dworc tdi wu khuéch
dai dong thoi cac STR gan GAA, dién di mao quan phén tich ki€u gen STR va so sanh ddi chiéu véi két qua
giai trinh ty Sanger. Két qua: P hoan thién thanh cong ky thuiat Multiplex-PCR khuéch dai 6 STR: D175802,
D17S1806, D17S784, D175928, D17S78.0 va D17S78.57. Két qua dién di mao quan cho thiy, cac STR dwoc
Khuéch dai dic hiéu, tin hiéu ré rang. Phan tich kiéu gen STR phu hop véi két qua giai trinh tw Sanger. Két
luin: Pa hoan thién ky thuit Multiplex-PCR Khuéch dai STR lién két gen GAA phuc vu phin tich di truyén lién
két. Ky thuat c6 tiém ning @ng dung trong chan doan di truyén tién lam té6 bénh Pompe.

Tir khéa: bénh Pompe, gen GAA, Multiplex-PCR, trinh tw 13p lai ngan.
Chi sé phdn logi: 1.6, 3.1, 3.5

Multiplex-PCR amplification of short tandem repeat (STR)

for GAA gene linkage analysis in Pompe disease diagnosis
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Abstract:

Objective: To establish and refine a Multiplex-PCR protocol for the simultaneous amplification of short
tandem repeat (STR) markers closely linked to the GAA gene, enabling linkage-based genetic diagnosis of
Pompe disease. Subjects and methods: The study was conducted on a nuclear family comprising a father,
mother, and three children, one of whom had Pompe disease and carried the homozygous GAA gene variant
¢.1933G>C (p.Asp645His). A Multiplex-PCR assay was optimised to simultaneously amplify multiple STR
markers flanking the GAA locus. STR genotyping was performed by capillary electrophoresis and compared
with Sanger sequencing results. Results: The optimised Multiplex-PCR assay successfully amplified six STR
markers: D175802, D17S1806, D17S784, D175S928, D17S78.0, and D17S78.57. Capillary electrophoresis
revealed specific amplification of the STR markers with clear signal profiles. The STR genotyping results
were fully concordant with the Sanger sequencing results. Conclusion: A Multiplex-PCR method for the
amplification of STR markers linked to the GAA gene was successfully established for linkage analysis. This
technique has potential applications in preimplantation genetic diagnosis of Pompe disease.

Keywords: GAA gene, Multiplex-PCR, Pompe disease, short tandem repeat.
Classification numbers: 1.6, 3.1, 3.5
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1. Ddt van de

Bénh Pompe (OMIM #232300) 14 bénh rdi loan dw
trir glycogen, di truyén l13n trén nhiém sic thé thuong.
Bénh gy ra do bit thuwong gen GAA lam thiéu hut
enzyme alpha-glucosidase din dén tich tu glycogen
trong lysosome té bao, gy tén thwong co tim, co xwong
va nhiéu co quan khéc. Biéu hién 1am sang dién hinh la
suy tim phi dai, gidm trwong luc co, suy ho hip (thé khai
phéat sém - IOPD), yéu co tién trién & thé mudn (LOPD)
[1, 2]. Hién nay, liéu phap thay thé enzyme (ERT) da giup
cai thién tién lwgng bénh, song chi phi diéu tri rit cao
van 1a ganh ning lén d6i véi gia dinh ngwoi bénh va hé
théng y té. Vi vdy, chién lwoc dw phong bénh théng qua
phéat hién sém nguwdi mang gen bénh, chidn doan trudéc
sinh va chdn doan di truyén tién lam t8 (PGD) trong cac
gia dinh c6 nguy co tré nén ngay cang can thiét.

Gen GAA ndm trén nhanh dai nhiém sic thé 17
(17g25.3), cac bién thé gy gidm hodc mit chirc ning cla
enzyme alpha-glucosidase rat da dang bao gobm cac bién
thé sai nghia, vo nghia, bién thé mit doan, chén doan,
bién thé ldp doan, bién thé cit nédi... din dén phd kiéu
hinh bénh rong tir IOPD dén LOPD. Bao quanh ving gen
GAA ton tai nhiéu da hinh di truyén nhw da hinh don
nucleotide (SNP) va cac STR. Cac SNP c6 mat do phan
b6 cao trén bd gen nhwng thwong chi cé hai alen, mirc da
hinh thip va tin suit di hop tir han ché. Nguoc lai, mot
s6 STR lai ¢6 s6 lwgng alen phong phu va do di hop tir
cao, nh¢ d6 mang tinh “ca thé héa” vwot troi khi st dung
lam diu 4n di truyén trong phan tich lién két.

Cac phwong phap hién nay dung dé€ phan tich bién
thé va da hinh lién quan dén GAA bao gom: Giai trinh tw
Sanger dé phat hién truc tiép cac bién thé diém, MLPA
hoic qPCR d€ phat hién mat/lap doan, giai trinh tw gen
thé& hé mai (NGS) dé khao sat toan bo gen cling cac SNP
lién két, va Multiplex-PCR khuéch dai STR dé phan tich
di truyén lién két. Mac du giai trinh tw truc tiép (Sanger
hodc NGS) déng vai tro trung tdm trong xac dinh bién
thé giy bénh, cac kj thuat ndy van c6 han ché khi ap
dung cho PGD bd&i lwong vat chit di truyén it va nguy
co mat alen (ADO). Phan tich SNP c6 thé ho tro thiét 1ap
haplotype, nhung do mirc da hinh thip nén SNP don 1é
thwong khong da thong tin, viéc xay dwng haplotype
SNP yéu cau phéan tich rat nhiéu vi tri va doi héi thuit
toan phtrc tap hon.

KHOA
&CONGHI\?GCI:-IE

68(6) 6.2026

msssssmm  Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Y - Dugc | Y hoc co sé; Céc linh vuc khéc cta khoa hoc y - dudc

K§ thuat phan tich di truyén lién két dwa trén céc chi
thi STR 12 phwong phap chin doan gian tiép c6 gia tri cao
nho kha ning phan biét nhiéu alen, dé thiét k& Multiplex,
chi phi thip va mrc do tin ciy cao. Phwong phap nay dwa
trén nguyén ly cac alen STR nam gan gen muc tiéu c6 xu
hwéng di truyén cung nhau trong pha hé, tir d6 cho phép
xac dinh gidn ti€p bién thé gen bénh qua kiéu gen STR
cla cic thanh vién gia dinh. Ky thuit nay con gitp kiém
soat mat alen, khuéch dai wu tién va ngoai nhiém, diéu
ma chin doan truc tiép dé bd sét va giy chan doan sai
trong PGD [3].

Hién tai, chwa c6 bo chi thi STR thwong mai nao dwec
thiét ké chuyén biét cho bénh Pompe, trong khi cac
bénh don gen phd bién khac nhuw beta-thalassemia hay
hemophilia A da c6 nhitng b kit STR phan tich lién két
dwoc thwong mai héa. Do dé, nghién ctru nay dwoc thuc
hién nhdm hoan thién kj thuat Multiplex-PCR khuéch
dai ddng thoi 6 STR ndam gan gen GAA trén ddi twong cac
thanh vién ciia mot gia dinh c6 con méc bénh Pompe, tir
d6 xay dwng tién dé cho phan tich di truyén lién két trong
PGD bénh Pompe.

2. D6i tuong va phuong phap nghién ciiu
2.1. Béi twong

boi twong nghién ctru 1a 5 thanh vién trong mot gia
dinh gdbm b6, me va ba ngui con, trong d6 c6 mot nguoi
con trai mic bénh Pompe da dwoc xac dinh mang kiéu
gen dong hop bién thé GAA: c.1933G>C (p.Asp645His)
bang NGS.

Nghién ciu di dwoc HOi dong dao ddic cua
Hoc vién Quin y théng qua véi ma s6 hoi dong:
1068/2019/VMMU-IRB. Cac thanh vién/cha me va
nguwdi gidm ho da dong y tham gia nghién ciru, dir liéu da
dwoc ma héa bao mat.

2.2. Phwong phdp nghién ctru

Phdn trng Multiplex-PCR khuéch dai cdc STR lién két
vdi gen GAA: Dua trén khodng cach dé tién hanh lwa chon
6 STR lién két gen GAA. Cac cip moi dic hiéu dwoc tham
khdao trong co sé& dit liéu UCSC Genome Browser hodc
nhém nghién ciru tw thiét ké biang phin mém Primer
BLAST (NCBI) (bang 1).

Phan &rng gradient - PCR dwoc thuc hién dé xac dinh
nhiét do gan moi t6i wu cho tirng STR. Dua trén kich
thwéc dé€ ghép cap va toi wu hai bé phan &ng Multiplex-
PCR dé khuéch dai 3 STR trong mdi by phan ng.
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Bang 1. Trinh tw cac cap méi sir dung khuéch dai cac STR.

N Loai trinh Kich thwéc Khoang cach dén gen GAA =
STR Trinh tw tw lap (bp) (vi tri theo GRCh38/hg38)  \8uon
D175802 e 196 1,8 M UCSC Genome
(AFM210XA5) T (GT)n ~ (78.238.445- 78.238.716) Browser
DTS 5'-/FAM/-GATGTGCTTATTTGAAACCTGC-3’ . 0.6 cM O
(NI G =) I S——————— (CA)n ~ (79.449.450-79.449.737) Browser
e 5'-/FAM/-GAGTCTCCTAAATGCTGGGG-3’ e 03 cM T —
(AFM044XG3) e (TC)n(CA)m (79.828.322-79.828.625) Browser
s 5'-/FAM/-TGGGTGACAGAGCTGGAC-3’ o 0.02 M .
’ 5 AGCAGTTTTATGGGGAAAG-3’ (CA)n - (80.127.616-80.127.719) nhém nghién ctru
5'-/FAM/-TATCCAGAAGAGCTGCTCAGT-3’ 0148 oM T
D17578.57 (CTAT)n ~232 p N
5 AGGTTGAGGCTGCAGTGATC-3’ (80.598.784-80.598.998) nhém nghién ctru
DT 5'-/FAM/-TAAAACGGCTACAACACATACA-3’ e 22cM e —
(RPN ] IS —— (GT)n ~ (82.294.963-82.295.264) Browser

Phdn tich STR di truyén lién két gen GAA: San phim
phan &ng Multiplex-PCR dwoc dién di gel agarose 3%
kiém tra. Sau d6 tién hanh dién di mao quan trén may
SeqStudio (Thermo Fisher Scientific, My7). Phan tich kich
thwéc alen bing phan mém GeneMapper ID 6.0. Théng
ké kich thwéc san phdm khuéch dai (cac alen) trén cac
locus STR cuia cac ca nhan, tir dé so sanh va danh gia sy
di truyén lién két ctia cac STR véi bién thé gen giy bénh

(hinh 1).

Lua chon péc chi thi STR
va thiet ke cac cp moi
khuéch dai STR

!
Ghép cip va chudn hod
phan tmg Multiplex-PCR

!
bién di trén gel agarose 3%
kiém tra san pham

+
Tién hanh dién di mao quan So sanh két qua giai trinh tur
va phan tich ket qua gen Sanger

¥
K thudt phdn tich di truyén
lién két sit dung STR

Hinh 1. So’ d6 nghién ctru.
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Gidi trinh tw gen Sanger: Phan tng PCR khuéch
dai doan trinh tw dai 230 bp ch&a bién thé gen
GAA: c.1933G>C (p.Asp645His) str dung cap moi ¢6 trinh
tw sau: GAA-f: 5-TGAGGACCAGCCTGACTCT-3’; GAA-r:
5’-CTTGGGTGGGTGGGATCG-3". San phidm khuéch dai
dwoc gidi trinh tw bang bo kit BigDye® Terminator v3.1
Cycle Sequencing (Thermo Fisher Scientific, My) trén
may SeqStudio (Thermo Fisher Scientific, M§). Trinh tw
nucleotide clia mdi doan gen dwoc xac dinh bang phan
mém BioEdit Sequence Alignment Editor nham x4c dinh
bién thé gen GAA:c.1933G>C, so sanh kiém ching két

qua phan tich di truyén lién két.
3. Két qua
3.1. Két quad chudn héa phan iwng Multiplex-PCR

Dwa vao két qua chay Gradient-PCR, nghién citu lwa
chon dwoc dai nhiét do khuéch dai phu hop cho tirng STR
la cac dai nhiét do ma tai d6 bang lén rd nét, ding kich
thwdc va khong c6 bang phu (hinh 2). Dwa trén dai nhiét
do6 gan moi va kich thudc cac doan moi da thiét ké, tién
hanh ghép cdp 3 bd STR véi nhau trong ciing mot phan
trng: set 1 gobm 3 STR: D17S802, D1751806 va D17S784;
set 2 gobm 3 STR: D175928, D17S78.0 va D17S78.57.
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50.2 50.8 51.7 52.8 54.1 554 56.7 57.9 588 59.5 502 50.8 51.7 528 4.1 554 56.7 57.9 58.8 59.5

=252bp

200bp 200bp
~122bp
(A) (B)
50.2 508 517 528 541 554 56.7 57.9 58.8 505 502 508 517 528 541 M 554 567 57.9 588 595
~232bp
200bp 200bp
~131bp
(C) (D)
502 50.8 51.7 52.8 541 554 567 57.9 58.8 59.5 il i RS e
500bp 500bp
«167bp =196bp

(E) (F)

Hinh 2. Két qua dién di san phdm phan (rng Gradient-PCR khuéch dai cac STR. (A) STR
D17578.0; (B) STR D175784; (C) STR D17S1806; (D) STR D17578.57; (E) STR D175928; (F)
STR D17S802. Nhiét dd g&n mdi clia tirng cap dwoc chu thich trén cac giéng nhw hinh; M: marker
50 bp.

Bang 2. Thanh phan phan (ng Multiplex-PCR.

Chuin ho4 phan &ng Multiplex-
PCR v6i thanh phan méi moi c6
nong d6 nhw nhau (10 pmol/ul).
D17S802 c6 nhiét do noéng chay
ciia mé6i thdp hon cic STR khéc,
dan dén dai nhiét t6i wu 45,3-
54,5°C. Do sw khac biét dang ké
vé Tm, nhém STR nay khong thé
ghép chung véi cac STR ¢6 Tm cao
(56-60°C). Vi vay, cac STR duwoc
nghién ctru chia thanh hai set dwa
trén sy twong dong vé nhiét do
gan moi va kich thwdc sdn pham.
Nhiét do 54,5°C dwoc chon cho set
1 vi day 1a mc nhiét cao nhit ma
D17S802 van khuéch dai dic hiéu
dong thoi ddm bao cho D1751806
va D17S5784. Ngworc lai, set 2 dwoc
téi wu & 59,5°C - mirc nhiét phu
hop cho ca D175928, D17S78.0 va
D17578.57 (bang 2).

Két qua dién di san pham cua
hai b6 phan &ng Multiplex-PCR
cho thiy cdc biang san phim ré
nét, phan tach tét, khuéch dai dic
hiéu ddang kich thudéc thiét ké va
khong xuit hién bang phu (hinh 3).

Chu trinh nhiét
Thanh phan Thé tich (ul) ey
MyTaq HS Mix 2X 12,5
Nuéc deion 4,5
Mbi mbi F 0,5
Mb&i mdi R 0,5
Template DNA 5,0 40 chu ky
. Ta= 54,5 do vai set 1
Tong 25,0 Ta=59,5 do voi set 2
Multi Multi
M - DI78802 D175784 DI7S1B06 gof | M - DI17578.57D175928 D17S78.0 ot 2
500bp
500bp
100bp
100bp

Hinh 3. Két qua dién di gel agarose kiém tra san pham phan (rng Multiplex-PCR.
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Hinh 4. Két qua dién di mao quan san pham phan (ng Multiplex-PCR trén cac mau b, me va con bi bénh. Cac alen danh diu mau xanh:

Alen lién két v&i bién thé gen gay bénh.

T4t ca cac phan rng Multiplex-PCR nay di dwoc l3p lai
ba lan déc lap, dam bao tinh nhit quan va do tin ciy
cua két qua.

3.2. Két qua phan tich di truyén lién két

Dwa vao két qud NGS da xac dinh nguwoi con bi bénh
mang kiéu gen dong hop tir bién thé gen GAA: ¢.1933G>C
(p.Asp645His) gdy bénh Pompe, tién hanh phéan tich di
liéu ki€u gen STR tai cac locus giita ngwdi con bi bénh
(11.3) va b6 me (1.1 va 1.2) d€ suy luin c4c alen lién két v&i
bién thé (hinh 4). Cac san phdm PCR ctia tirng locus dugc
phan tich bang dién di mao quan, v&i cic dinh tin hiéu
(peak) thé hién kich thwéc manh khuéch dai (bp) do
phdn mém nhin dién sau khi so sdnh v&i thang chuln.
Tailocus D17S802, ngwi con bi bénh mang hai alen 183
bp va 187 bp, nhw vy cac alen lién két bién thé gen giy
bénh 1a cac alen 187 bp dwoc di truyén tir b6 va alen 183
bp di truyén tir me. Quy trinh twong tw dwgc 4p dung
cho cac locus khac, xac dinh dwoc cac alen STR lién két
v&i bién thé GAA:c.1933G>C di truyén tir b6 va me lan
lwotla: 139 bp va 137 bp (D17S1806), 249 bp va 249 bp
(D175784), 120 bp va 120 bp (D17578.0), 235 bp va 235
bp (D17S78.57), 165 bp va 167 bp (D175928). Tt cac
locus nay, hai haplotype lién két véi bién thé gy bénh
dwoc xac dinh, twong rng di truyén tir b6 va me.
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qCen
DI78802 17| | [1s3ffff
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qTel

n (] 0
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GiAd
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D17878.57 249HIH 235 RISP HAS
D178928 167HIH 167 1651 {167
qTel

Hinh 5. So d6 phan tich STR di truyén lién két gen GAA cua gia
dinh. Haplotype dwoc déng khung dé: Haplotype STR lién két v&i bién
thé gen GAA gay bénh.



Doi chiéu haplotype mang bién thé gen giy bénh da
xac dinh trén hai ngwoi con géi (111 va 11.2), c6 thé suy
luan hai d6i twong nay la nguwdi lanh mang bién thé gen
GAA: c.1933G>C (p.Asp645His) c6 ngudn goc di truyén
tr me (hinh 5).

€.1933G>C

CAG ACG TS G GCCCCOQG

MJMM/WW\

Mau bé (1.1)

c.1933G>C

CAG ACGTS G GCCCCOG C

ool ool

Mau con gai (11.1)

AG

Hinh 6. Két qua giai trinh tw gen Sanger trén cac mau cia gia dinh.

So sanh cac két qua phan tich di truyén lién két
vGi dir liéu gidi trinh ty Sanger xac dinh bién thé GAA:
¢.1933G>C (p.Asp645His) cho thdy hoan toan trung
khép & cac mau (hinh 6). Nhuw vy, ki thuat Multiplex-
PCR khuéch dai STR lién két v&i gen GAA da dwoc hoan
thién, ddm bao do chinh xac.

4. Ban luan

Ky thuit phan tich di truyén lién két dwoc xiy dung
dwa trén viéclwa chon 6 chi thi STR ndm gan gen GAA trén
nhanh dai nhiém sic thé s§ 17. Viéc lwa chon cac STR nay
dwa trén hién twong cac locus gin nhau trén cung mot
nhiém séc thé c6 xu hwéng dwgc di truyén cing nhau do
it kha ning xay ra trao d6i chéo trong ky dau giam phan
[. Khoang cach gitra cac STR va gen GAA trong nghién ctru
gidi han dwdi 2,2 Mbp vé hai phia nham gidm nguy co
tai t0 hop, ddm bao mirc do lién két cao gitra chi thi va
bién thé gen giy bénh, tlr 46 nang cao do chinh xac cua
phwong phap phén tich di truyén lién két.

Cac STR dwoc lwa chon ciAn dam bao c6 chi sd da hinh
va tan suit di hop t& cao, nham ting kha ning phan
biét giita cac ca thé va kha ning xac dinh nguén géc di
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c.1933G>C

ACGTSSG G CCCCOG

Mau con gai (11.2)
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truyén. Do chwa c6 dir liéu vé cac chi s di truyén ctia cac
STR trong quan thé ngudi Viét Nam, nhom nghién ciru
da tham khao cac nghién ctru khac trén thé gidi. Cong
trinh cua L.L. Marks va cs (2019) [4] khdo sat 15 STR trén
nhiém sic thé 17, trong d6 ba chi thi D175S802, D175784

€.1933G>C

CAG

ACGT S G G CCCCOG

Mau me (1.2)
c.1933G>C

CAGACGTGGGCCCCG

Ma&u con trai (11.3)

va D17S928 dwoc tac gia cho riang cé tiém nang (ng
dung trong phan tich lién két v&i gen GAA. Ngoai ba chi
thi néu trén, chi thi D175S1806 tirng dwoc cac nghién ctiru
st dung d€ hd trg phan tich haplotype cac gia dinh c6
nguwdi mic bénh Moyamoya nham xic dinh ving gen
lién quan dén bénh (mapping gene) [5, 6]. Do d6, nghién
ctu lwra chon D17S1806 bai chi thi nay c6 thé cé tinh da
hinh cao va hé tro trong xac dinh haplotype mang alen
bénh. Trong nghién cru dau tién tai Viét Nam vé PGD
bénh Pompe vao nam 2023, c6 ba STR di dwoc st dung
nhwng hiéu qua phan tich con gi¢i han bdi s6 lwong va
trang thai dong hop tir & mét locus [7]. Tir d6, nghién
ctru hién tai da nang s6 lwgng STR 1én 6 chi thi, ting
kha nang phan biét ca thé va cai thién do chinh xac cta
phuwong phap.

Cac STR dwoc thiét ké khuéch dai bang hai phan (rng
Multiplex-PCR, gitip don gidn hdéa quy trinh kj thuit,
gidm thoi gian thwe hién va han ché nguy co sai sét thao
tac hodc nhiém chéo so véi phwong phap PCR don moi.
Uu diém nay khéng chi gép phin tdi wu héa nguodn luc
va chi phi van hanh ma con lam tang kha nang &ng dung
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rong rai. Két qua chin doan tir mau nghién ctru phu
hop hoan toan véi két qua giai trinh tw Sanger, khang
dinh tinh chinh x4c va gi4 tri thuc tién ca bd phan tng
Multiplex-PCR dwoc xay dung. Ky thuat dwoc hoan thién
trong nghién cru nay gép phan dat nén tang cho viéc
phét trién cac cong cu phuc vu PGD bénh Pompe tai Viét
Nam.

Tuy nhién, do chwa cé dit liéu di truyén quan thé day
da vé cac STR tai Viét Nam nén hiéu qua phan biét ca
thé cia mdt s6 STR dwoc lwa chon trong quan thé nay cé
thé chwa t6i wu. Bén canh dé, nghién ctru chwa khao sat
cac mau tlr cic nhém dan tdc khac nhau, vi vay hiéu qua
phan tich trong cac quan thé khic van can dwoc kiém
chirng. Nhirng han ché nay sé la co sé quan trong cho cac
nghién ciru ti€p theo nham t6i wu hdéa va mé rong tng
dung ctia phwong phap trong chin doan di truyén lién
két bénh Pompe.

5. Két luan

Nghién ctru da hoan thién thanh céng hai quy trinh
Multiplex-PCR phuc vu phéan tich di truyén lién két gen
GAA, khuéch dai dong thoi 6 STR véi nhiét dd gdn moi
t8i wu lan Iwot 12 54,5 va 59,5°C, cho két qua én dinh va
chinh xac. Ky thuét c6 tiém nang &ng dung trong chan
doan di truyén tién 1am td bénh Pompe.
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Tri thite ban dia ciia ngwoi Co Tu vé sir dung cay co
¢ khu vure Tay Giang, thanh pho Da Nang

Lwu Pam Ngoc Anh?, Bui Van Hwéng"?, Trinh Xuin Thanh?, Nguyén Thi Kim Thanh*, Hoang Thiy Linh*

Bdo tang Thién nhién Viét Nam, Vién Han Idm Khoa hoc va Céng nghé Viét Nam, 18 Hoang Qudc Viét, phwong Nghia D6, Ha Noi, Viét Nam
2Hoc vién Khoa hoc va Cong nghé, Vién Han ldm Khoa hoc va Céng nghé Viét Nam, 18 Hoang Qudc Viét, phwong Nghia D6, Ha Ni, Viét Nam
3Vién Sinh hoc, Vién Han ldm Khoa hoc va Céng nghé Viét Nam, 18 Hoang Qudc Viét, phwong Nghia P, Ha Nji, Viét Nam
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Ngay nhan bai 29/7/2025; ngay chuyén phan bién 11/8/2025; ngay nhin phén bién 30/9/2025; ngay chip nhan ding 13/10/2025
n/ ! < [ .
Ngwoi Co Tu la tdc ngwoi cw tria lau doi & vang Trwdong Son - Tay Nguyén, thudc nhém ngén ngir Mon-
Khome. Két qua nghién ciru vé tri thirc sir dung ciy c6 cia ngwdi Co' Tu tai Khu viee Tay Giang (tinh Quang
Nam cii nay la thanh phé Pa Nang) da ghi nhan 176 loai thwc vat bac cao cé6 mach dwoc stt dung véi nhiéu
muc dich khac nhau: ciy thudc 112 loai (63,63%); rau, qua an dwgc 56 loai (31,81%); ciy dung lam men
rwou va ngadm rwgru 20 loai (chiém 11,36%); ciy dan lat (tha cong m§ nghé, goéi banh) 15 loai (chiém 8,52%);
ciy cho gb 1am nha, san nha 11 loai (6,25%); ciy ddc 3 loai (chiém 1,7%); cdy dung d€ nhuém 2 loai (1,13%);
vatliéu lam dan 2 loai (1,13%); ciy dung trong nghi 1é tim linh va muc dich khac 8 loai (4,54%). Nghién ctru
ciing ghi nhin sy da dang vé bo phéin st dung, trong d6 1a dworc str dung nhiéu nhit (31,81%), tié€p dén la ca
varé (29,54%); it dwoc sir dung nhat 1a nhwa va hat (3,41%).

Tir khoa: ngwoi Co Tu, st dung cay cd, Tay Giang, tri thirc ban dia.
Chi s6 phdn logi: 1.6, 3.4, 4.4

Indigenous knowledge of plant use among the Co Tu people
in the Tay Giang area, Da Nang city
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Abstract:

The Co Tu people are an ethnic group that has long resided in the Truong Son - Tay Nguyen region and belong
to the Mon-Khmer language group. Research results on plant-use knowledge of the Co Tu people in Tay Giang
area (formerly Quang Nam province, now Da Nang city) have recorded 176 species of vascular plants used for
various purposes: 112 medicinal plants (63.63%); 56 edible vegetables and fruits (31.81%); 20 species used
for fermentation starters and alcohol maceration (11.36%); 15 species used for weaving (handicrafts and
food wrapping) (8.52%); 11 timber species for house and floor construction (6.25%); 3 poisonous species
(1.7%); 2 dye plants (1.13%); 2 species used as materials for making musical instruments (1.13%); and 8
species used for spiritual and other purposes (4.54%). The study also recorded the diversity of plant parts
used, in which leaves were the most frequently utilised (31.81%), followed by tubers and roots (29.54%),
while resin and seeds were the least used (3.41%).

Keywords: Co Tu ethnic group, indigenous knowledge, plant utilisation, Tay Giang area.
Classification numbers: 1.6, 3.4, 4.4
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1. Dat van de 2. Déi tuong va phuong phap nghién ciiu

Tri thirc ban dia hay tri thirc dia phwong 13 nén tang 2.1. béi twong
co ban cho viéc thiét 14p cac quyét dinh lién quan dén
dia phwong trén moi Iinh vuc cla cudc séng dwong dai, C4c loai thuc vat bac cao ¢6 mach c6 ich dwoc dong
bao gdm quan 1y cac ngudn tai nguyén thién nhién, dinh  bao Co Tu s dung (trong cham sdc sirc khoe, dét,
duwong, thwe phdm, y té, gido duc va trong cac hoat dong  nhudm vai, dan 14t...) trén dia ban khu virc Tay Giang,
xa hoi. Tri thtrc ban dia con cung cip chién lwgc nham Quang Nam (cii) nay la xa TAy Giang, thanh phé
gidi quyét cac vin dé dat ra cho cong dong dan cu dia Pa Ning (hinh 1).
phwong [1].

Nghién ctru tri thitrc va kinh nghiém st dung tai 2.2. Phurong phdp nghién ctru

nguyén sinh vat & nwéc ta dwoc trién khai mudn hon so 2.2.1. Phwong phdp nghién civu thuec vat
vGi thé gidi va thye sy dwge quan tAm trong khodng 30 .
nam gan day. Mac du cé thoi gian chwa dai nhwng cac biéu tra thuc dia: Tl thang 12/2023 t6i thang
nghién cttu vé tri thtec ban dia & Viét Nam da thu dwoc  3/2025 tai khu vye nghién ctru.

nhiéu két qua k,hé quan, nhiéu ng}’lién ctu dugc tng Thu mAu ngoai thwc dia: Cong tac thu thap mau vat
dung vao thyc té gép phin phat trién kinh té va gilr gin

ban sic dan toc. ngoai thuc dia dwoc thyc hién theo dung quy trinh va

nguyén tac cta nghién ctru thwc vat hoc truyén théng,
Nguoi Co Tu la toc nguwoi cw tra lau doi & vung L e R . R
. n R n , R A bdo dam ghi chép day du cac thong tin can thiét trén
Truong Son - Tay Nguyén, thudéc nhém ngén ngir Mon- B
Khome. Dwa vao nhitng kién tric diéu khic, nén vian héa nhén mau (etiket) va trong s6 diéu tra [3].
va nhan hoc c6 thé doan dinh ring ngudi Co Tu da dugc
hinh thanh va phat trién véi trinh do cao. Hién nay, nguoi
Co Tu chi sinh séng tai Viét Nam va Lao v&i dan s6 trén
100.000 ngwoi. Tai Viét Nam, cong déng ngwoi Co Tu
chiém trén 74.000 va sinh séng chi yéu tai hai tinh Quang
Nam (Nam Giang, Pong Giang va Tay Giang) va Thira
Thién Hué (Nam Déng, A Lwdi) hién nay 1a thanh phé
Da Nang (x4 Nam Giang, x4 Pong Giang va xa T4y Giang)
va thanh phd Hué (xd Pha Loc va xa Phong Dién) [2].
Nguoi Co Tu sinh séng phu thudc nhiéu vao tw nhién,

sinh ké chli yéu bang trong lda ray véi mirc dd canh tac ,
don so, chdn nudi, hai lwom, san bin va danh bat ca. Pic Quén 62 Hoang Sa
biét, nghé dan lat va dét thd cAm clia ho kha phét trién va
tao ra nhiéu san phdm doc ddo cé thé tao sinh ké. Truéc

ap lwc cta hién dai, cong nghiép hoéa, dién tich rirng tw

]

nhién suy gidm nhanh chéng da dy cc tri thirc cia dong

B o 4
ao trong st dung cay c6 phuc vu C.’:IIC nhu cau iu(_)c song Quin aéo Truong sa oA ‘ﬁi%

ngay cang x6i mon va c6 nguy co mat di vinh vien. Do d¢, 4y g °
2 0,® o

s CI‘..n

viéc diéu tra nghién ctru tri thirc ban dia dic biét 1a tri

A A ki A d ki N 7 7 ~ ; i % "
thitc vé viéc str dung cay cé ctia ngwoi Co Tu cé ¥ nghia i ) .
A p A PO . / % Y °
quan trong khéng chi trong viéc bdo ton, phat huy cac L B :
gia tri vian ho4 truyén théng, gop phan nhan dién ban sic o

dan toc, ma con gop phan bao ton da dang sinh hoc, cai 1 4 56 6 vi tri khu vire nghién ctru (khu vire Tay Giang, thanh

thién sinh ké cho ngwoi dan. phé Da Ning).
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Tén Khoa hoc cda cac loai cay cé dwoc xac dinh theo
phwong phap hinh thai so sanh vé&i sw hd tro tir cac
chuyén gia phan loai hoc thwc vat va dwgc kiém tra, chinh
ly théng nhit theo “Danh luc cac loai thuc vat Viét Nam”
[4] va Dit liéu Tropicos ctia Vwon Thue vat Missouri [5].
Sau do, tién hanh 14p danh luc cic loai thwc vit bic cao ¢
mach duwoc dong bao Co Tu str dung. CAc mau vat duoc

lwu triy tai Bao tang Thién nhién Viét Nam.
2.2.2. Phwong phdp diéu tra cdng dong

Nghién ctru thuwc hién diéu tra theo hwéng ngwdi dan
dia phwong di thuc dia cing doan nghién cru dé thu
thap mau vat, két hop phoéng van, thao luan nhém cling
nguwoi dan thon ban [4-6], trong d6 lwa chon hai nhom
déi twong:

(i) Cac gia lang, trwedng ban, ngwdi hanh nghé thuéc
va nhitng ngwoi chuyén di rirng thu hai lam san.

(ii) Poéng bao sinh séng trong khu vuwe nghién ciru.

Cac thong tin, di liéu thu thap dwoc xi ly theo
phwong phap théng ké dé ting do tin cay.

3. Két qua va ban luan

3.1. Sw da dang trong cdc bdc taxon

Két qua diéu tra ciy c6 c6 ich cia ngwoi Co Tu tai
khu vuc Tay Giang da ghi nhan 176 loai, 141 chi, 67 ho
thudc 4 nganh thwc vat bic cao c6 mach, gom: thach
tung (Lycopodiophyta), dwong xi (Pteridophyta), thong
(Pinophyta), ngoc lan (Magnoliophyta) (bang 1).

Bang 1. C4u tric thanh phan loai theo bac nganh.

Nganh Ho Chi Loai

Tén Viét . So Tylé SO0 Tylé S6 Tylé
Nam Tén khoa hoc lwong (%) Ilwong (%) Ilwong (%)
Thach .

- Lycopodiophyta 2 298 3 2,12 3 1,70
Dwongxi  Pteridophyta 3 447 3 2,12 3 1,70
Thong Pinophyta 1 1,49 1 071 1 0,58
Ngoclan  Magnoliophyta 61 91,04 134 95,03 169 96,02
Tong 67 100 141 100 176 100
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3.2. Kinh nghiém, tri thirc st dung thwc vdt ctua

ngwoi Co Tu tai khu vweec Tdy Giang

Kinh nghiém st dung cdc b phdn thuc vat: D6i v cac
loai ciy thudc, kha ning chtra bénh phu thudc vao hoat
tinh ctia nhitng hoat chit c6 trong cdy ma sy phin bé
ctia ching khac nhau & tirng b phén cua cay cling nhw
khac biét trong cach st dung. Vé&i cac loai dwoc st dung
lam thwc phdm nhuw rau, gia vi,... thwong dung 14, ngon, ca
than hay qua. Ddi v&i xay dwng, dan 1at thi cdng my nghé
cac bo phan st dung cht yéu 1a than, than go, vo cdy. Da
s6 cac loai chi dung 1 b phén; dé tri bénh, bd phin do sé
két hop véi cac vi thudc khac. Cé loai dung dwoc nhiéu
bd phéin v&i nhiéu muc dich khac nhau (da tac dung) nhw
anl4, qua hay 14 1am rau dn, con c dem ngim rwou,... Két
qua phan tich s da dang vé cic bo phan cta ciy c6 dwoc
nguwoi Co Tu st dung trinh bay trong bang 2.

Bang 2. Ty Ié cac bo phan cua cay cé dwoc ngwei Co Tu str dung.

STT B0 phan sir dung S6loai  Tylé (%)
1 La 56 31,81

2 Ct, ré (v6 ré) 52 29,54

3 Canh, than (vd cay, vd/non than) 51 29,0

4 Ca cay 32 18,18

5 Qua 24 13,63

6 Khac (hat, nhwa, ngon,...) 6 3,41

Két qua nghién ctru cho thay ty 1é st dung 14 1a cao
nhit véi 56 loai (31,81%). Trong do, 14 c6 thé duwoc
gia dip truc tiép nhu: Rang dira dong (Blechnopsis
orientalis) d€ chira mun nhot, Pong tién (Caesalpinia
hymenocarpa); 1a cady Ba bénh (Eurycoma longifolia)
ndu nudc tam chira ghé hodc dwoc bdm nhé dung twoi
hodc phoi khé ndu nwéc udng nhw Té chiu cb cuéng
hoa (Callicarpa pedunculata)... CG, ré dwgc dung thip
hon vé&i 52 loai, chiém 29,54%, lam gia vi hodc gia nat
14y nwéc udng chiva day hoi hodc gia nat dap tri ran cin
nhw Trong 1au nhiéu 14 (Paris polyphylla) hoic Sa chanh
(Cymbopogon citratus) dung x6ng hoi cho tré hay khéc
dém, gidt minh. Tiép theo, 51 loai (chiém 29%) dwoc

nguwoi Co Tu st dung nhiéu cach khac nhau nhuw: Stra
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14 hep (Alstonia angustifolia) 1am gb, dan con nhwa mu
dung lam thudc chira hic lao; 16i thdn DPung dinh
(Caryota mitis) dwoc dung dé G rwou hay vé than Pau
ma nui (Pueraria montana) duogc 14y dé dan lwdi bat ca,

X0 cwom...

Trong khi d6, 32 loai (chiém 18,18%) tip trung &
nhom than thao la toan bd cay dwoc st dung nhw ho Cic
(Asteraceae), ho Ca phé (Rubiaceae), ciy twoi ndu nuwéc
hodc bim nho phoi khé ndu nwéc dung dé giai nhiét hoic
chtra bénh dwong rudt. Qua dé an hoac lam gia vi hoac
nhw qua Trom thon (Sterculia lanceolata) dwgc nwéng
an cho khée va trang tri cdy néu vao nhirng dip 1& hoi;
2 loai qua dung dé chita bénh 1a Dira bic bd (Pandanus
tonkinensis) chita bénh than va Ri poo (Rhaphidophora
sp.) qua chira ghé 1& choc dau.

Chi c6 6 loai (chiém 3,41%) duwgc nguoi Co Tu st
dung cac bo phan khac (hat, nhwa hay ngon cay...) nhw
nhwa Ray (Alocasia sp.) dung chdm vao vét ong dot;
Nwa (Amorphophallus sp.) 1am chit ddc sin ban; hat
Thu hai dwong (Begonia spp.) chira s6t rét va bé sung
vitamin; dung ngon c6 Méng ngwa nam bd (Angiopteris
cochinchinensis), Mao ga trang (Celosia argentea), Pon
buét (Bidens pilosa) va Rau tau bay (Crassocephalum
crepidioides).

L4 12 b6 phan dwgc st dung nhiéu nhit, cho thiy
ngudi Co Tu c6 nhirng dong gép trong viéc bao ton bén
virng ngudn tai nguyén thwc vt do hinh thirc khai thac
nay van duy tri va ddm bao sv sinh trwdng, phat trién
clia cay, trong khi khai thac gdc, ré hay cu c6 nguy co
gdy suy giam so lwgng ca thé trong quan thé noi riéng,
da dang sinh hoc néi chung. Do vay, viéc nghién cttu cac
hoat tinh sinh hoc trong cac bé phan khac cda cay thay
thé cho ré, ci nhw canh, 14 sé gitp st dung va bao vé cac
loai cay co c6 ich mot cach bén virng.

Muc dich st dung: Trong s6 176 loai ciy c6 ich dwoc
ghi nhin tai khu vuc Ty Giang, nhém cay thudc chiém
mot ty 1&é cao nhat véi 112 loai (63,63%); tiép dén la
nhdém ciy cé duoc str dung lam thic an (rau, qua, uéng)
véi 56 loai (31,81%); nhém cay lam men rwou, ngdm
ruou véi 20 loai (11,36%) va 14y sgi lam hang thi cong
my nghé v&i 15 loai (8,52%) (bang 3).
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Bang 3. Pa dang vé muc dich sir dung thwc vat theo kinh nghiém
cua ngweoi Co Tu tai Tay Giang.

STT Muc dich sir dung S6loai Tylé (%)
1 Thudc 112 63,63

2 Rau, qua, udéng (an udéng dwoc) 56 31,81

3 Cay men rugu, ngam ruou 20 11,36

4 Pan lat (tht cong m§ nghé, goi banh) 15 8,52

5 Cay cho g6 1am nha, san nha 11 6,25

6 Cay doc 3 1,7

7 Cay dung dé nhudm 2 1,13

8 Vatliéu lam dan 2 1,13

9 Tam linh va muc dich khac 8 4,54

*Mét loai ¢é thé c6 nhiéu muc dich s dung.
* Nhém cdy dung lam rau dn va qud dn

Kinh nghiém s dung rau qua rirng ctia ngudi Co Tu
kha phong phu véi 56 loai dwoc dung lam rau an va gia
vi. Pac biét, mét s6 loai rau rirng chi ¢6 ngwoi Co Tu biét
st dung 1am rau xanh trong bita dn hang ngay nhu: Chan
chim (Schefflera heptaphylla), Co6 ctt lon (Ageratum
conyzoides), Thién nién kién (Homalomena occulta), Rau
dira nwéc (Ludwigia adscendens), Vong nem (Erythrina
variegata)... Trong s6 16 loai ciy cho qua dn thi 10 loai c6
thé vira sir dung lam thudc vira dung dé an nhw: Uoi bay
(Scaphium macropodum), Dau tam (Morus alba L.), MAm
x0i (Rubus alceaefolius), Chuéi rirng (Musa acuminata),
Lac tién (Passiflora foetida L.)...

* Nhém cdy dung dé dan Idt, lam nhac cu, tac twong

Két qua nghién ctru da ghi nhan 15 loai thwe vat dwoc
st dung dé dan lat, 1am do6 thd cong my nghé, cic vat
dung trong gia dinh hoac thwong mai hod. Trong do,
song may (chi Calamus thudc ho Arecaceae) c6 so6 loai
phong pht, da dang va méi loai dwoc st dung cho cac
muc dich khac nhau, vi du 14 may rat dung dé lop nha
Guol c6 thé ton tai dwgc 20-25 nam; than may rat dung
dé dan gui va vat dung trong gia dinh bén va dep; thian
ciy may nudc, may tat déo, bén nén dwoc dung lam hang
tha cong my nghé... Pang lwu y, trong s6 15 loai cho 14y
soi dé dan 1at c6 mot s6 loai con dwge dung lam thuéc
nhw: Gai (Boehmeria nivea (L.)), May nwéc (Flagellaria
indica L.), May guot (Dicranopteris linearis) Underw.),
May héo (Daemonorops mollispinus), v.v...



Ky thuat dan 14t ciia ngudi Co Tu rat tinh xao, dic biét
1a cac dung cu cho néng nghiép nhw gui deo, sang... Dé
tao ra 1 san pham, ho dung tir 5 dén 6 loai thwc vat khac
nhau dé€ ciu thanh cac bo phan, gui cia nam va nit dugc
lam riéng biét. Gui ciia nam thwong c6 3 ngan, gui cia nir
¢6 1 ngdn mo ta hinh dang uyén chuyén ctia nguoi phu

ntt, dwoc cach diéu va tao hinh kha chi tiét.

3.3. So sdnh tri thirc str dung cdy thudc véi cdc ddn
toc khac

Nghién cru ctia H.H. Anh va cs (2015) [6] cung cip
mot s6 thong tin chd yéu vé ciy thuéc clia nguoi Co Tu
dwoc khai quat héa theo sé liéu théng ké vé cach dung,
bo phan dung, cic nhém bénh dwoc st dung. Tinh da
dang cdy thudc nguwoi Co Tu dwoc gidi thich boi khu
vure sinh s6ng la cac khu vie ving siu, vung xa, & rirng
nui gidp bién gidi Viét - Lao. Nguwoi dan Co Tu cé tap
quén sdng dwa vao rirng. Theo cac yéu t6 tAm linh va tin
ngudng truyén thong, nguoi Co Tu cd y thire bao vé rirng
va hé sinh thai trong khu vuc sinh séng. So véi cac dan
tdc thiéu s6 khac, s6 ciy thudc dwoc tim thiy trong danh
muc con kh4 khiém t&n va ndm & nhém trung binh so véi
cac dan téc khac. Hinh 2 ghi nhén sé loai ciy thudc cta
ngudi Co Tula 171 loai [6].

Nghién ctru ctia D.N. Huyen va cs (2022) [7] vé nguoi
Co Tu tai hai xa Axan va Tr’Hy, huyén Tay Giang, tinh
Quang Nam (nay la x4 T4y Giang, thanh phé Da Nang)
c6 kinh nghiém st dung ciy thuéc phong phd do tip
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quan sinh song dwa vao tai nguyén rirng, xac dinh
59 loai, 54 chi, 41 ho thudc 3 nganh thyc vat c6 mach
Polypodiophyta, Pinophyta va Magnoliophyta duwoc
ngudi dan toc Co Tu st dung lam thudc chira bénh. Ré
va cu 1a bd phin dwogc str dung phd bién nhit cia dong
bao dan tdc thi€u sd Co Tu.

Hai nghién ctru tai tinh Thira Thién Hué (nay la thanh
pho Hué vao ndm 2007, 2013 tai 2 huyén khac nhau véi
s6 lwong loai thu dwoc khé chénh 1éch (huyén Nam Dong
thu dwoc 150 loai cay thudc thudc 67 ho, huyén Phi Loc
thu dwoc 249 loai thudc 82 ho) nhwng két qua thu duoc
lai twong déng sau sic vé kién thitrc ban dia clia ngwoi
Co Tu [8, 9]. Cu thé, ca 2 nghién cru déu ghi nhin dang
séng phé bién cia ciy thudc thudc than thdo, bd phan
str dung phd bién 1a canh, 14; cach dung chu yéu la sac
hodc dung twoi; da phan ciy thudc dwoc st dung chira
cac bénh vé tiéu héa, ngoai da, hé vin dong. Cay thudc
& 2 khu vue nghién cteu déu thudc 4 ho cha yéu 1a: ho
Ca phé, ho Thau diu, ho Cic, ho P4u. Nghién ctru vé tri
thirc st dung ciy thudc tai mién Trung ciia H.H. Anh va
cs (2015) [6] ciling c6 két qua twong tu.

Hai nghién ctru tai Quang Nam (nay la thanh phé ba
N&ng) [7, 10] ghi nhan s& lodi cay thudc it hon so v&i
tinh Thira Thién Hué (nay la thanh ph6 Hué) (nghién
ctru tai xa Bhalee ghi nhan 83 loai, 81 chi; nghién ctru tai
xa Axan, Tr’'Hy ghi nhan 59 loai, 51 ho). B6 phan str dung
chi yéu 1a ré, ci. Nhém bénh phd bién tai Qudng Nam
(nay 12 thanh phé Pa Nang) da dang hon so véi Thira
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Thién Hué (nay l1a thanh phd Hué), bao gdm nhirng nhém
bénh m&i nhw ung thw, bénh phu ni, hé tuin hoan, v.v...
Veé bdo ton, c6 nhiéu loai thudc thudc Sdch o va cé nguy
co tuyét chiing nhw c6t toai b6, ding sam...

4. Két luan

Nghién ctru ghi nhan két qua cap nhit vé tri thirc ban
dia st dung cdy c6 ctia dong bao Co Tu tai khu vwc Tay
Giang v&i 176 loai thwe vat, st dung phuc vu cac muc
dich khac nhau: Thuéc 112 loai (63,63%); Rau, qua, an
uéng dwoc 56 loai (31,81%); Cdy men rugu, ngdm ruou
20 loai (11,36%); Cay dan lat (thu cong my nghé, goi
banh) 15 loai (8,52%); Cay cho gb 1am nha, san nha 11
loai (6,25%); Cay doc 3 loai (1,7%); Cay dung dé nhuém
2 loai (1,13%); Vat liéu lam dan 2 loai (1,13%); Tam linh
va muc dich khac 8 loai (4,54%).

Nghién ctru cling ghi nhin sy da dang vé b phén s
dung, trong d6 dworc str dung nhiéu nhatla: 14 (31,81%),
cl ré (29,54%); canh, than (29%); ca cay (18,18%); qua
(13,63%); thip nhit la nhya va hat... (3,41%).

Nhan thiy, cac nghién cttru gan diy dan quan tAm dén
van dé bdo ton ciy thudc, gin gitt nét doc do trong tri
thirc ban dia ctia ngwoi Co Tu, day la nét doc dao va gia
tri riéng cé cta cdng doéng, cin dwoc bao ton va phat
trién dwdi ap lwe cta bién déi khi hau va hién dai héa. Vi
vay, can phai tién hanh nhiéu céng viéc khan treong xay
dung cac vieon duoc liéu, nhan giéng loai bang phwong
phap k¥ thuat (giam canh, in vitro...), nghién cttu cac hop
chat c6 hoat tinh twong tw & cac bd phan khac cda céy.

LO1 CAM ON

Nghién cru ndy dwoec tai tro boi Quy Poi méi sdng tao
Vingroup (VINIF) vé&i ma s6 tai tro: VINIF09.2023.DA07.
Tran trong cdm on déng bao va ngwdi dan tai huyén Tay
Giang, Quang Nam (trwédc sap nhap) da tham gia cung
cap thong tin va hé tro dw &n trong thoi gian diéu tra tai
dia phwong.
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Anh hwéng ciia phwong thire nudi dén mot so chi tiéu
tinh dich cua ga trong Noi lai

Phan Nhan’, Nguyén Minh Tri
Khoa Sinh hoc Ung dung, Trwong Pai hoc Tdy D6, 68 dwomg Trdn Chién, phwong Cdi Ring, TP. Cén Tho, Viét Nam
Ngay nhan bai 20/3/2025; ngay chuyén phan bién 24/3/2025; ngay nhin phéan bién 14/4/2025; ngay chdp nhan ding 28/5/2025

Tom téit:
Nghién ciru dworc tién hanh nham danh gia s6 lwong va chit lwgng tinh trung ctia ga Noi lai & hai phwong thirc nuéi
nén va nudi long tai trai chian nuéi thudc xa Cai Nhum, tinh Vinh Long tir thang 8 dén thang 10 nam 2024. Tong s6
30 mAu dwoc chia ngau nhién theo 2 phwong thirc nuoi: nén hoic 16ng (15 ga tréng/phwong thirc nudi). Mau tinh
dich dworc thu thap bang phwong phap mat xa bung va danh gia cac chi tiéu chit lwong tinh dich tai Phong thuwc
hanh chin doan thi y, Treweong Pai hoc Tay Do. Két qua cho thiy, ga nudi nén c6 thé tich tinh dich (0,46+0,07 ml) va
nong do tinh trung (3,28x10°/ml) cao hon (P<0,05) so v&i ga nuéi long (0,40 ml va 2,96x10°/ml). Tuy nhién, gia
tri pH tinh dich & nhoém nuéi nén (7,19) thip hon (P<0,05) so v&i nuéi 16ng (7,32). Ty 1€ tinh trung Ky hinh cta ga
nudi nén (3,85) cao hon (P<0,05) so v&i nudi long (3,13%). Khdi lwgng co thé c6 méi twong quan dm (-0,12) co y
nghia thong keé véi ty 1€ sdng cha tinh trung (P<0,01), ty 1é sdng cua tinh trung c6 méi twong quan dwong (0,569)
v&i hoat lwe tinh trung (P<0,001) va twong quan dm (-0,528) véi ty 1€ tinh trung ky hinh (P<0,001). Ngoai ra, nong
dé tinh trung c6 méi twong quan am (-0,125) véi gia tri pH tinh dich (P<0,01). Két qua nghién ciru khang dinh
rang, st dung phwong thirc nudi nén dé cai thién thé tich tinh dich va nong dé tinh cta ga Noi lai.

Tir khéa: ga Noi lai, phwong thivc nuéij, tinh dich ga.
Chi sé phdn logi: 1.6, 4.2, 4.7

Effects of housing systems on semen quantity and quality in crossbred Noi roosters
Nhan Phan’, Minh Tri Nguyen

Faculty of Applied Biology, Tay Do University, 68 Tran Chien Street, Cai Rang Ward, Can Tho City, Vietham
Received 20 March 2025; revised 14 April 2025; accepted 28 May 2025

Abstract:

The study was conducted to evaluate the number and quality of sperm of crossbred Noi chickens under two
rearing systems: floor-rearing and cage-rearing at a livestock farm located in Cai Nhum commune, Vinh Long
province, from August to October 2024. A total of 30 samples were randomly assigned to the 2 rearing systems:
floor or cage (15 roosters per system). Semen samples were collected using the abdominal massage method
and evaluated for semen quality indicators at the veterinary diagnostic laboratory of Tay Do University. The
results showed that floor-reared chickens had higher semen volume (0.46+£0.07 ml) and sperm concentration
(3.28x10?/ml) (P<0.05) compared to cage-reared chickens (0.40 ml and 2.96x10°/ml). However, the semen pH
value in the floor-reared group (7.19) was lower in the cage-reared group (7.32). The percentage of abnormal
sperm was higher in floor-reared roosters (3.85%) than in cage-reared roosters (3.13%). Body weight was
negatively correlated (-0.12) and statistically significant with sperm viability (P<0.01); sperm viability was
positively correlated (0.569) with sperm motility (P<0.001) and negatively correlated (-0.528) with the percentage
of abnormal sperm (P<0.001). In addition, sperm concentration was negatively correlated (-0.125) with semen
pH value (P<0.01). The results confirm that using the floor-rearing method improves semen volume and sperm
concentration in crossbred Noi chickens.

Keywords: chicken semen, crossbred Noi chicken, rearing methods.
Classification numbers: 1.6, 4.2, 4.7
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1. Dat van de

Nh¢ ham lwong protein cao va ham lwgng chit béo
thép, thit g thuwong dwoc nguwoi tiéu dung wu tién lya
chon [1, 2], d4c biét 1a thit tir cic giéng ga ban dia. Nho
s& htru nhiéu wu diém nhw kha nang khang bénh tét, toc
do sinh trwdng nhanh, da vang, thit sin chic va hwong
vi thom ngon phu hop véi thi hi€u nguoi tiéu dung, ga
Noi dang dwoc ngudi chdn nudi lwa chon nudi phd bién
[3, 4]. Tuy nhién, ndng sudt sinh san cda giéng ga nay
con kém, va day ciing 1a nhwoc diém chung ctia cac giong
ga tha veon hién nay. Nhin chung, ning suit ciia ga Noi
hién nay nudi theo phwong thirc ga tha viron & cac nong
ho con thip, kha nang 4p nd tw nhién chi dat 60-70%,
day la vin dé doi hoi cac nha chuyén mon cin nghién ctiru
dé tim ra quy trinh nhan giéng thich hgp cho gidng ga
Noi nham mang lai ning suit va hiéu qua cho nha chin
nuoi.

Viéc danh gia chit lwong tinh dich & gia cim 1a mot
trong nhirng chi tiéu quan trong lién quan dén kha nang
sinh san, thu thai va n& cta trirng [5]. Phwong phap thu
thap tinh dich &nh hwdng dang ké dén chat lwong va
sO lwong tinh trung ga. Trong dd, c6 mot phwong phap
phé bién 13 sir dung mot con g mai dé kich thich ga
tréng xuit tinh. Phwong phap nay da dwoc chirng minh
la mang lai tinh trung chit lwgng cao v&i kha nang van
dong va kha ndng ton tai tot [6]. C6 nhiéu nguyén nhan
anh hwdng dén sinh san cling nhw chit lwong tinh trung
ddi voi ga trong nhu: ché dd dinh dwéng, quy trinh cham
so6c, phwong thirc chdn nudi, diéu kién moi truwong,...
Tinh trung la yéu t6 quyét dinh truc tiép dén hiéu qua
thu tinh va chit lwong con gidng. Do d6, tinh dich tét 1a
mdt yéu t6 quan trong dé cai thién nhanh kha nang sinh
san bang cach cho phép st dung tdi da nhitng con ga

trong dwoc cai thién vé mat di truyén [7].

Chinh vi vay, nghién ctru ndy dugc thwc hién nham
budc ddu danh gia mét s6 chi tiéu vé dic diém hinh thai
va chatlwgng tinh tring & ga Noi lai cling nhw anh huéng
cla phwong thirc nudi dén chat lwong tinh trung lam co

s& cho qua trinh thu tinh nhén tao trén giéng ga nay.
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2. Viat liéu va phuong phap nghién ciiu
2.1. Theoi gian va dia diém nghién ciru

Thi nghiém dwoc tién hanh tir thang 8 dén thang
10/2024 tai Trai ga chan nudi thudc xa Cai Nhum, tinh
Vinh Long. MAu tinh dich sau khi 14y dwoc danh gia chat
lwgng tinh dich ga dwoc tién hanh tai Phong thwc hanh
Chan doan thid y, Trwong Pai hoc Tay D6.

2.2. boi tirorng

Téng s6 30 ga trong Noi lai & giai doan 6-8 thang tudi
c6 kiéu hinh tét (to, khde, c6 kha nang lam gidng t6t). Cac
cé thé ga dwoc tp luyén khai thac tinh 1 thing trwéc khi
dwa vao khai thac tinh 2 14n/tuin vao 06:30 sang thi 2

va th 5.
2.3. B6'tri thi nghiém

Téng s6 30 ga trong Noi lai & giai doan 6-8 thang
tubi dwoc nudi nhot riéng biét tirng ca thé. 15 ga dwoc
nudi nhét chudng 16ng véi kich thwéc 16ng (DxRxC)
la 60x60x60 cm, 15 ga dwoc nudi nhét véi kich thude
chudng (DxRxC) la 180x150x180 c¢cm c6 nén cat day 10-
15 cm.

2.4. Thirc dn trong thi nghiém

O 2 phwong thitc nuoi, ga Noi lai déu dwoc cho in
thirc &n cdng nghiép hdn hop, dang vién cé gia tri dinh
dwdng: ty 1€ protein tho 1a 18% va nang lwgong trao doi la
3150 kcal/kg dwoc phoi tron tir cAc nguyén liéu tim, cam
mi, ddu diu nanh, bap, bot c4,... v&i canxi va phospho lan
luotla 0,4-1,0% va 0,6-0,8%.

2.5. Phwong phdp thi nghiém
2.5.1. Phwong phdp thu thdp tinh dich

Cac mau tinh & ga tréng Noi lai dwoc 14y vao 7-8 gior sang
hang ngay. Cac ga tréng dwogc vé sinh sach sé ¢ viing hdu

mén bang nwéc mudi NaCl 0,9% truédc khi khai thac tinh.

Ga trong Noi lai thi nghiém dwoc 14y tinh theo phwong
phap mat xa bung [5]. MAu tinh dich sau khi 14y néu
khong bi hw (dinh phén, dinh tap chéit...) dwoc can, chia



déu vao 2 6ng eppendorf (2 ml) va b8 sung dung dich
pha tinh thudéc méi trwedng Ringer dén dung tich 1,5 ml.
MAu tinh dich dwgc bdo quan & 4°C trong qua trinh van
chuyén t&i phong thi nghiém dé tién hanh danh gia cac
chi tiéu v& s6 va chit lwgng tinh dich.

2.5.2. Cdc chi tiéu theo doi

Khéi lwgng ga (kg): Puoc xac dinh bang cin dién ti
VMS-HAW c4p chinh xac 111, 6 phan giai néi (1/30.000)
trude Khi khai thac tinh dich.

Thé tich tinh dich (ml): Tinh dich cta ga tréng Noi lai
dwoc danh ddu mirc thé tich truec tiép trén dng eppendorf.
Viéc do thé tich dwoc thwc hién bang cach so sanh véi
cac 6ng eppendorf chuin di dwoc chuin bi s&n, mbi 6ng
chtra dung dich pha véi muc xanh, c6 cac mirc thé tich
0,1-0,8 ml, v&i khoang cach chia déu 0,05 ml. Mic tinh
dich trong 6ng dwoc doi chiéu véi thang do dé€ xac dinh

thé tich chinh xac.

Khéi lwong tinh dich (gam): Tién hanh cin hai éng
eppendorf rong (khong chira tinh dich) dwoc can dé
1am mau d6i chiéu. Sau khi thu tinh dich, mau dwoc chia
déu vao hai 6ng sao cho khéi lwong va thé tich ctia moi
Ong 1A twong dwong nhau. Tiép theo, tién hanh cin tirng
Ong chira tinh dich va tinh khéi lwgng thwce cda tinh dich
bang cach 14y khdi lwgng &ng c6 tinh trung trir di khoi

lwgng 6ng rong twong ing.

Gid tri pH: Puwoc do bang may pH/lon meter clia hang
WINLAB (Nhat Ban), méi mau dwoc do 3 1an va 1ay gia tri

trung binh cda 3 Ian do.

Nong dé tinh trung (x10°/ml): Pugc xac dinh bang
may do ndng do tinh trung SDM1 (Ptrc), méi mau dwoc

do ldp lai 3 1an.

Hoat luc tinh tring (%): Pugc xac dinh bang hé théng
phan tich tinh dich ty dong Computer-Assisted Sperm
Analysis (CASA, Hamilton Thorne, Hoa Ky). Cac chi
tiéu hoat lyc tinh tring bao gom: hoat lwc (A), vin téc

dudng thang (straight line velocity, VSL); vAn t6c dwong
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cong (curvilinear velocity, VCL); d6 thang (straightness,
STR); bién d6 dich chuyén ctia dau tinh trung (amplitude
lateral head displacement, ALH); tan sd di chuyén chéo

(beat cross frequency, BCF).

Ty 1¢é séng (%): Sk dung phwong phap lam tiéu ban
v&i thuéc nhudm Eosin-Nigrosin véi thanh phan 1,67 g
eosin, 10 g nigrosin va 100 ml nwéc cit, sau d6 dém so
lwrgng tinh trung trén tiéu ban dwdi kinh hién vi vat kinh
40x. Tinh trung s6ng sé& bat mau hong nhat t&i trang, tinh
tring chét sé bat mau hong dam t&i hong tim.

Ty I¢é tinh trung ky hinh (%): Pwoc tién hanh theo
phwong phap cia A.M.M. Tarif va cs (2013) [8]. Sau khi
c6 dinh, miu dwoc quan sat dudi kinh hién vi véi do
phoéng dai 1.000x. Tinh ty 1é phan tram cuda tinh trung ky
hinh trong t8i thi€u 200 tinh trung & mAiu vat c§ dinh &
cac thoi diém 2, 3 va 5 gior sau khi thu tinh dich.

2.6. Xir Iy s6'liéu

S6 liéu duoc ghi nhan va xtr ly so bd bang phan mém
Microsoft Excel, sau d6 dwoc xtr ly thong ké bang phan
mém Minitab version 18.1 véi mé hinh GLM ANOVA va
tién hanh v&i khoadng tin ciy 95%. Hé s6 twong quan
Pearson dwoc st dung dé phan tich cac chi tiéu vé chat

lwong tinh trung.
3. Két qua va ban luan
3.1. Mét s6 ddc diém tinh triung ga tréng Noi lai

Thé tich tinh dich (V, ml), ga nudi nén cé gia tri trung
binh 13 0,46 ml, cao hon so véi ga nudi 16ng véi 0,40 ml.
Sw khac biét nay cé y nghia thong ké (P<0,05) va diéu
nay cho thiy, phwong thirc nudi nén c6 anh hwéng dén
chi tiéu vé thé tich tinh dich ctia ga Noi lai. Diéu nay c6
thé dwgc 1y giai 1a do ga nudi nén s6ng trong moi truong
c6 khong gian van dong tw do hon, it cing thang hon,
nén gitp cai thién sy trao doi chat va phat trién sinh ly
tét hon. Ngwoec lai, g nudi trong 16ng bi han ché khong
gian di chuyén va c6 thé gip phai stress, nén da lam anh

hwdng dén kha ndng san sinh tinh dich.
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Két qua vé thé tich tinh dich & ga Noi lai trong nghién
ctru nay twong dwong vadi thé tich tinh dich ctia gd H’'Méng
khi khai thac vao budi sdng v&i tn suat 1 ngay (0,42 ml),
3 ngay (0,49 ml), 7 ngay (0,42 ml) [9]. Dong thoi, két qua
vé thé tich tinh ga Noi lai trong nghién cttu cao hon ga
Lwong Phuong 0,34 ml [7], ga tréng A Rap (0,26 ml) [10].
Két qua ctia nghién ctru nay vé thé tich tinh dich ga Noi lai
cao hon két qua cong b ctia M.S. Islam va cs (2024) [11]
khi nghién ctru trén ga ban dia (0,318+0,010 ml) & mua
he va mua xuan (0,218+0,008 ml).

Ga Noi lai nu6i 16ng c6 pH tinh dich trung binh 1a 7,32,
cao hon so v&i ga nudi nén (7,19). Sw chénh l1éch nay c6
thé phan 4nh mot s6 yéu t6 khac nhau trong moi trueong
nudi, nhw ché d6 dinh dwdémg va mirc d6 cing thang cla
ga. Mac du pH tinh dich khéng &nh hwéng qua nhiéu dén
kha nang di chuyén cta tinh trung, nhwng viéc duy tri pH
& mirc phu hop la diéu kién quan trong gidp tinh trung
ton tai va phat trién khoe manh.

Sw khac biét giita 2 phwong thic nudi c6 thé chi ra
rang, ga nudi nén co diéu kién sinh ly t6t hon, tir d6 dnh
hwdng dén pH tinh dich. K&t qua ghi nhan vé pH cua tinh
dich ga tréng Noi lai cho thiy, tinh tring ga & ca 2 phwong
thirc nudi déu co chi s6 pH twong dwong véi ga Dong Tao
pH=7,3[12], ga H6 pH=7,3 [13], ga Hubbard pH=7,4 [14]
va mot s6 giong ga ban dia Nigieria pH=7,54 [5].

Két qua bang 1 cho thiy, hoat lyc tinh trung & ga
tréng nudi nén cao hon dang ké so véi nhom nudi long
(87,26% so v&i 86,71%). Diéu nay cho thiy, tinh trung cé
kha ndng vin dong tot hon khi nudi trén nén. Tuy nhién,
céc thong s6 van dong khac nhw van téc thang (VSL), van
téc dwong cong (VCL) va bién do dich chuyén cia dau
tinh trung (ALH) ctda tinh trung lai cao hon dang ké & ga
tréng Noi lai nuéi 1ong.

Cu thé, gia tri VSL & ga nudi 16ng dat 12,64 um/s, cao
hon dang ké so véi 10,14 um/s & nhém nudi nén. Diéu
nay c6 thé lién quan dén viéc ga nudi 16ng c6 diéu kién
van dong han ché, gidp duy tri ning lwong tinh trung va
tang cwong van tdc di chuyén khi xuit tinh. Ngwoc laj,
trong moi tredng nudi nén, sy van dong tw do cia ga co
thé lam gidm mc dy trir nang lwong cla tinh trung, anh
hwdng dén kha nang di chuyén ctia chiing. Mat khéac, chi
sO tan sd di chuyén chéo (BCF) va sy thang hang trong
di chuyén (STR) ciing c6é sw khac biét dang ké gitra hai
nhém, véi gia tri cao hon & nhém nuéi 16ng. Diéu nay c6
thé phan 4nh sy khac biét trong chit lwgng tinh trung
gitta hai phwong thirc nuoi, trong dé tinh trung ctia ga
nudi 16ng c6 xu hwdng di chuyén theo quy dao thang hon

va co tdc do6 danh roi cao hon.

Bang 1. Anh hwéng clia phwong thire nudi dén sé va chét lwgng tinh dich ctia ga Noi lai.

Phwong thirc nuéi (Mean+SD)

Chi tiéu

Nuéi long (n=76) Nudi nén (n=78)
Thé tich (V, ml) 0,40°+0,06 0,46%+0,07
pH 7,32°+0,10 7,19+0,16
Hoat lwc tinh trung (4, %) 86,71+3,62 87,26°+3,43
Nong dd tinh trung (C, x10°/ml) 2,96°+0,27 3,28%+0,33
VSL (um/s) 12,64°+1,52 10,14°+1,07
VCL (um/s) 81,26°£22,16 73,15°+29,11
STR (%) 0,4140,62 0,49°£0,12
ALH (pm) 19,56%+5,07 18,23%+5,11
BCF (Hz) 0,867+0,16 0,77°+0,63
T§ 1¢ tinh triing ky hinh (K, %) 3,13%£0,54 3,8540,16

Trong cling mot hang céc gia tri trung binh mang cac chiv cai khac nhau, sy sai khac cé y nghia thdng ké (P<0,05); dbi v&i cac chi tiéu: van téc
dworng thdng (straight line velocity, VSL); van téc duwéng cong (curvilinear velocity, VCL); d6 thang (straightness, STR); bién d6 dich chuyén cla
d&u tinh tring (amplitude lateral head displacement, ALH): tan sb di chuyén chéo (beat cross frequency, BCF). n 1a s6 mau tinh dich thuc té thu
dwoc theo tirng phwong phap nubi.
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Két qua hoat lwc tinh trung ga Noi lai trong 2 phwong
thirc nudi trong nghién ctru nay cao hon so véi két qua
nghién ctru cia D.T. Hue va cs (2017) [15] & ga Pong Tao.
O’ cac méc thoi diém sau 2, 3 va 5 gio, hoat lyc tinh tring
trong dung dich bdo quan cda ga trong Pong Tao lan
lwot 1a 0,662, 0,576 va 0,375. Mot nghién ctru khac cta
L.T. Phuong va cs (2021) [16] trén tinh dich ctia 2 dong
ga trong sau thoi gian bdo quan 5 gio, hoat lwc tinh trung
1an lwot 1a 0,7647 va 0,7343. D6i véi ga Ri, so sanh véi
két qua tinh nguyén dwoc danh gia ngay sau khi 13y cao
hon két quéa khéo sat trén ga Rila 0,5791 [17]. Két qua
hoat lwc tinh trung trong thi nghiém nay twong dong véi
béo cao ctia S.0. Peters va cs (2008) [5] khi khao sat trén
mot s6 giong ga & Nigeria c6 sy bién dong trong khoang
0,6255-0,8735. Sw chénh léch trong cac nghién ctru c6
thé dwoc giai thich bdi yéu té giong, ca thé, do tudi, mua
vu va dung dich bdo quan la khac nhau. Hoat lwc tinh
trung 12 mot yéu té quan trong trong viéc danh gia kha
nang thu tinh cda tinh trung, va két qua cho thiy ga nudi
nén co6 chit lwgng tinh trung cao hon, gidp nang cao hiéu

qua sinh san.

Nong do tinh trung & ga Noi lai nudi nén cao hon so véi
ga Noi lai nudi 16ng (3,28x10°/ml so véi 2,96x10°/ml).
Diéu nay khong chi phan anh sw khac biét vé chit lwong
tinh dich ma con chi ra rang ga nudi nén c6 thé san xuit
tinh tring véi s6 lwong 1én hon, diéu nay cé thé mang
lai loi thé trong cac chwong trinh nhan giéng. Sw khac
biét nay c6 thé 1a két qua ctia ché d6 dinh dwdng tét hon

va diéu kién séng tw nhién, gitp ting cwdng kha nang
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san sinh tinh trung ctia ga. Pong thoi, két qua thi nghiém
thdp hon rit nhiéu lan khi so sdnh v&i mot s6 gidng ga
khac, chang han nhw ga ban dia tai Nigeria c6 nong do
tinh trung la 3,11-4,21x10°/ml [5], ga Péng Tao 8-10
thang tu6i (3,26x10°/ml) [11], ga Ri 10-14 thang tudi
(2,09x10°/ml) [15], ga Sasso tir 7,5-9,6x10°/ml [8].

Ga nudi nén c6 ty 1€ tinh trung ky hinh (3,85%) cao
hon (P<0,05) so v&i ga nudilong (3,13%). Dong thoi, két
qua bang 1 cling cho thiy, ty 1€ tinh trung ky hinh & ga Noi
lai trong nghién ctru nay thap hon so véi ty 1€ tinh trung
ky hinh ctia ga Pong Tao 1a 12,29% [12]. B.H. Doanh va
cs (2023) [18] khi khédo sat ky hinh tinh trung ga Hac
Phong & thoi diém 8 va 24 gior (5°C) trong 2 loai dung
dich bao quan cé két qua twong tng la 23,87; 25,87%
va 24,63; 25,33%. N.T. Trung va cs (2016) [19] cho biét,
ty 1€ tinh trung ky hinh & ga Lién Minh la 18,60% (mua
noéng) va 23,60% (mua lanh). Ngoai ra, cac nghién cttu
trén giong ga ngoai nhw 4 dong ga tai Bangladesh c6 ty 1&
tinh trung ky hinh tir 9,9 dén 12,8% [8].

Tir két qua bang 1, ¢6 thé két luan dwgc rang, phwong
thirc nudi nén c6 anh hwdng tich cwc hon dén chatlwong
tinh dich ctia ga Noi lai so v&i nuéi 16ng. Cac chi tiéu nhw
thé tich tinh dich, pH, hoat lwc tinh tring, néng do tinh
trung va ty 1€ tinh tring ky hinh déu c6 sy chénh 1éch ro
rét, v&i phwong thirc nudi nén mang lai nhirng két qua
tét hon. Piéu nay cho thay, moi trweong song tw nhién,
it cing thing va c6 khong gian van dong tw do giup cai
thién chat lwgng tinh dich ga, mé ra nhitng hwéng di méi

trong viéc ap dung cac phwong thiec nudi phi hop dé

Bang 2. Twong quan Pearson vé khéi lwong va céc chi tiéu danh gia tinh tring ga tréng Noi lai.

KL (kg) pH Hoatlwc (%)  TLS (%) TLKH (%) Nong do (x10°/ml)
KL (kg) 1
pH 0,027 1
Hoat lwc (%) -0,047 0,022 1
TLS (%) -0,120%* 0,072 0,569 1
TLKH (%) 0,040 -0,065 -0,293%** -0,528%** 1
Noéng d6 (x10°/ml) 0,031 -0,125** -0,005 -0,022 -0,003 1

Mtrc d cé y nghia thdng ké: *: P<0,05; **: P<0,01; ***: P<0,001. Nira dwérng chéo dwéi thé hién chi s6 twong quan cla chi tiéu so sanh. Di véi

cac chi tisu: khdi lvong (KL), ty 1& séng (TLS), ty 1& ky hinh (TLKH).
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nang cao hiéu qua sinh san ctia ga Noi lai. Tuy nhién, cin
phai thuwe hién thém cac nghién ctu d€ lam ré nhirng yéu
t6 tac dong cu thé va xac dinh cac bién phap cai thién moi

trueong nudi mot cach toi wu.

3.2. Twong quan Pearson vé khéi lwong va cdc chi
tiéu ddanh gid tinh trung ga tréng Noi lai

Két qua ghi nhan vé sw twong quan giira khoi lwong
ga tréng Noi lai v&i cac chi tiéu danh gia chit luwgng
tinh trung dwoc thé hién qua bang 2. Hé s6 twong quan
gitra chi tiéu khoi lwgng co thé véi gia tri pH tinh dich,
hoat luyc tinh trung, ty 1 séng, ty 1é ky hinh va néng do
tinh trung dat mic yéu véi cac gia tri twong rng 0,027,
-0,047,-0,120, 0,04 va 0,031. Didu nay cho théy, gin nhw
khong c6 mdi lién hé dang ké gitra cac chi tiéu nay. Diéu
nay dong nghia véi viéc bién dong clia khdi lwgng co thé
ga trong it anh hwdng dén gia tri pH cua tinh dich, hoat
lwc tinh trung, ty 1é tinh trung ky hinh va néng dé tinh

trung.

Mot trong nhitng m6i quan hé cé y nghia dang chu y
trong bang 2 la gitra khéi lwgng co thé va ty 1€ séng cta
tinh trung (TLS), véi hé s6 twong quan -0,120 (p<0,01),
cho thdy moi quan hé nghich c6 y nghia thong ké gitra hai
bién sd. Piéu nay ham y, khi khéi lwgng ga tréng ting 1én,
ty 1& song cda tinh trung c6 xu hwéng giam. Két qua nay
c6 thé lién quan dén sy tich liy m6 mé& trong co thé ga
tréng khi tang khéi lwong, c6 thé lam anh hwdng dén can
bang ndi tiét t6, dan dén giam hiéu suit sinh san. Ngoai
ra, ga trong cé trong lwong 16n cé thé it van dong hon,

anh hwdng dén lwu théng mau va strc khoe tinh trung.

Nhin chung, bang 2 cho thay, khéi lwong co thé cé méi
lién hé yéu hoic khong dang ké v&i hdu hét cac chi tiéu
danh gia tinh trung cta ga tréng Noi lai. Tuy nhién, ty 1é
séng cua tinh trung (TLS) c6 mdi quan hé nghich dang
ké v&i khéi lwong co thé, cho thay trong lwong 16m c6 thé
anh hwdng dén strc séng cua tinh trung. Piéu nay nhan

manh vai tro cta viéc duy tri khoi lwong co thé & mic toi
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wu dé ddm bao chat lwgng tinh trung, thay vi dé ga trong
ting trudng qua mirc din dén gidm kha nidng sinh san.
Bén canh doé, cac chi tiéu nhw hoat lyc tinh trung, ty 1é
tinh trung ky hinh va néng d6 tinh trung khong c6 mai
lién hé ré rang véi khéi lwong co thé, nhirng yéu td nay
6 thé chiu anh hwdng 1én tir hormone, méi trweong nudi
duwdng va yéu t6 di truyén hon 1a khéi lwong co thé don
thuin. Do d6, d€ cai thién chat lwong tinh trung, cac bién
phép quan 1y chan nudi cin tip trung vao viéc kiém soat
diéu kién sdng, dinh dwéng va ché d6 van dong thay vi

chi dwa vao su thay déi khéi lwgng co thé cla ga trong.

Két qua nghién ctiru ciing cho thiy, can cé thém cac
phén tich chi tiét hon dé kiém tra mai quan hé giira khdi
lwong co thé véi hé thong hormone sinh san, nham danh
gia chinh xac hon co ché anh hwdng ciia phwong thirc
nudi dén kha nang sinh san ctia ga tréng Noi lai. Viéc két
hop thém cac thi nghiém do lwong néng do testosterone,
LH va FSH sé gitip lam r6 hon méi quan hé giira khoi
lwong co thé va chit lwgng tinh trung, tir d6 dé xuit cac

giai phap t6i wu trong chin nudi ga tréng sinh san.
4. Két luan

Ga trong Noi lai nudi nén cé thé tich tinh dich
(0,46+0,07 ml) va néng do tinh trung (3,28+0,33x10°/
ml) cao hon dang ké so v&i nhém nudi 16ng (0,40+0,06
ml va 2,96+0,27x10°/ml, P<0,05). Tuy nhién, tinh
dich & nhém nudi nén c6 pH thip hon (7,19+0,16 so
véi 7,32+0,10) va ty 1é tinh trung ky hinh cao hon
(3,85£0,16% so véi 3,13+0,54%, P<0,05).

Phan tich twong quan Pearson cho thiy, khdi lwong
co thé co lién hé 4m cd ¥ nghia v4i ty 1€ song cta tinh
trung (-0,120, P<0,01); ty 1é s6ng cé twong quan dwong
manh véi hoat lyc tinh trung (0,569, P<0,001) va twong
quan am véi ty 1€ tinh trung ky hinh (-0,528, P<0,001).
Ngoai ra, nong do tinh trung twong quan 4m v&i pH tinh
dich (0,125, P<0,01), cho thay dd pH c6 thé anh huwdéng

dén mat do tinh trung.
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Ché tao than hoat tinh tir vé trau va danh gia kha ning hap phu methylene blue

Lé Hiru Quynh Anh’, Tran Duy Hai
Trwong Pai hoc Tai nguyén va Méi trwong TP, H6 Chi Minh, 236B Lé Vin Sy, phwong Tan Son Hoa, TP HO Chi Minh, Viét Nam
Ngay nhan bai 16/5/2025; ngay chuyén phan bién 19/5/2025; ngay nhin phan bién 12/6/2025; ngay chidp nhan ding 15/6/2025

Tém tdt:

Vat liéu than hoat tinh rng dung trong linh virc hiap phu chit mau hitu co methylene blue (MB) di dworc chiing
toi ché tao tir vo trau bang phwong phap than héa, sau d6 hoat héa bing NaOH véi cac néng dé khac nhau va
két hop véi acid nitric va acid citric dé nang cao dd x6p, ting dién tich bé mat. Cac két qua phan tich kinh hién
vi dién tir quét (SEM), Brunauer-Emmett-Teller (BET) cho thiy, vat liéu thu dwgc c6 dién tich bé mat ting tir
55,47 dén 300,20 m?/g sau Khi dwoc hoat héa. Quang phé hong ngoai bién ddéi Fourier (FT-IR) cho thiy, vat
liéu hidp thu manh trong vung tir 2000 dén 400 cm™ véi cac peak hip thu dac trieng cac lién két cua than hoat
tinh. Kha niang hiap phu MB cua vit liéu phu thudc vao nong do NaOH khi hoat héa, ciing nhw d§ pH va néng
do MB trong dung dich. Mau than hoat tinh dwoc hoat héa bang NaOH véi nong dé 0,3 M va acid citric cho kha
nang hip phu MB 1&n nhit 1én dén 200 mg/g. Két qua nghién ciru cho thiy, vt liéu nay dap wng tét trong viéc
tng dung lam vat liéu hip phu chit mau hiru co’ MB c6 trong méi tried'ng nwwére thai cong nghiép dét.

Tir khéa: hap phu, methylene blue, than hoat tinh, vo triu, xir Iy nwéc.

Chi s6 phdn logi: 2.4, 2.5, 2.7

Preparation of rice husk-derived activated carbon and evaluation
of its methylene blue adsorption

Huu Quynh Anh Le’*, Duy Hai Tran
Ho Chi Minh City University of Natural Resources and Environment, 236B Le Van Sy Street, Tan Son Hoa Ward, Ho Chi Minh City, Vietnam
Received 16 May 2025; revised 12 June 2025; accepted 15 June 2025

Abstract:

Activated carbon for the adsorption of the organic dye methylene blue (MB) was synthesised from rice husk
through carbonisation, followed by activation using sodium hydroxide (NaOH) at various concentrations
and subsequent treatment with nitric acid and citric acid to enhance porosity and increase the surface area.
Scanning electron microscopy (SEM) and Brunauer-Emmett-Teller (BET) analyses revealed a significant
increase in surface area from 55.47 to 300.20 m?/g after the activation process. Fourier transform
infrared (FT-IR) spectroscopy demonstrated pronounced absorption bands in the 2000-to-400-cm™ range,
corresponding to characteristic functional groups of activated carbon. The adsorption capacity of the
material for MB was influenced by the NaOH concentration used during activation as well as the pH and MB
concentration in the solution. The activated carbon sample treated with 0.3 M NaOH and citric acid exhibited
the highest MB adsorption capacity, achieving up to 200 mg/g. These findings indicate that this material
is suitable for application as an adsorbent for the removal of the organic dye MB from textile industrial
wastewater.

Keywords: activated carbon, adsorption, methylene blue, rice husk, wastewater treatment.

Classification numbers: 2.4, 2.5, 2.7
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1. it van de

Trong nhitng thap ky gan day, vdn dé 6 nhiém moi
trwdng, dic biét 1a 6 nhiém ngudn nwéc, da tré thanh
mdi quan tAm toan ciu. Sw gia tang cic hoat dong cong
nghiép va sinh hoat da dan dén sy phat thai mot lwong
16m c4c chit 6 nhiém vao méi tredng nwédc, gdy mat can
bang hé sinh thai va 4nh hudng tiéu cuc dén sirc khoe
con ngudi. Trong s6 cac tdc nhan gy 6 nhiém, thudc
nhudém téng hop, dién hinh 1a MB, 12 mét trong nhitng
chit mau hitu co phd bién c6 mat trong nwéc thai cong
nghiép, dic biét la nganh dét nhuém [1]. MB c6 do bén
héa hoc cao, kh6 phan hiy sinh hoc va cé thé gy doc cho
sinh vat thiy sinh cling nhw con nguwoi, néu khong dwoc
loai bo hiéu qua khéi ngudn nwéc [2]. Do sw phirc tap
cla nwéc thai cong nghiép thuéc nhudm, sw két hop cta
nhiéu phwong phap x& ly nhw phwong phap hap phuy,
sinh hoc, loc mang, 6xy héa nang cao sé phut hop dé loai
bé cac thu6c nhudm khédi nwéce. Trong d6, phwong phap
hip phu dwoc xem 13 hiéu qua, kinh t& va than thién véi
moi trwdng [3], véi than hoat tinh, zeolite va cac vat liéu
tw nhién nhw vo triu [4, 5] thwong dwgc st dung phé
bién.

Vo trdu, mot phu phdm néng nghiép c6 triv lwong
16m va chi phi thip, da thu hut sw quan tAm dang ké nho
thanh phan chita ham lwong carbon va silica cao, cé
kha niang hip phu nhiéu loai chit 6 nhiém trong nwéc
nhu thu6c nhudm va kim loai ndng [6]. Thanh phén héa
hoc cda vo trdu chira mot ty 1€ 1én cellulose (28-36%),
hemicellulose va lignin, khién n6 tré thanh mot Gng vién
tét dé bién d6i bé mat véi cac nhém chirc nham ting
cwong kha ndng hip phu [7]. Cic nghién ctu truéc diy
da chi ra rang, vo triu cd thé dwgc sir dung dé loai bo
khong chi cac hgp chit mau hitu co, ma con ca cac ion
kim loai ning nhw chi (Pb?*), cadmium (Cd**), selen
(Se?*), dong (Cu®*), kém (Zn**) va thuy ngan (Hg*")
trong nwéc thai [8].

Trong nghién cu nay, vé trdu dwoc st dung lam
nguyén liéu dé tdng hop than hoat tinh théng qua hai
giai doan chinh: than hoéa [9] va hoat ho6a. V6 trau dau
tién dwoc nung & nhiét do cao trong qua trinh than hoéa
dé tao thanh than vé triu, sau d6 dwoc hoat hoa bang
dung dich kiém (NaOH) két hgp véi acid nitric vo co va
acid citric hiru co, nhdm tang cwong kha nang tao 16 x6p
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va gia ting dién tich bé mat, gitip ning cao kha nang hip
phu MB. Nghién ctru khao sat cac yéu t6 anh hwdng dén
kha nang hip phu nhw d6 pH, néng d6 ban d4u ciia MB
va néng do chat hoat héa NaOH. Két qua nghién ciru mé
ra tiém niang ing dung cho xtt Iy nwéc thai c6 do 6 nhiém
MB cao va dinh hwéng trng dung & quy mo cdng nghiép.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vat liéu va hoa chdt st dung

Vo trau (kich c¢& hat 0,5-2 mm, d6 4m toan phin 3-8%
va ham lwong tro 8-12%) dwoc cung cp tir Ci Chi, TP.
HO Chi Minh, Viét Nam.

Cac hda chit st dung: sodium hydroxide (NaOH)
97%; acid nitric (HNO,) 70%; acid citric (C,;H,0,) 99%;
acid hydrochloric (HCI) 37% déu dat d6 sach phan tich,
dwoc mua tir Hing Merck (Ptrc) dung dé lam sach va
bién tinh than. Pham mau MB (C H, ,CN.S) dwoc mua tir
Hang Merck dung dé khéo sat hip phu.

2.2. Mdu nwéc nghién ciru

MAu dung dich thudc nhuém: thuéc nhudém dang bot,
pha trong nwéc cat theo néng doé 30, 50, 100, 150, 200,
300 va 400 mg/1.

2.3. Phwong phdp nghién ciru
2.3.1. Quy trinh thwc nghiém

Giai doan than hoa

(rau ) Xay nhd Nung ((Than p===~,

400°C
60p

e D) '
\® /
0 ! NaOHO0.IM, 03 Mva05M
2 m m
-
3 \
0 : \
£ H :
c v v
0
§
v Loc, rfa Lo, ria
B 3y - 110°C, Th séy - 110°C, Th
O Nung - 650°C, Th Nung - 650°C, Th
Than hoat tinh hoat Than hoat tinh hoat
hod bing nitric acid hoa bing citric acid
Hinh 1. Quy trinh téng hop vat liéu than hoat tinh.
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Quy trinh chuén bi vat liéu hdp phu tir v6 triu gom
hai giai doan: than héa va hoat héa (hinh 1).

Giai doan than héa: Vo triu dwoc xay nhd va nung
trong moi trwong khong Khi voi thoi gian 60 phut &
nhiét do nung 400°C [9].

Giai doan hoat hda: 1 g than v triu dwoc ngdm trong
5 ml dung dich NaOH (n6ng d6 khao sat 0,05, 0,1, 0,3 va
0,5 M) trong 24 gi¢. Sau d6, hén hop dwgc loc va phan
ran thu dwoc ngdm trong 10 ml dung dich acid nitric 1
M trong 1 gid. Sau do, loc va rira phan ran dén pH trung
tinh. C4c mau than dwoc sdy kho & nhiét do 110°C trong
1 gio va nung & 650°C trong 1 gio. Than sau khi nung
dwoc nghién nhoé va ray vé cung kich thwéc d<1 mm.

Cac bwdc thwe nghiém tién hanh twong tw khi thay
acid nitric bang acid citric 1 M.

Cac mAu than hoat tinh Ian lwot dwoc ky hiéu AC-60-
0,05-N, AC-60-0,1-N, AC-60-0,3-N, AC-60-0,5-N doi véi
acid nitric va AC-60-0,05-C, AC-60-0,1-C, AC-60-0,3-C,
AC-60-0,5-C d6i voi acid citric.

2.3.2. Quy trinh khdo sdt diéu kién hdp phu methylene
blue

0,2 g vat liéu hdp phu hoat héa bang acid citric hoic
acid nitric dwoc khudy tron trong 400 ml dung dich chira
MB. Dung dich sau hap phu dworc loc va do UV-Vis. Cac
théng s6 dugc khao sat bao gom do pH cta dung dich
(pH 3-9) va néng dd ctia chat mau hitu co MB (30, 50,
100, 150, 200, 300 va 400 mg/1).

Dung lwong hap phu (g, mg/g) dwoc tinh théng qua
cong thirc sau:

(CO _Ce)xV

qe = m

trong dé: C, C, (mg/1) lan lwot 1a nong do MB tai thoi
diém ban dAu va & trang théi can bang; V (1) 1a thé tich
dung dich MB; m (g) 1a kh6i lwong than hoat tinh.

2.3.3. Phwong phdp phan tich

Cac dac tinh héa ly ctia than hoat tinh nhw kich thwéc
hat, d6 x6p, hinh dang bé mét, va mirc d6 phéan tan cla cac
hat dwoc danh gid bang SEM. FT-IR (dai s6 s6ng tir 4000
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dén 400 cm™) dwoc st dung dé€ xac dinh thanh phan hoéa
hoc ctia vat liéu va phan tich sw bién ddi ciu tric héa
hoc. Dién tich bé mat va kich thwéc 16 x8p ctia than hoat
tinh dwgc phan tich bang BET va BJH (Barrett-Joyner-
Halenda). Nong d6 MB trong dung dich dwoc danh gia
bang phwong phap do do hip thu 4nh sing trong ving
UV-Vis, buwéc song 500-700 nm.

< SN -
3. Ket qua va ban luan

3.1. Anh hwéng ciia néng dé NaOH dén tinh chdt
than hoat tinh

Anh kinh hién vi dién tir quét: Hinh 2 trinh bay anh
SEM ciia cac mau than truéc va sau hoat héa, khao sat
theo néng dd NaOH. Két qua thu dwoc cho thay, sw khac
biét rd rét trong cau triic 16 x6p cta than hoat tinh khi

noéng do NaOH thay déi d6i véi 2 loai acid nghién ctru.

Két qua cho thiy, diéu kién hoat héa c6 anh hwéng ro
rét dén hinh thai bé mat cua vat liéu than hoat tinh. Vé&i
mau st dung acid nitric, khi ting ndng doé NaOH, dién
tich bé mat va ciu tric x0p cda vat liéu ting 1én do qua
trinh an mon vat liéu. 0] nong do NaOH 0,1 M, sw phat
trién 16 x6p dat mirc t6i wu vdi dién tich bé mat cao dworc
gitr nguyén gidp cai thién kha ning hip phu. Trong khi
v&éi nong do NaOH 0,3 M, hiéu rng hoat h6a manh hon,
dan dén ciu tric x8p phat trién manh, xuat hién nhiéu 16
c6 kich thuéc 16n hon, bé mat bi pha hiy va dan tré nén

phang min hon [10].

Twong tw nhw vy, khi khao sat ting hay gidm nong
do NaOH trong qua trinh hoat héa véi mau than vé trau
st dung acid citric, két qua thu dwoc cho thay, nong do
NaOH thép chwa du dé kich hoat ciu tric x0p t6i wu hay
nong dd cao c6 thé lam pha hiy ciu tric. Do d6, mau AC-
60-0,3-C v&i nong ddo NaOH 0,3 M dat cAn bang t6t nhat

gitra viéc tao 16 xOp va c6 cau tric 6n dinh.

Dién tich bé mdt riéng: Puwdng dang nhiét hap phu -
gidi hap N, & 77 K va cac thong s6 bé mat ctia than hoat
tinh trwéc va sau khi hoat héa dwoc trinh bay trong
bang 1 va hinh 3. MAu than chwa hoat héa c6 dién tich

bé mit riéng va thé tich 16 x8p déu thip, twong tng la
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Hinh 2B. Than vé trau dwoc hoat héa bang acid nitric: (A) AC-60- Hinh 2C. Than vé trdu dwoc hoat héa béng acid citric: (A) AC-60-
0,05-N; (B) AC-60-0,1-N; (C) AC-60-0,3-N. 0,1-C; (B) AC-60-0,3-C; (C) AC-60-0,5-C.

Hinh 2. Anh kinh hién vi dién tir quét ciia cac mau than hoat tinh truwéc va sau khi hoat héa theo cac néng dd ctia NaOH. Hinh 2A: Than vo
trdu dwoc than héa & 400°C; Hinh 2B: Than vé trdu dwoc hoat hda béng acid nitric; Hinh 2C: Than vo trdu dwoc hoat hda béng acid citric.

55,47 m?/gva 0,061 cm?/g. Sau hoat héa vai acid, c6 sw Bang 1. Dién tich b& mat than hoat tinh trwéc va sau khi hoat héa.

gia tang dang ké vé dién tich bé mat riéng va thé tich

X~ o x , . NN Thong s6 khao sat Than AC-60-0,3-C AC-60-0,1-N
16 x6p, cu thé mau AC-60-0,3-C st dung acid citric la
287,32 mz/g va 0,298 cm3/g; mau AC-60-0,1-N1a 300,20 ]()I;élr}gt;Ch bé m3triéng 55,47 287,32 300,20
m?/g va 0,246 cm?/g. Hon nira, kich thudc 16 x8p cia ca
3 mAu than hoat tinh trwdc va sau khi hoat héa déu nim ~ Thétich16x6p (em?/g) L e

trong khodng 2-10 nm, chirng té sy hién dién cia ciu  Dwongkinh trung binh 15

p 4,4 7,1 38
x6p (nm)

tric mesopore [11].
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C-O trong ether, anhydride hoac alcohol [14]; cwdong do
phé FT-IR ting dan khi nong d6 NaOH tang tir 0,05 dén
0,1 M roi sau d6 giam véi néng do 0,3 M, cho thiy cac
nhom 6xy héa hoat dong manh mé nhit & nong do NaOH
trung binh (0,1 M). Céc peak tai 1400-1470 cm™ dwoc
giai thich 1a dao dong bién dang C-H (CH,, CHz), ddu hiéu
cla ciu trdc aliphatic, c6 thélién quan dén cac tan dw cla
acid citric chwa phan &ng hodc cac hop chit hitu co phan
huy tir cellulose, hemicellulose. Peak tai 1800 cm™ lién
quan dén dao déng co giin cua lién két C=0 trong nhém
carboxyl hodc lactone [14]; cwong do cua peak nay tang
manh véindng do NaOH cao (0,3 M), cho thiy sw 6xy hda
manh mé va su hinh thanh cac nhém carboxyl.

Twong tw nhw vy, viéc xt ly than vé trdu bang NaOH
v&i cac ndng do khac nhau va hoat héa bang acid citric
anh hwdng dén cac nhém chirc 6xy hda trén bé mit than

(B)
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1470]
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Hinh 4. Quang phé héng ngoai bién ddi Fourier ctia cac mau than hoat tinh khao sat theo néng dé NaOH. (A) Acid nitric: AC-60-0,05-N,
AC-60-0,1-N va AC-60-0,3-N; (B) Acid citric: AC-60-0,1-C, AC-60-0,3-C va AC-60-0,5-C.

Phé FT-IR: Hinh 4 thé hién phé FT-IR cua cdc mau
than hoat tinh hoat héa bang cic néng do NaOH khac
nhau twong rng v&i tirng loai acid nitric va acid citric.

Cac peak tiéu biéu trong phé FT-IR ctia cAc mau hoat
héa bang acid nitric dwoc xac dinh nhw sau: peak tai 465
cm™1a dao dong ctia lién két C-X (X c6 théla Cl, Br, I) hoic
dao dong uén ctia nhém ngoai lai trén bé mat carbon
[12]; cwong d6 gidm khi nong d6 NaOH tang cho thiy,
su thay d6i trong ciu tric bé mit cia than khi phan Gng
v&i cAc nhom chirc 6xy hda. Peak tai 805 cm™ twong (rng
v6i dao ddng ngoai mit phing cta C-H trong vong thom
hodc dao dong cia nhom chirc lactone [13]; peak nay
khong co6 su thay d6i 16n gitra cic ndong dd6 NaOH. Peak
tai 1090 cm™ lién quan dén dao dong co gidn cia nhém
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va xudt hién nhitng peak dic trweng nhuw trén. & nong do
NaOH 0,1 M, cac peak 6xy héa (C=0, C-0) vin con ton tai;
trong khi d6 khi nong dé kiém ting 1én 0,5 M, peak C=0
(~1790 cm™) gidm manh, cho thdy nhém ether hodc
ester bi pha v& gdn nhuw hoan toan [15].

3.2. Kha ndang hdp phu methylene blue

Trong ndi dung nay, khd ning hip phu MB cida cac
mau than hoat tinh dwoc chon lam tiéu chi danh gia.
Theo két qua danh gia & noi dung 3.1, mau than hoat tinh
AC-60-0,1-N dwoc hoat héa bang acid nitric va mau than
AC-60-0,3-C v&i chit hoat hda acid citric dwoc lwa chon
12 t6i wu vé hinh dang bé mat 16 x6p ciing nhw ciu tric
héa hoc. Do d6, hai mau than hoat tinh nay dugc st dung
lam vat liéu hap phu trong nghién ctru nay.



Anh hwéng ciia pH dung dich nwéc thdi mdu: Do pH
cta dung dich tic dong manh dén qué trinh hdp phu do
cac tinh chat bé mit than thay doi khi tiép xic véi dung
dich c6 pH khac nhau. Hinh 5 thé hién kha nang hip phu
MB ctia AC-60-0,1-N va AC-60-0,3-C & cac gia tri pH dung
dich ban diu khac nhau, thoi gian hap phu la 120 phut.
Hinh 5 cho thiy, vat liéu AC-60-0,3-C c6 dung lwong hip
phu MB cao hon AC-60-0,1-N tai hau hét cac gia tri pH
dwoc khao sat. O pH 3-4, ca hai loai than hoat tinh nay
déu c6 dung lwgng hap phu thiap do bé mat vat liéu ¢
thé bi proton héa manh, 1am gidm kha ning twong tac
véi cation MB. Khi pH ting tir 5 dén 7-8, kha nang hip
phu ting dan va dat gia tri cao nhat & khoang pH 7-8.
Diéu nay c6 thé do sw can bang gitra dién tich bé mat vat
liéu va dang ton tai ctia chat hap phu. O pH 9, dung lwong
hap phu gidm nhe, c¢6 thé do sw canh tranh cta ion OH
trong dung dich, lam giam twong tac hdp phu.
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Hinh 5. Anh hwéng cta pH I1én dung Iweng hap phu cia hai loai
vat liéu AC-60-0,1-N va AC-60-0,3-C.

Than hoat tinh AC-60-0,3-C c6 kha ndng hap phu MB
cao hon AC-60-0,1-N & moi gia tri pH, c6 thé dwoc giai
thich béi acid citric tao ra nhiéu nhém chitc ¢é loi cho
qua trinh hap phu hon. Khoang pH t6i wu cho qua trinh
hép phu 1a tir 6 dén 8, do sw can bang giita dién tich bé
mat vat liéu va dang ton tai ctia chit hip phu trong dung
dich. & pH qué thap (pH 3-4), kha ning hip phu giam
manh do su proton héa ctia bé mit vatliéu. O pH qué cao
(pH 9), kha ning hdp phu cling gidm do sw canh tranh
véiion OH™ [16].

Anh huéng ctia ndng dé methylene blue: Nong d6 MB
ban dau sé anh hwdéng dén néng d6 MB & trang thai cin
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bang hip phu, l1am thay ddi dung lwong hip phu ctia vat
liéu. Trong phan nay, dung dich MB v&i cdc ndong d6 ban
dau khac nhau (30, 50, 100, 150, 200, 300 va 400 mg/1)
sé 1an lwot dwoc xt ly véi AC-60-0,1-N va AC-60-0,3-C
trong 120 phiat & pH 7-8. Hinh 6 thé hién sw phu thudc
cda dung lwong hap phu vao nong d6 MB ban dau.

200+ Il AC-60-0.3-C
777 AC-60-0.1-N
)
2 150
=,
=
o
<& 1001
£
g
= 50
g
a
0 : i
30 50 100 150 200 300 400
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Hinh 6. Anh hwéng ciia ndng dé methylene blue ban dau dén doé
héap phu cla hai loai vat liéu AC-60-0,1-N va AC-60-0,3-C.

Trong ving néng do MB thap (C,=30-150 mg/1), kha
nang hap phu tang nhe khi C tdng tir 30 1én 100 mg/],
sau d6 gan nhw 6n dinh. & giai doan nay, sw khac biét
gitta hai loai than hoat tinh chwa ro rét, nhung AC-60-
0,3-C c6 kha nang hip phu MB cao hon so v&i AC-60-
0,1-N. Diéu nay c6 thé dwoc giai thich do & néng do
thép, cac vi tri hip phu trén bé mit vat liéu chwa bi bio
hoa, nén ca hai vat liéu déu cé kha ning hip phu twong
dwong. Véi nong d6 MB cao (C,;=300-400 mg/1), dung
lwgng hip phu ting manh, dac biét ddi véi AC-60-0,3-C
cho thdy, dung lwong hap phu MB 1a 200 mg/g cao hon
so v&i AC-60-0,1-N (185 mg/g). Piéu nay cho thiy, AC-
60-0,3-C c6 kha niang hap phu MB t6t hon & néng dd cao,
c6 thé do dién tich bé mat 16n hon hodc nhém chirc phu
hop hon véi chat hip phu.

Y.S. Reddy va cs (2024) [16] da tong hop than hoat
tinh tir 14 Ficus religiosa va danh gia kha niang hap phu
déi véi thuéc nhuém AB9 1a 123,04 mg/g va MG la
138,58 mg/g. Dung lwgng hidp phu trong nghién ctru
nay cling dwgc danh gia la twong dwong véi cac cong
bd truwéc day. A.H. Jawad va cs (2019) [17] da khdo sat
dung lwgng hap phu 200 mg/g cda than hoat tinh vo
qua dwa hiu. Do d6, két qua dat dwoc trong nghién ctru
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nay 1a than hoat tinh tir vé trdu dwoc hoat héa bang acid
citric thé hién tiém ning &ng dung 16n cho x 1y nwéc
thai c6 dd 6 nhiém MB cao va dinh hwéng ng dung &
quy mo cong nghiép.

4. Két luan

Trong khuén khé nghién ciu nay, chung téi da ché
tao than hoat tinh tir vé trau bang con dwdong than hoa
& nhiét do 400°C va sau d6 dwoc hoat hod bang NaOH va
acid. Két qua thu dwoc vatliéu c6 do x6p cao véi dién tich
bé mat 1én dén 300,20 m?/g. Kha nang hip phu MB cua
vat liéu phu thudc vao do pH va néng do chit mau trong
dung dich. Mau than hoat tinh dwoc hoat hod bang NaOH
véi nong do 0,3 M va acid citric cho kha ndng hiap phu
MB t6t nhit trong moéi trieong trung tinh véi dung lwong
hip phu 1én dén 200 mg/g. Két qua nghién ctru nay cho
thay, vatliéu dap rng tot kha nang x& Iy nwde thai trong
cdng nghiép dét nhudm cé chira MB véi than hoat tinh tir
vO triu 1a phé phadm tir néng nghiép.
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iéu ché va danh gia hé phan phoi thuoc vi tw nhi rin chita fexofenadin hydroclorid

Tran Vian Thanh®?, Nguyén Dirc Khai!, Phan Thanh Diing"?
Trworng Dwoe, Pai hoc Y Dwoc TP H6 Chi Minh, 41 Dinh Tién Hoang, phwiong Sai Gon, TP HO Chi Minh, Viét Nam
2Trung tdm Khoa hoc Céng nghé UMPB, Bai hoc Y Dwoc TP. HO Chi Minh, 41 Dinh Tién Hoang, phwdong Sai Gon, TP HY Chi Minh, Viét Nam

Ngay nhén bai 14/7/2025; ngay chuyén phan bién 16/7/2025; ngay nhin phan bién 11/8/2025; ngay chip nhan ding 18/8/2025

Tém tat:

Fexofenadin hydroclorid (FH) la thudc khang histamin thé hé thir hai, d6i khang chon loc thu thé H ngoai
vi, str dung trong diéu tri viém miii di *ng theo muia va may day tw phat man tinh. FH thudc nhém IV theo
Hé thdng phin loai sinh dwo'c hoc nén c6 @6 tan va tinh thAm han ché. FH la co’ chat cua P-glycoprotein (P-
gp) g6p phin lam giam hap thu va sinh kha dung dwong uéng cua FH (33%). Hé vi tw nhii (SMEDDS) dwoc
chon nham khac phuc cac nhwoc diém cta FH. Muc tiéu ctia nghién ciru 1a diéu ché cong thirc (CT) SMEDDS
nham cai thién d6 hoa tan ctia FH. CT SMEDDS chira FH (SMEDDS-FH) bao gom Dubcare GPE 810, Tween 20,
Transcutol HP vé&i ty 1€ 20:20:60 (k1/Kl) va tai dworc 12,28% FH. CT c6 d bén trong cac moi triwo'ng phin tan,
d06 bén nhiét dong va dat kich thwéc giot trung binh va thé zeta Ian lwg't1a 47,17 nm va +19,6 mV. SMEDDS-
FH dwoc héa ran (S-SMEDDS-FH) bang cach hap phu 1én Florite R. SMEDDS-FH, S-SMEDDS-FH va vién nén déi
chiéu déu giai phéng hoat chit trén 85% sau 10 phit. CT SMEDDS-FH va S-SMEDDS-FH dat cac tiéu chuin vé
SMEDDS, thé hién tiém nang cai thién sinh kha dung dwong uéng cia FH.

Tir khéa: Fexofenadin hydroclorid, hé vi tw nhii, sinh kha dung.
Chi sé phdn logi: 2.4, 2.6, 3.4

Preparation and characterisation of a solid self-microemulsifying drug delivery
system containing fexofenadine hydrochloride
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Abstract:

Fexofenadine hydrochloride (FH) is a second-generation antihistamine that selectively antagonizes
peripheral H, receptors and is used in the treatment of seasonal allergic rhinitis and chronic idiopathic
urticaria. FH belongs to the BCS Class 1V, characterized by poor solubility and limited permeability. As a
substrate of P-glycoprotein, FH undergoes efflux in the intestinal lumen, further reducing its absorption
and oral bioavailability (33%). A self-microemulsifying drug delivery system (SMEDDS) was selected to
overcome these limitations. The aim of this study was to develop a SMEDDS formulation to enhance the
solubility of FH. SMEDDS containing fexofenadine hydrochloride (SMEDDS-FH) employed Dubcare GPE 810,
Tween 20, and Transcutol HP at a ratio 0f20:20:60 (w/w), containing 12.28% FH. The formulation exhibited
stability in various dispersion media, thermodynamic stability, and achieved a mean droplet size and zeta
potential 0f47.17 nm and +19.6 mV. SMEDDS-FH was solidified (S-SMEDDS-FH) by adsorption onto Florite R.
SMEDDS-FH, S-SMEDDS-FH, and the reference tablet all exhibited drug release above 85% within 10 minutes.
The SMEDDS-FH and S-SMEDDS-FH formulations met the criteria of SMEDDS, demonstrating potential for
improving the oral bioavailability of fexofenadine hydrochloride.

Keywords: bioavailability, fexofenadine hydrochloride, self-microemulsifying drug delivery system.
Classification numbers: 2.4, 2.6, 3.4

‘Tdc gia lién hé: Email: tranvanthanh@ump.edu.vn

‘ %HB%%E 68(6) 6.2026 66



Khoa hoc Ky thuat va Céng nghé | Ky thuat hda hoc; Ky thuat y hoc; Khoa hoc Y - Dugc | Dugc hoc m——

1. Dat van de

Fexofenadin hydroclorid (FH) 1a thu6c Kkhang
histamin thé hé thir hai, d6i khang chon loc thu thé H,
ngoai vi, dwoc st dung trong diéu tri viém mii di Gng
theo mua va may day tw phat man tinh [1]. FH dwoc danh
gia an toan, hiéu qua cao va khong gy buon ngu [2]. Tuy
nhién, FH la mot thudc thudéc nhém IV theo Hé thdng
phén loai sinh dwgc hoc, véi do tan va tinh thAm déu han
ché [3]. Bén canh d6, FH la co chat cta P-glycoprotein
(P-gp), diéu nay gép phan lam gidm hip thu va sinh kha
dung dwong uéng (33%) [4, 5].

Thuec té, nhiéu nghién ctru da dwoc thwc hién nham
muc dich cai thién do tan, tinh thdm va &rc ché P-gp
nhw hé vi tw nhii [6], hé tw nhii [7], hé phan tan ran
[4], cubosome [8]... Mdi phwong phap déu c6 wu diém,
nhung viéc cai thién do tan van dwoc xem 12 yéu td cot 16i
dé dadm bao lwong hoat chat sdn sang cho qua trinh hap
thu. Trong d6, hé vi tw nhii (Self-Microemulsifying Drug
Delivery System - SMEDDS) 1a hé phan phéi thudc dang
16ng hodc ban rin c6 kha ning tw nhii hoa trong moi
truedng nwéce, gidp cai thién do hoa tan va ting tinh thAm
ctia hoat chat, két hgp do bén nhiét déng, dé bao ché va
dé mé& rong quy mo san xudt [9, 10]. Pac biét, mot s ta
dugc trong SMEDDS da chitng minh cé kha nang trc ché
P-gp va cdi thién tinh thdm cta thudc [11-13]. Xuit phat
tlr nhirng van dé néu trén, nghién ctru nay tap trung cai
thién do hoa tan ctia FH bang cach phat trién SMEDDS
pht hop véi kha nang tai FH cao, bén va 6n dinh.

2. Do tuong va phuong phap nghién ciiu

2.1. Déi twong

Hé vi tw nhii chira FH va hé vi tw nhii ran chiva FH.

2.2. Nguyén vt liéu

Fexofenadin hydroclorid (EP/USP, An D), Transcutol
HP, Maisine CC, Peceol (Gattefossé, Phap), Dubcare
GPE 810, Stelliesters G810, Stelliesters MCT 5545,
Stelliesters MCT 7030, Stelliesters GPE AB (Stearinerie
Dubois, Phap), Cremophor RH40 (BASF, btc), Tween
20, Tween 80, PEG 400, PEG 600, propylen glycol (Trung
Qudc), Florite R (Nhat Ban). Cac tad dwoc trén cung hoa
chat, dung moi cin thiét khac cho thi nghiém dat tiéu
chuin dwoc dung hodc tiéu chuin phan tich.
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2.3. Phwworng phdp nghién civu

2.3.1. Xdy dwng céng thirc va quy trinh bao ché
SMEDDS-FH

Khdo sdt dé tan ctua FH trong cdc td dwoc: D6 tan cua
FH trong cac loai dau, chat dién hoat (CDH) va chit dong
dién hoat (CPDH) dworc x4c dinh bang phwong phap bao
hoa. K&t qua dd tan sé 1a co s& d€ lwa chon céc ta dwgc
tiém nang cho diéu ché SMEDDS nén. L4y mot lwgng dw
FH cho vao eppendorfloai 2,5 ml c6 chivra 1 ml tirng loai
pha dau, CDH, CPDH. Lic xo4y 5 pht, siéu &m 30 phut
va dé 6n dinh tai nhiét do phong trong 2 gid. Mau dwoc
ly tdm 10.000 vong/phut trong 15 phut, loc qua mang
loc 0,45 um, pha lodng bang methanol dén ndng dd thich
hop. Xac dinh do tan ctia FH trong cac ta dwoc khao sat
bing quang phd UV-Vis & buwéc séng 220 nm [14], miu
trang 1a ta dwoc khdo sat dwoc pha loang cling diéu kién
va quy trinh nhw mau tht.

Khdo sdt td dwoc nén diéu ché SMEDDS: Pha dau cé
kha nang hoa tan FH cao sé dwoc lwa chon. Lwa chon
CDH va CDDH duwa trén hiéu qua nhii héa pha dau va
kha nang hoa tan FH. Hiéu qua nhii héa dwoc danh gia
théng qua do truyén qua (T%) [10], yéu cdu dé truyén
qua ttr 80% tréd 1én. Cac buédc thuwe hién nhw sau: Can
200 mg tirng CDH vao eppendorf 2,5 ml c6 chita 200 mg
dau dwoc chon va lic xoay 5 phut. Hat 10 ul hdn hop
bang micropipet cho vao 6ng nghiém khic vach, b sung
vira dua dén vach 10 ml bing dung méi khao sat (nwdc
cit, dém pH 1,2) va dé 6n dinh & nhiét do phong trong 2
gio. Do do truyén qua (T%) tai buéc song 650 nm [10].
Lwa chon CDH dat yéu cau. Can 100 mg tirng CDDH vao
eppendorf loai 2,5 ml ¢6 chitra sdn 300 mg pha dau va
200 mg CDH da dwoc chon. Lap lai thao tdc pha loang, do
do6 truyén qua va chon CDDH dat yéu cau.

Xdy dwng gidn d6 pha: Pha dau, CDH, va CDDH
duoc chon sé dwoc st dung dé xiy dung gian do pha
theo phwong phap pha lodng. Phéi hgp pha dau, CDH
va CPDH véi ty 1é tirng thanh phan tir 10 dén 80%
(k1/K1). Bwéc nhay gitra cac ty 1€ 1a 10% va téng ty 1€ cia
ba thanh phén luén duy tri @ mic 100%. Cho cac CT vao
moi eppendorf 2,5 ml, 1ac xody 5 phut dé€n dong nhat va
dé 6n dinh tai nhiét do6 phong trong 2 gi¢. Hat 10 pl hdn
hop bang micropipet cho vao 6ng nghiém khic vach, b6
sung vira di nwéc cit dén vach 10 ml. D& yén trong 2 gidr
tai nhiét do6 phong va danh gia cdm quan. Cac CT tao vi
nhil twong loai A va B sé duoc chon khdo sat kha nang
tai FH.
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Khdo sdt khd ndng tdi FH ctia SMEDDS: Cac CT
SMEDDS tiém nang da chon & gian do pha sé dwoc khao
sat kha nang tai FH véi cac ty 1€ tang dan. Cac thi nghiém
13p lai 3 I4n. Chudn bi 1 g SMEDDS nén. Thém FH véi tirng
ty 1& khao sat, lac xody hon hop 15 phut dén déng nhat
va siéu am 30 phut. Hon hop dwoc ly tAm 15 phut véi téc
d6 10000 vong/phut. Hon hop dugc danh gia cdm quan
sau qua trinh lic xody, ly tAm (khdng taa, tach pha) va
pha lodng v&i nwée cit sau khi 6n dinh & nhiét d6 phong
trong 24 gid. Hon hop dwoc pha lodng bang cach hut
10 ul hon hop bang micropipet cho vao dng nghiém khic
vach, b8 sung vira dd nwéc cat dén vach 10 ml. CT dat la
nhitng CT tao vi nhi twong trong sudt, trong anh xanh
hoic trong mo, khdng duc, khdng tiia hoat chit ngay sau
khi pha lodng va sau 2; 4; 8 gior & nhiét d6 phong.

Cdi thién ty 1¢ tdi FH: Cac CT c6 kha nang tai FH cao
dwoc cai thién kha ning tai FH nh¢ vao chit dong dung
mdi ethanol 99,7%. Cac thir nghiém ldp lai 3 I4n. Pha
dung dich FH/ethanol 99,7% v&i néng d6 70 mg/ml.
Hat mot lwong thé tich twong dwong vai ty 1é FH khao
sat bang micropipet va cho vao cdc thuy tinh 10 ml c6
chtta 1 g SMEDDS nén. Hon hop dwgc khudy tir c6 gia
nhiét & 45°C trong 45 phut bang phwong phap dun cach
thily nhdm dam bao maiu déng nhit va bay hoi hoan
toan ethanol. Sau khi khudy, miu dwgc 6n dinh trong
diéu kién nhiét do phong trong 24 gi¢ dé danh gia so bo
(khéng taa, tich pha). CT dat yéu ciu la nhirng CT tao
vi nhil trong trong su6t, trong anh xanh hoic trong mo,
khong duc, khong tia hoat chit ngay sau khi pha lodang
va sau 2; 4; 8 gio & nhiét do phong (phwong phap pha
lodng nhw trén). Nhitng CT dat véi ty 1é tai FH cao sé
dwoc lwa chon dé thuc hién cac danh gia tiép theo.

Dé bén trong cdc méi trwong phdn tdn: Khao sat do
bén clia cac CT dat thr nghiém tai FH bang cach hit 10 pl
tirng hon hop bang micropipet cho vao 6ng nghiém khic
vach, b6 sung vira da dén vach 10 ml bang dung moéi
khao sat (dém pH 1,2; 4,5; 6,8 va HC1 0,001 N). D4nh gia
bing cdm quan: trong sudt hoic trong md, khong duc,
khong tha hoat chit ngay sau pha loang va sau 2; 4; 8 gi¢
phaloang & nhiét dé phong. Cac thir nghiém lap lai 3 1an.

Dé bén nhiét dong: Xac dinh do bén nhiét dong cta
vi nhil twong dat nong do dinh & cac dém pH 1,2; 4,5;
6,8 va HC1 0,001 N véi chi tiéu co ly: ndng - lanh, ly tam,
dong - ra dong. Chu ky néng - lanh: tién hanh 6 chu ky,
mdi chu ky kéo dai 24 gid, bao gobm 16 gitr & 4°C va 8 gir
& 45°C. Cac CT khong c6 hién twgng tach pha sau chu ky
nay sé duoc tiép tuc danh gia bang phép thir ly tim. Ly
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tdm: Cac CT dat chu ky néng - lanh s& dwoc ly tAm & toc
do 10.000 vong/phit trong 30 phut. Nhitng CT khéng
xay ra hién twong tach pha dwoc danh gia bang chu ky
dong - ra dong. Chu ky dong - rd dong: tién hanh 6 chu
ky, mdi chu ky kéo dai 24 gid, bao gobm 16 gior & - 5°C va
8 gior & 25°C. Chon cac CT khong c6 hién twong tach pha.
Cac thir nghiém ldp lai 3 1an.

Sw phdn bé kich thwoc giot va thé zeta: Cac CT dat do
bén nhiét dong sé dugc do kich thudc giot va thé zeta.
Cac CT dwoc pha loang trong cac mdi treong phan tan
khac nhau & ty 1é thich hop. Kich thwéc giot dwoc xac
dinh bang tan xa 4anh sang dong va thé zeta dwoc xac
dinh bang tan xa dién di. CT dwoc chon 1a CT c6 kich
thwée dwdi 250 nm, phan bo dong nhat va thé zeta cao.
Phép do dwoc Idp lai 3 lan.

Ddnh gid tinh Idp lai ctia CT SMEDDS-FH lwa chon véi
khéi lwong 10 g: CT ¢6 ty 1é tai cao nhit va dat cac thi
nghiém do bén nhiét déng, d6 bén trong cac moi treong
phén tanva c dai phan bé kich thudc giot ndm trong viing
vi nhii twong dwoc chon dé diéu ché 10 g SMEDDS-FH
va danh gia lai cac chi tiéu trén.

2.3.2. Héa rdn SMEDDS-FH va ddnh gid mét s6 tinh
chdt ciua S-SMEDDS-FH

Khdo sdt khd ndng hdp phu ctia cdc chdt mang rdn:
SMEDDS-FH dwogc héa ridn bang phwong phap hap phu
1én chit mang ran. Can chinh x4ac 1 g SMEDDS-FH, cho
vao dia petri. Ti€p theo, thém tir tir mot lwong chat mang
ran vao hon hop, vira thém vira tron dén khi thu dwoc
khoi bot khé, x6p va khdng con vét dau trén bé mat dia.
Ghi nhén chinh xac kh6i lwgng chit mang ran da st dung
dé dat trang thai hip phu hoan toan.

Ddnh gid hinh thdi cia S-SMEDDS-FH: Quan sat hinh
anh dwoc thuc hién bang kinh hién vi dién tir quét (SEM,
Hitachi S-4800, Nhat Ban). Phan tich SEM dwoc thuc
hién nham quan st hinh thai bé mat cta S-SMEDDS-FH
véi do phéng dai 10.000x.

Xdc dinh trang thdi vat Iy ctia FH trong S-SMEDDS-FH:
Nhiét quét vi sai (DSC - Differential scanning calorimetry,
DSC 204 F1 Phoenix NETZSCH, Dirc) va nhiéu xa tia X
(XRD - X-ray diffraction, Bruker D8 Diffractometer, Ptrc)
duwoc str dung nham xac dinh trang thai vat ly cia FH.
Viéc khong xudt hién cac dinh déc hiéu cta FH trén phd
DSC va XRD ctia S-SMEDDS-FH dwoc xem 1a bang chirng
cho thy, hoat chat da dwgc chuyén gin nhu hoan toan
sang trang thai v dinh hinh.
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2.3.3. Bdnh gid khd ndng gidi phéng hoat chdt

banh gia do hoa tan ctia FH nguyén liéu va kha
nang giai phéng hoat chit (GPHC) cuia SMEDDS-FH,
S-SMEDDS-FH (600 mg) so v&i ché phdm doi chiéu
(Telfast 60 mg, Sanofi-Aventis) theo phwong phap thi
nghiém GPHC ctia USP 48. St dung moi trrong hoa tan la
900 ml HCI 0,001 N, thiét bi cAnh khudy v&i toc d6 quay
50 vong/phut, nhiét do méi trwong 37°C+0,5°C. Khao
sat dong hoc phéng thich 14y mau & thoi diém 5; 10; 20;
30 va 45 phut (loc qua tién loc 0,45 pm) va bé sung moi
treomg véi lwong twong dwong mau 14y ra. Dinh lwong
FH trong dich loc biang quang phé UV-Vis & bwéc séng
220 nm [14]. M6i mau thuc hién 6 lan.

£ 2 < < ~
3. Ket qua va ban luan

3.1. Xday dwng céng thirc va quy trinh bao ché
SMEDDS-FH

Két qua khéo sat do tan cla FH trong cic ta dwoc dwoc
trinh bay trong hinh 1. FH tan t6t nhat trong dau GPE 810
(Dubcare GPE 810) va G810 (Stelliesters G810), nén hai
dau nay dwoc chon dé khao sat tiép. Trong s6 cac CDH,
d6 tan gidm dan theo thi tw Tween 20, Tween 80, GPE
AB (Stelliesters GPE AB) va RH40 (Cremophor RH40).
Dboi voi CDDH, do tan gidm dan theo thi tw propylen
glycol, Transcutol HP, ethanol, PEG 600 va PEG 400. Tuy
nhién, viéc lwva chon CDH va CBDH con dwa vao kha nang
nhi héa véi pha dau. Qua khéo sat kha nang nhii hoa
cia CDH dwgc trinh bay & bang 1, GPE 810 va Tween
20 dwoc chon dé tiép tuc khao sat lwa chon CDDH. Hé
ta dwoc gbm GPE 810, Tween 20 va Transcutol HP cho
két qua nhii héa tot nhit (bang 2) nén dwoc chon dé xay
dung gidn d6 pha nhw hinh 2.

Pha diu

Chat dién hoat

b 212.63

200 Chét dong dién hoat

150

D{ tan (mg/ml)

100

H 7577
i 7227

B 4244

50

3
H 26.62
1 23.07
¥ 2057

0.69
0.58

O & e 5 N S S > Y
D D & L ALIT P IS DS P 5y F L&
o0 DS F YN O SN 7 S SN F oo
L TR T 00 & &8 FFg o8 dTgs
g e Ve I F T T T O S R
RIRCN S Xy W &F K S
$°° %@ ;,us‘\ & & \:} (&\\ o 8 \\q;: SRS <
¢ RN S &
< 2 o

Hinh 1. Két qua khao sat dé tan ctia FH trong cac ta dwoc (n=3).
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Bang 1. Khao sat kha nang nhii héa cta chat dién hoat.

Chitdién PO truyén qua (T%) Cdp do
Pha dau ;

hoat Nuwéc PémpH1,2 Nwéc DémpH1,2

RH40 101,08:0,13 101,03+0,07 A A

Tween80  100,88:0,06 100,92+0,12 A A
GPE 810

Tween20  100,92#0,10 100,720,14 A A

GPE AB 23,10£0,05 30,11+0,10 D D

RH40 96,32¢1,01  9851+1,11 A A
6610 Tween80  82,81#2,66 81,80:0,68 B B

Tween20  83,89:021 80,65:134 B B

GPE AB 9354024 948:174 A A

Bang 2. Khao sat kha nang nhii héa ctuia chat doéng dién hoat.

" . o 5 PR
Ph:: da.l} + Chiit dong Do truyén qua (T%) Cap do
Chat dién P~
hoat dién hoat Nuwdc DémpH1,2 Nwéc DémpH1,2
Transcutol HP ~ 98,81%0,13  84,7+0,11 A B
GPE810+ Propylenglycol 100,12£0,21 77,3£0,03 A C
Tween20  pEG 600 99,45:0,15  747:023 A C
PEG 400 99,40+0,04  75,6+0,17 A €

100.0%

Vi nhii tuong trong suét

= Vi nhi tuong trong m&
008 A Nhii tuong duc ms
M Nhii tuong trdng duc

s>

80.0%

10.0%

.
%

$° & $ $
& ® & &
Transcutol HP

§ & ¢ &
S $ & &

$ 8
P . §

Hinh 2. Gian db pha ctia hé GPE 810 - Tween 20 - Transcutol HP.

Nghién cttu lwa chon cac CT ndm trong viung tao vi
nhii twong dé khao sat kha nang tai hoat chit véi két
qua dwoc trinh bay tai bang 3 va 4. Cac CT F1, F2, F10
cho kha nang tai t6i da 12,28% va dwoc tién hanh khao
sat do bén trong cac mdi trwong phan tan nhw bang 5.
CT F10 tao hé trong sudt sau 8 gio pha loang & cdc moi
trueong khdo sat, CT F1 va F2 xuit hién két tda ngay thoi
diém pha loang trong dém pH 1,2 va pH 6,8. Vi vay, CT
F10 tiép tuc khao sat d6 bén nhiét dong nhw bang 6.
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Bang 3. Kha nang tai FH cua cac cong thirc (n=3).

Bang 5. Két qua khao sat do bén trong cac méi trwng phan tan (n=3).

Ty 16 téi fexofenadin hydroclorid Moi trurdmg phén tan
Cong TV 500 5.66% 740% T HC0,001N pH12 pH45 pH68
thie (KK
LT Oh 2h 4h 8 LT Oh 2h 4h 8h LT Oh 2h 4h 8h Oh 2h 4h 8h Oh 2h 4h 8h Oh 2h 4h 8h Oh 2h 4h &h
FI 10010:80 + + + + + + o+ + + + A+ - FI + + 4+ 4+ 44+ o+ o+ -
F2 102070 + + + + + + o+ + + o+ A+ - F2 + + + 4+  +++ + o+ o+ -
ik} 103060 + + + + +  +++ FI0Oo + + + + + + + + + + + + + + + +
B4 104050 + + 4 o+ o+ 4+ +: trong subt; +++: duc/két tia; -: khong thwe hién.
B 105040+ - Bang 6. Két qua khao sat dé bén nhiét dong cta CT F10 (n=3).
F6  10:6030 ++ - Thir nghiém Chuky néng-lanh Ly tim Chu ky dong - ra dong
FT 107020 ++ - Camquan  Trong Trong - dong nhit Trong
F8  1080:10 ++ - S s . , ‘A N
Sau khi tién hanh cac thir nghiém chu ky néng - lanh,
T A A L i ly tAm va chu ky dong - rd déng, CT F10 khéng c6 hién
FIL 2030:50 + + + + + 4+ - twong tach pha, két tia. CT nay tié€p tuc tién hanh danh
FI2 204040 + + + + + 4 - gia kich thwéc giot va thé zeta, két qua dworc trinh bay
FI3 205030 ++ - trong bang 7.
Fl4 206020 4ot - Bang 7. Két qua phan bo kich thwéc giot va thé zeta CT F10 (n=3).
FI5  20:70:10 ++ - . a FUUIR Kich thwérc giot Thé zeta (mV)
Cong thire Mo truong trung binh (nm) Dl (NaCl 1 mM)
FIT  3020:50 + + + + + ++ -
pH 1,2 50,23 0,215
FI8  30:30:40 +++ -
pH 4,5 45,64 0,173
F19  30:40:30 +++ - F10 - 12,28% +17,6 mV
pH 6,8 51,22 0,233
F0 305020 ++ -
e HC10,001N 51,99 0,248
F23 402040 ++ - Trong cac moi trwong phan tan, kich thwéc giot cta
P4 403030 ++ - CT F10 dwéi 250 nm, ki€u phan b6 1 dinh, c6 PDI nho.
F2S 404020 ++ - Thé zeta c6 gia tri +17,620,2 mV khong vuot ngudng
B6 A0S0 et - +30 mV (nguwdng danh gia sy 6n dinh cda vi nhii twong
theo co ché tinh dién) nhwng trong CT c¢6 GPE 810 va
F30  50:40:10 +++ -

LT: ly tam; +: trong sudt; +++: duc/két tda; *: ty 1& dau: CDH:CDDH; -:

khoéng thwe hién.

Bang 4. Kha nang tai FH cua cac CT v&i quy trinh stv dung ethanol (n=3).

Ty lé tai fexofenadin hydroclorid

Cong 10719

12,28% 15,25%
thirc
Oh 2h 4h 8 Oh 2h 4h 8h Oh 2h 4h 8h
F1 + + 0+ o+ + + + +++
F2 + + o+ o+ + + + +++
F10 + + o+ + + + + +++

+: trong subt; +++: duc/két tha; -: khéng thuc hién.

KHOA

CON

HOC
G NGHE

68(6) 6.2026

Tween 20 1a thanh phin ¢é ciu tric PEG, cé thé tao ra
hiéu &ng 6n dinh khéng gian, ngin sw két tu gitra cac giot
va dam bao qua trinh phén tan tot.

CT F10 véi ty 1€ tai 12,28% dat cac chi tiéu co ban vé
SMEDDS, do d6 tién hanh diéu ché 10 g CT F10 va dwoc
danh gia 1ap lai cac chi tiéu v6i ty 1é cac thanh phan nhw
bang 8 va quy trinh thwc hién nhw hinh 3, két qua dwogc
trinh bay trong bang 9. K&t qua danh gia ldp lai cho théiy,
hé khéng bi danh hwong dang ké khi ting khoi lwong
mAu. Nhitng két quéa nay khing dinh dé 6n dinh cta CT
F10, cho thdy tinh kha thi va tiém ning &ng dung cda
nghién ctru.

10
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Bang 8. Cong thirc SMEDDS-FH tai 12,28% FH véi khéi lweng 10 g.

Thanh phin Ty lé (%) Khdilwong (g) hoic thé tich (ml)
FH 12,28 1,228¢g
GPE 810 17,54 1,754 g
Tween 20 17,54 1,754 g
Transcutol HP 52,64 5264¢g
Ethanol 99,7% - 17,5 ml
Céﬂ A N ~
1,228 g | Khuay tir Dung dich Hén hop
FH 5 phat FH/Ethanol SMEDDS va FH
Hut
Ethanol 17,5 ml
Khudy tir c6
gia nhiét 45 °C
GPE 810 trong 45 phut
(dun céch thuy)
Tween 20 J
- Vortex X SMEDDS-FH
Transcutol HP S phit SMEDDS nén Can8772g hoan chinh

Hinh 3. Quy trinh diéu ché 10 g SMEDDS-FH.

Bang 9. Két qua lap lai thir nghiém danh gia cong thirc F10 véi ty
1é tai 12,28% FH.

nhé nhit dé hap phu SMEDDS-FH, gitp giam khdéi lwong
ta dwoc ran can thiét cho CT. Vi vay, dé tai chon Florite
R dé héa ran 10 g SMEDDS-FH. CT S-SMEDDS-FH dwoc
trinh bay trong bang 11. V&i quy trinh nhw sau: Cho
2,289 g Florite R vao c6c thuy tinh 100 ml. Thém tir tir
10 g SMEDDS-FH vao cdc thuy tinh, vira thém vira tron
dén khi thu dwoc khoi bot khé, x6p va khong con vét dau
trén bé mat c6c thuy tinh.

Bang 10. Két qua khao sat so bd kha nang hap phu cla cac chat
mang ran.

STT Chat mang rin :‘;(;’;licslﬁ;gl;: gFH
1 Florite R 0,2289
2 Aerosil 0,3448
) Neusilin UFL2 0,3855
4 Syloid XDP 3105 0,5712
5 Avicel PH-101 1,3728
6 Maize starch 2,1022

Bang 11. Ty lé thanh phan céng thirc S-SMEDDS-FH.

Thanh phan Ty 1€ (%) Khéi lwgng (g)
Cac thir nghiém Két qua
— — — FH 9,99 1,228
DO bén trong méi trwong phdn tdn Trong
Do bén nhiét dong Trong - dong nhit GPE 810 14,27 1754
pH 1,2 47,17-0,157 Tween 20 14,27 1,754
Kich thwérc giot (nm) pH 4,5 42,80-0,223 Transcutol HP 42,84 5,264
- PDI
pHOB 2825012 Florite R 18,63 2,289
HCI0,001 N  48,40-0,148
Thé zeta (mV) NaCl 1 mM +19,6 Tong cong 100 12,289

DPinh lwong FH trong SMEDDS-FH véi luwgng twong
duwong 60 mg FH bang phwong phap quang phd
UV-Vis. Két qua % ham lwong FH trong SMEDDS-FH so
v&i ly thuyét khi dinh lwong trong methanol va HC1 0,001
N Ian lwot 14 103,1% va 100,5%. Quy trinh dinh lwong
FH bang quang phé UV-Vis tai buécséngA__ 220 nm da
dwoc thAm dinh va dat yéu cu cia quy trinh phén tich
(khong trinh bay dir liéu).

3.2. Héa ran SMEDDS-FH va ddnh gid mét sé tinh
chdt ciia S-SMEDDS-FH

Xdy dwng quy trinh héa ran SMEDDS-FH: Két qua
khdo sat kha niang hap phu cia cac chit mang ran duoc
trinh bay trong bang 10. Trong d4, Florite R can lwong

%H%-IE 68(6) 6.2026

DPdnh gid hinh thdi ciia S-SMEDDS-FH: Két qua SEM
ctia S-SMEDDS-FH nhuw hinh 4. Hinh anh cho thiy bé mat
kho, khdng quan sat thiy mang diu phu hodc vét bong
loang bat thuong. Cau tric bé mat xdp dac trung véi cac
16 nhé cua Florite R vAn duoc bao ton. Diéu ndy cho thay,
SMEDDS da dwoc hdp phu hoan toan 1én chit mang ran,

khong c6 hién twong ro ri.

Xdc dinh trang thdi vdt Iy ctia FH trong S-SMEDDS-FH:
Két qua DSC va XRD (hinh 4) khéng ghi nhédn cac dinh dic
trung cua FH trong S-SMEDDS-FH, cho thdy FH hau nhw
da chuyén hoan toan tir dang tinh thé sang dang v6 dinh
hinh hodc & trang thai phan tan phan ti trong hé. Diéu

nay c6 thé gép phan lam tang kha nidng GPHC cta FH.

n
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Hinh 4. Két qua SEM & dé phéng dai 10.000x, DSC va XRD.

Bang 12. Phan tram giai phong hoat chat cia SMEDDS-FH va
S-SMEDDS-FH so vé&i ché pham déi chiéu trong méi trwong HCI
0,001 N (n=6).

Miu Thoi gian (phit)

o g 10 20 30 45

1 3397:070 4159:041 52,62+131 5948095 6853+2,75
2 8293+122 89,53+1,08 91,02:0,87 91,54+1,20 92,30+0,99
3 95342038 9545:064 96,53:045 97,34:112 98,66+0,26
4 8891:0,16 89,01:1,10 89,78:127 91,02:046 91,25:0,16

1: FH nguyén liéu; 2: vién nén dbi chiéu; 3: SMEDDS-FH; 4: bt
S-SMEDDS-FH.

100 -
90 -
80 -
70 4 3
g 60 -
& 50 - ®
g 40 . —=—SMEDDS-FH
30 - > ——B§{t S-SMEDDS-FH
20 | —e—Vién nén dbi chiéu
10 4 +FH nguyén liéu
0 T T T T 1
0 5 10 20 30 45
Théi gian (phit)

Hinh 5. Phan tram giai phéng hoat chét ctia cac ché pham trong
HC1 0,001 N (n=6).

3.3. Pdnh gid khad ndng gidi phéng hoat chdt

Kha nang GPHC dwgrc trinh bay trong bang 12 va hinh
5. K&t qua cho thiy, cad ba CT SMEDDS-FH, S-SMEDDS-FH
va ché phidm do6i chiéu déu dat ty 1& gidi phdng =85%
hoat chit trong vong 10 phit cho thdy twong dwong vé
GPHC. Cu thé& SMEDDS-FH dat 95,45%, S-SMEDDS-FH
dat 89,01% va ché& pham doi chiéu dat 89,53% tai thoi

JHOAHOC . -

diém 10 phut. So v&i FH nguyén liéu, cdc CT SMEDDS-FH
va S-SMEDDS-FH cho thdy s ci thién ro rét vé téc do va
mitc dd hoa tan cia hoat chat. Cin lwu y thém, do cac tiéu
phan nano c6 kich thwéc nhé hon kich thwéc mang loc,
do d6, dé danh gia kha ning hip thu twong dwong khi
thwc té st dung, cin thém cac thir nghiém in vivo.

4. Két luan

Nghién ctru nay da xdy dung dwoc CT va quy trinh
diéu ché SMEDDS chita FH. Hé t4 dwoc nén gobm GPE
810 - Tween 20 - Transcutol HP theo ty 1&€ 20:20:60 v&i
ham lwong FH dat 12,28% (kl/kl). CT dat yéu cau vé cam
quan, do bén trong cic moi treong phan tn va do bén
nhiét dong. CT c6 kich thwéc giot trong moi treong dém
pH 1,21247,17 nm véi PDI 0,157 va thé zetala +19,6 mV
khi phan tan trong dung dich NaCl 1 mM. b3 tién hanh
héa ran SMEDDS-FH bang Florite R, danh gia kha niang
GPHC ctta SMEDDS-FH va S-SMEDDS-FH so véi Telfast
60 mg. Két qua danh gid GPHC cho thiy, SMEDDS-FH
va S-SMEDDS-FH twong dwong GPHC véi Telfast 60 mg
trong diéu kién khao sat va cai thién do hoa tan ro rét so
v&i hoat chét, diéu nay cho thiy ng dung hé vi ty nhii la
giadi phap kha thi va c6 tiém nang trong viéc cai thién do
hoa tan ctia FH.

TAI LIEU THAM KHAO

[1] American Hospital Service (2024),
“Fexofenadine monograph for professionals”, https://www.drugs.
com/monograph/fexofenadine.html, accessed 7 March 2025.

Formulary

[2] K. Simpson, B. Jarvis (2000), “Fexofenadine: A review
of its use in the management of seasonal allergic rhinitis and
chronic idiopathic urticaria”, Drugs, 59(2), pp.301-321, DOI:
10.2165/00003495-200059020-00020.

12




Khoa hoc Ky thuat va Céng nghé | Ky thuat hda hoc; Ky thuat y hoc; Khoa hoc Y - Dugc | Dugc hoc m——

[3] N.A. Charoo, N. Selvasudha, Z.N. Kath, et al. (2024),
“Biowaiver monograph for immediate-release solid oral dosage
forms: Fexofenadine”, Journal of Pharmaceutical Sciences, 113(9),
pp.2981-2993, DOI: 10.1016/j.xphs.2024.06.002.

[4] B.B. Eedara, D. Nyavanandi, S. Narala, et al. (2021),
“Improved dissolution rate and intestinal absorption of
fexofenadine hydrochloride by the preparation of solid
dispersions: In vitro and in situ evaluation”, Pharmaceutics, 13(3),
pp-1-15, DOI: 10.3390/pharmaceutics13030310.

[5] S.M. Smith, ].G. Gums (2009), “Fexofenadine: Biochemical,
pharmacokinetic and pharmacodynamic properties and
its unique role in allergic disorders”, Expert Opinion on
Drug Metabolism & Toxicology, 5(7), pp.813-822, DOI:
10.1517/17425250903044967.

[6] Z. Islambulchilar, A. Barfar, S. Mirzaeei (2024),
“Development of fexofenadine self-microemulsifying
delivery systems: An efficient way to improve intestinal
permeability”, Therapeutic Delivery, 15(8), pp.593-604, DOI:
10.1080/20415990.2024.2363635.

[7] K. Trivedi, P.V. Patel, Z. Pujara (2013), “Development and
characterization of liquid and solid self-emulsifying drug delivery
system of fexofenadine”, Journal of Pharmaceutical Investigation,
43(5), pp-385-394, DOI: 10.1007/s40005-013-0083-2.

[8] A.A. Sultan, N.FE. Nashar, S.M. Ashmawy, et al. (2022),
“Cubosomes for enhancing intestinal absorption of fexofenadine
hydrochloride: In situ and in vivo investigation”, International
Journal of Nanomedicine, 17, pp.3543-3560, DOI: 10.2147/IJN.
S370235.

&%HN%?-IE 68(6) 6.2026

[9] S. Dokania, A.K. Joshi (2015), “Self-microemulsifying
drug delivery system (SMEDDS) - challenges and
road ahead”, Drug Delivery, 22(6), pp.675-690, DOLI:
10.3109/10717544.2014.896058.

[10] V. Visetvichaporn, K.H. Kim, K. Jung, et al. (2020),
“Formulation of self-microemulsifying drug delivery system
(SMEDDS) by D-optimal mixture design to enhance the oral
bioavailability of a new cathepsin K inhibitor (HL235)”,
International Journal of Pharmaceutics, 573, DOI: 10.1016/j.
{jpharm.2019.118772.

[11] R. Ma, G. Li, X. Wang, et al. (2021), “Inhibitory effect of
sixteen pharmaceutical excipients on six major organic cation and
anion uptake transporters”, Xenobiotica, 51(1), pp.95-104, DOI:
10.1080/00498254.2020.1783720.

[12] S.A. Helmy, H.M. El-Bedaiwy, S.M. El-Masry (2020),
“Applying Biopharmaceutical Classification System criteria to
predict the potential effect of Cremophor® RH 40 on fexofenadine
bioavailability at higher doses”, Therapeutic Delivery, 11(7),
pp.447-464, DOI: 10.4155/tde-2020-0042.

[13] V. Ravichandran, M. Lee, C.T.G. Nguyen, et al. (2021),
“Polysorbate-based drug formulations for brain-targeted drug
delivery and anticancer therapy”, Applied Sciences, 11(19), DOI:
10.3390/app11199336.

[14] A.R. Breier, M. Steppe, E.E.S. Schapoval (2007),
“Validation of UV spectrophotometric method for fexofenadine
hydrochloride in pharmaceutical formulations and comparison
with HPLC”, Analytical Letters, 40(12), pp.2329-2337, DOL:
10.1080/00032710701576023.

3



s Khoa hoc K§j thuat va Cng nghé | Kj thuat ha hoc; K thuat méi trudng; Khoa hoc Néng nghiép | Céc linh vuic khéc ctia khoa hoc nong nghigp DOI: 10.31276/VIST.2024.2744

Ung dung than sinh hoe tir phé pham nong nghiép
dé loai bo amoni, phosphat va oxytetracyclinetrong nwdc thai nong nghiép

Doan Minh Anh, Pham Thi Trang, Vii Mai Anh, Bui Thi Lam, Hoang Trung Nam, Tran Thi Ngoc Anh, Dinh Thi Thily Hing’
Vién Méi trwong, Truwong DPai hoc Hang hdi Viét Nam, 484 Lach Tray, phwong Lé Chdn, TP. Hdi Phong, Viét Nam
Ngay nhan bai 2/5/2025; ngay chuyén phan bién 5/5/2025; ngay nhan phan bién 18/5/2025; ngay chip nhin ding 11/12/2025

Ve 3
Tom tat:

Than sinh hoc (TSH) c6 ngudn géc thién nhién trén co’ sé tin dung mét sé phé pham néng nghiép nhw 16i ngo,
xo dira, trdu va ba mia da dwoc tdng hop biang phwong phap dét thi€u khi va  cat. Vat liéu sau khi téng hop
da dworc rng dung dé loai bo phosphat, amoni va dw lwg'ng khang sinh oxytetracycline trong nwé-c thai nong
nghiép. Vatliéu dat cin bang hdp phu sau 10 phit va cé pH hip phu t6i wu tai pH 5 déi véi PO,*, pH 7 di véi
oxytetracycline (OTC) va pH 9 d6i véi NH,*. Dir liéu can bang hap phu phi hop véi mé hinh hip phu dang
nhiét Langmuir véi tai trong hap phu cwc dai dao dong trong khoang 7,78-9,16 mg/g doi véi NH,*; 4,80-6,32
mg/g ddi véi PO,*; 3,04-4,38 mg/g ddi véi OTC. Cac loai TSH nay dwoc irng dung dé xir 1y chit 6 nhiém trong
mau nwéc thai néng nghiép tai dia phwong va co tai lwong 5,17-7,99 mg/g déi voi NH,*; 3,71-5,97 mg/g ddi
véi PO, va 2,14-4,14 mg/g d6i véi OTC.

Tir khéa: nwére thai ndong nghiép, oxytetracycline, phu phdm néng nghiép, than sinh hoc.

Chi sé phdn logi: 2.4, 2.7, 4.7

Application of agricultural waste-derived biochar for removing ammonium,
phosphate, and oxytetracycline from agricultural wastewater
Minh Anh Doan, Thi Trang Pham, Mai Anh Vu, Thi Lam Bui, Trung Nam Hoang, Thi Ngoc Anh Tran, Thi Thuy Hang Dinh"

Institute of Environment, Vietnam Maritime University, 484 Lach Tray Street, Le Chan Ward, Hai Phong City, Vietnam
Received 2 May 2025; revised 18 May 2025; accepted 11 December 2025

Abstract:

Biochars derived from agricultural residues, including corn cobs, coconut fiber, rice husk, and bagasse, have
been synthesised by oxygen-limited combustion and sand incubation techniques. Following synthesis, the
biochar materials were applied to remove phosphate, ammonium, and residual oxytetracycline (OTC). The
materials reached the adsorption equilibrium within 10 minutes and exhibited optimal adsorption at pH
5 for PO,*, pH 7 for OTC, and pH 9 for NH,*. The equilibrium adsorption data fit the Langmuir adsorption
isotherm model with maximum adsorption capacities ranging from 7.78 to 9.16 mg/g for NH,*, 4.80 to
6.32 mg/g for PO,*, and 3.04 to 4.38 mg/g for OTC. These biochars were applied to treat pollutants in local

agricultural wastewater samples and exhibited adsorption capacities of 5.17-7.99 mg/g for NH,*, 3.71-5.97
mg/g for PO *, and 2.14-4.14 mg/g for OTC.

Keywords: agricultural by-products, agricultural wastewater, biochar, oxytetracycline.

Classification numbers: 2.4, 2.7, 4.7
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1. Md dau

0 nhiém moéi truedng nuwde 1a mot trong nhitng van dé
quan trong can dwoc quan tim gidi quyét trong boi canh
hién nay. Trong nong nghiép, viéc stt dung cac loai phan
bén dé tang nang suit ciy trong va bd sung thuéc khang
sinh vao thirc an d€ ngidn ngira bénh cho vat nudi da gy
ra cac van dé 6 nhiém méi treong nwéc. Thudc khang
sinh duoc st dung rong rai dé kiém soat nhiém trung
do vi khuén trong cac linh vuc y t€, nong nghiép va tha y
[1]. Trong vai thap ky qua, thudc khang sinh da dwoc st
dung rong rai khong chi trong cac liéu phap diéu tri cho
con nguoi nhw chita bénh truyén nhiém, ciy ghép, hoa
tri va can thiép phiu thuat, bén canh d6 ciing cho cac
muc dich ngidn ngira va diéu tri trong nudi trong thiy san
va chdn nudi va dé ting cwong san xudt trong trot. Phat
trién cac hudng nghién ciru hiéu qua dé lam suy giam
hodc loai b6 dw lwong khang sinh khéi méi treong nwére
la mét vin dé rat quan trong [2]. Bén canh d6, chat lwong
nwéc thai canh tdc mét sé loai cdy ndng nghiép dwoc
nghién cttu trén dia ban huyén Pong Anh, Ha Noéi cho
thay ham lwgng amoni (tinh theo N) dat t&i 3,11 mg N/I;
phosphat (tinh theo P) dat 2,50 mg P/I; phdtpho tong s6
(tinh theo P) dat 5,0 mg P/1. Ham lwong dinh dudng cao
trong nwéc thai phan anh hién twong rira tréi phan bon
du thira trong canh tac néong nghiép va nguy co gay phi
dwéng tai cdc moi treong nwéce ti€p nhan. Vi vay, cin c6
canh bao vé viéc str dung phan bén hop ly trong canh tac
nong nghiép tai huyén Péng Anh (cii) néi chung va Viét

Nam ndi riéng [3].

Trong nhitng ndm gan day, TSH ngay cang nhan dwoc
st chd y nhw 1a mét vat liéu than thién véi méi tredng,
dac biét trong chién lwoc gidam nhe bién d6i khi hu. TSH
hay con goi la Charcoal hoac Biochar, la vat liéu giau cac
bon, cip hat min, x6p, duwgc sdn xudt bang cach nhiét
phéan tlr sinh khéi hitru co trong diéu kién oxy han ché va
& nhiét do twong d6i thap (<700°C). TSH gidu cacbon, ¢6
cdu tric xOp véi dién tich bé mit riéng cao, c6 kha nang
hap phu mot sé chat 6 nhiém trong nwéc thai [4]. Ngudn
nguyén liéu san xuit TSH c6 thé bao gom cac loai phé

phdm néng nghiép nhw dam gb, triu, xo dira, 16i ngd,
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ba mia... Nhitng dac diém nay lam cho viéc ché tao va
trng dung TSH trong xtr Iy mdi trweong mang lai hiéu qua
vé chi phi va gidp gidm lwong chat thai néng nghiép cin
Xt ly.

Cac phé& phdm nong nghiép nhw ba mia, triu, 16i ngo,
xo dira... dd dwgc nghién ctru dé ché tao TSH nham x
ly mot sd chit 6 nhiém trong mdi trudmg nuwdc. Quy
trinh téng hop TSH thwong dwoc thwe hién trong diéu
kién han ché oxy & nhiét dé6 dudi 700°C [5]. Phé pham
rom ra da dwoc nghién ctru nhiét phan & cic mirc nhiét
dd 300, 400 va 500°C cho két qua kha quan [6]. Mun
cwa va vo trau ciing da dwoc nghién ciu nhiét phin
yém Kkhi & nhiét dd trong khoang 300, 400, 500, 600
va 700°C [7]. C6 thé thay, nhiét dé nhiét phin c6 anh
hwéng téi thanh phin nguyén td cacbon trong TSH, l1a
yéu t6 quan trong quyét dinh kha ning hip phu cta vat

liéu sau tdng hop [8].

Than sinh hoc tir tre da dwoc nghién ctru rng dung
dé xr Iy amoni trong nwée thai & pH 8, thvi gian tiép xic
15 phit véi litu lwong chit hap phula 1 g/l, dung lwong
hip phu cuwc dai dat 4,87 mg/g [9]. TSH tir 16i ngd dwoc
bién tinh bang H,PO, va NaOH da dwoc (rng dung dé loai
bd amoni trong nwéc da cho két qua dung lwong hap
phu t8i da 16,6 mg/g tai pH>7, thoi gian dat can bang
hip phu la 60 phit [10]. Nghién ctéu vé tng dung TSH tir
rong bién dé€ loai bo chit khang sinh ciprofloxacin (CIP)
cho kha nang loai bé CIP vwot troi (384,6 mg/g) [11].

Trong bai bio nay, cic phé phdm ndéng nghiép gom
16i ngd, triu, xo dira va ba mia dwoc nghién ctru ché tao
thanh TSH va rng dung dé€ loai bé phosphat, amoni va
OTC trong mau nuwéc thai nong nghiép dwoc 13y tir mot

s6 hop tac xa chan nudi va canh tac tai dia phwong.
2. Thuc nghiém
2.1. Téng ho'p than sinh hoc

Céc loai phé phdm ndng nghiép gém triu, 16i ngd, ba
mia, xo dira dwgc thu tai dia phwong, sau doé dwoc xtr ly
riéng biét qua cac bwdc riva, phoi kho, cit nhé dén kich
thwéc 2-3 mm va nung & khoang 400°C trong 30 phut [4, 8]
va tiép tuc u kin trong thung, ph cat trong 30 phuit.

[£]



2.2. Khdo sdt mét sé théng sé ddc trwng cua qud
trinh hdp phu

Chuan bi cAc mau thir chira phosphat, amoni va thuéc
khang sinh oxytetracycline va tién hanh thit nghiém trén
tirng loai vat liéu dé khao sat thoi gian cAn bang hip phu
(sau cac khoang thoi gian 1, 2, 3, 5, 10, 15, 20, 25, 30
phut), pH t6i wu (khao sat tai pH 4, 5, 6,7, 8,9, 10) &
noéng dé mau thir ban dau ctia NH,*, PO,*, OTC déu la 10
mg/l. Can 5 g TSH cho vao c6c 1000 ml va cho 500 ml
mau thtr vao khudy déu trén may khudy tir v&i téc do
200 vong/phut.

Xac dinh tai trong hdp phu cuc dai ctia cac vatliéu doi
véi tirng chat NH,*, PO,*, OTC bang cach chuin bi 10 cdc
thiy tinh twong Gng véi cac mau thir & cac nong do C,
dén C, (voi C 1a ndng do chia miu ban d4u, c6 néng do
ndm trong khoang 1-0 mg/1). Diéu chinh pH ctia cdc mau
thr dén pH t8i wu, khudy tron vat liéu trong mau thir
trong khoang thoi gian dat cAn bang hip phu da khao
sat. Xac dinh néng dé dung dich sau hap phu C,, dén C_
(v&i C,1a nbng d6 cia mau sau khi hé phan tng dat trang
thai cAn bang hip phu), tinh tai trong hip phu q. Lap do
thi biéu dién m&i quan hé giira C,/q va C, theo phwong
trinh dang y=ax + b. Khi d6 tai trong hip phu cuc dai
q,,=1/a. M6 hinh hap phu Langmuir dwoc xay dwng
dwa trén sy phu thudc cta tai trong hap phu q (mg/g)
vao C; (mg/1).

2.3. Khdo sdt kha ndng loai bé chdt 6 nhiém trong
nwdc thdi

Tién hanh danh gi4 kha niang loai bé cac chit 6 nhiém
trong miu nuéc thai ndng nghiép dwoc 14y vao thang
3/2024 tir dm nudi tom va mwong cua trang trai nuoi
ga tai hop tic x3 sdn xuit kinh doanh dich vu néng
nghiép Tan Vi va tai mwong clia vieon cdy canh tac tai
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ho gia dinh cé dit canh tac tai Hai An, TP Hai Phong
(trwéc sap nhap). Mau nwéc thai dwgce do nhanh gia tri
pH va nhiét doé tai hién trwdrng, va dwoc phan tich trong
phong thi nghiém cta Vién M6i trweong, Trweong Pai hoc
Hang hai Viét Nam dé danh gia ham lwong mot s6 chat
6 nhiém bao gdbm amoni (theo phwong phap EPA350.2),
phosphat (theo TCVN 6202:2008), OTC (theo phwong
phap tric quang tai buéc séng 357 nm [12]).

MAu dwoc loai bé cac chat lo Itrng, diéu chinh pH vé
khoang pH t6i wu da khdo sat va tién hanh nghién ctru
bang phwong phap hip phu dong trén cot. Chuin bi cot
hip phu bang 6ng nhwa PVC c¢6 chiéu dai 30 cm, dwong
kinh trong 23 mm, bit day bang vai man, nhéi 20 cm cot
bang TSH. Phan vat liéu da nhoi c6 thé tich 83 ml, dwoc
tinh 13 1 bed-volume. Khéi lwong vatliéu nhoi cot1a 6,5 g
ddi véi TSH trdu, 10,1 g d6i véi TSH 161 ngé, 5,2 g ddi véi
TSH ba mia va 7,9 g d6i véi TSH xo dira.

Ctr doi 10 bed-volume nuéc thai qua cot thi 1y mau
phén tich mét Ian, dén khi vat liéu dat trang thai bao hoa
thi dirng lai. Tinh todn lwgng nwéc thai cé thé dwoc xir 1y
va lwong chat 6 nhiém da bi gitt lai trén cot.

3. Két qua va ban luan
3.1. Két qua tong hop than sinh hoc

Vatliéu TSH tir trauy, 16i ngd, ba mia, xo dira dworc téng
hop véi hiéu suit nam trong khoang 30-45% (hinh 1).

Than sinh hoc sau khi ché tao c6 ciu tric twong déi
dong nhit véi trang thai ban diu. Cac loai TSH sau khi
téng hop c6 thanh phan chinh la cacbon. Vat liéu tir xo
dira va ba mia c6 cdu truc x6p nhat va dé v, hiéu suit
tong hop dat 30-35%. Vat liéu tir 16i ngd va triu c6 ciu
trac on dinh, twong déng véi hinh thai ban dau, hiéu suat
tdng hop twong doi tot (~45%).

Hinh 1. Vat liéu than sinh hoc tir tru, 16i ngd, ba mia, xo dira.
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Hinh 2. Biéu dd biéu dién thoi gian dat can bang hap phu cta than sinh hoc ché tao tir (A) trdu, (B) 18i ngé, (C) ba mia, (D) xo dira déi

v&i NH,*, PO,*, oxytetracycline.

3.2. Két qua khdo sdt thoi gian dat can bdang hdp
phu cta vt liéu

K&t qua khao sat thoi gian dat can bang hdp phu cia
cac TSH dwoc thé hién trong hinh 2.

Tir bi€u d6 trén nhan thay, kha ning hip phu cta tit
ca cac TSH dat trang thai cAn bang hip phu ddi voi tat
ca cac chit sau khoang thoi gian 10 phut. Két qua nay
phu hop véi cac nghién ciru da cong bo trudc diy vé
TSH [9]. K&t qua & hinh 2 cho thidy qua trinh hip phu
duoc chia thanh 2 giai doan chinh. Giai doan 1 dién ra
trong khodng 10 phut, lwgng chit 6 nhiém bi hdp phu
1én vat liéu ting nhanh dén diém bio hoa. Giai doan 2
(sau 10 phut) thi lwong chit 6 nhiém bi hap phu khéng
dang ké 1én ca 4 loai vat liéu, tai trong hap phu dai véi
OTC dat 2,11-3,81 mg/g, amoni dat 5,31-7,15 mg/g va
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phosphat dat 2,87-5,24 mg/g. K&t qua nay co6 thé dwoc
giai thich do sw chénh 1éch 1é6n vé nong do cia cac chit 6
nhiém trong miu & pha léng va vatliéu & pha ran dalam
cho cac chat 6 nhiém bi hdp phu nhanh chéng trong giai
doan dau. K&t qua ciing cho thiy, khi vatliéu da dat trang
thai can bang hap phuy, xay ra sw gidi hip phu nhe va qua
trinh nay dién ra song song véi qua trinh hip phuy, lam
cho néng do cac chit 6 nhiém dao dong trong khoang 2%
theo thoi gian. Két qua nay ciing da dwoc xac nhan trén

mot sé nghién ctiru da cong bé [13, 14].
3.3. Két quad khdo sdt pH t6i wu

Khdao sat viing pH hap phu t8i wu ctia cac loai TSH d6i
v6éiNH,*, PO, 3, OTC sau khi khudy trong thoi gian dat can
bang hdp phu dwoc thé hién trong hinh 3.

n
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3.4. Két qua khdo sat tdi
trong hdp phu cwc dai theo
mé hinh hdap phu dang nhiét
Langmuir

M6 hinh hip phu ding
nhiét Langmuir 1a m6 hinh ¢8
dién, don gian va mé ta duoc
cAn bang giita cac ion bi hip
phu trén chat hap phu va cac

1(D) —&—( (mg Amoni/g)
—#—q (mg Phosphat/g)
q (mg OTC/g)

ion trong dung dich tai mot
pH nhiét d6 khong doi. Phwong
trinh hidp phu Langmuir c6
dang:

G 1 Cr

= +
4  Gmax X K

qmax

trong d6, C, la nong do cua
mau sau khi hé phan tng dat
trang thai cAn bang hip phu,
q 1a tai trong hap phu, q__1a

max

8 4 8
(A) (B)
— 7 7
2 2,
E S E
S5 o 5 -
£ 2
S 4 a4 9
2, € 3
=4 =)
§~ 2 ——q (mg Amoni/g) §. 2
5 L —#—q (mg Phosphat/g) .g -
= q (mg OTC/g) &=
0 \ \ \ 0
4 6 8 10 4
pH
8 (c) 8
~ 7 7
3
£ 6 g 6
=
H 5 z 5
=4 a4
g 3 “E" 3
] : 2
g2 ——( (mg Amoni/g) S 2
'Ec:zs 1 + —#—q (mg Phosphat/g) LE 1
mg OTC/,
0 - T 4 (mg T ® 1 0 -
4 6 8 10 4
pH

Hinh 3. Biéu dd biéu dién anh hwéng cua pH déi v&i kha ning hap phu ciia than sinh hoc ché tao
tr (A) trau, (B) 16i ngé, (C) ba mia, (D) xo diva déi véi NH,*, PO,*, oxytetracycline.

Két qua khdo sat khoang pH hap phu déi véi NH,*,
PO,*, OTC dwoc tong hop trong bang 1:

Bang 1. Khoang pH téi wu cua cac loai than sinh hoc.

pH hip phu

Trdu Léi ngo Bd mia Xo diva
PO,> 5 5 5 5
NH,* 8-9 9 9 9
OTC 7 7 7 7

K&t qua khao sat cho thay khodng pH hép phu tdi wu
clia vat liéu déi v&i cac chat 6 nhiém 1a twong d6i khac
nhau. Khi diéu chinh d6 pH cta mau thi¥ tir 4 dén 10 va
gitr & téc d6 khudy 200 vong/phit, lwgng chit phosphat
va OTC bi hap phu 1én vatliéu gidam dan, dat cwc dai & pH
9 d6i v&i amoni, pH 5 d6i véi phosphat va pH 7 doi vai
OTC. Khi d6 pH ctia mau thir ting 1én, s lwong tAm hoat
dong tich dién am tang lén, con cac tdm hoat dong tich
dién dwong giam di. Qua trinh hap phu tang lén doi véi
amoni, giam xuéng déi véi phosphat va OTC gidm xudng
c6 thé do lwc hit tinh dién xay ra gitra cac chit nay véi
ch4t hdp phu ran ma trén d6 cdc nhém bé mat c6 thé bj
ion h6a mang dién tich 4m hon khi diéu chinh pH cua
mau thir tir axit sang bazo [14].

KHOA
&CONGHI\?GCI:-IE

68(6) 6.2026

tai trong hap phu cuc dai, K 1a
pH hing s6 Langmuir.

Phwong trinh Langmuir
thé hién d6 bao phu cla cac
phan tir trén bé mit ran voi
nong do cua moi treong phia
trén bé mat chit ran & nhiét do c6 dinh va sw hip phu bi
gidi han & do bao pha don 1&p va lwc lién phan tir gidm
theo khodng cach tir bé mit hdp phu. Cac dwong diang
nhiét hip phu Langmuir thé hién m6i quan hé gin nhw
tuyén tinh ctia TSH tir triu, 16i ngd, ba mia, xo dira déi
v6i cac chat NH,*, PO,*, OTC.

Dit liéu can bang h4p phu ctia TSH cho thdy mé hinh
Langmuir phu hgp véi dit liéu thwc nghiém, thé hién
sw phu thudc ctia C/q vao C, tuan theo ham tuyén tinh
y=ax + b v&i hé s6 twong quan R*>0,97. Tr d06, tai trong
hap phu cwc dai ctia cac vat liéu nay duwoc xac dinh theo
phuwong trinh q__ =1/a cho tirng chat va két qua duwoc
thé hién trong bang 2.

Bang 2. Tai trong hap phu cwc dai cua cac loai than sinh hoc déi
vé&i NH,*, PO 2, oxytetracycline.

Tai trong hip phu Than sinh hoc téng hop tir phé phdm

cwc dai déi voi cac

chit 6 nhiém Trdu Léingé  Bdmia Xo' dira
q,., NH," (mg/g) 7,78 8,82 7,93 9,16
q,,,, PO,* (mg/g) 6,04 4,80 6,32 5,68
g, OTC (mg/g) 4,35 4,08 3,04 4,38
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Hinh 4. M6 hinh hap phu dang nhiét Langmuir cta than sinh hoc déi véi (A) NH,* (B) PO %, (C) oxytetracycline.

Nhuw vdy, dit liéu cAn bang hdp phu NH4+, PO43-, 0TC
khi str dung vat liéu than sinh hoc tdng hop tir triu, 16i
ngo, ba mia va xo dira (trong hinh 4) phu hop véi md

hinh h4p phu dang nhiét Langmuir.

K&t qua cho thiy, cac loai TSH c6 kha ning hip phu
t6t nhét véi NH,*, v6i tai trong hdp phu cwc dai nam
trong khoang 7,78-9,16 mg/g, tai trong hip phu cuc
dai d6i v6i PO,* nam trong khoang 4,80-6,32 mg/g, tai
trong hip phu cuc dai ddi véi OTC nam trong khodng
3,04-4,38 mg/g. Vat liéu TSH tlr xo dira c6 hiéu qua hip
phu tot nhéat déi véi NH,* va OTC, con vat liéu tir ba mia
cho hiéu qua tot nhat doi véi PO,*. Két qua nay cho thay,
ham lwong cacbon trong vat liéu TSH tir xo dira c6 thé
cao hon cac vat liéu con lai, ciu tric vat liéu toi x6p véi
nhiéu tAm hoat déng hon nén hiéu quéa hap phu ciing 1é6n

hon cac vat liéu con lai.

Nhw vdy, md hinh hip phu dang nhiét Langmuir la
phu hop véi qua trinh hip phu NH,*, PO,*, OTC bang
vat liéu TSH téng hop tir trauy, 16i ngd, ba mia va xo dira
(hinh 4).

KHOA
&CONGHN%CI:-IE

68(6) 6.2026

3.5. Két qua wrng dung than sinh hoc dé xw ly cdc
chdt 6 nhiém trong nwéc thdi néng nghiép

3.5.1. Két qud ddnh gid thanh phdn mdu nuéc thai

Mau nuéc dwoc 14y tai dAm nudi tom cla hop tac xa
san xudt kinh doanh dich vu néng nghiép Tan Vii (N01),
nwéece thai trong mwong thoat nwéc cia trang trai nudi ga
cta hop tac xa san xuit kinh doanh dich vu néng nghiép
Trang Cat (N02), va tai ao nwére twdi ctia 1 ho gia dinh dang
canh tac tai phwong Nam Hai, Hai An, TP Hai Phong (NO3)
c6 thanh phan chit 6 nhiém dwoc thé hién trong bang 3.

Bang 3. Thanh phan cac chat 6 nhiém trong cac mau nwéc thai
noéng nghiép.

STT Théng s6 Pon vi MiuNO1 MAuN02 MaiuNo03
1 Nhiét do oC 21 22 22

2 pH 7,6 91 8,7

3 NH,* mg/1 9,4 15,1 16,2

4 PO,* mg/l 71 10,4 11,3

5 0TC mg/1 8,1 59 6,7

3.5.2. Két qua ddnh gid hiéu quad xi¥ Iy cdc chdt 6 nhiém
trong mdu thuc
Két qua &ng dung vat liéu TSH dé nhoi cot xt¥ Iy chit

6 nhiém trong 3 mau thwc dwoc thé hién trong bang 4.

L)



Bang 4. Két qua thir nghiém trén mau thwe bing phwong phap
hap phu dong.

S6 bed-volume xir Iy dwgc  Lwgng chét da bi hip phu

M vtz (83ml) (mg/g vitliéu)
' NH; POF  OTC  NHf PO}  OTC
TSH tir trdu 60 60 40 7,20 5,44 414
TSH tir 16i ngd 100 70 50 7,72 4,08 3,33
Nt TSH tir ba mia 40 50 20 6,00 5,67 2,59
TSH tir xo dira 70 80 30 6,91 597 2,55
TSH tir trdu 30 40 50 5,78 3,98 3,77
TSH tir 161 ngo 60 50 80 7,45 4,27 3,88
Nz TSH tir ba mia 30 30 30 7,23 4,98 2,83
TSH tir xo dira 40 50 40 6,35 5,46 2,48
TSH tir triu 30 30 40 6,21 433 3,42
TSH tir 161 ngo 60 40 70 7,99 3,71 3,85
N3 TSHtrbamia 20 30 20 517 541 2,14
TSHtrxodira 40 50 40 6,81 594 2,82

K&t qua tinh todn cho thiy, vat liéu c6 kha nang hap
phu NH,*, PO *, OTC véi hiéu sudt cao va tai lwong xap xi
tai lwong hap phu cuc dai tinh todn theo mo hinh hip phu
dang nhiét Langmuir. Vat liéu sau khi st dung bi bét dinh
va giam thé tich 30-40%, giy khé khin cho qua trinh giai
hép phuy, tai si dung vat liéu. Tuy nhién, véi muc dich st
dung tai chd cic phé phdm nong nghiép tai dia phwong
dé giai quyét van dé 6 nhiém cua dia phwong, viéc trng
dung két qua cta bai bao nay 1a kha thi, ho tro phat trién
ndéng nghiép bén virng. Vit liéu sau khi st dung c6 thé
stt dung dé 0 phin compost, tai sit dung dé cai tao dinh
dudng dat, han ché 6 nhiém moéi trudng nwdc mat khu
vure tiép nhin nwéc tir cic hop tac xa ndng nghiép nay.

4. Két luan

Cac két qua nghién ctru cho thiy vt liéu TSH téng
hop tlr cdc phé phdm ndng nghiép nhw 16i ngd, triu, ba
mia va xo dira ¢6 kha ndng hap phu cac chit dinh dwéng
NH,*, PO,* va du lwgng OTC trong nwéc. Qua trinh hap
phu tuan theo mé hinh hip phu dang nhiét Langmuir. Tai
trong hap phu cuwc dai cta cac vat liéu nay twong dwong
v&i cac cong trinh dd cong bo thudc cling linh vie. Vatliéu
dwoc tng dung dé xtt ly chit 6 nhiém trong mau nuwéc thai
nong nghiép tai dia phwong bang phwong phap hip phu
dong trén cot voi tai lwong xt Iy 20-100 bed-volume.
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Toi wu héa di,éu ki§n sy phun va danh gi4 anh hudng ciia bao bi bio quan
dén chat lwrong bot chanh day tim (Passiflora edulis)
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Tém tdt:

Chanh day (Passiflora edulis) 12 mét loai trai cAy dwoc trong phé bién & Viét Nam. Do c6 tinh mua vu, dé bi
hw hong nén chanh diy thwong dwoc bao quan dwédi dang déng lanh, siy phun, siy dong khé... Trong nghién
ctru nay, phwong phap sy phun dwoc st dung dé tao bot chanh day bang hé chit mang maltodextrin - gum
arabic (4:1). 17 thi nghiém di dworc tién hanh dé danh gia anh hwéng cia néng do chit mang (8, 10, 12%
w/v), nhiét d6 khong khi dau vao (150, 160, 170°C) va téc d6 bom nhap liéu (10, 15, 20 vong/phiit). Anh
hwdng ciia cac yéu t6 trén dwoc danh gia bang phwong phap bé mat dap wng (RSM) Box-Behnken dé thu
dwoc bot chanh diy c6 hiéu suat thu héi cao, ham lweng polyphenol tong s6 cao va dé 4m thap. Két qua thwc
nghiém tdi wu & nong dé chit mang 10%, nhiét ddo khong khi dau vao 150°C va téc d6 bom nhap liéu 12
vong/phut cho hiéu suit thu hoi 80,8%, d6 4m 3,11% va polyphenol tong s6 dat 166,5 mg GAE/100 g chit
kho. Bot chanh diy dworc bdo quan bang tii ghép mang nhém 3 16p (PET/Al/PA) & diéu kién nhiét do phong
giap duy tri d0 4m, ham lwong polyphenol tong s6 tot nhit so véi cac bao bi PA, PE sau 6 thang bao quan.

Tir khéa: bao quan, chanh diy tim, maltodextrin-gum arabic, phwong phap bé mit dap twng, sy phun.
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Optimisation of spray-drying conditions and evaluation of packaging effects on the
quality of purple passion fruit (Passiflora edulis) powder
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Abstract:

Passion fruit (Passiflora edulis) is widely cultivated in Vietnam. Due to its seasonal nature and high perishability,
passion fruit can be preserved in various forms such as freezing, spray drying, and freeze drying. In this study,
spray drying was employed to produce passion fruit powder using a carrier system of maltodextrin and gum
arabic (4:1). Seventeen experiments were conducted to evaluate the effects of carrier concentration (8, 10, and
12% w/v), inlet air temperature (150, 160, and 170°C), and feed pump rate (10, 15, and 20 rpm). The effects of
these factors were evaluated using the Box-Behnken response surface methodology (RSM) to obtain passion
fruit powder with high recovery yield, high total phenolic content, and low moisture content. The optimal
conditions were determined as 10% carrier concentration, an inlet air temperature of 150°C, and a feed pump
rate of 12 rpm, yielding a powder recovery of 80.8%, moisture content of 3.11%, and total polyphenol content
of 166.5 mg GAE/100 g dry weight. The passion fruit powder packaged in laminated aluminum foil pouches
(PET/Al/PA) and stored at room temperature showed better moisture control and total polyphenol content
compared to PA and PE packaging after six months of storage.

Keywords: maltodextrin-gum arabic, Passiflora edulis, response surface methodology (RSM), spray drying, storage.
Classification numbers: 2.4, 2.10, 4.1
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1. it van de

Chanh day tim (Passiflora edulis) 1a loai trai cay dwoc
trong nhiéu & ving nhiét déi, c6 gia tri dinh dwdng cao,
giau vitamin, khodng chit va cac hop chat chéng oxy hoa
c6 loi cho strc khoe. Trong do, polyphenol 1a nhém hoat
chit quan trong, c6 hoat tinh chéng oxy hoa, khang vi
sinh vat [1]. Tuy nhién, do c6 ham lwgong nwéc, dwong
cao nén dich chanh day tuoi dé héng, han ché thoi gian
st dung va giam kha ning thwong mai ctia sdn phim
[2]. Vi vay, viéc chuyén d6i dang dich qua sang dang bot
dwoc xem 12 gidi phap hiéu qua nham kéo dai thoi gian
bado quan, gidm chi phi vin chuyén va da dang hoa san
phdm tir chanh day. Trong d6, sdy phun la cong nghé
duoc ng dung pho bién trong nganh thwe phdm dé tao
ra bét tir cac dung dich, dich chiét hodc nhi twong, gitup
b4o quan va van chuyén dé dang hon. Phwong phap siy
phun ¢6 wu diém 12 thoi gian sy ngan, hiéu suit thu hoi
cao va gitt dwoc hwong vi, mau sdc ciing nhw cac hoat
chat c6 hoat tinh sinh hoc. D6ng thoi, sdn phdm bot tao
ra c6 kich thwéc hat ddong déu va kha nang hoa tan tot
[3]. Tuy nhién, viéc sdy phun dich qua thwong gap khé
khan do ham lwgng cac loai dwdong cao, nhiét do chuyén
thuy tinh thap. Thanh phan dwdng trong nwéc qua chi
yéu gom fructose (45%), glucose (46%) va sucrose
(9%) v&i nhiét d6 chuyén thuy tinh 1An lwot 1a 5°C, 31°C
va 62°C. Trong siy phun, nhiét d6 chuyén thady tinh la
mot trong nhitng thong sé quan trong nhat quyét dinh
kha nang tao bdt cia nguyén liéu. Khi nhiét do buéng
siy virgt qua nhiét do chuyén thiy tinh, nguyén liéu sé
chuyén sang trang thai mém déo, 1am ting tinh dinh cua
bé mat dan dén hién twong bam dinh vao thanh thiét bi
va lam giam hiéu suit thu hoi san phdm [4]. Hon nira,
dich chanh day c6 ham lwgng axit hitu co cao (khodng
4,55%) tao sy bam dinh vao thanh thiét bi gy kho khan
cho quéa trinh sdy [5]. D& khdc phuc hién twong nay,
qué trinh siy phun thwong bé sung cac chat mang nhw
maltodextrin, gum arabic, tinh bot ngé... nham 1am tang
nhiét d6 chuyén thiy tinh dé cai thién hiéu qua siy, gidm
do6 dinh va nang cao chit lwgng san phim [6].

Qua trinh siy phun dich qua chiu anh hwéng badi
nhiéu yéu to cdng nghé va cac yéu to nay c6 méi twong
tac véinhau trong viéc quyét dinh chit lwgng san pham.
Phuwong phap sdy phun da dwgc chirng minh c6 nhiéu
wu diém trong tao bot tir dich qua [7, 8]. Viéc tdi wu cac
théng s6 trong qué trinh sy phun nhw nhiét d6 khéng
khi d4u vao, ndng do chit mang va téc dé bom nhép liéu
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van gitr vai tro then chét trong viéc nang cao hiéu suit
thu hoi cling nhw cai thién cac dic tinh vatly va héa hoc
cta san pham. Mot s6 nghién ctru vé tao bot chanh day
bang phwong phap siy phun va siy dong kho cling da
dwoc dé cap [9, 10], tuy nhién cac nghién cru chuyén
siu vé tdi wu hoa cac théng sd trong qua trinh siy phun
dich chanh day vAn con han ché. Vi vay, nghién ctu
nay dwoc thuce hién nham tdi wu cac thong s§ sdy phun
dich chanh day tim bang phwong phap quy hoach thuc
nghiém véi ki thuat bé mat dap irng (Response Surface
Methodology - RSM) nham nang cao chit lwgng va tiém
nang thwong mai ctia bot chanh day.

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

Qua chanh day tim dwoc trong tai LAm Pong, chon
qua chin c6 vé mau tim dong déu, khong bi hw hdng,
ham Iwong chat khé hoa tan tdng sé dat 16°Bx, pH 2,8,
khoi lwong 10-12 qua/kg. Maltodextrin (Roquette,
Ph4p), dang b6t min, mau trang, khong mui, tan hoan
toan trong nwéec, chi s6 DE 10-12; gum Arabic (Alland &
Robert, Phap), dang bot min, mau vang nhat, khong muii,
tan hoan toan trong nwéec, pH 4,5-5,5. Cac enzyme gom:
pectinase SPL, cellulast 1.5], pectinex clear c6 dang long,
mau nau (Novozymes, Pan Mach).

2.2. Thiét bi sdy

Qua trinh sy dwogc thwe hién trén may siy phun
Kodi Drying, model LPG - Spray Dryer (Trung Qudc),
nang sut siy 1-7 kg nwéc béc hoi/giv, téc do quay tdi
da dia phun swong 31.000 vong/phut, nhiét do tdi da
cta tac nhan sy dau vao la 350°C.

2.3. Phwong phap nghién ciru

Chudn bi dich chanh ddy sdy phun: Qua chanh day
dwoc lam sach, sau d6 tach 14y rudt qua va diéu chinh
pH 4 bang NaHCO, 3%. Tiép theo, dich chanh diy dwoc
thiy phan bang hon hop enzyme (0,02% pectinex SPL
+0,05% cellulast +0,05% pectinex clear), xt ly & 40°C
trong 90 phut, thu dich loc, loai bé hat. Thi nghiém dwoc
tién hanh trén may siy phun Kodi Drying (Trung Qudc).
Thiét bi sdy phun dwoc dit & ché dd nhiét do khong khi
dau vao va toc d6 bom nhap liéu mong mudén. Ap suat
khi nén dwoc duy tri & 5 bar, véi toc dd quay tdi da dia
phun swong 31.000 vong/phut, bom nhéap liéu la bom
nhu dong. Nwéc cat dwoc st dung dé chay 6n dinh may
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cho dén khi nhiét do dau ra dat 80°C, sau d6 dwoc thay
thé bang dung dich nguyén liéu chanh day. Sau khi siy,
bot dwoc lam ngudi & nhiét do 5-10°C d€ tranh hut 4m va
thwc hién dong goi san pham.

B6 tri thi nghiém: Thi nghiém dwgc thiét ké theo
phwong phap RSM sir dung phin mém Design Expert 11.
Ké hoach thyc nghiém da yéu to qua trinh siy phun dich
chanh day dwgec tién hanh theo quy hoach thwc nghiém
cia Box-Behnken v&i 3 bién doc lap, trong d6 mién
tdi wu cha cac yéu td khao sat da dwoc xac dinh thong
qua cac thi nghiém tham do. Maltodextrin (DE 10-12)
va gum arabic dwgc st dung lam chit mang theo ty 1&
4:1 & ba nong do khac nhau X, (8-12%), nhiét do khong
khi dau vao X, (150-170°C) va téc d6 bom nhap liéu X,
(10-20 vong/phut) (bang 1). Ma tran quy hoach thuc
nghiém gém 17 don vi thi nghiém. C4c thi nghiém dworc
lwa chon nham x4c dinh mirc dd &nh hwdng cia cac yéu
t0 khdo sat dén ham muc tiéu gom hiéu suat thu hoi (Y);
dd am (Y,) va ham lwong polyphenol tong s6 (Y,), tir d6
x4y dwng cac phwong trinh hoi quy bac 2 c6 dang:

_ k k 2 vk
Vo= ao Ximg aiXi + Xisg @ilX{ T X j=1 @i XiX;

trong d6: Y, 1a ham muc tiéu, X; va X, la cac yéu t6 khao
sat, a la hang s6 hay hé s6 hoi quy bac 0, a, va a, lan lwot
la cac hé s6 ho6i quy bac mot va bac hai mé ta anh hwdng
cliayéutd X véiY,, a, lahé s6 hoi quy twong tic mo ta
anh huéng dong thoi X, va XvoiY, [11].

Bang 1. Bang ma héa gia tri bién theo thiét ké Box-Behnken.

Mirc ma héa ctia bién

Yé&u t6 khao sat

-1 0 +1
Nong do chat mang X, (%) 8 10 12
Nhiét d6 khong khi dau vao X, (°C) 150 160 170
Toc do bom nhap liéu X, (vong/phit) 10 15 20

Anh hwéng cia bao bi dén chdt lwong bot chanh ddy
sdy phun theo thoi gian bdo qudn: Bot chanh day siy
phun dwoc sy theo diéu kién t6i wu cda thi nghiém sau
dé dwgce déng gbi trong ba loai bao bi bao gobm: PE (tui
ghép don 16p), PA (tui ghép 2 16p PA/PE) va PET/Al/PA
(tai ghép mang nhém 3 16p) d€ theo doi sw thay doi chit
lwong bot chanh day trong qua trinh bao quan. Miu bot
chanh day dwoc dong trong cac tdi twong &ng v&i khoi
lwong 200 g/gbi/mau, hiut chan khéng va bao quan &
nhiét d6 phong (20-25°C) trong cac khoang thoi gian 0,
2,4 va 6 thang. Danh gia cac chi tiéu do Am va ham lwgng
polyphenol téng sd sau thoi gian bao quan.
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Phwong phdp xdc dinh mt sé chi tiéu phdn tich:

Hiéu sudt thu hoi san pham: tinh bang phan tram
lwong chit kho trong san phdm so véi lwgng chit kho
trong dich nhép liéu (bao gom ca dich chanh day tach
hat va chdt mang). M6t quy trinh sdy phun dat hiéu qua
khi hiéu suit thu hoi dat trén 50% [12].

Do 4m: S4y mau & 105°C va can cho tdi khi dat khoi
lwong khong déi.

Ham lwong polyphenol téng s6 dwoc xac dinh theo
phuwong phap Folin-ciocalteu dwa trén TCVN 9745-
1:2013. MAu thtt dwoc chuin bi bang cach can chinh
xac 1,0 g bot chanh day, hoa tan trong 25 ml nwéc néng
(£60°C), dé ngudi dén nhiét do phong, b6 sung 5 ml
acetonitrile va dinh mrc dén 50 ml bang nuwdc cat. Sau
khi dong nh4t, hat 1,0 ml dich mAu cho phan tng véi 5,0
ml thudc thir Folin-ciocalteu, tron déu va dé yén trong 5
phit & nhiét dé6 phong. Tiép theo, bd sung 4,0 ml dung
dich Na,COz 7,5% (w/v), tron déu va U trong toi trong
60 phut. D6 hap thu quang ctia hon hop phan rng dwoc
do tai bu¢c sé6ng 765 nm bang may quang phé UV-Vis.
Axit gallic & dai nong d6 0-50 pg/ml dwoc str dung dé xay
dung dudng chuin (y=0,0172x+0,0026; R*=0,9995).
Két qua dworc biéu thi dwédi dang miligram dwong lwong
axit gallic trén 100 g chat kho (mg GAE/100 g CK).

2.4. Xir ly sd liéu

St dung phwong phdp thong ké trén phin mém
Excel 2016 va GraphPad Prism 8. Dit liéu dwoc phan
tich bang phwong phap ANOVA va thuc hién kiém dinh
Tukey dé xac dinh sy khic biét c6 y nghia théng ké véi
p<0,05. K&t qua xtr Iy so liéu thue nghiém da yéu t6 va
t6i wu héa bang phan mém Design - Expert 11.

3. Két gua va ban luan

3.1. Két quad thwc nghiém da yéu té

Nghién ctru tién hanh thwc nghiém 17 thi nghiém
duoc thiét ké dwa trén phwong phap RSM st dung phan
mém Expert Design 11 véi 3 bién dbc 1ap, gom: nong do
chit mang, nhiét do khéng khi dau vao va téc d6 bom
nhép liéu. K&t qua thuc nghiém da yéu t6 dwoc téng hop
& bang 2.

Dwa vao ma trdn quy hoach thwe nghiém va sé liéu
ham muc tiéu, nghién ctru tién hanh xt 1y s6 liéu bang
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Bang 2. Tong hop két qua thwe nghiém da yéu t6.

X,-Nhigt X, -Técdo

Y, - Ham lwgng

m'ang %) kfu dau llg‘u W) (%) s0 (mg GAE/100

vao (¢C)  (vong/phiit) g CK)
1 8 150 15 76,9 505 176,
210 160 15 70,7 315 1682
3 8 160 10 61,6 435 1773
4 10 160 15 70,5 309 1680
5 10 170 10 55,4 282 1535
6 8 160 20 47,1 494 1691
7 10 160 15 69,6 305 1681
8 10 170 20 46,3 318 1552
9 12 160 20 54,1 306 1650
10 10 160 15 71,2 308 1682
1 12 170 15 69,3 223 1503
1210 160 15 715 313 1682
13 10 150 10 771 311 1668
14 12 150 15 81,4 2,93 157,7
15 12 160 10 714 2,02 1549
16 10 150 20 53,8 434 166,7
17 8 170 15 58,2 435 1585

phan mém Design - Expert 11, phin tich ANOVA kiém
tra sw c6 nghia ctia cac hé s6 hoi quy va sw twong tng 3

ham muc tiéu (Y,, Y,, Y,) duoc tong hop & bang 3.

Bang 3. Két qua phan tich héi quy cac ham muc tiéu.

Ham Y1 Ham Y2 Ham Y3
Nguon goc : ,

ChudnF Gidtrip ChudnF Gidtrip ChudnF Gidtrip
M6 hinh 53375  <00001 136295 <0,0001 1705938 <0,0001
ANongdehat 4510 00001 889355 <0,0001 5523315 <0,0001
mang (%)
B-Nhiétdo (°C) 117318 <0,0001 101170 <0,0001 48569,19 <0,0001
CTocdobomnhdp 100010 (00001 129144 <00001 240,87  <0,0001
liéu (vong/phit)
AB 2839 00011 0,0000 10000 401163  <0,0001
AC 511 00583 5044 00002 13169,83 <0,0001
BC 13142 <00001 18855 <0,0001 12742  <0,0001
¥ 363 00985 62188 <0,0001 36761  <0,0001
B 03362 05802 10080 <0,0001 3035650 <0,0001
i 177748 <00001 4848 00002 44535  <0,0001
Lack of Fit 03396 07992 0,302 09372 05208  0,6905
HesSxdcdinhR: 0,985 0,9994 1,0000
Hesd dituchinh 4 597 09987 09999
RAdj
Hes6 dwbaoR?, 0,935 0,9984 0,9997
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3.1.1. Anh hwéng ciia cdc yéu té khdo sdt dén hiéu

sudt thu hdi sdn phdm

Anh hwéng ciia cac thong s6 sdy phun dén hiéu suit
thu hoi san phdm bot chanh day dwoc trinh bay trong
bang 2, trong khi biéu d6 bé mit dap &ng 3D dwoc thé
hién trong hinh 1.

Hiéu suat thu hoi (%)

Hiéu suat thu hai (%)

B: Nhiét dé (°C) 9

A:Nong do chat mang (%
150 8 9e 9 (%)

ST
IR

Hiéu sut thu héi (%)

170
165

160

14
C: T6c d6 bom nhap ligu (vt‘)ng/phl]t)|2 B: Nhist b (°C)
: Nhiét do (*

10 150

Hinh 1. Anh hwéng clia cac yéu té thwe nghiém dén hiéu suét thu
héi san pham.
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Két qua phan tich ANOVA cho thdy, mé hinh bic
hai cé y nghia théng ké cao (p<0,0001), véi hé s6 xac
dinh (R?=0,9985) x4ac nhan su phu hop tét gitra cac gia

tri thwe nghiém va gia tri dw doan. Néng d6 chat mang,

nhiét d6 khéng khi dau vao va téc d6 bom nhép liéu c6 g
anh hwdng dén hiéu suit thu hoéi san pham, trong dé E
[n)

noéng do chat mang la yéu té c6 anh hwdng 1on nhat dén
hiéu suit thu hoi. M6 hinh héi quy bic hai phtt hop mé
ta &nh hwdng cia cac bién doc 1ap dén hiéu suit thu hoi

san phadm nhu sau:

Y, (%)=431,075-13,0A-3,2B+3,005C+0,0825AB-
0,70AC+0,071BC+0,14375A%+0,00175B%-0,509C*> (1)

B: Nhiét dd (°C)

Hiéu suit thu hoi sdn phdm dao déng 46,3-81,4%
véi hiéu suit cao nhat (81,4%) dat dwoc & nong do
chat mang 12%, nhiét do khong khi dau vao 150°C va
téc dd bom nhép liéu 15 vong/phut. Nong dé chit mang

anh hwdng dang ké dén hiéu suit thu hoi, cho thdy moi

twong quan tich cwc khi ndng d6 chit mang tang thi hiéu

sudt thu hoi cling tang. Cac nghién ctru twong tw da dwgc

D& am (%)

bao cdo déi véi dich chanh diy vang va nwéc ép qua so
ri, trong d6 néng do chit mang cao gitip cai thién hiéu
qua siy va gidm do dinh vao thiét bi [3, 13]. Ngwoec lai,
viéc ting nhiét do dau vao dan dén gidm hiéu suit thu
hoi. Sw gidm nay thwong dwoc thdy & cic loai nwéce ép
trai cAy nhiéu dwong, véi nhiét do siy cao giy ra hién
twong caramel héa va dinh vao thanh thiét bi lam giadm
hiéu suit thu hoéi bot [14]. T6c dd bom nhép liéu cho
thdy méi twong quan nghich v&i hiéu suét thu hoéi san
phdm, khi ting t6c dé nhip liéu 15-20 vong/phit lam
gidm hiéu suit thu héi. Cac nghién ctru trudc diy cho
thiy, khi ting t6c dd bom nhép liéu, lwong dich dwa vao
bubng sdy 1&n sé tao ra cac giot swong 1én hon, lam giam

D6 dm (%)

hiéu qua truyén nhiét, din dén san pham siy chua kip
kho hoan toan, ting hién twong bam vao thanh thiét bi,

lam gidm hiéu suit thu hoi sdn phdm [15, 16].

3.1.2. Anh hwéng ctia cdc yéu t6 khdo sdt dén do dm
165

16

e 2 A e ~ A TN A . 60
Két qua phan tich ANOVA cho thay, m6 hinh bac hai C: T db bom nhap liéu (vong)pht) 12 B: Nhigt b (°C)

c6 y nghia théng ké cao (p<0,0001), véi hé sb xac dinh

10 150

cao (R%=0,9994), xac nhan sw phi hop tét gitta cAc giatri  Hinh 2. Anh hwéng cta cac yéu té thwe nghiém dén do am.
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thwe nghiém va gia tri dw doan. M6 hinh hoi quy bac hai

phu hop mo6 ta anh hwdng cda cac bién doc 1ap dén do

am nhu sau: 180
1751

Y,(%)=54,39375-2,62187A-0,3562B+0,535C+0,01125AC % 170
-0,00435BC+0,09625A%+0,00155B2+0,0043C? (2) %; 165
E
Do d4m san phdm dao déng 2,02-5,05%, chiu anh :é.; 1165(;
hwdng ro rét boi cac yéu to cong nghé, trong dé nong :Ec-: 150
dd chiat mang c6 anh hwdéng lén nhit dén do 4m bot %
chanh day siy phun. Biéu d6 dap ng bé mat (hinh 2) 0 %

cho thiy, d6 4m gidm khi ting nong do chit mang va

nhiét dé6 khong khi ddu vao nhwng lai tang khi téc do B Nhiét dp (°0) A:Nong do chat mang (%)

bom nhéap liéu ting. Trong siy phun nwéc ép cac loai b
trai ciy, nong do chit mang cao giip ting ham lwong
chat kho ban dAu, tir d6 gidm ham lwong nwéc dan toi
gidm do6 dinh bé mat va ting hiéu suit thu hoi [17]. Bén
canh d6, tic nhan siy l1a khong khi nong khé tiép xuc
vGi vat liéu, tao dong lwc cho qua trinh truyén nhiét va
truyén khoi, lam nwéc trong nguyén liéu bay hoi tir pha
16ng sang pha hoi, tir d6 thu dwgc san phdm dang bot

khd. Do d6, nhiét do va téc do lwu chuyén khong khi cang

Polyphenol téing sé (MgGAEI100g CK)

cao thi téc do bay hoi nwéc cang 1én, giup gidm do &m
nhanh. Tuy nhién, viéc ting nhiét do6 qua cao c6 thé giy
ra hién twgng caramel héa lam gidm kha nang hoa tan.
T8¢ dd bom nhap liéu ting dAn dén cAc giot swong 10m, ¢ roc o bom nhap lieu (wong/shucrz
1am gidm hiéu qua truyén nhiét dan dén san pham c6 do
4m cao hon [18, 19]. Vi vay, viéc ki€ém soat d6 4m trong
khodng t6i wu 2-5% 1a rat quan trong dé€ dam bao chat
lwong va hiéu qua qua trinh siy phun [20, 21].

3.1.3. Anh hwéng ctia cdc yéu t6 khdo sdt dén ham
Iwong polyphenol téng sé

Két qua ANOVA cho thdy mo6 hinh bic hai cé y nghia
théng ké v&i hé s6 xac dinh cao (R?=1), xac nhan sy phu

hop tét gitra cac gia tri thwe nghiém va gia tri dw doan.

Polyphenoal tong sé (mgGAEM00g CK)

M6 hinh hoi quy bac hai phti hgp m6 td anh hwdng cla

cac bién doc 1ap dén ham lwong polyphenol tong s6 nhw

sau:
C: T&c dé bom nhap liéu (vong/phat 2 B: Nhiét da (°C)
Y,(mg GAE/100 gCK)=-1167,5475-26,65A+19,64525B- oy 8
4,9435C+0,12625AB+0,4575AC+0,009BC-0,186255A%- , R . . s
Hinh 3. Anh hwéng cua cac yeu to thwec nghiém den polyphenol
0,0677B2-0,0328(C? (3) téng sé.
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Polyphenol 12 hoat chit dé phan hly béi nhiét va
c6 lién quan chat ché véi hoat tinh chong oxy héa cta
san phdm bot chanh diy. Do d6, chi tiéu ham lwong
polyphenol tong s6 dwgc lwa chon dé danh gid anh
hwdng ctia cac yéu to trong qua trinh siy phun téi chat
lwong san phdm bét. Ham lwgng polyphenol tdng s6
cda bot chanh day sdy phun dao déng 150,3-177,3 mg
GAE/100 g CK va chiu anh huwéng ré rét béi cac yéu td
cbng nghé, trong d6 nong d6 chat mang c6 anh hwdéng
1é6n nhit dén ham lwong polyphenol tong s6. Biéu d6 dap
rng bé mat (hinh 3) cho thiy, ham lwong polyphenol
tong s6 dat tot nhit khi & nhiét d6 khong khi dau vao
thap do polyphenol 1a hop chit dé bi phan hidy khi nhiét
dd tang. Xu hwéng nay phu hop véi nghién ctru vé siy
phun dich qua ca chua cta Q. Liu va cs (2022) [22]. Bén
canh do, téc do bom nhép liéu cao gitp gidm ton that
polyphenol do qua trinh sdy nhanh lam rat ngan thoi
gian ti€p xtc cha nguyén liéu v&i nhiét trong budng siy,
tir d6 han ché sw phan hiy cac hop chit. Két qua nay phu
hop véi nghién ciru sin xuat tao bot chanh day vang bing

phwong phép sdy phun ctia K.S. Fathima va cs (2025) [3].

A:Néng do chat mang = 10,265

10 20

CTéc db bom nhap liéu = 12,2173

T

202 505

D& dm = 3,15802

3.2. T6i wu héa diéu kién sdy phun dich chanh ddy

Phwong phap bé mit dap trng la mot quy hoach thuc
nghiém nham gidm thiéu s6 lwgng thi nghiém nhung két
qua van ddm bao dd tin cay nén dugc rng dung nhiéu
trong t6i wu cac qua trinh sdy phun bot chanh day vang,
bdt mang cau [3, 23]. Cac thong s6 tdi wu dy doan tir
phuwong phap bé mit dap ng dat dwoc tai cac diéu kién
sdy phun nhw sau: néng d6 chat mang 10,27%, nhiét do
150°C, t6c d6 bom nhép liéu 12,22 vong/pht, cho hiéu
sudt thu hoi dat 81,26%, d6 4m 3,16% va ham lwong
polyphenol téng s6 dat 165,77 mg GAE/100 g CK. Cac
théng s6 t6i wu dy doan trong sdy phun bot chanh day
dwoc thé hién tai hinh 4.

Thuc nghiém dwoc tién hanh nham kiém chirng mc
do6 phu hop cta cac gia tri dw doan trong vung diéu kién
t6i wu xac dinh bang phwong phap RSM. Qua trinh thuc
nghiém dwoc 1ap lai ba lan tai diéu kién néng do chat
mang 10%, nhiét d6 150°C va téc d6 bom nhép liéu 12
vong/phut. Két qua thwe nghiém dwogc 14y gia tri trung

binh twong rng v&i cdc ham muc tiéu dat dwoc: Hiéu

T

150 170

B:Nhigt d6 = 150

- — T

46.3 81.4

Hiéu suat thu héi = 81,2552

- —

150,3 1773

Polyphenol téng sé= 165,773

Hinh 4. Cac thong s6 ti wu dw doan trong siy phun bét chanh day.
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Hinh 5. Anh hwéng cia loai bao bi dén dd 4m (A) va polyphenol tdng sé (B). Cac chir cai khac nhau trén biéu doé thé hién sw khac biét

c6 y nghia théng ké (p<0,05).

suat thu h6i 80,8%, @6 4m 3,11%, ham lwong polyphenol
tdng s6 dat 166,5 mg GAE/100 g CK. Phan tich thdng ké
cho thiy sw khac biét gitra gia tri thwe nghiém va gia tri
du doan tir md hinh khéng c6 y nghia thong ké (p>0,05),

chirng té d6 tin ciy va kha nang duw doén t6t cia mo hinh.

So v&i mot s6 nghién ciru trwedre day, két qua nghién
ctru cho hiéu suit thu hoi sdn phadm cao hon. Nghién ctru
cta K.S. Fathima va cs (2025) [3] t6i wu dich chiét chanh
day vang & nong do chit mang 20%, nhiét do khéng khi
dau vao 165°C va toc do bom nhép liéu 12 vong/phut chi
dat hiéu suat thu hoi 61,23% trong khi d6, nghién ctiru
ctia P.T.V. Ha va cs (2022) [9] vé sdy phun dich chanh
day tim s dung chit mang maltodextrin 35%, nhiét
dd khong khi dau vao 195°C cho hiéu suit thu hoi dat
51,5%. Nhitng két qua nay khang dinh tinh chinh x4c va
kha ndng &ng dung ctia mo hinh trong dw doan va t6i wu

cac dic tinh ctia bot chanh day siy phun.

3.3. Anh hwéng bao bi bdo qudn dén dé dm va

ham lwong polyphenol ctia bt chanh ddy sdy phun

Véi dic tinh hat &m cao, san phdm bot sdy phun cé
xu hwéng hip thu dé Am tir moi treong va thay doi chat
lwgng [24]. Do dd, can phai c6 loai bao bi thich hop dé
gidm mirc d6 dnh hwdng ciia moi treong dén chit lwong

cla san phidm bot sdy phun. Nghién ctru nay danh gia
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anh hwdéng ctia mot sd loai bao bi dé€n do 4m va ham
lwong polyphenol téng s6 trong bot chanh day siy phun.

K&t qua nghién cru dwoc thé hién tai hinh 5.

Két qua hinh 5 cho thiy, d6 4m bot chanh day siy
phun c6 xu hwéng ting dan sau thoi gian bdo quan,
tuy nhién xu hwéng nay c6 sw khac nhau dang ké giira
cac loai bao bi. Sau 6 thang, san phdm bot chanh day
sdy phun bdo quan trong bao bi PE dat d6 4m cao nhéit
(6,51%), tiép theo l1a bao bi PA (4,59%) va cudi cung la
bao bi PET/Al/PA (3,52%). Sy khac biét nay dwoc giai
thich 1a do bao bi ghép nhiéu 16p c6 kha ning can 4m
giup gidm tdc dd truyén hoi nwdec, tranh cho hoi 4m
tlr moi treong hip thu vao san phadm [25]. Ham lwong
polyphenol téng s6 cé xu hwdéng gidm dan sau 6 thang
bdo quan. Sau 6 thang bao quan, ham lwong polyphenol
tong so6 trong bot chanh diy bao quan v&i bao bi PE dat
thip nhat (100,1 mg GAE/100 g CK) va dat cao nhat v&i
bao bi PET/Al/PA (162,3 mg GAE/100 g CK). Ham lwgng
polyphenol téng s6 giam theo thoi gian bao quan do cac
yéu té nhw nhiét d9, dé 4m tao ra cac phan rng héa hoc
khéng mong mudn, dan dén gidm cac hop chit tw nhién
trong qua trinh bao quan [26]. Tt cic két qua nghién
ctru trén cho thay, bao bi PET/AI/PA cho hiéu qua bao

quan tot nhit sau 6 thang & diéu kién nhiét do phong.
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4. Két luan

Nghién ctru da t6i wu dwoc qua trinh siy phun dich
chanh day bang phuwong phap RSM. Két qua cho thiy,
vGinéng do chat mang 10%, nhiét do khong khi dau vao
150°C va tdc dd bom nhép liéu 12 vong/pht, bot chanh
day sdy phun c6 hiéu suit thu hoi 80,8%, dé 4m 3,11%
vaham lwong polyphenol tong sé dat 166,5 mg GAE/100
g CK. Bot chanh day dwoc bdo quan bang ti ghép mang
nhém 3 16p (PET/Al/PA) & diéu kién nhiét do phong,
giup duy tri d6 4m, ham lwong polyphenol tong s6 &
mirc tot sau 6 thang bao quan. Két qua nghién ctru nay la
co s& khoa hoc quan trong cho viéc sdn xuit san pham
bot tir dich chanh diy bang phwong phéap siy phun. Tuy
nhién, nghién cru nay bwéc dau tip trung danh gia chi
tiéu chit lwong bot sy phun thong qua téng ham lwong
polyphenol va @6 &m. D€ hoan thién quy trinh cong nghé
cin c6 thém danh gid mot so chi tiéu chat lwgng khac

nhuw vitamin C, carotenoid, d6 hoa tan.

LGOI CAM ON

Nghién ctru nay dwoc thwce hién véi sw hd tro kinh
phi tir dé tai cdp quéc gia: “Nghién cru &ng dung cac
giai phap khoa hoc va cong nghé trong bao quan va ché
bién qua chanh day tai tinh D4k Nong va khu vuc Tay
Nguyén”, ma s6 DPTPL.CN-02/24 cta Vién D6i m&i Sang

tao Quoc gia. Cac tic gia xin tran trong cam on.
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Phan tich vector Alpins trong danh gi4 diéu chinh loan thi
sau phau thuit SMILE Pro bang VISUMAX 800

Ha Minh Hiru Tai'", Pham Quéc Tién’, Nguyén Ngoc Anh Tu', Nguyén Pham Diing?
Trwong Dai hoc Y khoa Pham Ngoc Thach, 567 Nguyén Cteu Phu, xd Tan Nhyt, TP, H6 Chi Minh, Viét Nam
2Bénh vién Mdt TP. H6 Chi Minh, 280 Dién Bién Phu, phwong Xudn Hoa, TP H6 Chi Minh, Viét Nam
Ngay nhan bai 15/5/2026; ngay chuyén phan bién 17/5/2026; ngay nhan phan bién 3/6/2026; ngay chdp nhan ding 4/6/2026
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Muc tiéu: Panh gia hiéu qua diéu tri loan thi cia hé théng laser femtosecond VisuMax 800 trong phau thuat
SMILE Pro thong qua phén tich vector Alpins v&i b6 chi s6 day di. Phwong phap: Nghién ciru ti€n ciru mo ta
trén 80 mat (40 bénh nhan) phau thuat SMILE Pro tai Bénh vién Mat Sai Gon Ngo Gia Tu, tir thang 12/2024
dén thang 9/2025. Phan tich vector Alpins thwc hién trén 74 mat c6 vector loan thi muc tiéu (Target Induced
Astigmatism vector, TIA) 20,25 D bang phin mém AstigMATIC; biéu do két qua chuin héa tao bang phan
mém Meyestro. Két qua: TIA 1,00+0,53 D; vector loan thi thyc té (Surgically Induced Astigmatism vector,
SIA) 0,98+0,51 D; vector sai 1éch (Difference Vector, DV) 0,08+0,03 D; chi sé diéu chinh (Correction Index,
CI) 0,94+0,02; R?=0,97 (y=0,94x+0,05). 99% mat c6 sai so truc (Angle of Error, |AOE|) <5° 100% DV <0,5
D. Sau 3 thang, 95% mat c6 d6 loan thi ton dw <0,25 D va 100% <0,50 D. Két luan: SMILE Pro véi VisuMax
800 dat d6 chinh xac diéu chinh loan thi theo phén tich vector Alpins véi CI1=0,94+0,02; DV=0,08+0,03 D;
AOE=0,06%1,60° (99% trong +5°); R?=0,97. K&t qua cai thién so véi SMILE thé hé trwérc, trong dé hé thdng bu
trir cyclotorsion OcuLign dong vai tro quan trong trong viéc ki€ém soat dé chinh xac truc loan thi.

Tir khéa: loan thi, OcuLign, phan tich vector Alpins, SMILE Pro, VISUMAX 800.
Chi s6 phdn logi: 2.6, 3.1, 3.2

Alpins vector analysis for the evaluation of astigmatic correction following SMILE
Pro surgery using the VISUMAX 800

Minh Huu Tai Ha'’, Quoc Tien Pham?', Ngoc Anh Tu Nguyen®, Pham Dung Nguyen?

!Pham Ngoc Thach University of Medicine, 567 Nguyen Cuu Phu Street, Tan Nhut Commune, Ho Chi Minh City, Vietnam
2Ho Chi Minh Eye Hospital, 280 Dien Bien Phu Street, Xuan Hoa Ward, Ho Chi Minh City, Vietham

Received 15 May 2026; revised 3 June 2026; accepted 4 June 2026
Abstract:

Purpose: To evaluate astigmatism treatment outcomes of the VisuMax 800 femtosecond laser system in SMILE
Pro surgery using comprehensive Alpins vector analysis. Methods: A prospective descriptive study of 80 eyes
(40 patients) undergoing SMILE Pro at Saigon Eye Hospital Ngo Gia Tu from December 2024 to September
2025. Alpins vector analysis was performed on 74 eyes with TIA 20.25 D using AstigMATIC software;
standardised outcome charts were generated using Meyestro software. Results: Mean TIA 1.00+0.53 D; SIA
0.98+0.51 D; DV 0.08+0.03 D; CI 0.94+0.02; R*=0.97 (y=0.94x+0.05). In 99% of eyes |AOE| <5° 100% had
DV <0.5 D. At 3 months, 95% of eyes achieved residual astigmatism <0.25 D and 100% <0.50 D. Conclusions:
SMILE Pro with the VisuMax 800 demonstrated measurable astigmatism correction accuracy by Alpins
vector analysis: CI=0.94+0.02; DV=0.08+0.03 D; AOE=0.06+1.60° (99% within +5°); R*=0.97. Outcomes
showed improvement over previous-generation SMILE, with the OcuLign cyclotorsion compensation system
playing an important role in axial accuracy.

Keywords: Alpins vector analysis, astigmatism, OcuLign, SMILE Pro, VISUMAX 800.
Classification numbers: 2.6, 3.1, 3.2
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1. it van de

Loan thi 14 tit khic xa phd bién, thuwdng déng ton tai
véi can thi & da s6 bénh nhan phiu thuat khic xa. TAt
khiic xa chwa dwoc diéu chinh 13 nguyén nhan hang dau
giy suy gidm thi lwc trén toan ciu [1, 2]. Panh gia hiéu
qua diéu tri loan thi khong chi dirng & phén tich d6 loan
thi ton dw ma cin xem xét dong thoi ca d6 16n va hwdng

cua vector loan thi.

Phuwong phap phén tich vector Alpins, dwoc mo ta 1an
d4u nam 1993 [3], 1a chudn muc quéc té€ dé danh gia két
qua phau thuat loan thi, str dung ky hiéu géc doi d€ phan
tich cac chi s6: TIA, SIA, DV, Cl va AOE [4]. Phwong phap
nay dwoc khuyé&n nghi cho bao cdo chuén héa trong phiu
thuat khuc xa [5].

Ky thuat 14y lenticule gidc mac qua dwong rach nhé
(Small Incision Lenticule Extraction, SMILE) dworc gi¢i
thiéu béi W. Sekundo va cs (2011) [6]. Phién ban cai
tién SMILE Pro véi hé thong laser femtosecond VisuMax
800 tich hop laser tin s6 2 MHz, hé thong dinh vi trung
tdm CentraLign va hé thong bu trir cyclotorsion ty dong
OcuLign. Hé théng OcuLign nhin dién méng mat va
tw dong hiéu chinh sy xoay nhan ciu gitra tw thé ngbi
kham va tw thé ndm mé, cai thién do chinh xac truc
loan thi [7, 8].

Tai Viét Nam, dir liéu vé hiéu qua diéu tri loan thi
bang SMILE Pro dwgc danh gid qua phan tich vector
Alpins diy du con han ché. Nghién ctru ndy nham danh
gia hiéu qua diéu tri loan thi sau phau thuat SMILE Pro
bang bo chi sd vector Alpins va so sanh v&i y van trong
va ngoai nwdrc.

2. Dol tuong va phuong phap nghién ciiu

2.1. Péi tworng nghién civu

Nghién ctru tién ctru mo ta trén 80 mat ciia 40 bénh
nhan phiu thuat SMILE Pro tai Bénh vién Mat Sai Gon

Ng6 Gia Tw, TP. H6 Chi Minh, tir thdng 12/2024 dén
thang 9/2025.
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Tiéu chuin chon vao: tudi 218; d6 cau -1,00 D dén
-10,00 D; dé loan thi <-5,00 D; dd ciu twong dwong
(Spherical Equivalent, SEQ) <-10,00 D; khic xa 6n dinh
(<0,5 D/nam trong 2 nam); do day giac mac trung tam
(Central Corneal Thickness, CCT) 2480 pum; nhu mé ton
dw =250 um; topography gidc mac binh thwong va dong

y tham gia nghién ctru.

Tiéu chuén loai trir: Gidc mac chdp, thodi hoa giac
mac, tién st phau thuat giac mac, bénh mat anh hwéng
thi lwc, mang thai hodc cho con bt, bénh toan than anh

hwéng lanh thwong.
2.2. Phwong phdp phdu thudt

T4t cd phau thuat dwgc thuc hién bang hé théng
laser femtosecond VisuMax 800 v&i tAn s6 2 MHz, tao
lenticule c6 cap day 130 um va dwong kinh ving quang
hoc (optical zone) 6,5 mm. Hé thdng OcuLign tw dong
bu trir cyclotorsion trwéc khi chi€u laser. Hé thong
CentraLign dinh vi trung tam lenticule véi truc quang
hoc va truc thi gidc. Phau thuat do mot phau thuat vién

¢6 kinh nghiém thwc hién.
2.3. Thu thap div liéu

Cac théng sé khic xa (do ciu, do try, truc loan thi)
dwoc do bang khuc xa ké tw dong Topcon KR-900 va xac
nhan bang khtic xa chi quan. Dt liéu dwoc thu thap tai
cac thoi diém: trwdc phau thuat, 1 tuan, 1 thang va 3

thang sau phau thuat.
2.4. Phan tich vector Alpins

Céac biéu do két qua chuin hoéa (phan bé khic xa try,
phan tan SIA-TIA, phan b8 AOE) dwoc tao bang phan
mém Meyestro theo dinh dang JCRS. Biéu d6 vector
Alpins day du thuc hién bang phan mém AstigMATIC 1a
phan mém ddc 1ap mién phi dwoc phét trién béi Gauvin
va Wallerstein, cong b6 trén BMC Ophthalmology (2018)
[9]. Cac chi s6 dwgc tinh theo dinh nghia Alpins [3, 4]:

TIA: Vector loan thi muc tiéu cin diéu chinh (loan thi

muc tiéu - loan thi trwdc mo).
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SIA: Vector loan thi thuc té do phau thuit (loan thi

sau md - loan thij trwdc mo).
DV: Vector sai léch =|TIA - SIA|. Gia tri ly twéng =0,00 D.

CI: Chi s6 diéu chinh (Correction Index) = SIA/TIA.
Gia tri ly twdng =1,00; <1 thiéu chinh; >1 qué chinh.

AOE: Sai s0 truc (Angle of Error) = goc 1éch gitra truc
SIA va truc TIA. Gia tri ly twdng =0°; >0° léch ngugc chiéu
kim déng ho. Bdo cdo dwdi dang gia tri c6 diu (signed)

va gia tri tuyét doi (absolute).
2.5. Phdn tich théng ké

Dit liéu dwoc phan tich bing phan mém SPSS 26.0.
Cac bién lién tuc dwoc trinh bay dwéi dang trung binh
+ d0 léch chuln. Phan tich hoi quy tuyén tinh duwoc st
dung d€ danh gia mdi twong quan TIA-SIA. Kiém dinh
Wilcoxon signed-rank dwgc st dung cho cac so sanh
trwéc va sau phiu thuat khi phan phéi khoéng chuin.

Ngudéng c6 y nghia thong ké p<0,05.
2.6. Pao dirc nghién ciru

bé cwong nghién ciru da dwgc thong qua boi Hobi
déng Y dirc nghién ciru y sinh ctia Trwdng Pai hoc Y khoa
Pham Ngoc Thach va Hoi dong Y dirc Bénh vién Mat Sai
Gon Ngb Gia Tw. T4t ca bénh nhin dwoc gidi thich day du
vé muc dich va quy trinh nghién ctu, déng y tham gia

bang vin ban truwéc khi phiu thuat.

3. Két qua va ban luan

3.1. BPdc diém bénh nhan va tat khiic xa trwéc phdu
thudt

Nghién cttu gdbm 80 mat (40 bénh nhan), tudi trung
binh 27,80+4,76 nam. SEQ tru¢c phau thuat -5,12+1,92
D. Trong d6, 74 mat c6 TIA 20,25 D dwgc dwa vao
phan tich Alpins, TIA trung binh 1,45+0,72 D; truc TIA
90,26+14,01° (19,1°-116,8°) véi loan thi thuin chiéu
(With-The-Rule, WTR) chiém wu thé. Dic diém nay
twong déng véi cac nghién ctru SMILE Pro trén nguwdi
chau A [8, 10].
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3.2. Két quad sau phdu thudt
3.2.1. Do loan thi tdn dw

Trwéc phau thuat, 8% mat c6 dd loan thi <0,25 D,
phan lén tir 0,50 D dén 3,00 D. Sau 3 thang: 95% mat dat
dd loan thi ton dw 0,25 D; 5% & mitc 0,26-0,50 D; 100%
<0,50 D. D4 loan thi ton dw trung binh sau mg 0,03+0,11
D (hinh 1).

Cyl < 0.50 D: 100.0% RA sau mé: C=om ]
Cyl <0.75D; 100.0% 0.030.11D
Cyl < 1.00 D: 100.0%
g " Sau PT Smile Pro Trréc PT Smile
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Loan thj khtic xa - RA (D)
Hinh 1. P[\én bé ty 1& % khuc xa tru sau SMILE Pro 3 thang so vé&i
trwwd'c phau thuat (n=80).

Ty 18 100% mat c6 do loan thi ton dw <0,50 D tai 3
thang cao hon so v&i két qua nghién ctru ciia W. Sekundo
vacs (2025) [8] bdo cd0 90,8% trong nghién ctru da trung
tam 6 thang va trong dwong A. Varman va cs (2024) [11]
vGi nhom VisuMax 800 dat 96%. So v&i SMILE thé hé cii
dung VisuMax 500, X.T. Trinh (2021) [12] bao cao 85%
mat <0,50 D, trong khi H.S. Cung va cs (2025) [10] trén
quan thé 16n ngwdi Viét Nam véi VisuMax 800 dat 95%.
Sw cai thién nay phu hop véi két qua clia D.Z. Reinstein
va cs (2023) [13] trén 296 mat SMILE Pro véi VisuMax
800, bao cdo 100% mat dat residual cylinder <0,50 D so
v&i 84,2% & nhom VisuMax 500.

3.2.2. Cdc chi sé phan tich vector Alpins

Két qua phan tich vector Alpins day du bang phan
mém AstigMATIC tai thoi diém 3 thang (n=74) dwoc
trinh bay trong bang 1 va hinh 2.



Bang 1. Phan tich vector loan thi theo phwong phap Alpins tai 3
thang (n=74).

Chi sé Alpins Trung binh + SD g;?y:lrgl ly
Vector loan thi muc tiéu (TIA, D)  1,00+0,53 —
Vector loan thi thuc té (SIA, D) 0,98+0,51 =TIA
Vector sai léch (DV, D) 0,08+0,03 0,00

Chi s6 diéu chinh (CI) 0,94+0,02 1,00

Sai s truc (AOE, ©) 0,06+1,60 0,00

R? (SIA ~ TIA) 0,97 1,00
Phwong trinh hdi quy y=0,94x+0,05

CI1=0,94+0,02, nhit quan véi hé sé goc hoi quy 0,94,
phdn dnh mic thiéu chinh nhe c6 tinh hé thdng (khodng
6%). CI trong khoang 0,90-1,10 dwgc chdp nhan vé 1am
sang theo tiéu chuin Alpins [4]; CI <1 goi ¥ twong tac
sinh hoc gidc mac sau 14y lenticule hodc cé thé tinh chinh
nomogram. Két qua nay twong dwong VisuMax 800 trong
nghién ctru ctia H.S. Cung [10] (R?=0,98) va cao hon két
qua ctua T.X. Trang (2021) [12] v&i SMILE VisuMax 500
(slope =0,85).
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DV=0,08+0,03 D 1a chi s6 téng hop bao gbm ca sai sd
do 16m 14n truc, cai thién so véi VisuMax 500 (DV 0,20 D)
cta X.T. Trinh (2021) [12] va twong dwong VisuMax 800
cta H.S. Cung va cs (2025) [10] (DV=0,10 D).

AOE = 0,06+1,60° va 99% (73/74) mit c6 |AOE| <5°.
Theo chuin Alpins, AOE <5° khong cé y nghia 1dm sang
[4]. K&t qua nay cai thién so véi SMILE VisuMax 500
(AOE =3-4°) [12]. Cyclotorsion khi thay ddi tir tw thé
ngdi sang nam trung binh 3-5°, ¢6 thé dén 15° néu khong
bl triy, sai s6 nay chuyén hoan toan thanh léch truc loan
thi [14]. OcuLign nhan dién m&ng mat va tw dong hiéu
chinh géc diéu tri, phtt hop véi két qua clia S. Ganesh va
cs (2018) [7].

3.2.3. Twong quan SIA-TIA

Biéu d6 phan tan SIA-TIA (hinh 3) tai thoi diém 3
thang (n=74) cho thay cac diém dir liéu phan bd tip trung
doc theo dwong hoi quy véi phwong trinh y=0,94x+0,05
va hé s6 xac dinh R?=0,97 (p<0,001). P6 ddc hdi quy
0,94<1,0 phan 4nh xu hwéng thiéu chinh nhe c6 tinh hé
thong (khodng 6%), trong khi R?=0,97 cho thiy 97% sw

48 - : BB |AOE| = 5° : 73 mat (99%)
I EEE [ACE| > 5° : 1 mat (1%)
1
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Hinh 2. Biéu dd phan b6 sai s6 truc loan thi (JAOE|) sau SMILE Pro 3 thang (n=74).
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Hinh 3. Phan tich vector Alpins sau SMILE Pro 3 thang (n=74).

bién thién cta SIA dwoc giai thich bdi TIA, thé hién tinh
dv doan cao ctia phiu thuat (hinh 4). V& tinh dw doan
khic xa ciu twong dwong, A. Saad va cs (2024) [15] ghi
nhan 91% mat dat SEQ trong +0,50 D muc tiéu, phu hop

véi xu huéng chinh xac cao ciia SMILE Pro.

Nhin chung, bd chi sé CI=0,94, AOE=0,06°, DV=0,08
D cho thiy, SMILE Pro véi VisuMax 800 dap trng tiéu
chi vector Alpins cho phiu thuat khic xa loan thi theo
khuyén nghi JCRS/JRS [5], dong thoi cai thién ro rét so
v&i SMILE thé hé cii, trong d6 OcuLign 1a yéu t6 then ch6t

cai thién do chinh xac truc.
4. Két luan

SMILE Pro v&i VisuMax 800 dat do chinh xac diéu
chinhloan thi theo phan tich vector Alpins: C1=0,94+0,02;
DV=0,08+0,03 D; AOE=0,06£1,60° (99% trong +5°);
R?=0,97; 100% mét loan thi ton dw <0,50 D tai 3 thang.
Két qua cho thay sw cai thién so v&i SMILE thé hé trudc

va twrong dwong cac nghién ctru quéc té st dung cung hé

&%HN%?-IE 68(6) 6.2026

théng. Hé théng bu trir cyclotorsion OcuLign dong vai
tro quan trong trong kiém soat do chinh xac truc loan thi.
Phén tich vector Alpins can dp dung thwong quy trong
bao c4o két qua phau thuat khiic xa loan thi tai Viét Nam.

Smile Pro
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Hinh 4. Biéu db phan tan SIA so vé&i TIA sau SMILE Pro 3 thang
(n=74).
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

Bai béo glii dang trén Tap chi phai la bai bao nguyén thuy (chua dugc cong bd trude do). Tac gid khong dugc gli dang bai béo trén cac
tap chi khac cho dén khi c6 quyét dinh xét duyet clia Ban Bién tap.

Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

Bai bao gli qua Hé théng gli bai tryc tuyén tai dia chi https:/b.vjst.vn/index.php/ban_b/about/submissions hodc c6 thé gl truc
tiép dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan CAu Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién td:
khoahocvacongnghevietnam @most.gov.vn.

CA4u tric cla cac loai bai bao khac nhau cé thé thay di tly theo loai hinh nghién ctiu va néi dung clia bai bao. Sau day la chi tiét cac
thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
tén tac gid dugc danh s6 ("2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét § cudi trang dau tién clia bai bao.

Khi liét ké co quan cong tac cla tac gia, can néu rd tén co quan va dia chi co quan (sd nha, tén dudng, phudng, quan, thanh phé, quéc
gia) béng tiéng Viét va ti€ng Anh.

Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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Nghién ciru tinh chit quang ciia vt liéu MgGa,0 :Eu** tng hep bing G Investigation of the optical properties of MgGa,0 :Eu* phosphors

phén ting pha rin.
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Budc diu xac dinh bisphenol A va 4-nitrophenol trong bui PM, _ tai ndi
d6 Ha Noi, Viét Nam.
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Danh gia hoat tinh khang oxy héa va khang nim Trichophyton rubrum cia
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Dic diém giai phdu va sinh thai ciia Pyrularia edulis (Cervantesiaceae)
ghi nhén tai Lao Cai, Viét Nam.
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Tinh ché tiéu phin LukF-PV ciia ddc t6 Panton-Valentine leukocidin
tir Staphylococcus aureus biéu hién trong Escherichia coli va tao khang
huyét thanh & chugt.
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K§ thuat Multiplex-PCR khuéch dai trinh ty Iip lai ngin (STR) trong phin
tich di truyén lién két gen GAA ing dung trong chin doin bénh Pompe.
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Tri thitc bin dia ciia ngwoi Co Tu vé sir dung cdy cé ¢ khu vwre Tay
Giang, thanh phé Pa Ning.
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Anh hwéng ciia phwong thire nudi dén mdt sé chi tiéu tinh dich ciia ga
trong Noi lai.
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Ché tao than hoat tinh tir vo6 triu va danh gia kha ning hip phu
methylene blue.
Lé Hitu Quynh Anh, Tran Duy Hai

Diéu ché va danh gia hé phan phdi thudc vi tw nhii rin chira fexofenadin
hydroclorid.
Tran Vin Thanh, Nguyén Birc Khai, Phan Thanh Diing

Ung dung than sinh hoc tir phé phim nong nghiép dé loai bé amoni,
phosphat va oxytetracyclinetrong nwéc thai nong nghiép.

Doan Minh Anh, Pham Thi Trang, Vii Mai Anh, Bui Thi Lam, Hoang Trung
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Téi wu hoa diéu kién siy phun va danh gia anh hwéng ciia bao bi bio
quén dén chit lwgng bt chanh day tim (Passiflora edulis).
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Mai, Vii Xuan Tao

Phén tich vector Alpins trong danh gia didu chinh loan thi sau phiu
thuat SMILE Pro bing VISUMAX 800.
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synthesised by solid-state reaction method.
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Preliminary detection of bisphenol A and 4-nitrophenol in PM, . in urban
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