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Phit trién g dung web phfgn tich sai khac trinh tir gen Bo46L
cia virus dich td lon chau Phi bang vibe coding trén nén tang Websim

Souriya Viliddeth?, Ping Hiru Anh"", Mai Thi Ngan', Nguyén Hiru Han?
'Hoc vién Néng nghiép Viét Nam, 236 Ng6 Xudn Qudng, xd Gia Ldm, Ha Ngi, Viét Nam
2Trwdong Dai hoc Xdy dwng Ha N§i, 55 Gidi Phdng, phwdong Bach Mai, Ha N§i, Viét Nam

Ngay nhén bai 8/7/2025; ngay chuyén phan bién 10/7/2025; ngay nhan phan bién 31/7/2025; ngay chip nhin ding 5/8/2025
Tém tdt:

Bénh dich ta lo'n chiu Phi (DTLCP) da xuét hién tai Viét Nam va Lao tir nim 2019. Theo the¢i gian, virus giy
bénh c6 nhirng bién ddi vé ki€u gen va Kiéu hinh giy kh6 khan cho viéc phong, chdng bénh. D& phat hién sw
thay doi vé kiéu gen cua virus, cic phian mém tin sinh hoc dwgc sir dung phan tich sw sai khac trinh tw gen.
Tuy nhién, viéc sit dung phin mém tin sinh hoc mit kha nhiéu thao tac va yéu ciu ngwoi dung phai cé kién
thirc vé gen dé hiéu nhirng sw sai khac d6. Nghién ciru nay nham thiét ké irng dung phan tich sai khac trinh
tw nucleotide véi vi du la cac trinh tw gen mi héa protein p72 cta virus DTLCP & Lao. K&t qua phan tich gen
ctia irng dung dwoc thé hién bang vin ban va file Excel bang tiéng Viét dé ngwdi dung dé hiéu, phuc vu muc
dich phan tich sw khac biét giira cac gen ¢ dir liéu dau vao ing dung.

Tir khéa: dich ta lon chau Phi, gen B646L, phan tich trinh tw, tin sinh hoc, vibe coding, Websim.
Chi s6 phdn logi: 1.2, 1.6, 4.3

Development of a web application for analysing nucleotide sequence differences
in the ASFV B646L gene using vibe coding on the Websim platform

Souriya Viliddeth!, Huu Anh Dang?’, Thi Ngan Mai!, Huu Han Nguyen?

Wietnam National University of Agriculture, 236 Ngo Xuan Quang Street, Gia Lam Commune, Hanoi, Vietnam
2Hanoi University of Civil Engineering, 55 Giai Phong Street, Bach Mai Ward, Hanoi, Vietnam

Received 8 July 2025; revised 31 July 2025; accepted 5 August 2025

Abstract:

African swine fever (ASF) was first reported in Vietnam and Laos in 2019. Over time, the virus causing the
disease has changed in genotype and phenotype, making it difficult to prevent the disease. To detect changes
in the genotype of the virus, bioinformatics software tools are utilised to analyse gene sequence differences.
However, using bioinformatics software requires numerous operations, and the results require users to
have a basic understanding of genes to comprehend those differences. The purpose of this study is to design
an application to analyse nucleotide sequence differences with the example of the gene sequences encoding
the p72 protein of the ASF virus in Laos. The application’s gene analysis results are presented in both text

and Excel files in Vietnamese, enabling users to easily understand them and analyse gene differences in the
application’s input data.

Keywords: African swine fever, B646L gene, bioinformatics, sequence analysis, vibe coding, Websim.

Classification numbers: 1.2, 1.6, 4.3

“Tac gia lién hé: Email: dhanh@yvnua.edu.vn
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1. it van de

Bénh DTLCP 1a bénh truyén nhiém nguy hiém, c6 kha
nang gay tir vong cao (1én dén 100%) cho lon & moi lira
tubi. Bénh nay da xuit hién & Viét Nam va Lao tir nim
2019, gdy thiét hai nang né cho nganh chan nudi lon cua
hai nwéc [1]. Ndm 2024, virus gy bénh DTLCP ¢6 sw bién
d6i 16m khi két hop gitra genotype 1 va genotype 2, khién
cho cac vac xin dwoc phét trién chéng lai bénh khong c6
hiéu qua [2]. Viéc phan tich nhanh sy bién d6i gen cha
virus DTLCP 13 cén thiét d€ cip nhat théng tin virus gy
bénh va cadnh bio nham xiy dung cac bién phap ng pho
phu hgp. D€ phan tich sy sai khac cac nucleotide trong
gen clia virus DTLCP da c6 nhiéu phan mém va &rng dung
tin sinh hoc truc tuyén hé tro nha khoa hoc. Tuy nhién,
cac rng dung nay mat kha nhiéu thoi gian dé thao téc,
giao dién bang tiéng Anh va viéc st dung cic tng dung
doi héi thoi gian 1am quen d6i v&i cdc nha khoa hoc
khong c6 chuyén mén sdu vé tin sinh hoc. Cong nghé tri
tué nhan tao (Al) dang dwoc &ng dung rong rii va cé thé
gidi quyét nhu ciu phéin tich sai khac trinh tw gen phuc
vu nghién ctru.

Vibe-coding la mot phwong phdp phat trién phan
mém dwa nhiéu vao Al d€ tao, tinh chinh va g& 16i ma
dwa trén 1o1 nhac ngdn ngit tw nhién. Theo d6, cac nha
phat trién c6 thé tip trung vao “Vibe” (chirc ning mong
mudn ciia phan mém), trong khi Al xir ly viéc trién khai
ma phitc tap. Phwong phap nady nham muc dich gitp viéc
tao phan mém dé tié€p can hon va nhanh hon, dic biét 1a
d6i véi cac du 4n don gidn. Nghién ctru ndy nham thiét
ké mdt ing dung phén tich sai khac trinh ty nucleotide
va dwa ra két qua la van ban tiéng Viét trinh bay sw sai
khac sau khi phan tich.

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

Trinh tw gen st dung d€ phan tich sai khac la trinh tw
gen p72 cda virus gdy bénh DTLCP & Lao nam 2019 va
2024. File dir liéu dwoc dang tai va cé thé 14y tai dia chi
Google Drive [3].

Cac phan mém, cong cu tin hoc va cic chuwong
trinh may tinh, website st dung cho trich xuit dir
liéu nucleotide va phan tich sai khac gen nhuw cong cu
Clustalw, tng dung Sequence Identity and Similarity
(SIAS) va t&ng dung online https://trinhtugen.netlify.
app/ [4-6].
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2.2. Phwong phdp nghién ctru

2.2.1. Phwong phdp phdn tich sai khdc trinh tw
nucleotide st dung cdc trng dung tin sinh hoc khdc nhau

D& phan tich sai khac trinh tw nucleotide gitra gen
p72 cta cac chung virus DTLCP & Lao, nhiéu chwong
trinh online da dwgc két hop, chi tiét cac budc thuwe hién
nhu sau.

* Bwoc 1: Luu trir trinh tw nucleotide.

Gen mi hoa protein p72 ciia DTLCP & Lao (gbm 7 gen,
¢6 12 variants dwoc thu thip & hai nam 2019 va 2024)
dwoc lru triv trinh tw nucleotide dwéi dang file Fasta, c6
thé doc dwoc dwdi dang text bang NotePad. File dit liéu
dwoc dang tai va c6 thé 1y tai dia chi Google Drive [3].

* Budrc 2: Tao cac Alignment.

St dung céng cu phan tich cic Alignment bang
Clustalw tai website https://www.genome.jp/tools-
bin/clustalw vé&i lwa chon Slow/Accurate va cac tinh
nang mac dinh cta &ng dung [4]. Chon nit “Choose File”
dé upload file chira trinh tw gen dang Fasta 1én cong cu.
K& tiép, chon nit “Execute Multiple Alignment” d€ trich
xudt file chira cac Alignment (hinh 1). O trang két qua
sau khi trich xudt, lwa chon lién két “clustalw.aln” dé tao
file dinh dang duéi “.aln” va sau d6 lwa chon lan 2 vao
lién két “clustalw.aln” sau khi két qua da xuit hién dé tw
dong tai file Alignment dang “.aln” vé may tinh.

0
@ Multiple Sequence Alignment by CLUSTALW
/
v

ETE3 MAFFT CLUSTALW PRRN
Help
General Setting Parameters:
Qutput Format: | CLUSTAL w
Pairwise Alignment: () FAST/APPROXIMATE ® SLOW/ACCURATE

Enter your sequences (with labels) below (copy & paste): ® PROTEIN ) DNA

Support Formats: FASTA (Pearson), NBRF/PIR, EMBL/Swiss Prot, GDE, CLUSTAL, and GCG/MSF

Or give the file name containing your query

Choose File | No file chosen
Execute Multiple Alignment

Hinh 1. Cac chirc nang Alignment clia da trinh tw bang Clustalw.
* Bwéc 3: Phan tich sai khac trinh tw nucleotide.

St dung (rng dung SIAS tai website http://imed.med.
ucm.es/Tools/sias.html [5]. Tai thé “Choose File”, lwa
chon file “Clustalw.aln” d3 tai vé & bwéc trén va lwa chon
“Submit” (hinh 2). Sau khi ch&' mét thoi gian, két qua sé
tra lai mot bang dir liéu so sanh sy sai khac theo cap gitra
cac gen ma hoa protein p72 ctia DTLCP.



Khoa hoc Tu nhién | Khoa hoc may tinh va théng tin; Khoa hoc su song; Khoa hoc Néng nghiép | Th y s

> sias
SIAS

Sequence Identity And Similarity

Plea for Support
IF yousve Fonund SIAS Ll for your resmsarch, e e SECRETARIA GENERAL DE CIENCIA, TECNDLOGIA E INNCVACION OF SPAIN {sgeimineco.es,
cgi@mineco.es). Thank you
Your support i crucial 1o ke he sie up and running.

SIAS pairwise identity and similarity from multiple sequence alignments

INPUT &

MSA Name (optional):
{CLUSTAL, FASTA or GCG/PileUp format)

Paste your ali

MSA

]
or Upload a file with the alignment in CLUSTAL, FASTA or GC&/PileUp format
Choose File | clustahw (1).aln

IDENTITY (ID) & SIMILARITY (SIM) PERCENTAGE @
DTl oy Hen il | i i Moatcta

Sequence Length
SIMILARITY AMINO ACID GROUPING &
Aromatic: EF By Bw [n
Aliphatic: Ev B EL
Charged positive: BIR Bk EH
Charged negative: D E
smal: s BT (Ja De Dc
Polar (Not charged): En Ba [t Cs Oy Clec
Hydrophobic: (v (1 (L Cm Ca COF Ce Ow Do
SEQUENCE LENGTH &
@ Length of smallest sequence

OPTIONS

| ) Length of largest sequence |
| = Length of Multiple Sequence Alignment |

) Mean length of sequences

NORMALIZED SIMILARITY SCORE <
S My o rer)) Y My

Select a matrix: 4 Select gap penalties: &
@) BLOSUME2 m Cost for creating the gap, P, (0-100)
OPTIONS -
C pamzso = Costfor extending the gep, P, (0-100}[05 |
' GONNET

Submit | | Clear Input

Credits & Complaints: Pedro Reche garseg @ med, uom, &

Hinh 2. Phan tich sai khac trinh tw nucleotide bing SIAS.
2.2.2. Phdt trién tng dung trén nén tdng Websim

* Lénh trong Websim: Tao Tab “So sanh cac trinh
tw trong file Fasta”, c6 chirc nang cho phép ngudi dung
upload file.fasta (File.fasta la m6t dinh dang van ban
duwoc st dung d€ biéu dién trinh tw nucleotide hodc
axit amin, thwong dwoc st dung trong linh viee sinh hoc
phan tt va tin sinh hoc. Mdi trinh tw bit ddu bing mot
dong mo6 ta duy nhat (bit dau bang ky tw “>”), theo sau
la cac dong chira dit liéu trinh ty). Sau khi ngudi dung
upload file.fasta, rng dung trich xuit tit ca cic trinh tw
nucleotide trong file.fasta vao nhiéu textarea khac nhau.
MJi trinh tw nucleotide c6 1 textbox chira thong tin mé
ta cua nucleotide (bat dau bang ky tw “>") va 1 textarea
chra trinh tw nucleotide twong &ng. Tao bang so sanh
trinh ty nucleotide giita cac chung trong file.fasta, bang
nay c6 thé xuit sang file Excel”.

Trong moi trweodng mot wng dung Vibe-coding nhw
Websim, 1énh bang ngdn ngit tw nhién dwoc chuyén
d6i thanh cac thanh phan phidn mém va logic hoat déng
twong ng. Dwdi day 1a cAch hé thdng sé dién giai va xay
dwng chirc nang nay:

* Budre 1: Khéi tao ciu tric giao dién (Tab).
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Dién giai 1énh: Tao Tab “So sanh c4c trinh tw trong
file Fasta”.

Hanh déng cia Websim: Hé thong Vibe-coding sé
nhin dién “Tao Tab” 1a mot chi thi d€ thém mot thanh
phin giao dién dang Tab vao &ng dung. Hé thong sé dat
tén hién thi cho Tab 1a “So sanh cac trinh tu trong file
Fasta” va tao ra mot vung lam viéc riéng biét cho Tab
nay. Vé mit ky thuat, hé thdng c6 thé tao ra mot phan tir
HTML (vi du: <div>) dwoc quan ly nhw mét Tab trong
mot bo quan ly Tab (Tab panel).

* Bude 2: Trién khai chirc nang tai 1én File.

Dién giai 1énh: “..c6 chirc ning cho phép ngudi dung
upload file.fasta...”.

Hanh dong ctia Websim:

Thanh phan Input: Hé thong sé tw dong thém mot
thanh phan nhép liéu file (vi du: <input type="file">) vao
vung Tab méi tao.

Validation (Kiém tra dinh dang): Hé thong ciu hinh
thudc tinh accept="fasta” (hodc logic kiém tra m¢& rong
hon néu dwoc cdu hinh mic dinh) cho thanh phan input
nay dé chi chip nhéan cac file c6 dudi .fasta.

Sw kién (Event Listener): Mot sy kién “on change”
(khi file dwoc chon) hodc “on submit” (khi nut tai 1én
dwoc nhan) sé dwoc gin vao thanh phan input nay, kich
hoat buéc xtt ly tiép theo.

* Budre 3: Xt Iy va hién thi dir liéu Fasta.

Dién giai 1énh: “Sau khi ngudi dung upload file
Fasta, (rng dung trich xudt tit ca cac trinh ty nucleotide
trong file.fasta vao nhiéu textarea khac nhau. Mdi trinh
tw nucleotide cé 1 textbox chira thong tin moé ta cla
nucleotide (bdt dau bing ky tw “>”) va 1 textarea chitra
trinh tw nucleotide twong ng”.

Hanh dong ctia Websim: D4y 1a phin phitc tap nhit,
doi héi logic xt ly dir liéu:

(1) Poc file: Khi file.fasta dworc tai 1én, hé thong sé doc
toan b noi dung file dwéi dang van ban.

(2) Phan tich ca phap Fasta (Fasta Parsing Logic): Hé
théng duyét qua tirng dong cua file; hé théng st dung
mot co ché nhan dang mau (Pattern recognition) hodc
trang thai (State machine) dé phéan biét gitra dong mo ta
(bat d4u bang “>") va cac dong trinh tu.

Khi gap >: Dong nay dwoc lwu triv 13 tiéu dé (mé ta)
cia mot trinh ty méi.



Khi khéng gip >: Dong nay dwogc coi 1a mot phan cla
trinh tw hién tai va sé dwoc ndi vao trinh tw dang dwoc
xdy dung.

Quy trinh nay lap lai cho dén hét file, thu thap tit ca
cac cap (mo t3, trinh tw).

(3) Tao giao dién dong (Dynamic Ul Generation).

D6i véi mbi cap (mod ta, trinh tw) di dwoc phan tich,
hé théng sé tw dong tao ra mot cdp phan tk giao dién
méi:

Mot <input type="text”> hodc <textarea> nhd hon
(dé dong vai tro la textbox) va dién ndi dung mo ta vao
do.

Mot <textarea> lén hon va dién toan bo trinh tw
nucleotide twong rng vao dé.

Cac c3p phan tlr nay sé dwoc sap xép mot cach cé hé
thong trén giao dién tab, c6 thé 1a theo chiéu doc hoic
trong mot lwdi, ddm bdo méi trinh tw dwoc hién thi rd
rang.

(4) Cap nhat trang thai: Sau khi x( Iy va hién thi, trng
dung c6 thé cip nhit trang thai (vi du: “Tim thiy X trinh
tw”, nhw trong vi du da cung cip).

* Bwdc 4: Trién khai chirc nang so sanh trinh ty va
hién thi bang.

Dién giai Iénh: “tao bang so sanh trinh tw nucleotide gitra
cac chung trong file fasta”.

Hanh dong cia Websim: Pay la mot bwdc phirc tap, doi
héi xtt ly di liéu va thuat toan:

(1) Thu thip dir liéu nguén: Hé thong sé sir dung tit
ca cAc trinh tw nucleotide da dwoc trich xuat va lvu triv &
Buwdrc 3. Gia st N 1a tong s6 trinh ty dwoc tim thay.

(2) Lwa chon va thyc thi thuat todn so sanh trinh ty:
Vé&i 1énh “so sanh cac trinh tw”, Websim sé tw dong kich
hoat mdt thuit toan so sanh trinh ty co ban va phé bién
trong tin sinh hoc.

(3) So sanh theo cap (Pairwise Comparison): Tinh
toan do twong dong (vi du: percentage identity) gitra
mdi cap trinh tu.

- P6i véi céc trinh tw c6 dd dai bang nhau: C6 thé st
dung khodng cach Hamming (Hamming distance) hodcty
1é phén tram khong trung khép (percentage mismatch).

- P8i véi cac trinh tuw c6 do dai khac nhau hodc cin
phathién cac doan twong dong cuc bd/toan cuc: Websim
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c6 thé str dung cac thuit toan can chinh trinh tw don gian
hoéa nhw thuat toan Needleman-Wunsch (can chinh toan
cuc) hodc Smith-Waterman (cin chinh cuc bo) dé tim ra
can chinh tdi wu va tlr d6 tinh toan percentage identity.

(4) DAu ra thuit toan: K&t qua sé 1a mot ma tran doi
xtrng (NxN) hién thi mic d6 twong dong (hodc khoang
cach) gitra moi cap trinh tw. Vi du: [Trinh tw A] vs [Trinh
tw B] =95% twong dong.

(5) Tao ciu truc bang giao dién déng (Dynamic UI
Table Generation): Hé théng sé tao mot phan tir bang
HTML (vi du: <table class="comparison-table”>) trén
giao dién nguwoi dung, dat trong vung cua Tab “So sanh
cac trinh ty trong file Fasta”.

(6) C4u tric bang:

- Dong tiéu dé (header row) sé chira tén/mo ta cua tat
ca cac trinh ty (vi du: “Ching 17, “Chung 2”...).

- COt dAu tién clia moi hang sé chira tén/mo ta cla
trinh tw twong tng.

- Cac 6 giao nhau sé& hién thi két qua so sanh gitra
trinh tw hang va trinh tw cot (vi du: “95%”, “88%"..).

- Cac 6 trén dwong chéo chinh (vi du: A vs A) sé hién thi
100% (hodc gia tri twong duwong).

- T6i wu hién thi: Néu s6 lwgng trinh ty 16n, Websim
sé tw dong 4p dung cac thudc tinh CSS hoic JavaScript dé
lam cho bang c6 thé cudn dwoc (scrollable) va c6 thé tim
kiém/sap xép dé cai thién trai nghiém ngwoi dung.

* Budre 5: Trién khai chirc nang xudt bang sang Excel.

Dién giai Iénh: “bang nay c6 thé xuit sang file excel”.

Hanh dong ctia Websim: D& hd tro viéc trich xuat dir
liéu, Websim sé thwc hién cac hanh dong sau:

(1) Thém thanh phin xuit (Export Component):
Websim sé tw dong thém moét nut (vi du: <button
id="exportToExcel”>Xuit ra Excel</button>) vao giao
dién nguwoi dung, ddt gan bang so sanh.

(2) Gan sy kién (Event Listener): Mot sw kién “click” sé
dwoc gan vao nut “XuAt ra Excel”.

(3) Chuyén d6i dir liéu va dinh dang (Data
Transformation & Formatting): Khi nit dwoc nhin, hé
théng sé thu thap toan bo dir liéu hién c6 trong bang so
sanh (bao gbm tiéu dé va cac gia tri so sanh).

(4) Chuyén dai dir liéu sang dinh dang Excel: Websim
sé chuyén doi dir liéu thanh mot dinh dang twong thich
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v&i Microsoft Excel nhw CSV (Comma Separated Values):
Pay la mot dinh dang van ban don gian, dwoc phan tach
bing d4u phiy (hoic d4u chdm phiy) ma Excel c6 thé mé&
va dién giai dé dang. Websim c6 thé sinh ma JavaScript
dé tao chudi CSV va kich hoat tai xudng.

(5) Kich hoat tdi xu6ng File (File Download
Initiation): Sau khi file CSV dworc tao, hé théng sé givi di
liéu dén trinh duyét cia ngwoi dung, kich hoat mot civa
s6 tai xuéng dé€ nguwdi dung lwu file vao mdy tinh cta ho.
Tén file mac dinh la: “bang_so_sanh_trinh_tu.csv”.

* Cac yéu t6 ngam dinh:

Maic du lénh rat ngan gon, hé thdng Vibe-coding thong

minh sé tw dong tich hop cac yéu t6 sau dé dam bao tng
dung hoat dong hiéu qua va than thién:

- Xtr 1y 16i (Error Handling): Néu file khong ding dinh
dang (vi du: khéng phai Fasta thwc sw), hé thdng sé hién
thi théng bao 15i. Néu file tréng hodc khong cé trinh tw
nao dwoc tim thiy, hé théng sé hién thi thong bao 16i.

- Phan hoéi ngwoi dung (User Feedback): Hién thi
thong béo khi file da dwgec tai 1én thanh cong va hién thi
s6 lwgng trinh ty dwoc tim thay.

- Hiéu suit (Performance): Doi véi cac file Fasta rat
16m, hé thong sé cin t6i wu héa viéc doc va phan tich dé
tranh treo rng dung.

- Styling va Layout: Vibe-coding s& 4p dung cac kiéu
mac dinh dé€ cac textbox va textarea c6 kich thwéc va bd
cuc hop ly, dé doc.

3. Két qua va ban luan

3.1. Két qua thwc hién phwong phdp phén tich sai
khdc trinh tw nucleotide stv dung cdc ivng dung tin
sinh hoc khdc nhau

Tir sau bwéc 2, tai website két qua trich xuit
Alignment, cac vi tri khong c¢6 dau “*” biéu thi vi tri sai
khac chi tiét vé nucleotide cia cac gen (hinh 3).

clustalw.aln

CLUSTAL 2.1 multiple seguence alignment

bc13_2019.354_variantl ATGGCATCAGGAGGAGCTTTTTGTCTTATTGCTAACGATGGEAAGGLCGA
bcl3_2019.354_variant2 ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bcl6_2019.350_variantl ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bcl6_2019.356_variant2 ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bcl7_2019.352_variantl ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bcl7_2019.352_variant2 ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bcl8_201%.321 ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bcl%_2019.367_variantl ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bcl%_2019.367_variant2 ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bc2@_2019.364 ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bc22_2024.VCPAIP_variantl ATEECATCAGGAGGAGCTTTTTATCTTATTGCTAACGATGGGAAGGLCGA
bc22_2024.VCP@9IP_variant2 ATGOCATCAGGAGGAGCTTTTTGTCTTATTGCTAACGATGOEAAGGLCGA
bcl3_2019.354_variantl CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bcl3_2019.354_variant2 CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA

bcl6_2019.350_variantl CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bcl6_2019.356_variant2 CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bcl7_2019.352_variantl CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bcl7_2019.352_variant2 CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bcl8_201%.321 CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bcl%_2019.367_variantl CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bc19_2019.367_variant2 CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA
bc2@_2019.364 CAAGATTATATTGGCCCAAGACTTGCTGAATAGCAGGATCTCTAACATTA

CAAGATTATATTGGCCCAAGACTTGCTTAATAGCAGGATTTCTAACATTA
CAAGATTATATTGGCCCAAGACTTGCTTAATAGCAGGATTTCTAACATTA

bc22_2024.VCPEIP_variantl
bc22_2024.VCPEIP_variant2

Hinh 3. Vi tri sai khac nucleotide dworc hién thi trén website.

2

Két qua “Submit” sau buédc 3 & rng dung SIAS tra lai
mot bang dir liéu so sanh sw sai khac theo cap gitra cac
gen ma héa protein p72 cia DTLCP (hinh 4).

SIAS

Sequence Identities and Similarities

MSANAME

IDENTITY RESULTS

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
98.66%
98 66%

bel3 2019354 variant]
bel3 2019354 variant
bel§ 2019350 variantl
bel_2019.350_variant
bel7_2019.352_variantl
bel7 2019352 variant
bel§_2019.321
beld_2019.367 variantl
bel9_2019.367 variant2
be20_2019.364
he22_2024.VCPO9P_variantl
be22 2024.VCPO9P_variant?

100%
100%
100%
100%
100%
100%
100%
98.66%
93 66%

100%
100%
100%
100%
100%
100%

100%

100%

100%
98.66%
98 66%

100%
100%
98.66%
98 66%

98.66%
93 66%

100%
100%
100%
100%
100%
98.66%
98.66%

100%
100%
100%
100%
98.66%
93 66%

100%

100%

100%
98.66%
98.66%

100%
100%
98.66%
93.66%

100%
98.66%
98.66%

100%
100%

bel3_2019.354_variantl bel3_2019.354 variant) hel6_2019.350_variant] bel6_2019.350_variant? bel7 2019352 variant] bel7 2019352 variant? bel§ 2019321 bel9 2019367 variant] bel9 2019367 variant? be20_2019.364 be22_2024.VCPOIP_variant

IDENTITY STATS

win
max
mean
stddev

= 98.66

= 100

= 99.5939393939394
= 8.615821399698735

Hinh 4. Két qua phan tich sai khac trinh tw nucleotide.
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Két qua hinh 4 cho thiy, gen ma hoa protein p72 cla
cac ching virus DTLCP & Lao nam 2024 cé sy sai khac
v&i cac ching ndm 2019. Sy twong dong cla cac ching
& hai giai doan khac nhau chi 1a 98,66%. Cac chiing ndam
2019 c6 sy twong dong 100% khi thyc hién phén tich sai
khac bang cac trng dung tin sinh hoc khac nhau.

Nhuwoc diém cta viéc st dung cac phwong phap phan
tich sai khac nay bao gom: (i) Ngwdi dung phai thwe hién
nhiéu rng dung, website va thao tac; (ii) Két qua thu
dwoc khong phéan tich chi tiét y
nghia cda cac vi tri sai khac va

So Sanh Trinh Ty Phan Tich Virus

vi tri twong déng mot cach ro
by 2 ~ A 2 7 e hon file :
rang (chi thé hién & cac ddu *), 7"

Choose File  No file chosen

Chi chap nhén file fasta, fa, fas

gay khé khan cho nguoi dung

tng dung.

Sau khi lwa chon “so sanh tit cd cac trinh ty”, Gng
dung can vai phidt dé phan tich va so sanh. Két qua cta
viéc phan tich va so sanh trinh tw gen dwoc thé hién bang
van ban va bang bang dit liéu so sanh. Rat nhiéu thong
tin dwoc rng dung phan tich chi tiét, gip ngwoi dung
biét dwgc két qua so sanh téng quan, so sanh tirng cap
trinh tw. 'ng dung ciing dwa ra thong tin vé cac viing bao
ton chung, phan tich ciy phat sinh loai cling nhw néu ra
y nghia sinh hoc tiém nang cta cac moi quan hé gitra cac
trinh tw (hinh 7).

So Sanh Céc Trinh Ty Trong File FASTA

Hinh 5. Giao dién cuia website va chirc nang phan tich trinh tw DNA.

3.2. Két qua cua viéc vdn
hanh wng dung phdn tich sai
khdc trinh tw nucleotide gen

SoSanh Trinh Ty Phan Tich Virus

Chon file FASTA:

md héa protein p72 ctia virus
dich ta lgn chdu Phi bing .7 . """
céng cu Vibe-coding ldp trinh

bdang ngén ngi¥ tw nhién - ..

Websim ot

>bec13_2019.354 _variant1

Trinh ty DNA (1941 nucleotide):

Trinh tyf gen P72 virus DTLCP & Lao.fas

So Séanh Cac Trinh Ty Trong File FASTA

Tim thay 12 trinh tu trong file FASTA

Sau khi thiét 1ap &ng dung

ATGGCATCAGGAGGAGCTTTTTGICTTATIGCT

bing cdéng cu Vibe-coding,

tng dung do nhém tac gid
thi€t ké dwoc dwa 1én trinh
duyét & dang website tai dia
chi: https://trinhtugen.netlify.

Hinh 6. Trinh tw cac doan gen dworc trinh bay & giao dién website.

So Sanh T4t Ca Trinh Ty

K&t Qua Phan Tich Trinh Tu FASTA

Dudi day 13 bAo c4o phan tich chi tiét va so sanh céc trinh ty DNA i file FASTA d& cung cap, dugc thuc hién theo ddng quy trinh 3 budc va cau tric ndi dung yéu cau.

app/ [6]. Ung dung c6 nhiéu
chirc nang trong dé cé chic
ning “So sanh cic trinh ty  QUY TRINH THUCHIEN
trong file.fasta” (hinh 5). Khi

lra chon chirc ndang nay, &ng

6 lugng trinh ty: 12 trinh ty.

dung sé tw dong phan tich dir

BAO CAO PHAN TiCH VA SO SANH TRiNH TU DNA

Budc 1 - Kiém tra cac chudi (Sequence Quality Control)

Chigu dai trinh tu: T4t ca 12 trinh tu d&u cé chigu dai chinh xac 14 1713 bp (cap base).
Khung doc m& (ORF): Tst c cc trinh ty deu bat du bing codon md dau ATG va két thic bing codon ket thic TAA . Trinh t ndy ma héa cho mét chudi polypeptide gom 570
amino acid (chua tinh codon két thiic). Khéng <6 hién tugng léch khung doc (frameshift) hay xuat hién codon két thic sdm & bat ky trinh ty nao.

Budc 2 - Piéu tra tiém ning chudi con (Subsequence & Conservation Investigation)

liéu gen p72 c6 tit ca 12 trinh
tw va thé hién trén website
(hinh 6). Nguoi dung chi can
tai file dir liéu trinh tu gen lén
va lwa chon nut “so sanh tat ca

téng s6 1713 bp.

cac trinh tu”.

KHOA
BCONGHI\?GCI:-IE
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+ Qua quét nhanh, 12 trinh ty dugc chia thanh 2 nhom 16 rét
o Nhém 2019 (Trinh tyr 1 d&n 10): Gom cic mAu thu thap nam 2019 (beiz , bels
© Nhém 2024 (Trinh ty 11 va 12): Gom cic mau thu thap nam 2024 ( be2z_2e2a.vcpes

. beig, bel9, be2e ). Cac trinh ty nay hoan toan giéng nhau 100%.
Hai trinh tu ndy ho3n toan gidng nhau 100%.

+ D9 tuong ddng gilta hai nhém cyc ky cao (>98%), cho thay day I3 cic bign thé (variants) cia cling mét gen/loai sinh vt qua cac mc thai gian khac nhau.

Budc 3 - Xac minh su khép nhau (Alignment Verification)

+ Keét qua déng hang (alignment) cho thy khéng cé bat ky dét bién thém/mat nucleotide nao (Indels = 0).
S khéc bigt hoan toan I3 cic dét bién diém (SNPs - Single Nucleotide Polymorphisms). C6 t6ng cdng 20 vi tri dét bién diém gitta nhém nam 2019 va nhém nam 2024 trén

Hinh 7. Két qua phan tich trinh tw Fasta.
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Bang 1. So sanh trinh tw gen p72 cua virus dich ta lon chau Phi & Lao nam 2019 va 2024.

Seq Seql Seq2 Seq3 Seq4 Seq5 Seq6 Seq7 Seq8 Seq9 Seq10 Seql1 Seq12
Seql 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq2 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq3 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq4 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq5 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq6 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq7 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq8 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq9 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seq10 1 1 1 1 1 1 1 1 1 1 0,9866 0,9866
Seql1 0,9866  0,9866  0,9866 0,9866 09866 09866 09866 09866 0,9866 0,9866 1 1

Seql2 0,9866 0,9866 0,9866 0,9866 0,9866 0,9866 0,9866 0,9866 0,9866 0,9866 1 1

Seq 1-10: trinh tw gen nam 2019; Seq 11-12: trinh tw gen nam 2024; “1”: sy twong déng dat 100%; “0,9866”: su twong ddng dat 98,66%.

Tai bang so sanh chi tiét trinh tw, sy khac biét dwgc
trinh bay dwéi dang s6. 'ng dung cho phép xuit dit liéu
sang Excel (bang 1). K&t qua cho thday, khi so sanh giira
cac gen P72 cia virus DTLCP & Lao ndm 2019 c6 chis6 1,
nghia 1a ¢ su twong dong dén 100%. Doi véi nhirng gen
P72 cta virus DTLCP & Lao nam 2024, c6 sw khac biét
(twong doéng chi dat 98,66%).

Két qua & bang 1 trung hop hoan toan so véi két qua
dugc phan tich bang cdc phan mém trudc day. Thém vao
d6, wu diém cua rng dung 1a phan tich chi tiét bang van
ban dé nguoi dung c6 thé hiéu toan bd vé sy khac biét

gilta cac gen dwgc so sanh.

4. Két luan

Viéc str dung codng cu tao (rng dung bang ngdn ngit tw
nhién (Vibe-coding) nhw Websim cho thiy hiéu qua cua
céng cu lap trinh véi cong nghé Al Diéu nay gitup diy
nhanh téc dd phat trién va gidm thiéu 16i do 14p trinh
thi cong. 'ng dung phan tich sai khéc trinh tw gen bwérc
diu da hoat dong tot va c6 kha nang phéan tich sai khac

cac nucleotide chinh xac twong dwong véi viéc két hop

%HI\%CHE 68(7) 7.2026

nhiéu phin mém, &ng dung tin sinh hoc truwéc kia. Két
quéa dau ra clia phdn mém 1a van ban phan tich bang
tiéng Viét, than thién hon véi ngudi dung, phuc vu thiét
thuc cho céng tac nghién ciru sy bién ddi gen no6i chung

va su bién ddi gen cda virus DTLCP ndi riéng.
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Phat trién giao dién song ngit Viét - Anh
cho phan mém Mathematical Modeling and Simulation

Nguyén Vin Sinh’, Nguyén Hung Manh, Pang Thi Thu Hwong, Bui Thi Tuyét Xuan, Nguyén Tién Diing
Vién Sinh hoc, Vién Han Idm Khoa hoc va Cong nghé Viét Nam, 18 Hoang Qudc Viét, phwong Nghia D6, Ha Noi, Viét Nam
Ngay nhan bai 2/7/2025; ngay chuyén phan bién 4/7/2025; ngay nhan phéan bién 17/7/2025; ngay chdp nhan ding 25/7/2025

n/ E < E'

Trén co sé ma nguodn phién ban ti€ng Viét, biang viéc lap trinh trong moi trwedrng phat trién phan mém
DELPHI, nghién citru di bo sung tinh niang chuyén ddi ngon ngir Viét - Anh cho phin mém Mathematical
Modeling and Simulation (MM&S). Viéc 1ap trinh chuyén ddi ngdn ngir Viét - Anh cho phan mém MM&S dwec
thwrc hién trwwéc hét qua viéc thong ké va khai bao cac bién dai dién cho cac thong bao, thuit ngir, ciu tir va
1¢i nhac dworc sir dung trong phan mém. Tiép theo 1a viéc gan cac gia tri vin ban tiéng Viét hay tiéng Anh dap
trng lra chon ngon ngir cia ngwoi dung trong qua trinh st dung cho cac trinh don (menu) va bién da kKhai
bao theo tirng mo6 dun. Cac tha tuc ddi ngén ngir cho tit ca cac mé dun dworc thwe hién khi ngwoi dung nhip
chuét chon ngdn ngir. Khi chuyén d6i ngén ngit, chi giao dién ngwoi dung dwoc chuyén doéi ngoén ngir, tén cac
yéu t6 hé thong va cac bién khong thay déi trong s d6 mé phong va trong bang két qua tinh todn mé hinh.
Két qua 1a ngwoi dung chi cin mot phién ban MM&S va sau nay, khi 1ap trinh phat trién thém tinh nang cho
MMG&S, tac gia chi cin thao tac trén mét ma nguén.

Tir khéa: giao dién song ngit, hé thong dong, mo hinh héa, mé phong, phan mém MM&S.
Chi s6 phdn logi: 1.2, 1.8

Development of a Vietnamese-English user interface for
the Mathematical Modeling and Simulation software
Van Sinh Nguyen’, Hung Manh Nguyen, Thi Thu Huong Dang, Thi Tuyet Xuan Bui, Tien Dung Nguyen

Institute of Biology, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet Street, Nghia Do Ward, Hanoi, Vietnam
Received 2 July 2025; revised 17 July 2025; accepted 25 July 2025

Abstract:

Using the source code of the Vietnamese version and the Delphi integrated development environment, this
study implemented a Vietnamese - English user interface switching feature for the Mathematical Modeling
and Simulation (MM&S) software. The implementation of the Vietnamese - English language switching feature
began with the identification and declaration of variables representing notifications, terms, text strings, and
prompts used throughout the software. Subsequently, Vietnamese or English text values corresponding to
the user-selected language were assigned to the menus and to the variables previously declared within each
module. Language switching procedures for all modules are performed when the user selects a language
option. When the language is switched, only the user interface is translated, while the names of system
elements and variables remain unchanged in both the simulation diagram and in the model output tables.
As aresult, users require only a single version of MM&S, and future feature development can be carried out
using a single codebase.

Keywords: bilingual user interface, dynamic systems, MM&S software, modelling, simulation.

Classification numbers: 1.2, 1.8
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‘ %HB%%E 68(7) 7.2026 8



Khoa hoc Tu nhién| Khoa hoc may tinh va théng tin, Khoa hoc tinh todn

1. Dat van de

Mot hé thong c6 it nhat mét thanh phéan bién déi theo
thoi gian dwgce coi 1a hé théng dong [1]. Bwéc dau trong
nghién ctru mét hé théng 1 phan tich dé xac dinh hé c6
nhitng yéu t6 ndo va ching cé nhirng mdi lién hé véi
nhau nhu thé ndo. P& tinh toan dinh lwong cac mai lién
hé gitra cac yéu t6 ctia hé théng va phan tich dong thai
cta hé thong, nguwoi ta xay dung cdc phan mém mo hinh
héa. Mbi phan mém khi phat trién déu cé co sé 1a mot
quan diém vé cdc nhom yéu td hé thong. Mot s nhom yéu
t6 hé thong dwoc cong nhan tir 1au: nhom yéu td trang
thai, nhém yéu t6 trung gian, nhém yéu té khong doi.
Nhém yéu to trang thai 1a nhém yéu té co ban nhit cla
hé thdng, chiing dong vai tro nhw bd nhé ctia hé thong, &
moi thoi diém ngudi ta c6 thé xac dinh gia tri clia ching
bang mot trong cac phwong phéap diéu tra thuc té (can,
do, dong, dém...). Cac yéu td trang thai thay doi gia tri cia
chiing theo thoi gian va trong mo hinh mirc dé thay doi
clia mbi yéu t6 trang thai dwoc thé hién qua hé sé bién
déi ciané [2]. Nhom yéu t6 thit hai ctia hé théng la nhom
cac yéu té trung gian. Cling nhw cac yéu to trang thai, gia
tri clia cac yéu t0 trung gian thay d6i theo thoi gian. Diém
khéc biét cia chung 1a & chd, tai mdi thoi diém gid tri clia
chuiing chi c6 thé dwgc tinh toan tir gia tri cia cac yéu to
khac. Nhém yéu t6 thi ba la nhém yéu t6 khong doi. Pay
l1a nhém céc yéu t6 ma gia tri ciia ching khéng thay doi
hodc dwoc chdp nhan nhw khéng thay ddi (vi nhirng thay
déi d6 khong dang ké) trong khoang thoi gian ta xem xét
hé thong. Phin mém thwong mai STELLA hoat dong trén
quan diém vé ba nhém yéu t6 nay [3, 4]. Tuy nhién, phan
mém nay cling chi st dung hai biéu twgng dé thé hién
ciu truc hé thong trén so dd6 moé phong, bao gom: hinh

D ) A8

Sector

State variable

aoub

AUXLLARYVARABLE
GRAPHICALFUNCTION

Hinh 1. M& hinh don gian cho thiy cac biéu twong trong phan
mém STELLA [5]. State variable: bién trang thai; flow: dong chay;
cloud: dam may; flow regulator: van diéu tiét; auxiliary variable: bién
phu; graphical function: ham db thi; ghost: diéu tiét; information arrow:
mi tén hwdng tac dong.
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tron (chung cho yéu t6 khong déi va yéu té trung gian) va
hinh vu6ng (cho yéu t6 trang thai) (hinh 1) [5].

Ngoai cac nhém yéu t6 trén, tic gid nhan thay c6 mot
nhém yéu t6 ma gia tri cia ching thay déi theo thoi
gian (giong nhw yéu t6 trang thai hay yéu té trung gian),
nhwng gia tri cda ching & mot s6 hodc tit ca cac thoi
diém trong khoang thoi gian ta xem xét hé lai dworc biét
trudc; nhém yéu t6 nay dwoc tac gia goi la nhém yéu t6é
liét ké va tich hop vao phan mém MM&S [6, 7].

Phin mém MM&S truéc diy gom hai phién ban tiéng
Viét va tiéng Anh. Tac gid da 14p trinh b8 sung tinh nang
chuyén d6i ngon ngtr Viét - Anh dé thuin tién cho nguoi
dung va cong viéc phat trién phan mém cta tac gia. Bai
bao nay trinh bay két qua 14p trinh va gi¢i thiéu st dung
phién ban MM&S dd dwoc bé sung tinh nang chuyén déi
ngon ngt.

2. Viat liéu va phuong phap nghién ciiu

Phin mém MM&S da dwoc phat trién trong moi
truedng phat trién phadn mém DELPHI v&i ngon ngitr 1ap
trinh co sé1a PASCAL [8], do d6 viéc1ap trinh b6 sung tinh
nang cling dwoc thyc hién véi DELPHI Trong phdn mém
MM&S, dé thé hién ciu tric va twong tac gitra cac yéu to
cua hé thdng, cic yéu t6 dwoc thé hién trén so do qua
bén biéu twgng dai dién cho bén nhém yéu t6 va twong
tac cta ching dwoc thé hién qua cac dwong lién két voi
miii tén chi hwéng tac dong. Day 1a sw thé hién ciu tric
hé théng mot cach truc quan, cac bién dong va twong tac
giltra cic yéu td dwoc tinh todn qua cac biéu thitc todn
hoc va dwoc trinh bay trong cic bang két qua hoiac thé
hién qua cac do thi. Phién ban cé ban quyén DELPHI 10.1
Berlin Professional cia Cong ty Embarcadero, dwgc mua
trong khuén khd dé tai cidp Vién Han ldm Khoa hoc va
Coéng nghé Viét Nam ma s6 VAST04.06/16-17, da dwoc
st dung dé 1ap trinh chuyén d6i ngén ngir Viét - Anh cho
phan mém MM&S. M3 ngubn ctia phdn mém MM&S cho
phién ban tiéng Viét cii dwoc st dung dé 14p trinh bo
sung tinh nang chuyén déi ngon ngtr Viét - Anh.

< .
3. Ketqua

3.1. Ldp trinh chuyén doéi ngén ngir Viét - Anh cho
phdn mém MM&S

Viéc 14p trinh chuyén d&i ngén ngtr Viét - Anh cho
phin mém MM&S dwoc thwc hién trwdc hét qua viéc
théng ké va khai bao cac bién dai dién cho cac théng bao,
thuat ngtt, cau tir va 1o nhiac dwoc sir dung trong phan
mém. Tiép theo 1a viéc gan céc gia tri vin ban tiéng Viét
hay tiéng Anh dap rng lwa chon ngén ngir clia nguoi
dung trong qua trinh s dung cho cac bién nay va cac
trinh don (menu). Bang 1 thé hién thu tuc chuyén dadi
ngon ngitt cho cac trinh don.



Viéc 14ap trinh gan cac gia tri van ban tiéng Viét hay
tiéng Anh, dap &ng lwa chon ngdn ngit cia ngwoi dung
trong qua trinh s dung cho cac bién, dwoc thwc hién

Bang 1. Thu tuc xtr ly ngdén ngiv cac trinh don.
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cho tirng mo dun ctia phan mém. Bang 2 thé hién th tuc
chuyén d6i ngdén ngtr cho cac thong bao, thuit ngi, ciu tir
va l&i nhdc trong md dun chinh (ctra s6 chinh cia MM&S).

procedure tsimform.TrinhDonVE;

begin

if language="Vietnamese’ then begin
Childwindows2.caption:="Ctra s6 con’;
Cascade2.caption:="Xép chong’;

Tile2.caption:="Xép 6’;

Arrangeicons2.caption:="Sap xép biéu twong’;
dangbieutuong.caption:="Dwa hét vé dang biéu twong’;
dangcuaso.caption:="Dwa hét vé dang ctra s&’;
Next2.caption:="Ctra s6 sau’;

Previous1.caption:="Ctra s6 trwéc’;
Close2.caption:="Ddng ctra s6 con hién hanh’;
Tpl.caption:="Tép’;

Mtp1.caption:="M& tép’;

Lutp1.caption:="Lwu tép’;

Luvotpl.caption:="Lwu vao tép’;
Chnhmyin1.caption:="Chinh may in’;

In1l.caption:="In’;

TextEditor1.caption:="M6 hinh dang van ban’;
NewTextWindow.caption:="Tao clra s6 méi’;
NewOpenTextWindow.caption:="Tao ctra s6 mé&i/M& tép’;
Bitmapwindow1.caption:="D6 thi’;
NewGraphWindow.caption:="Tao ctra s6 méi’;
NewOpenGraphWindow.caption:="Tao clra s6 méi/M& tép’;
Smphng1.caption:="So d6 md phong’;
NewSchemaWindow.caption:="Tao ctra s& méi’;
NewOpenSchemaWindow.caption:="Tao ctra s6 m&i/Mé& tép’;
Tablewindow1.caption:="Bang’;
NewTableWindow.caption:="Tao ctra s6 méi’;
NewOpenTableWindow.caption:="Tao ctra s6 m&i/M6 tép’;
exporttotext.caption:="Lwu dwdi dang tép van ban’;
Exporttoexcel.caption:="Lwu dwéi dang tép excel’;
saotoanbo.caption:="Sao toan b ra bang trung chuyén’;
Modell.caption:="Thuyc hién’;

Runmodell.caption:="Chay mé hinh’;
Graph1.caption:="Vé do thi’;

Help1.caption:="Tr¢ gitp’;

Contents1.caption:="N¢i dung’;

Sysinfol.caption:="Thong tin vé may’;
About1.caption:="Tac gid’;

if language="English’ then begin
ChildwindowsZ2.caption:="Child windows’;
Cascade2.caption:="Cascade’;
Tile2.caption:="Tile’;
Arrangeicons2.caption:="Arrange icons’;
dangbieutuong.caption:="Bring all windows to symbols’;
dangcuaso.caption:='Bring all symbols to windows’;
Next2.caption:="Next’;
Previous1.caption:="Previous’;
Close2.caption:="Close current window’;
Tpl.caption:="File’;

Mtp1.caption:="Open’;

Lutp1l.caption:="Save’;

Luvotpl.caption:="Save as’;
Chnhmyin1.caption:="Printer setup’;
In1.caption:="Print’;

TextEditor1.caption:="Plain text model window’;
NewTextWindow.caption:="New’;
NewOpenTextWindow.caption:="New/Open’;
Bitmapwindow1.caption:="Graph window’;
NewGraphWindow.caption:="New’;
NewOpenGraphWindow.caption:=’"New/Open’;
Smphng1.caption:="Simulation diagram window’;
NewSchemaWindow.caption:="New’;
NewOpenSchemaWindow.caption:=’"New/Open’;
Tablewindow1.caption:="Table window’;
NewTableWindow.caption:="New’;
NewOpenTableWindow.caption:="New/Open’;
exporttotext.caption:="Save as text file’;
Exporttoexcel.caption:="Save as excel file’;
saotoanbo.caption:="Copy all’;
Modell.caption:="Execute’;
Runmodell.caption:=’"Run model’;
Graph1.caption:="Draw graphs’;
Help1.caption:="Help’;
Contents1.caption:="Content’;
Sysinfol.caption:="System information’;
About1.caption:="Author’;
Closeall2.caption:="Close all windows’;
Exit2.caption:="Exit’;

SCONG NGHE

Closeall2.caption:="Déng hét cac ctra s6 con’; end;
Exit2.caption:="Ra khoi chwong trinh’; end;
end;
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Bang 2. Tha tuc chuyén déi ngon ngir cho cac théng bao, thuat
ngi¥, cau tir va I&i nhic trong md dun chinh ctia phan mém MM&S.

procedure TSimform.ThongBaoVEsimunit;

begin

if language="Vietnamese’ then begin

CaiDatLai:="Dé nghi cai dat lai chuong trinh bé’lng tép cai dat’;
CaiDatBangPhienBanCapNhat:="Dé nghj cai dat lai chwong trinh
bé‘mg phién ban cdp nhat’;

LoiBieuThucLoGic:="Li biéu thirc 16-gich!”;
LoiBieuThucDaiSo:="Ldi biéu thue dai s6!”;
LoiBieuThucTuongQuan:="Ldi biéu thirc twong quan!”;
LoiBieuThucTrongNgoac:="Ldi biéu thirc trong ngodc!’;
LoiCongThuc:="Ldi cong thic!”;

LoiTinhHamSo:="Ldi tinh ham s6°;

LoiTepMoHinh:=’L5i t€p mo hinh!’;
LoiKhaiBaoYeuToLietKe:="Li khai bao yéu t5 liét ké: *;
LoiKhungThoiGianTrongTepMoHinh:="Ldi khai bao khung thoi
gian trong tép mo hinh’;

LoiKhungMoHinh:="Ldi khung mo hinh’;
LoiKhaiBaoYeuTo:="Ldi khai béo yéu t§;
LoiKhaiBaoMoHinh:="Lbi khai bdo mé hinh!’;
LoiChiaCho0:="Ldi chia cho 0!’;

LoiDuaKetQuaRaBang:="Ldi dua két qua ra bang!’;
DongHetCuaSoRoiMoLai:="Dé nghij dong hét cira s6 con réi mé
lai!’;

KhongDocDuocTepMoHinh:="’Khong  doc
hinh!”;end

else begin

CaiDatLai:="Please reinstall software using setup file’;
CaiDatBangPhienBanCapNhat:="Please reinstall software using
updated version’;

LoiBieuThucLoGic:="Error in logical expression’;
LoiBieuThucDaiSo:="Error in algebraic expression!’;
LoiBieuThucTuongQuan:="Error in relational expression!’;
LoiBieuThucTrongNgoac:="Error in expression in the brackets!’;
LoiCongThuc:="Error in formula!’;

LoiTinhHamSo:="Error in function calculating!’;
LoiTepMoHinh:="Error in model file!’;
LoiKhaiBaoYeuToLietKe:="Error in listed element declaration!’;
LoiKhungThoiGianTrongTepMoHinh:="Error in time frame of
the model file!’;

LoiKhungMoHinh:="Error in model frame!’;
LoiKhaiBaoYeuTo:="Error in element declaration!’;
LoiKhaiBaoMoHinh:=’Error in the model declaration!’;
LoiChiaCho0:="Division by zero!’;
LoiDuaKetQuaRaBang:="Error in displaying results in table
window’;

DongHetCuaSoRoiMoLai:="Please close all windows then open
again’;

KhongDocDuocTepMoHinh:=’Cannot read the model file!’;

end;

end;

dugc t¢p mo
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P& nguwoi dung cé thé Iwa chon chuyén d6i ngdon ngi
trong qua trinh str dung MM&S, mot nit chon dwoc dat
trén thanh cong cu ctia phan mém. Khi ngudi duing nhip
chudt 1én nut nay ( E | d€ chuyén sang tiéng Anh khi
dang trong ché do tiéng Viét hodc | V' trong trueong hop
nguwoc lai), phdn mém sé thwc hién viéc doi ngdbn ngir
dwoc st dung va goi cac thu tuc chuyén do6i ngdn ngir
(bang 3).

Bang 3. Tha tuc xt ly tinh huéng khi ngwoi diing nhap chuét Ién
nat chon chuyén déi ngén ngi.

procedure tsimform.LanguageButtonClick(Sender:
TObject);

begin //NVCC2025

if language="Vietnamese’ then begin
language:="English’;
LanguageButton.Caption:="V’;end else begin
language:="Vietnamese’;
LanguageButton.Caption:="E’;

end;

TrinhDonVE;

ThongBaoVEsimunit;
ThongBaoVEEditorUnit;
ThongBaoVEAboutUnit;
ThongBaoVEResultsUnit;
ThongBaoVESimBitmap;
ThongBaoVESysElements;

end;

3.2. Str dung phdn mém MM&S da dwoc bé sung
tinh ndng chuyén déi ngén ngir Viét - Anh dé mé hinh
héa va mé phong cdc loai hé théng déng khdc nhau

Thé hién cdu triic hé théng va twong tdc gitra cdc yéu
té théng qua so d6 mé phéng: Trong so d6 moé phong
ctia phin mém MMA&S, cc yéu td ciia hé théng duwoc thé
hién qua biéu twgng tuy theo yéu té thuoc nhém yéu té
nao trong s6 bén nhém yéu t6 da dwgc dinh nghia trong
MM&S (bang 4).

Bang 4. Cac biéu twong ctia bén nhém yéu t6.

L] & O

Twong tac gitra cac yéu t6 dwgc thé hién qua dwong
lién két véi mii tén di tir yéu t6 tic dong dén yéu t6 chiu
tac dong. D& vé mét yéu t6, tuy theo yéu t6 dé thudc
nhém yéu t6 nao, chi cAn nhin chudt 1én biéu twong cta
nhém yéu td trén thanh cong cu cua phin mém MM&S
[9], sau d6 nhin chudt 1én diém mudn vé biéu twong
trong ctra s6 so d6 mo6 phong. Phin mém sé tw dong vé
mot biéu twgng nhém yéu t6 d6 kém theo tén mic dinh.

Yéu td
khong doi

Yéu t§
trung gian

Yéu to
liét ké

Yéu tb
trang thai

1n
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@ Mé hinh héa va mé phéng hé thing B Mathematical modelling and simulati - m] *
Clasécon Tép Méhinh dangvanbin D&thi Sodémé phér Child windows  File Plain text model window  Graph window  Simulation diagram windew  Table window Execute Help
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@ 50 d5 mé phéng - Khéng tén ® Simulation Diagram - Khong tén =2 =R "<
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Yéutd 2

Yéuté 1 Yéuto 0 Element 2 Element 1 v
< < >
Thévi gian 1am viée: 00:02:29 x:1366 v:768 Working time: 00:05:00 x1366 y.768

Hinh 2. V& s dd mé phéng cau truc hé trong ché do tiéng Viét (trai) va tiéng Anh (phai).

Dé vé duwong lién két, chi cAn nhin chudt 1én biéu twong
dwong lién két trén thanh cong cy, sau d6 nhin chudt
1én biéu twong cua yéu t6 tac dong va gitt nguyén nut
chudt trai roi di chudt sang biéu twong cia yéu to chiu
tac dong. Trong qua trinh di chudt phan mém vé dwong
lién két nét durt, khi thd chudt phadn mém sé vé duwong
lién két nét lién. Hinh 2 thé hién cac tinh nang nay cta
phin mém trong ché do tiéng Viét va tiéng Anh.

Hé thong dong c6 thé 1a hé thong sinh théi hoc (hinh
3), cling c6 thé 1a mot hé thong kinh t€ sinh thai (hinh 4)
hodc mét hé théng co hoc (hinh 5). Tuy nhién, cac yéu
td trong cac hé nay tuy theo ban chat déu c6 thé phan vé
b&n nhém nhw trong bang 4. Cac yéu t6 cung nhém co
cung biéu twong nhwng sé c6 tén khac nhau.

1 Stke chiva vat mdi

T trong thu ti nimg

Vit

T
@ Théng cho alwa

Hinh 4. Hé théng kinh té trang trai néng ho [6].

Chi cho Théng
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&CONGHI\?GCI:-IE

68(7) 7.2026

Gia the (m/s2)

Vintée goc (1/5) Goc lch (d6)

Hinh 5. Hé théng con lac [11].

Tich hop mé hinh todn vao so @6 mé phdng: Gia tri
cling nhuw céng thirc tinh cda cac yéu t6 hé théng dwoc
nap vao qua hdp thoai. Khi nhan ddp chudt 1én biéu
twong ciia mot yéu to, mot hdp thoai sé dwoc mé ra cing
v6i cac thong tin mac dinh (néu 13 1an dAu sau khi vé)
hodc vé&i cac théng tin da dwoc nap vao trwedc dé (hinh
6). Nhw dwoc thé hién trén hinh 6, khi chuyén sang ché
do6 tiéng Anh, MM&S chi ddi giao dién ngudi dung sang
tiéng Anh, thong tin vé yéu t6 nhw tén ctia yéu t6 (‘Quan
thé vat mdi’, ‘Strc chira vat moi’, ‘Do xdo tron’) van duoc
gilt nguyén.

VS - Information on the state element

x

MM - Trong tin v yéu t6 trang thai X

R .
- [peronin | e——— |
Tnitial vahe: I | Ordec \Z \ G tri ban di: I ] sémm\i \

Formula of the change rate: Céng thirc inh bién ddng cia bién trang thé
fi ] fi ]

11 ane] ot or Abs A * |1 ane] or xr Abs "
1t [Ther Eeel () [[<[>] = Avccos ¥ [rmarese] () <[> :ccos
V1203 45 57800 pecen v ol e[l el e 7B ] mram st [an v

Influenced by Influence on Bi téc dng béi cac yéu té: ‘Tac déag lén cac yéuts:
[Thay doi e [Thay dbi én qu predatorrelaredchange [ Thay coi e {Thay i ién qu]
oreycapacity[Sie chia vt méi] preveapacity[Si chia vat mii]
disrbarce[D§ xio trén] disturbance[P§ xdo tor]
oK Ding la

Hinh 6. Nap théng tin vao hép thoai yéu t6 trang thai trong so dé
mé phéng (vi du tir so’ db trong hinh 3).
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D&i voi yéu t6 trang thai, véi moi budce thoi gian, gia
tri cia yéu t6 lai thay ddi bang hé s bién d6i cta bién
trang thai [2]. Vi vy, trong hop thoai yéu td trang thai,
can duwa coéng thirc tinh bién dong ctia bién trang thai
vao, trong céng thirc ndy cling cin str dung hét cac yéu
t6 tac dong 1én yéu td trang thai (hinh 6: trong hop danh
sach ‘Bi tdc dong bdi cac yéu td': predatorrelatedchange,
preycapacity, disturbance).

Mbi yéu t6 hé thong cé tén dwoc viét binh thudng c6
d4u cach, con tén bién (hay hing d6i v&i yéu té khong
ddi) dai dién cho yéu t6 trong mo hinh tinh todn tuan thu
quy tac khong c6 dau cach.

Xudt mé hinh todn tir so @6 mé phdéng ra tép mé hinh
dang vdn bdn: Sau khi dd nap dd thong tin cho cac yéu
td ctia hé théng, c6 thé xudt mé hinh tir so d6 moé phong
ra tép (tép moé hinh van ban) nhw trong bang 5 twong
rng véi mo hinh trong so @6 & hinh 3. Truéc khi xudt mo
hinh tir mdt so' d6 mo6 phong, cin thue hién kiém tra tinh
hoan thién ctia so d6 md phéng bang cach nhin chudt

1én niat kiém tra () trén thanh cong cu cla ctra s6 so
d6 mo phéng. Chi khi MM&S thong bao so' d6 mo phéng
da hoan thién (hinh 7) mé&i c6 thé thwc hién viéc xudt mo
hinh ra tép van ban bang viéc nhin chudt lén nut xuit
mo hinh (x). Khi bat dau xuit mé hinh ra tép vin ban,
MM&S sé yéu cau nap khung thoi gian cho mé hinh qua
mot hop thoai.

Két qua bang 5 cho thiy, mé hinh dang van ban bat
dau bang ba dong khai bao khung thdi gian, sau dé 1a cac
phin khai bao bién cta cdc nhoém yéu t6 dwoc bat dau
bang cac tir khoa thong bado (CONSTANT_ELEMENTS cho
nhém yéu t6 khong déi, LISTED_ELEMENTS cho nhém
yéu to liét k&, INTERMEDIATE_ELEMENTS cho nhém
yéu td trung gian va STATE_ELEMENTS cho nhém yéu
t0 trang thai). Cac tir khéa nay giéng nhau va bang tiéng
Anh trong ca hai ché d6 tiéng Viét va tiéng Anh. Cac dong
khai bdo khung thoi gian va cac dong khai bao cac bién
duoc bit dau bang d4u sao dit trong ngoic vudng. Mdi
bién trang thai c6 mothé sé bién d6i ctia riéng minh dwoc
khai bao ngay sau dong khai bao gia tri ban d4u cta bién,
dong khai bao hé sé bién doi

MMBES - Két qua ki€ém tra so d6 mé phdng

MMBELS - Results of checking the simulation diagram

Cacyeutédau\ao d’idufccsud]mg T

[All the input elements are used.

{  cua bién trang thai nay dwoc

Khéng tim thay 16i trong so 46 mé phong Can not find any mistakes

bat dau bang hai ddu sao dit
trong ngodc vudng.

boi véi cac yéu to liét

Hinh 7. Thong bao vé tinh hoan thién clia s 6 mé phéng trong ché do tiéng Viét (trai) va tiéng

Anh (phai).

Bang 5. M6 hinh dang van ban dworc xuét ra tir so dé mé phéng hinh 3.

ké, lwa chon vé viéc cé tinh
toan gia tri ctia chung cho
cac khoang thoi gian khong

[*]STARTTIME=0
[*JENDTIME=1000
[*]TIMESTEP=1
CONSTANT_ELEMENTS
[*]predatorzeroisocline=2
[*]preyzeroisocline=2
[*]preycapacity=2
LISTED_ELEMENTS
[*]disturbance=/---/300=1
INTERMEDIATE_ELEMENTS

[*]preyrelatedchange=0.03*(preypopulation-predatorzeroisocline)
[*]predatorrelatedchange=0.03*(preyzeroisocline-predatorpopulation)

STATE_ELEMENTS
[*]predatorpopulation=1

[**]biendong_predatorpopulation=preyrelatedchange+disturbance

[*]preypopulation=1

[**]biendong_preypopulation=if(preypopulation>preycapacity)then(disturbance+
predatorrelatedchange-0.015*(preypopulation-preycapacity))else(disturbance+predato

rrelatedchange)

khai bao gia tri tir cac gia tri
da khai bao hay khong dwoc
thé hién qua ba diu cong,
hodc trir viét trong hai diu
gach xudi dau tién. Trong do,
d4u cong chi thi c6 tinh va
ddu trtr chi thi khéng tinh.
Viéc khai bdo méi gia tri cla
yéu to liét ké dwoc thwe hién
bing viéc liét ké thoi diém va
gia tri ndi véi nhau béi dau
bang dit sau ddu gach xuoi.
Tinh todn mé hinh: Mo
hinh c6 thé dwoc tinh toan
tir so d6 mé phong hoic tir
tép moé hinh dang van ban.
Khi nhidn chudt 1én biéu
twong hinh nguoi chay (#)
& thanh céng cu ctra s6 chinh
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hién thi hop thoai cho phép chon tép mo hinh dang van
ban dé tinh toan. D€ tinh todn mo hinh trong so d6 mé
phong, trueée hét can thwe hién kiém tra tinh hoan thién
cla so d6 mo phéng (giéng nhu trwede khi xudt mé hinh
ra tép vin ban). Chi khi so d6 mo6 phong da hoan thién
ma&i c6 thé bat dau tinh todn mo hinh bang viéc nhin
chudt Ién nut chay mé hinh (# ) trén thanh céng cu cia
clra s6 so @6 md phong. Néu tinh todn mo hinh tir so do
mod phéng, mdi Ian thuc hién tinh toAn MM&S sé yéu cau
nap khung thoi gian cho mé hinh. Do khung thoi gian
dwoc nap vao md hinh khi mé hinh dwoc xuit ra tép van
ban, nén viéc thyc hién tinh todn mo6 hinh trong tép van
ban khong cé cong doan nap khung thoi gian nira. D€
thay d6i khung thoi gian cho mé hinh trong tép vin ban,
cin m& tép mo hinh va stra thoi gian truc tiép trong do.

Sau khi thwc hién tinh toan m6 hinh, MM&S sé dwa
két qua ra ctra s6 bang (hinh 8) va héi dé lwu két qua vao
tép. Pong thoi, nit vé do thi (¥£) trén thanh cong cu ctia
clra s6 chinh cling sang 1én, cho phép nhan chudt dé vé
do thi.

B Cir2 56 bing - Khéng tén B Table window - No name

0 1 2 3 4 5 0 1 2 3 4 5

Buéc tinh to Thoi gian gocléch  biendong vantdegd( biendong || Caleulation: Time  gécléch  biendong vantdcgé: biendong,
Biéu thiec = 0 0 vantéegoe 10 giatbegoc| | Bxpression= 0 0 vantcgée 10 giatbcgoe
Gidtriband 0 0 10 10 -10 Initial value = 0 0 10 10 -10

1 0.01 01 99 99 -10.879 1 0.01 01 99 99 -10.87%
2 0.02 0.199 9.79121 979121 -11.7306||2 0.02 0.199 979121 9.79121 -11.7306
3 0.03 0.296912 9.673904 9.673904 -12.5443| | 3 0.03 0296912 9.673904 9.673904 -12.5443
4 0.04 0.393651 9.548461 9.548461 -133116| | 4 0.04 0393651 9.548461 9.548461 -13.3116
5 0.05 0489135 9.415345 9415345 -14.025 5 0.05 0489135 9415345 9.415345 -14.025
6 0.06 0.58328S 9.275095 9.275095 -14.6784|| 6 0.06 0583285 9275095 9.275095 -14.6784
7 0.07 0.67604C 9.128311 9.128311 -15.2664|| 7 0.07 0.67604C 9.128311 9.128311 -15.2664
8 0.08 0.767323 8.975647 8.975647 -15.7857| 8 0.08 0.767323 8.975647 8.975647 -15.7857
9 0.09 0.85707¢ 881779 881779 -162332| 9 0.09 0857075 881779 881779 -16.2332
10 01 0.945257 8.655458 8.65545¢8 -16.6075| | 10 01 0.945257 8.655458 8.655458 -16.6075
11 0.11 1.031812 8489383 8489383 -16.9083 (| 11 0.11 1031812 8 489383 8.489383 -16.9083

Hinh 8. Két qua tinh toan mé hinh dwoc dwa ra citra sd bang (hé
théng con lac).

Vé do thi thoi gian, do thi pha va phdn tich dé nhay
dbng thdi hé théng vdi sw thay doi ctia mot yéu td khdong
do6i: Khi nhan chudt 1én nut vé do thi, MM&S sé hién thi
hop thoai vé do thi (hinh 9), cho phép lwa chon vé do thi
pha (thé hién twong quan giira hai yé&u t6 theo thi gian)
hay d6 thi thoi gian (thé hién bién dong gia tri cac yéu to
theo thoi gian) va phan tich dé nhay dong thai ctia hé véi
su thay déi cac tham sd cia hé.

Do thi thoi gian cé thé vé theo ty 1& chung, khi dé gia
tri I&n nhat va nhoé nhat cla tit ca cac yéu té dwoc dung
dé can vé do thi chung cho tit ca cac yéu t6 (hinh 10). Khi
vé do thi theo ty 1 riéng, do thi ctia mdi yéu t6 dwgc cin
vé theo gia tri 16n nhat va gia tri nhé nhit cta ban than
tirng yéu to.
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Graph drawing dialog box X Hop thoai vé db thi X
Time graph  Phase graph  Sensitivity analysis | Dé thithéi gian D thipha Phan tich &6 nhay
Parameter list: Selected parameters Danh sach cac tham so Tham s6 dwoc chon
predatorpopulation predatorpopulation
preypopulation preypopulation -
Min: Toi thi
predatorzeroisocline isocl o
preyzercisoctine Max isocti Toi da
preycapacity Step: preycapacity Buée nhay:
7 g 9 7 g 9
4 5 6 : 4 5 6
0 1 2 3 0 1 2 3
Conduct sensitivity analysis? ‘Thue hién phén tich d6 nhay?
OYes @Neo Oce (® Khéng
et i
Hinh 9. HOp thoai vé do thi.
® Cira 56 6 thi - Khéng tén [fea ==
, . ~
5 5 — <O-hopphinci onglié inchuyénds ic: 981
o — < y
——— <2hyecan: -3.145<
——— <3>giatocgoe: -17.344<->7.378
1)
0 Budc tinh todn- 4000
M

Hinh 10. D6 thi th&i gian (ty 1é chung, hé théng con lac).

Bién déng cac yéu t6 trén do thi & hinh 11 thé hién
sw can thiép vao hé théng & hinh 3 khi & mot thoi diém
dong thoi tang s6 lwong vat san va con moi 1én cung mot
gia tri thong qua tac dong cla yéu to liét ké “Xao tron”
(bién dai dién la disturbance trong bang 5). Tuy nhién,
viéc thay ddi gia tri yéu té trang thai khéng anh hwdng
dén dong thai clia hé, hai yéu t6 van dao dong gidm dan
theo huéng vé trang thai 6n dinh.

B Cira 56 d5 thi - Khéng tén =2 Ech===
predatorpopulation(3 6137) ~
+
(0.3086,0.3481 preypopulation(3.4471)
v
< >

Hinh 11. D4 thj pha (Hé théng twong tac vat sdn - con méi, hinh 3).

Phéan tich d6 nhay dong thai hé thong cho biét sy thay
d6i mot tham s6 (yéu té khong doi) sé ¢ tac dong thé nao
dén dong thai cia hé. Hinh 12 cho thiy, yéu t6 khong doi
‘Strc chira vat moi’ véi hang dai dién 12 preycapacity trong
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‘Hé thong twong tac vat san - con mdi’ (hinh 3, bang 5)
dwoc chon 1am tham s& d€ dit khoang bién thién tir 0,1
dén 5 cho viéc phan tich d6 nhay ctia dong thai hé thong.

Hop thoai vé d5 thi X
Db thi thoi gian DG thipha Phan tich dé nhay

Graph drawing dialog box X

Time graph | Phase graph Sensitivity analysis

Danh séch céc tham sé: ‘Tham s6 duoe chon Parameter fist Selected parameter:

predatorpopulation = = [preycapacity
preypopulation it |01 ypopulati o1

Toi this Min:
predatorzeroisockine S S
preyzeroisocline Téi da preyzeroisockne Max
[preycapacity Buse ahay |01 [preyeapacity Step: o1

70809 (8o
41s |6 “lafs s
o 1fz2|3 o123

Th hitn phin tich 46 nhay?
@®cs

Conduct sensitivity analysis?
OXhéng @ No

Thuc hitn ] [ Théi bs | Procesd ][ Cancel |

Hinh 12. Dt bién dong tham sé cho phan tich d6 nhay dong thai
hé thong.

Véi viéc xac dinh bién dong cha yéu td Sirc chira vat
moi (hdng preycapacity) nhw hinh 12 va lwa chon vé do
thi pha giira hai yéu t6 Quéan thé vat moi (preypopulation)
va yéu t6 Quan thé vat sin (predatorpopulation), c6 thé
thdy bién dong hai quén thé vit sin va vat moi tang lén
khi Strc chira vat moi vuot qua 2,3 va dan dén gia tri Am
cla hai quan thé (hinh 13).

predatorpopulation(3.6137) preycapacity=2 pred: lation(3.9615) preycapacity=2.35

03086.0.3481 preypopulation(3 4471)  -0.0559,-0.0082 preypopulation(3 7283)

Hinh 13. Phan tich d6 nhay dong thai cta hé théng twong tac vat
sén - con modi dwéi sw bién thién ctia tham s6 Strc chira vat moi.

4. Ban luan

Céac hé théng phirc hop cé ban chat rat khac nhau va
c6 don vi thoi gian hoat déng cling rat khac nhau (c6 thé
tinh bang ndm & hé thong nay, nhung tinh bang gidy & hé
thong khac). Tuy nhién, di€ém chung cta cac hé thong nay
1a mot s6 yéu t6 ciia chiing bién dong theo thoi gian, hay
néi cach khac ching déu 1a cac hé dong. Quan diém vé hé
dong da dwoc cong nhin trong nhiéu cong trinh [1,9, 12,
13]. Cac yéu t6 clia ching c6 thé dwgc phan thanh bon
nhém: trang thdi, trung gian, liét ké va khong doi.

Nhom yéu t6 liét ké dugce tac gia dé xuat va da dwoc
ding trong tuyén tap hoi nghi qudc té [2]. Viéc dé xuit
nhom yéu t6 liét ké tao diéu kién thuin loi d€ mo hinh héa
va md phdng cic hé kinh té, sinh thai [14-16].

%H%-IE 68(7) 7.2026

Sau khi x4c dinh dwgc bon nhém yéu td nhw vay,
trong cac hé dong, phin mém MM&S da st dung bdn
biéu twong cho cac yéu té ciia bdn nhém yéu té va thé
hién cu tric ctia cic hé dong mot cach trwc quan, thong
qua so dd cac hé dong. Moi yéu t8 clia hé dong thudc
nhém nao sé dwoc thé hién trén so dd md phéng bang
biéu twong twong Gng cia nhom yéu t6 d6. Twong tac
gilra cac yéu t6 dwoc thé hién qua cac duong lién két voi
miii tén di tir yéu t6 tadc dong dén yéu t6 chiu tac dong.
Do dac tinh v6n ¢6, nén cac yéu t6 khong ddi chi tac dong
1én cic y&u td khac ma khéng bi cac yéu t6 khac tac dong.
Chinh vi vay, trén so d6 mo6 phong sé khéng c6 duong
lién két véi mii tén di dén yéu t6 khong doi. Hé théng
bao gbm cac yéu td ¢ twong tac véi nhau, nén khong thé
c6 mot yéu t6 khdng c6 méi lién hé véi cac yéu té khac
trong so d6 mo6 phong.

So véi phan mém STELLA [4, 5] chi dung hai biéu
twong dé thé hién ciu tric hé déng (hinh 1), MM&S véi
bon biéu twong dai dién cho bén nhém yéu to c6 thé thé
hién ciu truc hé dong ré rang hon (hinh 3, 4 va 5).

Bang viéc cho nap thong tin cia cac yéu té vao mo
hinh théng qua cac hop thoai thong tin yéu té hé thong,
MM&S khong chi thé hién dwoc ciu tric cia hé thong
dwéi dang thanh phan va méi twong tac gitra cac yéu to,
so d6 mo6 phong cia MM&S con c6 dwoc ban chit dinh
lwong clia cadc moi twong tac gitra cac yéu td trong hé
dong. M6i yéu t6 clia hé théng dwoc dai dién trong mo
hinh badng moét bién hoic hdng (ddi v&i yéu td khong doi).
Gia tri cta cac yéu t6 tac dong dugc st dung trong cac
biéu thirc tinh toan cho cac yéu to trung gian va trong cac
biéu thirc ctia cac hé sd bién d6i clia cac yéu td trang thai.
Gia tri ban dau cda cac yéu t6 trang thai va gia tri cia cac
yéu t6 khong do6i quyét dinh trang thai xuit phat cia hé
théng. Sau mdi buéc thoi gian, cac yéu té trung gian va
hé s6 bién déi clia cac yéu t6 trang thai dwoc tinh tir gia
tri ctia cac yéu td khac & thoi diém trwdec, va gia tri méi
clia yéu t8 trang thai dwoc tinh bing viéc cong gia tri &
thoi diém trudc véi hé s6 bién d6i ciia né vira tinh dwoc
& buéc thoi gian nay.

Két qua cta cac bwdc tinh toan 1a mot tap hop sé
liéu phan anh bién déng cta cic yéu t6 trong khoang
thoi gian ma ta xem xét hé. Do thi thoi gian dwoc vé
tr nhitng s6 liéu nay, thé hién mét cach truc quan bién
dong cac yéu td ctia hé theo thoi gian, con do thi pha cho
thdy twong quan bién déng gia tri gitra cac yéu té ctia hé
theo thoi gian. Pong thai ctia hé ciing c6 thé dwgc phan
tich dwéi anh hwdng bién déng cia cac tham sd (yéu
t6 khéng ddi). Sau khi ngudi dung lwa chon tham sé va
buéc nhay (mic bién dong cua tham s6), lwa chon ché
dd phan tich do nhay va cac yéu t6 dé vé do thi, MM&S sé
lan lwot tinh todn mé hinh khi tham s& dwoc chon bién
dong tir gia tri nhd nhit dén gia tri 1dn nhit trai qua tirng
buéc tang thém bang gia tri buéc nhay. Sau mdi l1an tinh
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toan mo hinh, d6 thi dwoc lwa chon sé dwoc vé dwa trén
cac s6 liéu mai thu dwgce. Quy trinh nay sé mang lai mét
cai nhin truc quan vé tac dong cua bién dong tham so da
chon dén déng thai cla gia tri cac yéu to (trén do thi thoi
gian) va dén dong thai twong quan bién dong gia tri gitra
cac yéu td ctia hé (trén do thi pha).

MM&S quy dinh khuén thtrc riéng cho tép m6 hinh
dang van ban (*.ptm), tép do thi (*.stm), tép so d6 mo
phdng (*.vec) va tép bang két qua (*.tbl). Tr so 6 mo
phdng hoan thién kém theo day du cac thong tin gia tri
va biéu thirc, c6 thé xudt mo hinh ra tép mé hinh dang
van ban. Tép mo hinh dang van ban chi chita m6 hinh
toan, trong khi tép so d6 mé phong hoan thién chira ca
thong tin trwc quan ciu tric hé (so do twong tac gitra cac
yéu t6) va mé hinh todn. Tép do thi chira théng tin toa do
d6 thi, vi viy MM&S c6 thé vé chdm d6 thi trong tép tao
hiéu (rng trwc quan vé bién dong gia tri cac yéu to (do thi
thoi gian) va twong quan bién dong gia tri gitra cac yéu
td cha hé (trén do thi pha).

Phién ban m&i nhit cia MM&S da dwoc bd sung tinh
nang chuyén do6i ngdn ngtr Viét - Anh. Bat ct thoi diém
nao ngudi dung cling c6 thé nhan chudt 1én nut chuyén
déi ngdbn ngir d€ chuyén ddi ché do tir tiéng Viét sang
tiéng Anh va ngwoc lai. MM&S chi chuyén d6i ngén ngir
cac giao dién nguoi dung, vi vy cac théng tin cia cac yéu
t6 hé thong (nhuw tén yéu t6, tén bién) viét bang tiéng Viét
s& van dwoc gitr nguyén khi ngwoi dung da chon chuyén
sang moi treong tiéng Anh.

Tinh nang chuyén d6i ngdn ngtr Viét - Anh da dwoc bd
sung cho phan mém MM&S, cho phép chuyén do6i ngon
nglt trong giao dién ngwdi dung & bat cir thoi diém nao.
Khi chuyén d6i ngén ngi, chi giao dién ngudi dung dwoc
thay d6i tén cac yéu t6 hé thong, cic bién trong so d6 mé
phéng va trong bang két qua tinh todn mé hinh van git
nguyén. Phin mém MM&S la mét cong cu chung cho viéc
xdy dung mo hinh va tinh toan, phan tich mo6 phdng cac
hé dong cé ban chat hoan toan khiac nhau. Phin mém
MM&S thé hién ciu tric cia hé mét cach truc quan
théng qua cac biéu twong cia bon nhém yéu té va cac
dwong lién két véi miii tén di tir yéu t6 tac dong dén yéu
td bi tdc dong. Phan mém MM&S c6 kha nang tinh toan
md hinh tlr so d6 mé phdong hoic tir tép mé hinh dang
van ban. Ngoai ra, phdn mém MM&S con hd tro vé do thi
thoi gian va do thi pha ca & ché do vé binh thwong va ché
d6 vé cham, tao hiéu &ng trwc quan vé dong thai cia hé.
Phin mém MM&S cho phép lwu cac tép mé hinh dang
van ban, tép do thi, tép so d6 mo6 phong va tép bang két
qua tinh todn mo hinh dé c6 thé md lai va dung trong cac
phién ban tiép theo. Trong twong lai, tic gia sé b6 sung
tinh nang chuyén déi sang cac ngdn ngir khac cho phan
mém nay.
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Nghién ctru nay st dung phwong phap tdi wu héa ciu triic nguyén tir dwa trén mo hinh vé - 16i dé khao sat sy phu thudc
cta phin cwc dién trong PbTiO; (PTO) vao dién trirdng ngoai va sy xuat hién ciia khuyét tit. Két qua cho thiy, méi quan
hé giita d6 phan cwc dién P va dién trwedng ngoai E, dwe'c minh hoa qua dwdng cong dién tré, véi cac thong s6 dic trung:
trwedng dién khang E =+0,115 eV/A, @6 phan cwc dw P =186,8 1.C/cm’ va dd phan cwc bdo hoa P =+101,21 ;1C/cm? S xuat
hién ctia vét nitt lam P_giam lan lwot tir 34,9, 40,2 va 31,2% déi véi cac kich thwéc vét nitt axc, ax2c va 2axc, trong khi
E_giam 21,7% (axc), 18,3% (ax2c), nhung ting 16,5% & trwong hop 2axc. Dong thoi, irng suat tai E_giam 40,6% (tir 7,2
xudng 4,28 GPa), phan anh sy gian doan ciu tric. Két qua khong chi lam ré co’ ché phén cwe cia PTO ma con cung cap cor
s& Iy thuyét quan trong dé t6i wu hoa thiét ké thiét bi sat dién, dic biét 1a bé nhé truy cap ngau nhién khong mat dir liéu
khi ngat nguon (FeRAM), cam bién va cac hé thong dién tir diéu khién chinh xac. Nghién ctru dong thoi goi mé hwéng phat
trién trong viéc phan tich twong tac giiva khuyét tat cdu tric va dién truwedng ngoai trong vat liéu sat dién.

Tir khéa: dién trwdng ngoai, khuyét tat dang vét nirt, md hinh vé - 16, PbTiO,, phan cyc sit dién.
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Abstract:

This study employs atomic structure optimisation based on the core-shell model to investigate the dependence of
electric polarisation in PbTiO, (PTO) on external electric fields and the presence of defects. The results reveal the
relationship between polarisation (P) and electric field (E), as illustrated by the hysteresis loop, with characteristic
parameters including the coercive field E =+0.115 eV/A, the remanent polarisation P =+86.8 ;.C/cm?, and the saturation
polarisation P.=+101.21 uC/cm?®. The presence of cracks leads to a reduction in P_by 34.9, 40.2, and 31.2% for crack
sizes of axc, ax2c, and 2axc, respectively, while E_decreases by 21.7% (axc) and 18.3% (ax2c), but increases by 16.5%
in the case of 2axc. Additionally, the stress at E_drops by 40.6% (from 7.2 to 4.28 GPa), indicating structural disruption.
These findings not only elucidate the polarisation mechanism of PTO but also provide an important theoretical basis
for optimising ferroelectric device design, particularly ferroelectric random access memories (FeRAM), sensors, and
high-precision electronic control systems. The study also suggests future research directions for investigating the
interaction between structural defects and external electric fields in ferroelectric materials.
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1. it van de

Vat lidu st dién PbTiO, (PTO) dang thu hut nhiéu sy
quan tAm tlr cdng dong khoa hoc va nganh céng nghiép
nho vao cac dac tinh vwot troi nhw kha nang phan cuc
dién va &ng dung tiém nang trong cac thiét bi cong
nghé cao. Nhitng &rng dung néi bat bao gom FeRAM [1],
bd chuyén déi dién (transducers) [2] va cam bién [3].
Trong nhirng nam gin day, cic nghién ctu ly thuyét va
thwe nghiém da dat dwoc nhiéu thanh cong trong viéc
lam sang to co ché hinh thanh phan cwc dién trong vat
liéu sat dién [4, 5]. Dién hinh nhw md hinh Iy thuyét ctia
Cohen va Krakauer da chirng minh rang lién két héa hoc
gilta cac nguyén t&r dong vai tro quan trong trong viéc
xac dinh tinh chét sit dién cta BaTiO, (BTO) va PTO
bang phwong phap nguyén ly d4u (ab initio), nhdn manh
anh hudng cla ciu tric nguyén tir [4]. Ngoai ra, nghién
ctru clia Y. Chen va cs (2019) [5] da chi ra rang, do phan
cwc dién phu thudc manh vao cwong do tire thoi ciia dién
truweong tac dung, dong thoi co ché dao chiéu phan cuc
dudi tac dong clia cac xung dién cling da dwgc lam sang
td. Tuy nhién, cac nghién ciru trede day it chu trong dén
ng Xt ciia phan cuc dién dwéi tdc dung ctia dién trwong
va khuyét tit dang vét nirt trong qua trinh hoat dong ctia
céc linh kién dién tir dwa trén PTO, mic du day 1a yéu td
quan trong anh hwdng dén do tin ciy va hiéu suat.

Phuwong phéap tinh todn dwa trén nguyén ly dau -
nén tang co hoc lwong t - 1a moét cdng cu dang tin ciy,
thuwong dwoc stt dung dé mo phong va xac dinh cac tinh
chat cta vat liéu sit dién [6]. U'u diém cta phwong phap
nay la kha nang dw doan tinh chit ma khong can di
liéu thuc nghiém ban dau, nhwng né cé han ché nhw chi
ap dung hiéu qua cho moé hinh c6 s6 lwong nguyén ti
nhé (vai chuc nguyén tit), thoi gian tinh toan kéo dai va
thwong gidi han & diéu kién nhiét dd 0 K. Trong nhitrng
nam gan day, mé hinh vo - 16i [7] da cai thién cac nhwgc
diém trén bang cach cho phép mé phéng hé théng cé s6
lwong nguyén tir 1én (hang nghin nguyén tr), tiém can
véi ciu truc thuce té, gidm thoi gian tinh toan va dic biét
h6 tro mé phéng & cac diéu kién nhiét do khac nhau (>0
K) [8]. Nh¢ nhitng wu diém vwot trdi nay, mé hinh vo
- 16i da tré thanh mot trong nhitng phwong phap tinh
todn hiéu qua, dwoc st dung rong rai dé nghién ctru cac
tinh chat phan cwc dién ctia vatliéu, dic biét trong cac hé
théng phirc tap va dwéi cac diéu kién méi trwedng khac
nhau.

Trong nghién ctru nay, ching t6i ap dung phuwong
phép t6i wu hda ciu tric nguyén tir dya trén mo hinh vé
- 16i d€ khao sat chi tiét tinh chit phin cwc dién cla vat
liéu PTO dwéi tac dung cua dién trwong ngoai. Bén canh
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do, nghién ctru cling tap trung phan tich &nh hwédng cia
Khuyét tat dang vét niet dén dic tinh nay. Muc tiéu chinh
la 1am sang t6 m6i quan hé gitra ciu tric vi mo, dién
truedng va khuyét tat véi tinh chit phan cwc ctia PTO, tir
d6 cung cp co s& khoa hoc dé cai tién thiét ké va nang
cao hiéu suit ciia cac thiét bi dwa trén vat liéu st dién.

2. Phuong phap nghién cliu
2.1. M6 hinh mé phéng

Vat liéu sat dién PTO 1a ddi twong nghién ctru trong
cbng trinh nay, véi ciu tric pha thuin dién (pha cubic),
dwoc minh hoa trong hinh 1A va pha sit dién (pha ling
tru t giac - tetragonal) nhw mo ta trén hinh 1B. Hinh 1C
trinh bay mé hinh vé - 16i, trong d6 mdi nguyén tir dwoc
mo ta nhw mot hé thong gom hai phian: vo valdi [7]. Phan
v6 dwgc mo ta twong wng véi dam may dién tir co dién
tich 1a q,, phan 16i twong rng la hat nhan nguyén ti c6
dién tich la g_[9]. Tong dién tich ctia nguyén tir dwoc xac
dinh béi téng q, va q, phan 4nh su cin bing dién tich
trong cdu tric nguyén ti.

9=9e 9. (1)

Hinh 1. M6 hinh, céu tric 6 don vi cia PTO. (A) Pha thuan dién -
Cubic; (B) Pha sat dién - Tetragonal; (C) M6 hinh vo - 16i.

Trong nghién ctru nay, cac tinh toan dwgc thuc hién
trén moé hinh vat liéu PTO & pha sat dién, v&i ciu tric
da dwoc tbi wu hba va toa do chi tiét cta cac nguyén ti
duoc liét ké trong bang 1. Diéu kién bién chu ky dworc ap
dung trén ca ba phwong x, y va z, d€ mo6 phong mot hé
théng v6 han, tir d6 loai bo cac hiéu rng bé mat va dam
bdo tinh dai dién cta ciu trac. Qua trinh mé phéng dwgc
thwc hién bang phwong phép tinh toan t8i wu héa ciu
tric nguyén tir dwa trén mo hinh vo - 16i [7], cho phép
mo ta chinh xac cac twong tac gitra cic nguyén ti va cac
hiéu rng phan cuc dic trung clia vat liéu sit dién. D€ dat
dwoc do chinh xac cao va hiéu qua tinh todn, nghién ctru
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stt dung sw két hop hai thuit todn t6i wu hda: thuit toan
tdi wu Newton-Raphson, gitp tang t6c dé hoi tu trong
quad trinh t6i wu va giai thut cwc tiéu Broyden-Fletcher-
Goldfarb-Shanno (BFGS), mot phwong phap hiéu qua
trong t6i wu héa cac bai todn phi tuyén tinh. Toan bd qua
trinh mo6 phéng va tinh toan dwgc thuc hién thong qua
phin mém General Utility Lattice Program (GULP) [10],
mot cong cu linh hoat va hiéu qua cho m6 phong vat liéu
& kich thuéc nguyén tir. Phdn mém nay cho phép thuc
hién céc tinh toan phirc tap vé ciu tric va tinh chit cta
PTO mot cach hiéu qua, hd tro phan tich chi tiét cac dic
tinh vt liéu trong diéu kién mo phdng.

Bang 1. Toa d6 nguyén tir ctia PTO & c4u truc lang tru tir giac.

Nguyén tfrTQa @@ (A] X Y z

Pb 0,0000 0,0000 0,0000
Ti 0,5000 0,5000 0,5337
0, 0,5000 0,5000 0,0902
o, 0,0000 0,5000 0,6050
0 0,5000 0,0000 0,6050

2.2. Phén cwec sat dién

Hién twong phan cuc trong vat liéu PTO xay ra do
sw chuyén dich twong doi gitra phan vo (dai dién cho
dam may dién ti) va 16i (dai dién cho hat nhan) cia cac
nguyén tir trong ciu tric tinh thé. Khi c6 tic dong tir bén
ngoai, chang han nhw dién trwong, tAm cia dam may
dién tir khdng con trung véi tAm hat nhan, dan dén sw
hinh thanh cic phan cwc dién vi md tai tirng vi tri nguyén
tlr. Sy tong hop clia cic phan cwc vi mo nay tao nén tong
phéan cuc dién (P) cla vatliéu. D€ dinh lwong hién twong
nay, do phan cuc dién trong mét 6 don vi cda PTO duoc
tinh todn dya trén céng thirc sau [11]:

P=%meimqm(rm -7 )

trong do6: V la thé tich 6 don vi. q_, r_ lan lwot la dién
tich va vector vi tri ctia nguyén ti thi m. r, 1a vector vi
tri tham chiéu d6i v&i 16i nguyén tr A (nguyén ti trung
tam, trong trweong hop nay 1a nguyén ti Ti) va téng cong
29 hat con lai trong 6 don vi dwoc xem xét, twong &ng
v&i thanh phan ciu tric cia PTO bao géom 8 nguyén ti
Pb & cac dinh, 1 nguyén tr Ti & trung tdm va 6 nguyén t
0 phan b6 trén cac mat ctia 6 don vi. w_la hé s6 chia sé
nguyén tir dwoc gan nhw sau: 8 cho Pb, 1 cho Tiva 2 cho
0, m6 ta mirc d6 dong goép cua tirng loai nguyén t vao
P ctia vat liéu, dwa trén vai tro va phan bé dién tich cta
chiing trong mang tinh thé.

%H%-IE 68(7) 7.2026

3. Két qua va ban luan

3.1. Anh hwéng cia dién trwong dén sw phdan cuc
dién

M6 hinh khao sat dwoc thiét 14p véi dién trueong
ngoai (E) trong khoang tir -0,4 dén +0,4 eV/A, & nhiét
dd 0 K va phan cuc dién ban dau (P) dinh huéng theo
truc z dwong (+z). Hinh 2 minh hoa m6i quan hé gitra
phan cuc dién (P) va dién trweong ngoai (E) cta vat liéu
PbTiO,. Trong d6, gia tri ctia P tai diém ma dién trwong E
bang 0 (di€ém B va G) duoc dinh nghia 1a @6 phan cuc dw
(P, £P), dai dién cho mirc d6 phan cuc dién ty phat cua
vat liéu & trang thai tw nhién, khi khéng c6 dién trwong
ngoai tadc dung. Cuwong dod dién trweong cin thiét d€ dwa
phén cuc P vé 0 (diém C va H) dwoc goi la treong dién
khéang (E, +E ). Ngoai ra, gia tri cua P tai E =+0,115 eV/A
(diém K va D) dwoc xac dinh la do phan cuc bao hoa (P,
+101,21 xC/cm?), phan 4nh mi&c phan cuc t6i da cla
vat liéu. M8i quan hé gitra P va E dwoc thé hién qua mot
chu trinh dién tré hay con goi 1a duwdng cong dién tré
(ABCDFGHKA), dwgc mé ta chi tiét trong hinh 2.

140 1 P (uC/cm?) (1) A

@Pb oTi ¢ 0

'/Z

S \ 20
o x E|C H|\E

8
T T T T T T & T T T T T T T T 1

T T
-0.45-0.4-0.35-0.3-0.25-0.2-0.15 0.1 -0.05 005 0.1y 0.15 02 0.25 0.3 035 04 045
-20 A

E(eV/A)
A -40 -
P .A//Jti% (I .60 4 4 P=0
Kl/ o -80
¢ T deofl0 |
D ]
¥ (2) -140 -

Hinh 2. BPuwéng cong dién tré cua vat liéu PTO.

Phan tich két qua thu dwoc cho thidy d6 phan cuc
P phu thudc truc ti€p vao dién trwong ngoai E, dwoc
thé hién qua duwdong cong dién tré. Pudng cong nay c6
thé chia thanh hai nhanh: ABCDF (nhanh 1) va FGHKA
(nhanh 2), phan anh cac trang thai khac nhau cta ciu
tric tinh thé. ¢ nhanh 1, trong trang thai ban du (trang
thai I), nguyén tir Ti ndm & phia dwdi va cach xa vi tri ly
twdng (chinh tdm 6 don vi) khi dién trwong ngoai dat
E=+0,4 eV/A. Khi dién treong ngoai giam tir +0,4 xudéng
-0,115 eV/A, d6 phan cuc P giam theo xu hwéng gin
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nhuw tuyén tinh. Sy gidm nay xay ra do nguyén t Ti dan
chuyén dich vé gan vi tri chinh tdm cta 6 don vi. Tai E=0
(diém B), vat liéu c6 dé phan cwc dw P =+86,8 1C/cm?,
biéu thi mitrc phan cwc tw phét trong trang thai khéng
c6 dién truong. Dac biét, khi E giam dén - 0,115 eV/A
(diém C), dd phan cwc dién bi triét tiéu hoan toan (P=0),
do nguyén ti Ti di chuyén chinh xac vé vi tri chinh tim
cla ciu trdc tinh thé. Néu tiép tuc gidm dién treong, ciu
trac tinh thé chuyén sang trang thai 11, khi d6 nguyén
tir Ti dich chuyén 1én phia trén cuda vi tri Iy twdng. Qua
trinh nay dién ra nhanh chéng (doan CD), dan dén dao
chiéu phan cuc, dat gid tri P=-101,21 uC/cm?tai diém
D, phan anh mirc phin cwc bdo hoa am. Nguwoc lai véi
nhanh 1, khi dién trueong tang dian ti -0,4 dén 0,115
eV/A, d6 phan cuc P ting theo xu hwéng gan nhuw tuyén
tinh. Tai E=0 (diém G), d6 phan cwc dw & trang thai Il dat
P =- 86,8 uC/cm? twong ing voi trang thai phan cuc tw
phat nguwoc chiéu. Khi E ting dén 0,115 eV/A (diém H),
do phan cuec lai bi triét tiéu (P=0), do nguyén t Ti tré
vé vi tri chinh tAm cda ciu tric. Khi tiép tuc ting dién
trwong, ciu triuc tinh thé chuyén vé trang thai I (doan
HK), véi phan cuc dao chiéu mot Ian niva, dat P=+101,21
1C/cm? tai diém K, hoan thanh chu trinh dién tré. Qua
trinh nay 13p lai theo chiéu ngwoc lai véi nhanh 1, tao
thanh mdt vong tuan hoan 6n dinh.

K&t qua nghién ctru cho thiy, c6 méi quan hé chit ché
gitra do phan cwc P va dién truedng ngoai E trong vat liéu
PbTiO,. Cu thé, khi E ting, P cling ting theo, tuy nhién
khi E dat dén gid tri téi han (trwong dién khang E ), P dao
chiéu. Khi E gidm, P gidm twong &ng. Dang chu y, chiéu
cia P ludbn dong thuin véi chiéu cia E, nhwng nguwoc
véi chiéu dich chuyén cia nguyén tir Ti trong mang tinh
thé. Piéu nay cho thay sw léch khoi vi tri ly twdng cia
nguyén tir Ti tao ra dién truwdng noi tai tic dong dén P
va dich chuyén nguwoc chiéu phan 4nh co ché dao chiéu
phan cwc dic trng cla vat liéu sat dién. Mai quan hé P-E
dwoc biéu dién qua dwdmng cong dién tré, thé hién mot
chu trinh tudn hoan 13p lai lién tuc khi dién trueong ngoai
thay déi chiéu. Pwong cong nay gbm hai nhanh doi xirng,
phu hop vé&i cac nghién ctu trede day [12-14], qua do
khang dinh tinh 6n dinh va kha ndng tai 1ap chu ky cua
hién twong. Tr dwong cong dién tré, cic thong sé quan
trong ctia vat liéu sat dién PbTiO,, da xac dinh dworc, bao
gom: do phan curc du P =%86,8 11C/cm? (mirc phan cuc tw
phat tai £=0), do phan cyc bdo hoa P =+101,21 xC/cm?
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(mrc phan cyc ti da tai £) va trwong dién khang
E=+0,115 eV/A, (dién trwong can thiét dé triét tiéu P).
Nhitng gia tri nay cung cip thong tin quan trong vé dac
tinh sat dién ctia PbTiO,, bao gom kha ning dao chiéu
phan cwc va phan ng véi dién trweong, c6 thé dwoc sir
dung dé so sanh v&i két qua thwe nghiém hodc dw doan
hanh vi cda vt liéu trong cac rng dung thwc té€ nhw bo
nhé sat dién hodc cam bién.

3.2. Anh hwéng cia khuyét tat (vét nirt) dén
dwong cong dién tré

Mo hinh c4u tric cia vat liéu PTO dwoc khao sat véi
cac vét nitt cb kich thwéc khac nhau, cu thé 1a axc, ax2c
va 2axc, phan b6 trén mat phang (0xz), dwgc minh hoa
twong wng trén hinh 3. Qua trinh hinh thanh sw phan
cuc dién P va dwong cong dién tré cia cdc md hinh dwoc
thwce hién theo phwong phap twong tw nhw nghién ctru
muc 3.1. Cu thé, qua trinh nay dwa trén viéc ting dan gia
tri dién truong ngoai E trong khoang tir -0,4 eV/A dén
+0,4 eV/A, tir 46 danh gia anh hwdng cta E dén P va dic
tinh sit dién ctia vat liéu, ngay ca khi c6 sw hién dién cua
cac vét nirt.

Anh huwéng cta kich thwéc vét nirt dén méi quan
hé P-E dwoc mo ta trén hinh 4. Két qua nghién ctu chi
ra rang ca d6 phan cuc dw P_va trueong dién khang E.
déu bi suy gidm khi xuat hién vét nit trong ciu tric
vat liéu PTO. Cu thé, P, giam dan khi kich thwéc vét nit
tang theo phuwong z, trong khi E_lai c6 xu hwéng tang
khi kich thwéc vét nirt phat trién theo phwong x. Hién
twong nay co6 thé dwoc ly gidi dwa trén sw thay doi trong
cau tric tinh thé: sy xuat hién vét nitt dan dén mat mat
mot sé nguyén t, dic biét 1a nguyén tir Ti, lam gidm s6
lwong luwdng cwc dién (dipoles) déng gép vao dd phan
cu, tr d6 lam gidm P . Dong thoi, sw mat mat nguyén ti
Ti cling anh hwéng dang ké dén E,, do sw gian doan cau
truc tinh thé 1am thay ddi ngwdng dién tredng cin thiét
dé dao chiéu phan cwc. Tai vét nirt c6 kich thwéc axc, P,
dat 56,53 pC/cm? va tai vét nitt ax2c, P, gidm xudng con
51,88 ;C/cm?, twong rng véi mirc gidm lan lwot 34,9
va 40,2% so véi trang thai tw nhién (chwa c6 vét nit,
P =86,8 11C/cm?). Trong khi d6, E_ cling gidm twong (tng,
Ian lwot 1a £0,090 (21,7%) va +0,094 eV/A (18,3%) so
véi gia tri ban dau (E =%0,115 eV/A). Tuy nhién, trong
truong hop vét nit cé kich thudc 1a 2axc, P chi giam
31,2% (twong dwong ~59,7 uC/cm?) nhung E_lai ting
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(A) 4 (B) 7 () 2a doan c4u tric nay dong thoi lam suy yéu ca
©e°e 6°0 ©*°6 eo°0 ©° °e tinh chit co hoc (d6 cing va kha ning chiu
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X X p

Hinh 3. M6 hinh vét nit v&i cac kich thuwéc. (A) axc; (B) ax2c; (C) 2axc.

1én +0,134 eV/A (16,5%), cho thdy su thay d6i phttc tap
trong hanh vi dién khi kich thuéc vét nitt thay doi theo
hwéng khac.

Nhuw vay, c6 thé thiy kich thwéc va phwong clta vét
nit trén mat phing (0xz) c6 tac dong dang ké dén P va
E_ctia PTO. Sy suy giam P_va bién dong ctia E_phan anh
tac dong cia mat mat nguyén tir Ti va sw gian doan ciu
truc, cung cip co s& quan trong dé danh gia do bén co
dién cda vt liéu trong cac rng dung thuc té€ khi xuit
hién khuyét tat, chang han nhw trong thiét bi luu trir
hodc cdm bién (hinh 4).

Hinh 5 mo6 td moi quan hé gitra rng suit (o) va dién
trueong ngoai (E) trong vat liéu PTO khi ton tai cac vét
nit véi kich thwée khac nhau. Két qua nghién ctéu cho
thdy, ing sudt tai trwong dién khang E_ giam khi xuat
hién vét nitt, véi mikc suy giam dang ké 1én dén 40,6%
(ttr 7,2 xudng 4,28 GPa tai vét nirt axc). Vé ban chit, hién
twong nay xuat phat tir sw mat lién két gitra cic nguyén
tr tai khu vre khuyét tit dang vét nitt, gy ra sw gidn
doan mang tinh thé va 1am suy gidm kha ning truyén tai
rng suit. Khic véi co hoc pha hiy ¢ dién - noi ng suit
tap trung tai dau vét nitt, & quy mo nguyén tl, sw gidn

150 T T T T T T T T
I —— Khoéng vét nit
- —o— Vét nirt (axc)

- —t— Vétnit Qaxc)

(=1
(=}

w
(=1

Phan cuc - P (nC/em’)
|
EI

—-100

L

04 05

-1 1 1 1 1 1 1

50 L
-0.5 -04 -03 02 -0.1 00 0.1 02 03
Pién truong - E(eV/A)
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ké d6 phan cyc du (P) va chinh E,, do viéc
giam so lwgng lwdng cuc dién tham gia vao
qua trinh dinh hwéng phan cwc. Diéu nay
phan 4nh méi quan hé twong hd giita tinh toan ven ciu
tric va cac tinh chit vat ly cta vat liéu sat dién. Nhitng
két qua nay cung cip co s& quan trong dé hiéu roé anh
hwdng ciia khuyét tit dang vét nirt dén tinh chit co-dién
cta PbTiO3, déng thoi goi mé hwéng nghién ctru va phat
trién nham t6i wu hoéa vat liéu cho cac ing dung doi héi
do bén va do 6n dinh cao.

15 T T T T T T T
- —— Khéng vét nut 1
10F o Vétnut (axc)

| —— Vétnit (2axc)
| —— Vétnut (ax2c)

Ung suit - 6 (GPa)
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Hinh 5. Quan hé giira (rng suét o va dién trwong E v&i cac vét nivt
khac nhau.

4. Két luan

Nghién cttu nay tap trung khao sat dnh hudng cua
dién truwdng ngoai E va khuyét tit dang vét nit dén sy
phan cwc dién cda vat liéu PTO, théng qua phwong phap
t6i wu hoa ciu tric tinh thé trén co s& mo hinh vo - 16i.
Cac két qua chinh c6 thé tém tat nhuw sau:

- M&i quan hé gitra phan cuc P va dién treong ngoai E
dwgc mo ta bang duwong cong dién tré, véi cac thong sé
ddc trung bao gom trwong dién khang E =+0,115 eV/A,
do phan cwc dw P =+86,8 1C/cm? va do phan cuwc bao hoa
P=+101,21 uC/cm?;

- Swxuat hién cia khuyét tat (vét nirt) dan dén su suy
gidm cta P_va E, véi mirc do giam dan khi kich thuéc
vét nirt phat trién theo phwong z. Tuy nhién, E_ tang khi
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kich thwéc mé rong theo phwong x, phan anh tinh bat
dang hudng cia anh huwdng khuyét tat;

- Ung suft tai E_gidm khi xu4t hién vét nitt, cho thdy
mai lién hé chit ché gitra tinh chit co hoc va dién cta
vat liéu.

Nhitng két qua nay cung cip thong tin quan trong vé
dac tinh phan cuwc dién cia PTO va tac déng cta cac yéu
t6 ngoai vi nhw khuyét tat, dién trueong ngoai gitp lam
sang t6 mébi quan hé gitra ciu tric tinh thé va tinh chat
dién. K&t qua c6 y nghia thiét yéu trong viéc t6i wu hoa
thiét ké cac thiét bi dwa trén PTO, chang han nhw bd nhé
sat dién hodc cdm bién va mé ra hwéng phat trién méi
thong qua viéc kiém soat khuyét tit va dién truedng ngoai
dé nang cao hiéu suit vat liéu. Tuy nhién, cin tién hanh
thém cac nghién ctru sdu hon dé1am rd co ché twong tac
gitra cac yéu to nay, tir d6 thic diy sw phat trién ctia cac
rng dung tién tién trong linh vuc dién ti va ning lvong.
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Anh hrémg cia dung mdi chiét dén thanh phan hoa hoe va hoat tinh khang vi sinh vat
clia cao chiét 14 ming cau xiém (Annona muricata L.)
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La ming ciu xiém (Annona muricata L.) chiva nhiéu hgp chit c6 hoat tinh sinh hoc, nhwng anh hwéng cia loai dung
mdi sir dung trong qua trinh chiét xuit dén hiéu qua thu nhan cac hop chit nay van chwa dwgc nghién ciru day da.
Nghién ciru nay tién hanh phan tich nhirng thanh phin hoa hoc va danh gia hoat tinh khang khuin, khang nim cta cac
cao chiét khac nhau tir 14 mang ciu xiém. Két qua thu dwgc cho thiy, trong tong s6 sau loai dung méi khao sat thi cao
chiét nwéc ¢ hiéu suat cao nhit (7,33%), cao chiét n-hexane cé hiéu suat thap nhit (3,55%). Cac hop chit alkaloid,
flavonoid, polyphenol, saponin, triterpenoid, steroid thay ddi theo tirng loai dung méi st dung. Hop chit (Z)-13-
docosenamide, (m/z=337) lan dau tién dwoc phat hién trong cao chiét ethanol, acetone, ethyl acetate va n-hexane
bing sac ky - khéi pho (GC-MS). Bén canh d6, cao chiét nwéc c6 hoat tinh tot nhat trong viéc khang Escherichia coli
ATCC 25922 va Staphylococcus aureus ATCC 25923 véi dwong kinh khang khuén Ian lwot 1a 12,0 va 11,0 mm. Ngwoc
lai, cao chiét n-hexane khong thé hién hoat tinh khang ddi véi hai vi khuin nay. Bén canh do, cao ethyl acetate c6 hiéu
qua vwgt trdi voi Candida albicans ATCC 26790 véi dwong kinh khang ndm la 12,7 mm.

Tir khéa: anh hwéng cia dung méi, cao chiét 1a mang cau xiém, hop chit c6 hoat tinh sinh hoc, khang khuan, khang nim.

Chi s6 phdn logi: 1.4, 1.6, 3.4

Effects of extraction solvents on the chemical composition

and antimicrobial activities of soursop (4nnona muricata . leaf extracts
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Abstract:

Soursop (Annona muricata L.) leaves contain various bioactive compounds; however, the effects of different
extraction solvents have not been thoroughly studied. This study aims to investigate the chemical composition
as well as antibacterial and antifungal activities of soursop leaf extracts obtained using various solvents. The
results showed that among the six tested solvents, the aqueous extract exhibited the highest yield (7.33%),
whereas the n-hexane extract had the lowest yield (3.55%). The presence of alkaloids, flavonoids, polyphenols,
saponins, triterpenoids, and steroids depended on the solvent used. The compound (Z)-13-docosenamide
(m/z=337) was identified for the first time in the extracts obtained with ethanol, acetone, ethyl acetate, and
n-hexane by gas chromatography - mass spectrometry (GC-MS). Furthermore, the aqueous extract demonstrated
the most potent antibacterial activity against Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC
25923 with a zone of inhibition of 12.0 and 11.0 mm, respectively, whereas the n-hexane extract displayed no
antibacterial activity. Additionally, the ethyl acetate extract showcased the strongest antifungal effect against
Candida albicans ATCC 26790 with a zone of inhibition of 12.7 mm.

Keywords: antibacterial, antifungal, bioactive compounds, solvent effects, soursop leaf extracts.
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1. it van de

Trong nhiéu thip ky gin day, cic hop chat ty nhién
c6 xu huwéng dwoc quan tAm nhiéu vi bén canh cac hoat
tinh sinh hoc t6t, chung it tic dung phu va an toan hon.
L4 ming ciu xiém (Annona muricata L.) chira nhitng
hop chat c6 hoat tinh sinh hoc nhw chéng oxy hoa, khang
viém va khang khuin nén dwoc st dung rong rii trong
y hoc c6 truyén dé diéu tri va cai thién cac bénh vé da
nhw phét ban, cham, mun trirng c4, ting sic td da, tc
ché qua trinh 130 héa [1]. C4c nghién ctru truéc day cho
théy, 14 mang ciu xiém chira nhiéu hop chat thir cip nhw
alkaloid, polyphenol, flavonoid, saponin, coumarin va
tanin [2, 3]. Ngoai ra, 14 mang cau xiém con chira méot s6
khoang chat nhu K, Ca, Na, Fe va Mg [4]. Cac nghién ctru
trwde day chi yéu tip trung vao viéc tach chiét, phan lap
va danh gia hoat tinh sinh hoc ctia cac hop chit trong 14
mang ciu xiém. Cu thé, ham lwong polyphenol téng va
flavonoid tong da dwoc xac dinh trong cac nghién ctru
truweée. Ngoai ra, tir cao chiét ethyl acetate, nhiéu hop
chit nhw vomifoliol, vomifoliol acetate, 1-O-acetylphytol,
trans-phytol va dehydrovomifoliol da dwgc phan lap
va xac dinh c4u triac hda hoc [5]. Thém vao do, két qua
nghién ctru ctia N.V. Thuy va cs (2020) [6] da cho thiy
diéu kién tach chiét c6 anh hwdng dang ké téi ham lwong
polyphenol va flavonoid t6ng tir 14 mang ciu xiém.

Nghién ciru ctia G. Haro va cs (2014) [7] cho théy,
dich chiét methanol tir 14 ming ciu xiém c6 hoat tinh
khang vi khuln E. coli va S. aureus cao hon dich chiét tir
chloroform. D.R. Ningsih va cs (2016) [8] da chirng minh
réng, dich chiét n-hexane, chloroform va methanol ctia
14 mang cau xiém c6 tac dung ngan chin sw ting trudng
ctia E. coli. C6 thé thay rang, cac diéu kién chiét tich khac
nhau da lam thay d6i thanh phan héa hoc va hoat tinh
sinh hoc ctia cao chiét 14 mang ciu xiém. Trong dd, anh
hwong cia cdc dung moi dén qué trinh tach chiét, thu
nhén va danh gia hoat tinh sinh hoc cia cac cao chiét thu
duoc tir 14 ming cau xiém van chwa dwoc khao sat mot
cach toan dién. Trén co s& do6, nghién clru nay hwéng téi
viéc khdo sat toan dién thanh phin héa hoc ciing nhw
hoat tinh khéng vi sinh vat cta cdc miu cao chiét tir 14
mang cau xiém dugc chiét bang cac loai dung méi khac
nhau.

2. Do tugng, vat liéu va phuong phap nghién ciu

2.1. Boi tirg'ng va vt liéu

Doi twong nghién cru 1a 14 mang ciu xiém trudng
thanh (mau xanh dam, kich thwéc dong déu, khong bi

hw hai béi sau ray hay vi sinh vit), dwoc thu hai tai xa Ka
Don, tinh LAm Dong (vao thang 11/2023). MAu thuc vat
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nay duogc xac dinh la Annona muricata L. dya trén dac
diém hinh thai va phu hop véi tiéu chuin da duoc kiém
nghiém [9, 10].

Cac hoa chit dwoc stv dung trong nghién ctru bao
gbm: n-hexane, acetone, ethyl acetate, ethanol tuyét déi,
methanol, HCl dam ddc, H,SO, 2%, FeCl, 5% va NaCl
0,9% dwoc mua tir Cong ty Xilong (Trung Qudc). Bot
magie, thuéc thit dragendorff, thu6c thir Liebermann-
Burchard, DMSO dwgc mua tir hang Sigma-Aldrich (M¥).
Cac loai mdi trwong Sabouraud Dextrose Agar (SDA),
Sabouraud Dextrose Broth (SDB), Mueller Hinton Agar
(MHA) va Mueller Hinton Broth (MHB) dwgc mua twr
hing Himedia (An D).

Chung vi sinh vat: E. coli ATCC 25922, S. aureus ATCC
25923, C. albicans ATCC 26790 dwoc cung cip bdi Vién
Pasteur TP. H6 Chi Minh.

2.2. Phwong phdp nghién ciru

Chiét cao tir 14 mang ciu xiém: Mau 14 truéng thanh
dwoc riva sach, phoi khé ty nhién, sy dat do 4&m khodng
10%, sau d6 xay thanh bdt va lwu trit cho lan st dung ké
tiép.

Cao chiét 14 mang ciu xiém dwoc thyc hién dwdi
s hd tro clia séng siéu am & diéu kién: 200 W, 45°C,
45 phut, st dung 20 g nguyén liéu va 200 ml dung moi
(n-hexane, acetone, ethyl acetate, ethanol tuyét ddi,
methanol va nwéc) [11]. Dich chiét dwoc ly tAm véi tée
dd 4000 vong/phut trong 5 phut, sau d6 loc qua gidy loc
Whatman c6 kich thuwéc 16 loc 0,45 um dé loai bé hoan
toan ch4t khong hoa tan va chit ran vi mé. C6 quay chan
khong dich chiét & 65°C/1-2 gior dé thu hbi dung méi, sau
dé suc khi nito loai dung méi ton dw dé thu dwoc cao.
Hiéu suit cao thu dwoc tinh bang céng thirc (1).

Khoi lwong cao thu dwoc

x 100 (1)

Higu sudt cao (%) "~ Khsi lwong nguyén ligu ban dau

Xéc dinh cic hop chit hda hoc tir 14 ming ciu xiém:
Dva trén phan ng mau dic trung dé xac dinh sy hién
dién cda alkaloid, flavonoid, saponin, triterpenoid,
polyphenol va steroid trong tirng dich chiét 14 mang ciu
xiém (bang 1) [12].

Xac dinh thanh phan cac hop chat tw nhién cua cac
cao chiét bang GC-MS v6i cac thong sd thi nghiém sau:

Cot sic ky SH-Rxi-5Sil MS (30 m x 0,25 mm x 0,25
um). Pha déng la khi heli tinh khiét 99,99%, v&i luu
lwgng 1 ml/phut. Chwong trinh nhiét: khéi dau & 80°C,
tang dan dén 90 va 100°C, duy tri 1 phtt & méi mirc nhiét
do; tiép tuc nang téc dd 20°C/phut dén 200°C, gitr 3 phit
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Bang 1. Phan (rng mau dic trwng nhan biét cac hop chat héa hoc
tir 1a mang cau xiém.

Hop chit Thudc thir Hién twong (+)

Alkaloid Dragendorff ~ Két tia mau do cam

Flavonoid Cyanidin Dung dich mau dé hodc cam

Polyphenol  FeCl, 5% Dung dich mau xanh dam hodc xanh den

Saponin Thir nghiém  Cot bot bén trong 15 phit
tao bot

Triterpenoid Liebermann-  Hinh thanh 16p chit 16ng phia trén c6 mau
Burchard hong dén do tim

Steroid Liebermann-  Hinh thanh 16p chat 16ng phia trén c6 mau
Burchard xanh ddm hodc xanh den

(-) khéng cé phan (rng mau hay hién twong dac trung.

va 40°C/phut dén 280°C va gitr & mic nay trong 17 phit.
Thoi gian phan tich tong cong 1a 30 phut [13].

Diéu kién phan tich MS: nang lwong ion héa: 70 eV;
nhiét do bé mat: 280°C; nhiét do MS: 230°C; nhiét do t&
cuc: 150°C va cac phan tr trung tinh bi ion héa mang
lai ty 1 khéi lwong/dién tich (m/z) cu thé. Ap dung tiéu
chuin hiéu chudn C8-C30 Alkanes (Sigma-Aldrich, My)
dé xac dinh cac hop chit chwa biét thong qua cac chi s6
lwru gitr ctia chiing bang cach so sdnh phd khéi cua ching
v&i cac pho c6 trong co s& dit liéu NIST14. Nong dé cua
tirng chit phan tich sé dwoc tinh toan dwa trén dién tich
pic clia né trén sic ky do.

Bdnh gid hoat tinh khdng khudn: Thir nghiém dwoc
tién hanh theo phwong phap khuéch tan trén dia thach
Kirby-Bauer véi hai ching vi khuin E. coli ATCC 25922
va S. aureus ATCC 25923 [14]. Cao chiét 14 mang ciu
xiém dwoc hoa tan trong dimethyl sulfoxide (DMSO, 3%)
vGindng d6 ban dau 12 200 mg/ml. Sau d6 tién hanh pha
lodng dé thu dwgc cac nong do 150, 100 va 50 mg/ml.

Lay khuin lac thuin (E. coli ATCC 25922 hoic S.
aureus ATCC 25923) cdy trén MHB, u 37°C/24 gio.
Chon 2-3 khuin lac hoa vao NaCl 0,9% dé thu huyén
dich vi khuén c6 dd duc chudn McFarland 0,5 (~1-2x108
CFU/ml). L4y 10 pl huyén dich trai déu trén moéi trueong
MHA (Dich chiét thit bo 2,0 g/, casein hydrolysate 17,5
g/], tinh bot 1,5 g/l va agar 17,0 g/1; pH 7,3£0,1) & 25°C
va dé kho 10 phut. Dung dung cu duc 16 v6 triing tao cac
16 c6 dwong kinh 6 mm trén bé mit thach. Nhé 100 pl
dung dich mau & cac nong dd khac nhau vao tirng 15,
dong thoi bo tri d6i chirng dwong (tetracyclin 30 pg/ml)
va ddi chirng 4m 13 dimethyl sulfoxide DMSO (3%). Cac
dia duwgcu & 37°C trong 18-24 gid, sau dé dung thwére ké
do dwong kinh vong tc ché (mm) dé xac dinh hoat tinh
khang khu&n. Méi thi nghiém dwoc 13p lai 3 1dn nham
dam bao do tin cay.
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DPanh gia hoat tinh khdng nim: Hoat tinh khang nim
clia cac cao chiét cling duwoc danh gia bang phwong phap
khuéch tan trén dia thach theo hwéng dan cta Kirby-
Bauer véi chiing ndm C. albicans ATCC 26790 [14].

L&y khuén lac thuén C. albicans ATCC 26790 cdy trén
mdi treong SDB, G 30°C trong 24-48 gi¢. Chon 2-3 khuin
lac hoa vao dung dich NaCl 0,9% dé thu huyén dich nim
men cé dd duc chuin McFarland 0,5 (x1-2x108 CFU/ml).
LAy 10 ul huyén dich trai déu trén SDA (Peptone 10 g/I,
dextrose 40 g/l va agar 15 g/1; pH 5,6%0,2) & 25°C va
dé khd 10 phut, sau d6 dung dung cu duc 16 vo tring (6
mm) dé tao cac 16 trén dia thach. Tiép d6, cao chiét &
cac nong doé khac nhau dwoc nhé vao tirng giéng véi thé
tich 100 pl. Mau d6i chirng am 1a DMSO, 3% va ddi chirng
dwong la clotrimazole 218 pg/ml. Cac dia sau dé dwoc
& 25+0,5°C trong 5 ngay. Pwong kinh vong trc ché dwoc
do bang thwdc ké. M6i thi nghiém dwoc 13p lai 3 1an.

Xt ly s6 liéu: S8 liéu dugc phan tich bang phan mém
Minitab 16 (One-way ANOVA-Tukey’s HSD test). Thi
nghiém dwoc thuwe hién doc 14p va lap lai 3 lan. Biéu do
minh hoa dwoc tao bang Microsoft Excel 2013.

3. Két gua
3.1. Hiéu sudt thu hoi cdc loai cao chiét

Quy trinh tach chiét sit dung 20 g l& ming cau
xiém trong 200 ml dung moéi. Hiéu suit cao chiét giam
theo tinh phan cywc cia dung mdi, theo thir tw ttr nwéc
(7,33+0,58%)>methanol (6,10+0,18%)>ethanol
(5,63%£0,35%)>acetone (5,08+0,14%)>ethyl acetate
(3,85+0,25%)>n-hexane (3,55+0,11%) (bang 2). Cao
chiét nwéc cé hiéu suit cao nhit, dong thoi nwde la dung
moi xanh, khong ddc hai va gia thanh thip. Do d6, chon
nwédce lam dung moi dé chiét xuat cac hop chat 14 mang
ciu xiém.

Bang 2. Hiéu suéat cao chiét thu dwoc tir cac loai dung méi khac
nhau.

Dung moi H,0 MeOH EtOH ACE EtOAc N-hexane

2

Khi lwgng cao

" . 147£0,02 1,22¢0,04 1,13£0,07 1,02+0,03 0,77+0,05 0,71£0,02
chiét trung binh (g)

Hiéu sudt trung

R 7,33:0,58 6,10£0,18 5,63£0,35 508+0,14 3,85£0,25 3,55£0,11
binh (%)

Diéu kién: Khéi lwgng 14 mang cau xiém (20 g), thé tich dung méi (200
ml). M&i thi nghiém dwoc 13p lai 3 1an. MeOH: methanol, EtOH: ethanol,
ACE: acetone, EtOAc: ethyl acetate.
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3.2. Két qua dinh tinh cdc hop chdt cé hoat tinh
sinh hoc tir Id mdng cdu xiém

Cac phan &ng mau dic trung dwoc st dung dé xac
dinh cac hop chit ty nhién c6 trong cao chiét 1 mang
cau xiém.
Bang 3. Két qua dinh tinh cac nhém hop chét trong dich chiét la
mang cau xiem.

Dich chiét Hop chét thu dwgc trong cic cao chiét
Nhom hop chét
héa thwc vat H,0 MeOH EtOH ACE EtOAc N-hexane
Alkaloid + + + + " +
Flavonoid +
Polyphenol + + n +
Saponin +
Triterpenoid - s . = +
Steroid 5 + + +

(+)’c() sw hién dién ctia hop chét, (-) khong cé sw hién dién cta hop
chat. MeOH: methanol, EtOH: ethanol, ACE: acetone, EtOAc: ethyl
acetate.

Két qua phan tich dinh tinh cho thdy, 14 ming ciu
xiém chtra alkaloid, flavonoid, polyphenol, saponin,
triterpenoid va steroid. Dung mo6i H,O phu hop cho
chiét xuit cac hop chit c6 d6 phan cuc cao nhw alkaloid,
flavonoid, polyphenol va saponin; cao chiét MeOH, EtOH
va ACE déu c6 chira alkaloid, polyphenol va steroid. Cao
EtOAc chira alkaloid va steroid; va cao n-hexane chira
alkaloid va triterpenoid (bang 3).

100 =

Hon thé nira, két qua GC-MS cho thdy, thanh phan hoa
hoc ctia cac loai cao cé sw thay doi ro rét. Cao nwéc phat
hién dwoc 12 hop chat, cao MeOH c6 22 hop chét, cao
EtOH ¢6 19 hop chét, cao ACE c6 18 hop chit, cao EtOAc
c6 17 hop chit va cao n-hexane c6 19 hgp chat. Trong
téng s6 cac hop chat dwoc phat hién thi c6 29 hop chit
da xac dinh la c6 hoat tinh sinh hoc. Pang chu y 1a hop
chat (Z)-13-docosenamide (m/z= 337) lan dau dwoc
phat hién tir 14 mang cau xiém (hinh 1). Hop chit nay
c6 trong cac cao chiét EtOH (1,5%), ACE (1,19%), EtOAc
(0,8%) va n-hexane (2,91%).

3.3. Hoat tinh khdng khudn ctia cdc cao chiét

Déi véi Escherichia coli ATCC 25922: Cao chiét nwéc
cho dwong kinh vong khang khuin ddi véi E. coli ATCC
25922 1a 12,0+1,0 mm, khac biét cé ¥ nghia thong ké
(p<0,05) so v&i cac cao MeOH, EtOH, ACE va EtOAc &
cung nong do6 200 mg/ml (bang 4). Riéng cao n-hexane
khong thé hién kha ndng rc ché vi khuin & bat ky néng
do khao sat nao.

Déi vdi Staphylococcus aureus ATCC 25923: Tai néng
d6 200 mg/ml, vong khang khuan ctia cic cao chiét nuwérc,
methanol, ethanol 14 médng ciu xiém c6 dwong kinh 1an
lwotla 11,0+1,0; 10,0+1,0 va 9,0+1,0 mm. Khac biét nay
c6 y nghia thdng ké (p<0,05) so v&i cao chiét acetone,
ethyl acetate (bang 5). Cao chiét n-hexane khéng c6 hiéu
qua khang khuin & tit cd nong do thir nghiém. Hon nira,
vi khudn S. aureus ATCC 25923 khdng bi trc ché & néng
d6 50 mg/ml doi véi cac cao EtOH, ACE, EtOAc.

8O

10 40 70 L 130 L&D 190 220 250 280

Hinh 1. Phé khéi (Z)-13-docosenamide.
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Bang 4. Kha ning khang E. coli ATCC 25922 clia cac cao chiét.

Nong dé cao chiét
Dung méi Dwong kinh vong
Vi khudn g khéng Khuén (mm)
chiét cao
200 mg/ml 150 mg/ml 100 mg/ml 50 mg/ml
Nuwdrc 12,01,0 10,7412 9,706 9,3%0,6
Methanol 10,0041,0  9,0™:1,0 8,315 8,01,0
E. coli Ethanol 9,3°+0,6 8,7:41,2 8,3+0,6 8,0:1,0
ATCC 25922
(Gram -) Acetone 8,7°+0,6 8,3"+0,6 8,01,0 7,7+0,6
Ethyl acetate  8,7°+0,6 8,3°+0,6 8,0*1,0 7,7°+0,6
N-hexane
Tetracyclin 30 pg/ml 29,740,6

+dd léch chuan (SD); cac chi¥ cai theo sau trong cling mét cot gibng
nhau thi sy khac biét khéong cé y nghia théng ké & mirc 5% (kiém dinh
Tukey); (-) 1a khong khang khudn. Budng kinh khang khuan da trir voi
dwong kinh 16 duc (d=6 mm).

Bang 5. Kha nang khang S. aureus ATCC 25923 cua cac loai cao
chiét.

Nong df cao chiét
D o DPuwong kinh vong
Vi khuén ung Mol Kkhéng khuén (mm)
chiét cao J
200mg/ml 150 mg/ml 100 mg/ml 50 mg/ml
Nudce 11,0*£1,0 10,3°£0,6 9,0°£1,0 8,7°£0,6
Methanol 10,0%+1,0  87%+0,6 8,3%+0,6 7,7°+0,6
Staphylococcus " X .
aureus ATCC Ethanol 9,0°£1,0 8,3°+0,6 8,0°+1,0
25923 Acetone 83412 8010 7706
(Gram +)
Ethyl acetate  8,3"£0,6 8,0°+1,0 7,7*+0,6
N-hexane
Tetracyclin 30 pg/ml 29,7+0,6

+d6 léch chuan (SD); cac chi cai theo sau trong cling mét cot giéng
nhau thi su khac biét khéng cé y nghia théng ké & mic 5% (kiém dinh
Tukey); (-) Ia khong khang khuén. Bwdng kinh khang khuan da triy véi
duong kinh 16 duc (d=6 mm).

3.4. Hoat tinh khang ndm ctia cdc cao chiét

Cao chiét EtOAc va cao nwéc ¢ hiéu qua khang ndm
cao, duwong kinh vong @c ché lan lwot 1a 12,7+0,6 va
12,3+0,6 mm tai nong do 200 mg/ml (bang 6). V&i cac
mutrc néng do khac, kich thwéc vong khang ndm doi véi
chung C. albicans ATCC 26790 c6 xu huwéng ting dan
theo ndong dé cao chiét, sw khac biét cé y nghia thong ké
& nguwdng 5%.
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Bang 6. Kha nang khang C. albicans ATCC 26790 cua cac loai cao
chiét.

Nong dd cao chiét
o Dugmo Duomg kinh vong
Vi sinh vat chiét cao khéng nim (mm)
200mg/ml 150 mg/ml 100 mg/ml 50 mg/ml
Nuée 12,3®+0,6  11,0°:1,0 10,306  9,3%40,6
Methanol 10,7*£0,6 10,3*+0,6 9,3+0,6 9,0=1,0
Candida Ethanol 10,041,0  93%:0,6 90%+1,0  87%0,6
albicans
ATCC 26790  Acetone 9,7°40,6 9,0+1,0 8,70,6 8,3'+0,6
Ethyl acetate  12,7:+0,6 11,3%40,6 10,7+1,2 9,7%40,6
N-hexane 9,3+0,6 9,0°+1,0 8,3°40,6 8,0£1,0
Clotrimazole 218 pg/ml 29,7+0,6

+d6 léch chuan (SD); cac chi¥ cai theo sau trong cling mét cot gidng
nhau thi s khac biét khéng cé y nghia théng ké & muc 5% (kiém dinh
Tukey); (-) Ia khéng khang ndm. Budng kinh vong khang ndm da triv voi
duong kinh 16 duc (d=6 mm).

4. Ban luan

Hiéu suit cao chiét thu dwgc phu thudc vao dd phan
cwc cua dung méi st dung. Cao chiét véi dung moi nwée
c6 hiéu suit cao nhit (7,33%) va dung moéi n-hexane c6
hiéu sudt thap nhat (3,55%). Diéu ndy chirng minh rang
dung méi phan cuc c6 kha nang trich ly nhiéu hgp chat
hon so v&i dung mébi kém phén cuwe [15]. Kt qua nay cho
thdy, nwée 1a dung méi phu hop dé chiét tach cac hop
chat tir 1a mang ciu xiém.

Thanh phan héa thwc vat cho thiy, trong 14 médng cau
xiém thu hai tai LAm D6éng c6 cdc nhém hop chit: alkaloid,
flavonoid, polyphenol, saponin, triterpenoid va steroid-
twong déng véi nhirng bao cdo trwde d6 vé thanh phan
héa hoc cua loai ciy nay [15]. Két qua cling cho thay, cac
hop chit phan cwc nhw alkaloid, glycoside va polyphenol
hién dién chd yéu trong cac dung moéi phan cwc. Hon
nita, két qua phan tich GC-MS da dinh danh cu thé cac
hop chit cé hoat tinh sinh hoc. Pang chu y, nghién ctiru
da phat hién mot hop chit méi trong 14 mang ciu xiém
(Z)-13-docosenamide. Hgp chit nay c6 trong cao chiét
v&i ethanol, acetone, ethyl acetate va n-hexane, nhwng
khong cé trong cao chiét nwéc va methanol. Day 1a hop
chat da dwgc chitng minh c6 hoat tinh chéng oxy hda,
khang khuén, khang ndm, chéng viém va hd tro diéu tri
tiéu dwong [1]. Trong twong lai, cin c¢6 thém cac nghién
ctru vé hoat tinh sinh hoc cda (Z)-13-docosenamide gop
phén vao viéc phat trién thudc tir ngudn duwoc liéu cu thé
twr cdy A. muricata L.

2]



Bén canh sw thay ddi thanh phan hoéa hoc theo do
phan cuc cia dung moi, hiéu qua hoat tinh sinh hoc cling
c6 sw khac biét dang ké. Két qua thwc nghiém cho thiy,
hiéu qua c ché E. coli ATCC 25922 va S. aureus ATCC
25923 tOt nhit déi voi cao chiét nwdc (200 mg/ml),
nguwoc lai cao n-hexane khong thé hién hoat tinh khang
khuin tai cing néng do. DPiéu nay c6 thé do cac hop chit
khang khuan trong 14 mang cau xiém chu yéu 1a cac chit
phan cyc (alkaloid, glycoside, polyphenol...) nén hoa tan
tét trong cadc dung mdi phan cwe nhw nwéc, methanol va
ethanol. Ngoai ra, cao chiét mang cau xiém thé hién tinh
khang nidm C. albicans ATCC 26790 vwot trdi hon so véi
hoat tinh khang khuin, v&i kha ning &c ché ro rét & tit
ca cac cao chiét thu dwgc. Nhirng két qua nay twong dong
v&i cong bb clia mdt s6 nghién ctru trude dé vé hiéu qua
khang khuin va khang nim [16, 17].

5. Két luan

Tir cic s6 liéu thu dwoc cho thiy, thanh phan héa
hoc va hoat tinh sinh hoc cda cao chiét 14 médng ciu
xiém (A. muricata L.) phu thudc vao sy phan cwc ctia
dung moi s dung. Cao chiét clia cic dung mdi phan
cuc nhw nwdc, ethanol, methanol chivra ham lwong lém
cac hop chit alkaloid, flavonoid. Trong khi d6, alkaloid
va triterpenoid chi€m phan 16n trong cao chiét khong
phan cwc n-hexane. Phan tich GC-MS xac dinh 29 hop
chit c6 hoat tinh sinh hoc, dic biét hop chat (Z)-13-
docosenamide (m/z=337) dwgc phat hién lan diu tién
trong 14 mang ciu xiém. Hon thé nira, cac cao chiét nuwrc,
EtOH, MeOH, acetone va EtOAc déu c6 hoat tinh khang
vi khuin E. coli ATCC 25922 va S. aureus ATCC 25923,
nhung cao chiét n-hexane khong cé hoat tinh. T4t ca cac
loai cao chiét déu c6 hoat tinh khang ndm C. albicans
ATCC 26790, ting din theo ndng dé cao chiét 14 mang
ciu xiém. K&t qua cta nghién cru nay gép phan dinh
hwéng cho viéc lwa chon dung méi thich hop trong viéc
chiét tich cac hop chit tw nhién.
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Hoat tinh trc ché xanthine oxidase cila cao chit methanol
tir 22 loai thye vat thu thap tai Vuon quoc gia Phi Quoc

Nguyén Pirc Hién' 2, Nguyén Quéc Trung®?, Trwong Quéc Hwng?, Tran Hoai Tu'2, Pang Hoang Phu' 2
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Ngay nhan bai 9/4/2025; ngay chuyén phan bién 11/4/2025; ngay nhin phan bién 10/7/2025; ngay chip nhan diang 28/8/2025
Tém tat:

Bénh gut 1a mot réi loan chuyén héa dic trweng béi sw gia ting nong dé acid uric trong co thé, dan dén sy tich
tu cia ching tai cac khéop gay ra cac con viém, dau. Xanthine oxidase (X0) la mdt enzyme xtc tac qua trinh
oxy héa xanthine dé tao thanh acid uric. Vi vy, viéc tim Kiém va phat trién cac chit trc ché X0 la mgt hwéng
di tiém ning trong hé tro’ diéu tri bénh gut va cac réi loan lién quan dén acid uric. Nghién ctru nay da sang loc
Kkha nang rc ché X0 cua cac cao chiét methanol tir 22 loai thwc vat thu thip tai Vwon quéc gia Phu Qudc. Két
qua cho thdy, 22 mau cao chiét methanol déu c6 kha ning trc ché hoat tinh cia X0, véi 11 mau c6 hiéu qua
trc ché ro rét, dat mirc e ché trén 50% & nong do 50 pg/ml. Piac biét, cao chiét tir Roi mat (Garcinia ferrea
Pierre) va Tram ba vé (Syzygium lineatum (Bl.) Merr. & Perry) thé hién hoat tinh rc ché manh véi gia tri IC,
lan lwotla 24,42 va 27,17 pg/ml. Cac két qua nay cho thiy tiém nang irng dung cac loai thwc vat tir Vieon qudc
gia Phi1 Quéc trong hé tror diéu tri bénh gut va cac bénh ly lién quan dén réi loan chuyén héa purine.

Tir khéa: acid uric, bénh gut, thwc vat ban dia, Vwwon quéc gia Phu Qudc, xanthine oxidase.

Chi s6 phdn logi: 1.4, 1.6, 3.4
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Abstract:

Gout is a metabolic disorder characterised by elevated levels of uric acid in the body, leading to its
accumulation in the joints and causing inflammation and pain. Xanthine oxidase (X0) is an enzyme that
catalyses the oxidation of xanthine to produce uric acid. Therefore, the investigation and development of
effective and natural XO inhibitors are considered a promising approach in the treatment of gout and uric
acid-related disorders. This study evaluated the xanthine oxidase inhibitory activity of methanolic extracts
from 22 plant species collected from Phu Quoc National Park, Vietnam. The results reveal that all extracts
exhibited XO inhibitory activity, with 11 samples showing significant inhibition (>50%) at a concentration of
50 pg/ml. Notably, extracts from Garcinia ferrea Pierre and Syzygium lineatum (Bl.) Merr. & Perry exhibited
strong inhibition, with IC_, values of 24.42 and 27.17 ng/ml, respectively. These findings highlight the
potential of native plant species from Phu Quoc National Park as natural sources for the development of X0
inhibitors, supporting the treatment of gout and other purine-related metabolic disorders.

Keywords: gout, native plants, Phu Quoc National Park, uric acid, xanthine oxidase.
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1. Ddt van de

Xanthine oxidase (XO) la mdét enzyme quan trong
trong qué trinh chuyén hoéa purine, c6 nhiém vu chuyén
d6i hypoxanthine thanh xanthine va xanthine thanh acid
uric [1-3]. Khi ndng d6 acid uric trong co thé tang cao sé
gdy ra bénh git - mot can bénh dac trung béi sw tich tu
cua tinh thé urate trong cac khép va moé mém [4]. Mirc
acid uric cao ciing c6 thé din dén sy hinh thanh séi than
va cac roi loan khac lién quan dén hé thong chuyén héa
purine.

Hién nay, cAc phwong phéap diéu tri bénh gut cht yéu
la dung thu6c gidm dau, khang viém va thuéc ha acid uric.
Tuy nhién, hdu hét nhirng loai thudc nay thwong di kem
v&i nhiéu tic dung phu nhw viém loét da day, suy gan,
than hodc ting nguy co mic cac bénh tim mach. Viéc st
dung thudc 1au dai ciing c6 thé dan dén tinh trang khang
thuéc. Do dé, cac liéu phap diéu tri tw nhién tir thuwc vat
dwoc ky vong cé it tic dung khong mong mudn hon.

Vuon quéc gia Phii Quéc (nay thudc tinh An Giang) cé
sw da dang sinh hoc phong pht, la noi sinh trwréng cta
nhiéu loai thuye vat dac hivu [5]. Cac loai thwe vat nay, véi
nhiéu hoat chat tiém nang, ¢ thé la nguodn tai nguyén quy
trong viéc tim kiém céac chat tc ché X0 hiéu qua. Trong
bdi canh do, viéc nghién ctiru hoat tinh rc ché XO ctia cac
loai thwc vat tai Vwdon qudc gia Phi Qudc gép phin vao
viéc nang cao gia tri sir dung cda nguon tai nguyén thién
nhién va mé ra hwéng phat trién san phdm c6 ngudn géc
tir tw nhién hd tro diéu tri cac bénh ly lién quan dén réi
loan chuyén héa purine nhw bénh gt va séi than.

Vé&i muc tiéu phat trién ngudn dwoc liéu ban dia,
nghién ctru nay tap trung sang loc hoat tinh rc ché X0
cia mot sé loai thwc vat tai Vwon quéc gia Phd Qudc.
Cac mau dwoc lwa chon dwa trén tinh méi va tiém nang
duoc liéu (gidam dau, chéng viém, ho tro diéu tri gat) cla
ching. Nghién ctru nay khong chi déng gdp vao viéc phat
trién liéu phap thién nhién trong diéu tri git ma con tao
tién dé cho viéc phat trién cac sdn phdm dwoc tir thién
nhién, dap &ng nhu cadu cham séc strc khde ngay cang cao
cla cong dong.

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

Canh va 14 cda cdc miu thuc vat trong nghién ctru
nay dwoc thu héi tir Vwon quoc gia Phi Qudc vao thang
6/2024 va duwoc giam dinh tén khoa hoc dwa trén hinh
thai thwc vat boi ThS. Lé Minh Diing (Vwon qudc gia Phua
Qudc, nay thudc tinh An Giang). Tiéu ban ctia mau dwoc
lwu gitt tai BO moén Hoa Hitu co, Khoa Héa hoc, Trwong
Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia TP. H6 Chi
Minh (bang 1).
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Bang 1. Tén khoa hoc, tén dia phwong va ma sé lwu triv chia cac
mau thwe vat.

STT Ténkhoa hoc Téndiaphwong  Ho Ma lwu trie

| gtgoszigg::;n calaba L. var. bracteatum (Wight) Congtta DOC-2024-006
2 Calophyllum dongnaiense Pierre Cong nuée Calophylaceze DOC-2024-007
3 Calophyllum pisiferum Planch. & Triana Cong day DOC-2024-008
4 Garcinia ferrea Pierre Roi mét DOC-2024-009
5 Garcinia gaudichaudii Planch. & Triana Vang nghé Clusiaceae DOC-2024-010
6 Garcinia oliveri Pierre Biranti DOC-2024-011
7 Ficus lamponga Miq. Ngai lam bong DOC-2024-012
8 Ficus pellucidopunctata Griff. Sung dom trong Moraceae DO0C-2024-013
9 Ficusvillosa Blume Sung long DOC-2024-014
10 féﬁrlzi)w ;IZI:I}:L[DC) Korth.var. noronhze Singsocnguyén  Theaceae DOC-2024-015
11 Baeckea frutescensL. Chdi xé DOC-2024-016
12 Melaleuca cajuputi Powell Tram nuéc DOC-2024-017
13 Rhodamnia dumetorum (Poir.) Merr. Tiéu sim DOC-2024-018
14 Rhodomyrtus tomentosa (Aiton.) Hassk. Hong sim DOC-2024-019
15 Syzygium chanlos (Gagn.) Merr. & Perry Tram tring Myrtaceae DOC-2024-020
16 Syzygium jambos L. Alston Ly DOC-2024-021
17 Syzygium lineatum (BL) Merr. & Perry Tram ba vd DOC-2024-022
18 Syzygium polyanthum (Wight) Walp. San thuyén DOC-2024-023
19 Tristaniopsis merguensis (Criff) Wils. & Waterh. Tri tin DOC-2024-024
20 Alstonia macrophylla Wall. Mépldto DOC-2024-026
21 Spirolobium cambodianum Baill. Ludn thiy Cam bt~ Apocynaceae  DOC-2024-027
22 Willughbeia edulis Roxb. Guoi Nam bg D0C-2024-028

Sau khi thu hai, cAc mau thuc vat dwoc sy kho dén
khi dat dd &m dwdi 10%. Can chinh xac khoéng 10 g mau
kho (gébm ca canh va 14) cho vao binh ciu 250 ml, chiét
noéng hoan lwu véi 100 ml dung mdi methanol (MeOH)
trong 3 gio. Loc lay dich trich, tiép tuc thém dung méi
MeOH méi vao chiét hoan lwu thém 2 I4n niva. Gop cac
dich trich, xir Iy bang phwong phap c6 quay ap suit kém
dé thu hoi dung maéi, cudi cing thu dwoc cao tdng MeOH
vGi do Am duwdi 10%. Can téng khdi lwgng cao (m) va
tinh to4n hiéu suit chiét.

2.2. Héa chdt - thiét bi

Hoéa chit st dung trong thi nghiém gém xanthine
(Nacalai tesque, Nhat Ban), xanthine oxidase 25 Units
(Sigma Aldrich, My), allopurinol (Wako, Nhit Ban),
dimethyl sulfoxide (DMSO), sodium hydroxide (NaOH),
hydrochloric acid (HCI), Na,HPO, (>99%), NaH,PO,
(>99%) dwoc mua tir Merck (Ptrc), ethanol va methanol
>99% (Scharlau, Thai Lan). Cuvette thiy tinh 5 ml dwgc
cung cip ba&i Hellma (Pirc), may quang phé UV-1800 cta
Shimadzu (Nhit Ban).

2.3. Khdo sdt kha ndng trc ché enzyme xanthine oxidase

Phwong phap xac dinh hoat tinh rc ché enzyme XO
dwoc thyc hién theo quy trinh da dwoc mo td trong
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nghién ctru ctia D.V.N. Truong va cs (2024) [6], dua trén
viéc do lwong acid uric hinh thanh sau khi cAc mau cao
chiét tac dong 1én enzyme XO. Néng dd acid uric dwoc
xac dinh dwa trén phwong phap do quang phd & buéc
séng 293 nm, trong do6 allopurinol c6 nong dé tr 2; 1;
0,5; 0,25 va 0,125 pg/ml dwoc st dung lam chat chuin
tham chiéu. Trong qua trinh thi nghiém, chit &c ché X0
sé lam gidm kha ndng xuc tac cia enzyme nay, tir d6 gidm
sw hinh thanh acid uric. Chat t&c ché X0 cang manh thi
lwong acid uric tao thanh cang it, d6 hap thu tai buéc
séng 293 nm cang thip.

Quy trinh thir hoat tinh trc ché X0 dwgc tién hanh nhw
sau: mau cao chiét dwgc hoa tan trong hon hop dung dich
dém phosphate pH 6,8 va DMSO (97:3 v/v). Thém 100 pl
enzyme X0 0,05 U/ml vao 300 pul dung dich mau tht, lac
déu dung dich va 4 trong 15 phut & nhiét dé phong. Sau
khi 0, thém vao 900 pl dung dich nén xanthine 150 pM,
13c déu va ti€p tuc G trong 30 phut & nhiét dd phong. Sau
do, thém 200 pl HCI 1 M, 13c déu va do d6 h4p thu quang
tai budc song 293 nm.

Mbi mau thir dwoc thir nghiém tai 4 ndong dd khac
nhau, mdi néng do dwgc thwe hién 3 1an. Bén canh mdi
mau tht, mdét miu trdng ciing dwgc chuln bi, trong
d6 enzyme XO dwoc thay thé bang dung dich dém
phosphate. Ngoai ra, mdi mau thtr sé c6 mot mau dsi
chirng dwoc chuln bi twong tw nhw mau thit, nhung thay

thé& dung dich mau bang hé dung méi phosphate buffer/
DMSO 97:3 (mAu ddi chirng khong chita hop chat thir
nghiém). Ty 1& phan tram &c ché (1%) cua tirng néng do
mau thir dwoc tinh dwa trén cong thitc:

%= (Acontml - Ablank) - (Asamplc - Ablank) <100%
0— 0
Acontro] - Ablank
trongdé: A lado hap thu quang ctia dung dich chirng

dung moi; A pre la @6 hap thu quang ctia dung dich c6
mau cao chiét; A la d6 hap thu quang cia mau trang.

MJi thi nghiém dwoc 13p lai ba 1an. Vi nhitng mau
c6 hoat tinh trc ché bién thién tuyén tinh v&i nong do, vé
mot dwong thang c6 phuong trinh y = ax + b, trong dé
y la phan tram tc ché XO va x la néng do cao chiét thir
nghiém. Vé&i nhitng mau c6é hoat tinh khéng bién thién
tuyén tinh véi nong dg, tinh mét cach gin ding, ching ta
vé mot dwong congy = aln(x) + b qua tit ca cac diém (v&i
y 1a phan tram c ché XO va x 1a néng d6 chat c ché).
Dua trén cac diém dir liéu, v&i cdc hé s6 a va b da duoc
xac dinh, ta c6 thé thay gia tri y=50% vao phwong trinh
va tinh dwoc gia tri x 1a ndong d6 ctia mau khéo sét trc ché
50% enzyme XO (IC, ). Cac s6 liéu tinh toan dwoc phan
tich bang phan mém Microsoft Excel 2019.

3. Két qua va ban luan

Két qua trong bang 2 cho thay kha ning trc ché XO cta
22 mau thuc vat thu thap tir Vudn quéc gia Pha Quéc.

Bang 2. Kha ning trc ché xanthine oxidase clia cac cao chiét methanol tir mau thwe vat thu thap tai Vwon quéc gia Phi Quéc.

X Phin tram ic ché (%)
STT Tén mau IC,, (ng/ml)
50 (ug/mi) 25 (ug/mi) 12,5 (ng/mi) 6,25 (ng/mi)
1 Calophyllum calaba L. var. bracteatum (Wight) Stevens 61,00+0,60 33,62+1,62 17,60+1,99 8,89+2,03 40,00
2 Calophyllum dongnaiense Pierre 52,82+1,17 29,4942,01 15,85+1,54 7,17+0,83 46,21
3 Calophyllum pisiferum Planch. & Triana 54,63+0,42 30,09£0,79 16,17£0,36 8,07+0,82 4478
4 Garcinia ferrea Pierre 95,67+2,64 53,61£2,98 30,96+1,88 16,80+0,99 24,42
5 Garcinia gaudichaudii Planch. & Triana 52,57+1,68 28,23£2,54 14,76+1,47 6,12+1,30 46,83
6 Garcinia oliveri Pierre 47,17+3,75 24,92+3,73 12,56+2,17 5,68+0,55 >50
7 Ficus lamponga Mig. 48,93+0,78 30,37+2,44 13,08+1,73 5,38+0,34 >50
8 Ficus pellucidopunctata Griff. 31,79+0,78 16,94+0,20 10,82+1,96 5,50+0,33 >50
9 Ficus villosa Blume 42,43+2,67 22,78+2,23 11,51+1,49 5,75¢1,98 >50
10 Schima wallichii (DC.) Korth. var. noronhae (Blume) Bloemb. 45,36+2,85 22,49+2,19 13,9942,04 4,29+1,29 >50
11 Baeckea frutescens L. 39,25+1,54 22,19+0,98 12,94+1,36 5,27+0,21 >50
12 Melaleuca cajuputi Powell 50,9943,03 26,99+0,60 12,56+1,35 5,21+1,22 48,54
13 Rhodamnia dumetorum (Poir.) Merr. 33,30£0,49 18,75+1,06 7,76£1,10 3,35£0,90 >50
14 Rhodomyrtus tomentosa (Aiton.) Hassk. 56,05+1,98 28,06+1,82 16,85+2,78 8,24+1,12 44,35
15 Syzygium chanlos (Gagn.) Merr. & Perry 38,501,05 21,67+1,31 9,45+1,15 4,45+0,88 >50
16 Syzygium jambos L. Alston 79,98+1,61 45,19+4,47 22,20%3,53 11,49+1,34 30,14
17 Syzygium lineatum Bl. Merr. & Perry 85,59+2,26 50,15£3,05 28,14£1,95 15,5741,00 2717
18 Syzygium polyanthum (Wight) Walp. 57,39+0,80 31,5342,37 18,22+0,71 9,1040,14 42,46
19 Tristaniopsis merguensis (Griff.) Wils. & Waterh. 56,23+0,69 28,95+0,44 15,5143,01 7,92+1,48 44,11
20 Alstonia macrophylla Wall 31,34+1,69 14,28+0,14 9,03+1,87 4,01+1,40 >50
21 Spirolobium cambodianum Baill. 46,66+2,86 25,24+0,57 13,94+0,33 6,27+0,81 >50
22 Willughbeia edulis Roxb. 48,48+2,33 25,41+0,96 12,03£1,25 6,07+0,59 >50
Allopurinol 1,18
31
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TAt ca cac loai déu cho thiy kha ning e ché X0, dao
dong tir khodng 31% dén 96% & noéng do 50 pg/ml.
Nhiéu loai thudc ho Guttiferae va Myrtaceae cho thay
kha nang trc ché X0 kha manh. Trong d, mot s6 loai nhw
Tram ba vo (Syzygium lineatum (DC.) Merr. & L.M. Perry)
(IC,,=27,17 pg/ml), Ly (Syzygium jambos L. Alston)
(IC,,=30,14 pug/ml) va Ro6i mat (Garcinia ferrea Pierre)
(IC,,=24,42 ug/ml) thé hién kha nang tc ché manh véi
IC,, thap. Kha nang trc ché X0 va tiém nang trong diéu
tri cac bénh ly co xwong khép nhw gt cda cac loai trong
chi Syzygium da dwgc bao cio trong cac nghién ctru
trude day [7-9]. Mot s6 hoat chat thudc khung flavonoid
trong Syzygium da dwoc chirng minh c6 kha nang lién
két v&i vi tri hoat dong cia enzyme, dan dén tc ché X0
thong qua co ché canh tranh véi co chat, vi vay lam giam
san sinh acid uric [8]. Twong tu, cac loai ciy thudc chi
Garcinia cling dwgc nghién ciru vé kha nang tc ché XO.
Trong nghién cttu cta L.L. Zhu va cs (2014) [10], cac hop
chat tir canh Garcinia esculenta cho thiy kha nang tc
ché X0 manh. Trong d4, 1,3,6,7-tetrahydroxyxanthone
va griffipavixanthone 1a hai hop chit néi bat, véi
1,3,6,7-tetrahydroxyxanthone thé hién kha nang rc ché
manh hon ca ddi chirng allopurinol.

Trong nghién cttu nay, cac loai thudc ho Moraceae va
Apocynaceae déu thé hién hoat tinh &c ché X0 yéu, véi
IC,,>50 pg/ml. Diéu dé cho thdy hoat chat &c ché X0
manbh it hién dién & nhitng ho thwc vat nay, hoac ham
lwong khong du cao trong cao chiét tho.

4. Két luan

Viéc khao sat hoat tinh rc ché X0 ctia 22 loai thwc vat
thu thap tai Vwon qudc gia Phu Qudc da dem lai nhitng
két qua dang chi y vé hoat tinh sinh hoc cla cac loai nay.
TAt ca cac loai déu thé hién kha nang trc ché X0 & mirc
d6 nhat dinh (31-96% & néng do 50 pg/ml), trong do6 c6
dén 11 loai thé hién kha ndng trc ché ro rét véi phan tram
trc ché trén 50% & nong dé 50 pg/ml, dic biét déi véi 2
loai 1a TrAm ba vo6 va Roi méat thé hién kha niang &c ché
manh véi IC, 1an lwotla 27,17 va 24,42 ug/ml. Diéu nay
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cho thdy tiém ndng c6 thé dwoc tng dung dé ho trg digu
tri bénh gt va cac bénh lién quan dén chuyén hoa acid
uric cda cac loai thwc vat tai Vuon qudc gia Phu Quéc,
tinh An Giang.

TAI LIEU THAM KHAO

[1] P. Cos, L. Ying, M. Calomme, et al. (1998), “Structure-activity
relationship and classification of flavonoids as inhibitors of xanthine
oxidase and superoxide scavengers”, Journal of Natural Products,
61(1), pp.71-76, DOI: 10.1021/NP970237H.

[2] A. Mittal, A. R.]. Phillips, B. Loveday, et al. (2008), “The potential
role for xanthine oxidase inhibition in major intra-abdominal surgery”,
World Journal of Surgery, 32(2), pp.288-295. DOI: 10.1007/S00268-
007-9336-4.

[3] F.Candan (2003), “Effect of Rhus coriaria L. (Anacardiaceae) on
superoxide radical scavenging and xanthine oxidase activity”, Journal
of Enzyme Inhibition and Medicinal Chemistry, 18(1), pp.59-62, DOI:
10.1080/1475636031000069273.

[4] A. Burke, E. Smyth, G.A. Fitzgerald (2006), “Analgesic-
antipyretic agents, pharmacotherapy of gout”, Goodman and Gilman’s
Pharmacological Basis of Therapeutics, 11", McGraw-Hill, New York,
USA, pp.671-715.

[5] C. Giang, T. Lien, L. San, et al. (2020), “Diversity of medicinal
plant resources in Phu Quoc National Park, Kien Giang province”,
Journal of Vietnam Agricultural Science and Technology, 7, pp.179-187.

[6] D.VN. Truong, L.H. Tho, N.X. Hai, et al. (2024), “Study on the
xanthine oxidase inhibitory activity of some medicinal plants in
Vietnam”, Science and Technology Development Journal, 8(1), pp.2820-
2827,DO0I: 10.32508/stdjns.v8i1.1201.

[7] M. Insanu, Z.M. Ramadhania, E.N. Halim, et al. (2018),
“Isolation of 5,7-dihydroxy,6,8-dimethyl flavanone from Syzygium
aqueum with its antioxidant and xanthine oxidase inhibitor activities”,
Pharmacognosy Research, 10(1), pp.60-63,DO0I: 10.4103 /pr.pr_59_17.

[8] R.N.R. Sianipar, K. Sutriah, D. Iswantini, et al. (2022),
“Inhibitory capacity of xanthine oxidase in antigout therapy by
Indonesian medicinal plants”, Pharmacognosy Journal, 14(2),
pp.470-479, DOI: 10.5530/pj.2022.14.60.

[9] ]. Pandey, N. Jaishwal, M. Jayswal, et al. (2025), “Evaluation of
antioxidant, xanthine oxidase-inhibitory, and antibacterial activity of
Syzygium cumini Linn. seed extracts”, Plants, 14(3), DOI: 10.3390/
plants14030316.

[10] L.L. Zhu, W.W. Fu, S. Watanabe, et al. (2014), “Xanthine
oxidase inhibitors from Garcinia esculenta twigs”, Planta Med., 80(18),
pp.1721-1726,DOI: 10.1055/s-0034-1383193.

32



DOI: 10.31276/VIST.2025.3391 Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuét va Céng nghé | Ky thuét héa hoc; Khoa hoc Y - Dugc | Dugc hoc

X4y dung phwong phap danh gia hiéu suat phytosome héa
cua andrographolid

Vii Binh Dwong!, Vil Tién Thang® ?, Nguyén Hoang Hiép', Pham Vin Hién""
Trung tdm Nghién cttu, Ung dung va Sdn xudt thuéc, Hoc vién Qudn y, 158A Phing Hung, phwong Ha Péng, Ha Noi, Viét Nam
2Bénh vién Quan y 110, Cuc Hau can - Ky thudt, Quan khu 1, 7 Trdn Lwu, phwong Vii Ninh, tinh Bdc Ninh, Viét Nam
Ngay nhan bai 7/12/2025; ngay chuyén phan bién 9/12/2025; ngay nhin phan bién 6/2/2026; ngay chip nhan ding 13/2/2026

Tém tét:
Muc tiéu: Xay dwng phwong phap danh gia hiéu suit phytosome hoéa str dung trong bao ché phytosome
chira andrographolid (AG). Phwong phap nghién ciru: Phytosome andrographolid (AG-P) dwoc bao ché bang
phwong phap béc hoi dung méi. S&r dung ky thuit hoa tan chon loc trong cac dung méi khac nhau dé loai bo
AG tw do. Khao sat loai dung méi va thi gian siéu Am nham tdi wu diéu kién hoa tan AG dang phytosome. Xac
nhan ciu trac phirc hop bang phé hong ngoai bién déi Fourier (FT-IR), phd cong hwéng tir proton (*H-NMR),
phd nhiéu xa tia X (XRD), phan tich nhiét vi sai (DSC). Két qua: Benzen dwoc lwa chon 1a dung méi hoa tan
chon loc AG dang phytosome ma it hoa tan dang andrographolid tw do. Thoi gian siéu am phytosome véi
dung moéi chon loc la 60 phit. Vi diéu kién trén, dd tan ciia AG dang phytosome la 1495,18+24,66 pg/ml, cao
hon nhiéu Ian so véi dd tan ciia AG dang tw do (19,83+0,07 pg/ml). Cac phén tich pho thwc nghiém xac nhian
sw hinh thanh lién két giita AG va phosphatidylcholine trong phytosome thu dwgc. Két luian: Pa xay dwng
dwoc phwong phap dé danh gia hiéu suit phytosome héa trong bao ché AG-P. Phwong phap nay don gian, dé
thwc hién va cé y nghia trong xay dwng cdng thirc va quy trinh bao ché cac san pham chira AG-P.

Tir khéa: andrographolid, dung méi chon lgc, hiéu suiat phytosome héa, phosphatidylcholine, phytosome.
Chi sé phdn logi: 1.4, 2.4, 3.4

Development of a method for evaluating the entrapment efficiency
of andrographolide

Binh Duong Vu!, Tien Thang Vu' ?, Hoang Hiep Nguyen?', Van Hien Pham"

!Drug R&D Centre, Vietnam Military Medical University, 1584 Phung Hung Street, Ha Dong Ward, Hanoi, Vietnam
2Military Hospital 110, Department of Logistics and Technical Services, Military Region 1, 7 Tran Luu Street, Vu Ninh Ward, Bac Ninh Province, Vietham
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Abstract:

Objective: This study aimed to develop a method for evaluating the entrapment efficiency of andrographolide
(AG) during the preparation of AG phytosomes (AG-P). Methods: AG-P was prepared using the solvent evaporation
technique. A selective dissolution technique employing different solvents was used to remove free AG. The effects
of solvent type and sonication time were investigated to optimise the dissolution conditions for AG in phytosome
form. The formation of the AG-phosphatidylcholine complex was confirmed by Fourier-transform infrared
spectroscopy (FT-IR), proton nuclear magnetic resonance spectroscopy (*H-NMR), X-ray diffraction (XRD), and
differential scanning calorimetry (DSC). Results: Benzene was selected as the selective dissolution solvent for AG
in phytosome form while exhibiting minimal solubility for free AG. The optimal sonication time of the phytosome in
the selective solvent was 60 minutes. Under these conditions, the solubility of andrographolide in phytosome form
was 1495.18+24.66 pg/ml, which was markedly higher than that of free AG (19.83+0.07 pg/ml). FT-IR, '"H-NMR,
XRD and DSC analyses confirmed the formation of a complex between AG and phosphatidylcholine in the obtained
phytosome. Conclusions: A method for evaluating the entrapment efficiency of AG during the preparation of AG-P
was successfully developed. This method is simple, easy to perform, and useful for the formulation development
and production of AG-P-based pharmaceutical products.

Keywords: andrographolide, entrapment efficiency, phosphatidylcholine, phytosome, selective solvent.
Classification numbers: 1.4, 2.4, 3.4
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1. Ddt van de

Andrographolid (AG) la diterpenoid chinh cta cay
Xuyén tam lién (Andrographis paniculata (Burm.f.)
Nees). Hoat chit nay c6 nhiéu tac dung sinh hoc nhw
chdng viém, khang virus, chéng oxy hda... [1, 2]. Tuy
nhién, AG c6 do tan nwéc thip (~46 mg/l), chuyén hoa
manh va thai trir nhanh nén sinh kha dung dwong uéng
thép [3]. D& cai thién sinh kha dung do do tan va tinh
th4m kém cta dwoc chit, nhiéu gidi phap nhw tao hé
phan tan ran, bao ché duéi dang liposome, phytosome,
vi nhil twong, tao hé vi nhii ho4, tao hé tiéu phan nano
lipid ran, tao phirc v&i B-cyclodextrin... d@ dwgc nghién
ctu [4, 5]. Trong do, bao ché dudi dang phytosome dwoc
coi la mot trong cac gidi phap véi nhiéu wu diém nhw
quy trinh bao ché don gidn, tinh twong hgp sinh hoc
cao, an toan, than thién méi trwong, dé nang cAp quy mo
[6-8]. Mac du vay, m&i chi c6 mot so it cong bo vé bao ché
phytosome andrographolid.

Ngoai ra, trong nghién ctru bao ché phytosome, hiéu
suit phytosome héa (hay con goi 1a hiéu suit bao nap
thudc, entrapment efficiency) 1a thong s6 quan trong dé
danh gia sy hinh thanh ph&c hgp, &nh hwdng truc tiép
dén chat lwgng va hiéu qua sinh hoc ctia ché phdm. bé
danh gia hiéu suit phytosome hod, nhiéu phwong phap
da dwoc cong bd nhw str dung mang thim tich, siéu ly
tam, siéu loc hodc st dung dung méi chon loc déu dwa
vao sw khac biét vé didc tinh vat Iy hodc héa hoc ciia dang
duwoc chit lién két véi phospholipid trong phytosome
va dwgc chit & dang tw do dé€ phan l14p ching ra khoi
hén hop chita ca hai dang trén. Trong cac phwong phap
ké trén, stt dung dung mdi hoa tan chon loc dwoc coi la
phwong phép don gian, dé 4p dung trong thuc t& dam
bado tinh chinh xac va dac hiéu cao. Hién nay, chwa c6
cac nghién ctru veé viéc str dung dung moéi hoa tan chon
loc dé€ danh gid hiéu suat phytosome hda trong bao ché
phytosome andrographolid. Vi vdy, nghién ctru nay duoc
thwc hién nham xay dung phwong phap danh gia hiéu
suidt phytosome hoéa trong bao ché phytosome chira
andrographolid.

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén liéu - thiét bi

Chat chuin andrographolid (ham lwong 97,8%; so
kiém soat (SKS): EC0122007; Vién Kiém nghiém Thudc
Trung wong). Nguyén liéu andrographolid dwoc dung
(ham lwong 97%, Trung Quoc), phosphatidylcholine
dwoc dung (PC, ham lwong 90%, Trung Qudc), ethanol
(EtOH) (ham lwong 96%, Viét Nam). Cac dung modi
acetonitril (Daejung, Han Qudc), methanol (Merck),
nuwéc cat 2 1an (Merck) dat tiéu chudn phan tich sac ky
16ng hiéu ndng cao (HPLC grade). Cac hda chat, dung moi
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khac nhw benzen, toluen, dichloromethane, chloroform,
aceton, acid acetic bang... dat tiéu chuin nha san xuét.
Thiét bi: Hé thong HPLC Agilent e2659, dau do 2998
(Waters, My); cot sac ky Inertsustain C18 (Nhat Ban),
bép khudy tir gia nhiét IKA CMAG HS4 (Malaysia); bé
siéu 4m Elmasonic S100H (Dtc); thiét bi siéu 4m dau do
Noise Isolating Chamber 01D882 (Trung Qudc), coc cb
mod, binh nén, binh ciu 3 ¢6, 6ng nghiém va cac dung cu
thi nghiém khac.

2.2. Phwong phdp nghién ciru
2.2.1. Phwong phdp bao ché phytosome andrographolid

Canchinhxackhodng1,0 gnguyénliéuandrographolid
(AG) va 5,0 g phosphatidylcholine (PC) (twong &ng véi
ty 1& mol AG/PC=1/2) vao binh ciu 3 c6. Thém 200 ml
EtOH 96%. Hon hop dwoc khudy tron lién tuc trong 3
gitr & nhiét d6 60°C véi toc dd 50 vong/phut dé thwe hién
phan rng tao phytosome. Sau d6, hén hop dwoc cd béc
hoi dwéi ap sudt giam dé loai bé dung moéi va thu lay
phan phytosome ran. Phytosome sau khi bao ché dwoc
bdo quan & nhiét do 2-8°C dé thuc hién cac thi nghiém
tiép theo.

2.2.2. Phwong phdp dinh lwgng AG trong phytosome
bdng HPLC

S dung phwong phap HPLC dé dinh lwong AG
trong phytosome véi cac diéu kién sic ky nhw sau: Cot
InertSustain C18 (4,6x150 mm, 5 um); dau do PDA bwéc
séng 223 nm; nhiét do cot 25°C; thé tich tiém 10 pl;
pha dong gém acetonitril (ACN)/acid acetic bang 0,4%
(30/70); téc d6 dong 1,0 ml/phit [9]. Chudn gbc dwoc
pha trong MeOH. Chuin lam viéc dwoc chuin bi bang
cach pha lodng dung dich chuin géc trong Methanol
(MeOH) @€ dat cac nong do trong khoang 4-50 ug/ml.
Cac mau thtr dwgc chuin bi nhw sau: Can mot lwong
dw AG nguyén liéu hodc miu phytosome AG vao céc
binh nén c6 nit mai, thém khoang 10 ml méi loai dung
mbi khdo sat gobm n-hexane, chloroform, diethyl ether,
benzen, toluen, aceton, 1,4-dioxan, dichloromethane,
ethyl acetate, propan-2-ol. Lic siéu am trong 30 phit.
Sau do, loc qua mang loc 0,22 um thu 14y dich bao hoa.
Hut 1,0 ml dich loc, pha lodng bang MeOH dén néng do
thich hop trwéc khi dinh lwong HPLC.

2.2.3. Khdo sdt dung méi hoa tan chon loc

Chudn bi cdc miu thr theo phwong phap da dwoc
trinh bay & muc 2.2.2. S& dung dwong chuin di xiy
duwng dé tinh todn do tan ctia AG & dang tw do va dang
phytosome héa. Tiéu chi lwa chon dung méi hoa tan
chon loc: Iwa chon dung méi c6 kha ning hoa tan tét
AG dang phytosome nhwng hoa tan kém AG tw do (hoac
nguwoc lai).
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2.2.4. Khdo sdt thoi gian siéu @dm phtrc hop

Can mot lwong dw hon hop phytosome AG-P thé da
bao ché dworc, thém dung méi hoa tan chon loc da khao
sat dwoc & trén dé hoa tan phirc hgp. Tién hanh siéu 4m
dich phirc hop trong cic khoang thoi gian 1an lwot 1a: 10,
30, 60, 90 va 120 phat. Tiéu chi lwa chon: lwa chon thoi
gian siéu 4m gidp hoa tan t6i da lwgng AG lién két PC
trong phitc hgp phytosome.

2.2.5. Chirng minh sw hinh thanh phytosome

Trong phwong phap st dung dung moéi hoa tan chon
loc dé tach riéng AG & dang tw do va AG & dang phytosome,
viéc chitng minh sy hinh thanh ctia phytosome trong
mau la rat quan trong. P& chirng minh phan tach ra chinh
xac la AG & dang phytosome, chiing toi tién hanh danh
gia cac dac tinh ly ho4, thong qua cac phwong phap phan
tich phé thwc nghiém. Cach 1am nhw sau: Can mét lwong
phytosome AG-P tho twong tng 100 mg AG vao binh dinh
mirc 100 ml, thém khodng 70 ml benzen, siéu am trong
thoi gian 60 phut dé€ hoa tan phirc hgp. B6 sung dung méi
t&i vach, 1ac déu. Hon hop trén sau d6 duoc loc qua mang
0,22 pm thu lay dung dich trong. Phin dich dworc cd béc
hoi dung méi dudi ap suit gidm, thu dwoc phytosome
AG-P tinh khiét. Mau AG-P tinh khiét nay dugc st dung
dé do cac phd FT-IR, 'H-NMR, XRD, DSC. Song song véi
mAu phytosome AG tinh khiét, cic miu nguyén liéu AG
tw do, mAu PC tw do va mau hén hop vatly (HHVL) véi ty
1é¢ AG/PC twong tw nhu trong mau phytosome AG-P dugc
chuén bi va do cac pho ké trén dé c6 co s& so sanh.

2.2.6. Phwrong phdp xie Iy s6 liéu

S6 liéu nghién ctru dugc xr ly thong ké trén phan
mém Microsoft Excel 2013 va Origin 2024.

3. Két qua

3.1. Két quad xdy dwng dworng chudn dinh lwong AG
trong phytosome

Xay dwng dwong chuin ctia AG trong khoang néng do
4-50 pug/ml. Két qua dworc trinh bay trong bang 1.

Bang 1. Méi twong quan giira dién tich pic va ndng dd ctia AG.

Nong dd chuén (ug/ml) Dién tich pic (mAU.s)

391 131368
9,78 560508
19,56 1133661
29,34 1698897
39,12 2282046
48,90 2964251

Phuong trinh hdi quy: y=61577x-83888; R>=0,9989

Két qua bang 1 cho thiy, trong khoang néng do khao
sat, c6 moi twong quan tuyén tinh gitta ndng do ctia AG va
dién tich pic thu dwoc. Puong hoi quy thu dwgc la dwong
thang y=61577x-83888 v&i hé s§ twong quan R?=0,9989.
Vi vdy, khoang néng do va dwong héi quy tuyén tinh &
trén 1a phu hop dé€ dinh lwong AG trong phytosome.
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3.2. Két qua khdo sdt lwa chon loai dung méi

Khao sat cac loai dung moi dé danh gia kha ning hoa
tan chon loc cia AG dang ty do va dang phytosome. Két
qua dwoc trinh bay trong bang 2.

Bang 2. B§ tan va mirc tang d6 tan ctia AG dang phitrc hop so v&i
AG nguyén liéu trong cac dung méi khac nhau.

. a Do tan AG (pg/ml) Ty lé d9 tan ctia AG dang

Dung moi Mau (n=3,XSD) phic hop/tw do (Fan)
AG tw do 22,030,09

n-hexane 15
AG-P 33,11£0,16
AG tw do 189,56+0,29

Chloroform 6,9
AG-P 1315,75+7,15
AG tw do 59,330,33

Diethyl ether 22,8
AG-P 1352,49+1,06

Benzen AG tw do 19,83+0,07 0
AG-P 1030,24+8,86 '
AG tv do 22,07£0,42

Toluen 45,0
AG-P 992,93+4,29
AG tw do 4138,33+18,45

Aceton 3,4
AG-P 13992,15+28,10
AG tw do 2141,87+6,84

1,4 - dioxane 19
AG-P 3995,80+26,46
AG tw do 364,79+3,07

Dichloromethane 6,5
AG-P 2385,557,47
AG ty do 667,00£2,19

Ethyl acetate 43
AG-P 2856,56+26,86
AG tw do 4147,05£11,19

Propan-2-ol 2,0
AG-P 8359,27+23,51

AG-P la andrographolid dang phytosome; p<0,05.

Két qua bang 2 cho thdy, d6i v&i cac dung méi nhw
n-hexane, 1,4-dioxan hoac propan-2-ol, chénh léch do tan
gitta AG tw do va AG dang phytosome la khéng dang ké, chi
dao dong trong khoang tir 1,5 dén 2 Ian. Diéu nay cho thiy,
cac dung mo6i nay khong c6 kha nang hoa tan chon loc gitra
hai dang AG tw do va phtrc hop, do d6 khong pht hop dé st
dung trong phwong phap danh gia hiéu suit tao phitc. Trong
khi d6, cdc dung moi nhw chloroform, dichloromethane va
ethyl acetate thé hién mic tang do tan & mirc trung binh,
nhung do tan clia AG & ca hai dang déu cao, lam giam kha
nang phan tach chinh xac phan AG da tao phitc. Pang chu
ba dung méi gom diethyl ether, toluen va dic biét 1a benzen
cho thiy hiéu qua hoa tan chon loc rat ro rét, véi do tan AG
dang phytosome cao gép tir 22,8 dén 52 lan so v&i AG tw do.

Benzen 1a dung méi cho két qua tot nhit, khi AG dang
phytosome c6 do tan dat khoang 1030 pg/ml, trong khi AG
tw do chi dat khoang 20 pg/ml. Mc chénh léch cao nay
khong chi gitp tang do dadc hiéu khi phan tach AG-phtrc khéi
hén hop ma con gidm thiéu nguy co sai s6 do AG tw do con
sot lai. Vi vdy, benzen dwoc lwa chon 12 dung moéi t6i wu dé
ap dung trong toan bd cac khao sat tiép theo.
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3.3. Két qud khdo sdt Iwa chon thoi gian siéu am

Khao sat thoi gian siéu 4&m clia hén hgp phytosome
AG tho sau khi bao ché dwoc véi dung méi benzen dé
phan 14p AG dang phytosome ra khéi hon hop. Két qua
dwoec trinh bay bang 3.

Bang 3. Nong dé bao hoa ciia AG dang phytosome so v&i AG
nguyén liéu & cac thoi gian siéu am khac nhau.

Thoi gian siéu am
(phut)
Mdéu phytosome AG (dang phytosome hod)

Nong do AG Ty 1é d6 tan ctia AG
(ng/ml) (n=3,X+SD) phirc hop/AG (l4an)

10 587,17+8,59 29,6
30 1030,24+8,86 52,0
60 1495,18+24,66 75,4
90 1279,63+21,28 64,5
120 1010,06+14,34 51,0

Mau nguyén liéu AG (dang tw do)

19,83+0,07 =

553AG_002.5p

%Transmittance

Két qua cho thdy, trong giai doan tir 10 dén 60 phut,
d6 tan cia AG dang phytosome ting din theo thoi gian
siéu am, dat cuc dai & thoi diém 60 phiat véi gia tri
Khoang 1495 pg/ml.

Tuy nhién, khi tié€p tuc kéo dai thoi gian siéu am dén 90
va 120 phut, ndng dd AG trong dung dich lai c6 xu hwéng
gidm xudng con khodng 1279 pg/ml va 1010 pg/ml
twong rng. Piéu nay dwoc ly giai 1a do sw tac dong kéo
dai cua séng siéu 4m c6 thé 1am pha vér mdt phin cau tric
lién két gitra AG va PC trong phitc hop, chuyén AG trong
phtrc hop sang dang ty do va kém tan trong benzen.

Nhuw vay, thoi gian siéu am 60 phut dwoc xac dinh 1a
téi wu dé dat hiéu qua hoa tan chon loc cao nhit cho AG
& dang phytosome ma khong lam pha v& cau tric phic
hop.

3.4. Két qud chirng minh sw hinh thanh phytosome

Su hinh thanh phytosome AG-P dwoc chirng minh dwa
trén cac két qua phan tich phé thwc nghiém. Sau khi tach
dwoc AG dang phytosome
theo phwong phap st dung
dung moéi benzen dé hoa tan
bang siéu 4m trong 60 phut,
mau dugc loai bé dung méi va
thwe hién cac phan tich phd
thwc nghiém.

3.4.1. Két qud phdn tich

T T T T T T T T T T T T T
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600

PC.sp Wavenumber (cm-')

%Transmittance

ph6 FT-IR

K&t qua phan tich FT-IR
clla cdc mau AG tu do, PC tw
do, hon hop vat ly cia AG-PC
va phytosome AG duwgc trinh
bay trong hinh 1.

Wavenumber (cm™)

lvzsz-

A A B A A A A R B A A AR A RS AR
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400

Két qua hinh 1 cho thiy,
pho IR cla nguyén liéu AG c6
cac tin hiéu twong rng véi dao
dong cua nhém -OH tai 3399
cm’, nhém C=0 tai 1726 cm!
va lién két do6i C=C tai 1675

3800 3600 3400 5200 3000 2800 2600 2400 2200 2000 1800 600
PTS.0op Wavenumber (cm')

“Transnitance

cm™. Pho IR cda nguyén liéu
PC xuit hién cac tin hiéu cia
nhém PO? tai sO séng 1243
cm?, cda nhém C=0 tai 1738
cm? va ctia chudi P-O-C tai
1064 cm™. Phé IR cta hdn
hop vatly AG-PC xuit hién cac

1200 1000 500 500 400

2000 e 1600
Wavenumber (cm™)

Hinh 1. Phé FT-IR: (A) AG, (B) PC, (C) HHVL, (D) AG-P.
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tin hiéu twong &ng nhw trén
ctia AG va PC. Phé IR ctia AG-P
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cho thiy, cac tin hiéu cia nhom
-OH da c6 su dich chuyén vé vi
tri 3390 cm™ v&i dinh tu hon.
Ngoai ra, tin hiéu dao dong
cua PC tai 1243 cm™ (PO,),
1738 cm™ (C=0) va 1064 cm
(P-0-C) d3 Iin lwot bi dich
chuyén vé 1242 cm* (PO),
1742 cm? (C=0) va 1059 cm!
(P-0-C). Nhw viy, trén pho
IR cta phytosome AG-P da
c6 sw chuyén dich s6 séng

e nhom -OH tw do cia dwoc
= (B chat, nhém C=0 va PO?* cia
PC so véi cac thanh phin AG
va PC tu do. Diéu dé cho thiy
sw hinh thanh lién két mai
gitta cdc nhém O-H ty do cta
dwoc chat va PO cta PC. Két
qua nay phu hop véi két qua
nghién ctru da céng bo [10].

3.4.2. Két qud phdn tich phd
IH-NMR

Két qua phan tich phé
H-NMR cda cic mau AG tuw
do, PC tw do, hon hop vat ly
va phytosome AG dwoc trinh
bay trong hinh 2. Trén pho
'H-NMR cua AG c6 cac proton
dac trwng clia ndi doi -CH=CH,
(6=6,64 ppm), cda nhdém
14-OH (6=5,51 ppm), cuha
nhéom 19-OH (6=4,91 ppm)
va 3-OH (8=4,00 ppm). Phd

, 'H-NMR cta PC xuit hién
cac proton cuia cac lién két
no aliphatic bao hoa -CH,
va -CH, (8=0,68-2,28 ppm),
-N*(CH,), (8=3,16-4,33 ppm)
va chudi aliphatic khong bio
hoa (6=5,07 - 5,36 ppm). Pho
'H-NMR cta hon hop vat ly
AG-PC van c6 cac tin hiéu cia
cac proton ctia AG va PC. Trong
do, tin hiéu proton & 6=5,51 cé
cwong do thip, khé quan sat.
Cac tin hiéu proton cia nhéom
19-OH va 3-OH van cdn quan
sat dwoc vdi 6=4,93 ppm va
6=4,04 ppm.

[2. KYANH_H2_010001

©
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Hinh 2. Phé 'H-NMR: (A) AG, (B) PC, (C) HHVL, (D) AG-P.
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Hinh 3. Phé XRD: (A) Andrographolid, (B) Phosphatidylcholine, (C) HHVL, (D) AG-P.

Phé6 'H-NMR cta phttc hop AG-PC ghi nhin sy bién
mAt cua tin hiéu proton nhém 14-OH (6=5,51 ppm). Hai
tin hiéu proton ctia cic nhém hydroxy 19-OH va 3-OH bi
kéo gian. Riéng proton nhém hydroxy 19-OH bi tach ra
thanh tin hiéu kiéu double va vé vi tri §=4,93-4,92 ppm.
Twong tac dién ra manh nhat & 14-0H (6=5,5 ppm). Diéu
nay phu hop vé mat twong tac hdéa hoc trong nghién
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két tao phirc. Cac két
qua trén cho thiy cé suw
hinh thanh lién két gitra
phan tir AG va PC trong
phytosome AG-P.

3.4.3. Két qud phdn
tich phé nhiéu xa tia X

d=1.592

Két qua phén tich XRD
cla cdc mau AG tuw do,
PC tw do, hdn hop vat Iy
cua AG-PC va phytosome
AG-P dwoc trinh bay
trong hinh 3. Phé XRD
ciia AG xuét hién cac dinh
voi 20 tai 17,996; 8,947;
7,360; 5,964; 5,620;
2,710 chirng té ban chat
tinh thé ctia AG. Mau PC
xudt hién cac dinh nhiéu
xa tai 23,356; 16,095;
11,980; 9,543; 7,962.
MAu hon hop vat ly AG-
PC vin xuit hién dinh
nhiéu xa twong rng nhw
trong ph6 XRD cia AG
va PC. Trong khi do, trén
phé dd6 cua phytosome
AG-P khong con nhirng
dinh nhiéu xa dic trung
cua AG va PC, thay vao dé
12 nhitng dinh nhiéu xa méi c6 dinh ti hon. Diéu nay c6
thé 1a do AG trong mAu phytosome AG-P di chuyén sang
trang thai v6 dinh hinh.

3.4.4. Két qud phan tich phé DSC

d=2.115
_ d=2.073
d=2.033
d=1.959
d=1.838
d=1.717
d=1.557

Két qua phan tich phé DSC cta cdc mau AG tw do,
PC tw do, hdn hop vat Iy ctia AG-PC va phytosome AG-P
dworc trinh bay trong hinh 4.
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Hinh 4. Két qua phan tich DSC: (A) AG, (B) PC, (C) HHVL, (D) AG-P.
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Gian d6 nhiét clha AG xuit
hién pic thu nhiét & khoang
237,6°C. V&i maAu nguyén liéu
PC c6 3 pic thu nhiét & khoang
261,9°C; 264,1°C va 325,7°C.
Gidn do nhiét ctia hén hop vat
Iy AG-PC xuit hién cac pic twong
trng ctia AG va PC nhung c6 sw
dich chuyén nhe v&i cac pic
thu nhiét & cac vi tri 234,8°C;
266,2°C; 329,8°C. Trén gian d6
nhiét cia AG-P, cac pic thu nhiét
cta AG da bién mat, thay vao do,
nhiét do chuyén pha giam xuéng
con 127,0°C. biéu nay c6 thé giai
thich do AG tlr dang tinh thé da
chuyén sang dang vo dinh hinh
trong phitc hop.

4. Ban luan

4.1. Xay dwng phwong phdp
ddnh gid hiéu sudt phytosome
hod bdng s dung dung méi
hoa tan chon loc

Hiéu suit phytosome hoa
(EE) 12 mot chi tiéu chit lwong
gitp danh gia hiéu qua tao phirc
hop cua hop chit tw nhién -
phospholipid. Pay la thuwéc do
quan trong quyét dinh dén hiéu
suit bao ché phytosome, do vay
can xay dung mot phwong phap
danh gia chi tiéu nay voéi tinh
chinh x4c cao, don gian, dé thuc
hién va c¢6 tinh chon loc.

C6 nhiéu phwong phap danh
gia hiéu suit phytosome hoa da
dwoc cong bo nhw st dung siéu
ly tAm, mang siéu loc, mang thim
tich hodc str dung dung moi hoa
tan chon loc. Mdi phwong phap
déu c6 cac wu, nhwoc diém riéng.
Phwong phap siéu ly tdm, mang
siéu loc, mang tham tich déu yéu
cau thiét bi/vat liéu tién tién,
chi phi cao. Phwong phap siéu ly
tAm c6 wu diém 1a thoi gian thuc
hién nhanh, khéi lwong mau nhé
nhung c6 nhwgc diém la dé nhot



clia mau anh hwdng dén téc dd 1ang cla tiéu phan, khi ly
tAm toc d6 cao c6 thé pha v lién két gitra phan t& dwgc
chat va phospholipid, 1am xuat hién sai s trong danh
gia. Khi str dung mang siéu loc va mang tham tich, nhuwgc
diém 16n nhat 1a sy khong dong nhat vé kich thwéc tiéu
phén phytosome sau qué trinh bao ché. Cac tiéu phan c6
kich thwéc 16m khi di qua 16 loc sé bi gitr lai, do d6 ngin
can su di chuyén tiép theo cla cac tiéu phan khac va sw
khuéch tan dung moi. Vi vay, viéc danh gia sé gip sai s6
hé théng.

Phwong phéap st dung dung moéi hoa tan chon loc
dwa vao khac biét vé do tan cta hoat chit & trang thai
tw do va & dang phytosome trong dung méi dé phan
14p riéng ré hai dang nay khoi hon hop sau khi bao ché.
Phuwong phap nay don gian, dé thwc hién va it sai s8, do
anh hwdng cua kich thudce tiéu phan hodc dé nhét cua
hé phan tan, nhwng cé nhwoc diém 1a khé tim dwoc loai
dung moi c6 tinh hoa tan chon loc. Viéc dinh hwéng lwa
chon loai dung moéi rat khé khin do cac dic tinh vé Iy hoa
clia phytosome bao ché dwoc chwa dwoc khang dinh. Do
dé, trong qué trinh thyc hién, cAn phai khdo sat rat nhiéu
loai dung méi [11, 12].

Chung t6i nhan dinh rang, AG & dang tw do va &
dang phytosome c6 tinh chit Iy ho4a khéng twong dong.
Phytosome AG-PC dwoc tao ra do phan rng tao phirc gitra
dworc chit va phospholipid. Ban chit cia sw tao phirc nay
la nho lién két gitra AG va PC, do d6 sé lam thay doi tinh
chat Iy hoa cia dwoc chat so véi dang tw do. Do dé, do
tan clia AG & dang tw do va dang phtrc hgp véi PC trong
phytosome 1a khiac nhau ddi véi cing mot dung méi [11].
Trong nghién ctru nay, ching t6i da danh gia do tan cta
AG & dang tw do va & dang phytosome véi cac dung moi
khac nhau. Két qua da lwa chon dwoc dung méi benzen
la dung moéi phu hop do kha nang hoa tan AG & dang
phytosome 16n hon nhiéu I4n so véi dang tw do. Benzen
dam bao yéu té hoa tan chon loc cia phwong phap.
Benzen hoa tan kém AG nguyén liéu (19,83+0,07 ug/ml)
nhwng hoa tan t6t AG trong phirc hop (1030,24+8,86
ug/ml).

Vé mat ly hod, c6 thé giai thich rang, phan tr AG tw
do c6 chira nhiéu nhém -OH va lacton 1a cAc nhém phén
cue, ¢ thé tao ra cac lién két hydro noi phan tir. Diéu nay
ly gidi sw kém tan clia AG tu do trong benzen. Sau Kkhi
tao phirc phytosome gitra AG va PC, theo thuc nghiém
phéan tich phé IR, *H-NMR ching tbi da chirng minh &
trén, lién két hydro dwoc hinh thanh cht yéu gitta nhom
-OH cua AG véi hop phin phosphat cua PC, dong thoi
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chubi hydrocarbon dai ctia PC khong tham gia vao lién
két, nén bao quanh hoat chit va tao bé mat ky nwéc. Diéu
ndy giup phytosome AG dé tan trong benzen hon AG tw
do. K&t qua nay twong tw v&i cac nghién ctru khac vé
bao ché phytosome [13]. Ngoai ra, AG tw do thwong ton
tai & dang tinh thé, kém tan trong nhiéu dung maéi. Viéc
chuyén sang dang vd dinh hinh cta AG trong phytosome
AG-PC di dugc chitng minh dwa trén phan tich phé XRD
va DSC trong nghién ctru nay ciing 1a mét nguyén nhan
dé gitp ting d6 tan ctia AG trong cac dung moi.

Dé tao thudn lgi cho qua trinh hoa tan cia AG dang
phytosome trong benzen, giip han ché sai s, ting do
chinh xac cho phép do, chung toi str dung siéu 4m dé hoa
tan mau. H. Hashemzadeh va cs (2023) [14] di chi ra
rang, sw hinh thanh phttc hgp bén virng chiu 4nh hwéng
b&inhiéu yéu t6 nhu: nhitng twong tac phan ti gitra hoat
chat va phospholipid, d6 linh hoat trong ciu tric hoat
chét, luc Van der Waals, khodng cach gitra cic phan tir
hoat chat va PC trwéc khi phan &ng. Vi viy, trong phirc
hop sé ton tai c lién két hydro bén va 1dng 1éo tuy thudc
vao nhirng yéu td trén. Khi chiu tic dong trong thoi gian
dai cta song siéu 4m, cac lién két yéu hon trong phirc
sé dit gdy trudce, lam cho cac hoat chat ro ri ra ngoai,
dan téi sai s6 trong danh gia hiéu suit phytosome hoa.
Trong nghién ctru nay, thoi gian siéu Am dé hoa tan mau
phytosome AG-P dwgc khdo sat va cho thdy, 60 phit
la thoi gian siéu am phu hop véi khad nang hoa tan AG
dang phytosome t6t va han ché pha v& ciu tric cla
phytosome.

Viéc str dung dung méi hoa tan chon loc dé danh gia
hiéu suit phytosome ho4 trong bao ché phytosome AG
12 phwong phap dé thuc hién va cho do tin cdy twong doi
tét. Tuy nhién, diém han ché trong nghién cru nay 1a st
dung dung moi benzen khong than thién moi trudng va
c6 ddc tinh cao, tiém 4n nguy co dnh hwdng téi sttc khoé
va méi treong. Mac du da khao sat nhiéu loai dung méi,
nhung nghién cttu ctia ching t6i chwa tim ra dwoc cac
dung méi than thién khac. Trong twong lai, cin thuwc hién
thém cac khao sat vé nhiéu loai dung moi khéc, cé tinh
chét twong tw benzen (vi du nhw CO, siéu téi han) dé han
ché cac nhwgc diém nay.

4.2. Chitng minh sw hinh thanh phytosome
andrographolid

D& tang tinh thuyét phuc cho viéc sir dung benzen la
dung moi hoa tan chon loc, nham tach riéng phan AG lién
két véi PC trong phytosome va AG & dang tw do trong
hén hop sau khi bao ché, nghién ctru nay thwc hién tinh
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ché thu 13y phytosome tinh khiét dé ki€ém tra cac tinh
chat vat Iy va khing dinh ciu tric lién két cia AG vé&i
PC trong phytosome bang cac phan tich phd. CAc mau
do dwoc thuc hién song song v&i cac loai mau AG, PC,
hén hop vat ly AG-PC va phytosome AG-P. Cac két qua
vé phan tich phé IR, 'H-NMR, XRD, DSC déu cho thiy, c
su khac biét vé cac tin hiéu cia miu AG tw do va mau
phytosome AG-P tinh khiét. Piéu nay cho thdy, sit dung
benzen cé thé tich dwoc AG & dang phytosome ra khoi
hén hop nhiéu thanh phan sau khi thuc hién phan tng
tao phtrc.

5. Két luan

Nghién cru da xay dung dwoc phwong phap danh
gid hiéu suit phytosome héa trong bao ché phytosome
andrographolid bang phwong phap st dung dung moi
hoa tan chon loc. Benzen dwoc xac dinh 1a loai dung méi
phu hop nho kha nang hoa tan chon loc andrographolid
dang lién két véi phosphatidylcholine trong phytosome
ma khong hoa tan AG dang tw do. Thoi gian siéu am 60
phit cho hiéu qua hoa tan AG dang phytosome tot nhit,
ma it gy pha v cau tric ciia phytosome. Két qua phan
tich phé FT-IR, *H-NMR, XRD va DSC da khang dinh sw
hinh thanh cta phirc AG-PC va loai trir sy hién dién cta
AG tw do trong mau sau khi xt Iy bing phwong phéap dé
xuat. Phwong phap nay don gian, dé thuc hién, ddm bao
tinh dac hiéu va chinh xac cao.
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Tong hop va thir hoat tinh gy dgc trén dong té bao ung thur vii MCF-7
ciia mt s0 dan chat amid cua ibuprofen

Nguyén Thanh Trang’, Pham Thu Hwong, Nguyén Thi TrAm, Phan Anh T4, Tran Thi Thuy Nga
Khoa Duorc, Truong Pai hoc Ky thudt Y - Dwoc Pa Néng, 99 Hing Vwong, phuong Hdi Chdu, TP Pa Ndng, Viét Nam
Ngay nhan bai 1/8/2025; ngay chuyén phén bién 3/8/2025; ngay nhan phan bién 27/10/2025; ngay chip nhin ding 31/10/2025

Tom tdt:

Ibuprofen 1a mét thudc chong viém khong steroid da dwoc ghi nhan cé kha ning 1am gidm nguy co' mic ung thw
vu trén 1am sang. Hwéng nghién ciru tim kiém cac dan chit méi cta ibuprofen véi hoat tinh chéng ung thw thu
hut dworc s quan tAm clia cac nha khoa hoc, dic biét 1a cac dan chit amid. Nghién ctru ndy dworc thuc hién nham
tong hop va khao sat hoat tinh gay doc t€ bao ung thw viit MCF-7 cta cac dan chit amid ibuprofen. Cac hop chat
dwoc tong hop bang phwong phap one-pot tir ibuprofen va cac amin thom véi hiéu suat 12,1-40,2%. Kha ning
trc ché sy phat trién cta té bao ung thw sau dé dwoc xac dinh bing phwong phap MTT. Pic tinh giong thuéc dworc
danh gia dwa trén quy tic 5-Lipinski, trong khi cac théng s6 dwoc ddng hoc - déc tinh dwoc dw doan bang cong
cu ADMETIab 3.0. Két qua cho thiy, ca nam din chit amid ibuprofen déu cé hoat tinh giy doc t€ bao ung thw véi
IC,, 13,93-44,17 puM. Trong do, dan chat T5 (N-(3-bromopyridin-4-yl)-2-(4-isobutylphenyl) propanamid) thé hién
hoat tinh t6t nhit. Cac hop chit nay ciing c6 dac tinh dwg'c dong hoc phu hop, 1a co sé ban dau dé tiép tuc danh gia
do chon loc, cor ché tac dung va dd an toan ciia cac dan chat.

Tir khéa: dan chit amid ctia ibuprofen, déc tinh té bao, MCF-7, phan irng one-pot, ung thw vii.

Chi s6 phdn logi: 1.4,3.1, 3.4

Synthesis and cytotoxic evaluation of ibuprofen amide derivatives
on MCF-7 breast cancer cells
Thanh Trang Nguyen®, Thu Huong Pham, Thi Tram Nguyen, Anh Tu Phan, Thi Thuy Nga Tran

Faculty of Pharmacy, Da Nang University of Medical Technology and Pharmacy, 99 Hung Vuong Street, Hai Chau Ward, Da Nang City, Vietnam
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Abstract:

Ibuprofen, a non-steroidal anti-inflammatory drug, has been documented in clinical studies for its potential
to reduce breast cancer risk. The research direction exploring novel ibuprofen derivatives with anticancer
activity has attracted significant attention from scientists, particularly amide derivatives. This study
was conducted to synthesise and evaluate the cytotoxic activity of ibuprofen amide derivatives against
MCF-7 breast cancer cells. These compounds were synthesised using a one-pot method from ibuprofen and
aromatic amines, achieving yields ranging from 12.1 to 40.2%. The ability to inhibit the growth of cancer
cells was then assessed by the MTT assay. Drug-like properties were analysed based on Lipinski’s Rule of
Five to predict oral availability, while pharmacokinetic and toxicological parameters were predicted using
ADMETlIab 3.0. The results reveal that all five ibuprofen amides had cytotoxic activity against MCF-7 cells,
with IC_, values ranging from 13.93 to 44.17 uM, in which compound T5 (N-(3-bromopyridin-4-yl)-2-(4-
isobutylphenyl) propanamide) displayed the highest potency. These compounds demonstrated favourable
pharmacokinetic properties, providing an initial foundation for further evaluation of the selectivity,
mechanism of action, and safety of the derivatives.

Keywords: breast cancer, cytotoxicity, ibuprofen amide derivatives, MCF-7, one-pot synthesis.
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1. Dat van de

Ung thu 1a mdt trong nhitng nguyén nhan gay tir vong
hang dau trén thé gidi. Theo Co quan Nghién ciru ung thu
qudc té (2022), wdc tinh ¢6 20 triéu ca ung thu duge bao cao
va gan 9,7 triéu ca tir vong do ung thu trén toan cau. Ganh
nang ung thu du kién dat 35 triéu ca vao nam 2050 [1]. Tai
Viét Nam, s6 lwong mic méi nam 2022 1a 180.480 ca va s6
luong tir vong do ung thu 1a 120.184 ca. Trong dd, ung thu
Vi ¢6 ty 16 mic méi cao nhat chiém 13,6% [2].

Cac nghién ctru d chi ra sy biéu hién qua mirc cia COX-2
(cyclooxygenase-2) trong cac loai khdi u, gbp phan thuc
déy su di can va hinh thanh mach méu, wc ché su chét té bao
theo chuong trinh (apoptosis) va kich hoat tién chat gay ung
thu. Do d6, thude chdng viém khong steroid (NSAIDs) voi
co ché trc ché COX giup e ché sy tang sinh t& bao va thé
hién hoat dong chéng ung thu [3]. Ibuprofen la mot NSAID
khong chon loc, da dugc bao cdo vdi kha nang lam giam
nguy co méic ung thu va trén 1am sang [4, 5]. Tuy nhién,
nguy co gy loét va xudt huyét tiéu hoa 1a yéu t6 can tro viée
su dung lau dai. Tac dung phu nay dugc cho 1a do phan ting
gdy kich tng tai chd ctia nhom carboxylic tur do. Amid hoa
ibuprofen dugc chiing minh lam giam déc tinh trén duong
tiéu hoa va cai thién hoat tinh giam dau, chdng viém [6, 7].

Z. Ashraf va cs (2019) [8] d4 tong hop va dénh gia hoat
tinh gy doc té bao ung thu va MCF-7 ctia 10 dan chit amid
dexibuprofen. Két qua cho théy, su hién dién cta nhom thé
cloro tai vi tri ortho trén vong phenyl c6 vai tro quan trong
d6i voi hoat tinh. Cu thé, dan chét 1a va 1c (hinh 1) thé hién
kha ning tc ché sy phat trién cta té bao ung thu vuot troi
voi IC,, 1an lugt 2 0,01 va 0,03 pM, 6t hon chat doi chieu
doxorubicin (IC,=0,04+0,006 uM). Bén canh d6, hop chat
1d chira nhom 4-pyridinyl ciing ¢6 lgi cho hoat tinh hon khi
so sanh vi hop chat 1b mang vong phenyl. Vi muyc dich
tim kiém cac din chit amid ibuprofen tiém ning, nghién
ctru cua ching t61 dugc thyc hién nhim danh gia thém su
anh huong cua vi tri N trén di vong pyridin va nhém thé

HyC N HyC o
E\Q\[mui I T\QE)LL J
Hy Hy
1a 1b

1C50=0,01£0,002 uM IC50=23,34+4,44 UM

H,C (of] H,C
3 0 3 o) /‘N
H; N Hj N7
H3H Hg,"I
1c 1d

1C50=0,03+0,004 pM 1C50=1,7£0,81 pM

Hinh 1. Hoat tinh gay déc té bao ung thw vi MCF-7 ctia mét s6 dan
chat amid dexibuprofen.
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halogen khac (-Br) trén vong phenyl di voi hoat tinh gy
doc té bao.

Céc dan chat amid ibuprofen co thé duoc diéu ché bang
quy trinh 2 giai doan gém hoat héa acid carboxylic bang
thionyl clorid va phan Gmg v6i amin véi sy ¢6 mat cua xtc
tac kiém [9]. Quy trinh nay doi hoi cac budce xir Iy riéng cho
tung giai doan, thoi gian phan ung dai va phai thuc hién &
nhiét d6 s6i ciia dung moi hodc nhiét d6 thap. Dé don gian
hoa quy trinh tdng hop, nghién ctru ciia chiing t6i lwa chon
phuong phap one-pot trong diéu ché amid ibuprofen [10].
Céc dan chat amid tong hop sau d6 duoc khao sat hoat tinh
gy doc té bao bang phuong phap MTT va dugc danh gia
tiém nang lam thudc bang cong cu ADMETIab 3.0.

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

Hoé chit, dung moi hiru co dung trong tong hop dwoc
mua tr Macklin, Xilong, Guangdong Guanghua Sci-Tech
Co Ltd. (Trung Quéc) va ChemSol (Viét Nam) theo tiéu
chuén téng hop va st dung truc ti€p. Phan trng hoa hoc
duwoc tién hanh trong binh ciu va st dung bép khudy tir
gia nhiét. Theo ddi ph&n (rng bang sic ky 1&p méng silica
gel GF254, phat hién vét dwdi dén UV 254 nm va 365 nm.
Diém chdy do trén may Stuart SMP10. Phd 'H NMR va
13C NMR dwoc do trén may Bruker (Vién Hoéa hoc, Vién
Han lam Khoa hoc va Céng nghé Viét Nam va Truong Dai
hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha Noi). Phd
IR do trén may IRAffinity-1S Shimadzu va pho khoi MS
dwoc do trén may Waters UPLC Acquity H class (Pai hoc
Y Dwoc TP. H6 Chi Minh).

Hod chat, dung méi dung trong thtt nghiém
sinh hoc gém PBS (phosphate buffered saline),
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
(MTT - Ultra Pure, QB494541, BIO BASIC, Toronto,
Canada), ellipticine, dimethyl sulfoxide. Thiét bi gbm
kinh hién vi ngwoc (Axiovert 40 CFL), budng dém té bao
(Fisher, Hoa Ky), may quang phé (BioTek, Y), ti 4m co,,
tu lanh sdu -80°C, binh nito 16ng, can phan tich, may do
pH va cac dung cu thi nghiém thong thwong. Dong té bao
ung thu v ngwoi MCF-7 do Trwong Pai hoc Long-Island,
Hoa Ky va Pai hoc Quéc lap Dwong Minh Giao Thong, Dai
Loan (Trung Qudc) cung cap.

2.2. Phwong phdp nghién ciru

2.2.1. Phwong phdp téng hop cdc ddn chdt amid ctia
ibuprofen

Trong binh ciu, 3 mmol ibuprofen va 3 mmol dan
chat amin dwgc hoa tan trong 10 ml DCM. Tiép tuc thém



1an lwot 9 mmol TEA va 3 mmol thionyl clorid vao. Phan
trng dwgc khudy & nhiét dé6 phong véi téc do thap va
dwoc theo ddi bang siac ky 1o¢p méng. Thoi gian phan
rng tir 2 dén 24 gid, tiy thudc vao ciu tric cla tirng dan
chat. Hon hop sau phan tng dwoc lac phan bé 1an lwot
véi HCl 1% (20 ml x 3 1an), NaOH 1% (20 ml x 3 1an) va
NaCl bdo hoa (20 ml x 1 1an). Lép DCM dworc tich ra, lam
khan va c6 dwéi ap suét giam thu dwoc san phadm thé.
Tinh ché bang cach két tinh lai trong hon hop methanol
nuwéc (T1, T2 va T5) hoidc sic ky cot véi hé dung moi
n-hexan:aceton (T3 va T4). Chit tong hop sau d6 dwoc
kiém tra do tinh khiét bang sic ky 16p méng va duoc xac
dinh cAu truc bang cac phwong phap phé (*H NMR, 3C
NMR, IR va MS).

2.2.2. Phwong phdp ddnh gid hoat tinh gdy déc té bao
ung thw vi MCF-7

Cac dan chat dwgc danh gia hoat tinh gay doc té bao
ung thw v MCF-7 tai Phong Cong nghé té bao va Thi
nghiém sinh hoc, Vién Sinh hoc, Vién Han lam Khoa hoc
va Cong nghé Viét Nam theo phwong phap MTT cua T.
Mosmann (1983) [11].

Nguyén tac thir nghiém: Mirc do sdng sét ciia té bao
dwgc danh gid qua kha nang khtt MTT (mau vang) thanh
phtrc hop formazan (mau tim) béi hoat dong cia enzym
dehydrogenase trong ty thé. San phdm formazan dugc
hoa tan bang DMSO va dwoc do dd hdp thu quang (OD) &
buwéc séng 540 nm. SO lwong té€ bao séng ty 1& thuln véi
cudng do mau tim do duorc.

Tién hanh thi nghiém: MAu thtr dwgc hoa tan trong
DMSO décondngddbandaula20 mM,phaloingmAiubéing
moi trieong nudi cdy té bao (khong c6 FBS). Trypsin hoa
dé lam roi té bao va dém trong budng dém dé diéu chinh
mat dd cho phu hgp véi thi nghiém (3x10* t&€ bao/ml).
Cho 190 ul t& bao (dwgc nudi trong moi trudng coé bd
sung 5% FBS) vao dia 96 giéng va dwa vao ti 4m CO, cho
phat trién 6n dinh tir 18-20 gi¢. Thém 10 pl mau thir da
pha lodng vao cac giéng da chuin bi té bao sao cho néng
d6 mau thir trong giéng 1a 150-100-50-10-1 uM. Giéng
khong c6 mAiu thir nhwng cé t& bao ung thw (190 ul) va
DMSO 1% (10 pl) dwoc dung lam déi chirng 4m. Giéng
khong c6 té bao va mau thit, chi c6 méi trudng nudi cay
dwoc xem la giéng tring. U trong ti 4m & diéu kién 37°C,
5% CO, trong 48 gi¢. Sau d6, 10 pl dung dich MTT (n6ng
dé cubi cung trong giéng 1a 0,5 mg/ml) dwoc thém vao
moi giéng. Sau 4 gio, loai b6 mdi trwdng, hoa tan tinh
thé formazan bang 50 ul DMSO. Gia tri OD dwoc do &
buwéc séng 540 nm bang may quang phé BioTek Elx800.
Phép thtr dwoc lap lai 3 1an. Ellipticine & cic nong do
10-2-0,4-0,08 pg/ml dwoc str dung lam chat déi chirng.
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Phin tram (rc ché sy phat trién cta té bao (%l) dwoc
xac dinh thong qua cong thirc:

1(%) = {1-—

Gia tri IC, dwoc xac dinh thong qua %I tai 5 nong do
(mAu tht) hodc 4 ndng dd (chat d6i chirng) va dwoc xi ly
bang phan mém may tinh TableCurve 2Dv4.

OD (i thie) (mau thir) = OD wiank) 100
0D pmsoy — OD plank

2.2.3. Phwong phdp dw dodn cdc théng sé dwoc dong
hoc va déc tinh (ADMET)

Céac dic tinh dwoc dong hoc nhw hip thu, phan bé,
chuyén hoéa, thai trir (ADME) va doc tinh (T) cta cac dan
chit amid ibuprofen dwoc dw doan bang céng cu truc
tuyén ADMETIlab 3.0 (https://admetlab3.scbdd.com/).
Cac hop chit dwgc chuyén thanh chudi SMILES bang
ChemDraw, sau dé dan vao 6 twong rng va nhan Submit
dé danh gia. K&t qua dwoc phan tich dwa trén quy tac
5-Lipinski va cac thong s6 ADMET chinh gom pKa (acid/
base), Caco-2, HIA, P-gp, PPB, LogVDss, CYP2C9, CYP3A4,
tl,, Cl-plasma, Ames, H-HT va ROA. Di¥ liéu dwoc trich
xudt vao ngay 3/6/2025.

3. Két qua va ban luan

3.1. Két qua tong hop cdc dan chdt amid cua
ibuprofen

Cac dan chat amid ibuprofen dwoc téng hop bang
phwong phap one-pot véi hiéu sudt thu dwoc tir 12,1 dén
40,2% (hinh 2),

+30Cl
+ANH, SO TEA )
OH DCM, .t N
Hs Hs

HsC OBr HsC OBrj@
H
Hs Hs
T132,32% T232,23%

HyC o N7 ‘ HsC ° /N‘ HyC OB
Ha N Hs N/Q Hs NN

Hs H Hs A Hs H

T312,10% T4 19,40% T540,20%

Hinh 2. Két qua tdng hop cac dan chat amid ibuprofen.

Chit T1 (N-(2,5-dibromophenyl)-2-(4-isobutylphenyl)
propanamid) dwoc tao thanh tir phdn Ung gitta
ibuprofen va 2,5-dibromoanilin, hiéu suit 32,32%. San
phdm thu dwoc dang bdt mau tring dén vang nhat;
tan tot trong aceton, cloroform, dicloromethan, ethyl
acetat, tan vira trong methanol, ethanol va rit it tan
trong nwéc; nhiét dd néng chay 88°C. Sac ky 16p méng:
R=0,2 [n-hexan:DCM (3:1)], R=0,57 [n-hexan:EtOAc

a4
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(15:1)], R=0,61 [n-hexan:aceton (10:1)]. FT-IR (ATR,
vem™): 3304,06 (v,,), 2953,02 (v ), 1658,78 (v ),
1456,26 (Ve nemytene) 139647 (Ve o) 567,07 (v ).
'H NMR (500 MHz, Chloroform-d) § (ppm): 8,63 (d, J=2,4
Hz, 1H, H-Ar), 7,61 (s, 1H, NH), 7,28-7,26 (m, 3H, H-Ar),
7,19 (d, J=8,1 Hz, 2H, H-Ar), 7,04 (dd, /,=8,5 Hz, ] ,=2,4
Hz, 1H, H-Ar), 3,76 (q, J=7,2 Hz, 1H, CH), 2,48 (d, J=7,2
Hz, 2H, CH,), 1,86 (n, /=6,8 Hz, 1H, CH), 1,64 (d, J=7,2
Hz, 3H, CH,), 0,90 (d, J=6,6 Hz, 6H, CH,). °C NMR (126
MHz, Chloroform-d) 6 (ppm): 173,02; 141,69; 137,19;
136,91; 133,08; 130,26 (2C); 127,89 (2C); 127,86;
123,97;122,11; 111,54; 48,20; 45,14; 30,39; 22,47 (2C);
17,90. HRMS (ESI) [M+H]* du kién 440,00422 (dong vi
Br-79, Br-81) va 442,00217 (d6éng vi Br-81), thuc té do
440,00522 va 442,00356.

Chat T2 (N-(2-bromophenyl)-2-(4-isobutylphenyl)
propanamid) dwoc tao thanh tir phan &ng gitra ibuprofen
va 2-bromoanilin, hiéu suit 32,23%. San pham thu dwgc
dang bot mau trang dén vang nhat; tan tdt trong aceton,
cloroform, dicloromethan, ethyl acetat, tan vira trong
methanol, ethanol va rit it tan trong nwéc; nhiét d6 nong
chay 58 °C. Sic ky 1&6p moéng: R=0,2 [n-hexan:DCM (5:1)],
R=0,56 [n-hexan:aceton (15:1)], R=0,8 [toluen:aceton
(10:1)]. FT-IR (ATR, vem™): 3273,20 (v, ), 2953,02 (v,
W 2868,15 (v ), 1656,85 (), 1467,83 (Vi inyiene)”
1435,04 (Ve y ey 138103 (Ve peny)r 557,43 (V). 'H
NMR (600 MHz, Chloroform-d) 6 (ppm): 8,37 (d, J=8,2
Hz, 1H, H-Ar), 7,63 (s, 1H, NH), 7,42 (dd, ] =8,0 Hz, ] =1,4
Hz, 1H, H-Ar), 7,30 (d, J=8,2 Hz, 2H, H-Ar), 7,27 (d, J=8,8
Hz, 1H, H-Ar), 7,19 (d, J=8,2 Hz, 2H, H-Ar), 6,94-6,87 (m,
1H, H-Ar), 3,77 (q, J=7,2 Hz, 1H, CH), 2,49 (d, J=7,0 Hz,
2H, CH,), 1,87 (n, /j=6,7 Hz, 1H, CH), 1,65 (d, J=7,3 Hz,
3H, CH,), 0,91 (d, J=6,6 Hz, 6H, CH,). *C NMR (151 MHz,
Chloroform-d) § (ppm): 172,95; 141,52; 137,55; 135,94;
132,24; 130,18 (2C); 128,43; 127,91 (2C); 125,02;
121,45; 113,30; 48,24; 45,17; 30,38; 22,48 (2C); 18,01.
HRMS (ESI) [M+H]* dv kién 360,09575 (dong vi Br-79)
va 362,09370 (dong vi Br-81), thuc té do 360,09709 va
362,09533.

Chat T3 (2-(4-isobutylphenyl)-N-(pyridin-2-yl)
propanamid) dwoc tao thanh tir phan &ng gitra ibuprofen
va 2-aminopyridin, hiéu suat 12,10%. San phdm thu
dwoc dang tinh thé hinh kim trong su6t; tan tot trong
aceton, cloroform, dicloromethan, ethanol, ethyl acetat,
methanol, rit it tan trong nwéc; nhiét dé6 néng chay
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104°C. Sac ky 16p mong: R=0,18 [n-hexan:EtOAc (7:1)],
R=0,45 [n-hexan:aceton (7:1)], R=0,63 [toluen:aceton
(5:1)]. FT-IR (ATR, v cm™): 3259,70 (v,), 2962,66
(Vey) 1664,57 (v ), 1575,84 (v_\), 1456,26 (Ve i, convien)
1357,89 (Ve metny)- 'H NMR (500 MHz, Chloroform-d) §
(ppm): 8,23 (d, J=8,4 Hz, 1H, H-Ar), 8,19 (d, J=3,2 Hz, 1H,
H-Ar), 7,82 (s, 1H, NH), 7,67 (dd, /,=7,0 Hz, ] =1,6 Hz,
1H, H-Ar), 7,24 (d, J=8,0 Hz, 2H, H-Ar), 7,14 (d, J=8,0 Hz,
2H, H-Ar), 6,99 (dd, J =5,2 Hz, J,=2,1 Hz, 1H, H-Ar), 3,70
(a,/ ,1 Hz, 1H, CH), 2,45 (d, J=7,2 Hz, 2H, CH,), 1,86 (n,
J=6,6 Hz, 1H, CH), 1,58 (d, J=7,1 Hz, 3H, CH,), 0,90 (d,
J=6,7 Hz, 6H, CH,). 13C NMR (126 MHz, Chloroform-d) &
(ppm) 173,10; 151,51; 147,85; 141,30; 138,46; 137,75;
130,05 (2C); 127,49 (2C); 119,82; 113,95; 48,09; 45,18;
30,29; 22,55 (2C); 18,57. HRMS (ESI) [M+H]* du kién
283,18049, thuc té do 283,18081.

Chat T4 (2-(4-isobutylphenyl)-N-(pyridin-3-yl)
propanamid) dwoc tao thanh tir phan trng gitra ibuprofen
va 3-aminopyridin, hiéu suit 19,40%. San phdm thu
dwoc dang tinh thé hinh kim trong su6t hoic mau
trang; tan tdt trong aceton, cloroform, dicloromethan,
ethanol, ethyl acetat, methanol, rat it tan trong nuéc;
nhiét dé néng chay 98 °C. Sic ky 1ép moéng: R=0,10
[n-hexan:EtOAc (4:1)], R=0,41 [toluen:aceton (5:1)],
R=0,56 [n-hexan:aceton (2:1)]. FT-IR (ATR, v cm™):
3309,85 (v,,), 2949,16 (v_,), 1662,64 (v.), 1598,99
(Veon)r 1458,18 (Ve eiytene) 142154 (Ve gy ey )- 'H NMR
(500 MHz, Chloroform-d) § (ppm): 8,39 (d, J=2,7 Hz, 1H,
H-Ar), 8,27 (d, J=5,6 Hz, 1H, H-Ar), 8,11 (d, /=8,2 Hz, 1H,
H-Ar), 7,45 (s, 1H, NH), 7,27-7,18 (m, 3H, H-Ar), 7,15 (d,
J=7,9 Hz, 2H, H-Ar), 3,72 (q, /=7,1 Hz, 1H, CH), 2,47 (d,
J=7,2 Hz, 2H, CH,), 1,86 (n, J=6,7 Hz, 1H, CH), 1,58 (d,
J=7,2 Hz, 3H, CH,), 0,90 (d, J=6,6 Hz, 6H, CH,). *C NMR
(126 MHz, Chloroform-d) & (ppm): 173,33; 145,23;
141,45; 141,08; 137,81; 134,96; 130,09 (2C); 127,50
(2C); 127,15; 123,74; 47,75; 45,13; 30,30; 22,50 (2C);
18,63. HRMS (ESI) [M+H]* du kién 283,18049, thuc té
do 283,18111.

Chat T5 (N-(3-bromopyridin-4-yl)-2-(4-
isobutylphenyl)propanamid) dwoc tao thanh tir phan
trng gitta ibuprofen va 4-amino-3-bromopyridin,
hiéu suit 40,20%. San phdm thu dwoc dang tinh thé
hinh kim trong sudt; tan tot trong aceton, cloroform,
dicloromethan, ethyl acetat, ethanol, methanol va rit it
tan trong nwédc; nhiét dd nong chay 68 °C. Sacky 16p mong:



R=0,28 [toluen:EtOAc (2:1)], R, =0,50 [n-hexan:aceton
(3:1)], R=0,77 [n-hexan:EtOAc (1:1)]. FT-IR (ATR, v cnr
1):3365,78 (v,,,), 2958,80 (v_,), 1705,07 (v _,), 1575,84
(Vo) 145047 (v, methylene), 1394,53 (v, methyl), 567,07
(VC-Br].lH NMR (500 MHz, Chloroform-d) & (ppm): 8,51
(d, J=7,2 Hz, 1H, H-Ar), 8,38 (dd, J =57 Hz, ],=1,2 Hz,
2H, H-Ar), 7,79 (s, 1H, NH), 7,27 (d, J=8,1 Hz, 2H, H-Ar),
7,21 (d, J=8,1 Hz, 2H, H-Ar), 3,79 (q, J=7,2 Hz, 1H, CH),
2,49 (d, J=7,2 Hz, 2H, CH,), 1,85 (n, /=6,8 Hz, 1H, CH),
1,64 (d, J=7,2 Hz, 3H, CH,), 0,90 (d, J=6,6 Hz, 6H, CH,).
13C NMR (126 MHz, Chloroform-d) 6 (ppm): 173,56;
151,62; 149,79; 142,45; 141,96; 136,80; 130,42 (2C);
127,86 (2C); 114,41; 110,50; 48,39; 45,13; 30,39; 22,46
(2C); 17,73. HRMS (ESI) [M+H]* dw kién 361,09100
(dong vi Br-79) va 363,08895 (dong vi Br-81), thuc té
do 361,09108 va 363,08933.

Quy trinh 2 giai doan théng thwong gom budéc hoat
héa acid carboxylic bing thionyl clorid trong cloroform,
dun héi lwu 3 gior va sau do acyl clorid phan ng v&i
amin & nhiét d6 thip (0°C) [9]. Trong khi dé, quy trinh
one-pot hoat hda acid carboxylic in situ bang thionyl
clorid, dong thoi TEA gitp khir proton tao carboxylat,
g6p phan thic diy phan rng dién ra hiéu qua hon. Diéu
nay giup rat ngan thoi gian phan ng va khong can phai
phan 14p dan chit acyl clorid trung gian. Phan (rng ciing
duwogc thwe hién & diéu kién nhiét d6 phong, chi st dung
mot dung méi duy nhit nén gitp tiét kiém nguyén liéu
va gidm chi phi.

C4u truc 5 chit tdng hop dwoc xac dinh bang cac
phwong phap phé héa hoc gobm 'H NMR, *C NMR, IR
va MS. Két qua cho thiy dir liéu phd thwe nghiém phu
hop véi ciu tric dw kién. Phé IR ¢é dinh ctia cdc nhém
chirc dac trung nhw N-H, C=0, C=N, C-Br, C-H thom, C-H
methylene va C-H methyl. Phd 'H NMR va *C NMR cho
cac dinh twong rng véi ciu tric du kién va so tich phan
pht hop. Phé MS cho gia tri m/z phit hop véi khéi lwong
phéan ti cta hgp chat tong hop. T1, T2 va T5 déu la chit
méi va chwa dwoc cdng bé dir liéu phé. Két qua dir lidu
pho 'H NMR ctia hop chat T3 va T4 phu hop véi ciu tric
va dir liéu phd da cong bé [6].

3.2. Két qua ddnh gid hoat tinh gdy djc té bao ung
thw vii MCF-7 ctia cdc dan chdt amid ibuprofen

Phin tram rc ché sy phéat trién cua té bao (%l) &
noéng dé 100 uM va nong dd trc ché 50% sw phat trién té
bao (IC,) cta chat déi ching ellipticine va cac dan chat
amid ibuprofen dwoc trinh bay & bang 1.
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Bang 1. Két qua thir hoat tinh gay déc té bao ung thw va MCF-7
ctia 5 dan chat amid ibuprofen va chat déi chirng ellipticine bang
phwong phap MTT.

Mau thir %]I (100 uM) IC,,+ SD (M)
T1 89,82 19,83+0,41
T2 83,20 44,1742,36
T3 96,46 22,14+0,56
T4 97,55 40,91+1,05
TS 95,97 13,93+0,44
Ellipticine 1,54+0,12

Ca 5 hop chat tong hop déu thé hién hoat tinh &c ché
sw phét trién cla té bao ung thw vt MCF-7 véi IC, | tir
13,93-44,17 uM, T5 1a dan chat c6 hoat tinh t6t nhat.
So véi chat d6i ching la ellipticine (IC,=1,54+0,12
uM) cac dan chat téng hop déu cho gia tri IC,, cao hon.
Tuy nhién, véi cung phwong phéap thitr nghiém thi dan
chat T5 (IC,,=13,93 uM) cho hoat tinh t6t hon trén
dong té bao ung thw v MCF-7 khi so sdnh v&i cisplatin
(IC,,=19,67£5,94 uM) dwoc bao cao trong nghién ctru
ctia H. Ciftci va cs (2022) [13]. Nhu vay, mdc du cac dan
chit amid ibuprofen chwa c6 mirc d6 tc ché manh nhw
ellipticine nhung van thé hién dwoc tiém ning trc ché té
bao MCF-7 & mitc d0 nhAt dinh.

T2 v&i nhém thé bromo & vi tri s§ 2 trén vong phenyl
c6 gia tri IC,;=44,17 uM. Gan thém nhém thé -Br & vi tri
s6 5 trén vong phenyl lam ting kha ning rc ché hon 2
lan (IC,, T1=19,83 pM). Xu huéng nay ciing quan sat
thdy trong nghién ctu cta Z. Ashraf va cs (2019) [8].
Lién quan dén vai tro clia nhom thé halogen doi véi
hoat tinh chong ung thw vi, moét nghién ctru khao sat in
silico kha ning gin két cta cac dan chat halogen véi thu
thé Estrogen Alpha (ERa) ciing dd chirng minh lién két
halogen gép phan &n dinh phitc hgp phéi ti-protein va
nang cao ai luc gan két [14]. Thay thé vong benzen bang
di vong pyridin lam ting hoat tinh 1én dang ké, cu thé
T5 (IC,,=13,93 uM) c6 kha nang gay doc té bao ung thw
tot hon gap 3 lan T2 (IC, =44,17 uM). Két qua nay ciing
twong dong véi mot nghién ctru trwde diy [8]. Bén canh
dé, vi tri ctia N trén di vong pyridin cling &nh hwdng dén
kha nang trc ché sy phat trién té bao ung thw vt MCF-7.
Hop chat T3 véi N & vi tri s6 2 cho hoat tinh t6t hon hop
chdtvéiN & vitriso 3 (T4). Nhw vy, sw ¢ mat ciia nhém
thé -Br & vi tri 2, 5 va viéc thay thé vong phenyl bang
pyridinyl gitp cai thién hoat tinh gy ddc té bao ung thw
vu MCF-7.
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Bang 2. Két qua danh gia in silico quy tac 5-Lipinski va mét sé thong sé ADMET cuia cac dan chat T1-T5 va ibuprofen.

Pac tinh Thong s6 T1 T2 T3 T4 T5 Ibuprofen
Quy téc 5-Lipinski (s6 tiéu chi vi pham) 0 0 0 0 0 0
Tinh chit pKaacid 10,24 9,86 9,72 9,44 9,56 4,61
1y hoa pKa base 3,10 3,91 5,03 5,33 4,64 3,05

Caco-2 (log unit) -4,79 -4,67 -4,54 -4,57 -4,63 -4,30

. HIA >30% >30% >30% >30% >30% >30%

Hap thu - -

Uc ché Pgp +++ - - -- -—- -—-

Co chat Pgp -—- -—- -—-- -—- -—-- --

PPB (%) 99,07 98,86 96,97 97,19 98,17 97,58
Phén bg

LogVDss (L/kg) 0,44 0,30 -0,14 0,09 0,14 -0,80

Uc ché CYP2C9 o+ 44 = o e soo

Co chat CYP2C9 -—— -— e+ -—- === e+
Chuyén hoéa = -

Uc ché CYP3A4 — - —— ——— +++ +++ — ==

Co chat CYP3A4 +++ +++ +++ +++ 4+ +++

t¥% (gio) 0,79 0,71 0,81 0,61 0,83 1,45
Thai trir

Cl-plasma (ml/phut/kg) 5,22 6,07 4,13 7,60 6,35 1,04

Dot bién Ames -—- -- -- -- -- -—-
Poc tinh Poc gan H-HT + + ++ ++ + ++

ROA ==

Cac ky hiéu tir rat thap (— — —) dén rat cao (+++) biéu thi xac suét dw doan theo mé hinh ADMETIab 3.0, véi thang phan loai: (- — —): 0,00-0,10;
(--): 0,10-0,30; (-): 0,30-0,50; (+): 0,50-0,70; (++): 0,70-0,90; (+++): 0,90-1,00; Ddc gan H-HT: nguy co gay ddc tinh trén gan; ROA: doc tinh cap

duwong udng & chudt cong.

3.3. Dw dodn in silico cdc théng sé dwoc dong hoc
va déc tinh ciia cdc dan chdt

Két qua phén tich cac théng s6 dwgc dong hoc va déc
tinh ctia cdc dan chit amid ibuprofen va ibuprofen dworc
trinh bay trong bang 2.

Ca 5 hop chit khao sat déu théa man céc tiéu chi ca
quy tac 5-Lipinski. Ve tinh chat 1y héa, cac din chat amid
ibuprofen véi pKa acid tir 9,44-10,24 cho thiy xu huéng
giam nguy co gay loét va kich wng dwong tiéu hoa so voi
ibuprofen (pKa acid=4,61). Dong thoi, pKa base trong
khoang 3,10-5,33 nén phan t ton tai chi yéu & dang
khong ion hoéa tai rudt, gitp cai thién kha niang hap thu
qua dwong tiéu héa. T1-T5 cling dwoc dy doan cé kha
nang thAm qua mang té bao rudt Caco-2 tot (>-5,15) va
hip thu tét & rudt (HIA >30%), twong dwong ibuprofen.
P-glycoprotein (P-gp) 1a bom vin chuyén ngworc, c6
chirc ning bom thudéc ra ngoai té bao. P-gp 1a mot trong
nhirng co ché chinh giy khang thudc da khang (MDR)
trong dieu tri ung thw. Uc ché P-gp gitip ting nong do
thu6c trong té€ bao dich, cai thién hiéu qua diéu tri va
giam khang thudc [15]. Ca 5 dan chit déu khong phai 1a
co chit ctia P-gp nén c6 kha nang duy tri néng dé thudc
cao bén trong té bao ung thw. Pic biét, T1 con cé kha
nang c ché P-gp manh nén cé thé gép phan lam gidm
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tinh trang khang thudc cia cac thudc ung thw phéi hop.
Dic tinh phan b6 dwoc danh gia qua phan tram gan két
protein huyét twong (PPB) va log thé tich phin b6 &
trang thai can bing (LogVDss). Ca 5 dan chat khao sat
va ibuprofen déu gin két manh véi protein huyét twong
(>95%). Amid hoéa gitp cai thién kha nang phin b6 & mo,
cu thé LogVDss ctia T1-T5 trong khoadng -0,14 dén 0,44
va déu 16n hon LogVDss cta ibuprofen. Vé chuyén héa,
hé cytochrom P450 c6 vai tro quan trong déi véi qua
trinh chuyén hoa thudc & gan. Ibuprofen dwoc chuyén
héa chu yéu bédi CYP2C9. Ngoai ra, CYP3A4 ciing tham
gia chuyén héa ibuprofen & nong do cao [16]. Cac dan
chit amid ibuprofen dwoc dw doan chuyén hoa chi yéu
qua CYP3A4. T4 va T5 (rc ché ca CYP3A4 va CYP2C9 nén
can lwu y khi phoi hgp véi cac thude cling chuyén hoa
qua hai enzym nay. Kha ning thai trir ciia cac dan chit
dwoc thé hién qua thong s6 thoi gian ban thai (t%2) va
do thanh thai (Cl-plasma). Thoi gian ban thai cia T1-T5
duwdi 1 gid, ngan hon ibuprofen. Amid hoéa ibuprofen duw
doan ciing 1am tang do thanh thai 1én 4-7 1an. Diéu nay
c6 thé gép phian gidm nguy co tich liy thudc, han ché doc
tinh toan than nén c6 y nghia khi stt dung véi muc dich
diéu tri ldu dai. Ngoai ra, theo dw doan tir mé hinh thi
T1-T5 déu khong giy dot bién gen va doc tinh cip dwong

a1



uong trén chu6t-ROA thap (LD, >500 mg/kg). Nguy co
déc gan cua T1, T2 va T5 ciing dwoc dw doan thip hon
ibuprofen. Nhu vay, cidc din chat amid ibuprofen nhin
chung déu cé dic diém dwoc dong hoc twong doi tét nhw
hip thu tét qua rudt, kha nidng phan bo vira phai, thai
trir nhanh cling nhw khéng gy dot bién gen va doc tinh
cip dwong uong thap. Tuy nhién cin lwu y dén nguy co
twong tac thudc va ddc gan. Cac nghién ciru siu hon in
vitro va in vivo can dwoc thuc hién dé danh gia toan dién
veé hiéu qua va do an toan cta cac dan chat nay.

4. Két luan

Trong nghién ctru nay, 5 dan chit amid ibuprofen da
dugc téng hop bing phwong phap one-pot véi hiéu suit
12,1-40,2%. Cac dan chat dwoc kiém tra do tinh khiét va
xac dinh cdu tric bing cac phwong phap phé. Ca 5 dan
chat déu thé hién hoat tinh gy doc té bao ung thw va
MCF-7 vé6i IC,, 12 13,93-44,17 uM. Trong d6, din ch&t TS
v&i nhém thé -Br & vi tri ortho trén di vong pyridin cé
hoat tinh t6t nhat. Cac dan chat khao sat déu théa quy
tac 5-Lipinski va dwoc dw doan c6 dic tinh dugc dong
hoc phit hop, cho thiy tiém nang phét trién thanh thudc
diéu tri ung thw vu.

Nghién ctru nay dwgec tai trg béi Trueong Pai hoc Ky
thuat Y - Duwgc Da Nang cip cho Nguyén Thanh Trang
trong dé tai ma sd CS2025-13. C4c tac gia xin chin thanh
cam on.
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Sang loc in silico cac chat irc che tiém nang ctia enzyme Fabl
tw Staphylococcus aureus

Hoang Viét Nham"
Khoa Dworc, Truong Pai hoc Lac Hong, 10 Hupnh Vin Nghé, phwing Trdn Bién, TP. Dong Nai, Viét Nam
Ngay nhan bai 29/4/2025; ngay chuyén phan bién 5/5/2025; ngay nhan phan bién 4/7/2025; ngay chip nhan ding 10/7/2025

E, ! < !.

Nghién ctru ndy nham phat hién cac chit &c ché tiém niang méi cia enzyme Fabl (enoyl-acyl carrier
protein reductase) twr Staphylococcus aureus thong qua tich hgp mo hinh pharmacophore, docking phan
tir va m6 phong dong lwc hoc phan tir (MD). Dwa trén twong tac giira Fabl va chit d6i chirng AFN-1252
(N-(2-methylphenyl)-5-methyl-3-phenyl-4-isoxazolecarboxamide), mét mé hinh pharmacophore gom 5 dic
diém phan tir dwoc xay dwng va sir dung d€ sang loc trén 13 triéu hop chit tir thw vién ZINC. C6 2.216 hop
chit théa man mo hinh (RMSD<1 A) dwoc thwe hién docking giit nguyén cofactor NADPH (nicotinamide
adenine dinucleotide phosphate) bing phin mém AutoDock Vina. 13 hop chit cé diém docking bang hoic
thip hon AFN-1252 (-11,2 kcal/mol), trong d6 bén hgp chit twong tac dong thoi véi NADPH va cac amino
acid quan trong dwgc chon dé€ mé phong MD va tinh toan ning lwong lién két theo phwong phap MM-PBSA
(Co’ hoc phén ti, dién tich bé mit Poisson-Boltzmann). Két qua cho thiy, cac phin tir nay duy tri twong
tac v&i cac goc amino acid va NADPH. Pac biét, ligand 760 thé hién dé 6n dinh cao va nang lwong lién két
-18,99 kcal/mol, cho thiy tiém ning phat trién thanh chait trc ché Fabl c6 hoat tinh khang Khuan.

Tir khéa: docking phan tit, Fabl, ligand, moé phong dong lwc hoc phan ti, sang loc in silico, Staphylococcus aureus.
Chi sé phdn logi: 1.6, 1.8, 3.4

In silico screening of potential inhibitors of Staphylococcus aureus Fabl

Viet Nham Hoang’
Faculty of Pharmacy, Lac Hong University, 10 Huynh Van Nghe Street, Tran Bien Ward, Dong Nai City, Vietham
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Abstract:

This study aimed to identify novel potential inhibitors of the Fabl enzyme (enoyl-acyl carrier protein
reductase) from Staphylococcus aureus through the integration of pharmacophore modelling, molecular
docking, and molecular dynamics (MD) simulations. Based on the interaction between Fabl and the
reference compound AFN-1252 (N-(2-methylphenyl)-5-methyl-3-phenyl-4-isoxazolecarboxamide), a
pharmacophore model consisting of five molecular features was constructed and used to screen 13 million
compounds from the ZINC library. A total of 2,216 compounds satisfying the model criteria (RMSD<1 A) were
subjected to molecular docking using AutoDock Vina while retaining the NADPH cofactor (nicotinamide
adenine dinucleotide phosphate). 13 compounds showed docking scores equal to or lower than that of
AFN-1252 (-11.2 kcal/mol), among which four compounds that simultaneously interacted with NADPH
and key amino acid residues were selected for MD simulations and binding energy calculation using the
molecular mechanics Poisson-Boltzmann surface area (MM-PBSA) method. The results showed that these
molecules maintained interactions with amino acid residues and NADPH. In particular, ligand 760 exhibited
high stability and a binding energy of -18.99 kcal /mol, indicating its potential for further development as a
Fabl inhibitor with antibacterial activity.

Keywords: Fabl, in silico screening, ligand, molecular docking, molecular dynamics simulation, Staphylococcus aureus.

Classification numbers: 1.6, 1.8, 3.4
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1. it van de

Sw gia tang nhanh chéng cia cic ching vi khuin
khang khang sinh, ddc biét la Staphylococcus aureus
khang methicillin (MRSA), dang tré thanh mot moi de
doa nghiém trong déi véi strc khde cong dong toan ciu.
Trong béi canh d6, enzyme Fabl (enoyl-acyl carrier
protein reductase) 1a mot enzyme quan trong trong qua
trinh téng hop acid béo cua vi khudn, nhwng khong cé
& té€ bao con nguoi, tré thanh moét muc tiéu tiém nang
trong tim ki€m cac phan t& c6 hoat tinh khang khuin
chonloc[1, 2].

Phan t&¢ AFN-1252 (N-(2-methylphenyl)-5-methyl-
3-phenyl-4-isoxazolecarboxamide), mét chit &c ché
chon loc Fabl, da cho thiy hiéu qua cao trong cac thir
nghiém lam sang, dac biét véi cac ching S. aureus [3].
Tuy nhién, vi khudn luén phat trién dé khang, nén viéc
phét trién thém cac chit twong tw hoic vwot troi AFN-
1252 1a can thiét d€ mé rong phé tac dung, khic phuc
kha nang khang thudc, cing nhw cai thién dwoc dong hoc
cta phén ti thudc.

Phét trién mot phan tir thudc 13 mot qua trinh tén
thoi gian va tién bac. Cung véi sw phat trién cia cong
nghé tin hoc, sang loc in silico tré thanh mot cong cu
tiém nadng gidp khao sat nhanh mot s6 lwong rit 16m cac
phan tt, tir d6 gitp rut ngdn thoi gian cling nhw cong strc
trong viéc tim kiém phan t c¢é hoat tinh khang khuin.
Trwéc nhu ciu do, nghién ctru nay dwoc thwc hién nhim
phét trién mot quy trinh sang loc in silico tich hop tw
md hinh dwoc 1y hoc (pharmacophore) dén mé phong
dong lwc hoc phan tir (MD) va tinh to4n ning lwong gin
két (MM-PBSA), v&i cac muc tiéu: phat hién cac chit méi
tir thw vién phan tir ZINC thwong mai c6 kha ning bat
chwéc mo hinh twong tac cia AFN-1252 véi Fabl; danh
gia mirc dd phu hop hinh hoc va 4i lwc gan két so véi chat
déi chirng AFN-1252; xac dinh cic phan tir tiém nang dé
tiép tuc phat trién nhw nhitng &ng vién khang khuin
nham vao Fabl.

2. Phuong phap nghién ciiu

Trong nghién cru nay, nhém nghién ctu trién khai
quy trinh sang loc in silico nham phat hién cac chat tc
ché tiém nang cla enzyme Fabl cia S. aureus. Phuwong
phép két hgp mo hinh pharmacophore, docking phéan tir
va mé phéng MD, cu thé gom cac buéc sau:

2.1. Co’ s dir liéu nghién ctru
C4u tric dong két tinh enzyme Fabl, NADPH va chit tc

ché& AFN-1252 c¢6 mia 4FS3 (phién ban 1.2 dwgc cap nhat
ngay 13/9/2023) dwoc 14y tlir ngin hang dir liéu protein
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https://www.rcsb.org/ [4]. C4u tric ndy dwoc xac dinh
tlr ching MRSA252 ctia vi khuln S. aureus c6 do phan giai
1,8 A. C4u triic nay gdbm 256 amino acid cling 2 phan ti
nho 1a NADPH (ID: OWD) va AFN-1252 (ID: OWE). C4u
triuc nay dwoc stra 16i bang phan mém MOE 2024.06 [5] va
dwoc str dung trong xdy duwng mo hinh pharmacophore,
docking phan ti va dong lwc hoc phan ti.

Co s& dit liéu sang loc: Tap dir liéu ZINC thwong
mai (ZINC purchasable subset) gom 13.127.550 chét,
st dung thong qua https://zincpharmer.csb.pitt.edu
[6]. DAy 1a mot server online chira sdn c4c ciu dang clia
nhiéu tap dir liéu, thuln loi cho sang loc cac tip dir liéu
16n qua mo hinh pharmacophore.

2.2. Xday dwng mé hinh pharmacophore

M6 hinh dwoc xdy dung dwa trén cac dac trung
twong tac phan t& clta chat doi chitng AFN-1252 véi
Fabl (4FS3), bao gbm: nhém nhén va cho lién két hydro,
vung ky nwéc/vong thom. St dung chirc nang Ligand
Interactions trong phin mém MOE 2024.06 dé tim
twong tac cda cac nhém chirc trén AFN-1252 va enzyme
Fabl (amino acid, NADPH), cac twong tac chinh sé duoc
tinh toan va cho gia tri nang lwong lién két. M6 hinh
pharmacophore dwoc xdy dung dua trén cac tiéu chi:
twong tac tinh dién, nang lwong lién két 16n (cang 4m
cang tot); twong tac véi cofactor.

2.3. Sang loc thw vién phan tir

Thw vién gom 13.127.550 hop chit tir co sé& dir liéu
ZINC thong qua https://zincpharmer.csb.pitt.edu dwoc
sang loc theo md hinh pharmacophore da xay dung véi
tiéu chi RMSD<1 A, @& dam bao dd twong dong hinh hoc
véi AFN-1252. Cac phén tir dat tiéu chi dwoc gitr lai dé
thwc hién buéc tiép theo.

2.4. Docking phdn tiv véi enzyme Fabl giiv lai
cofactor NADPH

Docking dwoc thuc hién bang phan mém AutoDock
Vina [7], trong d6 enzyme Fabl dwgc giit lai cofactor
NADPH, nham mé phéng ding diéu kién sinh hoc tw
nhién, va cho phép phéat hién cic twong tac phdi hop
ligand - enzyme - cofactor. Két qua dwoc danh gia dwa
trén diém s6 docking (kcal/mol), so sdnh véi chat ddi
chirng AFN-1252. Cac bwéc tién hanh docking bao gom:

Chudn bi phdn ti¥ protein: Phan tix 4FS3 sau khi
dwoc 1am sach (x6a phan tir nwéc, ligand) bang phan
mém ChimeraX con lai chudi A gdbm 256 amino acid va
cofactor NADPH [8]. Tién hanh chuin bi phan ti protein
cho docking bang coéng cu DockPrep trong AutoDock
Tool bao gdbm qua trinh proton héa, gin dién tich, thiét
1ap phan t cho AutoDock.
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Chudn bi ligand: Cac ligand sau khi sang loc dwoc
chuin bi lai bing phan mém MOE 2024.06 bao gom qua
trinh stra 16i cau truc, tich dién, proton héa & pH 7.

Docking: Tién hanh docking phan tir bang AutoDock
vina véi thong sd: Vi tri hop dwoc xac dinh véi hé truc toa
do x=112, y=55, z=36. Kich thwéc hop 20x20x20 A. Cac
thong s6 nay dwa trén vi tri cia AFN-1252 trong khoang
gan két va dwoc xac dinh bang phan mém Chimera.

Phén tich két qud: Cac hop chit c6 diém docking
tot hon AFN-1252 dwoc chon dé phan tich twong tac
protein-ligand. Nhitng hop chat c6 twong tac véi cac
amino acid quan trong trong khoang gan két hoic véi
NADPH duoc tiép tuc md phéng dong hoc phan tir nham
danh gia do 6n dinh, sy duy tri twong tac va nang lwong
tw do gan két.

2.5. M6 phéng ddong lwc hoc phdn tiv

Qua trinh docking bang phan mém AutoDock Vina
dwoc thwe hién trong trang thai phan tir protein & trang
thai tinh. Do d6, d€ md ta chinh xac hon twong tac giira
protein va ligand dwoc thwc hién qua qua trinh mo
phéng MD (bang 1).

M6 phong MD dwgc thwc hién trong diéu kién
moi trwong nuwdc (explicit solvent) bang phin mém
GROMACS 2024.04 trén hé diéu hanh Linux (Ubuntu
24.04). Qua trinh m6 phong str dung céc thong so: treong
lwc (Force field): CHARMM27, hé théng dwoc dit trong
hép ba chiéu (triclinic) khodng cach t6i thiéu tir protein
t&i thanh hop 1 nm dwgc thiétlap & diéu kién tuan hoan;
thoi gian moé phéng 100 ns [9, 10].

Bang 1. M6t s6 thong sé danh gia két qua mé phéng déng lwc hoc
phan to.

Thongsé  Tén day du Y nghia Pon vi
Root Mean Square Mre ?Q tl}ay dql. 5
RMSD L nguyén twr so voicau nm
Deviation , e
tric tham chiéu
RMSF Root Mef'm Square D\(_) dao dong trung am
Fluctuation binh
Molecular Mechanics Uéc tinh ndn
MM-PBSA/ Poisson-Boltzmann/ lwone lién ké'% el
GBSA Generalized Born wong

Surface Area ligand-protein

2.6. Tinh todn ndng lwong tw do gan két MM-PBSA

Phwong phap Co hoc Phan tir - Dién tich bé mat
Poisson-Boltzmann (MM-PBSA) va Co hoc Phan ti -

%H%-IE 68(7) 7.2026

Dién tich bé mait Born téng quat tinh toan ning lwong tw
do gin két bang cach tinh chénh léch niang lwong tw do
gitra trang thai gan két va khong gan két cia hai phan t
dwoc solvat hoa.

Nang lwong tw do lién két gitra protein va ligand dwoc
tinh bang cong thirc:

AG .

gan ké't= Gphzi/c hop - (Gprotein *

Gligand) (1)

la chénh léch nang lwong tw do gitta

dn két:

trong do: 4G,
trang théi gdn kétvakhong gankét; 6, ., . G .. G =
IAn lwot 12 ning lwong tw do trang thai gin két va solvat
héa cua phirc hgp protein-ligand, protein va ligand,

duoc tinh todn dwa vao cong thirc (2).

G=E,+G, . ~TS )

solvathéa

trong dé: x la protein, ligand va phttrc hop protein-ligand
E,,lanangluwong co hoc phan tir trong chan khong dwoc
tinh todn dwa vao trwong lwc. S 1a entropy, trong phwong
phap MM-PBSA bé qua déng gop nay. G, ., - 1a nang
lwong tw do solvat hda bang tdng cac dong gop tinh dién
dwgc wéc tinh tir cac mo6 hinh nhw phwong trinh Poisson
- Boltzmann va déng gép khong tinh dién dwgc wéc tinh
tir dién tich bé mat phan tk tiép xtic véi dung mai [11].

Nghién ctru nay st dung cdng cu g_mmpbsa ctia phan
mém GROMACS dé tinh chénh 1éch nang lwgng tw do gan
két theo phwong phap MM-PBSA. Gia tri nay cang am,
chirng t6 hé sinh ra cang bén. Dva trén két qua dwgc so
sanh v&i AFN-1252 ¢6 thé xac dinh dwoc cic phan ti ¢6
tiém ndng phat trién.

2.7. Phan tich ADME (Hdp thu - Phan bé - Chuyén
héa - Thdi trir) cia cdc chdt tiém ndng

Trongnghién ctru nay, cicthong s6 ADME ctiabdn hop
chit tiém ning dwoc dw doan bang cong cu SwissADME
(https://www.swissadme.ch). C4u tric SMILES cua cac
hop chit dwoc nhip vao dé phan tich cac dic tinh dwoc
dong hoc nhw kha nang hap thu qua dudng tiéu hda, kha
nang vuot hang rao mau ndo va twong tac véi enzyme
CYP450. Két qua thu dwoc ho tro qua trinh chon loc cac
trng vién phu hop dé phat trién thanh thudc tiém nang
[12].

£ 2 ~ ~ ~
3. Két qua va ban luan

K&t qua qua trinh sang loc tip ZINC qua cdc md hinh
sang loc dwoc tom tat nhw hinh 1.

o1
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T\

Mb ta phan tir

docking Chét tiém nang

ZINC: 13.127.550 phan ti

M hinh

2.216 phan tor

ph

Hinh 1. So’ dd quy trinh sang loc cac chét tiém ning (rc ché Fabl trén vi khuan S. aureus.

(A) (8)

Hinh 2. (A) M6 hinh pharmacophore cac chét (rc ché Fabl. (B) Twong tac cia AFN-1252 va Fabl. F1, F3: Acc: nhém nhan lién két hydro;
F2: Don: nhém cho lién két hydro; F4: Hyd|Aro nhém ky nwéc hodc vong thom; F5: Hyd: nhém ky nuéc.

3.1. M6 hinh pharmacophore

Phéan tich twong tac phan t& (bang 2) cho thidy AFN-
1252 tao lién két hydro va twong tac m-H véi ca cic amino
acid cua enzyme Fabl va cofactor NADPH (OWD301).
Cu thé, phan t&r AFN-1252 tao lién két hydro manh véi
alanin 97 (Ala 97) bao gébm ca twong tac cho hydro va
twong tac nhan hydro trén mo6 hinh pharmacophore
duoc xay dung thé hién qua yéu td F1:Acc, F2:Don. Phan
tir AFN-1252 tao lién két hydro véi Tyrosine (Tyr) 157,
gitip c¢6 dinh phan tir trong khoang gin két ctia Fabl, dworc
thé hién qua yéu t6 F3:Acc trén mo hinh pharmacophore
(hinh 2).

Hai twong tac véi cofactor NADPH: Mot lién két hydro
gitta nhém -OH ctia NADPH (2.61 A) dwoc thé hién qua
yéu té F3:Acc trén mé hinh pharmacophore dong thoi
mot twong tac m-H gilta vong thom trén AFN-1252 véi
NADPH thé hién qua yéu t6 F5:Hyd giup ting cudng do

JHOAHOC | -

Bang 2. Cac twong tac chinh ctia Fabl va AFN-1252 tinh toan biang
MOE 2024.06.

. . “.'?“g l’(u'(_rng Khoang LOi_i.i tl{’m}g tac

Amino acid lién két cich (A) (vai tro ctia AFN-
(kcal/mol) 1252)

Alanin 97 -3,7 2,83 Cho hydro
Alanin 97 -3,2 2,97 Nhan hydro
Tyrosine 157 -2,0 2,77 Nhan hydro
NADPH (0WD301) -1,2 2,61 Nhan hydro
NADPH (0WD301) -0,7 3,37 H-mt
Valin 201 -0,6 3,67 I1-H

on dinh. Cudi cung vong thom trén AFN-1252 cho twong
tac m-H véi nhém Ky nwéce trén Val 201, dwoc thé hién
qua nhém F4:Aro|Hyd trén md hinh pharmacophore
(hinh 3A). Hinh 3B cho thdy, phan tir AFN-1252 nam
gon trong khoang gan két cdc nhém chirc than dau nhw
2 vong thom va chudi alkyl twong (rng véi cac viing acid
amin than diu nhw alanin, valin, phenylalanin, leucin.
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Tém lai, mé hinh twong tac cho thiy, AFN-
1252 khong chi twong tac véi enzyme, ma
con tin dung twong tac véi NADPH dé tang
cwong ai lyc va tinh chon loc. Co ché nay
mang y nghia dwoc ly quan trong, goi y rang
cac ligand dwoc thiét ké trong mo hinh c6 thé
twong tac canh tranh v&i co chat tai vi tri tac
dong. Viéc cai thién twong tac gitra ligand va
enzyme, ligand va NADPH c6 thé gitp ligand
On dinh hon trong khoang gan két. Twong
tac véi NADPH hodc Tyrosine 157 c6 thé la
mot chi diu trong xac dinh cac chat trc ché

Hinh 3. (A) Phan ttr AFN-1252 (mau vang), cofactor NADPH (mau xanh) trong
khoang gén két cua Fabl tir phan mém MOE 2024.06; (B) AFN-1252 trong khoang R o
gén két mau xanh biéu thi tinh than diu, mau tim thé hién tinh than nwée te  tXONg tw AFN-1252. Nhu vay, dva trén két
phan mém MOE 2024.06. qua twong tac phan ti gitta AFN-1252 va

enzyme Fabl (trong diéu kién c6 mat cofactor
- amiss aisramar | NADPH), mot mé hinh pharmacophore gom
5 dic trung chinh di dwoc xay dwng nham
mo td cac diém twong tic quan trong, gop
phAn tao nén cac chit c6 ai luc gén két cao.

Phan bé diém sé docking (kcal/mol)

400

Tién hanh sang loc tip ZINC qua m6 hinh
pharmacophore bing server véi RMSD<1 A
thu dwoc 2.216 chit thoa man mé hinh.

w
<3
=)

S6 lugng phan tir

3.2, Két qua docking bang phan mém
Fﬁ AutoDock Vina

N
=3
=3

Trong tong s6 2.216 chit dwoc sang loc
qua md hinh pharmacophore, tit ca déu duoc
| A ‘ docking thanh cong, diém s6 docking trong
I — khoang tir -11,7 dén -6,1 kcal/mol. Pa s6 cac
* * * 9 ® ’ ° chat c6 diém s6 docking trong khoang tir-10,0

Piém s6 docking (kcal/mol)

Hinh 4. Phan b diém sé docking 2.216 chét, dwéng mau dé thé hién gia tri 11,2 4€n -7,0 kcal/mol. Biéu do6 bi€u dién diém so
kcal/mol, twong (rng v&i diém sé docking ciia AFN-1252. docking cua cac chit thé hién qua hinh 4.

Bang 3. Diém sé docking, sé lwong lién két tinh dién véi Fabl va mét sé tinh chéat cha 13 phan tlr cé diém sé docking t6t nhét.

STT Ligand Piém s6 docking (kcal/mol) S6 lwgng twong tac tinh dién véi Fabl Cong thirc phan tir
1 796 -11,7 2% C,,H,,N,0,

2 760 -11,6 2% C,,H,,N,0

3 1723 -11,6 ¥ C,,H,N.0S,
4 169 -11,6 il C,.H,,CIN,0,
5 925 -11,5 1 C,.H,.N.O

6 1615 -11,5 0* C,,H,,N,0,

7 1623 -11,4 1 C,,H,,N,0,

8 1228 -11,3 1 C,,H,,N40,
9 1233 -11,3 0 C,,H,,N,0,
10 1456 -11,2 2 C,,H N,

11 1699 -11,2 1 C,,H,,N,0,
12 1627 -11,2 2 C,.H,,N,0,S
13 1607 -11,2 1 C,H,N.0,S

257724 6 2

*: ligand c6 twong tac v&i cofactor NADPH.
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Trong do6, 13 phan ti (bang 3) trong sé 2.216 hop
chit sang loc c6 diém docking thip hon, hodc bang phan
tir d6i chitng AFN-1252 (-11,2 kcal/mol). Diéu nay cho
th4y tiém ndng twong tdic manh hon, hodc gin két 6n dinh
hon. Cac phan tir ndy thé hién ning lwong gin két du
doan tot hon AFN-1252 va cé xu hwdng twong tac quan
trong vé&i cac goc nhw Ala 97, Tyr 157 va NADPH, vén la
cac vi tri neo chinh dwoc xac dinh tr dit liéu phan tich
twong tac truwede do (bang 2). Viéc giir lai cofactor NADPH
trong mo hinh docking dwoc danh gia la mot diém manbh,
vi cho phép phat hién cac twong tac tinh dién va twong
tac bé mat quan trong c6 thé bi bo s6t néu chi xét protein

Gy
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don thuin. Nho vdy, cac phan tir dwgc lwa chon ¢é kha
nang phan anh dwgc toan bd nhirng twong tac sinh hoc
quan trong nhw trong mé hinh ctta AFN-1252.

Trong s6 13 phan tir trén, phan tir c6 nhiéu twong tac
tinh dién véi cdc amino acid, dong thoi c6 twong tac voi
cofactor NADPH sé duwgclwa chon dé tién hanh md phong
dong lwc hoc phan ttr. 4 ligand (hinh 5) dwoc xac dinh cé
kha nédng ¢ ché Fabl hon ca sé dwgc chay dong lwc hoc
phén tir d€ xac dinh lai kha nang, bao gom: ligand 1723:
ai lwc -11,6 kcal/mol, ligand 796: ai lwc -11,7 kcal/mol,
ligand 760: i lwc -11,6 kcal/mol, ligand 169: -11,6 kcal/mol.
Céc ligand nay déu cé cac twong tac tinh dién va déu

Mot
- A160

Ligand 169

..... 3 p
: i Phe
_: - o 4% ARG {/_‘\

e I

'AST S
e

o Ll
Meat’) val
R =Y

Ligand 760

Hinh 5. Twong tac clia cac phan tir ligand: 796, 1723, 169, 760 trong khoang gan két.
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RMSD
LIG after lsq fit to Backbone

RMSD (nm)

Time (ns)

RMSF (nm)

(B)

0.30

Aligned RMSF of Ligands during MD Simulation

AFN-1252 (Control)
— Ligand 1723 ‘
— Ligand 796
— Ligand 760 ‘r\
— Ligand 169

025

~

0.20

=
&

010

0.05

100 00 ) 1030 10k

Ligand Atom Index (Aligned)

10 190

Hinh 6. Két qua mé phong dong lwc hoc phan tir (MD). (A) RMSD cla cac ligand so véi khung (backbone) cia protein; (B) RMSF clia cac

nguyén t& trén ligand trong thoi gian mé phong.

twong tac véi NADPH bang twong tac H-m, -1 twong tu
nhw AFN-1252 (hinh 5). Viéc ¢6 cdc nhém than dau nhw
vong thom, nhém alkyl twong &ng véi ving chiva cac
amino acid than diu trong khoang gan két gitup cac phan
tlr nay cai thién twong tac véi Fabl thong qua twong tac
Van der waals v&i cdc amino acid ky nuwéc trong phan tir
Fabl nhw alanin, phenylalanin, leucin.

3.3. M6 phéng dong lwc hoc phdan tiv

Phén tich tdng hop tir m6 phdng déng lwc hoc phan ti
(MD) (hinh 6) va tinh toAn MM-PBSA (bang 4) cho thiy,
ligand AFN-1252 giir vai tro d6i chirng véi do 6n dinh
cu tric cao (RMSD ~0,4 nm, RMSF thip, ning lwong tw
do lién két thap =-26,64 kcal/mol). Diéu nay giup khiang
dinh kha nang lién két bén virng véi dich tic dong. Két
qua nay cho thiy, AFN-1252 c6 thé 1a chat d6i chirng tot.

Bang 4. Nang lwong tw do lién két tinh bing phwong phap
MM-PBSA.

Ligand AFN-1252 Ligand 796 Ligand760 Ligand 1723  Ligand 169
Nang lwong

twdoliénkét  -26,64 -10,32 -1899 -7,18 -14,07
(kcal/mol)

Ligand 169: Mac du c6 RMSD khéng 6n dinh & 20 ns
dau tién nhung sau d6 dao doéng 6n dinh va mic dao
dong khoang 0,6 nm, ning lwong tw do lién két -14,07
kcal/mol. Diéu nay cho thay, ligand 169 c6 thé duy tri vi
tri tai khoang gan két, tuy nhién phan t tao it twong tac
tinh dién véi protein hodc NADPH nén nang lwgng lién
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két yéu hon va c6 xu hwéng dao dong manh. Vi vy, phan
tl nay c6 thé di vao khoang gin két, c6 twong tdc nhung
con yéu, c6 thé cai tién ciu tric ndy bang cach thém cac
nhdém chirc dé tao ra hop chat twong tac tot hon.

Ligand 1723: Mac du c6 RMSD ban dau thap nhung
khong 6n dinh, c6 xu hwéng ting din, chirng té ligand
dang ngay cang xa vi tri gan két, nang lwong lién két yéu
chi khoang -7,18 kcal/mol. Trong khi dé, ligand 796 cé
mc do dao déng RMSD 16m, xdy ra nhiéu khodng bit
thwong, chirng to da c6 sw dinh vi lai vi tri gan két trén
protein. Do d6, ligand 1723 va 796 khong phai la chat c6
tiém nang tc ché Fabl tot.

Ligand 760: V&i RMSD thap, dao déng trung binh
khoang 0,25 nm, & khoang 50 ns cé sy dao dong 1é6n hon
nhung vin & khoadng 0,4 nm. Hinh 7A mé ta vi tri cta
ligand 760 trong khoang gin két tai diém dau, gitra va
cudi qud trinh mé phoéng, cho thiy ligand 760 hdu nhw
khong dich chuyén nhiéu trong khoang gan két. Diéu nay
chirng t6 ligand 760 c6 su dinh vi t6t trong khoang gén
két, khong roi khoi khoang gén két trong sudt qua trinh
mo phong. Gia tri RMSF cua ligand 760 thwong nam dudi
0,15 nm. Diéu nay cho thiy, cic nguyén tir trong ligand
760 it c6 sw thay d6i vi tri hay sw thay ddi vé mit ciu
dang (hinh 6B). Mic du chi c6 1 hoic 2 lién két cho nhin
hydro dwgc hinh thanh gitta ligand 760 va Fabl, nhung
lién két nay dwoc duy tri gin nhw 6n dinh suét qua trinh
mo phéng (hinh 7B).
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(A) (8)

[*]

Hbonds

[} 20 40 60 80
Time (ns)

Hinh 7. (A) Ligand 760 (phia trén) va NADPH trong khoang gén két tai 0 ns (mau dé), 50 ns
(mau vang), 100 ns (mau xanh); (B) Sw thay déi sé lién két hydro cta ligand 760 trong qua
trinh mo6 phéng déng lwc hoc.

Bang 5. Mot sé thong sé ADME ciia ligand 169, 760, 796 va 1723.

Hip thu qua Thim qua hang  Co chit

Ligand duong tiéu hoa rao mau nao cua P-gp Uiz i G
£ . . CYP2C19,
169 Tot Khong Khong CYP2C9, CYP3A4
760 Tét Co Co Khéng
% N N CYP2C19,
796 Kem Khong Khong CYP2C9, CYP3A4
CYP2C19,
1723 Tét Co Co CYP2C9, CYP2D6,
CYP3A4
(A) (9]

T NAD302

*NH \
[
’

zz

£

Nang lwong tw do lién két cua
ligand 760 la -18,99 kcal/mol, kém
am hon so vé&i AFN-1252 (-26,64
kcal/mol), nhung van cho thdy ai
lwc gan két twong doi tot. Du doan
tinh chit dwoc dong hoc ADME cua
ligand 760 (bang 5) cho thidy day
12 mot chat dé hdp thu qua dwong
tiéu hoa, thAm qua hang rao mau
ndo va khoéng c6 twong tac véi hé
cytochrom P450. T4t cd nhirng di
liéu trén cho thiy, ligand 760 cé tén
héa hoc 2-(3,4-dimethylphenyl)-N-
[3-(4-ethylpiperazin-1-yl)propyl]
quinoline-4-carboxamide 12 mot dan
chit cha quinoline cé tiém ning trc
ché Fabl c6 thé thi in vitro d€ nghién
ctru sau hon.

4. Két luan

Nghién cttru da xay dwng thanh
cong mot md hinh pharmacophore
gom 5 dic trung bao gom hai nhém
Ky nwéc, hai nhém nhan lién két
hydro va mot nhém cho lién két
hydro dwa trén phan tich twong tac
gitta hop chit do6i chiéu AFN-1252
va enzyme Fabl (PDB: 4FS3) tir vi

\ ay,

pmen® ~_TYR156

ALA9S

Hinh 8. (A) C4u truc ligand 760, (B) hop chat c6 cau tric twong tw dwoc bao cao cé hoat tinh khang S. aureus véi MIC = 3,125 ug/ml,
(C) cac twong tac quan trong cta hgp chat nay (mau xanh 1a) trong nghién ctru ctia S.D. Joshi va cs (2015) [13].
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khuin S. aureus. M6 hinh ndy dwgc &ng dung dé sang
loc thw vién gom hon 13 triéu hop chét tir co s& dir liéu
ZINC, qua d6 thu dwoc 2.216 phan t& phu hop. Cac hop
chat nay dwoc danh gia docking v&i Fabl va bon ligand
c6 diém docking t&t nhit dwoc chon d€ md phéng MD va
phén tich cac thong s6 ADME. Két qua cho thay, ligand
760 thé hién tiém nang cao trong viéc 6n dinh tai vi tri
gan két va c6 dic tinh dwoc dong hoc thuan loi. Pang chu
y, ligand 760 c6 khung cdu tric quinoline twong déng
v@i cac dan xuit dwoc bao cdo trong nghién ctru cta S.D.
Joshi va cs (2015) [13], trong d6 mot s6 hop chat cho
thAy hoat tinh (rc ché Fabl dang ké véi MIC 1én dén 3,125
pg/ml trén S. aureus. Bén canh do, twong tac cua ligand
760 v&i cac vi tri quan trong nhw cofactor NADPH (NAD
302), Tyr 156 (twong tng Tyr 157 trong nghién ctru
nay) va Ala 95 (twong &ng Ala 97) (hinh 8), vén ciing
dwgc nhidn manh trong nghién ciu trwdc - cang cung
cb tiém nang cta phan t& nay nhw mot chit &c ché Fabl
day trién vong. Do do, ligand 760 1a rng vién dang dwoc
tiép tuc thir nghiém in vitro nham phat trién cac tic nhan
khang khuin méi hiéu qua hon trong boi canh khang
thudc ngay cang gia tang.
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Phat hién Francisella noatunensis subsp. orientalis
trén ca ro phi (Oreochromis sp.) nuoi & mot so tinh mien Bac Viét Nam

Trwong Thi My Hanh'", Nguyén Diém Thw? Nguyén Thi Hanh!, Nguyén Hong Biru Vinh?,
Phan Trong Binh?, Lé Thi May’, Nguyén Minh Quan’, Ping Thi Lua!
Vién Nghién ctru Nuéi trong Thuiy sdn I, phwong Tir Son, tinh Bdc Ninh, Viét Nam
2Céng ty TNHH Virbac Viét Nam, xd Binh Minh, tinh Pong Nai, Viét Nam
Ngay nhan bai 2/6,/2025; ngay chuyén phéan bién 4/6/2025; ngay nhan phan bién 24/6/2025; ngay chip nhan ding 2/7/2025

El ! < !.

Nghién ctru dwoc thwc hién trong thang 3/2025, khi nhiét dd nwéc nuéi thily san tai mién Bac phd bién tir 22
dén 24°C. Ca ré phi va ca diéu hong nuéi tai Bic Ninh va Hai Dwong (trwérc sap nhap) ghi nhan cac biéu hién
bénh ly nhw 16i mat, xuat huyét than va dém trang & than, lach. Cac ddu hiéu nay, cung diéu kién nhiét dé (22-
24°C), phu hop v&i cac moé ta vé bénh do Francisella noatunensis subsp. orientalis (Fno) giy ra. Nghién ciru da
ti€n hanh phan l1ap vi khuian bang nuéi ciy trén méi trwong modified Thayer-Martin agar va cysteine heart
agar bd sung mau bo. Cac khuan lac nghi ngor dworc kiém tra bang ky thuat duplex PCR véi 2 cip mdi dic hiéu
(F11/R5, FnoF1/FnoR1) va giai trinh ty 16S rRNA so sanh v&i cac trinh tw trong Ngan hang dir liéu ciia Trung
tam Thong tin Cong nghé sinh hoc Quéc gia My (NCBI) bang cong cu BLAST. Két qua cho thay, khuan lac dic
trung ctia Fno xudt hién sau 5-7 ngay G & nhiét do 25-26°C; toan bé tim mau nghi ngor déu dwong tinh véi Fno
bing duplex PCR, vé&i hai bing khuéch dai 1140 va 203 bp. Phan tich trinh tw 16S rRNA xac nhan do twong
dong 100% véi cac chiing Fno tham chiéu, ddong thoi thi nghiém gay nhiém da xac dinh Fno trong mé than va
chirng minh kha nang giy chét nhanh trén ca ré phi véi liéu 107-102 CFU/ml.

Tir khoa: ca ré phi, duplex PCR, Francisella noatunensis subsp. orientalis, giai trinh tw 16S rRNA.

Chi sé phdn logi: 1.6, 4.3, 4.5

Detection of Francisella noatunensis subsp. orientalis
in farmed tilapia (Oreochromis sp.) in some provinces in northern Vietnam

Thi My Hanh Truong?’, Diem Thu Nguyen?, Thi Hanh Nguyen?, Hong Buu Vinh Nguyen?,
Trong Binh Phan?, Thi May Le', Minh Quan Nguyen?, Thi Lua Dang!

!Research Institute for Aquaculture No.1, Tu Son Ward, Bac Ninh Province, Vietnam
2Virbac Vietnam Company Limited, Binh Minh Commune, Dong Nai Province, Vietham

Received 2 June 2025; revised 24 June 2025; accepted 2 July 2025
Abstract:

The study was conducted in March 2025, when aquaculture water temperatures commonly ranged from 22 to 24°C.
Tilapia and red tilapia cultured in Bac Ninh and Hai Duong provinces (prior to the administrative merger) exhibited
clinical signs including popeye, body hemorrhages, and white spots in the kidney and spleen. These clinical
signs, along with the environmental conditions (22-24°C), were consistent with previously reported descriptions
of disease caused by Francisella noatunensis subsp. orientalis (Fno). The bacterium was isolated by culture on
modified Thayer-Martin agar and cysteine heart agar supplemented with bovine blood. Suspected colonies were
further analysed using duplex PCR with two specific primer pairs (F11/R5 and FnoF1/FnoR1), and 16S rRNA gene
sequences were compared with sequences in the National Centre for Biotechnology Information (NCBI) database
using the BLAST tool. The results showed that characteristic colonies of Fno appeared after 5-7 days of incubation
at 25-26°C. All eight suspected samples tested positive for Fno by duplex PCR, yielding two amplification products
0f1140 and 203 bp. The 16S rRNA sequence analysis confirmed 100% identity with reference strains of Fno, while
the challenge experiment confirmed the presence of Fno in kidney tissue and demonstrated its rapid lethality in
tilapia at doses of 107-10% CFU/ml.

Keywords: duplex PCR, Francisella noatunensis subsp. orientalis, tilapia, 16S rRNA sequencing.
Classification numbers: 1.6, 4.3, 4.5
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1. Dt van de

Trén toan ciu, san lwgng ca rd phi da tang tr 1,87
triéu tdn (ndm 2000) 1én 6,88 triéu tdn (nim 2018),
trong d6 chau A va chau Phi 13 hai khu virc san xuat chinh,
lan lwot chiém 63,1 va 26,29% téng san lwgng [1]. Tuy
nhién dén ndm 2022, san lwgng ca r6 phi gidm con 5,3
triéu tan [2]. Cac qudc gia san xuat hang dadu gom: Trung
Quéc (23,61%), Indonesia (18,76%), Ai Cap (17,04%),
Bangladesh (5,01%), Brazil (4,94%), Philippines
(4,67%), Viét Nam (3,78%), Thai Lan (3,40%) va Mexico
(2,76%). Chi tinh riéng Viét Nam, nam 2023, san lwong
ca ro phi dat khoang 270.000 tén, ting 3,8% so v&i nam
2022, véi dién tich nuoi khoang 30.000 ha [3]. Muc tiéu
dén nam 2030 1a m& rong dién tich nuoi 1én 40.000 ha,
nang thé tich 16ng nudi Ién 1,8 triéu m* va dat san lwong
400.000 tan, trong dé 45-50% danh cho xuat khiu [4].
Tuy nhién trong qua trinh nuoi, dich bénh la mot trong
nhitng yéu t6 anh hwéng dén san lwong c, trong sé dé da
ghi nhan mot s6 tadc nhan nhw Streptoccocus agalactiae,
Aeromonas hydrophila, F. columnare, E. ictaluri [5, 6].

Vi khuln Francisella noatunensis bao gobm hai phan
loai: Francisella noatunensis subsp. orientalis (Fno)
va Francisella noatunensis subsp. noatunensis (Fnn).
bay la vi khuidn gram 4m, khong di dong, c6 kha ndng
séng ndi bao tuy y, thudc ho Francisellaceae trong 1ép
Gammaproteobacteria [7]. Ching la tac nhan giy bénh
Francisellosis, mot bénh u hat man tinh &nh hwéng dén
nhiéu loai ca nudi [7]. Phan loai Fno anh hwdéng dén ca
nwéc dm va da dwoc bdo cdo rong rii trong nganh nudi ca
rd phi trén toan thé gi¢i [8]. Cac trwdmg hop nhiém bénh
dAu tién dugc ghi nhén tai Pai Loan (Trung Qudc) nam
1992 [9], tiép theo 1a Hawaii nam 1994 [10] va nhiéu
khu vyc khac nhu Florida, California, Nam Carolina (M)
nam 2004 [11], Costa Rica ndm 2006 [12], Indonesia
nam 2007 [13], Anh nam 2010 [14], Thai Lan nam 2013
[15] va gan day nhit 1a Trung Quéc nam 2023 [16].
Trong khi d6, Fnn cht yéu gy bénh trén cac loai ca nwéc
lanh, dic biét 1a ca tuyét Pai TAy Dwong, véi cac ca bénh
da dwoc ghi nhan tai Na Uy [13].

Tai mién Bic Viét Nam, két qua quan tric vung nudi
ca r6 phi tip trung trong vai nam gin day cho thiy, khi
nhiét dd dao dong tir 20 dén 26°C, ca ro6 phi c6 biéu hién
bénh 1y nhw 16i mat, d6m trang & than va lach, kém theo
ty 1& chét dang ké. Nhitng dau hiéu dic treng nay trung
khép véi cac triéu chirng do vi khuadn Fno giy ra & ca ro
phi, da dwoc nhiéu nghién ctiru quoc té ghi nhan. Do do,
nghién ctru nay dwoc thuc hién nhidm xac dinh sw hién
dién ctia Fno trén c4 rd phi nudi tai mot sg tinh phia Bic
Viét Nam.
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2. Phuang phap nghién cifu

2.1. Thoi gian, dia diém va phwong phdp nghién
ciru

Nghién cru dwoc thyc hién vao thang 3/2025 trén
8 mAu c4 bénh c6 biéu hién bénh ly dién hinh, duoc thu
thap tai hai tinh Bac Ninh va Hai Duong.

Cac miu dwoc phan tich tai hai phong thi nghiém:
1) Trung tAm Quan tric Méi trwong va Bénh thdy san
mién Bic, Vién Nghién cttu Nudi trong Thiy san I; 2)
Trung tdm Cong nghé Thuy san (VATC) - Cong ty Virbac
(x4 Binh Minh, tinh Déng Nai, Viét Nam).

MAu c4 rd phi va c4 diéu hong duoc bdo quan véi da
lanh (nhiét dé 4-8°C) trong suét qua trinh vin chuyén
cho dén khi tién hanh phan tich.

2.2. Phwong phdp phan tich mdu

D61 véi nuéi cdy phan ldp bdng phwong phdp truyén
théng:

Ap dung phwong phép ctia E. Soto va cs (2009) [12],
vi khuin sé& dwoc thu thip tir thin tredce, than sau va
lach clia mau ca rd phi/diéu hong. Mau dwoc cdy 1én
moi trwong modified Thayer-Martin agar va moi trwong
chon loc cysteine heart agar c6 b6 sung 2% mau bo (2%
bovine haemoglobin). Cic dia ciy sé dwgc U & nhiét do
25-26°C trong 5-7 ngay. Cac chiing Fno nghi ngér 1a khuin
lac tron, bo déu, dwong kinh <1 mm, bé méat khuén lac
nhan bong, mau trang nga, phat trién trén dia thach sau
5 ngay 4, sé dwoc chon ciy thuan va dwoc xac nhan cé
phai 12 Fno bang duplex PCR [17].

Déi véi phwong phdp phdn tich sinh hoc phdn ti
(duplex PCR):

TAt ca cac khuin lac Fno nghi ngd, moc trén dia thach
sau 5-7 ngay u, dwgc xac dinh loai Fno bang phwong phéap
duplex PCR. Cac ching vi khuin nghi ngo Fno dwoc tach
chiét DNA bang b6 kit DNeasy Blood & Tissue (Qiagen)
theo hwéng din cta nha sdn xuit. Cac DNA dwoc chiét
xuat ndy sau d6 dwgc dinh lwgng bing may quang pho
Nanodrop (Maestrogen). DNA chiét xuit dwoc bdo quan
trong 6ng vo trung & -20°C cho dén khi cin st dung.

Ky thuat duplex PCR dwoc ap dung trong nghién ctiru
theo phwong phap ctia H.T. Dong va cs (2016) [17]. Hai
cdp moi F11/R5 va FnoF1/FnoR1 (bang 1) véi gen dich
dwa trén 16S rRNA dac hiéu phat hién Francisella [18] va
mot trinh tw riéng duy nhit tir Fno [17] khuéch dai san
phdm twong ng 1140 va 203 bp. PCR dwoc thwc hién
trong hon hop phan ng 25 pl, chira 12,5 ul 2X PCRBIO
Taq Mix Red (PCR Biosystems, UK), 2,0 ul (0,8 uM) ctia



moi mdi F11 va R5, 0,5 ul (0,2 uM) ctia mdi moi FnoF1
va FnoR1, 5,0 ul mau DNA (150-200 ng) va 2,5 ul nuéc.
Khuéch dai PCR dwoc chay trén mdy luin nhiét S1000
(Bio-Rad) str dung diéu kién chu ky theo H.T. Dong va cs
(2016) [17], chu trinh nhiét 4p dung nhw sau: 94°C (3
phut), [35 chu ky (94°C - 30 giay, 60°C - 60 gidy, 72°C - 60
gidy], 72°C (5 phut) va 4°C (o). Sdn phdm PCR dwoc dién
di trén thach agarose 1% trong dung dich 1X TAE va doc
két qua dwdi den UV.

Bang 1. Trinh tw méi phat hién Fno béng duplex PCR.

San phdm

Tén moéi Trinh tw (5°-3’ Tac gia
r (5-3') 3] g

F11 TAC CAG TTG GAA ACG ACT GT M. Forsman
1140 va cs (1994)

R5 CCT TTC TGA GTT TCG CTC C [18]

FnoF1 GGCGTAACTCCTTTTAGCTTCC H.T. Dong va
203 cs (2016)

FnoR1 TTAGAGGAGCTTGGAAAAGCA [17]

2.3. Pinh danh loai bdng gidi trinh tw 16S rRNA

Cac chung Fno nghi ngd dugc ciy trén dia thach
CHAH va gtri dén Cong ty TNHH Thwong mai va Dich vu
Nam Khoa dé giai trinh tw 16S rRNA. K&t qua giai trinh
tw gen dwoc so sanh vé d6 twong dong trinh tw trén co s&
dir liéu NCBI bang chwong trinh BLAST.

2.4. Phwong phdp gay nhiém chiing Fno phan lap

Chudn bi vi khudn: Vikhuin dwgc nubi ting sinh trong
dung dich canh Tryptic Soy Broth b6 sung 1% D-glucose
va 0,2% cysteine (MTSB) & 25-26°C trong 24 gi¢d. Mat do
vi khudn sau nuéi ciy dwoc diéu chinh vé khoang 1x10°®
CFU/ml bang phwong phap do mat dd quang (0D,
két hop trang cay trén dia thach, dich vi khuin sau d6
dwoc ly tAm loai bé moi treong TSB, tiép dén pha lodng
vi khuén trong dung dich PBS & noéng do 1a 107 va 10°
CFU/ml.

Chudn bi cd thi nghiém: Ca r6 phi phan xa nhanh,
sdng mau, kiém tra 4m tinh véi TiLV, ky sinh trung va
Fno (n=81), trong lwong trung binh 9,5 g/con dwoc van
chuyén tir trai giong vé phong thi nghiém. C4 dwgc nudi
thuan & bé thé tich 1 m® trong thoi gian mot tuan tredc
khi tiém giy nhiém. B& nudi dwoc bé tri suc khi vira phai
va ddm bao cac yéu t6 mdi tredong trong khoang phu hop
cho ca sinh trwdng. Ca dwoc cho an cdm cong nghiép 2
1an/ngay va theo doi strc khoe trong suét thoi gian nudi
thuan. Truwdc khi tién hanh giy nhiém, bat ngau nhién
5 con ca d€ kiém tra, ddnh gia 1dm sang va nudi cay,
phén 14p vi khuln tir than ca. Tt ca ca st dung cho thi
nghiém gdy nhiém dam bdo khong c6 biéu hién bénh ly
bat thudong va khong c6 vi khuan phat trién sau nu6i cdy.
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Thi nghiém dwoc bo tri véi 3 16: Hai 16 tiém dich vi
khu4n Fno & hai néng d6 khac nhau (107 va 108 CFU/ml)
vamot 16 ddi chirng tiém dung dich PBS. V&i mbi ndng do
vi khuén, 9 ca ro phi dwoc tiém xoang bung véi thé tich
0,1 ml dich vi khuin/c4 ré phi. Cac ca thi nghiém dwoc
nudi va theo dai trong cac bé c6 thé tich 150 1. Moi ndng
dd dwoc bd trildp lai 3 14n (bang 2). Sau khi tiém, ca dworc
nuodi theo doi & nhiét do 23-25°C, 1a khoang nhiét do
thich hop d€ vi khudn Fno biéu hién kha nang giy bénh.
Cac yéu t6 moéi trweong nhw pH (7,0-7,5) va suc khi lién
tuc 24 /24 gior dwoc duy tri dong déu gitra cac bé, va dam
bao phu hop véi didu kién phat trién binh thwong cla ca
rd phi. S6 lwong ca chét dwoc ghi nhan hang ngay dé tinh
toan ty 1& chét tich liiy sau gy nhiém. C4c ca c6 biéu hién
bénh dwoc quan sat triéu chirng 1am sang, trong khi ca
chét dwoc mé kham nham phat hién tén thwong bénh 1y
va cily ria mo than Ién moi tredng cysteine heart agar bd
sung 2% mau bo (CHAH) dé tai phin lap va xac nhén lai
tac nhan giy bénh sau gy nhiém.

Bang 2. Thiét ké thi nghiém gay nhiém Fno (9 ca/bé, 3 bé/nghiém
thirc).

- A .~ S0ca/ Phwong
STT Nghiém thirc ](\JCO:Ug /(;I:l_)l)v i khuan nghiém  phap gay
thire nhiém
1 Fno litu 1 108 27
Tiém xoang
2 Fno liéu 2 107 27 bung
o (0,1 ml/con)

3 boichirngam PBS 27

Téng ca 81

2.5. Phwong phap xir Iy sé liéu

Ty 1é chét tich lily clia ca trong qua trinh cAm nhiém
dwogc phan tich thdng ké md ta bang phan mém Excel
2021, thé hién dwdi dang gia tri trung binh.

3. Két qua va ban luan

3.1. Pdc diém bénh Iy cd nhiém khudn Francisella
noatunensis subsp. orientalis

Nghién ctru da thuc hién thu mau tai 3 dia diém thudc
2 tinh Bic Ninh va Hai Dwong, tong cdng 8 mau ca, bao
gdm 2 ca ro phi va 6 ca diéu hong véi biéu hién bénh
ly ro rét. Tai huyén Thuan Thanh (Bic Ninh), 3 mau ca
diéu hong co kich ¢& trung binh 26,3+6,7 g, vdi cac ddu
hiéu nhw mat 16i, xuat huyét than, mat swng va lach xuit
hién nhiéu dém trang (hinh 1). Tai huyén Lwong Tai (Bac
Ninh), 2 mAu ca r6 phi c6 kich c& 16m hon (80,8+25,3 g)
cling c6 biéu hién mat 16i, xuat huyét géc vay va lach cé
nhiéu dém trang. Trong khi d6, tai huyén Nam Sach (Hai
Dwong), 3 mAu ca diéu hong (86,5+42,7 g) bi xuit huyét
& ndp mang, mit sic t6 & vay va co quan than lach cé
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Hinh 1. Biéu hién bénh ly cta ca ro phi/diéu hong c6 két qua dwong tinh Fno: (A) 16i mét,
(B) xuét huyét than, (C) dém tring & lach, (D) tGi mat cing, dém tring tai than, (E) mét

sac té & vay.

nhiéu dém trang (hinh 1). Tai cac 16ng nudi ca bi bénh, ty
1é chét dugc ghi nhan dao dong 10-40% v&i c& ca 26-86
g/con trong diéu kién 22-24°C va cé y nghia dich té hoc
(bang 3). Trén thé gi¢i, mot s6 nghién ciru cling bao cdo
cac mirc do tir vong khac nhau do Fno, cu thé: 75% &
ca ro6 phi c& 40-60 g & 28°C [19], 20-95% trong cAc trai
nudi ca thwong pham véi trong lwgng 100-300 g & nhiét
do nudéc 25-30°C [20], 60-80% trong thir nghiém tiém vi
khuin vao ca 50 g & 27-29°C [21] va 40-70% trong cac
0 dich tw nhién & My, chi yéu xay ra khi ca dat kich c&
thwong phdm 200-500 g va nhiét dd nwéc duy tri & mirc
26-30°C [22].

Bang 3. Théng tin cac mau thu phan tich trong nghién ciru.

Nhirng bi€u hién bénh ly ghi nhin
. duoc néu trén phu hop véi cdc mo ta
vé triéu chirng nhiém Fno trén ca ro
phi tai cac quéc gia khac nhw Pai Loan
(Trung Quéc) [9], Costa Rica [12] va
Théi Lan [15]. Pac diém ton thwong
dang dém trang & lach va than 1a dién
hinh cho phan &ng viém u hat do Fno
gay ra [23] va c6 thé dwoc st dung lam
tiéu chi 1dm sang quan trong trong
chin doan va giam sat dich bénh & cac
vung nudi ca ré phi c¢é diéu kién nhiét
d6 20-26°C [16].

3.2. Két qud phdn ldp vi khudn
trén méi trwong nuéi cdy chon loc

Tir cdc mAu c4 nghi nhiém bénh,
t0 chc than trwdc, than sau va lach
dwoc cdy trén moi treong dinh dwdng:
modified Thayer-Martin agar va méi
trwong chon loc cysteine heart agar
c6 bo sung 2% mau bo (2% bovine
haemoglobin) (CHAH). Sau thoi gian u
“=d tr 5-7 ngay & nhiét do6 26°C, trén moi
truong xudt hién cac khuén lac nho, c6
dac diém: Khuin lac tron nhé, bo déu,
dudng kinh <1 mm, bé mat nhan bong,
mau trang nga (hinh 2A), khi nhudém gram, vi khuin bat
mau hdng, dang trec khudn ngan (hinh 2B). Thoi gian
phét trién chim, chi c6 thé quan sat rd rét sau 5 ngay .
Nhitng ddc diém nay phtu hop véi mo ta vé sy phat trién
ctia Fno trén moi trwong nudi cdy dinh dwéng [7, 12].
Két qua nay cho thay, Fno cé kha nang phat trién & diéu
kién nwéc 4m va nhiét do trung binh trong khodng 24-
26°C, diéu kién pho bién & cac ving nudi ca rd phi & khu
virc mién Bac, Viét Nam vao mua xuan. Toan bd 8 mau
khuin lac nghi ngt dd dwoc lwa chon dé tiép tuc kiém
tra bang ky thuat duplex PCR nhdm xac dinh chinh xac
loai vi khuén.

oo

3
‘I.I-Iulq!.

owon

Pia diém thu mau So6mau Loaica Cé ca (g/con) DAu hiéu bénh ly Ty 1é chét tich liy® (%)
Thuin Thanh, Bic Ninh 3 Dituhbng 26367 Mat 10}, xudt huyét thén, mat sung, lach nhieu o
) d6m trang
Lwong Tai, Béc Ninh 2 R phi 80,8+25,3 LT U B R CE LR
trang, mat sic t6 & vay
Nam Sach, Hai Duong (ci) 3 Piduhdng  86,5¢42,7 Xuat huyét nap mang, matsac o & vdy, thanva

lach xuit hién dém trang

C& ca: gia tri trung binh +SD, tai Bac Ninh ca rd phi va diéu hdng nuéi ao, tai Hai Dwong ca diéu hdng nudi I6ng. (*) Ty 1& dwoc tinh tir khi chd ho
nudi phat hién ca chét cé bidu hién nhw mé ta dén khi ca dirng chét.
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Hinh 2. Vi khuan Francisella noatunensis subsp. orientalis. (A) Hinh thai khuan lac trén

moi trwdng CHAH; (B) Hinh thai Fno nhuém Gram.

Két qua nudi cdy vi khuin cho thiy, Fno cé thé dwoc
phén 14p tir m6 than valach cda ca ro phi va ca diéu hong
c6 biéu hién bénh ly 16i mat, xuit huyét, d6m trang ndi
tang (than lach) trong diéu kién nudi & nhiét d6 26°C,
du doi hoi thoi gian nudi cdy dai hon so véi cac vi khuin
thong thwong. Viéc st dung moi treong chuyén biét cé
bo sung cysteine va mau bo dwgc xac dinh la can thiét dé
t6i wu héa kha nang phéan lap.

3.3. Két quad dinh danh bdng duplex PCR

K&t qua phan tich bang ky thuat duplex PCR cho thiy,
8/8 khuin lac nghi ngd nudi ciy tir md thin, lach twong
rng déu cho két qua dwong tinh véi Fno. Cu thé khi dién di
san phdm PCR trén ban gel agarose 1%, 8 mau phan tich
déu xuat hién hai vach khuéch dai dic trung. Vach cé kich
thwéc khoang 1140 bp, dai dién cho gen 16S rRNA dac
hiéu cua chi Francisella, trong khi d6, vach c6 kich thwéc
khoang 203 bp, dac hiéu cho phéan loai Fno (hinh 3).

1140

W S WY VY W BS W

203

Hinh 3. Duplex - PCR cac mau Fno phan lap tir ca ré phi. Giéng M:
thang DNA 100 bp; giéng 1-3 twong tng ISN-25/017-25/019 (m&u thu
tai Thuan Thanh, Béc Ninh); giéng 4-5: ISN-25/020-25/021 (mAu thu tai
Lwong Tai, B&c Ninh); giéng 6-8 twong (rng ISN-25/022-25/024 (méau
thu tai Nam Sach, Hai Dwong); giéng Fn: DNA Fno duong tinh (VATC);
giéng NC: ddi chirng am (nwérc).

Sw xudt hién dong thoi cla ca 2 vach voi kich thwéc
1an lwot 12 1140 va 203 bp trong mAu phan tich khang
dinh cac khuén lac moc trén CHAH 1a vi khuin Fno. Két
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qua nay khong chi ghi nhan sy hién
dién ctia Fno trong cac mau ca ro phi/
diéu hong bénh ma con 1a minh chirng
vé d6 dac hiéu va do nhay ctiia phwong
phéap duplex PCR st dung 2 cap moi
F11/R5 va FnoF1/FnoR1, két qua
trung hop véi bao cao ctia H.T. Dong
va cs (2016) [17] va cac nghién clru
quoc té khac nhw cia nhém tac gia S.
Duodu va cs (2021) [24]. Viéc trién
khai ky thuat duplex PCR cé y nghia
quan trong trong viéc hd trg sang loc
nhanh ca nhiém bénh tai thuc dia, dic
biét khi bénh chwa biéu hién ré diu
hiéu lam sang.

3.4. Két qua gidi trinh tw 16S rRNA

bé xac nhan két qua nudi cdy vi khudn, hai ching dai
dién nghi ngo (ISN-25/017 va ISN-25/022) da dwoc glri
di giai trinh tw gen 16S rRNA. Két qua phan tich chudi
trinh tw thu dwoc so sanh véi co s& dir liéu GenBank
biang cong cu BLAST cho thiy: Hai ching nudi ciy nghi
ngo Fno c6 do twong dong 100% véi chung vi khuin Fno
da dwoc cong bo trwde d6 (hinh 4). Viéc st dung trinh

(A)

Graphic Summary Alignments Taxonomy

selectall 100 sequences selected

Selectcolumns ¥ Show 100Y @

Download

GenBank  Graphics  Distance tree of results ~ MSA Viewer

Max Toal Qury E  Per

Sesin Scenllchame o ove Score Cover value  kent A% Accession
Franciella noal bsi TIR-GUS-F217 16 1 pattal seque... Frangiselaore... 2128 2128 100% 00 10000% 2670  KPGST80Y.
Fi FNO4A cf Francisell orie.. 2128 6359 100% 00 100.00% 1862068 CP022639.1
Francisela noat s ENO1 enome Francselao.. 212 G379 100% 00 10000% 1862148 CPOZ2846.1
Francisella noal bs ENO11T, Franciselaorie... 2128 6366 100% 00 10000% 1862139 CPZ20451
Francisella sp. AF-01-6 168 ribosomal RNA gene, Francisellasp.... 2128 2128 100% 00 100.00% 1520 AY928380.1
Francisella FNO191 Ernciseloorie... 2128 6379 100% 00 100.00% 1862129 CPO22048
Francisella orentals sirain Ehime-1 163 ribosomal RNA, paril sequence Francisellorie... 2128 2128 100% 00 10000% 1480 NR 1125361
Francisella noat b FNO364, compl Francissllaorie.. 2128 6335 100% 00 100.00% 1862310 CPO229521 3
H
Francisella ENO13; jenome Francisellaorie... 2128 6379 100% 00 100.00% 1862215 CP022947.1 §
Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download ** Select columns  Show ]

@ selectall 100 sequences selected GenBank Graphics Distance tree of results ~ MSA Viewer

Max Tofdl Queyy E  Per

Desarpion Scientfic Name:
i v Score Score Cover value Ident

Aczlen accession
v

Francisella noztunens's subsp orentalls strain STIR-GUS-F217 168 ribosomal RNA gene, partal sequence; . Franciselacren . 2130 2130 100% 00 10000% 2679  KPE573971
Francisella orien'als sirzin FNO44 chromosome, complete genome Francselacren. 2130 6385 100% 00  10000% 1852368 CF0229391
2 als strain FNO36, compiete genome Francselacren. 2130 6385 100% 00  10000% 1852148 CF0220461
2 i strain FNO17, complete genome Francselacren . 2130 6372 100% 00 10000% 1832139 CF0200451
Francisella sp. A7-01-6 13 rosomal RNAgene, parte secence Francselasp A 2130 2130 100% 00 10000% 1620 AYV92E3E01
(/] isellanoztunensis subsp orentali strain FNO191, complete genome Francselacren. 2130 6385 100% 00  10000% 1832129 CF0220481
Frencisella orienals sirzin Ehime-1 165 rbosomal RNA,partialsequerce Fangselaoren.. 2130 2130 100% 00 10000% 180 NR_1125361
complte genome Francselacren . 2130 639 100% 00  10000% 1852310 CF0229521
Frencisellanoztun _ovientals strain FNO“37, compiete genome Francselacren.. 2130 6385 100% 00 100.00% 1352215 CF022047.1
Francisella sp. A7-01-2 138 rosomal RNAgene, partie secence Francselasp A - 2130 2130 100% 00 10000% 1620 AYV92E3E31

Hinh 4. Hinh anh BLAST gen cua trinh tw c6 d6 twong déng 100%
vé&i Francisella noatunensis subsp. orientalis (Fno). (A) ISN-25/017
- mAu thu Thuan Thanh, Béc Ninh; (B) ISN-25/022 - mAu thu Nam
Sach, Hai Dvong.
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Hinh 5. Biéu hién ca gay nhiém sau 24 gi®. (A) Truéng bung, xuat huyét ndp mang; (B) Xoang bung tich dich; (C) Mat swng.

tw 16S rRNA 1a phwong phap dwoc khuyén cdo rong rii
dé dinh danh chinh xéc vi khudn thudc chi Francisella
[16, 18] va la bwdc cudi cling can thiét trong hé théng
chin doan bang ky thuat phan tit. Két qua giai trinh tw
dat dwoc trong nghién ctru nay da ciing ¢ minh chirng vi
khuan nuoi ciy tir mo lach, than ca bénh la vi khuin Fno.

3.5. Két qua gdy nhiém Fno

C4 chét bat dau xuit hién sau 24 gio ké tir khi gay
nhiém vi khuin Fno véi ligu 108 CFU/ml (ngay thir 1) va
toan bd ca chét (100%) vao ngay thi 2 sau gay nhiém.
O ndng d6 thap hon, hién twong ca chét xuit hién cham
hon (tir ngay thir 2) va dat ty 1é chét 100% vao ngay thir
4 sau giy nhiém (bang 4). C4 chét c6 biéu hién trwéng
bung, tich dich xoang bung va xuit huyét & ving nap
mang (hinh 5). Khéng ghi nhin ca chét hoic biéu hién
bat thwong & nhém do6i chirng 4m. TAt ca ca ré phi chét
sau khi dwoc gdy nhiém vi khu4n Fno déu da dwoc phan

Bang 4. Két qua ty Ié chét tich lily khi gay nhiém Fno & ca ré phi.

Nehiém SO ca chéttheo Tongsé Tylé
thgl'rc' Bé ngay (5ngdy cachét chét Ghi cha
theo déi) (con) (%)
" Tl  4-5-x-xx 9 XuAt hién sau 24
N1 (tle:n gitr gy nhiém
OPIEILD - T e g 100 (ngaythi1)va
CE0E ] chgt};OO‘V &
108 Cfll/ml) T3 3-6-X-X-X 9 ngéy ) 0
NT2 (tiém T4  0-2-7-xx 9 Xut hién sau 48
n ié oAy i

01mlhdn  T5  0-5-2-2x 9 100 %rll“éga{hr:} ';)Isa
Qi chit}loov &
107 Cfll/ml) T6 0-5-4-x-x 9 ngay A 0

T7 0-0-0-0-0 0
bai chirng Ca khoe, phan xa

T8 0-0-0-0-0 0 :
am (PBS) 0 nhanh

T9 0-0-0-0-0 0

Ghi cht: n=9 ca/bé, 27 ca/nghiém thirc, x=hét ca trong bé.

KHOA
&CONGHN%CI:-IE

68(7) 7.2026

1ap thanh coéng vi khuén tir co quan than bang cach nudi
cdy trén moi trwong thach CHAH (hinh 6). Cac khuan
lac thu dwoc sau d6 dwgc xac nhan 1a Fno bang phwong
phap duplex PCR.

L Ei} iy
o 5 yﬁ*%iﬁm
T

R
Hinl} 6. Vi khuan tai phan lap trén ca rdé phi gay nhi?{m Fno. (A)
Khuan lac moc trén moi trwdng CHAH; (B) Hinh thai vi khuan gram am,
trwc khuan ngén.

K&t qua cho thay, liu gay nhiém tir 107 dé€n10® CFU/ml
gay chét ca rit nhanh, ngay ca khi cd mé&i chi xuat hién
cac dau hiéu 1am sang nhe nhw xuat huyét, mat swng, tich
dich trong khoang bung va chwa c6 biéu hién dién hinh
12 cc d6m trang & than va lach. Tuy nhién, vi khudn Fno
da hién dién trong co quan than, dwoc xac nhan thong
qua két qua phan lap va phan tich mau tir ca thi nghiém.

Dé thu dwoc ca c6 biéu hién triéu chirng bénh ly dién
hinh hon, nghién ctru can tién hanh giy nhiém véi cac
noéng do vi khuan thip hon. Tuy nhién, thi nghiém nay
da dat dwoc muc tiéu chinh la xac dinh sy hién dién cta
vi khuén Fno trén ca ré phi (Oreochromis sp.).

4. Két luan

Nghién cttu bwdc dau ghi nhin sw xuit hién cua vi
khuan Fno trén c r6 phi nudi tai mot s§ tinh mién Bac
Viét Nam thong qua nudi ciy vi khuén, ky thuit duplex-
PCR va gidi trinh ty gen 16S rRNA.



Céc dac diém c6 lién quan dén bénh bao gom nhiét do
mdi trwdrng nudi trong khodng 22-24°C, c4 nhiém bénh c6
d4u hiéu bénh ly dién hinh dwoc ghi nhan 16i mat, xuit
huyét, mat sac td vay va dic biét u hat trdng & than va lach.

Thi nghiém gay nhiém da xac dinh dwoc sw hién dién
cua vi khuin Fno trong mé than théng qua nudi ciy va
duplex PCR, déng thoi chirng minh kha nang giy chét
nhanh cta vi khudn Fno trén ca ré phi véi liéu tiém
107-108 CFU/ml.
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Dinh gid hoat tinh khang khuan ciia mgt s0 cao chiét thio mic
doi voi Aeromonas schubertii gy bénh dom trang noi tang ¢ ca loc (Channa sp.)
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Tom tit:
Nghién ctru nham danh gia kha néng khang khuin ctia nam loai cao chiét thao mdc gom la bang (LB), trau khong
(TK) 14 @i (OI), 14 sen (LS) va xuyén tim lién (XTL) ddi véi Aeromonas schubertii CL238 - tac nhan giy bénh d6m
trang noi tang trén ca 16c (Channa sp.). Phlro'ng phap giéng Khuéch tan trén dia thach dwoc str dung dé xac dinh
hoat tinh khang khuan, dong th&i xac dinh nong do e ché t6i thiéu (MIC) va ndong dd diét khuan tdi thiéu (MBC).
Nghién ctru cho thiy, ca nam loai cao chiét déu c6 kha nang wrc ché sw phat trién cua A. schubertii CL238. Trong dd,
cac cao chiét LB, TK va OI c6 MIC/MBC la 6,25/12,5 mg/ml; con LS va XTL c¢6 MIC/MBC la 12,5/25 mg/ml. Dwa trén
hiéu lwrc khiang khudn, hai cao chiét TK va Ol dwoc chon dé danh gia tinh an toan trén ca l6c giong & liéu 1xMBC va
5xMBC. Két qua theo doi trong hai tuin cho thiy, liéu 1xMBC khdong giy chét ca (t}’l 1é song 100%), trong Khi liéu
5xMBC ghi nhén ty 1é song lan lwrotla 85£5% (TK) va 3525% (OI). Ngoai ra, liéu gay chét 50% (LD, ) cta vi khuan
A. schubertii CL238 trén ca 16c gidng (7 g/con) dwoc xac dinh 1a 1,7x10% CFU/ml. Két qua cho thay, cao chiét trau
khéng c6 tiém ning cao nhat trong phong ngira bénh dém trang néi tang trén ca léc.

Tir khéa: Aeromonas schubertii, bénh dom trang ndi tang, cao chiét thao mdc, Channa sp..

Chi s6 phdn logi: 1.6, 4.5, 4.6

Evaluation of the antibacterial activity of selected herbal extracts against Aeromonas schubertii
causing visceral white spot disease in Snakehead fish (Channa sp.)
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Abstract:
This study aims to evaluate the antibacterial activity of five herbal extracts, Terminalia catappa (LB), Piper betle (TK),
Psidium guajava (OI), Nelumbo nucifera (LS), and Andrographis paniculata (XTL), against Aeromonas schubertii
CL238, a pathogenic agent responsible for visceral white spot disease in Snakehead fish (Channa sp.). The agar
well diffusion method was employed to assess antimicrobial activity, as well as determine the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC). All five extracts exhibited inhibitory
effects against the growth of A. schubertii CL238. Specifically, the LB, TK, and OI extracts demonstrated MIC/
MBC values of 6.25/12.5 mg/ml, while LS and XTL presented MIC/MBC values of 12.5/25 mg/ml. Based on their
demonstrated antibacterial efficacy, the TK and Ol extracts were selected to assess safety on Snakehead fingerling
fish at doses of 1xMBC and 5xMBC. After a two week observation period, the 1xMBC dose caused no mortality
(100% survival) for both extracts, whereas the 5xXMBC dose resulted in survival rates of 85+5% (TK) and
35+5% (OI). Furthermore, the median lethal dose (LD, ) of A. schubertii CL238 on fingerling Snakehead fish
(7 g/fish) was determined to be 1.7x10? CFU/ml. The results indicated that betel leaf extract showed the
most favourable preliminary profile among the tested extracts.

Keywords: Aeromonas schubertii, Channa sp., herbal extract, visceral white spot disease.

Classification numbers: 1.6, 4.5, 4.6
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1. Ddt van de

C416c (Channa sp.) 1a ddi twong thiy san dang dwoc
nudi phé bién & cac tinh Pdng bang séng Ctru Long nhw
An Giang, Pong Thap, Can Tho [1]. Trong nhitng nam
qua, dé nang cao nang suit va dau ra, ca 16c dwoc nudi
theo mo hinh tham canh v&i mat do cao [2]. Pay cling
la mot trong nhirng nguyén nhan chinh khién dich bénh
lan rong, anh hwdng nghiém trong dén san xuit va hiéu
qua Kinh té nudi ca 16c thwong phdm & khu vwec Dong
bang song Ctru Long [3]. Trong nudi trong thly san,
nhém vi khuan Aeromonas spp. thuwdng tim thay trong
moi treong nwéc, ching gy thiét hai dang ké cho ddi
twong thuy san trén toan thé giéi [4, 5]. Trong do, vi
khuin Aeromonas schubertii dwoc xac dinh 1a tdc nhan
gay bénh mai ndi trong cdc mo hinh nubi thiy san [6, 7].
Vi khuin A. schubertii dwoc phat hién IAn dau tién trén
thé gidila gy bénh & ngwoi [8]. Nam 2010, nguyén nhan
gay chét hang loat trén ca 16¢ nudi tai Trung Quéc dwoc
xac dinh la do A. schubertii [9].

Tai Viét Nam, nghién ctru diu tién vé bénh d6m trang
ndi tang trén ca l6c dwoc xac dinh la do vi khuin A
schubertii gay ra [10]. Dong thoi, A. schubertii cling dwoc
ghi nhan giy bénh dém trdng ndi tang trén c4 lé6¢c nudi
thAm canh & bon tinh Tra Vinh, An Giang, Dong Thap va
Pong Nai, bénh thwong xay ra trén ca 16c giéng [1] véi ty
18 mac bénh 45-50%, gy 4nh huwdng dén sy phat trién
cla ca l6¢ nubi va gdy thiét hai nghiém trong vé kinh té
[1, 11]. Nhitng nghién cttu gin day cho thiy, A. schubertii
phan lap tr ca 16c bi bénh & tinh Vinh Long, An Giang,
Can Tho c6 kha ndang khiang dong thoi nhiéu loai khang
sinh [12-14]. DPiéu ndy chitrng t6 rang, viéc phong va diéu
tri bénh d6m trang noi tang & c4 16c sé tré nén kho khin
hon. Ngay nay, gidi phap x ly sinh hoc bang cac dwoc
liéu thao moc dwoc xem 13 lwa chon tdi wu va can thiét,
dem t&i nhirng tdc dong tich cwc trong diéu tri bénh,
an toan va hiéu qua déi véi ca 16¢ thwong phadm. Do do,
nghién cru vé cac san pham cé ngudn gdc tir thdo moc
thién nhién 1a cin thiét d€ gép phan x ly cac bénh trén
c4 16¢ hién nay, hwéng dén mé hinh nudi thwong phadm
bén virng, ddm bdo an toan sinh hoc va gia tri thwong
mai ctia thdy san.

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

MAu c4 16c c6 bi€u hién bénh dém tring nodi tang
dwoc nudi trén bé xi mang tai xa Binh Thanh, tinh Déng
Thap, Viét Nam (10°32°42.0”"N 105°31°'28.4"E).
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Cac loai thdo mdc kho c6 ngudn gbe tai Viét Nam gom
14 bang, 14 trau khong, 14 6i, 14 sen va xuyén tim lién
dwoc cung cip bdi Cong ty TNHH Tan Phat, TP. H6 Chi
Minh, Viét Nam.

Ca loc giong thr nghiém c6 trong lwgng khoang
7 g/con dwoc mua tai trai giéng cua Hop tac xa Twong
Lai (x4 Tan An Hdi, TP. H6 Chi Minh, Viét Nam), ca dwoc
thuin duéng trong bé composite hai tuan truéc khi tién
hanh thi nghiém.

2.2. Phwong phdp nghién ciru

2.2.1. Phwong phdp phdn Ildp, dinh danh chiing vi
khudn A. schubertii CL238

MAu gan, than cia cd bénh dwoc cdy ria trén moi
trwomg TSA, xuat hién cac khuidn lac mau vang nhat, tron
déu, hoi 16i & tAm. Kich thwéc khodng 0,5-1,5 mm sau khi
0 24-48 gio.

Pinh danh vi khuin phin 1ap bang phuwong
phap gidi trinh tw gen 16S rRNA v&i cip mbi
27F- 5-AGAGTTTGATCCTGGCTC-3’, 1492R-
5-TACGGTTACCTTGTTACGACT-3’ [15]. Khuén lac don
cia cac chung dwgc tang sinh trong 5 ml moi trueong
TSB (Himedia, An P6), G 28°C, lic 240 vong/phit, 24
gio. Dich tdng sinh qua dém (1 ml) dwgc dung dé tach
DNA bang b6 kit Thermo Fisher Scientific. Phan trng PCR
dwoc thye hién véi bo kit DreamTaq PCR Master Mix
2X. Thanh phan phan tng gdm c6 1 pl DNA, 0,2 uM mdi
moi (PhusaBiochem), 1X DreamTaq Green PCR Master
Mix trong téng thé tich 25 ul. Chwong trinh nhiét gbm
mot chu ky 94°C trong 5 phut, 30 chu ky v&i 94°C trong
30 giay, 60°C trong 30 gidy, 72°C trong 30 gidy, va mot
chu ky 72°C trong 10 phdt. Sdn phdm PCR dwogc kiém
tra trén gel agarose 1%. Két qua dién di duwgc quan sat
biang may chup anh gel dién di GelDoc-it2. S&n pham
khuéch dai duoc tinh sach bang bo kit Gene]ET Thermo
Fisher Scientific (M§). Khodng 200-300 ng/ul san pham
PCR d3 tinh sach va 1,6 uM moi twong ng dwgc dung
dé giai trinh tw bang BigDyeTM Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, M§). Thanh phan
phén trng PCR BigDye gom 1 pl miu DNA, 1,6 uM mbi, 2
ul BigDye™ Terminator v3.1 va 1X dung dich dém trong
thé tich 20 pl. Chwong trinh nhiét goém 30 chu ky, nhiét do
bat cip 50°C va b sung thém budc kéo dai & 60°C trong
vong 4 phidt. Sdn phdm PCR BigDye sau d6 dwoc tinh
sach bang hon hop NaOAc 3M: EDTA 125 mM: ethanol
99% véity 1€ 1:1:25 va ethanol 70%, truedc khi dwoc gidi
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trinh tu trén dong may Genetic Analyzer 3500 (Hitachi).
Mbi doan trinh tw dwoc giai hai chiéu. Cac trinh tw dwoc
phén tich bang céng cu Align Sequence trong phin mém
MEGA 6 [16] va cong cu BLAST trén ngan hang gen NCBI.

2.2.2. Ngdm va thu hdi cdc cao chiét thdo mjc st dung
trong nghién ctru

Ngam va thu héi cao chiét thdo moc: Thado moc khod
dwoc xay nhuyén thanh bt min, ngdm trong dung moi
ethanol 70° (w/v: 1/10) trong 72 gi¢. Sau d6 dich chiét
dwocloc chan khong qua gidy loc Whatman c6 kich thuéc
16 25 um, tiép tuc ngdm kiét thao mdc lan hai véi ethanol
70°. T4t ca dich chiét dwoc cd6 quay chan khong (BUCHI
Labortechnik AG) & nhiét d6 50°C thu hoi ethanol, siy
khd cao chiét & 65°C dén khéi lwgng khong doi, sau do
cao chiét kho sé dugc hoa tan véi dung moi DMSO véi
nong do cudbi 0,5%. Tinh hiéu suit thu hoi cao chiét
nhw sau:

khGi lugng cao chiét khé (g)
Kkh6i lugng miu bot kho (g)

Hiéu sudt (%) = x100 [17]
2.2.3. Khdo sdt hoat tinh cao chiét thdo méc déi khdng
A. schubertii CL238

Khdo sat hoat tinh khang vi khuidn A. schubertii
CL238 cta cac cao chiét thdo moc bang phwong phap
giéng khuéch tan dia thach [18].

Cach tién hanh: Vi khuin A. schubertii CL238 dwoc
nudi cdy trong mdi trudmg TSB, lac 250 vong/phit &
28°C, thoi gian 24 gio. Ly tam 4.000 vong/phut, & 4°C,
trong 15 phdt thu cdn; huyén phu cin véi nwéc mudi
0,85% sao cho 0D600nm=0,5. Trai 100 ul dich vi khuin
A. schubertii CL238 trén moi truéng MHA dwoc hip
khir trung va dé dia petri véi dd day 4-5 mm. Sau do,
tién hanh duc 16 thach, duwdong kinh mdi giéng 8 mm.
Hut 30 pl cao chiét thdo moc sang loc dwoc pha lodng
& cac noéng dd 1, 5, 10, 15, 20, 25, 50, 75, 100 mg/ml
dwoc nhd vao giéng. Khang sinh Doxycyline (100 pg/
ml) va dung mo6i DMSO cho thi nghiém dwoc lam d6i
chitng cho thi nghiém. Tién hanh G & 28°C, trong thoi
gian 24 gio, ghi nhan dwong kinh vong khang khuin D
(mm) xung quanh bé mat giéng thach. Ching vi khuin
E. coli ATCC 25922 dwoc str dung song song d€ dam bao
chinh x4c cta thi nghiém. Ching vi khuin dwoc tang
sinh trong moi trwedrng LB 16ng hédp vo trung & diéu kién
37°C, 250 vong/phit, trong 24 gi¢. Sau do tién hanh cac
buéc thi nghiém twong tw nhw d6i véi ching vi khudn
A. schubertii CL238. Thi nghiém dwoc thwc hién lap
lai ba Ian.

%HI\?GCHE 68(7) 7.2026

2.2.4. Bdnh gid ndng dé cao thdo mdc trc ché téi thiéu
va nong dé tiéu diét téi thiéu déi véi ching vi khudn
A. schubertii CL238

Khi biét dwoc ndng do bat dau xuit hién vong khang
khuin ctia cao chiét thdo moc, bat ddu khao sat nong do
trc ché tdi thiu ching vi khuln A. schubertii CL238. Tinh
nhay cam ctia vi khuén A. schubertii CL238 ddi véi mot
hop chit xac dinh dwa vao néng do &c ché tdi thiéu (MIC)
vanong do tiéu diét t6i thiéu (MBC). MIC 1a nong do thap
nhit trong diy néng dé thtr nghiém ctia mot hop chit co
kha nidng &c ché sy phat trién ctia vi khuin A. schubertii
CL238 sau mot thoi gian 0 xac dinh. MBC 1a nong do thip
nhatlam giam 99,9% lwong vi khuan A. schubertii CL238
ban dau. Cao thdo mdc dwoc danh gid ndong dé MIC nhidm
xac dinh néng dd cao ma & do trc ché dwgc 80% sw ting
tredng cta vi khudn A. schubertii CL238. Phwong phap
phalodng cac cao chiét bac hai trén dia 96 giéng dwoc st
dung dé xac dinh néng d6 MIC ddi v&i cao tong cla cac
thdo mdc ma c6 thé &c ché sy tang tredng cia vi khuin
A. schubertii CL238 (khong l1am ddi mau resazurin).

Tién hanh thwc hién khdo sat MIC nhw sau: hai ching
vi khudn A. schubertii CL238 va E. coli dwgc tang sinh
twong tw nhw & thi nghiém kiém tra khuéch tan dia
thach. Moéi treong MHB dwgc bom 100 pl vao cac giéng
tlr cOt thir 2 cla dia 96 giéng. Thao moc dwoc pha loang
nhw bang 1.

Bang 1. Nong dd pha loang cua cac cao thao moc trén dia 96 giéng.

Cao chiét 1 2 3 4 5 6 7 8 9 10

Nong do pha loang thdo mc &

dia 96 giéng (mg/ml) 1005025

125 625 312 15 078 039 0195

Dich vi khun sau d6 dwoc bom 100 ul vao mdi giéng,
& céac giéng ddi chirng sé thay thé bang dung moi DMSO,
Doxycycline (1.000 pg/ml). Cac dia 96 giéng trén dwgc
U trong diéu kién 24 gio, & 28°C. Sau d6 30 ul thuéc thir
resazurin 0,01% dwoc cho vao mdi giéng va quan sat sy
d6i mau dé danh gia MIC. Cac giéng c6 sw d6i mau tir
xanh sang hong cho thiy c6 su ting trwedng cla vi khuin
trong giéng.

Gia tri MBC la nong d¢ thap nhit trong day nong do
cta cac dich cao chiét c6 thé tiéu diét toan bd vi khuin
A. schubertii CL238. Ttr két qua cta thi nghiém, xac dinh
MIC miu & cic giéng khong lam d6i mau thudc thi
resazurin dwoc kiém tra d€ xac dinh MBC cuda cao thao
mdc bing phwong phap trai dia. 100 ul hdn hop tir cac
giéng kiém tra MIC khong chuyén sang mau hong dwgc
trai 1én moi trwong thach c6 nhiét do phu hop véi vi
khuan dwoc kiém tra, quan sat sy xuat hién cda vi khuan
sau thoi gian phu hop dé xac dinh MBC, thi nghiém dwoc
lap lai it nhat ba lan.
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2.2.5. Bdnh gid tinh an toan ctia cao chiét thdo mdc
chon Iloc

Cao chiét TK va OI dwgc hoa tan trong nwéc mudi
0,85% & hai nong dé6 1xMBC va 5xMBC, trung hoa &
nhiét d6 phong sau ba gio trweére khi tiém vao xoang bung
ca [19].

Thi nghiém gém: NT déi chirmg 4m, déi chirmng dwong
va bén nghiém thirc thdo moc 1xMBC (12,5 mg/ml)
va 5xMBC (62,5 mg/ml) cho hai loai thdo moc (TK va
0I). Mdi néng dd dwoc bo tri 10 ca/bé va lap lai hai 1an,
phwong phap tiém vao xoang bung v&i 100 pl/ca, doi
chirng dwong tiém nwéc mudi 0,85%. Thoi gian theo doi
triéu chirng va ghi nhan ty 1& ca chét trong hai tun.

2.2.6. Xdc dinh liéu gdy chét 50% (LD.,) ctia chiing vi
khudn A. schubertii CL238

Vi khudn A. schubertii CL238 dwgc tang sinh trén moi
truwedrng TSB, lac 200 vong/phut & 28°C trong 24 gid. Ly
tdm thu sinh khoi & 4.000 vong/phit, 20 phut, 4°C, rira
vi khu4n hai lan bang nwéc mudi 0,85% va diéu chinh
vé cac néng do (102 103 10* CFU/ml), xac dinh lai nong
do vi khuin bang phwong phap dém khuin lac trén dia
thach TSA. Tién hanh tiém xoang bung véiliéu 100 ul/ca
(10 ca/bé, 13p lai hai I4n), nghiém thirc d6i chirng dwoc
tiém nwdc mudi 0,85%. Ca dwgc ti€p tuc nudi trong bé
nhwa 60 1 véi hé thong cip/xa nwdce va thoi khi doc 14p.
Thoi gian theo ddi trong hai tuan.

Liéu gay chét 50% (LD, ) dwoc xac dinh theo cong
thirc: LD, =10**[20], trong d¢: a la s6 liiy thira ma tai d6
vi khuin gy chét thip nhit (trén 50%), x dwoc tinh dwa
vao coéng thirc: x=(Pa-50)/(Pa-Pu) véi Pala ty 1& chét cin
trén va Pu 12 ty 1& chét can dwdi cha litu giy chét 50%.

2.2.7. Phwong phdp xir Iy sé lidu

Dit liéu dworc trinh bay duéi dang gia tri trung binh +
dé 1éch chuin. Cac sd liéu ghi nhan va xtr Iy theo cac thuat
toan xac suat thong ké va vé biéu do ty 1é song/chét tich
liiy ctia cac thi nghiém bang phan mém GraphPad Prism
8.0 v&i mirc y nghia (p<0,05). Cay phat sinh loai, gia tri
bootstrap dugc xtr Iy bing phan mém MEGA 6.

3. Két qua va ban luan

3.1. Phan ldp va dinh danh chiing vi khudn
A. schubertii CL238

3.1.1. Phdn Idp chiing vi khudn A. schubertii CL238

Gan c4 l6c bi bénh xuAt hién nhiéu nét trang, duc -
day la biéu hién ton thwong dién hinh & co quan ndi tang
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khi ca bi nhiém khuan (hinh 1). Cac nghién ctru trudc
day da ghi nhan c4 16c nhiém A. schubertii thudmg c6
cac biéu hién bénh ly dic trung nhw gan swng to, hoai
tlr, xuat huyét dwdi da, dich tu trong xoang bung va tén
thwong nghiém trong & gan va thén [1, 9]. Nhitng diu
hiéu nay gitp dinh huwéng sém nguyén nhan gay bénh la
do vi khuén thudc chi Aeromonas giy ra.

(B)

(A)

T

Hinh 1. Giai phau bénh pham va phan lap vi khuan. (A) Gan c& c6
nhiéu nét trdng, duc; (B) Hinh dang khuan lac CL238 moc trén mdi
trwong TSA sau 48 gid cy ria.

Khuan lac ctia ching CL238 moc trén méi trueong TSA
sau 48 gi¢ cho thay dic diém hinh thai dién hinh: tron,
b déu, hoi 161, mau vang duc, dwong kinh 1-1,5 mm,
pht hop véi mé ta khuén lac cta A. schubertii trong cac
nghién ctru treée day [1, 10].

3.1.2. Pinh danh chiing vi khudn A. schubertii
CL238 bdng phwong phdp gidi trinh tw gen 16S rRNA

Aeromonas schubertii strain CDC 2446-81 (NR 037014.2)
Aeromonas schubertii strain ATCC 43700 (NR 119043.1)
Aeromonas schubertii strain LF1708 (MG593845.1)
Aeromonas schubertii strain WL-2 (JQ319029.1)
Aeromonas schubertii strain ZQ210706 (ON606288.1)
Aeromonas schubertii strain HYL2 (GQ844302.1)

Aeromonas schubertii strain CUVETASC03 (ON007120.1)

CL238 (Nghién ctru nay)

Aeromonas schubertii strain 186 (LN849808.1)

Aeromonas veronii strain YY01 (KY624577.1)

100 { Aeromonas veronii strain QB205 (FJ966348.1)
50 Aeromonas veronii strain GCA707 (HM209771.1)

Aeromonas hydrophila strain CIAHRT 11 (MG754418.1)

Hinh 2. Vi tri trong cay quan hé di truyén cta ching A. schubertii
CL238 trong nghién clru nay so vé&i cac trinh tw tham chiéu trén
GenBank. Cay quan hé di truyén cé do tin cay tdi da dwoc xay dung
cho viing gen 16S rRNA bang cach s dung mé hinh Kimura 2 tham sé
va 1.000 ban sao bootstrap. Cac gia tri bootstrap trén 50% dwoc hién
thi tai cac diém phan nhanh. Trinh tw gen tir nghién ctvu ndy dwoc xac
dinh la A. schubertii.

Cay quan hé di truyén (hinh 2) dwoc xay dung dua
trén trinh tw gen 16S rRNA c6 kich thwéc 1281 bp dwoc
so sanh véi cac chung vi khudn thudc chi Aeromonas,
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v&i gia tri bootstrap thé hién mirc do tin cy géc nhanh.
Két qua phéan tich cho thiy, ching CL238 c6 quan hé
gin giii v&i cac chung Aeromonas schubertii, cing nhanh
voi ching A. schubertii 186 (ma s6 LN849808.1) véi
gia tri bootstrap la 95. Cac chung A. schubertii (CDC
2446-81, ATCC 43700, LF1708, WL-2, Z20170706,
HYL2, CUVETASCO3) tao thanh mdt nhom cé giad tri
bootstrap dao dong tir 54 dén 99, cho thay day 1a nhém
ddng nhat vé mat di truyén. Chung CL238 nam gan cac
chiing nay ciing c6 gia thuyét rang né thudc cung lodi véi
A. schubertii. Trong khi dd, cic chling Aeromonas veronii
(YYo1, QB205, GCA707) tao thanh mot nhém riéng
biét véi gia tri bootstrap cao (gia tri 100), cho thiy sw
phén tach ré rang vé mit di truyén gitra A. veronii va
A. schubertii. Chung A. hydrophila CIAHRT 11 ndm &
nhanh ngoai.

3.2. Két qua déi khdng ctia ndm loai cao chiét thdo
moéc

3.2.1. Két qud ddnh gid khd ndng khdng khudn
A. schubertii CL238 bing phwong phdp giéng khuéch tdn

Két qua thu nhan hiéu suit cao chiét thdo moc dwoc
ghi nhan tai bang 2.

Két qua thu hoi cao chiét tlr nim loai thdo mdc cho
thiy, hiéu suat thu hoéi dao dong tir 12,00 dén 18,84%,
phan anh sy khac biét dang ké vé ham lwong chat chiét
xudt trong tirng loai nguyén liéu. Cao chiét LS trong
nghién ciru nay c6 hiéu suit thu hoi cao nhit véi 18,84%,

Bang 2. Hiéu suét thu héi ctia ndm loai cao chiét thao méc.

SHIENCEhIC thacinos g]f ;a]:(;lé) ::(:f ;;:glzg) g:slllng??;,)
1 LB 4,17 0,91 16,68
2 TK 3,78 1,99 15,16
3 ol 3,65 1,41 14,16
4 LS 4,71 1,12 18,84
5 XTL 3,00 085 12,00

cho thdy nguyén liéu giau cac hop chit cé thé hoa tan
trong dung moi ethanol 70%, trong khi két qua nghién
ctiu cia K.S. Lee va cs (2006) [21] v&i hiéu suét thu hoi
cao chiét trong ethanol 70% dat 8,16%. Sw khac biét nay
c6 thé phu thudc vao ngudn gdc, thoi gian thu hoach thao
moc. XTL cho hiéu suit thu hodi thap nhit 12,00%, c6 thé
do ham lwgng tinh dau va diterpenoid trong cdy thwong
ton tai & nong do thap va yéu ciu dung moi hodc diéu
kién chiét xuat dic biét hon dé dat hiéu qua cao. Ngoai
ra, cac cao chiét LB, TK va OI chira cac hop chit tanin,
phenolic va saponin cho hiéu suit thu héi trung binh tir
14 dén 16%. Sw khac biét vé hiéu suit thu héi gitra cac
nguyén liéu phan anh sy da dang trong thanh phan héa
hoc clia cac hop chit cling nhw mirc d6 twong tac vdi cac
dung moi chiét khac nhau.

K&t qua danh gia kha ning khang khuin bang phwong
phép giéng khuéch tan dia thach cta nim loai cao chiét
thdo mdc véi chung vi khuin A. schubertii CL238 dwoc
ghi nhan tai bang 3 va hinh 3.

Bang 3. Két qua dwong kinh vong vo khuén clia céc cao chiét thao mdc & cac néng dd khac nhau [22].

Pwong kinh vong vé kKhuan (mm)

Nong do (mg/ml)
LB TK oI LS XTL

100 21,50*+1,80 30,50°+4,33 25,67*+3,79 27,33%+0,76 22,67°+3,51
75 20,172£2,57 28,00°+4,58 22,00°+4,00 23,00°£3,00 21,50%£3,77
50 18,67°+3,33 25,67%+6,05 20,00°+3,46 19,67°+2,08 20,50°+3,91
25 16,17°+3,33 23,00°£6,08 18,00°+1,80 17,67°£0,57 18,00°+2,65
20 15,33%+2,31 21,83%£5,39 16,00°+3,46 14,33%+0,57 17,00°+1,50
15 14,00%°+2,00 20,17°+4,19 14,17%°+3,33 7,67°£6,66 12,67°+2,52
10 11,672+0,57 16,00°+4,00 12,50°+2,60 o° 4,00"°+6,93
5 9,00°+8,54 13,333,06 11,507+1,00 0P 0>

1 4.33*+7,51 3,67°£6,35 0° ob 0°

Cac ky tu trong ciing mét hang khac nhau thé hién sw khac biét cé y nghia thdng ké (p<0,05).
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Hinh 3. Hoat tinh khang khuan clia cao chiét trdu khéng déi v&i vi khudn A. schubertii CL238. (A) Ndng dd 100, 75, 50 mg/ml; (B) Néng do
25, 20, 15 mg/ml; (C) Ndng dd 10, 5, 1 mg/ml; (D) Bi chirng: Doxycycline (1.000, 100, 10 pg/ml) va DMSO.

Bang 4. Két qua nong do e ché tdi thiéu (MIC) va néng do diét

Thanh phin cao chiét thdo mdc thwong chia cac loai g 4. Ket ¢ X
khuan toi thieu (MBC)cua nam loai cao chiet thao méoc.

chat chéng oxy héa manh nhw flavonoid, tannin, saponin,

steroid [23]. Trong d6, dac biét nhém flavonoids (morin, ~ Thdo mdc MIC MBC MBC/MIC
mori-3-Olyxoside, morin-3-0-arabinoside, quercetin, TK 6,25 mg/ml 12,5 mg/ml 2
quercetin-3-0-arabinoside) c6 kha nang khang lai mot LB 6,25 mg/ml 12,5 mg/ml 2
s6 vi khudn giy bénh phd bién trén ca nwéc ngot nhw: o1 6,25 mg/ml 12,5 mg/ml 2
A. hydrophila, F. columnare, S. agalactiae... [24]. CAchop g 12,5 mg/ml 25 mg/ml 2
chat trén c6 tac dong trong viéc khang khuan thong qua 4. 12,5 mg/ml 25 mg/ml 5
viéc pha v thanh té bao, ngdn chin su tong hop protein Doxyeycline 15,62 pg/ml 31,25 pg/ml
va DNA, tkc ché tiét enzyme cua vi khuin [25]. Nubcvb tring  x .
3.2.2. Két qud ddnh gid néng do trc ché téi thiéu va  DMSO 0,25 ml 0,5 ml

ndng do tiéu diét téi thiéu (MBC)

Gia tri MIC ctia nam loai cao chiét d6i vdi vi khuan
A. schubertii CL238 dwoc mé ta trong hinh 4, phan anh
két qua danh gia in vitro vé kha niang khang khuin cua

cadc mau thir cao chiét & cac ndng dd phalodng khac nhau.

Néng 43 100 50 25 125 625 302 156 078 039 0,195
mg/mL .
TK
LB
(0)8
LS
XTL
DMSO
Doxycyline
Nudce vo tring R - 2 4 } % %A R ‘“./ -/, v,

Hinh 4. Banh gia in vitro kha niang khang khuan ctia nam loai cao
chiét vé&i vi khuan A. schubertii CL238.
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Khi gia tri MBC/MIC<4, dich chiét thdo mdc dwoc xem
1a ¢6 kha nang diét khuin, trong khi gia tri MBC/MIC>4
chi cho thiy, tdc dung kim khu&n [26]. Dwa trén tiéu chi
nay, két qua nghién ctru cho thiy ca nam cao chiét déu
c6 gia tri MBC/MIC=2, chirng té tit ca cic loai cao chiét
déu c6 kha ning diét vi khuidn A. schubertii CL238. Dang
chu ¥, cac cao chiét LB, OI va TK c6 gia tri MIC/MBC la
6,25/12,5 mg/ml, thap hon so v4i LS va XTL véi MIC/MBC
l1a 12,5/25 mg/ml, minh ching hiéu lwc diét khuin cha
LB, OI va TK manh hon so véi hai cao chiét con lai.

3.2.3. bdnh gid tinh an toan ctia cao chiét thdo méc TK
va Ol trén cd léc gidng

Dwa trén két qua danh gia kha nang khang khuin
théng qua phwong phap giéng khuéch tan va gia tri
MIC/MBC, hai cao chiét TK va Ol da dwoc lwa chon dé
ti€p tuc danh gia tinh an toan trén ca 16c giong, khéng
chon LB vi tinh d6i khang in vitro khéng 6n dinh nhw
TK va OI. Két qua vé ty 1é song tich 1y (%) sau khi xt Iy
dwoc trinh bay & hinh 5.

10
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Hinh 5. Ty I& song tich Iy (%) cta ca I6¢ gidng sau tiém 6 bung voi
thao moéc TK va Ol & hai nong d6 1xMBC va 5xMBC.

Qua két qua danh gid tinh an toan cho thy, hai
loai cao chiét thdo moc TK va OI an toan 100% & noéng
do 1xMBC (12,5 mg/ml), déi v&éi nong dé6 5xMBC
(62,5 mg/ml) & cao chiét TK cé ty 1é s6ng 85£5% va &
cao chiét OI c6 ty 1& song 35+5%. Tai nghiém thirc OI
5xMBC, ty 1é ca chét cao tir ngay thir 2 va gidm din dén
ngay thir 6 va sau dé ngung chét, diéu nay cho thiy cao
chiét OI biéu hién ddc tinh cao & néong d6 5xMBC. Do
dé, cao chiét TK dwoc xac dinh c6 tiém nang rng dung
phong bénh dém tring ndi tang trén ca 16c gidng.

3.3. Xdc dinh néng d¢ gdy chét 50% (LDs,) chiing
vi khudn A. schubertii CL238 trén cd léc giéng

Sau thoi gian theo déi hai tufn, thi nghiém dwoc ghi
nhén va danh gia ty 1é chét tich Iy (%) tai hinh 6.

100
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10° CF LUl

—_— 0 CFU
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Hinh 6. Ty Ié chét tich lily (%) cta ca léc gidng sau cam nhiém v&i
A. schubertii CL238 & cac néng dé khac nhau biang phwong phap
tiém 6 bung.

Dua trén két qua ty 1& chét tich liy duoc trinh bay tai
hinh 6, nong do gay chét 50% (LD,,) cua chung vi khuén
A. schubertii CL238 trén ca 16c giong dwgc xac dinh la
1,7x10? CFU/ml. So sanh vé6i cac nghién ctru trwdce cho
thdy LD, trong nghién ctru nay thap hon dang keé. Cu thé,
Y.F. Chen va cs (2012) [9] x4c dinh LD, cia ching
A. schubertii trén c4 16c Channa maculata dao dong trong
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khoang 1,4x10*6,4x10°% CFU/ml. Twong tw, T.T. Dung va cs
(2019) [1] ghinhan LD,  ctia hai chling vi khuan A. schubertii
SCL30 va STC56 trén ca l6c giéng lan lwot 1a 6,59x103
CFU/ml va 8,12x10° CFU/ml. Ngoai ra, x4c dinh LD clia
chung A. schubertii HNL.6.1T la 3,32x10* CFU/ml [10]. Gia
tri LD, trong nghién ctru hién tai thap hon c6 thé dwoc ly
gidi bdi hai yéu t6 chinh. Thir nhat, ca 16c giong st dung
trong thi nghiém c6 kich c& nhé hon (7 g/con) so véi cac
nghién ctru trudre d6 (9-20 g/con), khién chiing dé man cam
hon v&i vi khudn. Thi hai, doc Iwc ctia vi khuln A. schubertii
c6 xu huéng gia ting theo thoi gian, c6 thé do sw xuit
hién ngay cang nhiéu chiing khang khang sinh. Cac ching
A. schubertii gan day da khang 8/11 loai khang sinh dworc
khdo sat, véi 100% chung thé hién kha nang khang it nhat
hai loai khang sinh tr¢ 1én, cho thiy nguy co lan truyén gen
khang sinh ngay cang gia tang [14].

4. Két luan

Trong nghién ctru ndy, chung vi khuin gy bénh dém
trang ndi tang trén ca 16c (Channa sp.) da dwoc phan lap
va dinh danh théng qua gidi trinh tw gen 16S rRNA la
A. schubertii.

Nam loai cao chiét thwc vat gom LB, TK, OI, LS va
XTL dwoc danh gid kha ning khang khudn théng qua
phwong phap khuéch tan trén dia thach va xac dinh gia
tri MIC/MBC. Trong d6, trau khong dwgc xac dinh lai
loai cao chiét c6 tdc dung khang khuin tét, 6n dinh va
an toan cho vat chti nhat. Nong d6 gay chét 50% (LD,)
cua ching A. schubertii CL238 trén ca 16c giong dworc xac
dinh 12 1,7x10% CFU/ml.
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Nghién ciru vi cdu trdc vi mt 0 tinh chat cila composite Ti-1vol. % MWCNT
ché tao bang thiéu két plasma xung dién

Poan Pinh Phwong’, Nguyén Binh An, Tran Vin Hau, Pham Vin Trinh
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Vatliéu composite nén titan (TMC) gia cwdng bang vat liéu 6ng nano cacbon da tworng (MWCNTs) ham lwong
1 vol.% dwoc ché tao sir dung Ky thuit thiéu két plasma xung dién. Anh hwé'ng cia MWCNTSs dén ciu tric, ty
trong, do cirng, hé s6 ma sat cia composite dia dwoc nghién ctiru. Két qua nghién civu cho thiy, d6 clrng ctia
vat liéu composite ting 1én dén 350 HV, 16n hon 36% so véi mau titan (Ti) nguyén chit (256 HV). Bén canh
dé, composite Ti-MWCNT thé hién kha ning chéng mai mon cao hon trong diéu kién thir nghiém so véi mau
Ti. Hé s6 ma sat va t6c d6 mai mon ctia composite giam xuéng Ian lwot 1a 18 va 31% so véi mau Ti. Két qua
thu dwoc chirng té hiéu qua gia cwong dang ké cia MWCNT ddi véi co tinh va tinh chidt mai mon cuaa vat liéu
composite nén Ti. Két qua nghién ciru mé ra nhirng hwéng vng dung méi cia composite nén Ti trong cac
linh virc cong nghiép hién dai nhw: ché tao may, hang khong, vii tru va ciy ghép y sinh.

Tir khéa: composite nén titan, do bén mai mon, d6 cirng, dng nano cacbon, thiéu két plasma xung dién.
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Investigation of microstructure and selected properties
of Ti-1vol.% MWCNT composites fabricated by spark plasma sintering
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Abstract:

Titanium matrix composites (TMCs) reinforced with 1 vol.% multi-walled carbon nanotubes (MWCNTs) were
successfully fabricated using spark plasma sintering (SPS). The effects of MWCNTSs on the microstructure,
density, hardness, and friction coefficient of the composites were investigated. The results revealed that
the hardness of the composite increased to 350 HV, which was approximately 36% higher than that of pure
titanium (Ti) sample (256 HV). Furthermore, the Ti-MWCNT composite showed improved wear resistance
under the tested conditions compared with pure Ti. The friction coefficient and wear rate of the composite
decreased by 18 and 31%, respectively, compared with pure Ti. These results demonstrate the significant
reinforcing effect of MWCNTSs on the mechanical and wear properties of Ti matrix composites. The findings
open new opportunities for the application of Ti composites in modern industries, including mechanical
engineering, aerospace, and biomedical implants.

Keywords: hardness, multi-walled carbon nanotubes, spark plasma sintering, titanium composites, wear
resistance.

Classification numbers: 2.3, 2.5, 2.9
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1. it van de

Kim loai Ti da thu hat sw quan tdm dang ké tir nghién
clru co ban dén cac tng dung tién tién khac nhau trong
nhirng ndm gan diy. Diéu nay 1a do cac dic tinh néi troi
cda ching nhw d6 bén co hoc cao, trong lwong nhe va
kha nang chong dn mon t6t. Ti dwgc rng dung trong
nhiéu nganh cong nghiép khiac nhau nhw: hang khéng vi
try, 0 to, dién, y té... [1-5]. Trong dd, nganh cong nghiép
hang khong vii tru dang théng tri phan khdc rng dung
cia Ti. Cac &wng dung chinh cta Ti trong nganh hang
khong vii tru la & nhitng noi can do bén cao, kha nang
chong dn mon t6t va kha ndng chiu dwoc nhiét dé cao
vira phai ma khong bi chay ddo. Nho sé hiru ty s6 do bén
trén khéi lwong cao, Ti dwgc ng dung roéng réi trong
san xuat khung than va cac b6 phin dong co may bay,
gop phan giam trong lwong phwong tién va nang cao
hiéu qua str dung nhién liéu [3]. Ngoai ra, linh vucy té va
cham séc strc khoe ciing 1a mot trong nhirng thi trweong
quan trong ctiia hgp kim Ti, hién ding th(r hai vé mirc do
tiéu thu va c6 toc do tang trwedng dang ké [2, 4]. Cho dén
nay, Ti va hop kim Ti 1a vat liéu dwoc dung nhiéu nhat
trong linh vuc y sinh. Tuy nhién, d€ Ti va hop kim cia
né c6 thé canh tranh véi cac hop kim gdc niken (Ni) va
thép do6 bén cao dwoc str dung trong cac trng dung quan
trong khéc, bat budc phai cai thién cac tinh chit nhw do
bén, dd déo dai va do cirng bang cach phat trién vat liéu
composite nén Ti. TMC la nhitng lwa chon thay thé tiém
nang trong nod luc ting dd cirng va do bén cua Ti va hop
kim ctia n6 [1, 6-10]. Trong hé théng TMC, composite
dwoc gia cwong bang soi va hat nano dang nhan dwoc sw
quan tam lén [10].

Trong nhitng ndm qua, 6ng nano cacbon da néi 1én
nhu mot vat liéu gia cwdng thiét yéu va méi cho cac vat
liéu composite nén gém, polyme va kim loai [11-13].
Diéu nay la do tinh chit co hoc vwot troi cia ching, hé
s6 gian né nhiét thap va hé s6 ma sat thap. Ong nano
cacbon di dwoc stt dung rong ridi dé€ ting cwong tinh
chét cda cac kim loai khac nhau va hop kim ctia ching,
chang han nhu nhém, dong, magie va Ti [14-17]. Nhirng
vatliéu gia cwong nano khac thwong cé tac dong tiéu cuc
dén do déo va d6 dan dai ctia vat liéu composite nén kim
loai vi chiing dé gay ra cac khuyét tat (vét nitt) trong qua
trinh thi nghiém co hoc. Do hinh théi ciu tric nano va
ty 1é gitra chiéu dai va dwong kinh 16m, CNT ¢6 lgi thé 1o6n
so v&i cac vat liéu gia cwdng c6 kich thwdc dwdi micron
khéc. Nhu ciu khéng ngirng ning cao cac tinh chit cha Ti
va hop kim cda né6 da mé& dwong cho viéc sir dung CNT
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lam vat liéu gia cwdong, dé€ phat trién TMC [15, 17]. Trong
s6 cac phwong phap ché tao vat liéu TMC, luyén kim bot
dwoc danh gia la c6 nhiéu wu thé nho kha nang st dung
cac loai bot véi kich thwéce, hinh thai, ciu tric va thanh
phan héa hoc da dang. Piéu nay tao diéu kién thuén loi
cho viéc ki€m soat vi ciu tric va t6i wu hoa cac tinh chat
co hoc cua vat liéu. Cac nghién cru gan day cho thay,
phwong phap nay dic biét thich hgp dé ché tao vat liéu
Ti-CNT, trong d6 6ng nano cacbon dwoc phan tan twong
déi dong déu trong nén titan, gép phan cai thién dang ké
hiéu suit cta vat liéu composite [18-21]. Diéu nay la do
tinh linh hoat va kha nang dat dwoc sy phan tan dong
déu ctia 6ng nano cacbon trong nén Ti vi n6 doi hdi nhiét
dd xtr Iy thip hon va diéu chinh phén &ng bé mat gitra
cac thanh phan cia hén hop. Ngoai ra, né thuc day viéc
dat dwoc cac dac tinh vwot troi thong qua viéc ap dung
cac buéc khac nhau clia quéa trinh ché tao hdn hop bot,
cac qua trinh ép va thiéu két.

Nhitng ndm qua, tién bd cdng nghé trong linh vuc
luyén kim bot da cho phép kham pha nhiéu phwong
phép khac nhau dé nén va thiéu két bot géc Ti cho cac
rng dung ki thuit da dang. Cac phwong phéap ché tao
nay bao gbm ca thiéu két truyén théng khong ap lwc, cac
ky thuat hé trg p lwc nhw ép néng, ép dang tinh néng
hay thiéu két plasma xung dién. Ching dwoc &ng dung
rong rai trong ché tao kim loai titan, hop kim titan va
cac vat liéu composite nén titan, nho kha nang nang
cao do dac chic va cai thién cac tinh chat cta vat lidu
[15, 18, 21-23]. Trong d4, thiéu két plasma xung dién
1a mot ky thuat két khoi vat liéu tién tién véi nhitng wu
diém vwot troi nhw thoi gian thiéu két ngan, nhiét do
thiéu két thap, mat do sit chat vat liéu cao. Pay chinh la
co s& dé ché tao dwoc vat liéu ¢ cac tinh chit co, nhiét,
dién vuot troi.

Vi vdy, nghién ctru nay dugc thyc hién véi muc tiéu
ché tao vat liéu TMC gia cwong bang MWCNTSs. Vat liéu
composite véi ham lwgng 1vol. % MWCNTs duwgc két
khdi bang ky thuit thiéu két plasma xung dién. Sw anh
hwdng cia MWCNTs dén ciu tric, hinh thai va mot s6
tinh chit co hoc nhw dd cling, d6 bén mai mon da dwoc
nghién ctru va trinh bay trong nghién ctru nay.

2. Vat liéu va phuong phap nghién ciiu
2.1. Ché tao vit liéu

Quy trinh ché tao TMC gia cwdng bang vat liéu
MWCNTs véi ham lwong 1vol.% dwoc trinh bay nhw
hinh 1.
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Hinh 1. Quy trinh ché tao composite Ti-1vol.%MWCNT bang ky
thuat thiéu ket plasma xung dién.

Vat litu MWCNTs dwoc ché tao bang phwong phap
lang dong pha hoi héa hoc c6 dd sach 95%, dwong kinh
trung binh 20 nm dwoc st dung lam vat liéu gia cwong
(hinh 2A). MWCNTSs dwoc chirc ndng héa bé mat bang
hon hop axit HNO,:H,SO, (1:3) & nhiét do 70°C trong
2 gior dé thu dwogc vat lieu MWCNT-COOH [24]. Bot Ti
thwong mai véi do sach la 99,9% cung cap boi cong ty
Samhwa (Han Qudéc) c¢6 dang x6p Ti (hinh 2B). Bot Ti
dwgc nghién bang phwong phap nghién bi ning lwong
cao (HEB) véi toc d6 300 vong/phit trong thoi gian 12
gir & moi trweong hexan dé€ 1am gidm kich thwéc hat.
Sau do, vat lieu MWCNT-COOH va bot Ti dwoc tron voi
nhau bang ky thuat rung siéu 4m trong mdi trudng con.
Hén hop thu dwgc sau qué trinh rung siéu am dwoc loc
chan khéng va sdy kho dé thu hén hop bot Ti-MWCNT.
Cudi cuing, hon hop bot dwoc két khdi bang thiét bi SPS
Dr Sinter 1030S, v&i chu trinh nhiét dd dwoc trinh bay
nhw trén hinh 3A. Hon hop bdt Ti-MWCNT duoc két
khoi & nhiét dd 950°C trong thoi gian 30 phat, dwéi ap
lwc 30 MPa trong moi trwong chian khong dé thu duoc
vat liéu composite Ti-MWCNT (hinh 3B). D€ so sanh sw
anh hwdng cta vatliéu gia cwong MWCNT dén tinh chat
clia composite, mau Ti nguyén chit cling dugc ché tao &
cuing diéu kién dé danh gia va doi chiéu.

IMS-NKL 5.0kV 8. x60.0k SE(M) 1S-NKL 5.0KV 8.6 SE(M) " 1.00mn

Hinh 2. Anh hién vi dién te quét (SEM) cta (A) MWCNTSs va (B) Bot
Ti ban dau.

(A) (B)

Nhiét o
[°C]

7 Ti-MWCNTs

=1

30 MPa

30 phat

—_—
20 mm

o 48 78

Hinh 3. (A) Quy trinh thiéu két vat liéu va (B) mau thu dwoc sau
khi ché tao.
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2.2. Phwong phdp nghién ctru

SEM (Hitachi S4800) dwoc st dung dé nghién ctru
hinh thai hoc bé mat ctia vat liéu. Phd tan xa nang lwong
tia X (EDS) (Hitachi S4800) va may phan tich nhiéu xa
tan xa nguoc dién ti¢ (EBSD) (SC200) da dwoc st dung
dé nghién ctru cac thanh phén cta vat liéu. Ciu tric tinh
thé va thanh phan pha cta vat liéu sau thiéu két dwoc
do trén thiét bi Bruker D8 Advance, str dung nguon phat
Cu Ka trong khoang 26=20-80° v&i bwéc nhay 0,01°.
Khéi lwgng riéng thwc nghiém cta vat liéu dwoc do
theo nguyén ly Archimedes trén thiét bi (AND GR-202,
Nhat Ban). Khéi lwong riéng twong ddi dwoc xac dinh
bang ty 1é gitra khdi lwong riéng thuc nghiém va khéi
lwong riéng ly thuyét cia vat liéu. Thiét bi do do cling
Vickers AVK-CO (Mitutoyo, Nhiat Ban) dwgc st dung dé
khao sat dd cirng ctia vat liéu. Hé s6 ma sat va tdc dd mai
mon cha vat liéu sau khi két khdi dwoc do trén thiét bi
TRB? (Anton Paar, Thuy Si) st dung bi thép khong gi véi
dwong kinh 6 mm, ti trong 5 N, t6c d6 quayla 5 cm/s va
quing dwong dich chuyén 1a 30 m.

£ 2 < <
3. Ket qua va ban luan
3.1. Két qua nghién ciru cdu triic

Hinh 4A 12 dnh SEM ctia mAu bot Ti sau khi nghién.
Quan sat trén hinh, ta c6 thé thiy rang, cac hat Ti da bi
nghién va hinh thanh cac hat Ti dang tdm véi kich thwéc
trong khoang 50-200 um, d6é day trung binh khodng 2
um. Kich thwéc clia tAim Ti nhé hon dang ké so véi mau
bot ban dau. Hinh 4B 1a anh SEM ctia mau bot Ti-MWCNT
sau khi tron bang rung siéu am. Két qua cho thiy, cac
MWCNTSs d3 dwoc phan tan déng déu trén bé mit cla
cac hat Ti. So véi mau bot Ti sau khi nghién thi qua
trinh tron bang rung siéu am khong lam thay d6i hinh
dang cua bot Ti. Hinh 5 thé hién két qua nhiéu xa tan
xa nguoc electron (EBSD) ctia mau Ti va miu composite
Ti-MWCNT. K&t qua nghién ctru cho thay, kich thwéc hat
ctia mau Ti va composite Ti-MWCNT dugc xac dinh 1an
lwot vao khoang 29,3 va 28,5 pum. Nhw vay, sy c6 mat ciia
vatliéu gia ceong MWCNTSs khdng anh hwéng nhiéu dén
qué trinh 16n 1én cta hat. Ngoai ra, cac két qua nghién
ctru EBSD ciing cho thdy, phan 16n pha vat liéu chiém
wu thé trong mau Ti va composite Ti-MWCNT 12 a-Ti v&i
ty 1& 1é6mn hon 98%. Cac pha vat liéu khac bao gom (-Ti
chiém ty 1é rat thap, khoang 0,2%. Dang chd y, c6 sw xuat
hién ctia pha oxit Ti (Ti0,) chi€ém hon 1% trong ca mau
Ti va composite Ti-MWCNT. D4y cé thé la do qua trinh
mai va danh bong vat liéu dé nghién ctiru ciu truc dalam
phat sinh cac pha oxit nhw trén.
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Hinh 4. Anh SEM cua b6t Ti sau khi nghién (A) va hén hop bot Ti-
MWCNT sau khi tron va say khé (B).
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Hinh 5. Anh EBSD, bién hat va thanh phan pha'cﬂa fn?au‘ Ti (A, B,
C} va composite Ti-MWCNT (D, E, F) sau khi két khoi bang thiéu
ket plasma xung dién.

Gian do nhiéu xa tia X cia MWCNTs, mau Ti nguyén
chat va composite Ti-MWCNT dwoc thé hién trén hinh 6.
Gian d6 XRD cia MWCNTs xuit hién cac dinh dic trung
tai cac vi tri 26,18; 43,04 va 54,38° twong &ng véi cac mat
mang (002), (100) va (004) cia mang graphite. Trong
khi d6, d6i véi mau Ti va composite Ti-MWCNTs chi xuat
hién cac dinh dac trung clia pha a-Ti. Khong quan sat
thdy dinh clia cac pha ddc trung TiO, va B-Ti nhw quan
sat dwoc trong nghién ciru EBSD. Két qua nay c6 thé do
ham lwgng cac pha dé qua thip, nén diéu kién do XRD da
dung khong phat hién dwoc. Ngoai ra, cac pha dwoc hinh
thanh gitta Ti va MWCNTSs nhw TiC cling khong dwoc phat
hién trong mau composite sau khi thiéu két, chirng té qua
trinh nghién va qua trinh thiéu két khéng anh hwéng dén
thanh phan pha cda vat liéu. Pang chu y, khong quan sat
dwoc sy hién dién cua cac dinh dac trung cia MWCNTs
trong mau composite, diéu ndy cé thé 1a do ham lwong
MWCNTs (1vol.%) dworc st dung twong doi thap.
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Hinh 6. Gian dd nhiéu xa tia X cia MWCNTs, Ti va composite
Ti-MWCNT.
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3.2. Khéi lwong riéng, dé ddc tworng déi va dé cirng
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Hinh 7. Khéi lwgng riéng va khéi lwgng riéng twong déi (A) va do
cirng cta Ti va composite Ti-MWCNT sau khi ché tao (B).
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Khoi lwgng riéng va khéi lwong riéng twong doi cla
Ti va composite Ti-MWCNT sau khi ché tao dwoc thé
hién trén hinh 7A. Quan sat trén hinh ta thiy, mau Ti
nguyén chit c6 khoi lwong riéng xac dinh vao khoang
4,452 g/cm?® twong dwong véi khoi lwgng riéng twong
doi 1a 98,8%. Trong khi d6, d6i véi mau composite Ti-
MWCNT thi khoi lwong riéng va khdi lwgng riéng twong
dé6i dugc xac dinh twong ¢ng la 4,381 g/cm? va 97,8%.
Nhu vy, khoi lwong riéng va khéi lwong riéng twong
ddi cia mAu composite thap hon so véi Ti nguyén chit.
K&t qua nay 12 do MWCNTSs c¢6 khéi lwgng riéng twong
déi thip (=1,8 g/cm?) va ciing phtt hop véi mong mudn
ché tao composite khéi lwgng riéng thidp hon so véi
mau nguyén chit. Diéu nay cé thé 1a do sw c6 mit cla
vat liéu gia cwodng MWCNTSs dd ngin can qua trinh két
khoi vat liéu. Tuy nhién, danh gid mot cach tong thé
thi ky thuat thiéu két plasma xung dién cho thiy, kha
nang két khéi vat liéu composite kha hiéu qua khi khéi
lwgng riéng twong doi cta vat liéu dat dwoc la twong
d6i cao. PO cirng cia mau Ti nguyén chat va composite
Ti-MWCNT sau khi ché tao dwoc thé hién nhw trén hinh
7B. Két qua nghién ctu cho thiy, dé cirng ctia mau Ti
va composite Ti-MWCNT dwoc xac dinh lan lwot 1a 256
va 350 HV. Nhu vay, do clrng cda vat liéu composite Ti-
MWCNT cao hon 36% so v&i mau Ti nguyén chit dwoc
ché tao & cung diéu kién. Két qua thu dwoc chirng té sy
anh hwdng twong déi tich cwe cia MWCNTS trong viéc
tang do clirng ctia vat liéu composite.

3.3. Tinh chdt ma sdt - mai mon

Hinh 8A, 8B 1a anh bé mdit rdnh cta mau Ti va
composite Ti-MWCNT sau khi kiém tra ma sat. Phép
do dwoc thwe hién véi tai trong 5 N va bi thép khong
gi dwong kinh 6 mm dwgc st dung dé lam vét liéu
mai mon mau. Quan sat trén hinh ta thiy rang, déi véi
mAu Ti nguyén chit thi ranh c6 do rong va siu lén hon
dang ké so v&i mau composite Ti-MWCNT. Két qua nay
chirng t6 rang, khoi lwong vat liéu mat di sau qua trinh
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kiém tra ma sat ctia mau Ti lén hon dang ké so véi mau
composite. Hé s6 ma sat cta Ti va composite Ti-MWCNT
dwoc thé hién trén hinh 8C. K&t qua thu dwoc cho thiy,
hé s6 ma sat ctia miu composite dwoc xac dinh vao
khoang 0,51. Gia tri nay thdp hon khoang 18% so v&i
mau Ti nguyén chat (0,62). Diéu nay ching té kha niang
boi tron cia MWCNTs da gidp giam hé s6 ma sat cia
vat liéu composite. Hinh 8D la két qua khao sat téc do
mai mon ctia mau Ti va composite Ti-MWCNT. Két qua
cho thdy, t6c d6 mai mon cta composite giam dang ké
so v&i mau Ti nguyén chit. Trong d6, mau Ti c6 tdc do
mai mon dwoc xac dinh 1a 6,75x10° mm?/N.m va sau khi
dwoc gia cwdng bang MWCNT thi téc d6 mai mon gidm
xubng la 4,68x10° mm?®/N.m. Nhw viy, toc d6 mai mon
ctia composite Ti-MWCNT gidm khoang 31% so v&i mau
Ti nguyén chit. K&t qua nay ching t6 rang, MWCNTs c6
anh hwdng va lam gidm dang ké hé s6 ma sat va téc do
mai mon cia composite Ti-MWCNT.

Ti-MWCNTs

©

o
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z

Hé so ma sat

Ti-MWCNT
composite

o
)
h
N

o
o

Técdd mai mon (x10° mm¥N.m)
o

w |
=]

5 10 15 20 25

Quéng dwong (m) Ti Composite

Ti-MWCNT

Hinh 8. Anh bé mit ranh sau khi kiém tra ma sat (A, B), hé s6 ma
sat (C) va toc dé6 mai mon cua Ti va composite Ti-MWCNT (D).

DEé tim ra co ché mai mon cla vat liéu, bé mat ranh
ma sat cia cdc mau Ti va composite Ti-MWCNT da dwoc
nghién ctru bang SEM va phé EDS (hinh 9). Hinh 9A 1a
anh SEM bé mat ranh cia mau Ti. Quan st trén hinh ta
thay, bé mat ranh twong doi go ghé v&i nhiéu hé va cac
hat nho bi bdc tach ra khéi bé mit vat liéu. Két qua nay
pht hop véi két qua do téc d6 mai mon. Trong khi do,
v&i mau composite Ti-MWCNT, bé mat ridnh nhdn hon
v&i nhiéu hat kich thwéc nhé & trén bé mat va khong
xudt hién cac hé do sw béc tach vat liéu nhw treong hop
cta Ti nguyén chit (hinh 9B). Két qua phan tich EDS cta
ranh ma sat cia miu Ti nguyén chat dwoc thé hién nhw
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trén hinh 9C. Két qua thu dwoc cho thiy, thanh phin
chinh ctia vatliéu hinh thanh trong ranh gém cic nguyén
td 1a Ti va 0. Két hop két qua do EDS va SEM c6 thé két
ludn rang, cac hat hinh thanh trén bé mat cta ranh sau
khi kiém tra ma sat d6i véi mau Ti chit yéu 1a TiO,. Nhirng
hat nay dong vai tro quan trong trong viéc gidm ma sat
va ngan sw boc tach tir qua trinh do ma sat khi chuyén
ma sat trwgt thanh ma sat 1an. Hinh 9D la két qua phéan
tich EDS cia mau composite Ti-MWCNT. Két qua thu
duwoc cho thiy, ngoai hai nguyén t6 chinh 1a Ti va O con
c6 s c6 mat ctia nguyén té C. So sdnh véi mAu Ti nguyén
chat thi bé mit ranh ma sat cia mau composite khong
chi ton tai cac hat TiO,, ma con c6 su ton tai ctia vat liéu
gia cwong MWCNTSs. Chinh sy xudt hién cia MWCNTs
trén bé mat clia ranh ma sat da lam gidam dang ké hé sé
ma sat va toc d6 mai mon ctia vat liéu. Ngoai ra, viéc cai
thién dang ké tinh chit co hoc cta vat liéu nhw d6 cirng
cling da gép phan lam gidm hé sé ma sat va tdc dé6 mai
mon clia composite.

il Scale 855 cts Cursor: 20125 keV (0 cts) Cursor: 20125 keV (0 cts)

Hinh 9. Anh SEM va phd EDS cua ranh sau khi kiém tra ma sat
(A, C) Ti va composite Ti-MWCNT (B, D).

4. Két luan

Vat liéu TMC gia cwong bang vat litu MWCNTs da
dugc nghién ciru ché tao thanh cong bang k§ thuat thiéu
két plasma xung dién. Két qua nghién ctu cho thay, do
clrng cta vat liéu composite dworc cai thién khoang 36%
so véi mau Ti nguyén chit. Bén canh d6, hé s6 ma sat va
tdc d0 mai mon cla composite gidm xudng lan lwot la
18 va 31% so véi mau Ti. K&t qua nghién ctru hinh thai
hoc va thanh phan ctia rianh ma sat cho thiy, sw ton tai
ctia cac hat TiO, va MWCNTSs trén bé mat da gép phan
lam gidm hé s6 ma sat va toc d6 mai mon cua vat liéu
composite. Ké&t qua nghién ctru nay chirng té kha niang
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nang cao cac tinh chit co va mai mon cia MWCNT do6i
v&i composite nén Ti.

LO1 CAM ON

Nghién ctru nay dwoc thwe hién béi sw tai tro Kinh phi
cta Bo Khoa hoc va Cong nghé Viét Nam theo dé tai ma s6
PTPLCN.21/23. Cac tac gid xin chan thanh cam on.
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Ché tao va danh gia vién nhién liéu RDF tir phu pham g6
va mot s0 thanh phan rac thai sinh hoat da phan loai

Nguyén Hong Pirc’, Nguyén Hong Quan, Pinh Quang Hung, Ly Bing, Nguyén Thanh Hiéu
Dai hoc Bdch khoa Ha Néi, 1 Dai C6 Viét, phwong Bach Mai, Ha Ni, Viét Nam
Ngay nhan bai 20/8/2025; ngay chuyén phan bién 21/8/2025; ngay nhin phéan bién 5/9/2025; ngay chip nhan ding 10/9/2025
El [ < !.
Nghién ctru nay danh gia kha ning san xuit vién nén nhién liéu tir miin cwa, mun gé (canh cat tia) va cac
thanh phan ctia rac sinh hoat sau phan loai (vo hgp sira, nhan chai/nilon). Nguyén liéu dwgrc tién xir ly, phoi
tron theo cac ty 1€ 7:3-10:0 va ép nén gia nhiét trong dai 110-200°C (khao sat t¢i 250°C). Cac chi tiéu danh gia
gom: nhiét tri, ty trong vién, d6 4m, dd tro va do bén co hoc; két qua dwoc ddi chiéu véi tiéu chudn Nhat Ban
(JP), Han Quéc (KR) va Lién minh chau Au (EU). Piéu kién phu hop dé tao vién cé hinh thai tét va dat yéu cau
1a 8:2 (mun cwa/chat két dinh) & 150-200°C va 9:1 (mun gé/nhan chai) & 120-150°C. Phan 1én mau c6é 4m
<10%, d0 bén 297% va nhiét tri 16,85-24,68 M]J/kg; mot s6 phdi tron cé tro cao hon ngwdong din dung cia
JP/EU nhwng phu hop cho cong nghiép/dong dot theo chuin KR. Hoat ddng nay gop phan thu héi ning lwong
va gia tang gia tri cho dong chit thai kho tai ché, véi lgri ich Kinh té va méi trwong dang ké.
Tir khéa: canh ciy, mun cwa, rac thai sinh hoat, vién nén nhién liéu.

Chi sé phdn logi: 2.4, 2.7

Production and characterisation of fuel pellets from wood residues
and selected fractions of sorted household waste
Hong Duc Nguyen’, Hong Quan Nguyen, Quang Hung Dinh, Bang Ly, Thanh Hieu Nguyen

Hanoi University of Science and Technology, 1 Dai Co Viet Street, Bach Mai Ward, Hanoi, Vietnam

Received 20 August 2025; revised 5 September 2025; accepted 10 September 2025
Abstract:

This study evaluates the feasibility of producing refuse-derived fuel (RDF) pellets from sawdust, wood
residues derived from pruned branches, and sorted household waste fractions (laminated milk cartons
and plastic labels/films). Feedstocks were pre-treated and blended at ratios ranging from 7:3 to 10:0,
and hot-compressed at temperatures of 110-200°C (with additional trials conducted up to 250°C). The
evaluated parameters included higher heating value (HHV), pellet density, moisture content, ash content,
and mechanical durability; and the results were compared with Japanese (JP), Korean (KR), European (EU)
standards. Process windows that consistently yielded well-formed pellets that met quality requirements
were an 8:2 ratio of sawdust to -derived binder at 150-200°C and a 9:1 of wood residues from pruned branches to
bottle labels at 120-150°C. Most samples exhibited moisture contents below 10%, mechanical durability of
at least 97%, and HHVs ranging from 16.85 to 24.68 M]/kg. Several blends showed ash contents exceeding
the residential-use limits specified by JP and EU standards, but remained suitable for industrial use and
co-firing according to KR standards. This approach contributes to energy recovery and value addition for
difficult-to-recycle waste streams, offering significant economic and environmental benefits.

Key words: fuel pellets, household waste, saw dust, wood residues.
Classification numbers: 2.4, 2.7
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1. Dt van de

1.1. Khdi niém va phdn loai vién nén nhién liéu

Trong thuec tién, sw ra doi cda vién dot va cac loai
nhién liéu c6 ngudn gbc tir chit thai phan anh nhu cau
cip thiét trong viéc gidm thiéu, tai ché va xi ly khoi
lwong chat thai ran sinh hoat ngay cang gia tang. Vé khai
niém, mac du RDF (Refuse-derived fuel) da xuat hién tir
kha lau nhwng cho dén nay van chwa c6 mot dinh nghia
thong nhit, bdi cach hiéu con phu thudc vao cong nghé,
phwong phap xtt Iy va quy chuin cda tirng qudc gia. Tuy
nhién, theo Téng cuc Mbi trwong ctia Uy ban chau Au,
RDF dwoc dinh nghia la: “Nhién liéu c6 nguén goc tir rac
thai bao gdbm nhiéu loai vatliéu phé thai da dwoc xtr ly dé
dap &ng cac huwéng dan, quy dinh hodc théng s6 ki thuat
clia nganh, chti yéu nhiam dat dwoc gia tri nhiét lwong
cao. Nhién liéu c6 ngudn goc tir rac thai bao gom thanh
phién tai ché tir chit thai sinh hoat, chit thai cong nghiép,
bun thai, chit thai nguy hai cong nghiép, chit thai sinh
khoi,...” [1]. Péng thoi, trong cac tai liéu quoc té, RDF
thwong dwoc hi€u 1a mét pham tru réng, bao trum
nhiéu loai vat liéu thai da qua xtr ly dé dat gia tri nhiét
lwong cao. Tai cac qudc gia ndi tiéng Anh, thuit ngir RDF
thuwong dwoc dung dé chi phan c6 nhiét tri cao da dwoc
phan tach tr MSW (Municipal solid waste) sau xi ly.
Ngoai RDF, mdt s6 thuét ngir khac cling dwoc str dung dé
chi nhién liéu c6 ngudn gbc tir MSW nhw Recovered fuel
(REF), Packaging derived fuel (PDF), Paper and plastic
fraction (PPF) hay Processed engineered fuel (PEF) [1].

Trong pham vi nghién ctru nay, nhém tac gia khong
ti€p cin RDF theo nghia réng nhw trong cac tai liéu qudc
té, ma tap trung vao kha niang san xuit vién nén nhién
liéu tir nhitng ngudn nguyén liéu cu thé va sdn c6 & Viét
Nam. Cac nguyén liéu dwgc lwa chon bao gom canh ciy
cat tia trong hoat dong trong trot, mun cwa tir ché bién
1am san, cung v&éi mot s6 thanh phan dwoc phén loai tir
rac thai sinh hoat nhw nilon, hdp stra va nhwa cé gia tri
thép. Theo cach hiéu trong bai viét, c6 thé dinh nghia
vién nén nhién liéu nhw sau: “Vién nén nhién liéu la mot
loai nhién liéu sinh hoc c¢6 nguén gdc tir chat thai, bao
gdm nhiéu loai vat liéu phé thai da dwoc xtr Iy nham dap
rng cic yéu cau ky thuit nhat dinh, cha yéu dé dat dwoc
gia tri nhiét lwong cao. CAc ngudn chat thai st dung trong
nghién ctu nay bao gdbm: chit thai néng nghiép (than
ciy xanh, rom ra, triu, vé ca phé, vo dira, ba mia...), chat
thai 1dm nghiép (mun cwa, ddm gd, canh cay, vé cay...) va
mot s6 loai chit thai ran do thi (gidy thai, bia cirng, nhua
kho tai ché, hop sira, nilon...)".
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Vé phan loai, RDF c6 thé dwoc san xuit & hai dang
chinh: dang toi (fluff RDF) va dang ran (solid RDF/RDF
pellets).

Vé RDF dang toi: 12 loai chwa qua qua trinh nén, ton
tai & dang xo s¢i hodc vun nho. Loai nay cé wu diém la
chi phi xtr ly ban dau thap, dé san xu4t, nhung lai kém 6n
dinh vé mit sinh hoc, khé bdo quan va thwong chi ¢ thé
st dung trong vong 2-3 ngay sau khi tao ra. Do c6 mat do
khoi thap, RDF dang toi cling han ché vé kha nang van
chuyén dwong dai, va doi hoi 1o d6t phai dwoc thiét ké
chuyén biét.

Vé RDF dang rdn hodc dang vién nén: RDF dang ran
duoc tao ra théng qua qua trinh ép nén dé tang mat do
khéiva do bén co hoc. Dang ndy c6 nhiéu wu diém: dé van
chuyén, xt 1y va lwu trit; c6 thé bdo quan lau dai trong
diéu kién thich hop; dong thoi twong thich véi nhiéu loai
hé thong dét khac nhau. Tuy nhién, nhwgc diém chinh 1a
chi phi san xuit cao hon so véi RDF dang toi.

Tl d6, c6 thé thdy rang lwa chon gitra RDF dang toi va
RDF dang ran phu thudc vao muc dich st dung, khoéng
cach van chuyén cling nhw diéu kién cong nghé tai co
s& san xuit va tiéu thu. Trong pham vi bai nghién ctu,
nhém téc gia chon loai RDF dang ran, cu thé 1a vién nén
nhién liéu (RDF pellets) d& phan tich va danh gia.

1.2. Tiém ndng trong hoat djéng sdn xudt vién nén
nhién liéu tir nguén phé thdi ¢ Viét Nam

Vién nén nhién liéu 1a mot dang nhién liéu sinh hoc
tai tao, dwoc san xudt tir cac loai phu phdm sinh khéi nhw
dim bao, mun cwa, vé dau phong, than cay ngd, gb thai va
nhiéu loai chit thai hitu co khac. Théng qua quy trinh ép
nén hién dai, cic nguyén liéu nay dwoc nén thanh nhirng
vién nhg, ran chic, c6 d6 4m thip, lwong tro sinh ra khi
dét it va kha ndng sinh nhiét cao. Vi nhirng dac tinh nay,
vién nén nhién liéu khong chi 1a gidi phap thay thé tiém
nang cho nhién liéu héa thach, ma con ngay cang dwoc
wa chudng tai cac thi trwedng cin nguén nhiét 1én, nhe
tinh tién dung, hiéu qua nang lwong, an toan sttc khoe
nguwoi st dung va than thién véi moi treong.

Tl thuc tién do, c6 thé thiy tiem ning phat trién clia
vién nén nhién liéu & Viét Nam thé hién trén nhiéu khia
canh: tinh m&i trong dinh hwéng san xuat tir phu pham
ndéng nghiép va chit thai sinh hoat; tiém nang vé chat
lwong san phdm va dic biét 1a loi ich kinh t€ moi treong.

Thi¥ nhdt, diém m&i trong dinh hwéng phat trién vién
nén nhién liéu & Viét Nam nam & viéc m& rong ngudn
nguyén liéu dau vao, tir phu thudc chi yéu vao phé pham
g0 sang khai thic manh mé phu ph4m ndéng nghiép nhw
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rom ra, triu, vo ca phé, ba mia, vé dira, cling nhw chat
thai hitu co. Hing ndm, Viét Nam phat sinh hang chuc
triéu tdn phu phdm néng nghiép, phan lén chwa duoc
xt Iy hiéu qua va thwong bi dét bé hoac chén 1ap, giy 6
nhiém moi trwong. Viéc tan dung cac ngudn nay dé san
xudt vién nén nhién liéu khéng chi gép phin giam ap
lwc xt Iy chit thai, han ché khai thic rirng tw nhién, ma
con tao ra nguén nguyén liéu ré, 6n dinh, dap &ng nhu
cau trong nwéc va xudt khiu. Vién nén nhién liéu nhe
vay khong chi mang tinh d8i m&i trong dinh hwéng phat
trién cong nghiép sinh khoi, ma con mé ra tiém nang
thwong mai quéc té 16m cho Viét Nam trong bdi cadnh nhu
cau nang lwong sach toan ciu ngdy cang gia tang. Dong
thoi, diém mai ciia nghién ctru la (i) dé xuét cip phdi cé
chat két dinh “nguén rac” & ty 1é thap 8:2 va 9:1 (theo
khéi lwong) nham cai thién lién két cdu tric vién; (ii)
xac 1ap dai nhiét nén 110-200°C véi khéi lwgng nap 15
g/vién dé tao hinh tdt; va (iii) danh gia déong thoi nhiéu
théng sé (nhiét tri, ty trong vién, 4m, tro, do bén) déi
chiéu véi bo tiéu chudn Nhat - Han - EU d€ dinh vi kich
ban rng dung (cong nghiép/dan dung/doéng dot).

Thi hai, vé tiém ndng chdt lwong sdn phdm. Cic nghién
ctru thye nghiém cho thay, vién nén nhién liéu san xuit
tir hon hop phu phdm ndng - 1Am nghiép va rac sinh hoat
c6 nhiét tri cao, dao dong 17,4-24,7 M] /kg, twong dwong
hodc thim chi virot mét s6 loai than da chit lwong trung
binh. Ham lwong 4m <10% va d6 bén co hoc 297% gitip
san phdm giam thi€u hao hut trong vin chuyén va lwu
trit. Tuy vay, mot sé phéi trén c6 do tro 5,4-6,6% chuwa
dap rng tiéu chuin nghiém ngat ctia Nhat Ban va EU, cho
th4y tiém nang cai tién cong nghé nham nang cao chit
lrgng va m& rong kha nang tiép cin cac thi treomg kho
tinh. Diéu nay cling dong nghia v&i viéc nganh vién nén
nhién liéu tai Viét Nam con dw dia rat 1én dé€ hoan thién
tiéu chuin hda, ning tdm gia tri sdn phim va ting kha
nang canh tranh qudc té.

Thit ba, vé tiém ndng kinh t& méi trweong. Viéc san xuat
vién nén nhién liéu vira mang lai lgi ich kinh té, vira dem
lai hiéu qua moi treong ro rét. Mot mét, chi phi san xuat
thap hon nhiéu so véinhién liéu hoa thach, gitip san phdm
c6 loi thé canh tranh. Mat khéc, qué trinh st dung vién
nén nhién liéu gidp gidm phat thai khi nha kinh dang ké.
Cu thé, vién nén gb lam giam dang ké lwong khi thai CO,
so v&i nhién liéu héa thach [2]. M6t phan tich toan cau
ciing chi ra rang, néu tan dung phu ph4m néng nghiép
dé san xuit vién nén nhién liéu & quy mo 1én, c6 thé
giam khoang 1,35 ty tdn CO, twong dwong mdi nim [3].
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Vé mat kinh té, Viét Nam hién dirng th hai thé giGi
vé xuit khiu vién nén nhién liéu, chi sau My [4]. Trong 6
thang dAu nim 2024, Viét Nam da xuit khiu khoang 2,6
triéu tdn vién nén, véi gia tri dat 345,5 triéu USD. Nhit
Ban chiém 55,3% khdi lwong va 61,0% gia tri; Han Qudc
chiém 36,8% khéi lwong va 29,0% gia tri; EU chiém 7,7%
khéi lwong va 9,9% gia tri. Gia xuit khiu trung binh giai
doan nay dat khoang 132,6 USD/tén, trong d6 Nhat Ban
& mirc ~146,3 USD/t4n, con Han Quoc ~104,3 USD/tin
[5]. Theo s& liéu tir Hiép hoi GO va LAm san Viét Nam,
6 thang dau nam 2025, xuit kh4u vién nén gd dat hon
3,9 triéu tin, twrong dwong gia tri 564,77 triéu USD, ting
33,3% vé lwong va 38,8% vé gia tri so vdi cung ky nam
2024. Nlra ddu nam 2025, mirc ting trwedng hai con so
cho thiy nganh vién nén dang tan dung tét co hoi tir nhu
ciu nang lwong tai tao, dic biét khi cdc nwéc ddy manh
gidm phat thai [6]. Xu thé nay cling phan 4nh nhu ciu
ngay cang lén tir cac thi trwong chau A va chau Au, trong
béi canh toan ciu chuyén dich sang ning lwong sach.

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

Nghién ctru lwa chon nguyén liéu chinh dé san xuit
vién nén nhién liéu 1a min cwa va mun gob tir canh cay.

(1) Mun cwa la mot loai vat liéu hitu co c6 ngudn géc
tir cac loai go, tre, nira dwoc bao mdng, nghién vun thanh
nhitng hat cé kich thwéc nho. Chung 1a mot loai chat
véi @6 Am kha thip, phu hop cho viéc dét chay véi wu
diém bt Itra nhanh, lwgng tro xi con lai sau chdy it va
nhiét lwong cta ching 1a twong ddi cao. Piéu nay cho
thiy tiém ning lén trong viéc thay thé cic loai nhién liéu
hoéa thach bang vién d6t tir min cwa trong van dé niang
lwong. Bén canh do, qua trinh xt ly lwong tro con lai cta
vién dét cling sé dé dang hon so véi cac loai than.

(2) Mun gb nghién ctru st dung 1a loai mun gb dwoc
nghién tir canh cay bé di ctia gb nhan. Cac loai canh cay
sau khi dwoc thu gom sé dwoc mang di riva sach, nghién
nhd thanh dang mun va dwa vao san xuat vién dot. Pay la
loai nguyén liéu chay véi do dm kha cao, do d6 can thém
céng doan siy lam kho roi méi dwa di san xuit. Chung
c6 tiém ning twong doi trong viéc thu hoi, tai ché va san
xudt vién dét xuat khiu.

Nguyén liéu phu st dung trong nghién cru bao gom
vo hop sira, nilon va nhan chai. Pay la cac loai rac thai
sinh hoat rat phd bién v&i mot lwong 16n bi thai bo ra
mdi tredmg mdi ngdy. Tuy nhién, cic bién phap xt ly
ching van con kha han ché. Nghién cttu st dung cac
nguyén liéu nay lam chat két dinh, gitup ting cwong kha
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nang lién két va do bén chac trong két ciu cta vién dét,
gitp thanh phdm tao ra c6 dd bén cao hon. Bén canh dé,
nguyén liéu phu nay cling phan nao gitp cai thién nhiét
tri cda vién dét thanh phdm. Tuy nhién, ddi véi vo hop
sita, diy 1a loai chit thai khé dét chidy hoan toan, lwong
con lai sé lam tang chi phi xt 1y, do vy nghién cttu can
dwa ra ty 1é phéi tron dé tao ra thanh pham t6t nhat.

2.2. Thiét bi, dung cu va hoa chdt phuc vu nghién ciru

2.2.1. Thiét bi

- Can trong lwgng gram (g) tiéu chuin 1 chir s6 va 4
chir s6 Ohaus 30429847 bench scale 220 g/0,0001 g.

- Thia va c8c dong 25 ml.

- Nhiét ké dién t&r Fisherbrand Traceable Digital
Thermometer S90862 do Hang Fisher Scientific (M§)
san xuit. Khoang do -50 — +300°C, sai s chi +0,05%
toan dai, c6 chirng nhan NIST.

- Hop dung mau bang nhwa, gang tay cach dién, phéu,
tua vit, co 1é.

2.2.2. Dung cu
- Tt sdy Binder (Dtkc) - dong ED/FD series.

- TG nung Thermo Scientific (Thermo Fisher) (My) -
dong Thermolyne chuén xac, phd bién trong phan tich
tro than, sinh khoi, RDF dé phuc vu do d6 4m va dd tro.

- Thiét bi nén vién san xut tai Xwdng co khi Gia Vinh
5, Hao Nam, Ch¢ Dira, Pong Da, Ha Noi.

- May do nhiét tri Parr 1341.
2.2.3. Thiét bi nén gia nhiét tao vién

Thiét bi nén gia nhiét tao vién dwgc nhom nghién ctiru
thiét ké va Xwdng co khi Gia Vinh ché tao.
TAMGIANMIET
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Hinh 1. Thiét ké thiét bi nén gia nhiét tao vién. Pon vi do: mm.
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C4u tao co ban ctia may nén dwoc ché tao bao gom
mdt 6ng tru tron dwong kinh trong 1a 2 cm, chiéu dai
30 cm. Tay nén la mot truc doang cé ren cé dwong kinh
nhé hon 2 cm, dai 50 cm gan dau pit tong tru tron dai
4 c¢m va duong kinh 2 cm. Nhw vay ta ¢ thé xac dinh
dwoc dwong kinh vién nén 1a 2 cm. Hé thong dng truc
nén dwoc gan cd dinh vao gia d& vitng c6 dé gb dé gitr
virng may, thuén loi cho viéc nén lwc. Pau khung dwoc
thiét ké du chiéu dai dé 1ap dién tré gia nhiét va nip cla
may. Phan cudi han 6c tra thanh dodng phu hop dé quay
ren tao lwc nén.

C4u tao may dwgc mo ta nhw hinh 1. Dién tré gia nhiét
nhuw hinh trén pht hop dong dién 220 V ¢ hé thong néi
diéu chinh ting gidm nhiét va hé thong nay cé thé tw
ngat lai mirc nhiét diéu chinh gitp 6n dinh mirc d6 nhiét.

2.3. Quy trinh thi nghiém sdn xudt vién nén nhién
liéu

Ty 1& tron: theo khéi lwong. Cac cip phéi khao sat:
7:3; 8:2;9:1; 10:0 gitra nguyén liéu chinh (mun cwa hoac
mun go tir canh) va nguyén liéu phu (vé hop sira da tach/
1am sach, nilon, nhin chai cit 2-5 mm).

Tién x 1y nguyén liéu: rira/loai tap, sdy kho; kich
thwée hat 2-5 mm véi nguyén liéu phu.

Khéi lwong nap: 15 g/mau/vién (xac dinh qua tién
thir dé tranh ni&t v khi nén & ap cao).

Gia nhiét - tao hinh: nhiét d6 dat 110-200°C (c6 khao
sat téi 250°C), thoi gian gitk nhiét 15 phut; dong thoi siét
vit pit tdng dén khi mAu dat trang thai tao hinh 6n dinh.

Lwc nén: may vit pit tong co khi (dung mé-men tay), ghi
nhéit ky s6 vong siét/mb-men wéc lwong; treomg hop co
dong ho luc, quy ddi ra MPa trén tiét dién 2 cm dwdng kinh.

Cong thirc tinh lwc nén: F=PxA, v&i tiét dién A=mr?;
ban kinh r=1 cm=0,01 m =A~3,14159x 10-* m?2.

* F: lwc nén (N).

* P: 4p suat (Pa = N/m?).

* A: dién tich tiét dién chiu nén (m?).

Quy déi don vi:

1 MPa=10° Pa = Khi 4p suit 1a 1 MPa, lwc tc dung
1én dién tich A la:

F=PxA=10°x3,14159%x10%=314,159 N~0,314 kN

Dua theo cdng thirc, néu tinh dung thi lwc ép phai
ty 1& tuyén tinh véi 4p sudt (vi A 1a hang s6). Tic 1a:
F(kN)=0,314xP(MPa) va ta c6 bang 1 quy ddi giita 4p suit
va luc ép.
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Bang 1. Quy déi ap suét va lwc ép

Ap suit (MPa) Lwc ép (N) Lwc ép (kN)
2 628 0,63
3 942 0,95
4 1256 1,26
5 1570 1,57
6 1884 1,89

Liy mau: Lam nguoi 5-10 phut dén nhiét dd phong,
ddy mAu khoi 6ng nén.

Ky hiéu miu: Mc (mun cwa), McV (min cwa+vé hdp
stta), McN (mun cwa+nilon), Mg (mun gd), MgNC (mun
gd+nhin chai) + hau t8 nhiét do (°C).

Quy trinh thyc hién nén: Tién hanh cho nguyén liéu
dAu vao diu dng nén cia may va dong ndp ddu may nén.
Khi dong cin khda chit ndp mdy, tranh viéc khong thé
tao hinh vién nén do nhiét vat liéu bi thoat ra trong qua
trinh nén. Ngoai ra, trong qua trinh gia nhiét, khi tang
dan nhiét dé tr 0°C, xoay truc doang pit tong nén dan
dan nguyén liéu. Dén mitc nhiét xac dinh thi tit may, rut
dién, déong thoi dirng xoay nén vién. Doi 5-10 phiat dé
may ha nhiét vé nhiét dd phong, sau d6 thao nap va tiép
tuc xoay truc d4y dé 14y mau ra ngoai. Thir nghiém nhiéu
lan dé xac dinh khéi lwgng nguyén liéu nap vao va thoi
gian gia nhiét phu hop.

Bang 2. Ma tran thi nghiém theo ty Ié pha tron gitra mun cuii va
phu gia.

Tylé  Nhiét  Thoi
STT Ky hiéu Thanh phan (khéi  donén  gian
lwong)  (°C) (phut)
1 Mc-150 Mun cua 10:0 150 15
2 Mc-200 Mun cua 10:0 200 15
3 McV-150 Mun cwa + vé hop stta ~ 8:2 150 15
4 McV-200 Mun cwa + vé hop stta ~ 8:2 200 15
5 McN-150 Mun cua + nilon 7:3 150 15
6 Mg-110 Mun g6 (canh) 10:0 110 15
7 Mg-120 Mun g6 (canh) 10:0 120 15
8 Mg-130 Mun g6 (canh) 10:0 130 15
9 Mg-150 Mun gb (canh) 10:0 150 15
10 MgNC-100  Mun gd + nhan chai 9:1 100 15
11 MgNC-120  Mun g + nhin chai 9:1 120 15
12 MgNC-150  Mun gd + nhan chai 9:1 150 15

Cactylé phoitron 10:0,9:1, 8:2 va 7:3 (theo khoi lwgng)
dwoc lwa chon nham quét vang chat két dinh 10-30%,
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v6n 13 ving ma pha nhwa tlr rac sinh hoat (v6 hop sira,
nhan/nilon) bat dau ndng chay va gia cwong lién két cho
hat gb, nhung chwa vugt ngwdng gay chay rin/giam bén
hay lam tang tro/halogen. Sang loc ban dau cho thiy, 7:3
dan t&i nit vor & hau hét mrc nhiét, trong khi 8:2 (véi
mun cwa) 6n dinh & 150-200°C va 9:1 (v&i mun go) 6n
dinh & 120-150°C; vi viy hai mdc nay dwoc st dung lam
tam thi nghiém cho cac phép do chi tiét.

2.4. Do Iwong va phdn tich cdc théng sé vt Iy ciia vién
doét va ddnh gia dnh hwéng clia ty 1é phéi tron nguyén
liéu va nhiét dé ép dén kha ndng tao hinh ciia vién

Trén co s& tham khdo cac nghién ctiru vé dong tao
vién gitra mun g va nhién liéu c6 ngudn goc tir chat thai
[7], nhém tac gia lwa chon cac ty 1é phdi tron 10:0, 9:1,
8:2 va 7:3 theo khéi lwong. Cac mirc nhiét gia nhiét tao
vién duoc xac dinh thong qua thi nghiém khao sat so bo
va duoc trinh bay trong bang 3 va bang 4.

Bang 3. Nguyén ligu tir mun cwa tién hanh véi ty 1é phdi tron va
cac murc ép nhiét.

Nguyén Nguyén liéu Ty lé Nhiét do lwa chon
liéu chinh  phu phdi tron gia nhiét tao vién
Vo hop sira
Mun cwa Nilon 7 7:3,8:2,10:0 100-250°C
Nhan chai 7

Bang 4. Nguyén liéu tir mun gé tién hanh véi ty 1& phéi tron va cac
murc ép nhiét.

Nguyén Nguyén liéu Tylé Nhiét do Iwa chon
liéu chinh  phu phai tron gia nhiét tao vién
Vo hop sira
Mun gb Nilon 7:3,8:2,9:1,10:0 100-250°C
Nhan chai

2.4.1. Do cdc théng s6 dwong kinh, khéi luong, do dai, thé
tich va ty trong vién nén

Sau khi tao ra cAc mau vién nén, tién hanh can va do cac
thong sé vatly ctia vién dot.

- Puong kinh: bang dwdng kinh trong ctia ng tru may
nén va pit-tong tru tron (cm)

- Khéi lwong: cn bang can khéi lwgng chuin (g)

- b6 dai: dung thwéc d€ do chiéu dai vién dot thu
dwoc (cm).

- Thé tich: xac dinh théng qua cong thic tru tron véi
dwong kinh va do dai vién dét

V=m-r?-h (m3)

trong d6: r: ban kinh vién dét (m); h: chiéu dai vién dot (m).



- Ty trong: xac dinh thong qua khdéi lwong, dwong
kinh va chiéu dai vién d6t

p=m/V (kg/m?)

trong d6: m: khoi lwong vién ddt sau khi nén (kg); V: thé
tich vién dot (m?).

2.4.2. Phwong phdp do do dm

Mot phan mau 14y tir mAu vién dét dwoc st dung dé
do d6 4m cua vién dét. Danh s6 cac mAu 14y dwoc bang
can khoi lwgng chuin 4 sd (don vi gram) dé xac dinh
khéi lwgng dau vao trudc khi mang di sdy. Mau do sé
dwoc cho vao chén st va dwgc mang di sdy & nhiét do
105°C trong tu sdy. Sau khi miu da dwoc sdy trong vong
24 gio, 1am ngudi trong ti hut 4m va dem di cin xac dinh
khéi lwgng. Thong qua may sy, &m dé dwoc xac dinh
bang cong thic:

% Am do= |(M2D;—M1) | 100

1
trong d6: M,: khéi lwong mau trudce khi sdy (g); M,: khéi
lwgng mau sau sy (g).

2.4.3. Phwong phdp do dp hao hut khéi lvong sau rung
ldc (Mechanical durability theo rung)

MAu sau sdy dwoc dé ngoai moi trweong 24 gidy, sau d6
cho vao may rung trong thoi gian chuén hoa.

Cong thixc:

% hao hut = ((M_trwére - M_sau)/M_trudc)x100%;

P06 bén = 100-% hao hut.

2.4.4. Phwong phdp do d¢ tro (1SO 21656:2021)

Nung chén sir rong dén khdi lwong khong déi & nhiét
do 550+10°C trong khoang 60 phut va gitt & nhiét do
nay t6i thiéu 120 phuat. Khéi lwgng chén réng dwoc ky
hiéu M1.

Can chén chira mau da sdy (khoi lwgng M2), dwa vao
ti nung 500-550°C trong 6-7 gior dén khéi lwong khong
déi (M3). Lam ngudi trong binh hat &m roi can.

Thong qua may nung, do tro dwoc xac dinh bang cong
thirc:

Ms_M,
My~ M,

% Tro = x100%

trong d6: M, - Khoi lwong chén nung rong (gram); M,
- Khéi lwong chén chira mau sau sdy (gram); M, - Khéi
lwrong chén chira mau sau nung (gram).
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2.4.5. Phwong phdp phdn tich nhiét tri

Qua trinh do thong s8 nhiét tri dwoc thwe hién bang
thiét bi Parr 1341 (hinh 2).

So do dau noi dién 1341 v6i 6775 & 2901

1341

o Dau do nhiét do
Bom nhiét lugng ké

(x06 chira)

Day dién

Bo ddnh lira

Day din danh lita dong 2901

6775

Day nguén dién
ey Nhiét ké ky thuat s6

So d6 dau néi dién 1341 v6i 6772

Miy do nhiét lugng
1341

DPau do nhiét do (x6 chiia)

Nhiét kédo
nhiét lugng
6772

Day nguon dién

Day dan danh lita

N Day nbi aai

Hinh 2. Thiét bi Parr 1341. Ngudn: Parr Instrument Co. [8].

Liy khodng 1 gram mau vién dét dé do nhiét tri.
Phwong phap do dwoc xac dinh theo thiét bi Parr ap
dung quy trinh va ham céng thic nhw tai liéu tham
khao [8].

Nhiét tri cia mau vién d6t dwoc xac dinh bing cong
thirc:

_tW_ el_ ez_ e3

H, =

m
trong dé:

W: hing s6 bom
H: nhiétlwong cia vién chuin Benzoic = 6318 cal/gram;

m: Kkhdi lwgng clia vién chuin Benzoic (gram);
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t:  gid tri net cla nhiét do tang (°C)=tc-ta-r1. (b-a) - r2. (c-b);

e,;: hiéu chinh nhiét ctia axit nitric (HNO3)=c1 néu 0,0709 N
alkali dwoc dung chuin do;

e,: hiéu chinh nhiét cla axit sulfuric
(H2S04) = (13,7) (c2) (m);

e, hiéu chinh nhiét ciia day moi
= (2.3) khi dung day Parr 45C10 nickel chromium hoac
= (2.7) khi dung day No.34 B va S.gage iron;

a: Thoi gian chay;
Thoi gian khi nhiét dat 60% tong qua trinh ting nhiét
(chinh xac téi 0,1 phut);

c: Thoi gian téc d6 ting nhiét 1a hing s6 (sau thoi gian
tang nhiét );

ta: Nhiét tai thoi diém chay;

tc:  Nhiét tai thoi diém ¢

rl: Téc dd (don vi nhiét/phit) & thoi diém nhiét tang - 5
phut trwére khi chay;

r2: To6c dd (don vi nhiét/phut) & thoi diém 5 phut sau cling.

3. Két qua va ban luan

3.1. Anh hwéng ciia ty 1 nguyén liéu phéi trén va
nhiét do ép dén kha ndng tao hinh ciia vién dét

May nén c6 dng tru tron véi dwong kinh trong 2 cm,
do d6 vién nén tao ra cd6 dwong kinh 2 cm. Qua 10 lan
thwe nghiém, khéi lwgng nguyén liéu nén diu vao hop ly
1a 15 g dé tranh sw c6 khi nén va hién twong nirt v khi
nén & ap luc cao. Thoi gian cip nhiét pht hop khi nén 1a
15 phut. Cac vién nén nhién liéu sau khi thit nghiém véi
cac diéu kién nhiét do va ty 1& phéi tron khac nhau dworc
thé hién trong hinh 3.

i

Mun cua - 150°C

Min cua/Nilon
(7:3)-150°C

Muin cua - 100°C

Mun cua/Vo hop sira
(8:2)- 150°C

Hinh 3. Hinh anh vién nén nhién liéu thwc nghiém.

Khi dung mun cwa, vién nén tao hinh tét & 150, 200
va 250°C, nhwng khéng thanh hinh & 100°C.

Khi tron mun cwa v&i vo sita/nilon ty 1& 7:3, mau dé
nirt & moi nhiét do; thay déi thanh 8:2, mau c6 hinh khéi
tét & 150 va 200°C, nhwng nit & 100 va 250°C.

Véi mun cwa va nilon, vién nén dep & 150°C nhwng
dé nirt & nhiét do khac. D6i véi mun gb, mau cé khai tot
tir 110-150°C. Khi tron mun gb v&i nhan chai, ty 1& 8:2
dé ntrt & moi nhiét do, con ty 1& 9:1 tao hinh dep & 130-
150°C khi nhan chai tan chay, lam chit két dinh.

3.2. bdnh gid cdc thong s6: dé dai, khéi Iwong, thé
tich va ty trong ctia vién dét

Dua theo tiéu chuin ctia Nhat Ban, Han Qudéc va chau
Au, nhém tac gia dwa ra nhan xét vé do dai, khéi lwong,
thé tich va ty trong ctia vién dét.

Cac bo tiéu chuin tham chiéu bao gom: Han Qudc
(2019), Nhat Ban (JWPA, 2023) va chau Au (EN/ENplus).
Trong dé: Chau Au va Nhat Ban: chi yé&u cho vién nén dét
dan dung/nha & (yéu cau tro thip, do mat dé khoi theo
thung do). Han Qudc va mot sé bd EU cong nghiép: dai
thong sé réng hon, pht hop 10 hoi cong nghiép/dong dot
(bang 5).

Lwu y: khi tro cao hon mtrc JP/EU dan dung nhwng
cac chi s6 khac dat, san phdm van phu hop céng nghiép/
dong dot.

Bang 5. Téng hop két qua thong sb danh gia chat lwong vién nén so véi cac tiéu chudn nwéc ngoai.

Loai méu Tiéu chudn vé do dai (mm) ciia nwéc ngodi
TT  Thongsé Miin cira Miin g6 Han Qudc [9] Nhdt Ban [11] Chéu Au [10]
Mc-150  McV150  McN150 Mc-200 McV-200  Mg-110 Mg-120 Mg-130 Mg-150 MgNC-120 MgNC-150 L1 12 L3 LA LB Ic L L2
1 Chitudai(mm) 436 492 51 36 374 34 2% 4 4 4 27 315<L< 41 ;:f;f;?n ;ﬁ;ﬂr‘;‘;‘“ 315¢<L< 41
2 Doam (%) 19 2,7 32 23 13 12 08 13 11 11 09 <10% <10% <10%
3 Dotro(%) 298 6,55 335 337 539 260577 270186 25788 27321 25922 2,9963 5% 3% 5% 05% % 1% 07% 15%
4 Tytrong(kg/m®) 8045 712 747 803 798 843 6643 7241 6380 7178 9445 2600 2550 2500 650<BD<750 2600 2600

Chu thich: L1: Tiéu chuén loai 1, L2: Tiéu chuan loai 2, L3: Tiéu chuan loai 3, LA: Tiéu chuan loai A, LB: Tiéu chuan loai B, LC: Tiéu chuan loai C,

Don vi ty trong: Kg/m?, Bon vi chiéu dai: mm.
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3.2.1. D6 dai vién dét

MAu vién d6t chi dung mun cwa ép & 150°C c6 do dai
vurot tiéu chudn Han Quéc [9] va chau Au [10] nhung
dat tiéu chudn Nhat Ban [11]. Khi két hop mun cuwa véi
v6 hop sira ép & 150°C, d6 dai vwot tiéu chudn, nhuwng
& 200°C lai dat tiéu chuidn do v6 hdp néng chay t6t hon.
MAu min cwa va nilon ép & 150°C c6 do dai vuot tiéu
chuén vi nilon khong néng chay hoan toan. Vé do dong
déu, mau mun cuwa ép & 150°C c6 dd 1éch chuin cao nhit
(0,7), trong khi mau ép & 200°C dong déu hon (0,2). D&i
v&i vién nén mun go, hau hét dat tiéu chuin 3 thi treong,
trir mAu nén & 120°C chi dat tiéu chudn Nhat Ban [11].
MAu mun gob két hop nhan chai nén & 100 va 120°C, déu
dat tiéu chuén cua 3 thi treong.

3.2.2. Khéi lwong va thé tich vién dét

MAu mun cwa va nilon c6 théng s6 1én nhit, trong
khi mAu mun cwa & 200°C c6 thong sé nhé nhat do nilon
néng chay tot & 150°C, con & 200°C nguyén liéu bi chay
nhiéu. MAu mun cwa ép & 150°C c6 dd léch chuin cao
nhét (1,9), trong khi mun cwa/vé hop stra & 150°C c6 do
doéng déu tot nhit véi dd 1éch chuén thip nhit (0,7). Sw
khac biét thong s8 gitra cAc mau 1a do hao hut nguyén
liéu, d6 chinh x4c ctia cAn va khac biét vé lwc, tdc do nén.
Cac mAu vién d6t tir mun gd khac biét vé thé tich, khai
lwong do nhiét do, lwc nén, véi khoi lwong dao dong tir 5
dén 10 gram; lwc nén cao lam giam thé tich vién nén. D6i
v&i mau mun go va nhan chai, thé tich 16n hon do lwong
nilon con lai. Mau nén & 100°C c6 khdi lwgng 16m hon va
ty trong cao hon mau & 120°C nho lwc nén 16m va téc do
gia nhiét cham.

3.2.3. Ty trong vién dét

Cac miu mun cwa nén & 150 va 200°C dat tiéu chudn
loai 1 cia Han Quéc [9] va chau Au [10], nhung khong
dat tiéu chuidn Nhit Ban [11] do ty trong vwot ngudng.
MAau mun cwa két hop vé hop sita nén & 150°C phu hop
véi ca ba tiéu chudn Han Quéc [9], chau Au [10] va Nhat
Ban [11], nhung mau nén & 200°C vuot ngwdng Nhat
Ban [11]. MAu mun cwa két hop nilon nén & 150°C dat
ca ba tiéu chuin. CAc mau mun cwa dao dong tir 712
dén 804,5 kg/m?, dat tiéu chudn Han Qudc [9] va chau
Au [10], nhwng khong dat tiéu chudn Nhat Ban [11] &
mot s6 mau do chénh léch ty trong. Cadc miu nén & cac
nhiétdo 110, 120 va 130°C dat tiéu chuidn Nhat Ban [11],
nhung mau & 150°C vuot ngudng do nén tét hon & nhiét
do6 cao. Cac mau mun gob két hop nhin chai nén & 100°C
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va 120°C dat tiéu chuan Han Qudc [9] va chau Au [10],
nhung miu & 100°C vwot ngwéng Nhat Ban [11], trong
khi miu & 120°C thidp hon ngudng. Ty trong gitra cac
mau khong dong déu, c6 chénh léch 16m.

3.3. Bdnh gid ddp ng tiéu chudn va dinh hwéng
trng dung

Téng hop két qua chinh: do 4m tit cd mau <10%; do
bén phan 1é6n 297% (da s6 dat loai 1 Han Qudc); ty trong
vién 638-945 kg/m? (Iwu y phan biét véi mat do khéi);
nhiét tri da s6 miu 216,85-24,68 M]/kg (dat/vuot Han
Qudc - EU; nhiéu cap phoi dat loai A/B Nhit); doé tro:
nhém mun cwa + vé hdp sita va mot s6 mau min cua
200°C vuot ngwdong JP/EU dan dung nhwng dap &ng loai
2-3 Han Quéc.

- Cap phéi 8:2 (mun cwa/vd hop sira) & 150-200°C:
dé xudt cho 10 hoi céng nghiép/dong dot; kiém soat tro
bang gi¢i han tap nhém cta v hop stra.

- C4p ph6i 9:1 (mun gd/nhan chai) & 130-150°C: tao
hinh t6t; ¢ thé hwéng téi dan dung néu tiép tuc gidm tro
bang tién xtr ly.

- Muin gb 110-150°C (10:0): dwong co s& dé so sanh cap
phoi c6 chat két dinh rac.

3.4. Pdnh gid théng s6 nhiét tri vién dot

Sau khi c6 san phidm vién ddt tir nén ép nhiét, nhiét
tri ctia vién dot dwoc xac dinh va danh gia. Tién hanh so
sanh nhiét tri vién d6t san phim véi nhiét tri cha than
Antraxit (29,73 M]/kg) va nhiét tri vién dot tiéu chuin
ctia Han Quéc [9], Nhat Ban [11], chau Au [10] qua biéu
do 1va2.

35

Méu vién dét min cua

30 29.73

24,68
Than Antraxit

25

20,08 20,17

20 16,85

18.4

16.5
15 16.3

Nhiét tri (MJ/kg)

Tiéu chudn Nhit Ban loai C

Tiéu chudn Chau Au logi 1

Tiéu ch

u chuéin Han Quéc
Mc-150  McV-150  MeN-150 Mc-200  McV-200 logi 1,2,3 va Chéu Au loai 2

Miu

Biéu d6 1. So sanh nhiét tri vién dét mun cwa véi than Antraxit va
céc tiéu chuan Han Quéc [9], Nhat Ban [11], chau Au [10].

Tiéu chudn Nhat Ban loai A, B
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Nhan xét: CAc mau mun cwa, mun cwa két hop vo hop
stta vanilon nén ép & 150°C va 200°C c6 nhiét tri cao hon
1,02 dén 1,5 1an so véi tiéu chudn Han Qudéc [9] va chiu
Au [10], phtt hop véi cac tiéu chudn nay. Tuy nhién, mau
mun cuwa két hop vo hop siva nén ép & 150°C khong dat
tiéu chudn Nhat Ban [11] v&i nhiét tri 16,85 M]/kg, thap
hon tiéu chuén loai A, B va C ctia Nhat Ban [11]. Cac mau
khac déu dat chuén loai A va B. K&t qua nhiét tri th4p hon
tiéu chuin Nhat Ban [11] c6 thé do &nh hwdng cua 16p
nhom trong vo6 hop stra. So sanh véi than antraxit, nhiét
tri cdla cAc mau thap hon, véi mau min cwa két hop vo
hop sitanén & 200°C c6 nhiét tri cao nhatla 24,68 M] /kg,
nhung van thip hon 1,2 I4n so véi than antraxit, va mau
nén & 150°C thip hon 1,8 14n.

35

Miu vién dbt min gd

30 2973 2973 29.73 2973 29.73
25 0 s Than Antraxit
20
E éu chuin Hin Quéc logi 1.2.3 va
< ‘Tiéu chuan Han Quoc loai 1.2,3 va
5 Chau Au logi 2
2 s
by
£ . R
b4 10 s Tiéu chuan Chéu Au loai |
5
e Tiéu chudin Nhit Bin logi C
0
B
& S o it
= A s Tiéu chuiin Nhiit Ban loai A, B
Axis Title

Biéu dd 2. So sanh nhiét tri vién dét mun goé v&i than Antraxit va
cac tiéu chuan Han Quéc [9], Nhat Ban [11], chau Au [10].

Nhan xét: CAc mAu min gd va mun gb két hop nhin
chai nén ép & nhiét do6 tir 100 dén 150°C déu dat gia tri
nhiét tri cao hon tiéu chudn ctia Han Qudc [9] va chau Au
[10] (tlr 1,06 dén 1,5 lan).

So v&i tiéu chuidn Nhat Ban [11], mAu mun gb nén
& 120°C khong dat loai C, mau nén & 110°C chi dat loai
B va khong dat loai A. MAiu mun gb két hop nhan chai
nén & 120°C cling khong dat loai A nhwng vwot loai B.
Cac mau con lai déu dat tiéu chuln loai A Nhat Ban [11],
cao hon tir 1,014 dén 1,31 I4n so véi tiéu chuin. Tuy
nhién, nhiét tri ciia cic mAu ndy van nhé hon so véi than
antraxit, véi mAu c6 nhiét tri cao nhat (24,08 MJ/kg) nhé
hon 1,24 14n so v&i than, va mau c6 nhiét tri thip nhit
(17,42 MJ/kg) nho hon 1,7 I4n so véi than.

3.5. Pdnh gid théng s6 dé tro vién dét

Sau khi c6 san phdm vién dot tir nén ép nhiét, ta do
va danh gid nhiét tri ctia vién do6t. Tién hanh so sanh do
tro dét sdn phdm véi dd tro vién dot tiéu chudn cia Han
Qudc [9], Nhat Ban [11], chau Au [10].

%HI\?G?-IE 68(7) 7.2026

7 6,55
6 Mu vién dét min
5,39 cua
5 5 Tiéu chudn Han
Quoc loai 3
£ 4 Tiéu chudn Han
Pt 3,35 3,37 Quéc loai 2
=) 2,98
°
X 3 3 Tiéu chuin Han
Quoc lpai 1va
Chéu Au loai 2
2 Tiéu chudn Nhat
1,5 Ban loai B va C
1 _ )
0,7 === Tig¢u chuan Chau
0,5 Au loai 1
0
NN Tiéu chuan Nhat
N N ¢
@0’\6 41\5 %z\‘J @0:\’ 47’ Ban loai A

Biéy dd 3. So sanh db tro vién dc‘{t mun cwa v&i cac tiéu chuan Han
Quoc [9], Nhat Ban [11] va chau Au [10].

K&t qua biéu dd 3 cho thdy, miu vién dét tir min cwa
nén & 150°C c6 ty 1é tro dudi 3%, vuot tiéu chudn Nhit
Ban [11] va chau Au [10], nhwng dat tiéu chuén loai 2
ctia Han Qudc [9].

(0 200°C, ty 18 tro ctia vién nén mun cwa cao gap 3,37
1an tiéu chuidn Nhat Ban [11] va 2,25 lan tiéu chuin chiu
Au [10], khong dat loai 2 nhung dat loai 3 ctia Han Quéc
[9], véi ty 1& x4p xi 3,37%. Nhw vy, cd hai mau mun cuwa
nén & 150 va 200°C khong dap (rng tiéu chuin nao cua
Nhat Ban [11] va chau Au [10].

Déi véi mau két hop mun cwa va vo hdp sita, ty 1é tro
nén & 150 va 200°C déu vwot tiéu chuin ciia Han Quéc
[9], Nhat Ban [11] va chau Au [10], véi ty 18 lan lwot 1a
6,5521 va 5,3874%, khéng dat tiéu chuin nao.

MAu mun cua két hop nilon nén & 150°C c6 ty 18 tro
3,3457%, dat tiéu chuin loai 3 ctia Han Quéc [9], cao gip
3,35 14n so véi tiéu chudn Nhat Ban [11] va 2,2 14n so v&i
tiéu chudn chau Au.

6
5 5 Mau vién
dot mun cua
4
° 3
5 3 orrrseeryT 3 ;
:;, 2,61 " > e Tigu chqén
=} Han Quéc
e 2 loai 3
1,5
1 —— ]
8 Tiéu chudn
0 Han Quée
o \Qmaé\@eé\,\pc\,\gefnoé \(_,Q loai 2
S S

Biéu d6 4. So sanh do tro vién dét mun gé vé&i cac tiéu chuan Han
Quéc [9], Nhat Ban [11] va chau Au [10].
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K&t qua biéu dd 4 cho thiy, cAc mau st dung mun
gd 1am nguyén liéu chinh déu c6 phan trdm do tro dudi
3%, dat tiéu chuén loai 2 (<3%) va loai 3 (£5%) cua Han
Qudc [9]. Tuy nhién, ching khong dat tiéu chuin cla
Nhat Ban [11] va chau Au [10], véi d6 tro cao hon tir
2,58 dén 3 1an so véi tiéu chudn Nhat Ban [11] va tir 1,72
dén 2 lan so véi tiéu chudn chau Au [10]. P6i véi mau
két hop mun gd véi nhan chai, do tro cla vién nén ép &
100 va 120°C ciing dat tiéu chuin loai 2 va loai 3 ctia Han
Quéc [9], nhung van khong dap ng cac tiéu chuin cla
Nhat Ban [11] va chau Au [10].

3.6. Ddnh gid théng s6 dé bén vién dot

Sau khi c6 san phdm vién d6t tir nén ép nhiét, ta tién
hanh do va danh gia dé bén cda vién d6t qua may rung
lac va so sanh véi tiéu chuin ctia Han Quéc [9].

100
99,3
99 99,2
99 98,7 98
98 Mau vién dbt
o7 0y 97 97,5 mun cua
96,5 ) .
5 9 e Tiéu chu]ﬁn
2 Han Quoc
< loai 3
R 95 95
= @ Tiéu chuan
94 Han Quoc
loai 2
93 Tiéu chuin
Han Quoc
92 loai 1
SN ca\\:\ea&o\z«o &
F W L
\,,pi@“% N
N
¥
Méu

Biéu dd 5. So sanh dd hao hut khéi lwgng sau rung lac vién dét véi
tiéu chuan Han Quéc [9].

K&t qua biéu do 5 cho thiy, da phan cac mAu vién dét
tir mun cwa va mun gb déu dat tiéu chuin do bén loai
1 ctia Han Quéc [9] 1a 297,5%. Mau McV-150, McN-150
va MgNC-100 chi dat dwoc loai 2, 3 cia Han Quéc [9]
(296,5%). Vé co ban, dd bén ctia cic mau vién dot déu
297% nén trong qué trinh van chuyén c6 sy va dap dan
dén su thay do6i vé két ciu vién dot thi hoan toan chip
nhéin dwoc mirc hao hut 3% khoi lwong nhw két qua do
bén da phén tich.
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3.7. Anh hwéng méi trwvorng va phdt thdi

Trong qua trinh d6t, thanh phan nhwa (PE, PP, PET)
va vo hép sira (cdu tao tir gidy, nhwa PE va 1&p nhom)
c6 thé sinh ra nhiéu loai khi thai &nh hwéng dén moi
trueong. Cac chat phat thai bao gbm khi axit (HCl, HF),
hydrocarbon, NOx, SOx va bui min. Mirc dé phat thai phu
thudc vao ty 1& phéi tron nguyén liéu, diéu kién nhiét
do - oxy trong qua trinh chay, cling nhw hiéu qua ctia hé
théng x Iy khi thai dwoc ap dung.

P& gidm thiéu cac tac dong tiéu cuc, cdn c6 cac bién
phép tién x& ly pht hop. Mot s6 giai phap dwoc dé xuit
gdm: tach hodc giam thi€u 1&p nhom trong vo hop sira;
tang cwong cong doan riva dé€ loai bo tap chatvo co; dong
thoi kiém soat kich thuéc hat nguyén liéu nham han ché
lwong tro sinh ra trong qua trinh dét.

Song song do, viéc do kiém va danh gia phat thai la rat
quan trong. Can tién hanh phén tich thanh phan nguyén
td (CHNS, kim loai nang), thwc hién cac thir nghiém dét
& quy mo pilot va do lwong khi thai phat sinh (CO, NOx,
S0,, HCI, HF, VOC, bui). Bén canh do, can xac dinh lwong
tro bay va tro day, dong thoi déi chiéu két qua véi cac
ngudng quy dinh cla thi treong muc tiéu d€ dam bao
san phdm d4u ra dap rng yéu ciu moi treong.

T cac phan tich trén cé thé rut ra két luin: nhirng
cip phoi nguyén liéu c6 ham lwong tro cao khong phu
hop cho phan khiic dan dung do nguy co phat thailén va
kho kiém soat. Thay vao d6, chiing nén dwoc wu tién rng
dung trong cac hé théng céng nghiép hodc dong dét, noi
da c6 san thiét bi xtr ly khi thai hién dai, ddm bao an toan
va giam thiéu rai ro moi treong.

4. Két luan

Nghién ctru chirng minh kha nang san xuit vién nén
RDF tir mun cwa, min gd (canh) va moét phan rac thai
sinh hoat (v6 hop sita, nilon, nhan chai) véi khoi lwong
nap 15 g/vién, dai nhiét nén 110-200°C, thoi gian gitr 15
phit. C4p phdi phu hop 1a 8:2 (mun cwa/chat két dinh
rac) va 9:1 (mun go/nhan chai), cho tao hinh dep va lién
két t6ét. Két qua do cho thdy: &m <10%, do bén 297%,
nhiét tri dat 16,85-24,68 M]/kg; do tro ciia mot s6 cip
phdi cao hon chudn Nhit/EU dan dung nhwng dap &ng
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tiéu chudn Han Qudc va phi hop ¢ng dung cong nghiép/
doéng dot. Hwdng tiép theo 13 gidm tro (tach 16p nhém
hop sita, t6i wu rira/loai tap), chuin héa do mat do khoi
va chuin héa phép do do bén theo ISO 17831-1 d€ ting

kha nang so sanh quoc té.
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Ung dung chudi chin & cic cdp d9 khac nhau trong san xuat banh mi
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n/ [ < [.

Chudi 1a loai qua phd bién tai Viét Nam nhwng c6 ty 1€ ton thit sau thu hoach cao do chin nhanh va kho bao
quan khi chin. Nghién ctru ndy nham rng dung chudi tiéu (Musa acuminata AAA var. Cavendish) & ba mirc
chin khac nhau dwa trén chi s6 mau vé (Peel Colour Index - PCI): PCI 6 (vo chin vang), PCI 7 (v6 c6 mdt vai
d6ém den - chin trirng cudc) va PCI 7+ (trén 80% vo bi thim den) vao san xuit banh mi ngot va danh gia anh
hwdéng ctia mirc dd chin ctia chudi dén chit lwong banh. Chudi dwoc nghién thanh puree va thém vao cong
thirc banh mi ngot. Puree chudi va cic mau banh dwgc danh gia chi tiéu hoa ly (dd 4m, pH, dwdng tong, axit
tong, thé tich riéng) va cdm quan. Két qua cho thiy, chudi & mirc chin PCI 7 ¢6 46 Am va ham lwong dwong
cao hon, trong khi dé axit giam so véi chuéi chin PCI 6. Trong dé, chuéi chin PCI 7 gitip bAnh mi c6 mau sic
h4p dan, mui vi chudi dic trwng, ciu tric xdp nhe va dat diém cam quan cao nhit (8/9 diém - rit thich). Két
qua cho thay, trong diéu kién thi nghiém, chudi chin PCI 7 1a nguyén liéu tiém ning cho ché bién thwc phim,
gop phan nang cao gia tri ndng san va giam thiéu ton thit sau thu hoach.

Tir khéa: banh mi, cAm quan, chi tiéu héa ly, chudi tiéu, doé chin.

Chi 56 phdn logi: 2.10, 2.11, 4.1

Utilisation of bananas at different ripening stages in bread making
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Abstract:
Bananas are a popular fruit in Vietnam but experience high post-harvest losses due to rapid ripening and
limited storability after ripening. This study aimed to investigate the use of Cavendish bananas (Musa acuminata
AAA var. Cavendish) at three ripeness levels based on the peel colour index (PCI): PCI 6 (yellow ripe peel), PCI
7 (fully ripe bananas with scattered spots on the peel), and PCI 7+ (over 80% of the peel blackened) in sweet
bread production, and evaluate the effects of banana ripeness on bread quality. Bananas were processed into
a purée and incorporated into sweet bread formulation. Banana purée and bread samples were evaluated for
physicochemical properties (moisture content, pH, total sugar, total acidity, and specific volume) as well as
sensory attributes. The results showed that PCI 7 ripe bananas at higher ripeness levels had greater moisture
and sugar contents, whereas acidity decreased than that of PCI 6 ripe bananas. In particular, bread with PCI 7
ripe bananas has attractive colour, a distinctive banana flavour, a light and spongy structure, and achieve the
highest liking score (8/9 points, corresponding to “liked very much”). The results indicated that PCI 7 ripe
bananas, under experimental conditions, represent a potential ingredient for food processing, contributing to
increasing the value of agricultural products and minimising post-harvest losses.

Keywords: banana, bread, physicochemical properties, ripeness level, sensory attributes.

Classification numbers: 2.10, 2.11, 4.1
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1. Dat van de

Chudi (Musa spp.) 1a mdt trong nhitng loai trai cay
nhiét d&i phd bién nhit trén thé gidi, déng vai tro quan
trong trong an ninh lwong thwc va phat trién kinh té tai
nhiéu qudc gia, bao gobm Viét Nam [1]. Tuy nhién, dac diém
dé chin nhanh va khé b4o quan sau khi chin khién chudi
tré thanh mot trong nhirng loai trai ciy cé ty 1é tén that
sau thu hoach cao [2]. Trong d6, chudi chin qua do6 (chin
cip dd 7 trd 1én theo thang do mau cda vo PCI - vGi vo
bt dau c6 dom tham den, thit qud mém thwong bi loai
bo khoi chudi cung (ng tiéu dung do khong phu hop thi
hiéu ngwoi tiéu dung [3, 4]. Uéc tinh, khodng 8-20% tong
san lwong chudi bi 1ang phi & giai doan nay, twvong dwong
khoang 100 kg chit thai trén moi tin chudi san xuat [5].

Mat khac, nghién cttu cho thay, chudi chin qua do van
gitr gia tri dinh dwdng cao, chiva nhiéu vitamin C, khoang
chat (K, Na, Mg), cac hoat chit c6 hoat tinh sinh hoc cao
nhw polyphenols, flavonoids va dwong tw nhién (sucrose,
fructose va glucose) [6]. Ham lwong dwong trong chudi
tang gip 7-10 1an khi chin nh¢o qué trinh thdy phén tinh
bot [6, 7]. Diéu d6 mé ra tiém nang tAn dung loai nguyén
liéu nay 1am chit tao ngot tw nhién trong ché bién thuc
phdm. Viéc &ng dung chudi chin qua d6 vao thwc phadm
nhu bdnh mi ngot khong chi gidp gidm thiéu lang phi
thwe phdm, ma con nang cao gia tri st dung cia néng
san, phu hop v&éi muc tiéu phat trién thwc phdm bén
virng va kinh té tuin hoan trong néng nghiép.

Banh mi 12 mét trong nhirng thwe phidm cé tir 1au doi
va dwoc tiéu thu rong rai trén toan thé gidi, voi mirc tiéu
thu trung binh tir 59 dén 70 kg m6i nam trén dau ngwoi
[8]. Trong ché bién banh mi, duwdng kinh tring thudng
duoc st dung nhw nguyén liéu tao ngot va hd trg qua
trinh 1én men. Viéc st dung ham lwong dwong c6 sdn
trong chudi chin tw nhién dé ché bién thuc phdm khong
chi gép phan gidm phu thudc vao dwong tinh luyén, ma
con nang cao ham lwgng dinh dwdng va hwong vi tw nhién
cho san pham. Trong nhirng nam gin day, trong nwéc co
nhiéu nghién ctru hon vé &ng dung chudi chin trong ché
bién thuc phdm nhw rwou chudi [9], chudi sdy déo [10],
nuwdc chudi [11], nhwng cic cong bd vé &ng dung chudi
chin trong ché bién céc loai banh con han ché.

Trén co s& do6, nghién ctru nay dwoc thwe hién nham
danh gid anh hwdng ctia viéc b6 sung puree chudi & cac
mitc dd chin khac nhau dén chi tiéu héa ly va cdm quan
ctia banh mi. K&t qua thu dwoc c6 thé déng gbép vao viéc
phét trién cac san phdm thwc phdm than thién véi moi
truedng, ning cao gia tri gia tang cho chudi - mot néng
san ban dia - dong thoi gép phan gidm thiéu lang phi
thwc phdm trong chudi cung trng néng nghiép.
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2. U4t liéu va phuang phap nghién cifu
2.1. Nguyén vit liéu str dung

Nghién ctru str dung chudi tiéu (Musa acuminata AAA
var. Cavendish) dwoc thu mua tai chg' ddu méi Bac T
Liém, HA Noi. Chudi dwoc thu mua tai thoi diém dat do
chin v6 vang PCI 6 (A) theo phan loai mau sic ctia vo va
ti€p tuc d€ chin téi cac dd chin vo trirng cuéc PCI 7 (B)
va chin vé thdm den PCI 7* (C) (hinh 1). Bén canh do,
nghién ctu cling st dung cac nguyén liéu khic dé lam
banh mi nhw b6t mi s6 11 (Interflour, Viét Nam), dwong
kinh trang (Viét Nam), sita dic (Vinamilk, Viét Nam),
trirng ga (Viét Nam), bo (Anchor, New Zealand), mudi
hat nhé (Visaco Mit troi, Viét Nam), dau dn (Twong An,
Viét Nam), nAim men khé (Mauripan, Viét Nam).

©

Hinh 1. Chuéi tiéu & cac mirc dé chin khac nhau: PCI 6 chin vé vang
(A); PCI 7 chin vé trirng cudc (B) va PCI 7* chin vé tham den (C).

2.2. Cong thirc ché bién

Cong thirc ché bién banh mi ngot: 2 g men né dwoc
hoat héa véi 50 ml nwée 4m, 15 g dwdng tinh luyén trong
10 phut. Sau khi men dwoc hoat héa, hon hop dwoc tron
déu véi 100 g bot mi, 0,5 g mudi an, 7,5 g siva dic ¢
dwong, 2,5 g dau dn, 16 g tritng ga, 0,15 g axit ascorbic
v&i may tron bot da dung Philips HR3750/00 cho t&i khi
bot déng nhat. Tiép tuc chia bot thanh cac khéi nhé theo
kich thwérc khudn banh va dworc G trong 50 phut. Sau khi
khoi bot da né phong, ti€p tuc nwéng véi ché do nhiét do
10 trén 160°C va nhiét do 10 dwédi 140°C trong 28 phut.
Banh mi c6 b6 sung puree chudi dwoc thwe hién twong
tw nhw cdng thirc trén, nhung thay 50 ml nwéc bang 50 g
puree chu6i, gidam 15 g dwong tinh luyén xudng 5 g,
khong b6 sung thém axit ascorbic.

2.3. Phwrorng phdp phdn tich cdc chi tiéu héa ly cua
puree chudi va banh mi ngot thanh phdm

Phwong phdp do d6 @m: Pd 4m cia mAu duoc do bang
phwong phap sdy kho téi khéi lwong khong ddi & nhiét
do 105°C theo AOAC (Association of Official Analytical
Chemists) (2000) [12].

Phwong phdp do pH: Gi4 tri pH cia mau dugc thwc hién
bing may do pH Mettler Toledo S220-K (SevenCompact
S220, Thuy S¥).

9



Phwong phdp ddnh gid ham lwong axit téng sé:
Ham lwong axit tdng s6 dwoc xac dinh theo phwong
phap chuin do véi dung dich NaOH 0,1M cung vai giot
phenolphtalein cho té¢i khi xudt hién mau hong bén theo
TCVN 5483:2007 [13].

Phwong phdp danh gid ham lwong dwong hoa tan
téng s6: Ham lwong dwong hoa tan tdng sé dwgc xac
dinh bang phwong phap phenol-axit sulfuric. Cu thé,
1 ml mAu sé& dwoc phdn ng v&i 1 ml dung dich phenol
6% va 5 ml dung dich axit sulfuric ddc trong 20 pht.
Sau d6 do do h4p thu quang & bwdc séng 490 nm bang
may do quang ph6 Genesys 10S UV-Vis Spectrometer
(Thermo Scientific, M§). Glucose dwgc st dung lam chit
chuin [14].

Phwong phdp do thé€ tich riéng cia bdnh thanh
phdm: Banh mi thanh phdm dwoc cit theo kich thuéc
5x5x5 c¢m va tién hanh do khéi lwong bing can ky thuat
2 s6 1& Ohaus (PX3202, My). Thé tich banh dwoc do bang
phwong phap hat ké chiém chd. Thé tich riéng l1a ty 1&
gitra thé tich va khéi lwong cia banh thu duoc.

Phwong phdp do mau: Mau ctia san phim dwgc danh
gid théng qua hé mau CIE Lab st dung may do mau cim
tay NR-12A (Nippon Denshoku, Nhat Ban). Véi gia tri do
sang L* c6 tir 0 dén 100, vdi hai phan khong gian con lai
la gia tri a* (tir xanh luc dén dd) va b* (tir xanh dwong
dén vang) [15]. Dwa trén két qua do mau, chi s6 h6a nau
(BI - Brown Index) dworc tinh toan theo cong thirc (1):

x — 0,31
BI = 0’17
_ a*+1,75-L*

¥ 5645 I'+a—3,012 b*
Sw khac biét vé mau sic so véi mau doéi chirng AE
dworc tinh theo cong thirc (2):

X 100,

(1)

(2)

Phwong phdp ddnh gid cdm quan: Panh gia cdm quan
dwoc thwe hién tai Phong Thwc hanh Cidm quan, B6 mén
Coéng nghé Thuc phdm, Khoa Cong nghé Héa, Trwong Dai
hoc Cong nghiép Ha Noi, trong diéu kién nhiét d6 phong
duy tri & mirc 25+2°C. Hé thong chiéu sang bang dén
dién dwoc bd tri dong déu, khong tao khoang t6i, nham
dam bao ngudi thir ¢ thé quan sat va danh gia chinh xac
ddc treng clia san phdm. Nhém nguoi thir (n=20) gom
cac tinh nguyén vién la sinh vién Truwdng Pai hoc Cong
nghiép Ha Néi, do tudi tlr 18 dén 22, ty 1é nam va nir
twong dwong, khéng c6 tién st di ng véi thanh phin
san pham va khong st dung chat kich thich. D€ dam bao
tinh khach quan, miu banh mi sau khi nwéng dwoc dé

AE = \J(AL)?2 + (Aa*)2 + (4b)2
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ngudi trong 2 gid, sau d6 ma héa trwdc khi tién hanh
thi nghiém. Ngudi thir dwoc cung cdp mau theo trinh tw
ngau nhién va danh gia mac d6 yéu thich dwa trén cac
tiéu chi vé mau sic, mui, vi, cdu tric va téng thé st dung
thang do Hedonic 9 diém, trong d6 1 diém twong rng
vGi “cwe ky khong thich” va 9 diém twong &ng véi “cuc
ky thich” [16].

Phwong phdp xtr Iy s6 liéu: Moi thi nghiém déu dwoc
lam 13p lai 3 1an. SO liéu dwoc x& ly tinh todn s dung
phin mém Microsoft Excel 2021. Phan tich phwong sai
mot yéu t6 (ANOVA) dwoc xit ly bang phan mém PRISM
9 tai mirc y nghia a=0,05.

Truéc khi nghién ctiru dwoc tién hanh, tat ca nguoi
tham gia da dwoc giai thich vé nghién ctru va déu dong y
tw nguyén tham gia.

3. Két qua va ban luan

3.1. Thanh phdn héa ly cia puree chudi nguyén
liéu & cac do chin khdac nhau

Thanh phan héa ly cta puree chudi tiéu nguyén liéu
thay d6i khi & cac dé chin khac nhau (bang 1). Do 4m
cda thit qua twoi dao dong tir 73 dén 80% v&i do chin do
theo mau sic ctia vo PCI 6 (v6 chin vang) téi PCI 7* (trén
80% vo thdm den). Sy thay d6i ham lwong nwéc anh
hwdng téi ciu tric cda thit qua. Chudi cang chin, lwong
nuwéc trong chudi cang ting, thit qua cang mém. Nguyén
nhén c6 thé do nwéc 1a sdn phdm cta qué trinh hé hip
hoan toan & qua twoi, cling nhw do nwédc c6 thé di chuyén
tlr vO vao thit qua trong qua trinh chin. Két qua nay phu
hop v&i nghién ctru ciia R.B. Watharkar va cs (2020) [6]
va cua S. Thaiphanit va cs (2010) [17]. Cac két qua da chi
ra ham lwgng nwéc trong chudi tang dian tir 75 dén 80%
véi do chin cia qua tir PCI 6 (v6 chin vang) - PCI 8 (50%
vé vang, 50% vo tham den) [6, 17].

Bang 1. Chi tiéu héa ly cta puree chudi tiéu nguyén liéu & cac do
chin khac nhau.

Puree chudi tiéu  Puree chudi Puree chudi

Cac chi tiéu chin tiéu chin tiéu chin
cip do PCI 6 cap do PC1 7 cdp do PCI 7+

DO Am, % 73,860,042 74,63+0,02° 79,48+0,09¢
Ham luong dutmg 5, 940 630 4571:090°  43,2440,12°
hoa tan tong, %
Ham lwong axit tong i

v 3,07+0,03* 2,45+0,01° 2,2340,03¢
s0, %
pH 4,17+0,01° 4,83+0,01° 5,3240,01¢
Chi s6 hoa nau (BI) 46,31£1,50? 46,35+1,75° 55,81+6,53°

Gia tri c6 chir cai khac nhau trong cung mét hang thé hién sw khac
nhau c6 nghia (p<0,05).
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Ham lwong dwong hoa tan téng s6 trong chudi ting
dang ké tir 34,01 1én 45,71% tir d6 chin PCI 6 sang PCI
7 khi qua dat d6 chin cwc dai, qua tré nén ngot hon. Két
qua nay twong dong véi két qua tim thay trong nghién
ctru cua J.W. Kim va cs (2013) [18] véi ham lwong dwong
hoa tan tong so tang tir 39 1én 44% & cung dd chin. Tuy
nhién khi tiép tuc dé qua chin ti€p téi PCI 7* thi ham
lwong dwong hoa tan tong sd lai gidm xudng mot cach
dang ké (45,71 xudng 43,24%) do qua trinh ho hip cua
qua.

Ty 1é dwong va axit ¢6 lién quan chat ché téi hwong vi
cta qua khi chin. P chua ctia qué dwoc thé hién théng
qua gia tri do pH va ham lwong axit hitu co téng sd. DO
chua gidm nhe khi chin v&i ham lwong axit tong s6 giam
nhe tir 3,07% xudng 2,23% khi qua cang chin tir PCI 6
sang PCI 7%, gidm hon 20%, twong dwong véi két qua
tim thdy trong nghién ctru cia S. Thaiphanit va cs (2010)
[17] (gidm tlr 3,47% xudng 1,92% khi ting do chin cda
chudi tir PCI 6 t&i PCI 8). Hon nita, nghién ctiru da chira
rang cac axit chinh trong chudi 1a citric, malic va oxalic
[19]. Sw gidm ham lwong axit tong s6 do két qua clia qua
trinh ho hip trong qua trinh chin ctia qua. Két qua nay
hoan toan pht hop v&i sy tang gia tri pH cua dich chudi
khi d6 chin ting dan.

Mau sic clia puree qua ciing thay ddi theo do chin cia
qua va dwoc thé hién théng qua chi s6 héa nau. Chi s
héa nau cia puree chudi ting dan theo do chin tir 46 dén
56, trong d6 rd rang nhit khi chu6i chin cap dé PCI 7+.
Hay néi cach khac, chudi cang chin thi puree ciia né cang
sam mau. Sw héa nau & thit qua thwong xay ra trong cac
té bao ctia qua chin, noi sw mat di kha nang ngan cach
cho phép phenol tiép xic véi cadc enzyme oxy hoa cla
ching dan t&i qué trinh oxy héa enzyme cac hop chit
phenolic bé&i polyphenol oxidase (PPO) va peroxidases
(POD) [20].

Nhu vdy, puree chudi véi dic trueng hon 70% la nwérc,
ham lwgng dwdng hoa tan téng so cao, ¢ chira nhiéu axit
hitu co, phtt hop dé ché bién banh mi ngot, khong cin bd
sung thém nwérc, gidm ham lwong dwong thém vao.

3.2. Thanh phan héa ly ciia bdnh mi ngot b6 sung
puree chudi tiéu chin

Trong thi nghiém, 50% puree chudi chin so véi khoi
lwgng bot mi & cac do khac nhau dwoc b sung trong qua
trinh ché bién banh mi ngot, dé ddm bao dd ngot va ham
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lrong nuéc twong dwong véi mau doi ching. Két qua
bang 2 cho thiy, sau khi bé sung puree chudi tiéu & cac
d6 chin khac nhau, chat lwgng banh mi thay déi dang ké.
Do 4m ctia banh mi khi b8 sung puree chudi nam trong
khoang 34-39%, cao hon dang ké so véi mau déi chirng
khong bd sung puree chudi (32%). Sw ting dd6 4m cua
banh ty 1é thuin v&i do chin chudi st dung, hoan toan
pht hop véi két qua dd 4m cha puree chudi thu dwgec tai
bang 1. Ham lwgng d6 4m cao gitip bAnh mém nhwng anh
hwdng téi thoi gian bdo quan cia san pham.

Bang 2. Chi tiéu hoa - ly cia banh mi bé sung puree chubi & cac
cap do chin khac nhau.

Zl::,:’lndm f}?:fl)’liltr;léu Banh mi Banh mi
Cac chi tiéu R g . . ..  chuditiéuchin chuditiéu chin
(khong chincipdd o dopcl7  cipdoPCIT
chudi) PCI 6 P P
D 4m, % 3210£026°  3471:026° 35235024 38402023
Ham luong
dudmghoatan  3678:055  3915£1,00°  40,82:064°  3495:0,15°
tong, %
Hamlugngaxt ) o000 27960050 2506002 1,9540,05¢
tong s6, %
pH 5126001°  490:001°  5210,01° 5,2440,01¢
I:lf/t;h TS 4221002 430:001°  468:002°  465:003"

Gia tri ¢6 chi¥ cai khac nhau trong cling mot hang thé hién sy khac
nhau c6 nghia (p<0,05).

Do chudi chin chita nhiéu dwong tw nhién, cong thic
banh mi c¢6é b8 sung puree chudi dwoc gidm khoang
x67% lwong duwdng tinh luyén so véi mau doéi chirng
nhdm trdnh vi ngot qua murc. Két qud danh gid ham
lrgng dwong hoa tan tong sd clia bAnh mi thanh pham
khi b8 sung puree chudi nam trong khoang 34-41%.
Trong d6, mau banh mi st dung puree chudi chin cip
dd PCI 7 (vO trizng cudc) ¢ ham lwong dwong hoa tan
cao nhit (x41%), phdn anh d6é ngot cdm nhén cao hon
rd rét so véi cac mau con lai va ddi chirng. Mt khac, ham
lwong axit tong s6 trong sdn phdm banh mi c6 sy giam
nhe nhwng khéng cé sw khac biét dang ké so véi mau doi
chirng khi b6 sung puree chudi chin & cdp do PCI 6 va
PCI 7*. Ham lwgng axit hitu co gidm kéo theo gia tri pH
tang lén.

Thé tich riéng ctia bAnh mi cé bd sung puree chudi
dao dong tir 4,30 dén 4,68 cm?®/g, cao hon so véi mau
ddi chirng. Thé tich riéng ting phan dnh banh c6 ciu
tric x6p hon, khoi lwgng nhe hon sau khi b6 sung puree
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Hinh 2. Lat cat banh mi khong bé sung puree chudi (A), b sung puree chudi chin & cac cap dé PCI 6 (B), PCI 7 (C) va PCI 7+ (D).

chudi. Trong d6, banh c6 b6 sung chudi chin trimg cudc
va chin qua do c6 ciu tric nhe va xdp nhat. Diéu nay cé
thé giai thich do & d6 chin PCI 7 va PCI 7*, ham lwong
dwong hoa tan tong s6 dat cao nhit (bang 1), 1a co chit
thuén lgi cho ndm men Saccharomyces cerevisiae, giGp
qué trinh sinh khi CO, manh mé, gitp banh né tét hon,
c6 cdu tric x0p hon. Két qua nay twong dong véi nghién
ctru cuia K. Hosokawa va cs (2020) [21], trong d6 banh
mi b6 sung 10% bot chudi chin trirng cudc (tudn 1-3) va
5% dwong c6 thé tich riéng 4,0-4,5 cm?/g, véi gia tri cao
nhit ghi nhan khi b6 sung bot chu6i chin & tuin thi 2.
C4u tric x0p cling duoc thé hién qua lwgng cac 16 rong
trong banh nhiéu va to hon khi b sung puree chudi so
v&i banh ddi chieng (hinh 2).

Bén canh d6, mau sic ctia bAnh mi thanh phim cling
thay d6i ro rét sau khi b6 sung 50% puree chudi & cac
d6 chin khac nhau, thé hién qua hinh 2 va két qua do CIE
Lab (bang 3).

Bang 3. Két qua do hé mau CIE Lab, chi sé héa nau va dé khac

biét mau sic ctia banh mi bé sung puree chudi v&i cac dé chin
khac nhau.

X g
R Ma}l el Banh mi chuéi Banh michudéi  Banh mi chudi
Hé chirng - P . f A o I
mau (khon tiéuchincap  tiéu chin cip d§ tiéu chin cap
one 6 PCI6 PCI7 b PCI 7*
chudi)
L5 51,17+0,54* 50,56+0,08° 57,63+1,06" 50,53+0,44°
a* 1,78+0,06* 1,95+0,06* 2,00+0,09° 0,85+0,14°
b* 14,58+0,14*° 15,57+0,22° 19,80+0,22¢ 12,8340,31¢
Chi so
233 3539:0,36' 38,87:0,50°  43,69:0,85 29,89+1,28¢
(BD)
AE - 1,25+0,28* 8,34+1,34" 2,1240,29?

Giéa tri c6 chi¥ cai khac nhau trong cung mét hang thé hién sw khac
nhau c6 nghia (p<0,05).

JHOAHOC | -

Dwa trén cac gid tri c6 trong bang cé thé thay gia tri L*
dai dién cho d6 sang clia cdc mau, gia tri L* cang cao thi
mau clia miu cang sang. Gia tri a* cda cac mau banh mi
c6 gia tri dwong dao dong tir 0,85 dén 2,00, c6 nghia la
cac mau c6 thién hwéng mau dé nhe. Gia tri dwong ciing
do dwoc véi gia tri b* dao déng tir 12,83 dén 19,80, phu
thudc vao do chin puree chuéi bd sung vao banh. Véi gia
tri b* cang cao thi miu c6 mau vang cang dam. Vé&i cac
gia tri L* a* va b* dat cao nhét, lan lwot 1a 57,63, 2,00
va 19,80, mau banh mi b6 sung puree chudi chin tritng
cudc PCI 7 dwgce ghi nhan c6 do sang cao, sic dé va vang
ndi bat, két hop chi s6 héa nau BI cao nén banh c6 mau
nau vang hap dan. Diéu nay c6 thé giai thich do phan trng
Maillard xay ra gitta cac dwong khir va axit amin, lam
tdng mau vang nau [22], din téi chi s BI cao, nhung &
do6 chin nay ham lwong carotenoid (tao sac vang) con
cao, cao hon & do chin PCI 6 [19] nén banh c6 mau vang
sang v&i gia tri L* cao nhit. Tiép theo, véi gia tri L*, a*,
b* thdp hon, banh mi b sung puree chudi tiéu chin vang
PCI 6 va banh mi d6i chirng cé d6 sang trung binh, mau
vang dam hon, hoi sic d6. BAnh mi c6 b6 sung puree
chudi chin qua do PCI 7* ¢6 mau sic kém h4p dan nhit
véi cac gia tri L*a*b* thap nhit.

Sw khac biét mau sic (AE) tir 0 dén 1,5 dugc xem
12 nhé, hau nhw gidng hét nhau néu quan sat bang mat
thwong, AE nam trong khoang tir 1,5 dén 5 thi khéc biét
mau sic c6 thé dwoc biéu 19, trong khi AE 1én hon 5 thi
biéu hién mét cach ré rang [23]. Két qua thu dwoc cho
thdy, mau banh mi b sung chudi chin trirng cudc PCI 7
c6 hiéu trng mau tich cuc, dé nhan thiy, va s khac biét
roé rét vé mau so véi ddi chirng. Trong khi d6, mau banh
mi ¢ bd sung puree chudi chin vang PCI 6 va chudi chin
qua do PCI 7* it khac biét hon. Két qua nay hoan toan phu
hop véi hinh dnh quan sat dwoc & hinh 2.

Két qua danh gia cAm quan banh mi chudi theo thang
do Hedonic 9 diém dwoc trinh bay trong hinh 3.



Khoa hoc K thuat va Cong nghé | Ky thut thuc pham va do uéng; Cac inh vic khac clla khoa hoc ki thudt va cong nghé; Khoa hoc Nong nghiép | Tring trot e

e====Banh mi khéng c6 chudi BM Chudi chin vang BM Chin triing cuéc BM Chin qua do

Mau

Téngthé

Cau trac i

Hinh 3. Két qua ’da'nh gia cé’m quan vé&i cac mau banh mi c6 bd
sung puree chuoi v&i cac cap do chip khac nhau. (Gia tri c6 chiy
cai khac nhau trong cung mét tiéu chi thé hién sy khac nhau c6 nghia
p<0,05).

Tir két qua hinh 3 cho thiy, banh mi c6 bé sung puree
chudi chin & cip dd PCI 6 va PCI 7 c6 diém cam quan
mui va vi dat 6-8/9 diém, cao hon 1-2 diém so v&i mau
d6i chirng do banh c6 mui chudi chin thom kha dé chiu,
vi ngot tw nhién. Hrong thom cda banh quyét dinh bai
cac ester cta chudi chin (90% la cac ester cta acetate
va butyrate) [6, 24] trwéc qua trinh 1én men, cac hop
chat hinh thanh trong qua trinh I1én men banh mi va cac
hop chit hinh thanh tir phan rng Maillard va caramel
héa trong qua trinh nwéng banh mi [25]. Tuy nhién, khi
b6 sung puree chudi chin & cdp do6 PCI 7+, ham lwong
dwong cao, 1én men nhanh nén banh thanh phidm thu
dwoc c6 mui vi ndong hon khién cho diém cdm quan mui
va vi chi dat 3,4-3,6/9. Do c4u triic bAnh nhe va x6p hon
ciling diém cdm quan ciu truc dat cao hon. Véi diém cam
quan téng thé dat 8/9 diém (rat thich), banh mi c6 bd
sung puree chudi cap do chin PCI 7 (vo chin trirng cubc)
1a banh mi dat diém cdm quan yéu thich cao nhit. Két
qua nghién ctiu cho thay, chudi chin cip d6 PCI 7 - mac
du it dwoc tiéu thu & dang twoi - lai 1a nguyén liéu tiém
nang trong nganh ché bién thuwc phidm, trong dé cé san
xuit banh mi ngot, gép phin gia ting gia tri néng san va
giam thiéu lang phi. Chudi chin qua dé cling da thanh
céng st dung trong ché bién banh quy cookie [26], cling
nhu trong ché bién banh bong lan va banh ngot nhiéu
16p [27].

4. Két luan

Két qua phéan tich cho thdy, puree chu6i & mirc do
chin PCI 6 dén PCI 7* ¢6 dic diém chung 1a d6 4m cao,
ham lwgng dwong ting va db axit gidm, tir d6 gop phan
cai thién cac ddc tinh chit lwgng khi tng dung trong ché
bién banh mi. Pac biét, khi str dung chudi chin hoan toan
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(PCI 7) c6 xuat hién d6m niu, sdn phdm banh mi ngot dat
mau sic hdp dan hon, hwong vi thom ré rét va cau truc
x8p, nhe. Panh gia cdm quan ciing cho thiy, mau banh
bd sung puree chudi & cdp dd chin PCI 7 dat diém cam
quan yéu thich cao nhat. Trong cac nghién ctru tiép theo,
ching t6i dinh hwéng nghién clru mé rong danh gia toan
dién thanh phan dinh dwéng ctia sdn pham, khao sat anh
hwdng cia cdc phwong phap bado quan puree chudi chin
dén chit lwong banh, mé rong danh gia thi hiéu nguoi
tiéu dung, dong thoi phan tich hiéu qua kinh té cta cong
thirc méi, nham hoan thién quy trinh céng nghé phuc vu
sén xudt & quy md cong nghiép.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

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

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

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

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

Ténbai bao

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

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

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

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

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

1.Datvén dé/Dan nhap/Md dau

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

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

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

3.Kétqud

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

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

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

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

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

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

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

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

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

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

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

Luu y:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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