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Phat trién md hinh nhan dang tiéng noi dan toe thiéu so Hré, Co
sang tiéng Viet dang vin ban st dung tri tu¢ nhan tao

Nguyén Thanh Viét"”, Trin Duy Linh?
"Truong Dai hoc Pham Van Dong 509 Phan Pinh Phing, phuwong Cam Thanh, tinh Quang Ngdi, Viét Nam
2Trung tam Chuyén déi s6 va Péi moi sang tao, 118 Hing Vicong, phuong Nghia Lo, tinh Qudng Ngdi, Viét Nam

Ngay nhan bai 26/7/2024; ngay chuyén phan bién 29/7/2024; ngay nhan phan bién 19/8/2024; ngay chip nhan ding 23/8/2024

Tom tit:

Viéc xay dung co sé dir li€u (CSDL) dién tir tiéng dong bao dén tc thiéu sb Viét - Hré, Viét - Co 12 hét sirc cAn thiét
nham thu hep khoang cach giao tlep va ngon ngir gitra ngwoi Hre, Cova ngu'(n Kinh. Hién nay, cong nghé nhén dién
1o noi bang tri tu¢ nhan tao (AI) dat do chinh xac cao véi tleng Viét va nhiéu ngon ngir khac, cho phép wng dung
nhén dién tleng Viét trong chiéu dich Viét - Hré va Viét - Co ciia CSDL dién tir. Tuy nhién, chiéu nguoc lai, nhan
dang va dich tiéng Hré, Co sang tiéng Viét hién chwa cé nghién ciru. Trong bai bao nay, cac ciip tir twong ing dé tao
1ap kho dir liéu Viét - Hré, Viét - Co da dwoc tién hanh s6 héa dong nhit. Nho vao kho dir liéu da xiy dung, nhom tac
gia da phat trién thanh cong bd phan mém CSDL dién tir cho phép tra ciru ngir nghia giira cac ngdn ngir Viét - Hre,
Viét - Co véi hai phién ban web va thiét bi di dong. Pic biét, nhém tac gia ciing da nghién ctru va xay dung thanh
cong mo hinh nhin dang 1oi néi tiéng Hré va Co, mé rong kha ning rng dung cho CSDL dién tir nay.

Tir khéa: Co, co sé dir liéu dién tir, Hré, mé hinh nhan dang 10i néi, tiéng dong bao din tdc thiéu sb.

Chi sé phén loai: 1.2, 1.9

Developing a speech recognition model of Hre and Co ethnic minority languages

into Vietnamese text using artificial intelligence

Thanh Viet Nguyen'", Duy Linh Tran?

'Pham Van Dong University, 509 Phan Dinh Phung Street, Cam Thanh Ward, Quang Ngai Province, Vietnam
’Center for Digital Transformation and Innovation, 118 Hung Vuong Street, Nghia Lo Ward, Quang Ngai Province, Vietnam

Received 26 July 2024; revised 19 August 2024; accepted 23 August 2024
Abstract:

Building an electronic database of the ethnic minority languages of Viet - Hre, Viet - Co is extremely necessary to
narrow the communication and language gap between the Hre, Co and Kinh people. Currently, Al speech recognition
technology has achieved high accuracy with Vietnamese and many other languages, allowing the application of
Vietnamese recognition in the Vietnamese - Hre and Vietnamese - Co translation direction of the electronic database.
However, the opposite direction - recognition and translation of Hre, Co into Vietnamese - has never been studied
before. In this article, the corresponding word pairs to create the Vietnamese - Hre, Vietnamese - Co data warehouse
have been digitized uniformly. Thanks to the built data warehouse, the authors have successfully developed an
electronic database software package that allows semantic lookup between the Vietnamese - Hre, Vietnamese - Co
languages. This software package has both a web version and a mobile application “Hre - Co - Viet”. In particular,
the authors also researched and successfully built a speech recognition model for Hre and Co languages, expanding
the application capabilities for this electronic database.

Keywords: Co, electronic database, ethnic minority languages, Hre, speech recognition model.

Classification numbers: 1.2, 1.9
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1. Dat van deé

Theo thong ké nam 2019, dan s6 trén dia ban tinh Quéang
Ngii khoang 1,2 triéu ngudi véi hon 30 dan tdc sinh sdng,
trong do, dan toc Hré chiém khoang 10,8%, dan toc Co
chiém khoang 1,6% tong dan s6. Hau hét cac xa, phuong
va dic khu cua tinh déu co déng bao dan tdc thiéu sb cu tra
[1,2].

Trong nhitng ndm qua, voi sy quan tdm cua cic cp
nganh co lién quan, S6 Noi vu tinh Quang Ngai ph01 hop
véi Truorng Dai hoc Pham Van Dong hing nam deu t6 chirc
cac 16p giang day tiéng dong bao dén toc thiéu sb trong d6
c6 tiéng Hré va Co cho ddi tugng can bod cong chue, vién
chirc, gido vién. Tuy nhién, chua c6 CSDL tiéng dong bao
dan toc thiéu sb nao duge bién soan, xay dung dé phuc vu
viéc tra ctru ngén ngit trong qua trinh hoc ma chi cé cac tai
liéu gido trinh giang day, tai liéu nghién cttu cua cac nhom
tac gia ngén ngil hoc.

Vi vy, viéc nghién ctu, xay dung CSDL dién tu tiéng
dong bao dan toc thiéu s6 Viét - Hre, Viét - Co la hét st
can thiét nhdm thu hep khoang céch glao tlep, ngon ngf,
gitip cho ngudi déng bao dan toc thleu s0 hoc hoi, nang
cao kién thire, hoa nhép voi su phat trién chung cua tinh,
ctia dit nudc; dong thoi ciing gitp cho cac ca nhan nguoi
Kinh dang 1am viéc voi ngudi dong bao co thé hiéu va giao
tiép thuan lgi hon, qua do6 truyén dat cac kién thirc, cac chu
truong, chinh sach cua chinh quyén den nguoi ddng bao,
tiép thu kinh nghiém va hiéu 16 céc van dé ciia nguoi dong
bao dugc sau sac hon. Bén canh do, viéc xay dung CSDL
dién tir tiéng dong bao dan toc thiéu sb Viét - Hré, Viét - Co
cing la mot hinh thirc s6 hoa tiéng dong bao dan toc thiéu
sO cua tinh Quang Ngai. Viéc thu thap, luu trir dé xay dung
kho dit liéu ngit vung dang sb cia tiéng Hré, Co khong chi
gitip cho nguoi ban ngit ¢6 ¥ thirc bao ton, phat trién tiéng
me d¢é, ma con hinh thanh mét kho tai nguyén thong tin day
du, chan thyc, gitip cho cac thé hé nghién ctru hién tai va sau
nay co tu lidu chinh xac. Ddng thoi, gop phan gin gitt cho
cac thé hé sau khong chi ngdn ngir ma con nhirng gié tri vin
hoa truyén théng dic sic cua ngudi dong bao dan toc tinh
Quang Ngai.

Trén co s6 hai b tai lidu tiéng Hré va tiéng Co da dugc
UBND tinh Quang Ngéi phé duyét: “Tai li¢u Pao tao, b01
dudng tiéng Hré” (ding cho can bd cong chirc tai mién
nli va cong tac dan tdc tinh Quang Ngai) cia UBND tinh
Quang Ngii (ban hanh tam thoi kém theo Quyét dinh sb
893/Qb-UBND ngay 27/4/2007 cua UBND tinh Quéang
Ngai) [3] va tai licu “Bai hoc tiéng Co” (la mot cong trinh
thudc dé tai khoa hoc va cong nghé cap tinh co tén “Nghién
ctru, bién soan tai liéu day - hoc tiéng Co cho can bg, cong
chire (nguoi Kinh) cong tac tai huyén Tra Bong va huyén
Tay Tra, tinh Quang Ngai”, chu tri dé tai ThS. Nguyén Minh
Tri, thuc hién nam 2016) [4], nhom tac gia da tiép can va
nghién ctru von tir Viét, Hré va Co co ban va thudng xuyén
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su dung trong cudc séng. Nhém da thuc hién viée sé hoa
ddng nhit giita cac tir twong tmg dé thanh lap mot kho dir
liéu Viét - Hré, Viét - Co. Co s¢ dir liéu gém: kho ngir vung
song nglt Viét - Hré va nguoc lai; kho ngit vung song ngi
Viét - Co va ngugc lai.

Nho vao kho dir liéu da xay dyng, nhém tac gia da phat
trién thanh c6ng bo phan mém CSDL dién tir ¢6 thé sir dung
duoc trén cac thiét bi dién tir nhu: may tinh, dién thoai thong
minh... nhim muc dich tra ngir nghia giita cac ngdn ngi
Viét - Hré, Viét - Co. Bén canh do, phén mém trang bi thém
mot s6 cong cu dé ngudi dung c6 thé dé xuat cap nhat thém
mot sb tix chua co trong co s¢ di li¢u. Bo phén mém CSDL
dién tr Viét - Hré, Viét - Co gém cac phién ban chay trén
web [5] va g dung (app) “Hré - Co - Viét” chay trén thiét
bi di dong.

Hién nay, cac k¥ thuat AI dang phat trién manh mé cing
v6i nhing tién bo df”)ng thoi vé strc manh may tinh, dit ligu
16n va hiéu biét 1y thuyét. Al da trd thanh mot phan thiét yeu
ctia nhiéu nganh va cong nghé, giup giai quyet nhiéu van
dé thach thire trong hoc may, cong nghé phan mém, nghién
ctru van hanh, dac biét trong ngdén nglt va nhan dang 161 noi.

Trong d6, d6i véi tiéng Viét va nhidu ngon ngir khac trén
thé gidi, cong nghé nhan dién giong ndi (ASR) bang Al da
dat dugc nhitng két qua véi do chinh xéac rat cao, cho phép
nhan dang tiéng noi va tu dong chuyén tiéng néi thanh vin
ban dién tir. Trén co s& d6, co thé tmg dung cong nghé nay
trong viéc nhan dién tiéng Viét trong chiéu dich Viét - Hré
va Viét - Co cua CSDL dién tir. Tuy nhién, d6i voi chidu
nguoc lai - nhén dang 161 no6i tiéng déng bao dan toc thiéu
s6, cu thé 1a Hré va Co rdi dich sang tiéng Viét van chua ghi
nhan nghién ctru cong bd trong nude. Véi nhitng thanh tyu
va xu hudng phat trién cua cong nghé Al hién nay, dic biét
1a kha nang huan luyén thong qua mé hinh hoc sau (Deep
learning), cac tac gia da nghién ctru phuong phap va thuc
hién xay dung moé hinh nhén dang 161 noi tiéng Hré va Co
dé ing dung vao CSDL dién tir tiéng dong bao dan toc thiéu
sb Viét - Hre, Viét - Co.

2. Noi dung nghién ciiu

2.1. M6 hinh irng dung cong nghé nhdan dang loi noi
vao co so dir liéu dién tir
Céac md hinh nhan dang 161 ndi bang Al va Deep learning
sau khi dugc nghién ctru thanh cong sé tng dung vao CSDL
dién tir tiéng déng bao dan tdc thiéu sb Viét - Hré, Viét - Co
theo md hinh nhu sau (hinh 1): trong do, nguoi sir dung nodi
truc tlep hodc gui file &m thanh 1én. H¢ thong nhan dién va
chuyen 161 n6i sang van ban, sau do chuyén tir can truy van
dén CSDL. CSDL truy vén lay két qua va tra két qua (néu
tim thay) cho ngudi dung ¢ dang vin ban. Néu khong tim
thdy tir vung twong tng, hé thdng s& dé xuit cac tir vung
tuong tu, gan gidng nhit véi tir duge nhan dién boi mo hinh.
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Hinh 1. M6 hinh *ng dung nhan dang I&i néi vao co s& div
liéu dién tcr.

Ung dung nhan dang 161 n6i vao CSDL dién t tiéng
ddng bao dan toc thiéu sd Viét - Hré, Viét - Co s& gitip nguoi
sir dung c6 thé tra clru bang cach “néi tir” bén canh cach
“nhap tu”, mang lai nhiéu hiéu qua thiét thuc cho nguoi
sir dung nhu: kha ning truy cap: Pay 1a mot thudn loi déi
v6i ngudi biét phat Am nhung khong biét cach viét, nguoi
khong ranh cong ngh¢, hodc nguoi khuyét tat khi khong thé
dung chudt hay ban phim, nhung c6 thé dung giong néi dé
hé¢ thong chuyén thanh vin ban, gitip nhap liéu hay thao
tac mot cach dé dang; tdc d6 nhanh: ph?m mém nhan dang
giong noi c6 thé nim bit giong ndi ciia nguoi dung véi te
d6 nhanh hon so va&i khi nhap liéu bfing ban phim, vi viy tde
d6 khi nhép liéu bang giong noi s& cai thién dang ké, tir d6
giup viéc tra cuiu tr vung tro nén thudn tién hon.

2.2. Cic mé hinh hoc siu phé bién cho tic vu cong
nghé nhan dién giong noi

Deep learning bao gdm céc thuat toan hoc tir nhidu cp
d6 dé tao ra cac mo hinh biéu dién cac mbi quan hé phirc tap
gilta cac dir liu. Deep learning st dung mot hé thong phan
cap cac dac trung, trong do cac dac trung cap cao hon dugc
xéc dinh theo cac dic trung cap thap hon. Su phd bién cia
Deep learning co thé 1a do ting kha nang xtr 1y ctia may tinh,
xtr 1y lwong 16n dit liéu hudn luyén va tir d6 thic day nhiing
tién bo gin day trong hoc may, dic biét Ia trong xu Iy thong
tin va tin hiéu.

Xu ly tiéng no6i la mot linh vuce chuyén biét ctia xur 1y tin
hiéu s lién quan dén viéc thu nhan, thao tac va xuat tin hiéu
101 noi. N6 bao gém nhiéu nhiém vu khac nhau nhu nhan
dang tiéng noi, nhan dang nguoi ndi, nhén dang cam xc,
nhén dang strc khoe, hiéu ngén ngi, phat hién giong noi,
nhan dang tudi va nhan dang gioi tinh. Muc tiéu cudi cung
ctia cac cong nghé nhan dang tiéng néi 1a cho phép may tinh
dién giai va hiéu thong tin dugc néi dé thuc hién cac hanh
dong phu hop [6].

Trong nhiing ndm qua, linh vyc nay da co thanh tyu dang
ké nhét 1a véi su phat trién ctia cac mo hinh Deep learning
nhu: mang no-ron sau (Deep Neural Networks - DNN),
mang no-ron tich chdp (Convolutional Neural Network -
CNN) [7] d4 cai tién qué trinh xtr 1y giong noi bang cach tur
dong hoc cac dac trung c6 y nghia tir tin hiéu giong noi tho,
cai thién do chinh xac trong cac trng dung khac nhau [8].

Tuy nhién, trong thoi gian gan day, cac mo hinh nhan
dang 101 no6i tu dong dya trén kién triic Transformer, vé ban
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chat cling 1a cac DNN Xép chéng lén nhau theo phuong
phéap ctia Deep learning [9] da dat dugc nhiing budc dot
pha trong viéc xay dung cac mé hinh dao tao trudc dé tinh
chinh (fine-tune) cho cic tac vu nhan dang 10i néi. Kién
trac Transformer ban dau dugc thiét ké dé dich van ban viét
tir ngdn ngit ndy sang ngdn ngir khac, trong d6 gdm bd ma
hoa (Encoder) va bo giai ma (Decoder), co nguyén tic hoat
dong nhu sau:

- B6 mé hoa nhan dau vao, trong trudng hop nay 1a mot
chudi ma vin ban va tao biéu din vé no (cac thudc tinh -
features). Phan nay cua mo hinh dugc dao tao dé thu duoc
sy hiéu biét tir dit lidu dau vao.

- B§ giai ma sir dung biéu dién ctia bd mi hoa (cac thude
tinh) cung voi cac dau vao khac (cac ma token duge du doan
trude do) dé tao chudi muc tiéu. Phan nay cua mo hinh dugc
dao tao dé tao ra két qua dau ra. Trong thiét ké ban dau cua
Transformer, chudi du ra bao gdm céc token vin ban.

Trong do, CTC (Connectionist Temporal Classification)
la mot ky thuat duge su dung voi cac kién trGic Transformer
chi ¢6 bd ma hoa dé nhan dang 101 noi ty dong. Vi du vé
cac mo hinh nhu vay la Wav2Vec2 [10], HuBERT [11] va
M-CTC-T [12].

Tinh dén trudc nam 2022, CTC la kién trac phd bién
trong tac vu ASR, véi cac mo hinh chi danh cho b ma
héa nhu Wav2Vec2, HUBERT va XLSR [13] da dat duoc
nhiing budc dot pha trong cdc mé hinh dao tao trudce va tinh
chinh cho ASR. Cac tép doan 16n, ching han nhu Meta va
Microsoft, da dao tao truéc bd ma hoa Encoder lugng 16n
dir liéu 4m thanh chwa duoc gan nhin trong nhidu ngay hodc
nhidu tuan. Sau dé, ngudi ding c6 thé sir dung mot diém
kiém tra (checkpoint) dugc dao tao trude va tinh chinh bang
CTC head trén dif liéu giong néi duoc gin nhén chi trong 10
phut dé dat duoc hiéu suét cao trong tac vu ASR ctia minh.

Tuy nhién, cic md hinh CTC c6 nhimng nhugc diém do
chi sir dung phan ma hoa ctia kién tric Transformer. Vi céc
kién tric Transformer chi c6 b mi hoa, mé hinh s& dua ra
du doan cho timg phan tir trong chudi ddu vao. Do dé, ca
chudi dau vao va dau ra sé luon c6 cung do dai.

Do d6, viéc thém b giai ma dé tao ra mo hinh bd ma hoa-
gidi md (Encoder-Decoder), con dugc goi la mé hinh chudi-
sang-chudi (sequence-to- -sequence, viét tit 1a Seq2Seq). Mo
hinh ndy anh xa mot chudi cia mot loai dit liéu nay sang
mot chudi cia mot loai dit lidu khac. V&i mo hinh Seq2Seq,
khong co su trong tng mot-mot nhu vy va cac chudi dau
vao va dau ra c6 thé c6 do dai khac nhau. Diéu d6 1am cho
c4c mo hinh Seq2Seq phu hop véi cac tac vu nhu tom tit
van ban hodc dich gitra cdc ngdn nglt khac nhau - cling nhu
cho céc tic vu am thanh nhu nhén dang 161 no6i. Trong do6,
kién tric ctia bo giai ma rat gidng vai kién trac ciia bo ma
hoa, ca hai déu sir dung cac 16p tuong tw véi tinh ning tu
chu y (self-attention) lam tinh nang chinh.
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Dé xem cach thic hoat dong cia tinh ning nay, c6 thé
xem xét cach mo hinh Whisper [14] thudc kién triic Seq2Seq
thuc hién nhan dang 10i n6i ty dong. Kién triic cia mé hinh
Whisper dugc mo ta trong hinh 2 [15]:

Trong thiét ké nay, bo giai ma dong vai trd 13 mo hinh
ngodn ngir, xtr Iy cac biéu dién trang thai an tir bd ma hoa va
tao ra cdc ban phién &m van ban tuong tmg. Day la mot cach
tiép can hi¢u qua hon CTC, ngay ca khi m6é hinh CTC dugc
két hop v6i md hinh ngdn ngir ngoai, vi hé thong Seq2Seq
¢6 thé duge huin luyén tir dau dén cubi voi cung dir lidu
huén luyén va ham mat mat, mang lai tinh linh hoat cao hon
va hiéu suit néi chung vuot trdi hon.

Dic biét, nhu cau vé luong l6n dir liéu dao tao da 1a tro
ngai trong qua trinh phat trién kién tric Seq2Seq cho tac
vu ASR. Rét kho dé c6 duoc dir lidu giong ndi duge gin
nhan, voi bo dit liéu cod gan nhén 16n nhit vao thoi diém dé
chi dat 10.000 gid. Tat ca diéu nay da thay d6i vao thang 9
nam 2022 khi Alec Radford va cong su tir OpenAl cong bd
Whisper - m6 hinh dugc dao tao trude dé nhan dang giong
noi [14]. Khong gidng nhu cac phién ban CTC tién nhiém,
von duoc huén luyén hoan toan bang dit li¢u Am thanh chua
duoc gan nhan, Whisper dugc dao tao trudc voi mot lugng
16n dir liéu am thanh dwoc gén nhan véi 680.000 gio.

Pay la lugng dir liéu 16n hon nhiéu so voi dit liéu am
thanh chua duoc gén nhan dugc st dung dé huan luyén
Wav2Vec 2.0 (60.000 gio). Hon nira, 117.000 gio dir liéu dao
tao trudc ndy 1a dir liéu da ngdn nglr (hodc “khong phai tiéng
Anh” - non-English). Piéu nay dan dén cac diém kiém tra
c6 thé duoc ap dung cho hon 96 ngdn ngi, nhiéu ngdn ngit
trong s6 d6 dugc coi 1a c6 ngudn tai nguyén thap, nghia 1a
ngon ngit d6 thiéu kho dit liéu 16n phit hop cho viée dao tao.

Khi dugc mé rong thanh 680.000 gio dir liéu dao tao
trude duoe gan nhan, moé hinh Whisper thé hi¢n kha nang
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khai quat héa manh mé cho nhiéu bo dit liéu va linh vuc.
Céc diém kiém tra duoe dao tao trude dat duoc két qua canh
tranh voi cac mo hinh hién dai, véi ty 18 16i tir (WER) gﬁn
3% trén cac tap hop con di duoc kiém tra cua LibriSpeech
pipe va TED-LIUM voi 4,7% WER [14].

Diéu dic biét quan trong 14 kha ning ciia Whisper trong
viée xir 1y cac mau am thanh dang dai, kha ning chdng
nhidu dau vao va kha nang dy doan cac van ban dugc viét
hoa va diu ciu. Do viy, nhom tac gia quyét dinh str dung
Whisper dé bat dau huan luyén cho cac mé hinh nhan dang
161 néi trong cdng trinh cua minh.

3. Két qua va ban luan
3.1. Thu thdp va khdo sat tap dii liéu am thanh

Trén co s danh muc tir tiéng Hré va tiéng Co da chuan
hoa, tién hanh ghi 4m phat 4m tir theo danh muc va dit tén
cho file ghi 4m (dinh dang .mp3) theo ma s cua tir trong
danh muc tr. Sau khi hoan thanh, da thu thap duoc bg file
am thanh tho cia danh muc tir tiéng Hré gom 3868 file
(twong g voi 1934 tir Hré do giong nam va giong nlt doc)
va tiéng Co gdbm 1050 file (twong tmg 1050 tir giong nam).

Tiép theo, nghién ctru st dung thu vién Datasets, cung
cap kha ning truy c@p dé dang vao tuyén tap cac bo dir liu
hoc may c6 san cong khai trén nen tang Huggmg Face Hub
[16]. Hon nita, Datasets bao gdm nhiéu tinh ning duoc
diéu chinh cho phu hop véi b dir liéu 4m thanh gitp don
gian hda cho viéc nghién ctru va thir nghi€ém cac mé hinh
hoc méy. Cu thé, tao kho luu trit tap dir liéu trén Hugging
Face Hub va tai 1&€n thu muc tap dir liéu theo cAu tric cla
AudioFolder. Trong thu muc data chita 2 thu muc con Ia
train (gdm dit liéu huan luyén) va test (gdom dir liéu kiém
tra). Trong d6, tép siéu dir liéu metadata.csv phai bao gom
cot file name (chira duong dan toi file 4m thanh) dé lién
két dén tép am thanh véi tir vung (transcription) twrong Gmg.

Ngoai ra, taing cuong dir liéu la mét k¥ thuat thuong
duoc sir dung trong hoc may va thi gidc may tinh dé ting
kich thuéc va tinh da dang cia mot tap dir liéu dao tao mét
cach nhéan tao. Tac vu nay bao gém viéc ap dung mot sb
phép bién d6i hodc sira ddi cho cac mau dit liéu hién c6, tao
ra cac mau méi gitr nguyén nhan hodc 16p nhu dir liéu gdc.
Dir liéu ting cudng gitip cai thién hiéu suit mé hinh bang
cach giam tinh trang qua khop, cai thién kha nang khai quat
hoa va tang d6 manh mé cia mo hinh. Vi vay, dé cai thién
do tin cdy va chinh x4c ciia mé hinh huan luyén, tac gia da
lam giau dit liéu huin luyén bang viéc thuc hién ting cudong
dir liéu am thanh (audio data augmentation) vdi 2 k¥ thuét:

- Pitch Shifting: Thay d6i ngdu nhién cac tan sé thanh
ph?m cua Audio trong do cao do cuia am thanh dugc thay
d6i trong khi van duy tri do dai cua nd. Ky thudt nay c6 thé
mo phong cac bién thé ciia giong noi.
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Bang 1. Phan chia bd di¥ liéu tir Hré dé huan luyén va kiém tra.

Tirbit ddu Tirkét thic SO lwong audio

Giong nam 1 1934 1934
Giong nir 1 1934 1934
Nhiéu 1 200 200
Tang cao do 1 200 200
Téng cong 4268
Tép di liéu huin luyén

Giong nam 1 1934 1934
Giong nir 601 1934 1334
Nhiéu 1 100 100
Tang cao do 1 100 100
Téng cong 3468
Tép dit liéu kiém tra

Giong nam 1 55 55
Giong nir 1 600 600
Nhiéu 101 200 100
Tang cao do 101 200 100
Téng cong 855

- Noise Addition: nhiéu ngau nhién dugc thém vao tin
hiéu 4m thanh. Diéu nay c6 thé gitip mé hinh duoc hudn
luyén linh hoat hon trudc tiéng dn moi truong hodc sy thay
d6i trong diéu kién ghi 4m.

Cu thé, 1an luot thyc hién Pitch shifting (ting 3 tone
giong) va Noise addition (nhiéu Gauss véi trung binh 0, do
léch chuén 0,01) cho 200 file audio giong nit ¢6 s thir ty tir
1 dén 200. Trong d6 100 tir dau tién ding cho huén luyén,
100 tir tiép theo dugc dua vao tap kiém tra. Dit liéu phan chia
cho huan luyén va kiém tra dugc cu thé hoa trong bang 1.

Nhu vay c6 trong tong sb6 4268 file am thanh, st dung
3468 file cho viéc huan luyén, con lai 855 file (chiém khoang
20%) dugc dung dé kiém tra, danh gia chat lugng mo hinh.

3.2. Huin luyén mé hinh nhin dang 16i néi va dinh
gida chat lwong mé hinh

Tiép theo, tai mo6 hinh duoc dao tao trudc cua Whisper
trén moi truong Google Colab, trong d6 c6 san trinh trich
xuét thude tinh dé chuan bi cho budc tién xir 1y trén tap dir
liéu 4m thanh. O day, khi mubn tinh chinh trén mot ngon nglr
moéi (nam ngoai danh sach cac ngon ngit dugce hudn luyén
trudc cua Whisper) nhu Hré va Co, Whisper c¢6 kha nang
tan dung kién thtc v& 96 ngon ngit khac ma né duogc dao tao
trude. Bai 18, tat ca cac ngon ngit hién dai s€ ¢ su tuong
ddng véi it nhat mot trong 96 ngdn ngit ma Whisper da duoc
huén luyén trudc dua trén mo hinh biéu dién kién thic da
ngdn ngit. Do vay, dé tinh chinh Whisper trén mot ngon ngi
méi (nhu Hré va Co) 1a tim ngdn ngir gidng nhat ma Whisper
da duogc dao tao trudce, ma cy thé chinh 1a tiéng Viét.
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Sau khi chuin bi xong dit liéu, c6 thé thyc hién huan
luyén mo6 hinh nhén dang tiéng Hré va mo6 hinh nhéan dang
tiéng Co. Nhitng gi can chuan bj gom:

- Xac dinh bo db6i chiéu dir liéu (data collator): lay dit
lidu d3 qua tién xir Iy va chuan bi cac tensor PyTorch sén
sang cho mo hinh.

- Thude do danh gia: trong qua trinh danh gid, su dung
ty 18 16i ky tu (character error rate - CER).

- Tai diém kiém tra duoc dao tao trudc (pre-trained
checkpoint) Whisper small va thiét 1ap cau hinh chinh xac
dé dao tao.

- X4c dinh cac dbi s6 cho huan luyén: nhiing dbi sé nay
s& dugc d6i twong Trainer sir dung trong viée xay dung lich
trinh huén luyén. O day, thiét 1ap s6 budc huin luyén max_
steps 14 1000, va cac siéu tham sé khac nhu hién thi trong
hinh 3.

from transformers import Seq2SeqTrainingArguments

training args = Seq2SeqTrainingArguments(
output_dir = "./ntviet/uhisper-small-hred.4",
per_device_train_batch_size=16, gradient_accumulation_steps=1, lsarning_rate=le-5,
Ir_scheduler_type="constant_with_warmup", warmup_steps=50, max_steps=1060,
gradient_checkpointing=True, fpl6=True, plé_full eval=True, evaluation_strategy="steps",
per_device_eval_batch_size=16, predict_with_generate=True, generation max_length=225,
save_steps=1000, eval steps=1000, logging steps=25, report_to=["tensorboard"],
load_best_model_at_end=True, metric_for_best_model="cer", greater_is better=False,
push_to_hub=True)

Hinh 3. Thiét 1ap cac siéu tham sé dé huan luyén mé hinh nhan
dang tiéng Hreé.

Sau ciing, c6 thé chuyén tiép cac dbi s6 hudn luyén toi
d6i twong Trainer cing voi md hinh, tap dir liéu, trinh d6i
chiéu dir liéu dé bat dau huin luyén moé hinh nhan dang
tiéng Hré va mo6 hinh nhén dang tiéng Co (thuc hién hoan
toan tuong tur). Co thé thiy cic mo hinh nhan dang da huin
luyén cai thién dugce do chinh xac qua timg budc va két qua
dat kha tét trén tap kiém tra, véi gia tri méat mat Loss sau
cung 14 0,32, ty 18 15i ky tu CER sau cung 1a 17,6% dbi voi
mo hinh nhéan dang tiéng Hré, dugc hién thi trong hinh 4.

Training & Test Loss over Steps CER & CER Orth over Steps

— (R
—+ CER Ortho

— Training Loss
8- Test Loss 5

T T T
0 200 40 600 800 1000 200 46C 600 ﬂ50 10130
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Hinh 4. Danh gia qua trinh huan luyén mé hinh nhan dién tiéng Hré.



Hinh 5. Lé&p tap huan str dung phan mém tai xa Minh Long,
Quang Ngai (cii).

3.3. Thir nghi¢m va dinh gia két qud trong thuec té ¢ dia
phuong

D¢ trién khai thir nghiém va phat huy hiéu qua cta san
pham, nhém nghién ctru da thuc hién dua san pham vao st
dung trong thuc té, trong d6: huéng dan khai thac CSDL dién
tur tiéng Hreé, Co thong qua cac 1op tap huén tai 5 x4 mién nai
cta tinh Quang Ngai (hinh 5).

Nhom tac gia di phdi hop v6i Ban Dén tc tinh té chirc
5 16p tap huan huéng dan quan ly va hudng dan khai thac
CSDL dién tir cho cac ddi tuong st dung, gém: can by cong
chire tai phong Dan tdc cac xa, can bg thon ban, can b Doan
thanh nién, phu nit, hdi nong dan xa mién nui; giao vién va
hoc sinh mién nui cta tinh tai cac xa: Ba To, Minh Long,
Tra Béng, Son Ha, Son Tay; 1 16p hudng dan quan tri, van
hanh hé théng cho Ban Dan tdc tinh va phong Dén tdc cac xa.
Céc 10p tap hudn di c6 gan 300 hoc vién duoc gidi thiéu vé
san pham (gdm phién ban web va app), dwoc huéng dan cac
thao tac dé khai thac, st dung céc tinh nang cua CSDL dién
tr tiéng d@)ng bao dén toc thiéu sd Viét - Hré, Viét - Co, biét
cach giri dong gop vé CSDL dién tir. Qua céac 16p tap huén,
nhom thyce hién ciing dugc tiép xuc, trao ddi truc tiép voi da
dang cac dbi twong s dung, qua do nim bt thém nhing y
kién, gop ¥ tir céc hoc vién dé hoan thién thém san pham, gitp
san pham ngay cang dé dung hon, hiéu qua hon v6i dong dao
nguoi dan, tir d6 gitp chia s¢, lan truyén Gmg dung nay rong
rdi dén cong dong.

- Thyc hién tuyén truyen quang ba san phdm trén cac
phuong tién truyén thong, nén tang s0: don vi chu tri chu dong
trong viéc quang ba va tuyén truyen san pham CSDL dién tir
tiéng dong bao dan toc thiéu s0 Viét - Hré, Viét - Co trén cac
phuong tién truyén thong, nén tang s6 nhu Zalo, Facebook,
cac trang thong tin dién tir va cac nén tang sd khac. Nho vao
do, thu hut duge sy quan tam cua dong dao cong dong mang
va cac nhom quan tdm dén bao ton va phat trién ngdn ngi
dan toc.

- Gidi thidu dén t cong nghé sb  cong dong: Trén dia ban
tinh Quang Ngai (cti), da thanh lap t6 cong nghé 56 cong dong
dén cép thon, voi tong cong hon 1.140 t6 cong nghé sé cong
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dong voi hon 7.500 thanh vién tham gia. Thanh vién t6 cong
nghé sb cong déng la nhfrng hat nhén tich cuc, c6 st ménh
dua cong ngh¢ so dén moi ngd ngach cua cude song, bing
cach tiép can v6i cac cong nghé so, img dung sd hiru ich va
trién khai, huéng dan lai cho nguoi dan tai thon, ban, td dan
phd minh ndm bat, st dung.

- K&t hop gidi thiéu, trién khai trong céc 16p boi dudng
tiéng Hré, Co: hing nam, S& Noi vu tinh Quang Ngai ph01
hop Truong Dai hoc Pham Van Dong to chirc cac 16p boi
dudng tiéng dong bao dan toc thiéu s6 Hré, Co cho cac dbi
tuong can bo cong chue, vién chire, gido vién lam viéc tai cac
X mién nii.

- P t6 chirc Hoi thao cap tinh vao ngay 14/08/2024 dé
gi6i thidu vé két qua san pham nghién ctru [17]. Hoi thao da
moi cac chuyén gia trong linh vuc, cac dai biéu co lién quan
dé tang cudng gi6i thidu két qua cua cong trinh dén pham vi
bén ngoai tinh.

Thong qua viéce trién khai cac md hinh tng dung san pham,
dén cudi thang 4/2025, web “Co s¢ dit lidu dién tir tiéng dong
bao dan toc thiu sb Viét - Hré, Viét - Co” [3] (hinh 6) di duoc
khai thac st dung bdi hon 617.000 Iuot truy cap, va app Hré -
Co - Viét da c6 hon 1000 lugt tai va cai dat img dung.

"

GIGITHIEU TRATUTIENGHRE TRACAUTIENGHRE TRATUTIENGCO TRACAUTIENGCO HUGNGDAN DONG GOP CHOCSDL B GO

Hinh 6. Co’ s& dir liéu dién ttr tiéng Viét - Hré, Viét - Co phién
ban web.

Sau khi trién khai thir nghi¢m, thong qua cac hinh thirc
truc tiép (16p tap huén) va gidn tlep (qua nén tang s0), dong
dao ngudi st dung cho biét san pham rat dé s dung va hitu
ich, giap viéc hoc tleng Hré, Co tré nén thuan tién va dé dang
hon bao gid hét. Dong thoi, nguoi sir dung cting gop ¥ thém
dé hoan thién san phim nhu: c6 thé bd sung cac tir ghép tir
céc tir don, bd sung chtre ning cho tra ctru tir theo linh vuc dé
phuc vu tét hon nita nhu cau sir dung ctia ngudi ding.

4. Két luan

Hién nay, Al da co nhiéu ung dung rdng rai trong nhiéu
linh vyec, trong d6 cé linh vuc tu dién dién tir voi cong nghé
nhan dién 101 n6i. Tuy nhién, viéc nhan dién 101 noi tiéng
dong bao dan toc thiéu sé Hré, Co van chua ghi nhan nghién
clru cong bd trong nudce, nén két qua trong bai bao nay 1a
mot nghién clru mdi, vira mang gia tri hoc thudt, vira mang
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lai hiéu qua thiét thuc voi san phém ung dung thuc té, va sé
1a nén tang cho cac nghién ctru khac lién quan dén ing dung
cong nghé vao linh vuc xtr Iy ngdn ngir tu nhién, nhat 1a cac
ngon ngir tai nguyén thap nhu tiéng Hré va Co.

Hau hét cac md hinh dya trén kién trac Transformer cho
xtr Iy am thanh déu kha gidng nhau - déu dwoc xay dung trén
nguyén tic cua cac 16p Attention, mic dit mot sé mé hinh s&
chi str dung bd ma hoa, trong khi nhirng mo hinh khéc sur dung
ca by ma hoa va b gidi ma. Trudc ndm 2022, CTC la kién
trac pho bién trong tac vu ASR, v6i cac mo hinh chi ding bo
ma hoéa, da dat dugc nhiing budc dot pha trong mo hinh dao
tao trudc/tinh chinh cho giong néi. Tuy nhién, cdic mo hinh
CTC ¢6 nhitng nhuoc diém do thém mot 16p tuyén tinh don
gian vao bo ma hoa dan dén d& méc 15i chinh ta vé ngit am.

Trong khi d6 kién truc Seq2Seq, tiéu biéu 1a mo hinh
Whisper, manh hon han mé hinh chi st dung bd ma hoa. Bﬁng
cach tach ma hoa chudi dau vao khoi giai ma chudi dau ra,
viéc cin chinh 4m thanh va vin ban sé it gdp vin dé hon. Do
vay, chung t61 da st dung m6 hinh Whisper small dé thuc hién
tién xir Iy bang thu vién Datasets trén bo dit lidu day du tiéng
Hré va tiéng Co. Sau d6 thuc hién tinh chinh huén luyén dugc
md hinh nhan dang tiéng Hré (trai nghiém mé hinh tai https:/
csdlhreco.nuian.vn/aihre.aspx va app “Hré - Co - Viét”), va
mo hinh nhan dang tiéng Co (trai nghiém mo hinh tai dia chi
https://csdlhreco.nuian.vn/aico.aspx va app “Hré - Co - Viét”).

Ngoai ra, dé trién khai thir nghiém va phat huy hiéu qua cua
san phim, nhom tac gia di dua san phdm di vao sir dung trong
thyc té. M hinh (ing dung bao gém nhiéu hoat dong va giai
phap dé c6 thé gi6i thiéu san pham dén dong dao cac dbi tuong
nguoi ding, dong thoi tiép thu, hoan thién thém san phim, lam
giau thém CSDL tiéng dong bao déan toc thiéu s6 Hré, Co. Cac
hoat dong nay bao gom: huéng din khai thac CSDL dién tu
Hré, Co thong qua céac 16p tap huan tai cac khu vyc mién nui
cta tinh Quang Nga1 tuyén truyen quang ba san pham tren cac
phuong tién truyen thong, nén tang sd; gidi thidu dén t6 cong
ngh¢ s6 cong dong trén dia ban tinh Quang Ngai; két hop gi6i
thi¢u, trlen khai trong céc 16p b01 dudng tiéng Hré, Co; t6 chirc
hoi thao cép tinh dé gidi thidu vé két qua san phim nghién ciru.

Cac mo hinh ASR cho tiéng Hré va tiéng Co gio ddy da ¢6
thé ing dung vao CSDL dién tir tiéng dong bao dan toc thiéu
s6 Viét - Hré, Viét - Co, gitip mang lai nhiéu hiéu qua thiét thuc
cho nguoi st dyng CSDL di¢n tu. Viéc nghién cuu, xay dung
CSDL dién tir tiéng dong bao dan toc thiéu sé Viét - Hré, Viét -
Co 14 can thiét va mang lai nhiéu loi ich, gia trj to 16n cho cong
dong. Day sé 1 noi luu giit ngdn ngit truyén thong ciia cac dan
toc thiéu s6 trén dia ban tinh, dong thoi qua do ciing s& luu giit
céc gia tri van hoa truyén thong, hinh anh, phong tuc, tap quan
va van hod ciia ngudi Hré, Co, gop phan bao ton va phat huy
cac gia tri truyén théng doc déo ciia mdi dan toc, cing hoa vao
dong chay phat trién chung ciia tinh Quang Ngii néi riéng va
dat nude noi chung, boi trong qué trinh chuyén doi s6 nhan van
va rong khép, s& khong c6 ai bi bo lai phia sau.
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Bai bao duoc thyuc hién trong khuén kho dé tai KH&CN
cap tinh “Xay dung Co s¢ dir lidu dién tir tiéng ddng bao
dan toc thiéu sb Viét - Hré, Viét - Co” do Trung tam Chuyén
d6i s6 va P6i moi sang tao - S Khoa hoc va Cong nghé
tinh Quang Ngii phdi hop cung S Dan toc va Ton gido
tinh Quang Ngii chu tri thuc hién, ma s6 dé tai: 03/2023/
HD-DTKHCN.
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Nghién cru phat trién hé thong hoc 13p trinh truc tuyén
tich hop cong cu phan hoi va cham diém tu dong

Téng Vin Truong"
Truong Dai hoc Tan Trao, phuwong Minh Xudn, tinh Tuyén Quang, Viét Nam
Ngay nhan bai 1/7/2025; ngay chuyén phan bién 3/7/2025; ngay nhan phan bién 25/7/2025; ngay chép nhan dang 29/7/2025

Tém tit:

Trong boi canh chuyén doi sé trong gido duc, viéc ning cao niing lwc Iap trinh cho sinh vién, dic biét 1a sinh vién khong
chuyén cong ngh¢ thong tin, ngay cang tré nén quan trong. Tuy nhién, nhiéu sinh vién vin gip khé khin trong viée tiép
cian va thuc hanh 13p trinh mot cach hi¢u qua. Nghién ciru nay khéo sat thuc trang hoc l1ap trinh va danh gia nhu ciu
hd trg ciia 50 sinh vién khong chuyén cong nghé thong tin thude cic nganh Gido duc Mam non, Giso duc Tiéu hoc va
Nong nghiép tai Trudong Pai hoc Tan Trao. Dwa trén két qua khao sat, nhom tac gia da phat trién mot hé thong hoc lap
trinh trye tuyén tich hop cong cu phan hdi va chim diém ty dong, nhim hd tro sinh vién luyén tip thuong xuyén va
nhén phan hoi tirc thi. H¢ th(")ng dugce xay dung theo kién triic mo-dun, gf")m cac thanh phéan chinh nhw giao dién nguoi
dung, may chii API (Application Programming Interface: Giao di¢n lap trinh img dung), co s& dir li¢u va cong cu chim
ma trong moi trwong cach ly an toan. Bai bao ciing dé xuét cac chién lu'o’c giang day nhw day hoc phan héa theo trinh
do, str dung microlearning va thuc hanh lap trinh thwong xuyén trén nén tang LMS (Learmng Management System Hé
thong quan ly hgc tap) ciia nha truong. Két qua danh gia cho thay, hé thong da gop phan nang cao dang ké hiéu qua
hoc tap, su tu tin va kha ning van dung kién thirc 1ap trinh vao cic bai toan thue tién.

Tir khéa: danh gia ma ngudn, hé thong chAm diém tw dong, hoc Iap trinh truc tuyén, nén ting e-learning, phan hdi tw dong.

Chi s6 phén logi: 1.2,2.11

Developing and evaluating an online programming learning platform with

integrated automated assessment for university students
Van Truong Tong"

Tan Trao University, Minh Xuan Ward, Tuyen Quang Province, Vietnam
Received 1 July 2025; revised 25 July 2025; accepted 29 July 2025

Abstract:

In the context of digital transformation in education, enhancing programming competence among university students,
especially those who are not majoring in information technology, has become increasingly important. However, many
non-IT students still face significant difficulties in effectively accessing and practicing programming skills. This study
investigates the current status of programming learning and assesses the support needs of 50 non-IT students from various
majors at Tan Trao University, including Early Childhood Education, Primary Education, and Agriculture. Based on the
survey results, the authors developed an online programming learning system integrated with automated assessment to
support regular practice and provide immediate feedback for students. The system is designed using a modular architecture,
consisting of key components such as a user interface, an API (Application Programming Interface) server, a database,
and a secure isolated code evaluation environment. The article also proposes teaching strategies including differentiated
instruction based on student proficiency levels, the use of microlearning, and frequent programming practice through
the university’s LMS (Learning Management System). Evaluation results indicate that the system significantly improves
learning effectiveness, student confidence, and the ability to apply programming knowledge to real-world problem-solving
tasks.

Keywords: automated feedback, automated grading system, code evaluation, e-learning platform, online programming learning.

Classification numbers: 1.2, 2.11
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1. Dt van de

Trong ky nguyén so, lap trinh khong con 13 ki nang chuyén
biét danh riéng cho sinh vién nganh khoa hoc mdy tinh ma da tro
thanh mot nang luc nén tang, co tinh lién nganh cao, duoc ing
dung rong rii trong cac linh vuc nhu kinh t&, k¥ thuat, gido duc va
khoa hoc xa hoi. Khi cac nganh cong nghiép ngay cang phu thudc
vao qua trinh ra quyét dinh dya trén dir liéu, tw dong hoa va chuyén
di s6, nang lyc 1ap trinh gitip sinh vién dai hoc hiéu sau hon vé tu
duy tinh toan, phat trién k¥ ning giai quyét van d& va thich nghi
hiéu qua véi yéu cau cta thi truong lao dong twong lai.

Tai Viét Nam, ciing nhu nhidu qudc gia dang phat trién khac,
cai cach gido duc ¢ tim quoc gia d nhan manh vai tro cia ning
Iyc s6 va viée tich hop cong nghé thong tin trong chuong trinh dao
tao. Tuy nhién, khoang cach gilta dinh hudng chinh sach va nang
luc thuc té cua sinh vién van 1a mot thach thie 16n, dic biét tai cac
co s¢ gido duc dai hoc vung sau, viung xa nhu Truong Dai hoc Tan
Trao, tinh Tuyén Quang.

Céch tiép can truyén thong trong giang day lap trinh tai cac
treong dai hoc Viét Nam chu yeu van dya vao phuong phap thuyét
trinh, bai tap thuc hanh ¢b dinh va chdm diém thu cong cac bai nop
cua sinh vién. Nhimg phuong phap nay boc 16 nhiéu han ché vé
hiéu qua, dac biét trong bdi canh 16p hoc dong hodc co nhiéu sinh
vién khong dén tir nén tang ky thuat. Mot trong nhiing diém yéu
¢t 161 1a thibu phan hoi kip thoi, day 14 yéu t6 then chét trong gido
duc 14p trinh. Sinh vién khong chi can biét ma cua minh ¢6 chay
dugc hay khong, ma con can hiéu 1o nguyén nhan khi chuong trinh
khong hoat dong. Viéc chdm bai thu cong thuong ton nhiéu cong
strc va bi tri hoan, gay anh huong tiéu cuc dén hiéu qua hoc tap va
lam gidm dong luc hoc cua sinh vién.

Bén canh do, su da dang vé nén tang kién thirc va trinh do lap
trinh gitra cdc sinh vién doi hoi mot méi truong hoc tdp mang tinh
ca nhan hoa, diéu ma 16p hoc truyén thong khé dap tng. Mot s6
sinh vién c6 thé tiép thu nhanh cac khai niém co ban, trong khi
nhiing nguoi khac lai can su hudng dan cu thé, timg budc. Néu
thiéu céc co ché hoc tap thich umg, giang vién s& gap kho khan
trong viéc diéu chinh tdc do giang day sao cho phu hop voi tt ca
nguoi hoc. Ngoai ra, cac yéu to bén ngoai nhu sy chénh 1éch trong
kha ning tiép can may tinh, ha tang internet yéu kém hodc thiéu
cong cu 1ap trinh hién dai tai cac truong dai hoc ving nong thon
cang lam tram trong thém rao can gido duc.

Dé (g phé véi nhimg thach thirc néu trén, bai bao nay gioi
thiéu viéc xdy dung va danh gia mot nén tang hoc 1ap trinh truc
tuyén co tich hop cong cy cham diém ty dong. Nén tang cho phép
sinh vién viét ma tryc tlep trén trinh duyét ma khong can cai dat
phan mém, hd trg nhiéu ngén ngl 1ap trinh, cung cap tinh nang
goi y ma (auto-completion), t0 sang cu phap va tu dong danh gia
bai ndp dya trén cac b kiém thtr duoc dinh nghia trude. Hé théng
cham diém cung cap phan hoi tire thoi vé ca 16i ¢t phap va 161 ngit
nghia, tir d6 gitp sinh vién ci thién mi ngudn mot cach lap di lip
lai. Ngoai ra, nén tang con tich hop cong cu hd trg giang vién theo
dai tién do hoc tap, giao bai va phan tich hi¢u suit hoc tap & ca cfip
d9 ca nhan va toan 16p.
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Nén tang ndy dd duoc trién khai thir nghiém trong mot hoc
phan 14p trinh co ban danh cho sinh vién khong chuyén nganh
cong nghé thong tin. Phuong phép danh gid hon hop duoc ap dung,
két hop dit liéu dinh lwgng (nhu ty 1¢ hoan thanh bai tap, diém tién
kiém tra va hau kiém tra, nhat ky st dung hé thong) v6i phan hoi
dinh tinh thu thap tir khéo sat va phong van. Két qua cho thiy mirc
d6 tham gia cua sinh vién dugc cai thién rd rét, chu ky hoc tap ngén
hon va kha nang ghi nhé cac khai ni¢m lap trinh duwoc nang cao.
Viée tw dong hoa qua trinh dénh gia khong chi gitp gidm tai cong
viéc cho giang vién ma con tao nén mdt moi truong hoc tap chu
dong, noi sinh vién hoc thong qua thir - sai va phan hoi tirc thoi.

Thong qua viéc phét trién va danh gi4 nén tang hoc 18p trinh
tryc tuyén nay, nghién ciru huéng dén viée cung cap mot giai phap
glang day lap trinh c6 khd nang md& rong, thich Umg linh hoat va
tiét kiém tai nguyén - dic biét phu hop vai bbi canh gido duc dai
hoc tai Viét Nam. Bai bdo ciing chimg minh rang, viéc tich hop
cac cong cy hoc tap dua trén cong nghé co thé gop phan giai quyét
hiéu qua nhimg thach thirc vé su pham va to chirc, nhét 1a trong
diéu kién co s vat chat con han ché. Cac phat hi¢n tir nghién ctu
mang dén ham y thiét thyc cho doi ngii giang vién, can bd quan Iy
va nha hoach dinh chinh sach trong n lyc hién dai hoa hoat dong
giang day lap trinh va ky nang s6 trong cac nganh hoc tai Viét Nam
va nhitng bdi canh tuong tur.

2.Co s6 Iy luan

Hoat dong giang day va hoc tap lap trinh tir 1au da dat ra nhidu
thach thirc dang ké cho ca giang vién va nguoi hoc, do dic thu
mang tinh triu tuong cao, doi hoi tu duy logic va yéu cau thyc
hanh thuong xuyén. Trong vai thap ky gan day, di ¢6 nhiéu cong
trinh nghién ctru dugc cong bd nham giai quyét cac kho khin nay,
ddc biét tap trung vao viéc phat trién cac moi truong hoc 1ap trinh
tryc tuyén, hé thong chim ma ty dong va co ché hoc tap thich img
nhim hd trg ngudi hoc da dang. Phan nay trinh bay tong quan cac
cong trinh tiéu biéu trong bon hudng nghién ciru chinh: (1) Nén
tang hoc 1ap trinh tryc tuyén, (2) Cong cu cham ma ty dong, (3)
K thuat phan tich va danh gi4 ma nguén, (4) Hé thong hoc tap ca
nhan héa va thich ung trong gido dyc lap trinh.

2.1. Nén tang hoc ldp trinh truc tuyén

Céc mdi truong hoc 1ap trinh tryc tuyén ngay cang tro nén
pho bién nho kha ning tiép can thuan tién, tinh mo rong linh hoat
va tiém nang hd trg hoc tap twong tac theo nhip do ca nhan. Cac
nén tang nhu Codecademy, Khan Academy, freeCodeCamp va
Code. org d3 gop phan dan chi hoa Vlec hoc 1ap trinh bang cach
cung cap cac khoa hoc tuong thc mién phi hodc chi phi thap, din
dat nguoi hoc vugt qua chudi thir thach lap trinh ¢ mire do kho
tang dan. Nhimg hé thong nay duoc dic trung boi céc tinh ning
nhu thyc thi mi ngay trén trinh duyét, phan hi theo thoi gian thyc
va thiét ké bai hoc theo hudng tro choi hoa - cac yéu t6 di dugce
chtmg minh 1a ¢6 tac dung thuc diy dong luc va kha nang ghi nhé
cua nguoi hoc [1].



Trong b01 canh gido duc dai hoc chinh quy, nhleu co so dao tao
da phat trién nén tang riéng dé dap tmg yéu cau su pham cu thé.
Chang han, hé théng Kattis do Vién Cong nghé Hoang gia Thuy
Pién (KTH) phat trién phuc vu cho cac khoa hoc va thi d4u lap
trinh; trong khi d6, CodeRunner - mot plugin mi ngudn mé tich
hop voi Moodle cho phép giang vién tao cdu hoi 1ap trinh co thé
cham diém tu dong. Cac nén tang nay h trg tao bai tap tly chinh,
tich hop v6i hé thong quan 1y hoc tap (LMS) va sir dung nhiéu bo
kiém thir dé danh gia.

Tai Viét Nam, nhiéu truong dai hoc hién dang st dung céc nén
tang pho thong nhu HackerRank hodc repl.it dé hd tro glang day
lap trinh, tuy nhién viéc xdy dung va trién kha1 cac hé thong riéng
c6 tich hop cong cu danh gia chuyén biét vin con han ché. Mot
trong nhitng rao can dang ké 13 thiéu giao dién va ndi dung bang
tiéng Viét, diéu nay gay kho khan cho sinh vién khong chuyén
nganh hodc sinh vién dén tir ving siu, viing xa.

2.2. Cong cu chim ma tw dong

M@t trong nhitng dot pha quan trong trong gido duc 18p trinh
1a sy phat trién cta cac hé thong chAm ma ty dong, cho phép danh
gia bai lam cua sinh vién theo thoi gian thyc dya trén céc bo kiém
thir dugc dinh nghia sin. Nhiing hé thng nay gilip gidm dang ké
khoi luong cong viée cham dlem cho giang vién, dong thoi mang
lai phan hdi tte thi - mot yéu t then chét trong day hoc 1ap trinh
hiéu qua [2].

Cac hé thong dAu tién nhu Mooshak, AutoLab va DOMjudge
dugc phat trién phuc vu thi dhu lap trinh va sau dé dugc diéu
chinh dé sir dung trong dao tao. Cac hé thong nay thuong p dung
phuong phap kiém thir hop den (“black-box testing”), trong d6
d6 chinh xac cua loi giai dugc xac dinh bé’lng cach chay ma trén
cac ddu vao 4n va so sanh dau ra voi két qua mong doi. Nhiing hé
thong hién dai hon nhu Gradescope va CodeGrade khong chi tich
hop v6i LMS ma con cung cap phan hdi nang cao vé phong cach
mi, cdu tric va hiéu sudt.

Du da c6 nhiéu tién b, nhung nghién ctru cia H. Keuning va
cs (2018) [3] cho thay, cdc hé thong hién hanh van thiéu phan hoi
co tinh ngir nghia sau - yeu t6 quan trong voi nguoi hoc moi bit
d4u. Ngoai ra, phin 16n cong cu chi tap trung vao kiém tra do ding
ciia md ma bo qua chét luong méi ngudn, diéu nay han ché hiéu
qua su pham. Xu hudng hi¢n nay la tich hop phéan tich ma tinh va
thue thi ky hiéu (symbolic execution) vao quy trinh danh gia nham
cung cép thong tin phan hoi mang tinh chan doén chuyén sau hon.

2.3. Kj thudt phén tich va ddnh gid ma nguon

Déhd trg danh gia sdu hon d6i v6i bai lap trinh, céc nha nghién
ctru dd dé xudt nhidu k¥ thudt phan tich ma vuot ra ngoai kiém thir
don thuan. Cac phuong phap phén tich tinh nhu phan tich cdy ca
phép triru twgng (AST), phan tich ludng diéu khién va phén tich
luong dir liu dugc st dung dé xac dinh dic trung cu triic ciia ma,
do luong d9 phirc tap va phat hién méau 1ap trinh sai hodc gian lan.
Céc cong cu nhu PMD, SonarQube va JPlag dugc ing dung rong
ri trong moi truong hoc thuat dé phan tich chat lugng ma va phat
hién dao van.

KHOA
&CONGHI\?GCI:-IE

68(1) 1.2026

s Khoa hoc Tu nhién | Khoa hoc méy tinh va thong tin; Khoa hoc Ky thuat va Cong nghé | Cac linh viic khdc clia khoa hoc kj thudt va cong nghé

Trong céc h¢ thong chim diém tu dong, phuong phéap dua trén
AST cho pheép giang vién dinh nghia cau tric loi giai mau va so
sanh v6i bai 1am cua sinh vién dé danh gia mirc do hiéu bai [4].
Vi du, so sanh AST c6 thé xac dinh sinh vién ¢6 st dung dling cau
triic dé quy khi cai dat thuat toan sip xép hay khong, thay vi chi
goi ham thur vién. Nhitng phuong phap nay rat hiru ich cho danh
gia hinh thanh va nhan dién sai 1éch nhan thurc.

Mot sb hé thong tién tién nhu PraireLearn hay FeedbackFruits
con trién khai mé hinh dénh gia dya trén 101 giai chuan (“model-
driven assessment”), trong do hé thong tw dong phat hién cac sai
léch vé logic, céu tric hodc hidu sudt so voi 101 giai chuan, Ky
thuat nay ho tro viée tao phan hdi ca nhan hoéa va dugc chung
minh 14 gitp ndng cao két qua hoc tap trong cac khoa hoc nhap
mon 1ap trinh.

2.4. H¢ théng hoc tip cd nhén héa va thich g

Tru6e sy da dang vé xuat phat diém, kinh nghiém 1ap trinh va
nang lyc nhan thitc cla sinh vién, viéc ca nhan hoa hoat dong hoc
da tré thanh trong tdm trong nghién ctru gido duc lap trinh. Cac hé
thong hoc tap thich tmg hudng t6i viée diéu chinh ndi dung, toc
d6 va phan hoi sao cho phi hop véi timg ngudi hoc. Cac hé thong
nhu IntelliJ Edu, SmartTutor va BlueJ da tich hop yéu t6 thich img
bing cach theo ddi hidu sut hoc tip va diéu chinh mic do kho
phu hop.

Gan day, mot so hudng tiép can méi di tng dung thudt toan
hoc méy dé phan tich tuong tac ciia sinh vién voi céc bai lap trinh
va dy doan kha nang gap kho khan trong hoc tap. Theo do, cac nha
khoa hoc di sir dung mang no-ron hoi tiép (RNN) dé mé hinh hoa
hanh vi lap trinh va dy bao két qua hoc. Nhiing hé théng dua trén
dir liéu ndy mo ra kha nang xdy dung cac hé thong gia su thong
minh ¢ thé hd tro chi dong nhu dua goi v, dé xuat bai tap hoac
dong vién hoc tap.

Tuy nhién, vi€c phat trién va trién khai cac hé théng nhu vy
tai nhiing mdi truong han ché vé nguon lyc - nhu céc truong dai
hoc ving mién ¢ Viét Nam - con d6i mit voi thach thirc k§ thuat,
su pham va ha tang [5-7]. Viéc cn bing giita muc tiéu c4 nhan hoa
v6i thyc té han ché vé nang lyc giang vién, bang thong internet va
h tro thé ché 1a didu tit yéu.

2.5. Khodng trong trong nghién ciru

Mic du thé gi6i da dat dugc nhiéu thanh tyu trong viée thiét ké
nén tang hoc 18p trinh tryc tuyén va hé théng chédm diém tu dong,
phan 16n céc hé thong hién c6 dugc phat trién trong moi truong
gidu tai nguyén va kho thich img véi dicu kién thyc té cua gido duc
dai hoc tai Vit Nam. Nhiing thach thuc dién hinh tai cac truong
thuc tinh nhu Tuyén Quang bao gom thiéu ha tang may tinh, han
ché vé h trg k thuat va thiéu dao tao giang vién trong viéc img
dung cong nghé moi.

Hon nira, hién van con thiéu cac nghién ctu thuc nghiém danh
gid hiéu qua cua nén tang 1ap trinh tich hop - dic biét 1a cac hé
thong két hop giang day, moi trudng lap trinh va phan hoi tu dong
- trong bdi canh Viét Nam hodc cac qudc gia Dong Nam A co
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diéu kién twong ty. Nghién cru nay nhiam lap diy khoang trong d6
thong qua viée thiét ké, trién khai va danh gia mot nén tang hoc lap
trinh nhe, hoat dong trén trinh duyét, ddm bao tinh kha thi k¥ thuat
va phu hop su pham tai Truong Dai hoc Tan Trao.

3. Thiét ké va trién khai hé théng

Nén tang duoc dé xuét duoc thiét ké vai kién trac dang mo-
dun va c6 kha ning mo rong cao, nham hd trg toan b quy trinh
giang day lap trinh bao gom: ngp bai, danh gia tu dong, cung cip
phan hoi va theo ddi tién trinh hoc tap. Hé thong dugc xdy dung
trén nén tang cac cong nghé mi ngudn mo hién dai, dam bao tinh
linh hoat, dé trién khai va ¢6 thé mé rong trong cac méi truong
gido duc co nguén Iyc han ché. M6 hinh trién khai theo kién truc
client-server dién hinh, bao gdm bdn thanh phan chinh: giao dién
web phia nguoi dung (frontend), may chu API (backend), co s¢ dir
liéu quan hé va cong cu chim diém tu dong trong moi truong cach
ly an toan (sandboxed auto-grading engine).

3.1. Giao dién ngwoi diing (Frontend): Phit trién trén nén
React

Phan giao dién ngudi dung dwoc xdy dyng bang thu vién
React]S - mot cong nghé JavaScript pho bién dugc sir dung rong
rdi trong phat trién cac (mg dung web tuong tac. Kién trac dua trén
thanh phin (component-based) ciia React gitip phan tach rd rang
cac chirc ning, tang tinh tai sir dung va dé& dang bao tri. Giao dién
duoc thiét ké cho hai nhom ngudi dung chinh 14 sinh vién va giang
vién, mdi nhom duoc cung cdp mot bang didu khién (dashboard)
tly bién riéng.

BOoi vdi sinh vién, giao dién bao gom:

- Trinh soan thdo m (code editor) ho trg to sing cti phap va goi
y ma ty dong (st dung Monaco Editor - tuong ty VSCode).

- Cac tab dé xem mo ta bai toan, vi du vao/ra va két qua kiém
thi.

- Thong bao 16i bién dich hogc 18 thuc thi theo thoi gian thuc.

- B theo doi lich su ndp bai cung trang thai danh gia va thoi
gian ndp.

Dai véi gidng vién, giao dién hé tro:
- Tao bai toan va quan 1y b kiém thir.
- Theo dbi tién do nop bai cua sinh vién theo thoi gian thyc.

- Tryc quan héa tién d6 16p hoc thong qua biéu dd va nhat ky
h¢ thong.

- Tty chon chdm diém thu cong va diéu chinh két qua khi cn
thiét.

Giao dién frontend tuong tac véi may chu backend thong qua
API chuén REST trén giao thirc HTTPS va hd trg m& rong giao
dién da ngon ngir (vi du: chuyén déi Anh - Viét) phuc vu ndi dia
hoa (hinh 1).
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Hinh 1. Giao dién ngwoi dung danh cho sinh vién va giang vién trén hé
théng, cho phép lap trinh, theo déi tién dé va quan Iy bai tap.

3.2. May chi xir ly trung tim (Backend): Lop API (Flask
hodc Node.js)

Phan backend dugc phét trién bang Python Flask hoac Node.
js két hop Express, tity theo yéu cau trién khai va so thich ciia doi
ngil phat trién. Flask tich hop tt vi céc logic chim diém bang
Python va c6 do nhe cao; trong khi d6 Node.js hd trg xi Iy sw kién
bat dong bo (asynchronous), phit hop voi méi truong c6 sd lugng
truy cap dong thoi 1on.

Céc chirc ning chinh cta backend bao gom:

- Xac thyc va phan quyén nguoi dung st dung JTWT (JSON
Web Tokens).

- Piéu huéng va kiém tra hop 1€ cac yéu cau API (vi du: ndp
bai, truy xuat b kiém thu, lich su diem).

- Quan Iy hang doi xir I bai ndp theo co ché bit dong bo.

- Giao tiép voi cong cu chdm diém va co so dit lidu PostgreSQL.

- Ghi log sy kién phuc vu phan tich va g& 15i hé théng.

Cac yéu td bao mat dugc chu trong nhu lam s&;lch dau vao
(input sanitization), thiét 1ap thoi han cho token, kiém soat truy

cdp theo vai tro nham ngén chdn tan cong chén ma doc va truy cap
trai phép (hinh 2).
Client
(Frontemd)
HTTP Request
AP

(AP1)

API| Layer
(Flask / Node js -Express)

Xac thuc Kiém tra v, Ghi log quy
ngudi diing yéu ¢auv va b/t déng ma
(JWT) dinh tuyén API (Queee)

Hang doi xi
ly bat dérig bo,

bai nop
(Queue)

C6ng cu cham diém
ma Python/
Dockerized Grader

Co s6 dir liéu
PostgreSQL

« Lam sach dduvao
« Token Expiry
« Kiém soat truy cap theo vai trd

Béo mat dugc dam bao bai:
+ Injection Prevention

Hinh 2. Kién tric hé théng chdm diém ma nguén tw dong st dung API, hang
doi bat dong bo va cong cu chdm diém trong Docker.
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3.3. Co so dir ligu (Database): Hé qudan tri PostgreSQL

Hé thong st dung co s& dir liéu quan hé PostgreSQL dé huu trit
toan bo dit liéu lau dai, bao gom:

- Ho so nguoi ding (sinh vién, giang vién, quan tri vién).

- Danh sach bai toan lap trinh va siéu dit liéu lién quan.

- Bo kiém thir (cac cp dit liéu vao/ra).

- Ban ghi np bai (ma nguén, trang thai, thoi gian, phan hoi).
- Nhat ky hé thdng va dit liéu phan tich.

PostgreSQL dugc Iya chon nho do on dinh cao, kha nang xu ly
cac truy van phic tap, hd tro chi muyc, truong JSON va tiém ning
mo rong theo m hinh lai (két hop dir liéu quan hé va tai liéu). Co
s dit liéu duge chuan hoa nham tdi wu hoa truy van va hd trg kiém
tra truy vét (audit trail) dam bao tinh toan ven dit lidu (hinh 3).

POSTGRESQL
- B ~» B
USER PROBLEM |SUBMISSION | LOG
«user_id | | problem_id | submissionid | * log_id
* name title * code « system
* email metadata * status * data
« role + timestamp

» feedback

Hinh 3. C4u tric co sé dir liéu PostgreSQL clia hé théng.

3.4. Cong cu chim diém tw dpng: Thuc thi cich ly bing
Docker

‘Trung tam cua h¢ thong 1a cong cu cham diém tu dong, duoc
thiét ké dé thuc thi va danh gia ma ngudn ctia sinh vién trong méi
trudng cach ly bao mat. Nén tang sir dung cong nghé Docker dé ¢o
lap (sandbox) timg phién thyc thi ma nham dam béo an toan, kiém
soat tai nguyén va kha nang tai lap.

Quy trinh xtr Iy mdi bai ndp dién ra nhu sau:

1) Ma nguon cua sinh vién dugce guiri dén backend va xép vao
hang doi.

ii) Mot ludng xir 1y (worker thread) khoi tao container Docker
moi theo moi trudng ngodn ngir [ap trinh twong tng (vi du: Python,
C++, Java).

ii1) Bén trong container, ma dugc bién dich (néu c?m), thue thi
va danh gia dya trén bg kiém thtr dinh san.

iv) Thoi gian chay, b nhé s dung va ma thoat (exit code)
duoc ghi nhan. Néu bai lam cho két qua ding vai tat ca cac kiém
thir trong gi6i han tai nguyén, bai dugc danh dau “Dat”.

v) Sau khi hoan tit, container dugc hiy dé tranh ro ri tai
nguyeén.

Docker dam bao gi¢i han tai nguyén CPU va bo nhé cho mdi
container nham ngan chan lam dung (vi du: vong lap vo han). Hé
thong co co ché gidi han thoi gian chay va kich thude dau ra dé
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phong ngura treo hé thong. Moi ban  ghi chim diém déu dugc luu
dé phuc vu phan tich hau ky va g& 16i (hinh 4).

Ma nguén sinh vién

Hang doi

Worker thread

Docker
Bién dich*
Thyec thi

Danh gia

Két qua
« Thoi gian chay
« Bo nho

- Ma thoat

Hinh 4. Cong cu chém diém tw dong: Thuc thi cach ly béng Docker.
3.5. Tich hop va trién khai h¢ thong

Toan b nén tang dugc déng goi va quan 1y bang Docker
Compose, cho phép trién khai nhanh chong trén nhiéu moi truong
khac nhau (may chii ndi b, may chu ddm may hoic VPS). Bdi
Vo1 cac co s gido duc c¢d ngan sach han ché, hé théng c6 thé
chay 6n dinh trén mot may chu don. Trong tuong lai, d&& mé
rong quy mo, cac thanh phin c6 thé duoc tach riéng va trién khai
trén Kubernetes hodc hé théng diéu phdi container twong duwong
(hinh 5). Ngoai ra, h¢ thong hd trg tich hop tity chon véi bo nhé
dém Redis dé xir Iy hang doi va ting tc truy xudt. Céc tap 1énh CI/
CD co ban (vi du: GitHub Actions) dugc str dung aé tu dong hoa
qua trinh c3p nhat va trién khai hé théng.

CONTAINERS

APIServer Kibemetss
|

3 Redis
Docker Compose
'

Cl/cD

Hinh 5. M6 hinh tich hop va trién khai hé théng str dung Docker Compose,
Redis, CI/CD va hd tro mé rong véi Kubernetes.

4. Banh gia hiéu qua

Pé danh gia hiéu qua cua nén tang hoc 1ap trinh truc tuyén tich
hop hé théng chdm diém ty dong dugc dé xuat, nghién ctru da tién
hanh mot qué trinh danh gi4 theo phwong phap hon hop, két hop
thu thap dir liéu dinh lugng va dinh tinh. Muc tiéu ctiia danh gia la
1am r thc dong cua nén tang ddi véi két qua hoc tap, mie d tham
gia va sy hai long cua sinh vién, dong thoi xem xét cach h¢ thong
hd trg giang vién trong viéc quan Iy bai tdp va cung cap phan hoi.
Qué trinh danh gia duoc trién khai trong sudt sau tudn cta hoc
phén “Lap trinh co ban” tai Truong Pai hoc Tan Trao, voi sy tham
gia cua 50 sinh vién dai hoc thudc cac nganh khong chuyén cong
ngh¢ thong tin.
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4.1. Thiét ké danh gid
Khung danh gia bao gdm bdn thanh phan chinh:

- Bai kiém tra dau khoa va cudi khoa nhim do luong sy tién
b0 veé kién thire 1ap trinh va ky nang giai quyét van de.

- Phiéu khao sat theo thang do Likert dé thu thap nhan dinh
cua sinh vién v€ kha nang su dung h¢ thong, hi¢u qua phan hoi
va muc d¢ hai long trong qua trinh hoc.

- Phén tich nhét ky hoat dong ciia hé théng nham luong hoa
hanh vi hoc tap, tan suat ndp bai va hiu suat qua cac bg kieém
thur.

- Danh gia ty 1¢ hoan thanh va d¢ chinh xac ciia bai tap dé
xdc dinh murc do tdc dong cua hé thong doi véi hi€u qua hoc tap.

Noi dung hoc va thoi lugng giang day dugc gilt nguyén cho
ca hai nhom sinh vién: nhom thyc nghiém (n=25) st dung nen
tang, va nhom ddi chung (n—25) hoc theo phuong phép tmyen
thdng voi hinh thirc chim diém thi cong (hinh 6).

=| - coe®
PRE-TEST SURVEY
AND POST-TEST
ASSIGNMENT
ANALYSIS COMPLETION

Hinh 6. Cac phwong phap thu thap dir li¢u: bai kiém tra trwéc va sau, khao sat,
phan tich log hé théng va hoan thanh bai tap.

4.2. Phan tich két qud tién kiém tra va hiu kiém tra

Ca hai nhém déu thyc hién bai kiém tra chan don gom 20
cau hoi vé céc khai niém 1ap trinh co ban (bién, vong lap, diéu
kién, ham) vao dau va cudi khoa hoc. Nhom thyc nghiém cho
thay murc do cai thién ¢ y nghia thong ké, voi diém trung binh
tang tur 48,6 1én 76,2%, so voi mirc tang tur 47,2 1én 63,8% cua
nhom ddi chimg. Két qua kiém dinh t (paired-samples t-test) cho
théiy p<0,01, khéng dinh sy cai thién trong nhom thuc nghiém la
¢6 y nghia va khong xay ra ngu nhién.

Diéu nay cho thiy phan hdi tirc thoi va mang tinh lap lai do
hé thong chdm diém tw dong cung cap da dong vai tro then chdt
trong viéc ciing ¢d kién thirc va gitip sinh vién stra 16i s6m ngay
trong qud trinh hoc.

4.3. Phan hoi ciia sinh vién qua kho sdt Likert

Két thic hoc phﬁn, sinh vién nhom thuc nghiém da hoan
thanh bang khao sat chi tiét theo thang do Likert 5 mirc do (1 =
hoan toan khong dong y, 5 = hoan toan dong ), tip trung vao
bon khia canh: kha nang sir dung nén tang, muc do rd rang cia
phan hoi, cam nhan vé su tién bd trong hoc tap va dong luc hoc.
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Mot s6 két qua ndi bat bao gom:

- Kha ning str dung va tiép can: 88% sinh vién dong ¥ hodc
hoan toan dong y rang nén tang dé st dung, khong yéu cau cai
dat phuc tap.

- Chat lugng phan hoi: 92% danh gia phan hoi tw dong 1a kip
thoi va hitu ich trong viéc hiéu va sira 16i.

- Tién bo trong hoc tap: 86% tin rang ho cai thién k¥ nang lap
trinh nhanh hon so voi céc trai nghiém hoc tap trude do.

- Pong lyc va mire do gin két: 84% cho biét ho cam thay c¢6
dong lyc hon khi 1am bai nho co ché phan hoi tic thi va hé thong
chim diém minh bach.

Trong phan phan hdi mo, nhidu sinh vién chia sé r?mg viée
dugc thtr nghiém ma va nhan phan hoi ngay 1ap tic khién qua
trinh hoc “bét ap lyc” va “giong nhu mot tro choi kham pha”.

4.4. Phan tich nhat ky hé théng va hanh vi ngp bai

Pé bd sung cho dir liéu khao sat, nhém nghién ctru di phan
tich chi tiét nhat ky hoat dong cua h¢ thong. Cac chi so thu thap
bao gom:

- S6 luot ndp bai trung binh mdi bai tap: 6,2 lan, cho théy
hanh vi hoc tép ldp lai - cai thién qua thir nghiém.

- Ty 1€ hoan thanh bai tdp: nhom thyc nghiém dat 96%, cao
hon dang ké so véi 68% cta nhom doi chung.

- Thoi gian trung binh dé nop bai thanh cong sau lan thir dau
tién: glam tir 42 phut (tuan 1) xuong con 18 phuat (tuan 6), cho
thay su tién bo vé hiéu qua giai quyét van dé.

- Ty 1& vuot qua timg bd kiém thir: ting 27% trong sudt qua
trinh hoc, vdi s sinh vién vugt qua toan bg cac truong hop bién
trong lan ndp dau tién nhiéu hon vao cac tuan sau.

Dir liéu tir hé théng xac nhan ré“mg, sinh vién tich cuc tham
gia vao qua trinh hoc thir - sai va sir dung phan hoi dé cai thién
dan bai lam. Pong thoi, dit liéu nay gitp giang vién nhan dién
céc 15i phd bién dé ¢6 bién phap giang day bé trg phit hop, ca ¢
cap do 16p va ca nhan.

4.5. Quan diém ciia gidng vién va giam tdi khoi lwong cong
viéc

Tir goc nhin ciia giang vién, hé thong da gitup giam dang ké
thoi gian danh cho cac cong viée chdm diém lap di lap lai. Trung
binh, giang vién bao cao thoi gian chim bai giam khoang 70%,
tir d6 c6 thém thoi gian danh cho hd trg ¢4 nhan hoa va thao luan
chuyén siu vé ndi dung mén hoc trong gio hoc. Viéc chim diém
tu dong ciling dam bao tinh nhét quan va loai bo su thién Iéch chu
quan - didu dic biét quan trong trong cac 16p hoc 1ap trinh nhap
mén véi s luong 16n sinh vién.

Bang diéu khién ciia giang vién cung cip céi nhin tirc thoi vé
tién do hoc tap cta sinh vién, bao gém céc biéu dd truc quan vé
tAn sut ndp bai, xu huéng thanh cong va thoi gian hoan thanh
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mdi bai. Cac dir liéu phan tich nay duoc st dung dé diéu chinh
tien d§ giang day va xac dinh nhiing sinh vién c6 nguy co tut lai
phia sau.

T6m lai, qué trinh dénh gia da chimg minh ring nén tang hoc
lap trinh dugc dé xuit khong chi cai thién 10 rét két qua hoc tap
va mirc 4o gin két cua sinh vién ma con mang lai gia tri hd tro
thyc tién cho giang vién trong viéc giang day hiéu qua hon. Viéc
tich hop co ché danh gi4 tuy dong va phan hdi trong tac tao ra
mot giai phap hoc tap co kha naing mo rong, tiét kiém tai nguyén,
déc biét phu hop vai cac truong dai hoc tai ving sau, ving xa
dang trong qua trinh hién dai hda chuong trinh dao tao 18p trinh.

Nghién ctru nay da trinh bay qué trinh thiét ké, trién khai va
d4nh gia mot nén tang hoc 1ap trinh truc tuyén tich hop hé thong
d4nh gia ty dong nham hd trg hoat dong giang day lap trinh &
bac dai hoc. Nén tang dugc xay dung vai dinh hudng trong tadm
vao kha nang tiép can, kha ning mé rong va hiéu qua su pham,
dac biét phu hop vai céc co so gido duc hoat dong trong diéu
kién han ché vé ha tang k¥ thuat. Thong qua viéc két hop phan
hdi tie thi, giao dién than thi¢n voi nguoi dung va co ché thuc
thi ma an toan trong moi truong container cach ly, hé thong cho
phép sinh vién chu dong hoc tap theo tién do c4 nhan va dong
thoi gitip giam dang ké khéi luong cong viée chdm diém cho
gidng vién.

Két qua danh gia thyc nghiém voi 50 sinh vién dai hoc tai
Truong Pai hoc Tan Trao da khéng dinh nhiing loi ich 10 rét cua
hé thdng trong viéc nang cao két qua hoc tp, ting cudng dong
luc hoc tap va cai thién chat luong gidng day 14p trinh néi chung.
Sinh vién thé hién mtc do hai long va sy tu tin cao hon trong
viéc viét va g& 16i chwong trinh, trong khi giang vién dugc hd tro
d4ng ké nho quy trinh chdm diém hiéu qua va minh bach hon.
Dong thoi, phan tich nhét ky hé thong ciing xéc nhan rang sinh
vién da chu dong tan dung vong phan héi lién tuc dé cai thién 16
giai, qua d6 1am ndi bat gia tri ciia viéc danh gia hinh thanh tirc
thoi trong gido duc lap trinh.

Déng gop ctia nghién ctru ndy thé hién trén hai phuong dién
chinh. Th nhét, nghién cuu cung cép mot gidi phdp cong nghé
kha thi, dap (ing dugc cac thach thie dac thu ma cac truong dai
hoc tai khu vuc dang phét trién thudng gip phai - dic biét 1a
nhu ciu vé mot hé théng hoc 18p trinh nhe, chay trén trinh duyét
va khong phu thudc vao ha tang phtc tap. Thir hai, nghién ctru
chtmg minh ring viéc tich hop c6 chii dich gitra phan hoi ty dong
va phén tich hoc tap co thé thuc ddy méi truong hoc twong tac,
linh hoat va phu hop véi nguoi hoc méi bt dau.

Trong thoi gian t6i, nhiéu huéng phat trién tiém ning dugc
dat ra nham nang cao hiéu qua va gia tri ing dung ciia nén tang.
Mot trong nhiing cai tién quan trong 14 tich hop mo-dun goi y
bai luyén tap cd nhan hoa, st dung cac thuat toan hoc may dé
phan tich hiéu sut cua timg ngudi hoc va dé xudt cac bai tap phu
hop dua trén khoang trong kién thtrc va 16 trinh hoc tap. Diéu
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nay sé& gitp khic phuc sw chénh 1éch vé trinh do giita céc sinh
vién va thuc day céc 19 trinh hoc thich tmg. Ngoai ra, viéc tmg
dung phan tich hanh vi hoc tap - nhu theo ddi mau chinh stra ma,
muc do st dung goi ¥ va chién luoc stra 18i - co thé cung cép
nhing hiéu biét sdu hon vé hanh vi giai quyét vin dé va hd trg
can thiép s6m ddi v6i nguoi hoe ¢6 nguy co gap kho khan.

Mot s6 huéng mé rong khac bao gdm phat trién tinh ning lap
trinh hop tac, tich hop cac yéu t6 tro choi hda dé duy tri dong luc
hoc tap, b6 sung hd tro da ngdn ngir nhim mo rong kha ning tiép
can va két ndi hé théng véi nén tang quan Iy hoc tip (LMS) cua
nha truong dé toi wu hoa cong tac quan ly khoa hoc. Dong thoi,
mot nghién ctru theo chiéu doc v6i quy mo 16n hon, bao gom
nhiéu co s¢ dao tao va da dang ddi turong nguoi hoc ciing dang
dugc 1én ké hoach, nham danh gia tinh khai quat va tac dong dai
han cua nén tang di véi gido duc 1ap trinh trong cac bdi canh
hoc tap khac nhau.

Tong két lai, nghién ctru nay dong gop mot cach tiép can
mang tinh thye tién, dua trén dit liéu va c6 co sé su pham viing
chic nham céi thién cht lugng gido duc lap trinh trong gido duc
dai hoc. Béng cach khai thac hi¢u qua cong nghé ty dong hoa va
phan hdi thong minh, nén tang khong chi nang cao két qua hoc
tap cuia sinh vién ma con hd trg giang vién trong viéc trién khai
giang day lap trinh hi¢u qua, c6 thé mo rong va bao trim - diéu
dac biét can thiét trong thoi dai chuyén dbi s6 cua gido duc.
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Khir trung moi trudng nudi cdy mo va kich thich sinh trwdng cay chuoi
0 giai doan ra ré va vwom wom hng hat nano bac chitosan nong do thap

Vii Thi Huyén®, L& Thi Hién
Khoa Céng nghé Nong nghiép, Truong Pai hoc Cong nghé, Pai hoc Quéc gia Ha Ngi, 144 Xudn Thity, phuong Cau Gidy, Ha Ngi, Viét Nam
Ngay nhan bai 19/10/2024; ngay chuyén phan bién 22/10/2024; ngay nhan phan bién 15/11/2024; ngay chip nhan dang 20/11/2024

Tom tit:

Chubi 12 loai cdy in qua chii lye ctia Viét Nam. Dé tao ra mot so hrgng 16n ciy giong chudi sach bénh va dong nhit
vé mit di truyén, hién nay dang sir dung cong nghé nudi cdy mé. Moi trudng nudi cdy mé dwoe khir tring ¢ nhiét
do va ap suét cao. Trong bai biao nay, hat nano bac chitosan (AgCS) téng hgp duge véi kich thuée 54 nm duge st
dung dé khir tring méi truwong nudi cdy ma khong ding nhiét. Véi ndng dd AgCS 1a 0,25 va tir 0,5 ppm tré 1én, ty 18
mai truwong khong nhiém vi sinh sau 4 tuéin twong tng la 96,7 va 100%. Khio sat znh huéng ciia AgCS (0,25-4 ppm)
1én ciy chudi & giai doan ra ré cho thiy, AgCS 0,25 ppm lam ting chiéu dai r& (70%) va khdi lrgng twoi (30%). Cay
chudi ngoai vuron wom tir cy in vitro nudi ciy trén méi trwong cé6 bd sung AgCS 0,25 va 0,5 ppm déu sinh truéng tot
hon dbi chirng. AgCS (0,25-0,5 ppm) lam ting s6 ré méi (khoang 5 1an), chidu dai ré méi (1,1-3 1in), chiéu dai than
(1,4-1,7 14an) va khoi ler’ng tum (2,4-4,5 1an). Nhuw Vay, AgCS vira ¢6 kha nang khir truing moi trudong, vira kich thich
sinh trudéng cay chudi nudi cay mé giai doan ra ré va giai doan vuon wom.

Tir khéa: ciy chubi, hat nano bac chitosan, khir tring méi truong, kich thich sinh truwéng, nudi cdy mé thue vat.

Chi 56 phin loai: 1.6, 2.9, 4.6

Sterilising of tissue culture media and growth stimulation of banana seedlings at rooting and
ex viro nursery stages using chitosan silver nanoparticles at low concentration

Thi Huyen Vu*, Thi Hien Le

Faculty of Agriculture Technology, VNU University of Engineering and Technology, 144 Xuan Thuy Street, Cau Giay Ward, Hanoi, Vietnam
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Abstract:

Banana is a major fruit crop in Vietnam. Plant tissue culture technology is used to produce a large number of
disease-free and genetically identical banana seedlings. Tissue culture media are generally thermally sterilised at
high temperature and pressure. In this study, the synthesised highly stable silver chitosan nanoparticles (AgCS) with
an average size of 54 nm were utilised for sterilising plant tissue culture media without thermal treatment. After
four weeks, the percentage of uncontaminated culture media at concentrations of 0.25 and >0.5 ppm reached 96.7
and 100%, respectively. Investigation of the effects of AgCS (0.25-4 ppm) on tissue-cultured banana plantlets at the
rooting stage showed that AgCS at 0.25 ppm increased root length and fresh weight by 70 and 30%, respectively.
The ex vitro banana plantlets derived from in vitro cultures supplemented with AgCS 0.25 and 0.5 ppm grew better
than the control. AgCS (0.25-0.5 ppm) increased the number of new roots (about 5 times), root length (1.1-3 times),
pseudostem length (1.4-1.7 times), and fresh weight (2.4-4.5 times). In conclusion, AgCS can be used as a culture
medium steriliser and plant growth stimulant for in vitro and ex vitro banana plantlets.

Keywords: banana seedlings, culture media sterilant, growth stimulation, plant tissue culture, silver chitosan
nanoparticles.

Classification numbers: 1.6, 2.9, 4.6
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1. Mé dau

Chudi 1a mot trong 14 loai cdy an qua thuoc Dé an Phét trién cay
an qua chu lyc dén nam 2030 do Bo truong B Nong nghiép va Phat
trién nong thon phé duyét theo Quyét dinh s6 4085/QD-BNN-TT
Ha Noi, ngay 27/10/2022. Theo do, Viét Nam dinh hudng phat trién
khoang 165-175 ngan ha chudi v6i san lugng 2,6-3 triéu tén/ném
trong d6 chu trong ap dung dong bg cac quy trinh san xuat tién tién
trong san xuét. Trong quy trinh trong chu01 viéc phat | trién sb luong
16n cay chubi sach bénh va dong nhét vé mit di truyén 1a mot diéu
can thiét. D¢ dap tmg dugc diéu do, hién nay dang sir dung cong
nghé nudi cy mo té bao thyc vat.

Vo tring 1a mot trong nhimg yéu td quan trong trong quy trinh
nudi cy mo té bao thuc vat dé dam bao ciy nudi cdy md khoe manh
v6i ty 1é cao 14 tién dé tang hiéu suét san xuat cdy gidng sach bénh.
Hién nay, moi truong nuéi cdy mod thuong dugc khir tring bing
nhiét do va ap suét cao (khoang 121°C va 1 atm) trong 20 phut, voi
tong thoi gian khir tring khoang 2,5 gio [1]. Trong truong hop nay,
ty 1& nhlem vi sinh cua cac mau cdy van chiém trén 10% c6 thé do
thao tac cdy mau hodc do méi truong xung quanh [2]. Vi vdy, voi su
phat trién nhanh chong cta linh vuc cong nghé nano sinh hoc thue
vit, ¢ mot s cong trinh nghién ciru sir dung cac vat liéu nano nhu
nano bac [3], nano oxit kém [4] dé khur trung moi truong nudi cay
mo va khtr tring mau cay, két hop voi khur trung nhiét de giam ty 1¢
nhiém vi sinh xudng ti thiéu. B6 sung hat nano bac ndng do 4 ppm
vao moi truong nudi cdy mo cdy hoa ctic ma khong khir tring nhiét
¢ thé 1am cho méi trudng nuéi cdy mé cdy hoa ctic khong bi nhiém
vi sinh trong vong 4 tuan [1].

Khéng nhimng viy, mot s6 hat nano véi nong d6 phu hop con
kich thich sinh truong va phat trién cta cdy nudi cdy mo. Khir tring
méu ciy bang nano bac nong do 250 ppm trong vong 15 dén 20
phut két hop voi khir tring méi truong bing nano bac cho théy tang
mot sb chi tidu Ve héa sinh cua cdy ciic nuéi ciy mo [1]. B6 sung
hat nano dong nong do 9 ppm vao moi trudng ra 1é cua cdy chudi
lam tang so 14, chiéu dai ré va chi sb diép luc t6 [5].

Hat nano bac véi cac chat 1am bén khac nhau c6 thé anh hudng
khong giong nhau 1én cac cay nuoi cfiy md. Thong thuong, cac hat
nano bac voi cht lam bén bang polyme twong thich sinh hoc s&
it gdy anh huong tiu cyc dén té bao thyc vat hon 13 hat nano bac
duoc 1am bén bang polyme tong hop hogc cic chat 1am bén hitu co
khac. Trong sb cac polyme c6 ngudn gdc tu nhién va tuong thich
sinh hoc véi thuc vat, chitosan dang dugc quan tdm nghién cru ing
dung trong nuéi ciy mo thuc vét [6].

Mot yéu to quan trong khi s dung hat nano bac trong moi
truong nuodi céy md thyc vét 13 can xac dinh khoang nong do hat
cua hat nano bac, sao cho trong khoang ndng d nay, hat nano bac
co tac dung khir tring moi truong, ddng thoi khong anh hudng tiéu
cuc dén cay nu01 cay md. Trong cong trinh cua S.M. Tam1m1 va cs
(2023) [7], nong d¢ nano bac 12 ppm trong mdi truong nudi cay mo
kich thich sinh truong cua cdy chubi nuéi cy mé, trong khi nong do
15 ppm Grc ché sy phat trién. Trong khi do trong cong trinh cta P.
Siriporn va cs (2024) [8], hat nano bac nong d6 100 ppm trong moi
truong nudi cdy kich thich cay phat trién tot hon so véi ddi chimg.
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Do do, trong cong trinh nay nghién ctru st dung hat nano bac
duoc 1am bén bing chitosan - mot polyme twong thich sinh hoc véi
thue vat dé khir tring méi trudong nudi cdy mé cdy chudi trong vong
4 tuan ma khong két hop v6i khir tring nhiét. Dong thoi, nghién
clru anh huong cua nano bac chitosan tai céc nong do xung quanh
ndng do khur trung dugc moi truong nudi cdy lén sinh truong va
phét trién ciia cdy chudi nudi cdy mo, trong giai doan ra r& v giai
doan vuon wom.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit li¢u

Cac vat ligu su dung: AgNO, (Fisher Chemlcal) NaBH, (Weng
Jiang Reagent) va chitosan (Bio Basic). Nguon mau chdi chu01 duge
st dung 14 cac chdi in vitro cua cdy chudi gia Nam My (Cavendish
bananas) duoc nhan du s6 lugng thi nghiém tai Phong thi nghiém
nudi cdy mo (Khoa Cong nghé Nong nghiép, Truong Dai hoc Cong
nghé, Pai hoc Quéc gia Ha Noi), mau 4 tuan tudi va chiéu cao cay
khoang 2 cm.

2.2. Phuong phap nghién ciru

Phuwong phdp tong hop hat nano bac chitosan: Hat nano bac
chitosan (AgCS) dugc tong hop theo phwong phap khir dung dich
bac nitrat bang cht khir NaBH,, str dung chét lam bén chitosan
duoc mo ta ¢ cong trinh [9], trong d6 thé tich tong hop 1a 200 ml,
ndng do clia bac nitrat, chitosan va NaBH, lan luot 13 4,95 mM, 500
pg/ml, 9,9 mM. Hat nano bac sau khi tong hop dugc dic trung bang
quang pho ké hip thy trong ving UV-Vis (nano Thermo Scientific
NanoDrop 8000). Phan b6 kich thudc hat va thé zeta dugc do bing
thiét bi tan xa 4nh sang dong (SZ-100Z2).

Phuong phap nghién ciru anh huwong cua hat nano bac chitosan
dén kha nang khir tring méi trieong: Moi truong MS duge bo sung
30 g/l duong, 5 ¢/l agar va hat nano bac chitosan vé6i cac nong do
khac nhau (0; 0,25; 0,5; 1; 2; 3; 4 ppm); mdi nong d6 hat nano tuong
{mg voi mot nghiém thire. Sau d6 khong hap khir tring méi truong
bing nhiét do cao ma chi dun trén bép tir, vira dun vira khudy cho
dén khi s6i (tong thoi gian dun 13 khoang 1 phut). D6 méi truong ra
céc thi nilon (50 ml/téi, tai khong khir tring trude d6), gip miéng
thi va cai lai bang ghim. Mi nghiém thirc 1am 10 tii moi truong va
ldp lai 3 1an. Mau ddi chimg duoc chuan bj twong ty, nhung khong
b6 sung hat nano bac chitosan va dugc hép khir tring bang nhiét
(118°C trong 20 phut) (tong thoi gian hap khur trung la khoang 2,5
glor) Sau do, cac mau moi truong nuodi cay md duoc dé trén gia nuoi
cdy trong diéu kién nhiét do 25+2°C, d6 am trung binh 55-60% va
theo ddi s6 tai khong bi nhiém vi sinh sau 4 tun. Ty 16 mau khong
bi nhiém vi sinh dugc xac dinh theo cdng thirc sau:

D= np x 100 (%)
n

trong do: D laty le % mau khong nhiém; n la s6 mau khong bi
nhiém; n 13 tong s6 miu.

Phuong phap nghién citu anh hwong cia hat nano bac chitosan
Ién cdy chuoi nudi cdy mé ¢ giai doan ra ré: Mi truong sir dung
trong thi nghiém nay 13 moi truong MS, bd sung 30 g/l duong
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saccharose, 5 g/l agar va AgCS vdi cac néng d60,25;0,5; 1; 2 va
4 ppm. Méi truong nay khong khir tring bang nhiét, ma chi dun
s6i va d6 vao céc tai nilon (tii khong duoc khi tring nhiét) voi thé
tich 50 ml/thi, gap miéng thi va cai lai bang ghim. Moi trudng ddi
chimg 1a méi truong MS, bd sung 30 g/l dudng, 5 g/l agar, khong
b6 sung AgCS va hip khir tring ¢ 118°C trong 20 phit; sau do d6
vao cac tai nilon da dwgc khir tring & cung diéu kién trén. Mi
cong thirc méi truong lam 10 tai.

Dit cic mau choi chu01 VAo cac tui moi truong voi mat do 5
chdi/tai. Cac thi nudi cay nay sau do dugc dat 1én cac gian nuoi cay
mo, vdi thoi gian chiéu sang 16 gio/ngay, nhiét d6 25+2°C, do am
trung binh 55-60%. Thu nhan céc chi tiéu nhu tong s6 ré/cy, chiéu
dai ré, chiéu dai than, s6 14, chidu dai 1a, chiéu rong 14, ham luong
diép lyc, khéi luong tuoi sau 4 tuan. Thi nghiém duoc 1dp lai 3 lan.

Phirong phap nghién ciru anh hwong cia hat nano bac chitosan
Ién cdy chudi nuéi cdy mé ¢ giai doan ex vitro ngodi vieon wom:
Cay in vitro hoan chinh sau khi thu cdc chi tiéu (déi véi mau trén
moi truong ¢6 bd sung AgCS 0,25 va 0,5 ppm va mau doi chimg)
dugc dua ra vuon uom trong trén gla thé xo dira va trau hun véi ty
18 1/1. Tu6i nude gitt 4m cho cdy 2 lan/ngay. Tiép tuc danh gia tac
dong cua AgCS b sung trong méi truong & giai doan trudc 1én sy
phat trién clia cy con thong qua céc chi tiéu nhu tong s6 ré/cay, sb
ré mai, chidu dai ré mai, chiéu dai than, chiéu dai 14, chiéu rong 14,
khéi luong tuoi sau 4 tuan.

Phuong phdp phan tich va xit Iy 56 liéu: Cac sb liéu dugce xtu Iy
tho bang phan mém Microsoft Excel, sau do phan tich kiém dinh
ANOVA va Duncan ¢ mitc p<0,05 bang phin mém SPSS.

3. Két qua va ban luan
3.1. Tinh chit hat nano bac

Dung dich keo nano bac chitosan (AgCS) c6 mau nau anh cam.
Phé hép thu UV-Vis ciia dung dich keo AgCS pha lodng 10 lan co
budc song hép thu cyc dai A =415 nm ddc trung cho hat nano bac
va do hap thu cuc dal dat 0, 281 twong duong voi do hdp thu cuc
dai cta dung dich goc 1a 2,81 (hinh 1A). Hat AgCS ¢6 kich thudc
thuy dong luc hoc trung binh 1& 54+1 nm (hinh 1B). Dung dich
keo AgCS sau khi pha lodng 10 1dn c6 gi4 tri thé zeta trung binh
14 +30,0+1,5 mV: thé hién hat nano bac mang di¢n tich duong va
dung dich keo AgCS ¢6 d 6n dinh cao.

(A) 03 - (B) 6 -
5
é_oz 84 g
& 23 4
i &
=01 =2
] ||‘ ‘
1
o . . . , 0 u...(.\...r.\,,,,v ,,,,,,,,,,,,,,,,,,,

«
—_—— < O\

Kich thwée hat (nm)
Hinh 1. Phd hap thu UV-Vis (A) va phd phan b6 kich thwéc hat phan tich bing
phwong phap tan xa anh sang dong (B) ctia dung dich keo AgCS.
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3.2. Kha nang khir trung moi truwong nudi cd'y mo thuc
vdt ciia AgCS

Két qua thi nghiém vé kha nang khir tring méi truong
nudi cdy mo cia AgCS ma khong khir tring ¢ nhiét d¢ va
ap suét cao duoc trinh bay ¢ bang 1. Két qua thuc nghiém
cho thiy, 100% mau méi truong véi ndng dd AgCS tir 0,5
dén 4 ppm khong bi nhidm vi sinh vat trong 4 tuan (bang 1).
Bon tudn 14 thoi gian can thiét thong thuong cho mot giai
doan nuoi céy mo té bao thue vat (vao mau, nhan chdi, nhan
nhanh, ra r&). Miu méi truong bd sung AgCS 0,25 ppm thi
ty 1é khong nhiém vi sinh dat 96,7+3,3%, cao hon mau dbi
ching dugc khir trung béng nhiét d6, dat 90+10%. Mau moi
truong khong khir tring bang nhiét, dong thoi khong bd
sung AgCS ty 1é khong bi nhiém vi sinh chi dat 60+10%,
vi diéu kién nudi ciy mé ciing 1a didu kién thuan loi cho vi
sinh vét phat trién trén méi trudng giau dinh dudng nhu MS.

So véi cong bd ciia H.T. Tung va cs (2021) [1] da khir
trang dugce 100% moi truong nudi cdy mé cdy hoa cuc khi
sir dung hat nano bac chitosan & nong d6 4 ppm ma khong
két hop véi ding nhiét (khong cong bd cac dic trung vé
kich thudc, d6 hap thy va thé zeta cua hat nano nay), thi
trong cong trinh nay hat nano bac chitosan & nong do 0,25-
0,5 ppm di c6 thé khir tring dwoc moéi truong nudi ciy mo
voi ty 1€ cao.

Ngoai ra, mot s6 cong trinh két hop giira khir tring méi
truong nudi cdy mo bang nhiét v4i hat nano bac dé khu
tring moi truong nudi cdy. Véi hat nano bac sir dung chat
lam bén polyvinylpyrrolidone (PVP) ¢6 kich thudc trung
binh 70 nm, tai néng do 5 ppm c6 thé lam giam ty 1¢ nhidém
xudng 50% [3]. Trong khi d6, hat nano bac (khong cong bd
chat lam bén) kich thudc 5 nm c6 thé khir tring duoc 88,4%
mai trudng khi bd sung hat nano bac 3 ppm vao méi truong
da khtr tring nhiét [2].

Bang 1. Kha nang khtr tring méi trweng nudi ciy mé sau 4 tuan cua AgCS.

Nong d) AgCSbo sung Ty 1¢ mau khong bi
vao moi trudmg (ppm) nhiém (%)

Doi chimg c6 khir tring bang nhiét 0 90+10
0 6010
025 96,7433

. 0,5 10020

Khong khtr tring bang nhiét
1 10040
2 10020
4 10020

Nhu vay, méi truong nudi cdy mo bd sung AgCS v6i ndng
do tir 0,5 ppm tr¢ 1én khong bi nhiém vi sinh sau 4 tuin. Pay
la néng do thép nhét cta hat nano bac c6 thé khir trung moi
truong nudi cdy mé MS bé sung 30 g/l saccharose cho dén thoi
diém nay.
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3.3. Anh huéng cia hat nano bac lén cdy chudi nudi cdy
mo giai doan ra ré

Mot yéu tb quan trong khi sir dung hat nano bac trong méi
truong nudi cdy md thuc vat 1 can xac dinh khoang nong do
hat cua hat nano bac, sao cho trong khoang ndng do nay, hat
nano bac c6 tdc dung khtr truing mdi truong, déng thoi anh
huong tich cuc dén ciy nuéi ciy mé (cay chudi in vitro) trong
moi truong do.

Cac chi s6 sinh truong phat trién ciia cdy chudi nuéi ciy
trong moi truong ra r& ¢6 bd sung AgCS v6i cac ndng do tir
0,25 dén 4 ppm va khong khtr tring bang nhiét dugc thu thap
sau 4 tudn nudi, so sanh véi cay chudi dbi chig nudi trong
mdi trudng ra & khir tring bang nhiét. Sau 4 tuan, mot s chi
tiéu sinh truong cia cay dugc thu thap va xu 1y théng ké cho
két qua c6 sy khac biét co ¥ nghia thong ké (bang 2). Cay chudi
trong moi truong bo sung AgCS, véi nong do 0,25 ppm co
chiéu dai ré tang 1,7 lan, ham luong diép luc ting 1,2 lan va
khdi lugng tuoi ting 1,3 1an so véi cay ddi chimg. Cac chi tiéu
tong s ré/cy, chiéu dai than, s 14, chiéu dai 1a, chiéu rong 14
& mau nghién ctru va mau ddi chimg 13 twong duong.

Béng 2. Anh hw&ng cua hat nano bac 1&én mot sb chi tiéu sinh trwdng clia cay
chuoi nudi cay moé & giai doan rare.

Dii chimg

k!n’r tring 0,25 ppm 0,5 ppm 1ppm 2ppm 4 ppm

bang nhigt
Tong s6 rélcay 6400£0,053 64000416 34670437  377840,188  3573£0,053  3,57540,003¢
Chieu diiré (cm) 12433402000 20960£0421° 17400002400 1784040175 177890033 17,761£0,010°
Chicu dai thin (cm)  266740,03%  L667H0035 204740178 23060004 230440016 2,3090,002¢
Sl 386740,133  4007:0291° 32670176 336840042 33730020 336240004
Chibudiild (cm) 47060083 48580013 377340085 391740062 38740011 387040,00:
Chiburongld (cm)  1980£0020°  1$87:0,007° 183340007  183840.002 18380001 1,83840,003"

Ham hwong diép luc

10,070 p
(SPAD) 37,68710,079*  44,31310,569

37800£0,510* 3864720473 38,279+0,104  38,245:0,008*

Khoi hugng tuoi (¢)  1984:0,0440 248420218 162940106 176340052 1736:0,009%  1,732¢0,002

Cac chir a, b, c trén cung mét hang thé hién sw khac biét co y nghia &
murc p<0,05 theo phép thtr Duncan.

Cay chudi nudi cdy trong moi trudng bd sung AgCS vai
ndng d6 0,5 ppm tro 1én co chidu dai ré tang 1én 1,4 lan. Tuy
nhién, téng s0 1é/cay, chidu cao cay, s6 1, chiéu dai 14, chiéu
rong 14, khoi lugng tuoi giam va c6 ham luong diép luc twong
duorng so voi mau doi chimg. Két qua nay cho thay, AgCS véi
nong g 0,25 ppm c6 hi¢u qua kich thich sinh truong cay chudi
nudi cdy mo ¢ giai doan ra ré tot hon cac ndng do con lai.

Hiéu qua kich thich sinh truong va phat trién cdy chudi &
giai doan ra ré clia mot s loai hat nano bac khac cling da duoc
cong bd trude do. Trong modi truong bd sung hat nano bac 12
ppm, ¢6 khir tring & 121°C trong 15 phut, lam ting s6 1é 3,3
lan, chiéu dai r& 3,9 1an va ham luong diép luc 1,3 lan [7].
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Trong mdt nghién ctru khac, hat nano bac néng do 3 ppm duogc
b6 sung vao sau khi méi truong khir tring bang nhiét lam tang
chiéu cao, khi lwong tuoi, s6 14, sb r& va ham lwong diép luc
[2]. Trong khi d6, hat nano bac chitosan ma ching toi su dung
v&i ndng do kha thip (0,25 ppm) ciing lam ting chiéu dai ré,
ham luong diép luc va khdi luong twoi. Diéu nay cho thiy, cac
loai hat nano bac khac nhau véi cach thirc bo sung vao moi
truong nudi cdy khac nhau sé tac dong khong glong nhau [én
cac chi tiéu sinh truong va phat trién ciia cdy chudi in vitro.
Madi loai hat nano bac véi quy trinh ng dung khéc nhau s& co
ndng d6 tdi wu riéng cho sy phat trién cua cay chudi.

Bén canh do, ciy chudi trong méi truong c6 bd sung AgCS
0,25 va 0,5 ppm c6 bd ré mau tréng va c6 1é to tuong tu so
voi cdy doi chiing (hinh 2). Trong khi do6, cay chuéi trong moi
trudng bd sung AgCS nong d6 1,2 va 4 ppm c6 it ré& to hon dbi
chung, céc & moi smh ra nam trong moi truong co mau den va
cac r& m6i khong ndm trong méi trudng co mau tring.

4ppm 2ppm 1ppm 0,5ppm

0,25/ppm DPéi chitng
o

=

Hinh 2. Cay chudi nuéi cdy mé & giai doan ra ré trén méi trwong
c6 bd sung hat nano bac chitosan véi cac néng dé 0,25-4 ppm.

Nhu vay, AgCS véi ndng do 0,25 ppm bd sung vao moi
truong nudi cdy md khong nhiing ¢6 kha ning khir tring moi
truong nudi céy mo dat 96,7+3,3% ma con c6 kha nang ting
mot s chi tiéu sinh truong quan trong ciia cdy chubi in vitro &
giai doan ra ré.

3.4. Cay chudi ex vitro giai doan vwon wom

Vi cdy chubi in vitro trong méi truong ra 1é voi AgCS 0,25
va 0,5 ppm ¢6 bo 18 trang va mot s chi sé sinh truong tot hon
s0 véi cdy ddi chimg, nén cac cdy nay di duoc lwa chon dé
trong ngoai vuon wom (cay chudi ex vitro) va theo ddi mot sb
chi tiéu sinh truong va phat trién.

Két qua cho thay, mot s6 chi tiéu nhu s6 r& méi/cay, chiéu
dai r& mai, chiéu dai 14, chiéu rong 1a va khdi luong tuoi ¢6 sy
khac biét ¢ y nghia thong ké. Cu thé 1a, cay in vitro dugc ra &
tao cdy hoan chinh trén moéi truong cé bd sung AgCS 0,25 va
0,5 ppm déu cho cdy con ex vifro ngoai vudn uom sinh truong
t6t hon so voi mau d6i chung vé tong sb ré/cdy, s6 & méi/cay,
chiéu dai r& méi, chiéu dai than, chidu dai 14, chiéu rong 14 va
khéi lugng tuoi (bang 3).
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Bang 3. Anh hwéng cla hat nano bac Ién mét sé chi tiéu sinh trwéng cia cay
chubi nudi cdy mé & giai doan vwen wom.

Dbi chimg khir trimg bing nhiét 0,25 ppm 0,5 ppm
Tong s6 ré/cay 6,50+0,50° 10,00£0,50° 8,500,235
$6 1& moi/cay 1,00+0,50° 4,50£0,50°  5,00£1,00°
Chiéu dai 1 m6i (cm) ~ 5,2540,25¢ 15,751,258 6,0040,50°
Chiéu dai than (cm)  4,50£0,50¢ 7758005 62540,75
Chiéu dai 4 (cm) 5,5040,50¢ 9,75£0,05"  8,00+0,50°
Chiéu rong 4 (cm) 2,0040,10¢ 3,500,100 2,70+0,30%
Khoi lugng tuoi (g) 1,740,02¢ 7774023 42040,63°

Céc chir a, b, ¢ trén cung mét hang thé hién sw khac biét co y nghia &
murc p<0,05 theo phép thtr Duncan.

Cay con ex vitro ngoai vudn uom tu cdy nuoi trong m01
truorng ra & c6 bd sung AgCS 0 25 ppm va 0,5 ppm cé tong s6
ré/cy tang 1,5 va 1,3 1an, s r& méi/cay ting 4 va 5 lan, chiéu
dai ré méi tang 3 va 1,1 lan, chidu dai than tang 1,7 va 1,4 lan,
chiéu dai va chiéu rong 14 tang 1,8 va 1,4 1an, khdi luong tuoi
tang 4,5 va 2,4 1an so vdi cy ex vitro ddi ching nudi cdy trén
moi trudng khir tring bing nhiét. Két qua nay cho thiy hiéu
qua vuot tri so véi cong bo trude day da st dung hat nano bac
dé tudi cho cay chubi con ngoai vuon wom [2]. Tir ddy ciing co
thé thy, lidu phap ma chiing t6i sur dyng la b6 sung nano bac
vao giai doan ra ré cua cay va khong can tu6i bo sung hat nano
bac ¢ vuon vom c6 hi€u qua t6t hon.

Bén canh d6, ciy con ngoai vudn wom phat trién tir ciy in
vitro trén méi truong c6 bd sung AgCS khong co su khac biét
v& hinh thai 14 so véi cdy dbi chimg nuéi cdy trén méi truong
khtr tring bang nhiét (hinh 3).

Poi chirng

0,5 ppm

Hinh 3. Cay chudi nubi cdy md & giai doan viwdn wom phat trién tir cay ra ré
trén cac moi trwong cé bd sung hat nano bac chitosan néng dé 0,25 va 0,5
ppm.

Nhu vay, cay chuéi ex vitro ngoai vudn uom phat trién tir
cay in vitro nudi cay trén moi tru(mg 6 bd sung AgCS 0,25 va
0,5 ppm sinh trudng va phat trién t5t véi mot sb chi tidu cao
hon & cay dbi chimg.
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4. Két luan

St dung hat nano bac chitosan (AgCS) voi néng d6 0,25-
0,5 ppm dé khir tring méi trudng nudi cdy mé co thé dat ty 1&
v0 tring 96,7-100% trong 4 tuan la mot phuong phap don gian,
tiét kiém chi phi va thoi gian so véi phuong phap khir tring
mbi truong bang nhiét thuong quy. Cho dén hién nay, day ciing
1a ndng do thip nhit cia hat nano bac c6 thé khir tring tuyét
d6i moi truong nudi cy trong 4 tuén Khong nhiing vy, moi
truong nudi cy bd sung AgCS ¢ ndng d6 0,25-0,5 ppm con co
tac dung kich thich sinh trudng va phat trién ciia cdy chubi nudi
cdy mo & giai doan ra ré va tao stic bat gitip cdy con ting truong
nhanh ¢ giai doan ex vitro ngoai vuon uom. Voi tiém nang kép
nay, c0 thé nghién ctru tmg dung hat nano bac chitosan trong
nuoi cay mo cay chudi véi quy m6 cong nghiép e giam chi phi
san xuat cdy giong va tang chit luong cdy giong; ddng thoi co
thé mé rong véi cac ddi trong cdy nudi cdy mo khac.

Nghién ctru nay dugc tai trg boi Truong Pai hoc Cong
ngh¢, Pai hoc Quoc gia Ha Ndi theo dé tai ma so CN23.03.
Céc tac gia xin tran trong cam on.
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Dic diém hinh thai va diéu kién sinh trudmg hé soi ciia nam dwoe ligu
Pleurotus tuber-regium (Fr.) Sing, ghi nhan lan dau tai Viét Nam
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Tom tat:

Nam in va nidm dwoc ligu c6 ¥ nghia quan trong trong doi s6ng cing nhu trong nghién ctru khoa hgc. Pleurotus
tuber-reglum (Syn. Lentinus tuber-regium), hay con goi 1a nam Sira ho, 1 loai nAm nhiét dm, phan huy go, ¢6 thé
trong (r nhiéu loai co chit khac nhau. Qua thé nim phat trién tal cac khu vuc ¢6 diéu kién am va nhiéu chit xo.
Miu nim dwgc li¢u P. tuber-regium dwgc thu thap tir Khu béo ton thién nhién Thwgng Tién, tinh Phu Tho, 1a loai
nim dwoge ghi nhéin lz‘m diu cho khu hé nim Viét Nam. Trong nghién ciru nay, cac dac diém hinh thai, diéu kién sinh
treong hé soi cia nim dwoc liéu P, tuber-reglum da dugc phan tich. H¢ sgi clia nim dugc 11eu dwgc phan 1ap thuén,
sau d6 nghién ciru anh hwéng cia cic diéu Kién nudi cdy trén cac méi trwong khic nhau gom potato dextrose agar
(PDA), malt extract agar (MEA) va Czapek-Dox agar (Czapek) véi nhiét dd (20, 25, 30, 35°C) Ién tdc d9 sinh truong,
pH (6,0-6,5-7,0). Két qua thu dwgc miu nim dwgc li¢u sinh truéng va phat trién thich hop é méi trwong PDA, &
nhiét d9 25 va 30°C va pH tdi wu 6,5.

Tir khéa: hé soi, nAm dwgc liéu Pleurotus tuber-regium, nhiét @9, pH, Viét Nam.

Chi sé phén logi: 1.6, 3.4

Morphological characteristics and mycelial growth conditions of the medicinal mushroom

Pleurotus tuber-regium (Fr.) Sing, first recorded in Vietnam
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Abstract:

Edible and medicinal mushrooms are of great importance in daily life as well as in scientific research. Pleurotus
tuber-regium (syn. Lentinus tuber-regium) is a tropical, wood-decaying mushroom species that can be cultivated
on a wide range of substrates. Its fruiting bodies develop in environments with moist conditions and high fiber
content. The specimen of the medicinal mushroom P. fuber-regium was collected from Thuong Tien Nature Reserve
in Phu Tho province, representing the first recorded occurrence of this species in the fungal flora of Vietnam. In this
study, the morphological characteristics and mycelial growth conditions of the medicinal mushroom P. tuber-regium
were analysed. The mycelium of medicinal mushroom was aseptically isolated and purified, and then the effects
of different culture conditions were investigated using various media, including potato dextrose agar (PDA), malt
extract agar (MEA), and Czapek-Dox agar (Czapek), as well as different temperatures (20, 25, 30, and 35°C), and pH
levels (6.0, 6.5, and 7.0). The results indicated that the medicinal mushroom samples grew and developed optimally
on PDA medium at temperatures of 25-30°C and an optimal pH of 6.5.

Keywords: mycelium, pH, Pleurotus tuber-regium, temperature, Vietnam.

Classification numbers: 1.6, 3.4
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1. Dat van de

Ném an va ndm duoc lidu co y nghia quan trong trong
doi séng cling nhu trong nghién ciru khoa hoc. Nam an duge
coi 1a ngudn thuc phdm sach, c6 gia tri dinh dudng va gia
tri kinh té cao. Khong chi vay, mot s6 loai nAm con c6 kha
nang sinh hoat chat sinh hoc trong ngin ngira va chita tri
mot sé bénh nhu: tiéu duong, huyét ap, tim mach, béo phi,
chéng ung thu, ting cudong mién dich. Bén canh dé theo
A. Sharma va cs (2017) [1] 14 loai ndm c6 kha ning khang
virus, chdng oxy hoa. S. Dandapat va cs (2020) [2] x4c nhan
1a loai nam khong c6 doc tinh hay giy doc khi thir nghiém
trén chudt dong thoi 1a loai ndm c6 kha nang lam giam
cholesterol trong mau va khi st dung P. tuber-regium c6 lgi
cho strc khoe va c6 thé ngin ngira cac bénh lién quan dén
tang cholesterol méau va duy tri strc khoe sinh san nam tt.

Pleurotus tuber-regium (Syn. Lentinus tuber-regium), 1a
loai nAm nhiét d6i, phan hity gd, co thé trong & nhiéu loai co
chét khac nhau. Qua thé nim phat trién tai cac khu vuc co
diéu kién 4m va nhiéu cht xo. Loai ndm nay duoc phan bd
cac khu vuc gﬁn xich dao nhu: Chau Phi, Madagascar, An
b9, Sri Lanka, Pong Nam Chau A, Papua New Guinea va
phia Béc cta nude Uc theo nghién ctru cia S.I. Omoanghe
va cs (2005) [3].

Hi¢n nay, ¢ Viét Nam co nhiéu nghién clru vé cac nhom
nam an va ndm duoc liéu phuc vu cho linh vuc ndong nghiép
va y hoc. Cac nhém nidm in va nim duoc lidu duoc nudi
trong & Viét Nam ciing nhu phd bién trén thi truong rat
nhiéu nhu: SO tra’ing, So tim, SO vang, SO héng, bui ga, Hai
san, Kim cham tre'ing, Kim cham vang, nam MJ..., nhung
chua c6 nghién ciru dén nam Sita hé. Nam P, tuber-regium
vira 1a ndm an vira 12 nAm duoc liéu, da thu hat su quan
tam cta nhiéu nha nghién ctru trén thé gidi. Co thé noi P
tuber-regium 13 mot loai nAm quy hiém va cé gia tri cao vé
ca dinh dudng hay tac dung cing véi gia tri kinh té kha 16n.
Thanh phan dinh dudng cta nim bao gébm cac chit dinh
dudng co ban nhu protein, carbohydrate, lipid, vitamin va
khoang chét, cling véi cac hop chat sinh hoc dac biét nhu
polysaccharide triterpenoid va flavonoid. Hiéu 1 vé thanh
phan dinh dudng nay khong chi gitip tang cuong kién thirc
ve gia tri dinh dudng cia nim ma con mo ra co hoi trong
viéc phat trién cac san pham chirc ning va cac liéu phap diéu
tri bénh méi. Chinh vi Vay, da co mot vai nghién clu trén
thé giéi nghién ctru nudi trong nam nay nhu J.A. Okhuoya
va cs (1991) [4], day chinh 14 loai ndm c6 nhiéu tiém ning
cho thuc phém va duoc ligu [3, 4].

Tuy nhién, & Viét Nam hién nay ciing chua ¢ cong bd
nao vé dic diém sinh hoc va thanh phan dinh dudng cia
nam P, tuber-regium mot cach day du va chi tiét, dic biét 1a
nam cé nguén géc tr rung ¢ Viét Nam. Bén canh do, Khu
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bao ton thién nhién Thuong Tién 14 noi c6 day du cac diéu
kién tu nhién cling nhu h¢ sinh thai ring ty nhién rat tot cho
cac nhom loai dong thuc vat phat trién dong thoi 1a noi da
dang sinh hoc cac loai nédm an dugc va nim duoc liéu phat
trién rat phong phu, 1a noi 1y tuong cho sy phat trién cua loai
nim P tuber-regium. V(’)’i mong mudn, th(")ng qua nghién
ctru tim hiéu sau hon Ve loai ndm nay, c6 thé dong gop vao
viéc khai thac, nuéi tréng va sir dung hiéu qua ngudn tai
nguyén nam quy bau nay, dong tho1 mé ra nhiing co hdi moi
trong khong chi trong dinh dudng ma con trong linh vuc y
hoc. Nghién ctru vé dic diém sinh hoc va mot s6 diéu kién
sinh trudng va phat trién hé soi cta P. tuber-regium tir khu
vuc nay khong chi mang lai thong tin quy gia vé tinh chat
ctia loai ndm ma con déng gbp vao viée bao vé va tan dung
tai nguyén thién nhién.

2. Doi twgng va phuong phap nghién ciiu
2.1. Péi twong va dia diém thu mau

Mau ndm duge thu thap tai Khu bao tdn thién nhién
Thuong Tién, tinh Pha Tho. Khu bao ton ¢6 dia hinh hiém
trd, nhiéu sudi va dbi nti. Khu vyc di khao sat va thu mau
1a khu vuc di qua khu subdi thudc xd Mudng Dong. Pudng
di 1én khu vuc d6i cao vé6i kiéu rumg nguyén sinh, nhidu
cdy bui va cdy lau nam c6 duong kinh 16n, do am rimg
70%. Khu vuc thu mau c6 vi do 20.28.37,58 va kinh do
105.25.59,07”, tai khu vuc dinh d6i thu dwoc mau nam dudi
gbc cdy to, xung quanh c6 nhiéu canh g muyc.

2.2. Phén lap ndm dwoc ligu P. tuber-regium

Mau dugc phan lap trén moi truong PDA, nu01 cay hé
soi va tach hé soi thuan khong 1an tap hé soi ndm mdc va
cac vi sinh vat khac. Phéan 1ap nhiéu lan dén khi quan sat
dudi kinh hién vi thay cac khuan lac hé soi riéng 1& va dong
nhat, chiing dugc cdy chuyén sang méi truong dng nghiém
dé luu gitr gidng.

2.3. Pdc diém hinh thdi

Dic diém hinh thai rat quan trong dé phén loai dén chi
va loai. Mau thu dugc s& duge mo ta hinh thai bén ngoai
cac dic diém co ban (mii ndm, phién ndm, cudng nim, mau
sic...) va sdy ¢ 40-45°C. Sau d6 duoc quan sat truc tiép dudi
kinh hién vi Olympus CX21 (Olympus, Nhat Ban), chup
anh va mo ta ddc diém hinh thai bao tir va hé soi ghi nhan
khi quan sat.

2.4. Anh huéng cic diéu kién sinh truéng ciia hé sgi
ném dugc liéu

- Anh hudng ctia méi truong nudi cdy: nudi hé soi trén
cac moi truong nudi céy khac nhau nhu MEA (Dextrose: 20

g/l; Malt extract 20 g/l; Pepton: 1 g/l; pH 5.5), PDA (Bot
khoai tay: 200 g/l; Dextrose: 20 g/l; Agar: 20 g/l; pH 5.6),
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Czapek (NaNO,: 2 g/I; KH,PO,: 1 g/l; MgSO,.7H,0): 0,5
g/l; KCI: 0,5 g/l; FeSO,.7H,0: 0,01 g/I; Glucose: 30 g/l;
Agar: 20 g/l; pH 6,5-7,2) [5, 6].

- Anh huong ciia pH: Sau khi tim diéu kién méi truong
thich hop, nim duoc thir nghiém pH t6i wu thong qua cac
gia tri pH 6, 6,5, 7 [7].

- Anh huong cua nhiét do: HE soi ndm duge liéu P
tuber-regium dugc nudi thur nghiém trén moi truong thich
hop & nhiét d6 20, 25, 30 va 35°C (khong chiéu sang) [8, 9].
3. Két qua va ban luan

3.1. Két qud thu méau va phan lip mdu dwoc liéu

Mau thu dugc qua thé con tuoi dang phat trién dudi gbe

cay d6. Mau E03TT24 thu duge & do cao 400 m, khu vuc
nhiéu cdy bui va ciy co thy lau nam (hinh 1).

Hinh 1. Ndm dwoc liéu P. tuber-regium.

Két qua phan 1ap va quan sat qua trinh sinh truong cua
hé soi 0 nhiét d6 30°C dugc thé hién & bang 1.

Bang 1. Két qua phan lap hé s¢i nam dwoc ligu.

Sinh trwéng hé soi
Dic diém
(mm) 3ngdy Sngdy 7ngdy 10ngdy
X hé sgi
Mau
EO3TT24 W00 46206 $300 sge0 v mecden,
nhanh

Béng 1 cho théy, soi ndm P, tuber-regium c6 mau tring,
moc déu, téa tia tron, nhin r& soi. Quan sat theo ngay cho
thay he soi moc day dan theo thoi gian nudi cay, bé mit soi
min, xdp, tao céc tia theo dudng kinh hinh tron. O ngay nudi
céy thir 5, cho théy rd hinh anh dang sgi cua ndm mong, h¢
s0i lan theo cac nhanh taa gidng nhu r& cdy theo hinh tron.
Tir sau ngay nudi cdy thir 5 dén ngay thir 7, két qua cho thiy
hé soi ndm lan thanh cac 16p chong 1én nhau, duong kinh hé
soi tiép tuc tang dan. Dén ngay nudi ciy thtr 10, xuat hién
cac vong tron dong tam tir nho dén 16n, day la cac 16p soi
ndm moc chéng 1én nhau va 16n dan lén, trung tam hé soi
nam dan nga sang mau vang. Tc do ting trudong cua hé
soi nAm P, tuber-regium dugc thé hién trong hinh 2.
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Hinh 2. Két qua sinh trwéng hé sgi nam.

3.2. Pdc diém hinh thdi ciia ndm dwoc liéu P. tuber-
regium

Qua thé ndm P, tuber-regium c6 dang phéu léch véi tim
phién nim. Mii nim (pileus) c6 dudng kinh 20-50 mm, vién
mii ndm khong ddng déu, c6 16ng ngin phu bén trén mii
nam va thua dan khi qua thé nam truong thanh, c6 mau kem
sang, d6i khi c6 mau ndu sang. Thit nAm (context) mii nAm
¢6 mau trang sita, c6 kich thudc khoang 5 mm. Phién ndm
(lamellae): khi con non phién nam c6 mau nau kern sang,
va d4m mau dan & qua thé truong thanh. Cuong nam (stlpe)
¢6 kich thude 20-50 mm x 5-15 mm, cudng ndm gan gdc cd
16p 16ng nho, min, khi con non ¢6 mau kem sang ¢ sat phién
nam va dam dan dén mau vang nau tir giita cudng nam dén
sat chan nam, khi truong thanh mau s& dan sang hon. Qua
thé nAm thom mui ndm dic trung, kha gidng mui nim so va
dai chic hon ném so.

Quan sat dudi kinh hién vi bang 2 loai thudc thir Melzer va
Cong do, két qua cho thy: hé soi ¢6 kich thude dudng kinh
nho, thanh mong, soi dai, phan nhanh dan xen. HE sgi c6 mau
hoi vang, bé mat soi nhin duge cu tao boi cac té bao ndm cbd
véach té bao mong. Bao tr ¢6 kich thudce kha nho, hinh bau duc
hodc elip dai, tron ¢ hai dau. Bao tir khong bit mau thudc thir
Melzer, c6 mau hoi vang. Bao tir c6 mot vach té bao kép, gdm
véch té bao nguyén sinh va vach té bao thir cap. Pam c6 dic
diém hinh chiy dai c6 day du 4 cubng dinh bao tir (hinh 3).

Hinh 3. Cac dic diém vi thé clia mau ndm P. tuber-regium. (A) Lat cét ngang
trama, (B) Té bao dam, (C) Hé soi trama, (D) Bao t&r dam.
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Tir cac dic diém nghién ciru vé hinh théi hién vi va cac
hinh thai qua thé ndm (hinh 1, 3) cho thdy, cac dic diém cua
mau ndm E03TT24 ¢o su twong dong véi mo ta cua B.A.
Oso (1977) [10].

3.3. Két qud cua dnh hwong cdc diéu kién sinh truong
ciia hé sgi nam dwoc liéu

Anh hwéng ciia méi triweong nudi cdy: Hé soi nam dugc
lidu P tuber-regium duoc nudi cdy trén 3 loai moi truong
MEA, PDA va Czapek. Két qua ¢ bang 2 cho thdy, kha
nang phat trién hé soi cta P tuber-regium trén moéi truong
MEA va PDA déu phét trién t6t hon méi truong Czapek.
Tuy nhién hé soi phat trién tot nhat 1a moi truong PDA, toc
dd sinh trudng hé s¢i dat cuc dai 84 mm sau 10 ngay nudi
céy, mat do hé¢ sgi day. Trén mdi truong Czapek hé soi phat
trién cham, hé soi thua.

Bang 2. Sinh 'tru’é'ng hé soi nam Pleurotus tuber-regium trén céc loai méi
trwong nudi cay.

rl(git:;/mg l{:e‘;r :;igs:lllnlhﬂ ngay (mm) e diém L1

MEA 41£0,1 Soi moc déu, tao tia sgi tréng
PDA 84+0,1 Soi moc déu, day va tao tia tre'ing
Czapek 2,0+0,0 Soi thua, phat trién chdm

Dua trén két qua thé hién & bang 2, méi truong thich hop
nhom chiing t6i Iyra chon dé nghién ctru cac anh hudng tiép
theo 1a moéi truong PDA, day cling 1a moéi truong duge ghi
nhan tt cho sinh truong cua nhiéu loai nam so (Pleurotus
spp.). Theo T.A. Krupodorova va cs (2021) [5], mdi trudng
PDA cling la moi truong c6 ngudn dinh dudng hitu co dé
hap thu cho h¢ s¢i ndm va duoc str dung nhan nuéi cac loai
nédm an va ndm duoc lidu noi chung [6-10].

Theo nghién ctru cuia U.S. Oranusi va cs (2014) [11], da
nghién ctru thanh phan méi truong thach PCA, nutrient agar
(NA) va PDA cho thay hau hét phat trién trén moi trudng
PDA va PCA. 0 nghlen cuu nay nhom nghién ctru da chon
nu01 cay trén moi truong PDA va MEA cho két qua phat
trién tot trén moi truong PDA cling phu hop v6i nghién ctru
cua U.S. Oranusi va cs (2014) [11].

Anh hwéng ciia pH: Theo nhiing bdo cdo va nghién ciru
cua tac gia H.T. Nguyen va cs (2020) [7] cling nhu cac cong
trinh nghién ctu khac. Chiing t6i da Iya chon nghién ctru anh
huéng cua pH ddi v6i sy sinh truong va phat trién cta hé soi
nam trén dai pH tir 6-7, két qua dugc thé hién ¢ bang 3.

Bang 3. Két qua anh hwéng cua pH déi véi qua trinh lan hé soi.

Pwong kinh hé s¢i (mm)

pH Dic diém
3ngay Sngay 7 ngay 10 ngay
6 7£0,5  33£0,5 6240,5  80+0,5  Soimoc yéu
6,5  15+0,5 43+0,5 79+0,5  90+0,5  Soimoc déu
7 10+0,5 39+0,5 70+0,5 88+0,5 Soi moc trung binh
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Béang 3 cho thay, hé soi ndm cua loai P. tuber-regium
phat trién tdt trong dai pH 6-7. Tuy nhién diéu kién t6i wu
nhat 12 méi truong c6 pH 6,5 cho két qua hé soi moc déu
va phat trién nhinh hon so véi pH 6 va 7. Nghién ciru nay
ciing tuong duong véi két qua nghién ctru ciia H. Sardar va
cs (2015) [9] va H.T. Nguyen va cs (2020) [7].

Hinh 4. Hé soi nAm nudi trén moi trwong cé dai pH khac nhau.

Anh hieong ciia nhiét d¢: Nhiét d6 va pH méi truong
nudi anh hudng rat 16n téi sy phat trién cta soi nam, dic
biét trong g1a1 doan ra qua thé. Nhiét do trong ngay dao
dong tir 25 dén 35°C 1a mot tré ngai 16n véi trong nam &
vung nhiét doi. Chinh vi vay, chon dugc diéu kién hé soi
ndm P tuber-regium co thé chiu dugc nhiét do cao 13 rat can
thiét dé dam bao nang suét, chat lugng nam.

Trong nghién ciru nay, nhom nghién ciru da nudi trong
gidng nim P, tuber-regium trong diéu kién nhiét do 20-30°C
d6i voi hé soi cap 1 va 30-35°C ddi voi hé sgi méi truong
cap 3 két qua thu dugc thé hién & bang 4.

Bang 4. Két qua theo déi qua trinh lan hé soi & cac diéu kién nhiét do khac
nhau.

Puwong kinh hé s¢i (mm)

Nhiét d (°C) Dic diém

3ngay 5ngay 7ngay 10 ngay
20°C 104£0,0 52+0,0 65+0,0 80+0,5  Soi moc yéu
25°C 20+0,5 63+0,5 76+0,5 90+0,5  Soimoc déu
30°C 18+0,5 60+0,5 75+0,5 90+0,5 Sgi moc déu
35°C 15£0,5 58+0,5 70+0,5 85+0,5  Soimoc trung binh

Két qua ¢ bang 4, nhom nghién ctru lya chon duogc
nhiét do thich hgp cho su phat trién ctia hé soi ndm 1a 25 va
30°C. Pbi v6i nhiét d6 20°C hé soi sinh truong yéu. Két qua
nghién ciru ciing phit hop voi nghién ciru dbi véi loai Nam
sO t cau cua tac gia T.H.T. Nguyen va cs (2023) [12]. Theo
M.B. Bellettini va cs (2019) [13], hau hét cac ndAm dam déu
¢6 hé soi sinh truong & nhiét do tir 20 dén 35°C, do vay két
qua cta nghién ctru nay cho thiy P tuber-regium c6 kha
nang sinh truong va phat trién hé soi dao dong tir 20 dén
35°C, trong d6 diéu kién t6i uru nhét 1a 25-30°C.

4. Két luan

Nghién ctru da thu thap va phan 1ap duoc nam dugc liéu
P. tuber-regium tai Khu bdo ton thién nhién Thugng Tién.
Nghién ctru da phan tich va mo ta dugc dac diém hinh thai
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clia ndm P. tuber-regium, tim duoc cac yéu t6 anh huong
dén sinh truong va phat trién cia nim dugc lidu voi didu
kién sinh truong tdt & moi truong PDA, pH 6,5 va nhiét do
25-30°C. Két qua cho théy, cac hé so¢i phat trién t6t va moc
déu voi cac diéu kién sinh truong di nghién ctru, 13 co s¢
cho céc nghién ctru nudi trong phat trién ngudn ndm dugce
liéu ban dia cua Viét Nam.

Nghién ctru nay dugc tai tro béi Tap doan VinGroup va
dugc hd tro boi Quy ddi méi sang tao VinGroup (VINIF)
trong du an mi s6 VINIF.2021.DA00163. Cac tac gia xin
chan thanh cam on.
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Anh hwdng cia cic chat diéu hoa sinh trudng dén kha ning tai sinh choi va ra ré in vitr
cta cay lai FI Cymbidinm aloifolium x Cymbidinm finlaysonianum

Pham Phuwong Thu’, Trin Huyén My, Duong Thi Kim Anh
Truong Pai hoc Sw pham Ha Ngi 2, 32 Nguyén Van Linh, phuong Xudn Hoa, tinh Phit Tho, Viét Nam
Ngay nhan bai 20/2/2025; ngay chuyén phan bién 24/2/2025; ngay nhan phan bién 14/3/2025; ngay chip nhan ding 19/3/2025

Tom tit:

Nghién ciru danh gia anh hwong ciia cac chit diéu hoa sinh truéng dén kha ning tai sinh chdi va ra ré in vitro ciia
cay lai F1 (9 Cymbidium aloifolium x & Cymbidium finlaysonianum). Thi nghiém xac dinh méi trwdng nudi ciy thich
hop (Murashige va Skoog - MS; 1/2 MS; Knudson C - KC; Vacin va Went - VW) va tac dong ciia cytokinin (BAP,
Kinetin, TDZ), auxin (IBA, NAA, IAA) cung than hoat tinh (0-4 g/l) dén cac giai doan nay mam, nhin chdi va ra ré.
Két qua cho thiy, mdi trwong MS toi wu cho sy niy mam véi ty 1& 90,37% va thoi gian hinh thanh protocorm ngin
nhit (7-8 tuin). Giai doan nhén chdi dat hiéu qua cao nhit khi bd sung 2,0 mg/l BAP, v6i trung binh 4,30 chdi/miu,
chiéu dai 7,73 cm va khéi lu’o’ng twoi 323,05 mg. Trong giai doan ra ré, méi truong chira 2,0 mg/l NAA va 2,0 g/l than
hoat tinh cho Kkét qua tot nhat véi trung binh 5,20 ré/miu, chiéu dal 6,35 cm va khoi lwgng tuoi 355,05 mg. Nghlen
ciru cung cap co' s6 khoa hoc cho viéc hoan thién quy trinh nhan glong in vitro cay lai F1, gop phan taora nguon vat
liéu lai khéi diu phong phi, 1am co sé& cho qua trinh chon lgoc va phat trién cac dong lan lai trién vong.

Tir khoa: auxin, Cymbidium aloifolium, Cymbidium finlaysonianum, cytokinin, nhan choi, nuéi cay in vitro, ra re.

Chi s6 phin logi: 1.6, 4.6

Effects of plant growth regulators on in vitro shoot regeneration and rooting of an F1 hybrid between

Cymbidium aloifolium and Cymbidium finlaysonianum
Phuong Thu Pham”, Huyen My Tran, Thi Kim Anh Duong

Hanoi Pedagogical University 2, 32 Nguyen Van Linh Street, Xuan Hoa Ward, Phu Tho Province, Vietnam
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Abstract:

This study evaluates the effects of plant growth regulators on in vitro shoot regeneration and root formation of the F1
hybrid (9 Cymbidium aloifolium x & Cymbidium finlaysonianum). The experiment determined the optimal culture
medium (MS, 1/2 MS, KC, VW) and the influence of cytokinin (BAP, Kinetin, TDZ), auxin (IBA, NAA, IAA), and
activated charcoal (0-4 g/1) on seed germination, shoot multiplication, and root formation stages. Results showed that
MS medium was the most suitable for germination, achieving a 90.37% germination rate and the shortest protocorm
formation time (7-8 weeks). The highest shoot multiplication efficiency was observed with 2.0 mg/l BAP, yielding
an average of 4.30 shoots/explant, a shoot length of 7.73 cm, and a fresh weight of 323.05 mg. For root formation,
the combination of 2.0 mg/l NAA and 2.0 g/l activated charcoal produced the best results, with an average of 5.20
roots/explant, a root length of 6.35 cm, and a fresh weight of 355.05 mg. This study provides a scientific basis for
optimising the in vitro propagation protocol for the F1 hybrid, contributing to the generation of a diverse initial
hybrid population, serving as a foundation for the selection and development of promising Cymbidium hybrid lines.

Keywords: auxin, Cymbidium aloifolium, Cymbidium finlaysonianum, cytokinin, in vitro culture, rooting, shoot
multiplication.

Classification numbers: 1.6, 4.6
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1. Ddt van de

Chi bia lan (Cymbidium) 1a mdt trong nhitng nhém thuc
vat ¢6 gia tri kinh té cao trong nganh céng nghiép hoa canh
nho hoa lau tan cung kha nang thich nghl da dang voi céc
diéu kién sinh thai [1]. Tai Viét Nam, ngudn tai nguyén Dia
lan ban dia da dang khong chi c6 y nghia khoa hoc ma con
mang tiém ning thuong mai dang ké. Tuy nhién, nhidu loai
dang d6i mat véi nguy co suy giam quin thé nghiém trong
do khai thac qua mirc va thiéu giai phap bao ton hiéu qua,
tham chi mot s6 loai dung trude nguy co tuyét chung.

Trong khi d6, thi truong trong nudc ngay cang d(‘)i hoi
cac giong lan lai co “mat hoa” doc dao tiéu chi quyet dinh
gia tri thuong mai. Pang chu y, nguon cung gidng lai méi
hién van phu thuoc lorn vao nhap khau, trong khi phuong
phép nhan glong truyen thong (nhu tach choi) khong chi
han ché vé s luong ma con lam glam da dang di truyén.
Thach thirc nay dat ra yéu cau cap thlet vé viée két hop cong
nghe smh hoc dé vira bao ton ngudn gen ban dia, vira phat
trién gidng lai chét lugng cao.

Trudc thach thirc nay, nhém nghién ctu tai Truong DPai
hoc Su pham Ha Noi 2 da thanh cong tao qua lai F1 gitra hai
loai Dia lan ban dia 1a Cymbidium aloifolium (Poan kiém
16 hoi) va Cymbidium finlaysonianum (Poan kiém filayson)
- nhitng loai ¢6 kha ning sinh truong manh va gia tri tham
my cao. Tuy nhién, hat lai F1 cua chi Cymbidium thiéu ndi
nhil va c6 phoi & g1a1 doan som (chua phan hoa ddy dir), can
cong sinh véi nam mycorrhiza dé nay mam trong tu nhién
[2]. Ty 1& nay mam ty nhién cta hat lan thuong rat thap do
yéu cau khét khe v& d6 4m, pH va diéu kién dinh dudng [3,
4]. Nhu vay, viéc thiéu su hd tro tir nAm mycorrhiza va moi
truong dinh dudng khét khe khién hat lai F1 rt kho phat
trién thanh cdy con trong diéu kién tu nhién, dong nghia
v&i nguy co c¢6 thé mat hoan toan ngudn vat lidu lai quy gia.

Nghién clru nay tap trung vao viéc xac dinh diéu kién
nuoi cay in vitro thich hop nham k1ch thich su nay mam
ctia hat lai F1, qua do thiét 1ap quan thé cdy con 6n dinh,
tao tién dé cho qua trinh dénh gi4 kiéu hinh hoa ¢ giai doan
sau. Két qua ky vong s& tao ra ngudn vat lidu lai khoi dau
phong phi, 1am co sé cho qué trinh chon loc va phat trién
cac dong lan lai trién vong, dic biét 1a nhiing dong ¢6 kiéu
hinh hoa déc d4o, tir 46 gop phan mo rong tiém ning tng
dung trong tuong lai.

2. Vat liéu va phuong phap nghién ciu

2.1. Vit liéu

Nguén vat liéu lai tao: Mau qua lai F1 thu nhan tu
phép lai chu dong gilta hai loai Dia lan ban dia (cay me:

Cymbidium aloifolium (L.) Sw. 1799; cay bd: Cymbidium
finlaysonianum Lindl. 1833) do nhom nghién cliu cua
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Truong Pai hoc Su pham Ha Noi 2 thuc hién. Qua lai dugc
thu hoach sau 8 thang thu phan, khi vo qua chuyén mau
vang nau, bao quan ¢ 4°C trudc khi tach hat.

Bén méi trudng dinh dudng (MS, 1/2 MS, KC, VW)
duoc sir dung dé danh gia kha ning nay mam cua hat lan.

Céac chat diéu hoa sinh truong duge khio sat gom
cytokinin (Kinetin, TDZ, BAP) va auxin (IBA, NAA, [AA).
Bén canh do, than hoat tinh ciing dugc bd sung dé danh gia
tac dong dén qua trinh phat trién cay in vitro.

2.2. Phwong phap nghién curu

Céc thi nghiém duoc tién hanh nhu sau:

Thi nghiém 1: Panh gi4 4nh huéng ciia mdi trudng nudi
ciy (MS, 1/2 MS, KC, VW) dén kha ning nidy mam cua hat
lai F1.

Thi nghiém 2: Khao sat tdic dong cia nhoém cytokinin
(Kinetin, TDZ, BAP) dén kha ning nhin nhanh chdi cay
lai F1.

Thi nghiém 3: Panh gia anh hudng ctia nhom auxin
(IBA, NAA, IAA) dén kha ning ra ré cua cdy lai F1.

Thi nghiém 4: Két qua nghién ctru anh hudng phéi hop
ctia auxin v6i than hoat tinh dé t6i wu hoa qua trinh ra r& cta
cay lai F1.

2.3. Phwong phdp bé tri thi nghié¢m

Thi nghiém dugc bd tri theo phuong phap ngau nhién
hoan toan (CRD) v&i ba lan lap lai.

Thi nghiém vé méi truong nudi cdy: Mdi cong thirc thi
nghiém gdm 3 binh, trong d6 mdi binh duoc gieo mot 16p
hat lan moéng, phan bd déu trén bé mat moi truong dé dam
bao do tin cdy cia két qua. Viée gieo ric mot 16p hat mong
gitip dé dang theo ddi ty 16 nay mam va danh gia hiéu qua
clia moi trudng nudi cdy.

Céc thi nghiém con lai: Mdi cong thire sir dung 10 binh,
mdi binh cdy 3 mau.

Diéu kién nudi cay: Phong nudi cay duoc duy tri & nhiét
do 25+1°C, do am 60-70%, cuong do chiéu sang 2.000
lux v6i ché do chiéu sang 16 gio sang/8 gid tdi mdi ngay.

2.4. Cac chi tiéu theo doi

- Ty 1¢ ndy mam (%):

Phuong phap do: Dém s6 hat nay mam (phdi v& vo va
hinh thanh protocorm) trén tong s hat cdy trong mdi binh.

Cong thuc: Ty 1€ nay mam (%) = (S6 hat nay mam /
Tong s hat ciy) x 100
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- Thoi gian hinh thanh protocorm (tuan): Ghi nhan tuan
dau tién xuat hién protocorm so cap va tha cap.

- S lugng chdi/mau (chdi):

Phuong phap: Dém sé chdi méi hinh thanh tir mdi mau

cay.
Thoi diém: Két thic giai doan nhan chdi (sau 10 tuan).
- Chiéu dai chdi/ré (cm):
Phuong phap: Do bang thudc (d6 chinh xac 0,1 cm).

Thoi diém: Khi két thic cac giai doan nhan chdi va ra ré
(sau 10 tuan).

- Khéi lugng tuoi (mg): Can miu bang cén phan tich
(0,01 mg) sau khi lam kho bé mat bang giay tham.

2.5. Phuwong phdp xir Iy sé liéu

S6 ligu thu thap duoc xir 1y thong ké bang phan mém
Microsoft Excel 2010 va Sirichai Statistics Version 7.00,
v6i sy sai khac giita cac nghiém thirc dugc phan tich bang
phuong phap Duncan (p<0,05).

3. Két qua va ban luan

3.1. Danh gia anh huong cia moi truong nudi cd'y dén
khd nang ndy mam cua hat lai F1

Qua lai F1 dugc sir dung 1am ngudn vt lidu nhan giéng
in vitro, chira hang triéu hat lai vi t6 hop gen da dang. Thi
nghiém str dung boén moéi truong MS, 1/2 MS, KC, VW dé
danh gia kha ning nay mam va phat trién protocorm theo
phuong phap ctia P. Mohanty va cs (2012) [5]. Méi truong
bd sung 3% sucrose, 5 g/l agar, pH 5,8+0,1, theo ddi trong
12 tuan.

Két qua khao sat anh huong ciia cic moi truong dinh
dudng dén qua trinh ndy mam va phat trién phoi hat lai F1
dugc thé hién ¢ bang 1 va hinh 1.

Bang 1. Anh hwéng clia mdi trwdng nudi cdy dén kha nang nay mam ciia hat
lai F1 gitva 9 Cymbidium aloifolium va J Cymbidium finlaysonianum.

MU ke e phti gk parorn T
(tudn) (tuéin)

MS 3-5 7-8 90,37

12MS  4-6 10-12 70,32°

KC 5-7 10-12 62,67¢

VW 5-7 10-12 64,59¢

CV% 2,05

LSD 2,95

0,05

a,b, €. 1h& hien sy sai khac co ¥ nghiia & mirc d6 tin cay 95% (theo
phwong phap phan tich Duncan, p<0,05). MS: Murashige va Skoog;
KC: Knudson C; VW: Vacin va Went.
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Hinh 1. Qua va hat lai F1 giiva © Doan kiém 16 hoi va £ Poan kiém filayson
nay mam va phat trién trén méi trwong MS. (A) Hoa lan kiém 16 hdi, d& thu
phén; (B) Qua lai sau 10 ngay thu phan chéo; (C) Qua lai sau 6 thang thu phén
chéo; (D) Qua lai F1 khi vao mau; (E) Protocorm so cép; (F) Protocorm thi cAp.

Két qua bang 1 va hinh 1 cho thdy, méi trudong nudi ciy
¢6 anh huong dang ké dén ty 1& nay mam cua hat lai F1.
Trong s6 4 moi trudong khao sat, MS mang lai hiéu qua cao
nhit v6i ty 1& nay mam dat 90,37%, vuot trdi so véi 1/2 MS
(70,32%), KC (62,67%) va VW (64,59%).

Hat lai phat trién thanh phoi nhanh nhat trén méi trudng
MS (3-5 tudn) va hinh thanh protocorm sém nhat sau 7-8
tuan. Hiéu qua nay mam vuot troi cua hat lai F1 trén moi
truong MS so véi cac moi truong khac (1/2 MS, KC, VW)
duoc giai thich bdi cong thiic dinh dudng can bﬁng, dac biét
1a ngudn nito va nguyén tb vi lugng c6 trong moi truong
MS. So sanh véi cac nghién ctu trude, két qua nay phu
hop véi nghién ctiu cia P. Mohanty va cs (2012) [5] trén
Cymbidium mastersii, trong d6 moi truong MS gitp gia
tang ty 1& ndy mam va rat ngan thoi gian phat trién phoi so
v6i cac moi truong khac. Pong thoi, nghién ctiu cua P.P.
Thu va cs (2023) [6] trén Cymbidium wenshanense cling
khing dinh ring MS 1a méi truong ti wu, gitp hat lan nay
mam nhanh hon nho cung cdp du dinh dudng va duy tri do
pH 6n dinh.

Nhu vay, MS 1a mai truong thich hop giup tang ty 1€ nay
mam, rat ngén thoi gian nudi céy va tao diéu kién thuan loi
cho sy phat trién cta cdy con.
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3.2. Khdo sdt tac dong cia nhom cytokinin (Kinetin,
TDZ, BAP) dén kha nang nhdan nhanh choi cdy lai F1

Két qué danh gid anh huong ciia céc cytokinin (Kinetin,
TDZ, BAP) dén kha nang nhan nhanh chéi cay lai F1 dugc
trinh bay ¢ bang 2.

Bang 2. Anh hwéng nhom cytokinin dén kha nang nhan nhanh chéi cay lai
F1 sau 10 tuan.

A Ae <A N Ao .
Cytokinins Mg/l Sozlug’:lg choi/ Ch}\l'eu dai K}lm l;r(,)’ng tuoi
mau cay choi (cm) cia mau (mg)

bC 0 2,40 6,9° 243,20°

1 2,73° 7,05° 244,60°

2 3,55¢ 7,55¢ 255,18
Kinetin

3 2,77° 6,95° 246,25

4 2,65° 6,95° 244,53%
CrV% 10,81 3,13 1,63
LSD, s 0,47 0,34 6,18
bC 0 2.,40° 6,9 244.,63°

1 2,75° 6,65° 247,15°

2 3,558 7,30° 256,68
TDZ

3 2,580 6,75° 247,90°

4 2.,45° 6,57° 246,25°
CV% 11,80 4,03 1,55
LSD, s 0,50 0,42 595
bC 0 2,4¢ 6,9° 281,75°

1 3,55 7,1° 292,13%

2 4,30° 7,73¢ 323,05°
BAP

3 3,48° 7,03 286,83"

4 2,88 6,95° 280,30°
CV% 14,67 3,6 4,08
LSD 0,75 0,40 18,39

0,05

a. b, C. 414 hign sy sai khac co ¥ nghia & marc d6 tin cay 95% (theo
phwong phap phan tich Duncan, p<0,05).

Két qua bang 2 cho thdy, tac dong cua 3 loai cytokinin
(Kinetin, TDZ va BAP) dén qua trinh nhan nhanh chdi cua
cay lai F1. O néng d6 2,0 mg/l, Kinetin gitip 5O luong choi
tang dang ké (3,55 chdi/mau) so vai dbi chimg (2,40 chdi/
mau) va dat chiéu dai t6i wu 7,55 cm. Tuy nhién, khi nong
do tang 1én 3,0-4,0 mg/l, sb luong chdi giam con 2,77-2,65
chdi/mau, cho thay liéu cao c6 thé trc ché sinh trudong. Khoi
lwong twoi dat mirc cao nhét (255,18 mg) & 2,0 mg/l, sau
d6 giam nhe, ching minh Kinetin kich thich phat trién choi
nhung khong tao sinh khdi manh nhu BAP.

Véi TDZ, & nong d6 2,0 mg/l, sé lugng chdi dat 3,55
chdi/méu, ngang bang Kinetin nhung thdp hon BAP (4,30
chdi/mau). Chiéu dai chdi dat 7,30 cm cho thay, TDZ c6 tac
dong t6t nhung khong vuot troi trong viée kéo dai chdi. Khi
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néng d6 tang 1én 3,0-4,0 mg/l, ) lugong choi giam con 2,58-
2,45 chdi/mau, chiéu dai chdi ciing giam nhe. Khdi luong
tuoi cao nhét (256,68 mg) ghi nhan ¢ 2,0 mg/l, sau d6 giam
dan, c¢6 thé do TDZ kich thich phan chia t& bao manh nhung
han ché su kéo dai chdi khi nf”)ng do cao.

BAP la mét cytokinin manh, kich thich sy phat trién cua
chdi bén va gia ting hé s6 nhan giéng. O ndng d6 2,0 mg/l,
s6 luong chdi dat cao nhét (4,30 chdi/mau), vugt troi so
v6i Kinetin (3,55 chdi/méu) va TDZ (3,55 chdi/mau). Chiéu
dai chdi ciing dat toi wu 7,73 cm, khéi luong twoi cao nhat
(323,05 mg), thé hién kha nang tao sinh khdi manh. Tuy
nhién, khi néng do BAP tang 1én 3,0-4,0 mg/I, sb lugong chdi
giam con 3,48-2,88 chdi/mau, xuat hién hién tugng choi
cum, han ché su phat trién déng déu.

So sanh véi nghién cuu cua P. Mohanty va cs (2012)
[5] trén Cymbidium mastersii cho thiy, ding BAP ¢ 1,5-2,5
mg/] dat hiéu qua cao nhat. Pong thoi, nghién ctru cia P.P.
Thu va cs (2023) [6] trén Cymbidium wenshanense cling
khing dinh BAP gitp ting hé¢ sb nhan chdi dang ké, trong
khi TDZ c6 thé trc ché kéo dai chdi & ndng do cao. Diéu nay
cung ¢b vai trd ciia BAP trong nhan gidng in vitro.

Nhu vay, xét trén ca 3 chi tiéu sb luong chdi, chiéu dai
chdi va khéi lugng twoi, BAP 2,0 mg/I 14 Iya chon phi hop
nhét dé nhan nhanh choi cdy lai F1, gitip tang hi¢u suit nhan
gidng va dam bao chét luong cdy con trong qua trinh nudi
céy mo.

Két qua nghién ctru anh huong ciia BAP dén kha ning
nhéan choi cdy lai F1 gitta Q Doan kiém 16 hoi va & Poan
kiém filayson dugc thé hién ¢ hinh 2.

Hinh 2. Két qua nghién ctru anh hwéng cliia BAP dén kha ning nhan choi
cay lai F1 giiva © Doan kiém 16 hoi va J Doan kiém filayson. (A) Chdi duoc
tai sinh trén moi truong BAP ndng d6 2,0 mg/l; (B) 1,0 mg/l; (C) 3,0 mg/l; (D)
4,0 mg/l; (E) 0,0 mgl/l.

3.3. Danh gid anh hudng ciia nhém auxin (IBA, NAA,
IAA) den khd nang ra ré cia cdy lai F1

Két qua phan tich anh huéng cua cac chat auxin (IBA,
NAA, TAA) dén kha nang ra ré cua cay lai F1 dugc trinh
bay ¢ bang 3.
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Bang 3. Anh hwéng clia nhém auxin dén kha ning ra ré cla cay lai F1 sau
10 tuan.

S6 lwong ré/ Chiéu dairé  Khéi lwrgng twoi

Auxin Mg/l miu ciy (cm) ciia miu (mg)
bC 0 2,60° 4,88° 232,32%
1 2,65° 4,50 259,15°
2 3,20° 5,45° 316,02¢
IBA
3 2,62° 4,35b 263,60
4 2,28° 4,25¢ 215,75¢
CV% 8,83 7,16 9,91
LSD, s 0,36 0,51 39,30
bC 0 2,60¢ 4,87 232,320
1 3,175 5,250 266,67°
2 4,05° 6,07* 346,87*
NAA
3 3,32° 5,220 282,15°
4 3,02 4,47¢ 244,72°
CV% 11,22 7,80 11,98
LSD, s 0,55 0,62 50,71
bC 0 2,60 4,87 232,32¢
1 2,30 4,20 249,77%
2 2,85° 5,522 294,77%
IAA
3 2,57 4,05¢ 267,17°
4 2,12¢ 3,70¢ 255,42
Cr% 822 11,20 5,96
LSD 0,31 0,77 23,86

0,05

a, b, €. 1h& hign sy sai khac co ¥ nghiia & mirc d6 tin cay 95% (theo
phwong phap phan tich Duncan, p<0,05).

Két qua bang 3 cho thiy, tac dong ciia IBA, NAA va IAA
dén kha ning ra r& cua cdy lai F1, cu thé khi b6 sung IBA &
ndng d6 2,0 mg/l gitip r& phat trién tot voi sb lugng ré dat
3,20 ré&/mau, chiéu dai 5,45 cm va khdi lugng tuoi 316,02
mg. Tuy nhién, khi nong d6 ting 1én 3,0-4,0 mg/l, s6 lugng
ré giam xudng con 2,62-2,28 ré/mau cho thiy IBA liéu cao
c¢6 thé gay wc ché sinh truong. Két qua nay phu hop véi
nghién curu cua E. Epstein va cs (1993) [7], trong do nhén
manh rang, IBA c6 vai trd quan trong trong kich thich ré
nhung néu vuot qua mic toi vu c6 thé 1am mat can bang
hormone, anh hudng tiéu cuc dén qua trinh hinh thanh ré.

Trong s6 3 loai auxin dugc thir nghiém, NAA 2,0 mg/l
cho hiéu qua tdt nhat, voi 4,05 ré/mau, chiéu dai ré 6,07 cm
va khéi luong tuoi dat 346,87 mg, cao nhét trong tat ca cac
cong thie. Khi ndng do NAA tang 1én 3,0 va 4,0 mg/l, sb
luong r& giam xudng 3,32 va 3,02 r&/mau, trong khi chiéu
dai ré ciing giam con 5,22 va 4,47 cm. Nhu vy, khi ding
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NAA v6i nong do cao c6 thé gy mat can bang hormone,
lam giam hiéu qua tai sinh r&, diéu nay tuong ty v6i nghién
ctru cia A.C. Nordstrom va cs (1991) [8], C.M. Fogaca va
¢s (2005) [9] trén Eucalyptus khi st dung NAA ndng do cao
lam gia ting tong hop ethylene ndi sinh, din dén trc ché qua
trinh hinh thanh ré phu.

IAA c6 tac dong yéu hon so voi IBA va NAA. O nong
d6 2,0 mg/l, sb luong ré dat 2,85 ré&/mau, chiéu dai ré 5,52
cm va khéi lugng tuoi 294,77 mg, thap hon so vi NAA va
IBA. Khi nong do IAA ting 1én 3,0 va 4,0 mg/l, s6 luong
r& giam xudng con 2,57 va 2,12 ré/mau cho thdy hiéu qua
tai sinh r& suy giam déng ké. Diéu nay phu hop véi nghién
ctru cua P.J. Davies (2010) [10], trong d6 chi ra rang IAA
d& bi phan hiy trong moi trudng nudi cdy, khién tic dung
kich thich r& kém 6n dinh va khong dat hiéu qua cao nhu
IBA hay NAA.

Nhu vay, NAA 2,0 mg/l 1a cong thirc thich hgp dé nhan
1& cay lai F1, nang cao hiéu suat nhan gidng va chit luong
cay con.

3.4. Két qua nghién ciru dnh hwéng phéi hop ciia
auxin véi than hoat tinh dé téi wu héa qud trinh ra vé ciia
cdy lai F1

Két qua thi nghiém trén di xac dinh NAA 2,0 mg/l 1a
cong thuc thich hop, gitp ting s lwong, chiéu dai ré va
khdi lugng tuoi cua cay lai F1. Vi vay, NAA 2,0 mg/l duoc
két hop voi than hoat tinh dé t6i wu hoa qué trinh ra ré.

Két qua khao sat anh huong ciia than hoat tinh (AC) phdi
hop vé6i auxin dén kha nang tai sinh ré cay lai F1 dugc thé
hién ¢ bang 4.

Bang 4. Anh hwong phéi hop ciia auxin voi than hoat tinh dén kha ning tai
sinh ré cay lai F1.

Than hoat 50 lwong ré/miu  Chidudairé  Khdi lrgng tuoi
tinh (g/1) cay (cm) cia mau (mg)
0,0 4,050 4,98 264,52

1,0 4,40 5,65 291,900

2,0 5,200 6,35 355,05

3,0 3,52t 5,350 283,42

4,0 2,92¢ 478 275,820

CV% 14,58 7,75 8,07

LSD 0,90 0,64 36,60

0,05

ab.c: thd hién sy sai khac cé y nghia & mirc dd tin cay 95% (theo
phwong phap phan tich Duncan, p<0,05).

Hinh 3 trinh bay két qua nghién ctru anh huong cia
auxin ket hop véi than hoat tinh dén kha nang tai sinh ré
cua cay lai F1.
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Hinh 3. Két qua nghién ctru anh hwdng phéi hop cla auxin véi than hoat tinh
dén kha ning tai sinh ré cay lai F1. Ré lan & cong thirc khong bd sung than hoat
tinh (A); b& sung 1,0 g/l than hoat tinh (B); 2,0 g/l than hoat tinh (C); 3,0 g/l than hoat
tinh (D); 4,0 g/l than hoat tinh (E).

Than hoat tinh 1 mot thanh phan quan trong trong nudi
ciy mo thyc vat, gitip hip thu cac hop chét phenolic va chat
doc [11], giam stress 6xy hoa va bao vé mé nudi ciy [12].
Ddng thoi, than hoat tinh tao méi truong t6i, moé phong didu
kién tu nhién, hd tro hinh thanh r& va han ché hién tuong
thity tinh thé [12]. Trong nghién ctru nay, méi truong MS
+ 2,0 mg/l NAA dugc bd sung than hoat tinh & cac ndng
d6 khac nhau (0,0-4,0 g/l) nhdm danh gia tic dong dén kha
ning tai sinh ré cua cy lai F1.

Két qua bang 4 va hinh 3 cho théy, 2,0 g/1 than hoat tinh
1a ndng dd thich hop, gitip cy ra ré tt nhat voi 5,20 ré/mau,
chiéu dai ré 6,35 cm va khoi lugng tuoi 355,05 mg, vugt trdi
s0 v6i dbi chung (0,0 g/1). Khi tang 1én 3,0-4,0 g/1, s6 luong
va chiu dai ré giam, c6 thé do than hoat tinh hép thu dinh
dudng qua muc két hop véi didu kién anh sang bi han ché
trong binh nudi cy, lam anh huéng dén qué trinh tai sinh ré.

Két qua nay phi hop véi nghién ctru ciia K.Y. Paek va cs
(1991) [13] trén Cymbidium forrestii, khang dinh nong do
than hoat tinh thlch hop glup tang hiéu qua ra ré. Tuy nhién,
su khac biét vé hé s6 nhan ré c6 thé do khéc biét v& loai. Moi
truong MS + 2,0 mg/I NAA + 2,0 g/l than hoat tinh dugc xac
dinh 1a cong thirc thich hop gitip nang cao hiéu sut nhan
gidng va chit lugng cay con.

4. Két luan

Nghién ctru dﬁ xéc dinh duoc cac diéu kién phi hop cho
quy trinh nhan gibng in vitro cay lai F1 giita @ Cymbidium
aloifolium va & Cymbidium finlaysonianum. Cuy thé:

- M6i trudng MS thé hién hiéu qua cao nhét trong nay
mam hat lai F1, dat ty 1€ 90,37% va rat ngan thoi gian hinh
thanh protocorm (7-8 tuan).
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-BAP 2\,0 m~g/1 la céng thire tot nhat dé nhan nhgnh chdi,
tao 4,30 choéi/mau véi chiéu dai 7,73 ¢cm va sinh khoi 323,05
mg, vuot trdi so voi cac cytokinin khao sat.

_ -NAA2,0mg/l két hop 2,0 g/l than hoat tinh thuc day ra
r€ hiéu qua, dat 5,20 ré/mau, chiéq dai ré 6,35 cm va khoi
luong tuoi 355,05 mg, ddm bao chat lugng cay con.

Két qua nghién ctru cung cip co so khoa hoc dé hoan
thién quy trinh nhan giéng cay lai F1, tao ngudn vat lidu lai
khoi dﬁu phong phu, lam co s¢ cho qua trinh chon loc va
phat trién cac dong lan lai trién vong, déc biét 1 nhimg dong
c6 kiéu hinh hoa doc déo, tir &6 gop phan mo rong tiém ning
ung dung trong tuong lai.

Nghién ctru ndy dugc tai trg tir ngudn kinh phi khoa hoc
va cong nghé cua Truong Pai hoc Su pham Ha Nodi 2 cho
dé tai khoa hoc, ma sé: HPU2.2023-UT-12. Cac tac gia xin
chan thanh cam on.
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Hiéu qud cua ché pham vi khuan va dich chiét tir cti ging trong {rc ché nam
Alternaria solani gay bénh bac 1 s6m ¢ ca chua
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Tom tit:

Bénh bac 14 sém (EB), do Alternaria solani giy ra, 1a mjt van dé nghiém trong trong san xuit ca chua. Nghién ctru
nhim danh gia hiéu qua sinh hoc ciia tic dung hiép dong giira chiing vi khuan phén gii lAn PSB31 va dich chiét
tir cu girng (GPE) khang lai bénh EB ca chua. Két qua cho thiy, vi khuin PSB31 (dwgc dinh danh 1a Bacillus sp.
IMAU61039) e ché tdi da (46,9%) sw phat trién soi nAm A. solani. Trong sb cac t6 hop, PSB31+GPE co tac dung
irc ché ting truéng sqi nim cao nhit (65,4%) so v6i nhém ddi chirng. Hon nira, trong diéu ki¢n vurom wom, hat giong
dwge xir Iy biang t6 hop vi khuin PSB31+ GPE c6 ty 1¢ trc ché bénh cao nhit (77,81%) so véi nhom doi chirng khong
dwoe xir Iy (72,71%) va nhém dwoce kiém soat bénh bing héa chit (90,23%). Dic biét, xir 1y hat ca chua véi to hop vi
khuin PSB31 va GPE giiip thiic diy sy niy mam ciia hat va sy ting truéng ciia cdy con trong qua trinh liy nhiém
nim A. solani. Cic két qua nay cho thiy tiém ning trong viéc ing dung chiing PSB31 va GPE trong khang lai b¢nh
do niAm A. solani trén ciy ca chua.

Tir khéa: Alternaria solani, bénh bac 14 sé'm, cao chiét girng, cdy ca chua, ché pham vi khuan.
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Abstract:

Early blight (EB) , caused by the fungus Alternaria solani, represents a serious problem in tomato production.
This study aimed to evaluate the effectiveness of a synergistic strategy, combining phosphorus-solubilising bacteria
PSB31 with ginger extract (GPE) in inhibiting early blight. The findings showed that strain PSB31 (identified
as Bacillus sp. IMAU61039) presented the highest level of inhibition (46.9%) against the mycelial growth of A.
solani, the causal agent of early blight in tomato plants. Among the treatments, the combination of PSB31 and GPE
exhibited the most significant inhibitory effect on the mycelial growth (65.4%) of A. solani compared to the control.
Moreover, under greenhouse conditions, tomato seeds treated with this combination showed the highest rate of
early-blight inhibition (77.81%) compared to the untreated control (72.71%) and chemical disease control (90.23%).
Notably, treatment of tomato seeds with the combination of PSB31 and GPE promoted seed germination (93.54%)
and seedling development under A. solani infection. These results indicate the potential application of strain PSB31
in combination with GPE for controlling diseases caused by A. solani in tomato plants.

Keywords: Alternaria solani, bacterial inoculants, early blight, ginger extract, tomato plant.

Classification numbers: 1.6, 4.6
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1. Dat van de

Ca chua (Lycopersicon esculentum Mill.) ¢6 gia tri kinh té cao
va duoc trong & Viét Nam. Tuy nhién, cdy ca chua dang bi de doa
boi nhiéu loai bénh do virus, tuyén tring, vi khudn va ndm (1].
Péng luu ¥ 1 EB 6 cy ca chua do ndm A. solani 1am giam dang ké
ning suat cdy ca chua trén toan thé gioi, khoang 80% [2]. Dé khac
phuc van d& nay, nguoi dan da 4p dung cac phuong phép hoa hoc,
chu yéu 1a str dung céc loai thude diét nam dat tién [2, 3]. Giai phap
ndy co6 nhiing nhugc diém chinh 1 khong phu hop voi méi truong
va anh huong dén suc khoe cong dong, cuing nhu 1a nguyén nhén
gy ra sy phét trién tinh khang thudc diét nam O nam A. solani
[2, 3]. Phuong phap kiém soat sinh hoc cac mam bénh thuc vat
dang duoc cac nha khoa hoc quan tdm dé thay thé cho phuong
phap hoa hoc, do phuong phap nay khong chi than thién voi moi
truong, hitu ich 1au dai, khang lai bénh tat va khong anh huong
cho strc khoe ma con cai thién dang ké chat luong va san lwong
cdy ca chua [3].

Céc hop chat tir thuc vat va céc tac nhan kiém soét sinh hoc
than thién vdi mai truong, co khd nang khang lai nhiéu loai bénh
trén thyc vat. Mot s6 loai thyc vat c6 kha nang tao ra cac hop
chat tw nhién khang lai hiéu qua ném gy bénh thyc vat [2]. Gan
day, nhiéu nghién ctru da cho thdy chiét xuét thyc vat cing véi vi
khuan ving ré kich thich ting truong thuc vat (PGPR) la chién
lugc t6i vu dé quan 1y va kiém soat bénh ¢ thuc vat [4]. Cay Gung
(Zingiber officinale) 1a mot lya chon thay thé phu hop cho thude
khang vi khuan tong hop, do sy hién dién cta céc chat hoa hoc
nhu monoterpenoids, sesquiterpenoids, hop chat phenol va cac dan
Xuét ctia no, aldehyde, xeton, rugu, este [5]. Cac nghién ciru gan
day cho thay hoat dong khang nim cua chiét xudt gimg va tinh dau
gung twong ung khang lai Fusarium oxysporum va Colletotrichum
falcatum [6].

Tuong tu, viée didu tra va danh gia cdc ching PGPR c6 loi
cung voi mot s6 chiét xuét thuc vat, phan compost va than sinh hoc
(biochar) cai tién dugc sir dung dé nang cao do phi nhiéu cua dit,
ngan chan tac nhan gay bénh ¢ thuc vat [2], mac du tat ca PGPR
deu htru ich cho viée ndng cao nang suat cay trong va cdi thién cd
vé chat lugng va sd luong [7]. Hon nita, nam ré€ cdng sinh cling
duge str dung rong rai dé ngan chdn bénh do 4. solani va bao v¢
cdy ca chua khoi bi thiét hai do loai ndm ndy gy ra [8]. Vigc su
dung ché pham vi khudn 1a mot cong cu hitu ich dé quan Iy bénh
gy chét cay [9]. PGPR c6 mit trong dit ndng nghiép nhung tiém
ning ddi khang ciia chiing d6i véi EB ciia ca chua van chua dugce
nghién ctru rong rai. Nghién ciru nay duoc thiét ké dé danh gia hoat
tinh khang nam ctia riéng PGPR va két hop voi GPE khang lai ndm
A. solani trong diéu kién in vitro va thir nghiém trong chiu vai.

2. Doi twong va phuong phap nghién ciiu
2.1. Chudn bi dich chiét tir cii girng

Cu gimg khoang 11-12 thang tudi dugc thu mua tryc tiép tai
vuon ¢ thon Hoang Trung, xa Hong Duong, huy¢n Thanh Oai, Ha
Noi (trude sap nhap).

Nhiing ct guing tuoi, vo min va it nép nhan dugc rura sach,
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xay nhuyén roi sy kho (d6 am 10%-15%) trong may sy & 60°C
trong 72h. May xay hat kho (Logkent, Nhat Ban) dugc sir dung dé
nghién gimg khé va bot duoc loc qua rdy lugi 100 Mesh (twong
tmg 0,149 mm). Bot sau d6 duoc giit lanh (4°C) trong bong toi.
Chiét xuét duoc thuc hién béng cach tron 100 g bot gung véi 1000
ml nude cit vo tring va i trong 3 ngay ¢ nhiét do phong. Hon hop
dich duoc loc va ly tim dé loai bo két tua thu dich ndi. Dich noi
nay duogc sir dung lam dung dich gc cho céc thi nghiém tiép theo.

2.2. Khd ning twong thich ciia GPE véi chiing vi khudn
PSB31

Chung vi khuén Bacillus sp. IMAU61039 (ky hiéu la PSB31),
phan 1ap tir dat ving r& cdy ca chua vu xuan hé 2022 trong tai Thai
Binh (trudc sap nhap) c6 kha ning hoa tan tot cac hop chat lan kho
tan [10]. Ching vi khuén dugc luu gitr tai Khoa Cong ngh¢ sinh
hoc, Truong Dai hoc Dai Nam.

Kha ning twong thich ciia GPE vdi ching vi khuan PSB31 da
dugc thir nghiém trén moi truong LB (Luria - Bertani; tryptone: 10
g, cao ndm men: 5 g, NaCl: 5 g, nudc cit vira du: 11, moi truong
thach bd sung agar: 15 g/l) trong mot thi nghiém lap lai. Trong thi
nghiém ndy, GPE dugc chuan bj v6i cac ndng d6 khac nhau (10, 15
va 20%) bang cach pha loang lan luot 10, 15 va 20 ml GPE trong
100 ml nudc ct vo tring.

Ching vi khuén dwgc nudi trong 48 gio, cdy trai trén céc dia
¢6 chira moi trudng LB. Ba dia gidy nho (5 mm) dugc dit cach
d&u nhau trén mdi dia petri. Sau do, 10 ul cua 10, 15 va 20% GPE
duoc nhé vao dia gidy loc vo tring bing pipet. Twong tu, cic dia
dbi chimg dwong va am duoc xt Iy 1an luot vai 10 pl streptomycin
sulfate 100 ppm va dH,0. Tat ca cac dia dugc u ¢ 26+2°C trong
48 git va quan sat sy phat trién cla cac ving tre ché xung quanh
cac dia gidy. Sy hinh thanh ving tre ché cho thdy, sy khong twong
thich giita GPE va chung vi khuan, trong khi viéc khong c¢6 ving
{tc ché x4c nhan tinh twong thich [11].

2.3 Hiéu quad khang nim Alternaria solani Trl trong diéu
ki¢n phong thi nghi¢m ciia viéc si dung riéng Ié va ket hgp vi
khudan PSB31 va GPE

Nam 4. solani Trl duogc phan lap tlr ca chua méc bénh bac 14
sém ¢ Viét Nam, luu gilt tai Khoa Cong nghé sinh hoc, Truong
Dai hoc Dai Nam.

Phuong phap dong nudi cdy duoc thuc hién dé kiém tra higu
qua cua viéc ap dung riéng 1é va két hop cua chung vi khudn
PSB31 va GPE d6i voi su phat trién soi nim cta A. solani trong
bng nghiém. Céc dia gidy loc da khir tring (5 mm) dugc dit 1én
dia Petri c6 chita mdi truong PDA (Potato Glucose Agar: potato
200 g/l, D - glucose 20 g/l, agar: 20 g/l, nudc cat vira du 11).
Céc dia nay dugc thém 6 pl canh truong chung vi khuan PSB31
(OD(,)00 =1) hodc GPE. Ddi véi cic tmg dung két hop, 3 pl dich
nuoi cay chung vi khuén PSB31 va 3 ul GPE dugc dat trén cac dia
gidy loc da khi tring. Cac dia si nam dang phat trién tot (5 mm)
lay tir dia gidng ndm A. solani 7 ngay tudi dugc dit 6 phia bén kia
cua dia gidy loc. Cac dia Petri di chimg chi chira cac dia gidy loc
dugc nhiing bang nudc cat. Cac dia thi nghiém dugc giit & 26+2°C
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trong 7 ngay. Mdi thi nghiém duoc thyc hién v6i ba lan lap lai. S6
liéu vé % trc ché phat trién ctia s¢i nam tir moi thi nghiém dugc tinh
theo cong thirc sau:

Sur tre ché phat trién cta sgi ndm (%) = [(C-T)/C] x 100

trong do: C: tang truong soi nim ¢ mau déi ching (cm); T: ting
trudng soi nam trong di€u tri (cm).

2.4. Nghién cieu khd néing kich thich ndy mam hat ca chua
ciia chiing vi khuin PSB31

Anh huong ciia ching vi khuan PSB31 d6i v6i sy ndy mim
ctia hat ca chua da duoc nghién ctru bang phuong phap khin gidy
cia J. Sudisha va cs (2012) [12]. Hat ca chua giéng (Lycopersicon
esculentum F1 TN747) do Cong ty TNHH thuong mai Trang Nong
phat trién dwgc lwu hanh trén thi truong.

Trong thi nghiém nay, nam hat ca chua dugc lam sach bé mat
bing dung dich NaOCI 1% trong 2 phut, sau d6 rira 3 lan trong
nude cat vo tring va dé kho trén gidy loc vo tring. Hat ca chua da
khir tring bé mat duoc xir 1y tiép bang dung dich CMC (0,1%) khir
tring lam vét lidu két dinh, sau d6 ngém trong 30 ml canh truong
vi khuan (1x107 cfu/ml) trong 2 glo Trong thi nghlem doi chung,
hat glong duoc xir 1y bang nude cét v0 trung. Hat giong da phu vi
khuan (25 hat) duoc dat trén 2 16p gidy loc am trong khay nhua.
Mbi thi nghiém c6 3 khay. Tat ca cac khay dugc dat & 28+2°C trong
15 ngay. Sau 07 ngay, ty 1& nay mam cta hat (SGP) duoc ghi nhan
theo cong thirc:

Ty 1é nay mdm cua hat (%)=(S0 hat ndy mam/Tong so hat
giong) x 100

S lidu vé sb mam va chiéu dai r&, choi (cm) duge ghi nhan 15
ngay sau khi xu ly. Chi so stic song cua cay con (SVI) dugc tinh
theo cong thirc:

SVI=(chiéu dai 1€ trung binh-+chiéu dai chdi trung binh) x %
do nay mam

2.5. Anh hwing ciia vi khudn PSB31 va GPE lén b¢nh EB va
thiic day tang truéng cdy ca chua

Thi nghiém trong chau duoc thiét ké theo phuong phap ciia M.
Rasool va cs (2021) [13] dé nghién ctru tic dong cta viéc ap dung
riéng 1é va két hop ching vi khuan PSB31 va GPE trong viéc ngin
chan ty 1¢ mac bénh EB va thuc déy ting truong cdy ca chua. Hat ca
chua duoc lam sach bé mat bang NaOCl 1%, rira 3 lan trong dH,0
va sdy kho bang gidy tham trudc khi cho vi khuan. Hat giong dlIOC
xtr Iy bang 0,1% CMC lam vét li¢u két dinh, sau d6 ngam trong 30
ml huyén phii vi khuan PSB31 (1x107 cfu/ml) trong 2 gid. Sau do,
5 hat ca chua da phu vi khudn dugc gieo vao chau nhya (10 1) chira
8 kg hdn hop dit (cat: dat sét: phan chuong voi ty 1€ 1:1:1) da khur
trung [14]. Khi cay con dugc bon tuan tudi, dat ving ré dugc tudi
b6 sung 15 ml huyén pht vi khuan (1x107 cfu/ml). Huyén phu bao
t ndm duoc chuan bi béng cach cho 3 ml nuée cit vo trung vao dia
nudi ciy nim A. solani mot tuan tudi. Lic déu dé giai phong bao tir
khoi cac soi nam. Huyén phi ¢6 ndng do bao tir 1x10° bao tir ml™!
dugc st dung cho thi nghiém [15]. Sau I ngay bd sung ching vi
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khuan PSB31 vao dat, cdy giéng ca chua dugc phun suwong huyén
phil bao tir ndm A. solani 1én 14 bang may phun cam tay [14]. Do
4m tuong a6i (~70%) can thiét cho sy phat trién cua bénh EB dugc
duy tri bang cach phun nudc cit cho céy.

Chiét xudt bot gimg (25 g/l) dugc chudn bj trong nudc cit va
dugc st dung dudi dang phun qua 14 trong cac thi nghiém. Nhiing
cy dugce phun thude trir nAm Antracol 70 WP & nong d6 0,2% dong
vai tro 1a d6i chimg duong, trong khi nhitng cdy dugc phun huyén
phil bao tir ndm A. solani 1a ddi chimg am. Céc chau duoc dit trong
vudn wom, voi didu kién duge kiém soat va cac hoat dong ndng hoc
khac duoc giit nguyén cho tit ca cac nghiém thirc. Céc thi nghiém
duoc thiét ké hoan toan ngau nhién véi 3 lan lap lai. Cac thi nghiém
bao gém: T1=Vi khuan PSB31+A4. solani; T2=GPE+A. solani;
T3=Vi khuén PSB31+GPE+4. solani; T4=Antracol (dbi ching
duong); T5=chi lay nhiém nim A. solani (d6i chimg 4m).

S6 liéu vé kha nang kiém soat bénh duoc ghi lai sau khi ap dung
bién phép xir Iy dugc ba tuan. Hiéu qua giam bénh dugc tinh toan
theo cong thirc cia W.S. Abbott (1987) [16] dua trén ty 1¢ nhiém
bénh cua hai nhom déi twong: nhom ddi chimg va nhom thi nghiém.
Cong thire cu thé nhu sau:

Ty 18 kiém soat bénh (%)=[(C-T)/C] x 100

trong d6: C: ty 1¢ nhiém bénh trén tong sb cdy trong nhom doi
chung; T: ty 1€ nhiém bénh trén tong so cdy trong nhom thi nghiém.

S6 liéu vé cic dac diém sinh truong cua cdy (su nay mim cua
hat, chiéu dai mam chiéu dai r& mam, chi sb stc sdng, chidu dai
chdi, chidu dai ré, trong luong chdi tuoi, trong lwong chdi kho,
trong luong ré tuoi va trong luong ré kho) dugc ghi nhan 45 ngay
sau khi cdy. Mirc do gy hai ciia bénh va chi s6 phan trim bénh
(PDI) dugc tinh theo QCVN 01-38:2010/BNNPTNT nhu dudi day:

PDI = [(n +3n,+5n+7n+9n,)/(NxK)] x 100

trong do: n,, n,..., n, lan luot 1a 56 14 bj bénh & céc cAp bénh; N 1a
tong so 14 dleu tra; K 1 cap bénh cao nhat quan sat dugc.

2.6. Xdc dinh ham luong chit diép luc

Ham luong chat diép luc (chlorophyll) va carotenoid dugc xac
dinh theo phwong phap cua J. Hiscox va cs (1979) [17]. Trong
phuong phap ndy, I g mau 1d ca chua twoi dugc cat thanh timg doan
nho, nghién bing chay va 001 st trong 100 ml dung dich axeton
80% (v/v) va sau do log qua glay loc Whatmz}n No. 1. M4t d9 quang
cua dich loc dugc do bang mdy do quang phd ¢ bude song 470, 649
va 665 nm. Nong do chlorophyll va Carotenoid trong cdc mau 14
dugc tinh toan bang cong thirc ctia O.H. Hansen va cs (1978) [18]
dudi day:

Chlorophyll (a)/g mau=11,63x0D,  -2,39xOD,,

Chlorophyll (b)/g mdu=20,11x0OD,,, +5,18x0D,

Chlorophyll (a+b)/g mau=6,45x0D sosamT17,712X0D g

Carotenoid (mg/g mau troi)=1000x0OD o™ 1:82%Ca-85,02xCb/198

trong do: Ca: ndng do chlorophyll (a); Cb: ndng do chlorophyll (b).



2.7. Phwong phdp xit Iy sé liéu

Céc s6 liéu thi nghiém duoc phén tich trong Statistix 8.1 va MS
Excel 365. Céc thi nghi¢m dugc tién hanh hoan toan ngﬁu nhién voi
ba lan ldp lai. Céc gia tri trung binh duoc tinh toan bing phan mém
ANOVA va kiém tra sy khac biét bang cach sir dung LSD (p<0,05).
Phan tich tuong quan dugc thuc hién trong MS Excel 365. Két qua
duoc biéu thi bﬁng trung binh + d¢ léch chuan.

3. Két qua va ban luan

3.1. Anh htro‘ng ctia viéc si dung riéng le va két hop vi khudn
PSB31 vadich chiét tir cii gung lén sw phat trién sginam A. solani
trong diéu ki¢n phong thi nghi¢m

Céc két qua thu thap duoc tir nghién ctru vé kha ning tuong
thich giira chung vi khudn PSB31 véi GPE cho thay, GPE ¢ céc
nong do khac nhau (10%, 15% va 20%) khong anh huong dén su
sinh truong va phét trién cta ching vi khuan PSB31.

Két qua nghién ciru anh huong ciia viée sir dung riéng 16 va két
hop vi khuan PSB31 va GPE lén su phét trién soi ndm A. solani
trong diéu kién phong thi nghiém dugc minh hoa trong anh 1 va
bang 1. S liéu cho thay kha ning d6i khang cao ctia ching vi khudn
PSB31 dbi véi ndm A. solani trong diéu kién in vitro (ty 1é tc ché
su phat trién soi ndm 1a 46,9%). Dac biét 1a viée ap dung két hop
chang vi khudn PSB31 va GPE cho két qua tot hon trong viée tic
ché su phat trién cta soi nim A. solani, ty 1€ uc ché tang trudng sgi
nam cao nhét (65,4%) so véi dbi chimg khong dugc xir Iy bang vi
khuan va GPE. Viéc 4p dung GPE riéng 16 ciing cho thiy s (ic ché
ting truong sgi nam cuia A. solani 13 44,4% (bang 1).

Ching vi khuan PSB31 (dinh danh i ching Bacillus sp.
IMAU61039) dugc phén Iap tir dit ving r& cdy ca chua c6 kha ning
hoa tan [an da dugc thu nghiém khang lai nim 4. solani, dé xac dinh
va mo ta cdc chung phén 1ap dbi chimg sinh hoc ¢6 trién vong. Két
qué nghién ctru cho thay, chung vi khuan PSB31 véi céc hoat dong
phan giai lan ¢6 hoat tinh dbi khang khang lai nAm A. solani. Su

. —
Hinh 1. (Pc ché sw phat trién cla soi nAm A. solani trong diéu kién phong thi
nghiém cta dich chiét tir ci gieng. (A) vi khuén PSB31 (B) va két hop ca vi khuén
PSB31 véi dich chiét tir cti girng (C) so voi ddi chirng (D).
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Bang 1. Anh hwéng clia vi khuan PSB31 va dich chiét tir cti glrng dén kha ning
{rc ché sw phat trién ciia s¢i ndm A. solani.

Puong kinh hé sgindm gdy Ty I¢ irc ché sw phat trién ciia soi

Thi nghiém

bénh (cm) ném so véi ddi ching (%)
Vikhuin PSB31  43+0,12% 46,9
Vi khudn
PSB31+Dich chiét  2,8+0,22¢ 654
tlr cu gling
D}ch chit tir cu 454021 14
gimg
Péi chimg 8,1:0,31° 0,0

aCac gia tri trong cung mot cot c6 cung (cac) chir cai khéng khac biét
dang ké& nhw da xac dinh béng thir nghiém LSD (p=0,01).

{ic ché tang truong sgi nam trong dng nghiém 13 46,9% so véi doi
chimg. Hiéu qua tre ché cua loai Pseudomonas va Bacillus khang
lai ndm A. solani c6 thé 1a do su ton tai ctia céc chét khang sinh nhu
surfactin, bacilloycin, zwittermycin A, pyoluteorin, pyrrolnitrin,
pyocyanin, iturin va 2,4-diacetylphloroglucinol [19]. Nhimng chat
khang sinh nay c6 the {ic ché sy phit trién ciia nim bang cach nhim
Vao cac qua trinh té bao cua chung [20] Céc chat khang sinh ¢
nguon gdc tir vi khudn ving ré cung cdp sy thay thé bén vimg va
than thién voi moi truong cho thude diét ndm tong hop. Cac hop
chat nay c6 kha nang dugc tao ra thong qua sy sinh truong va phat
trién cua vi khuan trong ving ré, va gay kich thich sinh hoc dén su
phat trién cta thuc vat, mang lai kha nang phong v¢, khang lai cac
mam bénh thuc vat.

Két qua cua nghién ctru nay cho thiy xu Iy bing GPE dat dugc
sur Gic ché soi ndm 44,4%, chimg to day 1a hop chat hiéu qua dé kiém
s04t ndm A. solani. Cac chiét xuét tir cac loai thuc vat khac nhu A.
indica, A. sativum, P. lysterophorus va D. stramonium ciing duoc
b4o co co kha ning tre ché ndm A. solani [21]. Ngoai ra, mot sd
nghién ciru khac phat hién GPE c6 dic tinh khang khuan phd rong
va hoat dong nhu thudc diét ném, béng cach ngan chan sy hinh
thanh va nay mam bao tir, cling nhu lam bién dang soi nim cua
céc loai vi khuan gay bénh thyc vat khac nhau [21], chéng han nhu
Fusarium oxysporum, Botrytis cinerea [22], Alternaria alternata
[23], Fusarium solani [24]. Ngoai ra, két qua nghién ctru cua ching
t6i cho thdy su két hop cta GPE va vi khuan PSB31, thé hién hiéu
qua trc ché ndm A. solani cao hon so véi viée chi sir dung vi khuan
PSB31 hodc GPE. Két qua nay phui hop vé6i nghién ciru ciia S.
Hyder va cs [25], cho thay su két hop cua chiét xuat bt gimg voi
vi khuan Bacillus cereus Gb-T23 va Pseudomonas fluorescens Ft-
G43 duy tri sy e ché ndm so voi chi sir dung chiét xudt bot gimg,
trong khi su két hop cta hop chat nay véi Bacillus subtilis Hyd-01F,
Hyd-13Z va Pseudomonas putida St-149D, da ching t6 kha nang
khang nim tang 1én. Dc tinh khang khuén va tic ché cta céc chat
chiét xuat tir thuc vat, chéng han nhu chiét xuat bot gung, la chu aé
ctia nhidu nghién ctru chimg minh tiém nang cta chung trong viéc
quén Iy sau bénh va mam bénh. Mot s6 béo céo da chiing minh viéc
st dung dong thoi hai tac nhan nay c6 kha nang khai thac cac twong
tac hiép dong, hodc bo sung ciia chung dé quan 1y hiéu qué céc bénh
ndm trén cdy trong [26].
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3.2. Danh gia anh hwong ciia ching vi khudn PSB31 dén
khd niing nay mam va sirc song ciia hat ca chua trong diéu ki¢n
phong thi nghiém

Két qua cho thdy tic nhan vi khuan PSB31 d4 cai thién kha
ning ndy mam ciia hat ca chua (86,23+2,15%) so véi déi chimg
(77,12£1,27%). Hon nira, ching vi khuan PSB31 ciing céi thién
déng ké chiéu dai mdm (9,31£0,76 cm) va chiéu dai ré mim
(3,1240,32 cm) ¢ cdy giong ca chua so v6i déi chimg (chiéu dai
mim va ré mam dugc ghi nhén lan luot 1a 7,68+0,27 va 2,1340,21
cm). Su gia ting dang ké vé chi sd sirc séng cta cdy con ciing dugc
ghi nhan cho cdy dugc xtr 1y v6i vi khuan PSB31 so v6i cdy trong
thi nghiém ddi chimg (bang 2).

riéng 1¢ va két hop voi GPE di cai thién dang ké kha ning nay
méam cua hat. Ty 1€ nay mam cua hat t6i da dugc ghi nhin trong
t6 hop vi khuan PSB31+GPE (93,54+2,25%) so véi ddi chimg 4m
(72,712,23%) va dbi chimg dwong (90,23+2,14%). Viée xir Iy hat
giong riéng 1¢ bang GPE hodc vi khuan PSB31 cho ty 1é nay mam
cua hat 1an luot 1a 78,15+3,11% va 88,23+1,31% khi ¢ su hién
dién cta nim A. solani. Pang luu y 1a ty 1¢ phan trdm bénh 1a t6i
thiéu ciing duoc quan sat thiy trong thi nghiém sir dung vi khuin
PSB31+GPE (13,51+1,23%), cao hon trong dbi chimg st dung
thubc diét ndm Antracol (18,27+1,14%).

Bang 3. Anh hwéng clia vi khuan PSB31 va dich chiét tir cl girng dén kha ning
trc ché bénh bac l4 sém va cai thién sw phat trién ciia cay ca chua.

Bang 2. Anh hwéng cla vi khudn PSB31 dén céc tinh trang chét lwong hat p— Tyl¢ndymim Ty 1¢ micbénh EB  Tj I kiém soat bénh EB
gibéng ca chua trong diéu kién phong thi nghiém. 1 nghiem (%) (%) (%)
X X 2 2 i khud +A. i +1.3]b + 1950
— Tyléhatniy Chidudai  Chidudaird  Chisb sire séng Vi kh“anypsm [+A. solan BB WTELY %1
1 nghicm mam (%) mim (cm) mim (cm) ciia céy con Dich chiét tir cu gimg +4. solani ~ 78,15+3,11¢ 3031£1,25° 50,52
PP sig X LGPEL . 19958 L1
;(;x]glvm vi khuan 862342,15" 9314076 3124032 10718 Vlykhuan PSB31+GPE+A. solani  93,54+2,25 13,51£1,23 7181
Dfichimg duong (Antracol) 902342140 1827+114° 6321
Dai chimg 77,12£1,27* 7,68+0,270  2,13£0,21* 756,5 Béi chimg m (Nute) 071223 61724134 00

aCac gia tri trong cung mét cdt cé cung (cac) chi cai khdng khac biét
dang k& nhu da xac dinh bang th&r nghiém LSD (p=0,01).

Trong diéu kién in vitro, két qua nghién ctru ndy cho thay hat
glong dugc phu bing vi khuan PSB31 tang cudng khd nang ndy
mam cua hat va cac chi s ting truong khac. Céc két qua twong tu
dugc cong b6 & cdy ca chua [27] va cac cdy rau khac [28]. Hat nay
mam phu thudc vao didu kién moi truong va sy cin bing giita ty 16
axit abscisic/gibberellin dé thiic ddy qua trinh pha v& trang thai ngu.
Theo nhidu nghién ctu, viéc st dung PGPR tao diéu kién thuan loi
cho sy nay mam cta hat va sy phat trién cua cy con, c() thé la do
su tong hop axit gibberellic [28]. Tuy nhién, hat nay mam rat dé b
ton thwong trude cac yéu t song va khong song, bao gorn ca nhiém
mam bénh [29]. Hon nita, nghién ctru nay cho thdy, viéc ap dung
PGPR két hop véi GPE lam ting kha ning nay mam cta hat ci chua
khi c6 mam bénh thyc vat, va quan Iy hiéu qua bénh EB cua ca chua
trong thir nghi¢m trong chau.

3.3. Thit nghi¢m chiing vi khuin PSB31 va chiét xudt tir cii
gung (GPE) trong viéc kiém sodt bénh bac la sém (EB) va kich
thich ting truong thuc vt

Tac dung riéng le va t0 hop giira chung vi khuan PSB31 va
GPE d6i v6i sy nay mam cua hat, (ic ché bénh EB va thiic day tang
truong & cdy ca chua dugc kiém tra voi sy tuong tic voi ndm 4.
solani Tr1 trong chau ¢ diéu kién vuon wvom. Két qua cho théy, hat
ca chua dugc xir Iy bang vi khudn PSB31 riéng 1¢ va két hop voi
GPE cho thay céc hiéu qua khac nhau trong trc ché bénh EB va sy
ndy mam ciia hat nhu dugc trinh bay trong bang 3.

S6 lidu trong bang 3 cho thdy, hat dwgc xir Iy bang t6 hop vi
khuan PSB31+GPE cho ty 1¢ tic ché bénh cao nhat 1a 77,81%, trong
khi phan (g riéng 1¢ ctia vi khuan PSB31 va GPE cho thay ty 1¢
tre ché bénh lan luogt 1a 56,71% va 50,52% va kém hiu qua hon
dbi chimg duong sir dung thudc Antracol (68,21%). Trong truong
hop hat ca chua nay mam, chung vi khuin PSB31 duoc thir nghiém
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aCac gia tri trong cung moét cdt cé cung (cac) chir cai khong khac biét
dang ké nhu da xac dinh bang th&r nghiém LSD (p=0,01).

Thém vao d6, két qua nghién ctru ciing cho thiy chung vi khuan
PSB31 riéng 1¢ va két hop voi GPE déu anh huong dang ké dén céc
thong so tang trudng clia cdy khi c6 mit ciia ndm gy bénh A. solani
(bang 4). Trong céc thi nghiém dugc tién hanh, to hop vi khuan
PSB31va GPE gitp tang nhiéu nhat chidu dai chdi (139,57+1,27
cm), trong khi thi nghiém chi sir dung GPE gié tri tang chiéu dai
chdi dwgc ghi nhan 1a 111,34+1,47 cm. Trong truong hop chiéu
dai 1, t hop vi khuan PSB31+GPE ciing gitp tang dang ké chiéu
dai ré (22,79+1,16 cm) so v&i cac thi nghiém chi sir dung chiing vi
khudn hodc GPE trong d6 chiéu dai ré dwgc ghi nhan lan luot 1a
18,76+1,32 cm va 15,32+2,13 cm.

Bang 4. Anh hwéng vi khuan PSB31 va dich chiét tir cii girng dén kha ning
tang trwdng thwe vat trong didu kién veon wom.

o Chibudai  Chibudai  Khdilwng  Khdilwng  Khdilwong  Khbilugng
gt chbi(em)  ré(em)  chditwoi(p) chbikhd(g) rétwi(y)  réknd(g
p— .

X‘L‘mm} 1421135 187651305 2098240,11F  2878:025%  27620,15%  1,12£006°

Dichchidt s ci 3147 3L IU3ELT? B9ILI00 232021 108009

glmg+4. solani

Vi khudn PSB31 + dich

chidtthoigmgtd  OSTEIZE MLLIE 290136 31D 3ST0IT 1524014

solani

Boi ching duon B2 WL RS BT 30005 138020

(Antracol)

Blichingim(mude) 10081215 1028+134 13823178 16832123  178£012  086:005

aCac gia tri trong cung moét cdt cé cung (cac) chir cai khong khac biét
dang ké nhu da xac dinh bang th&r nghiém LSD (p=0,01).

Két qua thi nghiém ciing cho thdy trong qué trinh kiém soat
nam A. solani, cdy ca chua dugc xtr Iy chi bang ching vi khuan
PSB31 hodc GPE c6 gidm vé khoi lugng cua ré va choi (bang 4).



Khéi luong chdi twoi va kho t6i da (Ian luot 14 229,12+1,36 va
37,78+1,23 g) duoc ghi nhan ¢ nhimg cdy ca chua dwgc xtr Iy bang
cach str dung két hop vi khuén PSB31 va GPE vdi sy ¢6 mit cua
A. solani. Xu hudéng twong ty cling dugc quan sat cho truong hop
khoi lwong ré twoi va kho. Tat ca cac phuong phap xur 1y déu cai
thién hai chi s6 nay so v6i ddi chimg 4m va ddi chimg duong (bang
4). Trong d6, cdy ca chua lay nhiém nam 4. solani dugc xir Iy bang
t0 hop vi khuan PSB31 va GPE di lam tang dang ké khéi luong ré
tuoi (1,79 g) va khi luong r& kho (0,66 g) so voi cc cdy bi giy
nhiém A4. solani (d6i chimg).

Ngoai ra, ty 1é mdc bénh giam dwoc ghi nhan trong st dung
PGPR+GPE so vdi xir Iy bang hoa chat cho thdy tac dung hiép
dong ciia cac tac nhan kiém soat sinh hoc va céc san pham thuc
vat. Cac két qua nay tuong tu voi két qua cta P. Latha va cs [19],
trong d6 hdn hop dua trén chiét xuat 1a cdy Zimmu (cdy lai giir
hanh tdy va t61) va PGPR da lam giam 18% mirc d gay hai cua
bénh so v6i dbi chimg, dong thoi cuing cdi thién kha nang nay mam
cua hat va nang sut qua. Mot sb bao cao khdc cling cho thdy, st
dung cdc tap doan vi sinh vat, bao gdm cac PGPR thich hop, din
dén giam ty 1¢ mic bénh thong qua tic dung hiép dong [30], bén
canh d6, didu nay c6 thé ¢ loi khi xir ly nhiéu bénh thue vt [19].

Ngoai viéc kich thich kha nang phong vé khang lai bénh EB,
tit ca cdc phuwong phap xur ly con thue day su phat trién cua cdy,
trong do viéc dp dung t6 hop vi khuén véi GPE thu dugc két qua
tot nhat vé chiéu dai chdi va ré ciing nhu trong lugng kho va tuoi
ctia ching. Tuy nhién, mac dii viéc sir dung thudc diét nim & lidu
lugng khuyén nghi, gitip kiém soat bénh hiéu qua, nhung lai gay
ra rii ro cho stc khoe con nguoi, kha ning khang thudc va tic
dong dén moi truong s& 1a nhitmg van dé tiém an. Sy két hop cua
cac tac nhan kiém soat sinh hoc v6i thude trir sdu tong hop vira co
thé lam giam nguy co xuat hién tinh khang thudc trir su, vira cai
thi¢n kha nang kiém soat dich bénh so vdi viée ap dung ting tac
nhan kiém sodt sinh hoc [31]. Nhidu nghién ciru khac nhau da chi
ra rang, su két hop giira cac tac nhan phong trir sinh hoc v6i thude
diét ndm ¢4 hiéu qua hon so voi cac phuong phap diéu tri don
1. Vidy, S. Xu va cs (2022) [32] da bao cdo rang, viéc su dung
ddng thoi difenoconazole véi B. amyloliquefaciens di 1am ting
hiéu qua hiép déng cta thudc diét nAm khang lai bénh héo do nim
Fusarium. Do d6, viéc phat trién cac chién luoc kiém sodt sinh hoc
bing PGPR cﬁn ¢ ca tiém nang kiém sodt sinh hoc va thuc day
ting truong dé dam bao tinh bén viing cua cdy trong, ching han
nhu ca chua.

3.4. Ham lwgng chit diép luc

Cac sic to quang hop bi giam dang ké & nhiing cy bi nhiém
ndm A. solani (hinh 2). Tét ca cac phuong phap xir 1y vi khuan
riéng 1é va két hop voi GPE di cai thién dang ké ham luong chat
diép luc (chlorophyll) va carotenoids. Trong truong hop c6 ham
lugng cht diép luc a, cay bi nhiém nam A. solani dugc xir ly voi t6
hop vi khuan+GPE (T3) d lam ting dang ké ham luong chét diép
luc a (29,85 mg/g khéi luong tuoi), trong khi tit ca cic phuong
phap xt Iy khac bao gom ca viéc st dung vi khuan PSB31 (T1) va
GPE (T2) cho thdy it hiéu qua hon trong viéc ting ham luong chat
diép luc a so v6i dbi chimg duong (T4) (hinh 2A). Tuong ty, trong
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truong hop chat diép luc b (hinh 2B), chét diép luc tong s6 (hinh
2C) va carotenoid (hinh 2D), cdy bi nhiém ndm A. solani dugc xit
Iy bang cach két hop vi khuan PSB31 + GPE (T3) ci thién déng
ké ham lugng cac sic td quang hop so Vorl céac phuong phap xt Iy
khac (Tl T2 va T4). Mit khéc, céc sic to quang hop dugc quan
sat thiy thap hon dang ké & nhitng cay bi nhiém A. solani (T5).

(A) (B)
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Ham lwgng Carotenoids
(mg/g khoi lugng turoi)
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T1 T2 T3 T4 TS5
Thi nghiém

T1 T2 T3 T4 TS
Thi nghiém

Hinh 2. Anh hwong clia vi khudn PSB31 va dich chiét tir ct girng dén ham
lwong chlorophylla (A), chlorophyll b (B), téng sé chlorophyll (C) va carotenoid
(D) trong Ia cay ca chua véi sw c6 mit ciia ndm A. solani. Cac cot véi cac ky
tw khac nhau cho thay su khac biét cé y nghia (p<0,05) (thcr nghiém LSD). T1=Vi
khuan PSB31+A. solani; T2=GPE+A. solani; T3=Vi khuin PSB31+GPE+A. solani:
T4=Antracol (Déi chirng dwong); T5=chi lay nhiém ném A. solani (Déi chiing am).

Tét ca cac bd phan trén mat dat cua cdy ca chua déu co thé bi
EB lam hai. Do di¢n tich 14 khong du, su oxy hoa tdng nhanh va sy
gia ting hoat dong ciia cac enzyme phan huy chét diép luc trong
diéu kién nhiém bénh, cay khong thé hap thy 4nh sang, lam cham
toc do quang hop [33]. Didu ndy duoc quan sat thiy trong hinh
2, khi chat diép luc (A, B) va carotenoids giam manh. Tuy nhién,
nhiing cdy bi nhiém nam Alternaria duge xir 1y bang PGPR don 1é
va két hop voi GPE cho thiy su gia ting chit diép luc A, B, tong
chat diép luc va carotenoid so voi phuong phap xu ly bf?mg thude
diét ndm (Antracol). Tuong tu nhu vy, Z.A. Awan va cs (2022)
[34] d4 béo cdo tic dong twong tac cia B. subtilis voi cac chét
dinh dudng thyc vat mang lai sirc dé khang ¢ cdy ca chua bj nhiém
bénh khang lai EB bfing cach thay d6i ham luong chat diép luc,
carotenoids va phenolics Diéu nay c6 thé 1 do vai tro cua PGPR
trong qua trinh ¢6 dinh N, cung v6i xu hudng san xut TAA va
chuyén hoa photphat [35].

4. Két luan

Nghién cuu nay cung cap bing chimg cho thay, vi khuan
PSB31 twong thich va tc ché hiéu qua sy phat trién cia ndm A.
solani. Sy két hop gitra chung PSB31 v6i GPE ngan chan bénh
EB va cai thién su phat trién ciia cdy ca chua. Do d6, dua trén cic
thtr nghiém in vitro va trong chau, sy két hop clia vi khuan PSB31
v6i GPE 1a mot giai phap thay thé day hira hen dé kiém soat bénh
EB ¢ ca chua.
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Nghién ctru phan lip va xéc dinh mot so dic tinh cila thé thwe khuan
khang Vibrio alginolyticus
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Tom tit:

Thé thwe khuin 12 mét loai virus nhan biét va xAm nhiém dic hiéu vi khuin. Trong qua trinh phat trién thé thuc
khun sé pha huy té bao chii nén la dbi twong hip din doi véi cac nha nghién ciru trong viée phat trién gidi phap sinh
hoc tiéu diét dic hi¢u vi khuin. Trong nghién ciru nay, hai ni dung chinh dwgc thye hién 1 phan lap vi khuén Vibrio
alginolyticus va thé thwe khuén dic hiéu. Ching V. alginolyticus M1 dwgc phan Iap tir nwéc dAm nudi tom, dong thoi
mét s6 diic tinh hinh thai, sinh hoa da dwoc xac dinh. Chiing nay dwgc dinh danh thong qua trinh ty 16S rDNA. Sir
dung chiing chii 13 V. alginolyticus M1, bon dong thé thuwe khuén cé hoat tinh ly gii té bao chii da dwoc phén lap tir
nuwée bé nudi tdm va nwéc thai tai che hai san. Tinh dic higu vat chii cia cic dong thé thye kKhuén lya chon da dwge
kiém tra va cho thiy ca bén dong khéng ly giai cac chiing V. parahaemolyticus ATCC17802, V. parahaemolyticus BL,
V. cholerae ATCC 14733, V. vulnificus ATCC 27562, cac ching probiotics nhw Bacillus licheniformis, Bacillus subtilis.
Trong d6, thé thwe khuin NT1 ¢6 hoat tinh ly giai manh nhit, d bén nhiét 1én dén 60°C, pH 3-10, 12 tng cir vién tot
dé phit trién giai phap kiém soat sinh hoc doi véi bénh do V. alginolyticus gay ra.

Tir khod: phan lap, thé thwe khuan, Vibrio alginolyticus.
Chi 56 phin loai: 1.6, 4.6

Isolation and characterisation of lytic bacteriophages against Vibrio alginolyticus
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Abstract:

Bacteriophage is a virus that specifically recognises and infects bacteria. During the life cycle, bacteriophage destroys
the host cell, so it is an attractive agent for researchers in developing biological solutions to specifically kill bacteria.
In this study, two main objectives were addressed: isolating Vibrio alginolyticus bacteria and specific bacteriophages.
The V. alginolyticus M1 strain was isolated from shrimp pond water, and some morphological and biochemical
characteristics were determined. This strain was identified by 16S rDNA sequencing. Using the host strain V.
alginolyticus M1, four bacteriophage strains showing strong host cell lytic activity were isolated from shrimp tank
water and seafood market wastewater. The host specificity of the selected phage isolates was tested, showing that
none of the four phage isolates lysed V. parahaemolyticus ATCC17802, V. parahaemolyticus BL, V. cholerae ATCC
14733, V. vulnificus ATCC 27562 strains, and probiotic strains such as Bacillus licheniformis and Bacillus subtilis.
Among the four selected strains, bacteriophage NT1 exhibited the strongest lytic activity, thermal stability up to
60°C across a pH range of 3-10, and is a promising candidate for developing biological control solutions against
diseases caused by V. alginolyticus.

Keywords: bacteriophage, isolation, Vibrio alginolyticus.
Classification numbers: 1.6, 4.6
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1. Datvan de

Vibrio alginolyticus 14 loai vi khudn gram am ky khi tuy tién,
Ua man. Loai vi khuan nay dugc cho 1a nguyén nhan gay bénh
phan tring & tom, ddy la mot trong nhitng bénh nguy hiém, pho
bién va gay thiét hai kinh t& 16n cho nganh nudi tom cong nghiép.
Vi la tac nhan vi khuan gdy bénh cho tom nén giai phap phong va
tri bénh bang khang sinh da duoc ap dung rong rdi. Tuy nhién, viéc
st dung khang sinh rong rai, thoi glan dai da dé lai nhitng hau qua
16n nhu tao ra cdc quan thé vi khun khang khang sinh, dan dén
nguy co lan truyén gen khang khang sinh cho cac loai vi khuan
khéc [1]. Viéc sir dung khéng sinh ciing ¢6 thé dé lai ton du khang
sinh trong tom thuong phim, dan dén lam giam chat lugng cua
tom va tham chi khong thé xuét khau dugc vao céc thi truong co
kiém soat nghiém ngat du luong nay. Do vay, gii phap sinh hoc
an toan dé phong va tri bénh do Vibrio gay ra luén dugc quan tim
va yu tién nghién ctru phat trién.

Thé thuc khudn 1a mot loai virus ¢ kha ning xam nhiém va
giét cac té bao vi khuén chu. Trong tu nhién, thé thuc khuan rat
da dang va c¢6 thé ton tai trong nhiéu méi truong khac nhau. Thé
thue khuén c6 do bén tbt trong diéu kién nhiét d¢ cao dén 60°C va
phé pH rong (pH 4-10) [2-7]. Thé thyc khuén chi xAm nhiém cac
t& bao chui 1a vi khuan ma hoan toan khong xdm nhidm vao céc té
bao nhan thuc do do day dugc coi 1a mt tdc nhan sinh hoc an toan
cho nguoi, vat nuoi va moi truong. Do do, st dung thé thuc khuén
¢6 thé duge xem 1a mot liéu phap tiéu diét vi khuén an toan thay
thé khang sinh. Thé thuc khudn c6 tdc do sinh truong rit nhanh.
Tai hrong thé thyc khuan co thé dat cuc dai trong vong 60-120
phut ké tir khi xAm nhiém [2-7]. Pac diém nay rit phu hop dé co
thé san xuét lurong 16n thé thuc khuan phuc vu cho phat trién san
phim (g dung. Do c6 nhiéu wu diém nén thé thyc khuan da dugc
str dung dé tao mot s san pham tmg dung trong céc linh vurc khac
nhau nhu ndng nghiép, chin nudi [8], mdi trudng [9], thuc phim
[10-12], vay té [13, 14].

Mot sb san phfim chra thé thyc khuan di duoc thuong mai
hoa va dugc phép luu hanh trén céc thi truong My, chau Au, Anh,
Canada. San phim Biolyse® BP va AgriPhage™ dugc st dung cho
thuc vat; cac san pham nhu Ecolicide®, Finalyse®, BAFACOL™,
SalmoLyse®... dugc st dung @ tri bénh nhiém khuan & dong vat;
cac san pham nhu PhageGuard E™, ShigActive™... dugc sir
dung dé phong va diéu tri nhidm khuén cho nguoi [15]. Piéu nay
chimg minh rang viéc tim kiém cac thé thuc khuan c6 tinh dic hiéu
cao v6i vi khudn gy bénh dé phat trién thanh san phdm tmg dung
1a can thiét va co ¥ nghia thyc tién.

Trong nghién ctru nay, vi khuan chii ¥ alginolyticus da duoc
phan 1ap va xac dinh tir nuéc dam nudi tom & Hai Phong. Thé thye
khuan dac hiéu ¥, alginolyticus da dugc phan 1ap tir nudc dam nudi
tom va nudce thai cua cho hai san & Ha Noi. Thé thuc khuén thu
duge c6 mot sb dic tinh tot dé tré thanh ung vién cho phat trién
san pham tmg dung phuc vu phong va tri bénh do ¥, alginolyticus
gay ra cho thuy san.
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2. \iat liéu va phuong phap nghién ciiu
2.1. Vit liéu
2.1.1. Mau va ching giong

Méu nu6e ding dé phan 1ap V. alginolyticus 1a mau nude dim
tom ldy tai khu vuc dé bién Hai Thanh, phuong Tan Thanh, quén
Duong Kinh, Hai Phong (tmoc sap nhap) Mau nu6e dung dé phan
1ap thé thuc khuan 1 cac mAu nude lay tir bé chira tom va nudc thai
khu ban hai san song tai chg Long Bién, Ha Noi.

Chc chung vi khuan V. parahaemolyticus ATCC17802, V.
cholerae ATCC 14733, V. vulnificus ATCC 27562 dugc cung
cip boi Vién Kiém nghiém an toan thyc phdm. Cac ching V.
parahaemolyticus BL, Bacillus licheniformis, Bacillus subtilis
duoc cung cap boi Trung tim Nghién ctru va Phat trién Cong nghé
Sinh hoc, Truong Hoa va Khoa hoc Sy séng, Pai hoc Bach khoa
Ha Noi.

2.1.2. Hod chdt va méi truong

Céc hoa chat bao gom peptone, cao ndm men, NaCl, chét
chi thi (neutral red, phenol red), agar, CaCl,, glucose, lactose..
dugec mua tor cac Hang Merck, Himedia. Cac hoé chét dung
cho sinh hoc phén tir nhu Tris-HCl, CH,COONa, chloroform,
isoamylalcohol, agarose, EDTA... dugc mua tur cac hang Sigma,
Merck. PrimeSTAR HS DNA Polymerase PCR kit dugc mua tir
Takara Bio (Trung Quéc).

2.2. Phwong phdp nghién ciru
2.2.1. Phan lgp Vibrio alginolyticus va xdc dinh ddc tinh

Phén ldp V. alginolyticus: Mau nuéc dugc pha lodng lién tiép
dén 104, 10 va 10 bang dung dich 0,9% NaCl v6 tring. Sau do,
0,1 ml dich pha lodng duoc cdy trai 1én dia thach chira peptone 15
g/l, cao ndm men 5 g/1, lactose 4 g/1, NaCl 30 g/1, d6 trung tinh 0,01
g/l, agar 2 g/l, pH 8,8. Dia thach duoc 1 ¢ 37°C trong 16-18 gio.
Cac khuan lac don mau vang, hinh tron, nhin s& duoc lya chon dé
tiép tuc lam sach bang cach cdy ria Ién dia thach méi. Céc khuan lac
don tiép tuc dugc Iya chon va céy trai 1én moi truong TCBS (0,5%
cao, ndm men, 1% peptone, 1% Na,S.0,, 1% CHNa,O,, 0,5%
mudi mat, 2% sucrose, 1% NaCl, 0,1% C (H FeO Bromophenol
blue, Thymol blue, 1,4% thach). Sau khi 1 ¢ 37°C trong 18 gio,
hinh thai cac khuén lac dugc quan sat, cac té bao tir khuan lac duge
nhudém Gram va quan sat trén kinh hién vi quang hoc véi tong do
phong dai 1000X.

Danh gia kha nang lén men glucose va lactose: Méi truong
16ng chita peptone 10 (g/1), NaCl 30 (g/1), glucose/lactose 10 (g/l),
phenol red 1,8 mg, pH 7.4 va ¢6 ong Durham dugc sir dung dé
d4nh gia kha ning 1én men duong glucose va lactose. Khuédn lac
duoc lya chon dugce cdy vao ong moi truong long sau do nudi &
37 °C trong 16-18 gio. Kha nang 1én men cta vi khuan ddi véi cac
loai duong dugce danh gia dya vao su d6i mau ctia moi truong tir
do sang vang. Kha ning sinh khi ctia chung vi khuan dugc danh
gi4 thong qua ng Durham,



Xdc dinh kha nang sinh catalase: Dé xac dinh xem vi khuén
c6 kha ning sinh catalase hay khong, phuong phap phét lam kinh
duoc su dung. Sinh khdi vi khuan duoc phét 1én lam kinh, sau do
nho 1 giot 3% H,O, phu [én sinh khdi. Quan sat sy hinh thanh bot
khi trén giot dung dich H,O,.

Phirong phép PCR va gidi trinh tiw gen 16S rDNA: Tach chiét
DNA tong s6: Sinh khdi vi khuan sau khi thu nhan tir 1 ml canh
truong dugc hoa trong 0,5 ml dém pha té bao (Tris-HCI 400 mM,
EDTA 60 mM, NaCl 150 mM, 1% SDS, lysozyme, pH 8,0), 0
37°C trong 30 phut; sau d6 bd sung 0,2 ml CH,COONa 5M va
tron déu; hon dich dugc ly tam 10.000 Vong/phut trong 10 phut
dé thu nhan phan dich ndi; bd sung mot luong twong duong vé
thé tich hdn hop chloroform : isoamylalcohol (24:1), tron déu, ly
tam 10.000 vong/phut trong 10 phut; thu nhan pha trén va trdn
voi isopropanol theo ty 16 1:1 vé thé tich, u phan tmg 30 phut trén
d4; két tia DNA duoc thu nhan bang ly tim 12.000 vong/phut
trong 20 phut va rira vai 70% ethanol; can tia DNA dugc lam
kho va I}oé tan t‘rér lai béng DIH,0. o sacl} va ham lugng DNA
duogc kiém tra bang phuong phap quang pho.

Phan tmg PCR khuéch dai gen 16S rDNA: Pugc thyc hién sir
dung cap moi pho bién 14 27F (AGAGTTTGATCMTGGCTCAG)
va 1492R (GGTTACCTTGTTACGACTT). Hon hop phan tmg
PCR dugc thuc hién theo huéng din ciia nha san xut sinh phim
PCR PrimeSTAR HS DNA Polymerase, Takara Bio. Chu trinh
nhiét gdm 35 chu ky: 98°C-8 gidy, 55°C-5 gidy, 72°C-90 gidy.

Gidi trinh tu gen 16S rDNA va dinh loai: San phﬁm PCR
duoc tinh sach su dung PureLink PCR purification kit (Thermo
Fisher Scientific, M¥). Trinh ty DNA duoc xac dinh bang phuong
phdp Sanger boi hang 1st BASE (Singapore). Trinh tu nucleotide
cia doan gen dich 16S rDNA dugc phan tich bang phin mém
Bioedit 7.2 va nhan dién bang cong cu BLAST trén ngan hang
NCBI (https://www.ncbi.nlm.nih.gov/).

2.2.2. Phan ldp va sang loc thé thue khudn

Lam giau thé thue khudn: Liy 30 ml mau nuéc phan tich vao
bng falcon 50 ml ly tim ¢ téc do 8000 x g trong 10 phut. Dich
ndi ly tm dugc chuyén sang ng falcon méi va dugc ly tim lan
thr hai. Sau d6, 5 ml dich ndi ly tdm dugc thu vao binh tam giac
da tiét trung, thém 5 ml moéi truong long 2X MLB (peptone 20
g/l, cao nam men 10 g/l, NaCl 60 g/l) va 1 ml canh truong V.
alginolyticus & pha tang trudng OD600 0,6, 0 lic hdn hop trong
tii nudi 37°C qua dém. Sau khi 1, hon hop duge chuyén vio dng
falcon 15 ml va ly tm & téc do 8000 x g trong 10 phat & 4°C,
dich ndi ly tim duogc thu sang dng falcon méi va ly tam lan hai.
Loc dich ndi ly tdm qua mang loc 0,22 um dé loai bo hoan toan
vi khuan con sot lai dé chuén bi thuc hién thi nghiém tiép theo.

Kiém tra sw c6 mat cua thé thuc khuan trong mau: Chuén bi
dia thach hai 16p bang cach lay 0,1 ml canh truong ¥, alginolyticus
& pha logarit tron déu véi 5 ml méi truong LB chita 3% NaCl
0,6% agar (it & bé on nhiét 55°C), sau 6 d6 hdn hop moi truong
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vi khuén vao dia thach cung LB 3% NaCl. Nho 10 pl dich lam
giau thé thyc khuan 1én dia, d€ kho trong 15 phut. U dia thach ¢
37 trong 18 gio va quan sat vung ly gidi trén dia (néu co).

Phdn lgp thé thue khudn: Lay 0,1 ml canh truong vi khuan ¥,
algtnolytlcus o pha tang truong u trong 15 phut véi 0,1 ml dich
lam giau thé thuc khuin. B6 sung vao hdn hop trén 5 ml méi
truong MLB 0,6% agar, ddo tron déu va d6 ra dia thach cung
MLB (1% peptone, 0,5% cao nim men, 3% NaCl, 1,5% thach).
U céc dia thach ¢ ti nuéi 37°C trong 18 gid. Quan sat cac vét tan
trén dia. Dung que cdy cit vét tan riéng ré cho vao 1 ml dém SM,
dao tron ki va u & 40°C trong 30 phuat. Hon hop duoc ly tam ¢
tdc do 8000 x g trong 5 phut, 4°C. Dich ndi ly tam duoc thu lai
dé thuc hién céc thi nghiém tiép theo. Léy 0,1 ml dich ndi ly tam
tron déu v6i 0,1 ml canh truong vi khuan ¥, alginolyticus & pha
tang truong trong 10 ml moi truong MLB. U lic hon hop ¢ 37°C,
qua dém. Hon hop sau d6 dugc ly tam, thu dich ndi va loc qua
mang 0,22 um. Dich loc duoc bao quan bang cach bd sung dém
SM theo ty 1& 1:1 va dé & ta lanh 4°C.

2.2.3. Ddnh gid phé vt chii

Cac vat chu dugc st dung dé danh gia tinh dac hiéu cua thé
thuc khuan phan Iap dugc bao gdm cac ching thudc chi Vibrio:
V. parahaemolyticus ATCC17802, V. parahaemolyticus BL, V.
cholerae ATCC 14733, V. vulnificus ATCC 27562; va cac ching
probiotics: Bacillus licheniformis, Bacillus subtilis. Quy trinh
kiém tra kha nang xam nhiém cua thé thuc khuén duoc thyuc hién
nhu quy trinh kiém tra sy ¢6 mat cta thé thuc khuan trong mau
duoc mo ta & trén.

2.2.4. Pdnh gid hoat tinh ly gidi té bao chil.

Canh truong vi khuén ¥, alginolyticus & pha ting truong dugc
bo sung dich thé thuc khuan, hon hop dugc nudi lic 6 u 37°C.
Tién hanh 14y mau mdi gio 1 1dn, mau duge do va ghi lai gié tri.
S6 liéu dugc phan tich dya trén két qua so sanh gi4 tri cia mu
kiém ching am (khong bo sung thé thyuc khuan) voi cac méau thi
nghiém c6 bo sung thé thuc khuan.

2.2.5. Panh gid dé bén ciia thé thuc khudn doi véi nhiét do
va pH

Do bén nhiét va pH cua chiing thé thuc khuan duoc thyc hién
theo phuong phap mé ta boi A.J. Kurek va cs 2016 [16]. Do bén
nhiét cua thé thue khuan duoc thuc hién béng cach u dung dich
thé thuc khuin & cac nhiét do -20, 4, 25, 37, 60 va 80°C trong
thoi gian 2 gid. Pbi véi do bén pH, thé thuc khuan duoc giir
trong dém c6 pH 2, 4, 6, 7, 8 va 10 trong thoi gian 2 gid. Sau khi
thach thirc ¢ cac nhiét d va pH khac nhau, lugng thé thyc khuan
duoc x4c dinh theo phuong phap thach hai 16p. Ty 1& séng cua
thé thyc khuan dwoc xac dinh bang cach chia hidu gia thé thuc
khuén trong mau xit 1y cho hiéu gi4 thé thyc khuan trong mau
kiém chitng. Thé thuc khuan trong diéu kién nhiét do 4°C va pH
7 dugc coi 1a diéu kién kiém chimg vi hiéu gia khong thay doi so
Vol trude xu ly.
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Hinh 1. Hinh thai khuan lac cta vi khuan trén moi trweng TCBS. M1, M2, M3, va M4 13 4 mau nuéc tir cac dam nudi tom.

M1 M2 M3

Hinh 2. Hinh thai té bao vi khuan. M1, M2, M3, va M4 I3 4 mu nudc tir cac dam nudi tom.

(A)

Hinh 3. Kha nang Ién men dwong glucose (A) va dwong lactose (B). Cac
chling phan 1ap M1, M2, M3, va M4. VP: chiing chuan V. parahaemolyticus
ATCC17802. KC-: mAu kiém chirng &m (khéng bd sung vi khuan).

3. Két qua va han luan
3.1. Phadn ldp Vibrio alginolyticus tir nuwéc dam nuéi tom
3.1.1. Phan lgp trén moi trieong chon loc

Bén miu nude tir dam nudi tom da duge st dung dé phan
lap V. alginolyticus. Mau nuéc duoc pha loing theo bac 10
va nudi cdy trén moi truong chon loc ¢ diéu kién 37°C trong
18 gio. Bén khuan lac don sinh truéng trén moi truong chon
loc duoc lua chon va tiép tuc dugc céy ria lam sach trén moi
truong chon loc TCBS. Két qua cho thiy, xuat hién cac khuan
lac mau vang, tron, nhin trén moi trudng thach dia (hinh 1). Sy
xuét hién khudn lac mau vang 1a do kha ning 1én men sucrose
cta vi khuan va sinh axit. Trong méi trudng TCBS ¢6 cac chit
chi thi mau phuy thudc pH 1a bromothymol blue va thymol blue,
khi vi khudn 1én men sucrose s& sinh axit lam giam pH ctia méi
truong xung quanh, tir d6 1am cho cht chi thi mau chuyén tir
mau xanh sang vang, dan dén hinh thanh khuén lac mau vang.
Nhiéu nghién ctru trude day chi ra ring V. alginolyticus 1a loai
vi khuén c6 kha nang lén men sucrose [17].

JHOAHOC | .

Té bao vi khuan tir 4 mau nudc
duge nhudom Gram va két qua cho
thdy, ca 4 miu déu la cac vi khuén
hinh que, cong nhe & mot dau va 1a
vi khuan Gram am (hinh 2). Pic
diém hinh thai té bao nay 1a phu hop

T
AT oo oo R o
. voi hinh thai ca V. alginolyticus.

i .
3.1.2. Xdc dinh mot sé dac diem
sinh hoa
M4 Lén men duwong glucose va

lactose: Bbn ching vi khuan dwoc
lya chon dugc 1én men trong moi
truong c¢6 cht chi thi 1a do phenol
va st dung ngudn carbon duy nhat
la glucose. Sau khi 1én men thi ca
4 canh trudng nudi cdy déu chuyén
tor mau do sang vang va khong co
hién tugng sinh khi khi su dung
6ng Durham. Su chuyén mau ciia
moi truong 1a do vi khudn nay co
kha nang lén men glucose sinh axit, nén lam giam pH cua
moi truong, din dén 1am cho chét chi thi do Phenol chuyén
tor mau do sang mau vang. Tuy nhién, khi s dung lactose 1am
ngu@)n carbon cho quaé trinh 1én men thi ca 4 chung vi khuan
déu khong lam doi mau ciia méi truong. Két qua nay cho thay,
ca bon chung duogc lya chon déu khong c6 kha nang 1én men
lactose. Trong qua trinh 1én men ca 4 chung cling khong sinh
khi trén moi truong c6 duong lactose (hinh 3B). Nghién cuu
cta O. Erkmen (2022) [18] di chi ra rang, céc loai Vibrio déu
c6 kha nang 1én men glucose nhung khong Ién men duong
lactose va khong sinh khi.

Kha nang tong hop catalase: Catalase 13 cac enzyme c6 vai
trd ngin can sy oxy hoa té bao bang cach phan giai hydrogen
peroxide thanh nudc va oxy. Tat ca céc loai, trong d6 ¢6 Vibrio,
¢6 kha nang tong hop cate}lase [13], thi khi’ H,0, duqc nho vao
lam kinh c6 chira vi khuan bot khi s€ xuat hi¢n. Két qua thu
nghiém cho thay, ca bon ching phan 1ap déu c6 kha ning sinh
catalase. Thir nghiém kha ning sinh tong hop catalase ciing
dugc thuc hién voi chung V. parahaemolyticus ATCC17802,
két qua cho thdy kha ning sinh tong hop catalase 1a & rang
(hinh 4).

Hinh 4. Kha ning sinh tdng hop catalase. Cac chiing phan lap M1, M2, M3,
va M4. VP: ching chudn Vibrio parahaemolyticus ATCC17802. KC-: mau kiém
chirng am.
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3.1.3. Binh danh vi khudn

Tur cac két qua thu dugc ¢ trén cho thdy, bon chung phan
lap dugc tir dam nudi tom déu co dac diém cua ¥, alginolyticus
voi cac ddc tinh nhu hinh thanh khuén lac mau vang trén moi
truong TCBS, Gram am, hinh que cong, 1én men glucose,
khong 1én men lactose, khong sinh khi va c6 hoat tinh catalase
(bang 1). Ca bon ching nay déu c¢6 dic tinh gidng nhau nén
ching M1 duogc lya chon dé tién hanh nghién ctru gii trinh ty
16S rDNA phuc vu cho viéc dinh danh. DNA téng s6 tach chiét
tir sinh khdi chimg M1 voi ndng do 448 ng/ul, ty 16 A260/A230
va A260/A280 dat 1a 2,0 va 1,85 tuong tmg duogc st dung lam
khuon dé khuéch dai doan gen 16S rDNA. Két qua cho thay da
khuéch dai thanh cong doan gen dich, voi kich thudc khoang
gan 1500 bp, pht hop véi kich thuéce doan gen dich rDNA can
khuéch dai st dung cap moi 27F/1492R (hinh 5). Trinh ty doan
gen dich da dugc xac dinh va tién hanh so sanh véi ngan hang
dir liéu NCBI cho théy, trinh ty 16S rDNA cta ching M1 ¢6 do
twong dong 99,47% so v6i ching V. alginolyticus 2014V-1011
v6i mi s6 CP046772.1. Tix cac két qua thu dugc co thé két luan
rang, da phan lap dugc chung V. alginolyticus M1 tir ddm nuéi
tom. Chiing vi khuan nay s& dugc sir dung cho cac nghién ctru
phan 1ap cac thé thyc khuan dic higu.

Bang 1. Dic tinh cta céac ching vi khuan Iwa chon.

i Lén men  Lén men Sin'h Sinh
glucose lactose khi catalase

Ml + - - +

M2 4 s - +

M3 %+ = - +

M4 + - S +

Vibrio parahaemolyticus " ) ) o

ATCC17802
Kiém chimg am (KC-) - - - }

bp

- 3000

- 2000
- 1500
- 1000

Hinh 5. Anh dién di san pham PCR khuéch dai gen 16S rDNA. M1: mau
DNA khuén tr ching M1; (-): mAu kiém chiing am; L: thang DNA chuén 100 bp
(Thermo Scientific, My).

3.2. Phén ldp thé thuwe khudn ddc hiéu Vibrio alginolyticus

Chung vi khuan ¥, alginolyticus M1 dugc st dung dé phéan
lap céc thé thyc khudn dic hiéu theo phuong phap thach hai
16p. Két qua cho thdy, xuét hién nhidu vét tan trén moi trudong
thach hai 16p sau 18 gio 0 ¢ diéu kién 37°C (hinh 6). Diéu do

KHOA
&CONGHI\?GCI:-IE

68(1) 1.2026

s Khoa hoc Tu nhién | Khoa hoc su séng; Khoa hoc Néng nghiép | Cong nghé sinh hoc trong ndng nghiép, thdy san

chimg t6 ca ba mau nghién ciru déu chira thé thyc khuan. Mot
) dong tao vét tan 1on dugc lya chon dé thuc hién cac nghién
ctru tiep theo bao gom NT1, NT4, T13 va T23.

NT

™

T2

Hinh 6. Hinh anh vét tan trén thach hai l&p. NT, T1 va T2 1a cac miu nwéc ding
dé phan 1ap thé thwe khuan.

3.3. Xdc dinh tinh dic hi¢u chiing chii ciia thé thue khudn

Tinh dic hiéu cua thé thuc khuan 13 mot trong nhiling
phuong dién quan trong can dugc quan tim trong qué trinh tmg
dung thé thuc khuén. Cac thé thuc khuén c6 tinh dic hiéu cao
luon dugc quan tdm va Iya chon vi khi cac ching nay dugc ung
dung no chi tac dong 1én mt/hodc mot s6 loai vi khuan cha
nhat dinh, ma khong anh huong dén cac vi khuan cha khac, dac
biét 1a céc vi khuan c6 loi. Muyc tiéu ctia ching t6i 1a tim kiém
céc thé thyc khuén dic hidu V. alginolyticus, do d6 trong nghién
ctru ndy bon ching thé thuc khudn dugc thir hoat tinh ly giai
v6i 4 loai thude chi Vibrio va 2 loai thude chi Bacillus. Két qua
cho théy, khong xuét hién vét tan & cac chung thudc chi Vibrio
nhu V. parahaemolyticus ATCC17802, V. parahaemolyticus
BL, V. cholerae ATCC 14733, V. vulnificus ATCC 27562 va cac
chung probiotics thudc chi Bacillus nhu Bacillus licheniformis,
Bacillus subtilis (bang 2). Diéu d6 chimg to cac chung thé thuc
khuén duoc phan 1ap 1a dac hi€u véi V. alginolyticus. Tinh dac
hiéu ctia thé thuc khudn véi cac loai Vibrio cling da dugc quan
sit & cac nghién ciru trude [3, 19]. Piém dang chu y 1a cac
chiing thé thuc khuan khong xam nhiém céc ching probiotics
thudc chi Bacillus. Diéu nay cho thiy chung thé thyc khuén 1a
an toan ddi v6i Bacillus nén ¢6 thé st dung ciing véi cac ching
probiotics nay cho thuy san.

Bang 2. Phd vat chi dbi véi cac chiing thé thwe khuan.

Cic chiing thé thwe khuin

Cic chiing vi khuin

NTI1 TI3 123 NT4

V. parahaemolyticus ATCC17802 - - - -

V. parahaemolyticus BL - - - -

V. cholerae ATCC 14733 - o - -

V. vulnificus ATCC 27562 - = = -

Bacillus licheniformis - S = -

Bacillus subtilis - - - -

V. alginolyticus M1 + + H* H*
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3.4. Hoat tinh ly gidi té bao chii ciia cdc chiing thé thuc
khudn phén lip

Hoat tinh ly giai d6i v6i vat chu ¥V, alginolyticus M1
duoc thyc hién trén moéi truong dich long. Két qua cho théy,
cac chung phén 1ap khac nhau c6 hoat tinh ly giai té bao chi
1a khac nhau. Hoat tinh ly gidi manh nhat 1a chang NT1 véi
hiéu suét ly giai dat 90%; tiép theo la cac chung T23, T13
va NT4 véi hidu suét ly giai 1an luot 1a 39, 17 va 13% tuong
ung (hinh 7).

100 -
90 - .
80 -
70 -
60 -
50 -
40 -
30 -

20 A _I_

10 4 |"‘|
0

KC NT1 NT4 T13

Cac chung bacteriophage

Hiéu suét ly giai (%)

T23

Hinh 7. Hoat tinh ly giai té bao chu cta cac chiing thé thwe khuan phan lap.
KC: mau kiém chirng am canh trwong vi khudn V. alginolyticus M1 khéng b
sung thé thuc khuan; cac mau NT1, NT4, T13, T23 la cac mAu canh trudng vi
khuan V. alginolyticus M1 c6 bd sung céc chling thé thwe khudn NT1, NT4, T13,
T23 twong tng.

Hoat tinh ly giai té bao chu dat trén gin 90% ciing
nhan duoc ddi véi ching thé thuc khuan khang V.
parahaemolyticus trong cac nghién ciu trude day [3]. Cac
chung thé thuc khuan khac nhau c6 hoat tinh ly giai té bao
cha V. alginolyticus 1a khac nhau ciing duoc quan sat thiy
trong nghién curu cua S. Droubogiannis va cs (2022) [20].
Tu két qua thu dugc, chung thé thuc khuan NT1 duoc lua
chon cho céac nghién ctru tiép theo.

3.5. D$ bén nhigt va pH ciia chiing thé thuc khudn
phan lap

D06 bén nhiét va pH cuta chung thé thuc khuan NT1 duoc
danh gia trong nghién ctru nay. Két qua cho thdy, ching
NTI van giit dugc do bén tuong ddi & cac diéu kién nhiét
do khdo sat khac nhau 4, 25, va 37°C. D9 bén nhiét cia
thé thuc khuan nay giam di ¢ diéu kién -20°C va nhiét do
60°C; ty 1& séng sot chi con khoang 60-70%. Pac biét,
M1 bi chét hoan toan & 80°C (hinh 8). Két qua nay 1a phu
hop véi két qua nghién ctru vé ¥ parahaemolyticus phage
vB_VpaP_GHSMI17 trong nghién ctru ciia X. Liang va cs
(2022) [4]. Bo bén nhiét cua M1 giam di ¢ nhiét do cao
trong nghién cru nay cling twong tu nhu phage VAS trong
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nghién ctru cua Q. Hao va cs (2023) [6], va cac chung phage
trong nghién ctru ciia R. Gao va cs (2024) [7]. Ty 1 séng
sot ciia phage VpO08 va Vpl1 chi la 31,16 va 49,96%, twong
tg & diéu kién 60°C; tat ca cac thé thuc khuan trong nghién
ctru cta C.W. Tan va cs (2021) [3], déu bi bat hoat va mat
kha nang xam nhiém khi xur 1y & diéu kién 70°C. Thé thuc
khuén S1R3Y khéang V. alginolytycus phan 1ap tir mau nudc
thai tai chg hai san Pai Lién va vB_VpaP_SJISY21 khang
V. parahaemolyticus phan 1ap tir cho hai san Tam A, Trung
Qudc ciing bi bat hoat hoan toan & 70°C [3, 21].

120
100 — —L —L
S
: " 1
(7]
o
&5 60
(7]
ﬂ)—
> 40
20
0 . . ' ' ' :
-20 4 25 37 60 80
Nhiét dd (°C)

Hinh 8. D6 bén nhiét cta chiing thé thwe khudn NT1 & cac nhiét do khac nhau:
-20, 4, 25, 37, 60 va 80°C.

Déi v6i do bén pH, thé thyc khuan NT1 ¢6 kha nang chiu
dugc trong mot giai pH 4-10 (hinh 9). Ty 16 séng sot van dat
80-100% trong khoang pH 4-8, ty 1¢ nay giam xudng con
64,5% & diéu kién pH 10 va dic biét thé thyc khuan NT1 bi
chét hoan toan khi giit & pH 2 trong thoi gian 2 gid. Do bén
pH ctia thé thuc khuan NT1 hoan toan phu hop véi ching
phage S1R3Y khang V. alginolyticus trong nghién ctru cua
Y. Ren va cs (2022) [5]. 6 bén pH 1a khac nhau ddi véi cac
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Hinh 9. Do bén pH clia ching thé thwe khudn NT1 & céc didu kién pH khac
nhau: 2, 4, 6,7, 8 va 10.



chung phage khac nhau. Tuwong ty nhu chung NT1 trong
nghién ctru nay, cac ching thé thuc khuén trong nghién ctru
ciia C.W. Tan va cs (2021) [3] déu bi bat hoat ¢ pH 2, hai
trong s ba chung phage trong nghién ctru ciia R. Gao va
cs (2024) [7], cling bi bat hoat & pH 2 nay [7], trong khi
d6 ching thé thuc khuan VA5 van song s6t & pH 2 va tham
chi 1a pH 1 [6]. Nguoc lai, cac ching thé thuc khuén trong
nghién ciru cia C.W. Tan va cs (2021) [3] ¢6 ty 18 sdng sot
gan nhu 100% & pH 11, trong khi d6 ching VA5 giam kha
nhiéu tai pH nay. Tir cac két qua thu dugc trong nghién ciru
nay va cac nghién ciru trude ddy vé do bén nhiét 6 va pH
cua cac chung thé thuc khuan dua dén két luan r'fmg, dbi voi
mdi chung phage khac nhau déu c6 dic tinh vé 6 bén nhiét
d6 va pH khac nhau, can phai dugc nghién ctru dé lwa chon
ra diéu kién thich hop cho mdi chung phage dugc phan lap.

4. Két luan

Nghién ctru da phan 1dp va dinh danh dugc ching V.
alginolyticus M1 tir mau nuéc dam nudi tom tai Hai Phong.
St dung V. alginolyticus M1 lam chung chu, chung t6i cling
phéan lap dugc 4 dong thé thuc khuan dic hiéu. Ca bdn
dong Iya chon déu khong c6 hoat tinh ly giai mot sé ching
thudgc chi Vibrio nhu V. parahaemolyticus ATCC17802,
V. parahaemolyticus BL, V. cholerae ATCC 14733, V.
vulnificus ATCC 27562 va cac chung probiotics thudc chi
Bacillus nhu Bacillus licheniformis, Bacillus subtilis. Dong
thé thuc khudn NT1 ¢6 tinh bén nhiét cao lén dén 60°C
va phd pH rong (pH 3-10), do d6 dwoc xem la ung vién
cho phat trién giai phap sinh hoc thay thé khang sinh trong
phong va tri bénh do V. alginolyticus gay ra trén thuy san.
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protein - mot ky thuit quan trong trong chin doan sé'm va dleu tri hiéu qua cac bénh ly, dac blet 1a ung thu. Suw két
hop giira k§ thuét vi luu va cdc cong nghé cim bién tién tién khong chi giip gidm thé tich mau va thoi gian phan
tich, ma con cai thién dang ké d¢ nhay, d¢ chon loc va kha nang tich hgp cia hé thong phat hién. Nghién ctru nay
tong quan va phan tich nhirng tién by méi trong phat trién cAu tric vi lwu tién tlen, tich hop cong nghé kénh din
nano va cam bién tré khang, hwéng t6i niang cao hiu qua phat hién protein. Nén tang vi luu tich hop dé xuit sir
dung phwong phap phan cuc nong do ion (ion concentration polarisation - ICP) dua trén cdc kénh nano daé tap trung
protein, cung véi ky thuit do pho tré khang dién hoa nham phat hién protein dich. Phwong phap tich hgp nay giap
nang cao d¢ nhay va dac hi¢u, mang lai giai phap hi¢u qua aé phat hién protein ¢ nong do thap trong cac mau sinh
hoc. Thong qua viéc di¢u khién nong do ion trong kénh vi lru va cam bién tré khang trén thiét bi phong thi nghiém
trén chip, cac ket quéa nghién ctru cho thay trién vong ciia mot phuwong phap chin doan chi phi thap, hi¢u qua va dé
mé rong, véi tiém ning g dung trong cac thiét bi chim séc strc khée tai chd.

Tir khéa: cam bién tré khang, 1am giau protein, phat hién protein, phin cwe ndng dd ion, vi luru.
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Some notable achievements in research and development of microfluidic chip platforms for protein

preconcentration and detection based on nanochannel techniques and impedance sensors.
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Abstract:

Recent advances in microfluidic technology have significantly driven the development of protein detection methods,
a critical technique for early diagnosis and effective treatment of diseases, particularly cancer. The combination of
microfluidic systems with advanced sensing technologies not only reduces sample volume and analysis time but also
significantly enhances the sensitivity, selectivity, and integration capability of detection systems. This study provides
an overview and evaluation of recent achievements in enhancing microfluidic structures, combining nanochannel
techniques with impedance sensors for protein detection. The proposed integrated microfluidic platform employs ion
concentration polarisation (ICP) based on nanochannels for protein preconcentration, along with electrochemical
impedance spectroscopy (EIS) to detect target proteins. This integrated approach improves sensitivity and specificity,
offering an efficient solution for detecting low-concentration proteins in biological samples. By controlling ion
concentration within the microfluidic channel and using impedance sensors on a lab-on-chip device, the reported
results demonstrate the potential of a low-cost, efficient, and scalable diagnostic method with promising applications
in point-of-care devices.

Keywords: impedance biosensor, ion concentration polarisation, microfluidics, protein detection, protein enrichment.

Classification numbers: 2.2, 2.6, 3.5
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1. it van de

Phat hién protein thong qua cac phuong phap mién dich
1a k¥ thudt quan trong trong viéc theo doi, chan doan va
diéu tri cac bénh, dac biét la ung thu [1]. Viée chan doan
som cung cap diéu kién tién quyét dé xac dinh phuong phap
hi¢u qua trong viéc diéu trj ung thu. Ung thu phdi, bao gdbm
ung thu phoi té bao nho (Small Cell Lung Cancer - SCLC)
va ung thu phéi khong té bao nho (None-Small Cell Lung
Cancer - NSCLC), 1a mot trong nhiing nguyén nhén hang
dau gy tir vong. Phan tich protein ¢ uu thé vuot troi nho
kha ning phan anh truc tiép cac qué trinh thay doi trong
té bao va cac co quan cua co thé, ca binh thudng va bénh
ly. Néu xét riéng ung thu phdi, cac chi déu khdi u thong
dung trong chan doan va diéu tri ung thu phdi c6 thé ké dén
nhu CEA, CA 19-9, SCC, NSE va NY-ESO-1 c6 thé dugc
sir dung nhu mét trg giup trong chan doan mé hoc va tién
luong. Xét nghiém NSE duoc su dung dé chéan doan, danh
gia giai doan bénh va theo doi hi¢u qua diéu tri & cac bénh
nhan ¢ khdi u than kinh néi tiét (neuroendocrine tumors),
hoic 13 ung thu phéi té bao nhod va u nguyén bao than kinh
(neuroblastoma). Enolase dac hiéu than kinh (NSE) duoc
xem 13 ddu 4n khéi u déng tin cdy cho ung thu phoi té bao
nho trong chan doan sém [2]. Mirc NSE trong méau cao hon
ngudng cho phép 14 du hiéu quan trong dé phat hién som
ung thu phdi té bao nho [3]. O nguoi, ndng d6 NSE duy tri
khoang 12,5 g/l va ting cao khi méc ung thu phoi [4].

Hién nay, cac chip vi luu hodc nén tang Phong thi nghiém
trén chip (Lab-on-a-Chip) dang duoc phat trién manh mé
dé phat hién va phan tich cac mau hoa hoc va sinh hoc [5,
6]. Céac chip vi luu di duoc 4p dung trong nhiéu linh vuc
nghién ctru khac nhau, bao gdm tong hop hoa hoc, nghién
clru proteomics, phan tich té bao don, ky thuat mo, sang loc
nhanh, phan tich méi truong va chan doan y té [7-9]. Trong
linh vyuc proteomics, chip vi luu dugc phat trién dé phat
hién va dinh lugng n@)ng do protein, nham chéan doan va du
doan céac bénh ung thu [10, 11]. Tép trung lam giau protein
1a budc dau tién va quan trong trong quy trinh phat hién
protein, dac bi¢t khi néng dd protein trong mau sinh hoc
thuong rat thap. Nhiéu phuong phap da duoc phat trién dé
cai thién qua trinh nay. Mot trong nhing phuong phap phd
bién 1a xép chong mau bang cach khuéch dai trudng, noi ma
dién truong duogc sir dung dé tap trung cac phan tir protein
vao mdt khong gian hep, qua d6 nang cao kha nang phat hién
[12, 13]. Bién di ddng thé (Isotachophoresis) 1a mot ki thuat
khac str dung gradient dién thé dé tach va tap trung cac phan
tr protein dya trén sy khac biét vé tinh di dong dién [14,
15]. By dién dong (Electrokinetic Trapping) sir dung cac
mang chon loc dién tich nano hodc kénh vi luu dé bay va tap
trung protein [16, 17]. Tap trung sic ky (Chromatographic
Preconcentration) str dung nguyén 1y sic ky dé phén tach va
tap trung cac phan tu protein trong mét cdt pha tinh [18].
Tap trung mang loc (Membrane Preconcentration) su dung
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mang loc voi nhitng 16 nho dé giir lai cac phan tir protein
trong khi loai bo cac thanh phan khong mong mudn [19].
Trong s6 cac phuong phap tap trung lam giau protein da
duoc nhiéu nhom nghién ctru trén thé gidi quan tim va phat
trién, bay dién dong dua trén cic mang chon loc dién tich
¢6 kich thude nano hodc cac kénh vi luu tré nén ndi bat nho
kha nang tap trung hi¢u qua cac phén tir hoac hat mang dién
¢6 kich thudc khac nhau, cu thé 1a protein trong cac méi
truong dém sinh hoc hodc miu chit 16ng ciia co thé [20, 21].
Co ché nay dua trén hién tuong dién di, trong d6 cac phan tu
protein mang dién di chuyén dudi tic dong ciia mot truong
dién, va bj bat gilt trong mot vung c6 dién truong manh.
Phuong phap nay c6 thé tap trung protein & muc do cao,
ngay ca khi ndng d6 ban dau rat thap, nho vao kha ning tao
ra mién nghéo ion trong ciu tric nano, noi ma cac protein
dugc tap trung va chuan bi cho qué trinh phat hién tiép theo.

Sau khi céac protein da dugc tdp trung, viéc phat hién
va dinh lugng ndng do protein cd trong mau xét nghiém
1a budc quan trong tiép theo. Cam bién sinh hoc dién hoa
da tro thanh cong cu chinh trong viéc nay, dic biét trong
chan doan bénh va cac thiét bi diém chim soc (POC) vai
kha nang tiéu hinh hoa va tinh tich hop cao [22, 23]. Cam
bién dién hoa 1a loai cam bién sir dung bo chuyén ddi dién
hoa dé chuyén ddi cac su kién sinh héa thanh tin hiéu dién.
Nhimng phan mg sinh hoa c6 thé lién quan dén phan ung
enzyme-substrate hoac tuong tac khang nguyén - khang thé
[24, 25]. DBé phat trién cam bién dién hoa, bé mat dién cuc
thudng duoc bién ddi bang cach sir dung cac hoa chat khac
nhau nhim ¢ dinh cac phan tr sinh hoc nhu enzyme hodc
khang thé [26, 27]. Nhitng phan tmg sinh héa nay sau do
¢6 thé duoc nhan dién thong qua cac k¥ thuat do dién hoa
phé bién nhu quét thé vong (CV), phd tré khang dién hoa
(EIS) va voltammetry song vudéng (SWV) [28, 29]. Hién
nay, phan 16n cac cam bién sinh hoc, ddc biét 1a cam bién
mién dich, st dung enzyme, khang thé, axit nucleic dé nhan
dién cac chét phéan tich va phan tur sinh hoc, véi tin hiéu thu
duogc duoc chuyén ddi thanh tin hiéu dién hodc quang hoc
dé do luong [30, 31]. Cam bién sinh hoc dién hoa 1a mot ky
thuat cam bién hién dai, dua trén sy nhan dién dic hiéu gilta
khang nguyén va khang thé, mang lai nhiéu loi ich nhd vao
do dac hiéu cao, d nhay tdt va kha nang tich hop hiéu qua
[2, 32]. Nhiéu nghién ctru dé ap dung céac k§ thuat do luong
dién hoa dé phat trién cac phuong phap phat hién diu 4n
sinh hoc nhanh chong va tiét kiém chi phi, bao g6m viéc sur
dung vat liéu nanocomposite va phuong phap quang khic,
nho vao do nhay, d¢ tin cdy va tinh da chirc nang ctia chiing
[32, 33]. Tuy nhién, nhu’ng phuong phap nay thuo*ng yéu
cau nhiéu thoi gian dé hoan thanh qua trinh bién d6i bé mat
v6i nhiéu bude va 16p chirc niang hoa, din dén han ché trong
viéc ung dung tién lgi cho cac thiét bi chan doan. Nghién
cuu nady thuc hién téng quan va danh gia mdt s6 thanh tuu
gan day trong viéc phat trién hudng tiép can méi cho viéc



ché tao cam bién mién dich phat hién protein, dya trén viéc
sir dung dién cuc va 16p tu sip xép (SAM) dugc tich hop
cung voi céu truc tap trung lam giau protein. Phuong phép
nay gitp gidm chi phi va don gidn hda quy trinh xét nghiém
phat hién va do luong dinh lugng protein.

Nén tang ciu tric dugc dé xudt trong nghién ciru nay
1a mot hé thong vi luu tich hop, bao gdm cac hé thong tap
trung 1am giau va cam bién phat hién nong dé protein, cho
phép danh gia, phan tich va dinh luong nong do protein
trong mau xét nghi¢ém. Hinh 1 minh hoa nén tang cau truc
lam giau va cam bién protein. Trong hé thdng nay, mau
protein dugc dua vao qua 16i vao mau (Sample Inlet). Dya
trén cau triic tao mién nghéo ion ciia kénh din nano va hién
tuong dién tham, cac protein trong mau s& duoc thao tac di
chuyen hudng t6i khu vuc cam bién vi dién cyc. Tai day,
mién ngheo ion s& bdy cac protein ngay trén be mat dién
cuc cam bién, noi da duoc chuc nang hoa va ¢ dinh voi
khang thé dac hiéu cho protein dich. Khi cac protein dich
di chuyén dén, chung sé& bat cip dic hiéu voi khang thé trén
bé mat dién cuc. Sau qua trinh rira troi, cac protein khong
dac hiéu s€ duoc loai bo khoi khu vuc dién cuc, va khi do,
phép do tré khang s& cung cap két qua tuong tmg véi nong
do protein dich da bét cap trén bé mit dién cuc. Hé théng
tap trung va cam bién mién dich méi nay hira hen cung cip
mot nén tang chan doan chi phi thép, nhay bén va thuan tién
tai diém cham séc trong thuc hanh 1am sang.
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Hinh 1. So' d6 nguyén ly thiét bi vi lwu d& xuét tich hop cAu tric tap trung 1am
giau va phat hién protein.
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2. Nguyén Iy va thiét ké

2.1. Nguyén Iy tdp trung lam giau protein dwa trén
phan cuc néng do ion

Do nong do protein trong mau dao dong tir fM dén pM,
thé tich mau can thiét cho mdi 1an kiém tra thuong kha 16n.
Pé giam lugng miu tiéu thy, can sir dung dén cac céu trac,
hé thdng tap trung va 1am giau protein tai cac khu vuc cam
bién. Y.C. Wang va cs (2005) [34] sy di phat trién mot thiét
bi tap trung protein dua trén co ché bay dién dong hoc,
su dung bd loc nano va dat dugc hé sb tap trung cao dén
10°-108 1an trong 10* gidy. Cac ky thuat khac dé tap trung
protein & ndng do cuc thip, bao gom ting cu’(‘rng mau theo
truong dién, dién di dang thé, dién di tiéu diém dang dién,
bd loc nano va mang x6p nano, ciing dd duoc phat trién,
mac du céc ky thuat nay co quy trinh kha phure tap [35]. Déac
biét trong d6, phuwong phap st dung b loc nano dé lam giau
protein dua trén hiéu tng ICP di dugc dé xuét nghién ciru
va phat trién, hita hen sé& trd thanh cong cu don gian, hiéu
qua cao cho viéc tap trung lam giau protein trude khi thuc
hién cam bién phat hién, dac biét 1a kha nang tich hgp cung
Vv6i cac cdu trac vi luu, hudng toi kha ning phat trién cac
thiét bj cham séc diém [36].
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Negative charge: tich dién am; Cathode: cye am; Anode: Cye duong, Co-ien: ion
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Hinh 2. Nguyén ly ctia hiéu (rng phan cwc ndng do ion (ICP) théng qua mang
chon loc ion: (A) Sy hinh thanh 16p dién kép (I%DL) tai thanh ctia kénh nano; (B)
S tich tu protein bi anh hudng bdi dong dién tham (EOF).

Trong nghién ctru nay, ching t6i dé xuét viéc st dung
hiéu tng ICP ctia kénh dan nano dé thuc hién viée tap trung
protein dua trén dong dich chuyén dién thdm va dong dich
chuyén dién di khi dwoc ap dién trudong ngoai vao ciu truc
kénh dan. Dong chay dién tham duoc giy ra boi bé mit ctia
kénh dya trén cac hi¢u ng tao ra boi cac sy phan bd dién
tich giira thanh kénh va dung dich. O khu vuc thanh kénh
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cac 1op ion tu do vdi mat do 16n hon kéo theo cac ion trai
dau di chuyén khi dong chay dién di xay ra. Dong chay dién
tham dat dugc hiéu suit cao khi kich thuéc cua vi kénh
giam xudng dan dén ving anh huong ciia phan bd dién tich
giita hai 10p tang 1én déng ké trong kénh. Hiéu tmg trén da
dugc sir dung trong xét nghiém sic ky khi ma dong chay
dién tham trong 6ng mao dan kéo céc ion khac nhau véi toe
d6 khac nhau dan dén hé qua 1a khi d6 dai cua dng du 16n
thi cac loai ion khac nhau bi phan tach [37, 38]. Hinh 2 mo
ta nguyén 1y hinh thanh mién nghéo dya trén cdu tric kénh
dan nano.

Trong nd lyc phat trién va tdi wu hoa hiéu ning tap trung
lam giau protein, nghién ctru cua C.T. Nhu va cs (2022
2023a) [39, 40] da nghién ctru dé xuit va thu nghlem cau
trac ludng cong sur dung mang chon loc ion dé tao ra cac
khu vuc tip trung protein. Céu triic tip trung ma nhém
nghién ctru dé xuit bao gdbm ba kénh: mot kénh chinh dé
lam giau protein va hai kénh dém dé 6n dinh ving nghéo,
vung nay dbi xtung v&i kénh chinh. Kénh chinh dugc két ndi
voi cac kénh dém bﬁng mot kénh nano 1am cau ndi. Nafion,
mdt mang chon loc cation mang dién tich am trén bé mat, da
duoc sir dung trong cdu trac nay. Khi ving nghéo duoc tao
ra, chénh 1éch dién ap duoc ap dung giita hai dau vao dé tap
trung protein thong qua luc cin bang giita dong dién di do
gradient dién trudng va dong dién tham [41].

2.2. Nguyén Iy cam bién phdt hi¢n nong dp protein siv
dung ky thudt cam bién tré khdng

Pdnh gid vé cau hinh dién cuc sir dung trong cam bién
tré khdng phat hién nong dé protein: Phuong phéap do dién
héa hién dang dugc xem la mét ky thuét trién vong nho kha
nang phat hién cac phan Gng dién hoa trén bé mat dién cuc,
didu nay 1a rat quan trong trong hau hét cc thiét bi cam bién
sinh hoc, dic biét 1a trong viéc phat hién cac phan tu sinh
hoc. Ca hai phuong phap do vong tudn hoan (CV) va phd
tro khang dién hoa (EIS) déu duogc coi 1a ky thuat khong
pha hity, vi cac lién két trén bé mit dién cuc van 6n dinh
va bén viing trong sudt qua trinh do luong. Piéu nay giup
bé mit dién cuc khong bi anh hudng bai cac phép do nay.
Trong nghién ctru cia C.T. Nhu va cs (2024) [42], nhom
nghién ctru da trién khai, so sanh va danh gla hi€u qua trong
do luong cua ha1 phuong phap nay cu thé u‘ng véi hai cau
hinh dién cyc gdm cau hinh 2 dién cuc va ciu hinh 3 dién
cuc [42].

Céac cam bién sinh hoc dua trén cau hinh 2 dién cuc va 3
dién cuc co thé dwge mo hinh hoa b?mg mach Randles, nhu
minh hoa trong Hinh 3. Trong cdu hinh 2 dién cyuc (hinh
3A), do tré khang gitra dién cyc lam viéc va dién cuc ddi
duoc thuc hién trén mot dai tan sb rong dé phan tich cac
thay ddi vé tr& khang lién quan dén su twong tac sinh hoa
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trén bé mat dién cuc. M6 hinh mach Randles cho cam bién 2
dién cuc bao gém dién dung 16p kép (C,) va dién tré truyén
di¢n tich (R ) ndi song song. Thém vao do la dién tré dung
dich (R ) noi ti€p v6i mach song song nay. Do R_thuong lon
hon nhiéu so véi tré khang bé mit, su thay ddi trong tong
tr¢ khéng chii yéu bi anh huéng boi R, dén dén d¢ nhay
thép ctia cam bién so v6i ciu hinh 3 dién cuc cling dugc xét
toi trong cung nghién ciru.
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Hinh 3. M6 hinh clia cac cau hinh dién cwe st dung trong cam bién sinh hoc:
(A) M6 hinh 2 dién cuc; (B) M6 hinh 3 dién cuc [42].

Nguoc lai, cam bién sinh hoc véi cdu hinh 3-dién cuc
(hinh 3B) bao gdm mét dién cyc tham chiéu c6 dién thé 6n
dinh, cho phép duy tri dién ap khong doi V. glua dién cuc
tham chiéu va dién cuc lam viéc. Diéu nay giup toi thleu hoa
anh huong cua dién tré dung dich (R ), lam cho R gan nhu
bang 0 trong mé hinh, va do d6, tong tré khang do duoc chu
yéu phan anh tré khang bé mit trén dién cuc lam viéc. Két
qué 12 6 nhay ctia cam bién duoc cai thién rd rét. Trong céu
hinh nay, téng tr& khang (Z) dugc tinh toan bang cach cong
dién tro bé mét (Z,,.,) va dién tro dung dich (R ), nhung vi
R gin nhu bang 0 nén Z chu yéu phan anh tr¢ khang bé mat.
Tro khang bé mit duoc phan tich tir dién dung 16p kép (Z,,,)
\{:‘1 di’én tr¢ truyen dién tich (R ), voi Z duq’c tinh dya trén
tan sO goc cua tin hi¢u kich thich vao cam bién sinh hoc.

Phuwrong phdp bién tinh bé mdt sir dung cho cdc cdu tric
cam bién sinh hoc cho phép do tré khang: Qua trinh chirc
nang hoa bé mat dién cuc st dung cho cac phép do tro khang
vé co ban dugc chia thanh bn budc chinh: (1) hinh thanh
16p don phén tir tu sdp xép, (2) kich hoat nhom carboxyl, (3)
¢b dinh khang thé va khoa bé mit, va (4) bat cip v6i khang
nguyén dich. Trong nghién ctru ciia minh, C.T. Nhu va cs
(2024) [42] da thuc hién qué trinh chirc ning hoa bé mit dya
trén céu trac dién cuc vang, st dung dung dich 11 - MUA
dé cau thanh nén don 16p tur 1ap ghép, va sir dung cap khang
nguyén - khang thé dé thu nghiém danh gia hiéu qua nghién
ctru 14 cdp Anti-BSA va BSA-FITC (hinh 4). Két qua duoc
danh gia thong qua phuong phap tré khang va phuong phap
quang 1a phuong phap ddi chimg,
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Hinh 4. Quy trinh bién tinh bé mit dién cwc va khoa bé mat dé bét cap véi
protein dich trong cam bién mién dich [42].

3. Két qua va ban luan
3.1. Phdt trién nén ting tdp trung protein trén chip

Trong nghién ctru cua C.T. Nhu va cs (2022) [39], chip
vi luu tap trung protein hoat dong theo hai ché d¢ chinh bao
gdm ché do 1am nghéo va ché do lam giau protein. Trong
ché d6 dau tién, cac kénh siéu nho va kénh chinh duoc 1ap
day bang dung dich dém va dung dich protein-FITC IgG
tuong tng, trong khi cac kénh phu chtra dung dich PBS 1X.
Hon hop dung dich protein-FITC IgG va PBS 1X véi ty 1¢
1:1 dugc bom vao kénh chinh. Sau khi chuén bi, ciu trac
kénh din vi luu dwoc quan sat dudi kinh hién vi va két nbi
v6i ngudn dién qua cac dién cuc kim loai. Ban dau, hinh anh
huynh quang cho thdy su phan bd dong déu cua cac phan
tur protein trong kénh chinh (hinh 5A). Khi 4p dung dién ap
50V cho kénh chinh va 0 V cho cac kénh dém, cac phan tu
protein di chuyén vé hai dau ctia kénh chinh do Iyc dién di
mao quan. Tai vung nghéo cua kénh chinh, noi ma mang
Nafion thuc hién nhiém vu két ndi dién gilta cac kénh phu
va kénh chinh, hi¢n tugng tdi dan xuét hién do céc phan ti
protein bi day ra khoi khu vuc nay (hinh 5B). Két qua cho
thdy, ving nghéo hinh thanh & ca hai bén cua kénh chinh
nho cdu tric cong doi, mang lai hidu qua tap trung dang ké.

Mot thiét lap tuong tu da dugc thuc hién dé khao sat ché
d6 thtr hai trong nghién ctru nay 1a ché do tap trung, voi sy
diéu chinh quan trong 1a thay d6i dién 4p ctia kénh chinh dé
tao ra sy chénh I¢éch dién ap gilra hai dau cua kénh chinh,
duge ky hi¢ula V -V,. Tham sO nay dong vai tro quan trong
trong cac thi nghiém tép trung vi né xac dinh mdi quan h¢
giita yéu td tap trung (cudng do huynh quang) va kich thude
ctua vung nghéo (Ad) véi su chénh I1éch dién ap. Trong cac
thi nghiém, két qua cho thdy, viéc giir ¢6 dinh dién thé V, &

%HI\OIGCHE 68(1) 1.2026

Kénh chinh

®
>
=)

N
=)
S

o~
=)
=)

6 rong vung ngheo (um)

b
]
S
S

00 20 30 40 50 60 70

V2 (V)

Dién ap chénh léch, V1

Hinh 5. Két qua clia ché dé tap trung: (A) CAu tric ban dau khong ap dung dién
ap (B) Chip vi lwu dwoc &p dung dién &p 50 V & hai dau cta kénh mau va 0 V & hai
dau cta cac kénh dém, sau 60 giay; (C) Sy phu thudc cua kich thuoc viing ngheo
vao s chénh lach dién 4p gitva hai dau ctia kénh chinh trong cAu tric tap trung
luéng cdng [39].

mirc 25 V va thay d6i V, dé tao ra cdc mirc chénh léch dién
ap khac nhau dan té1 sy chénh Iéch dién ap tang 1én. Két qua
1a kich thude cia viing nghéo ciing ting déng ké, tir 300 1én
hon 1000 pwm khi chénh I¢ch dién ap thay d6i tir 11 1én 68 V
(hinh 5C). Piéu nay c6 thé duoc giai thich 1a do su gia ting
chénh léch dién ap dan dén luc dién di mao quan manh hon,
lam cho protein-FITC va céc ion di chuyén gan hon dén kho
chira c6 dién ap cao hon (V) va xa hon khoi mang chon loc
ion. Bén canh d6, cuong d6 huynh quang cta cac hinh anh
thu dugc da dugc ching toi thyc hién do bang phian mém
Image] bang cach xét cac cira s6 giéng nhau trong cac hinh
anh. Két qua cho thdy, cuong d6 huynh quang cta vung tap
trung ting gan gap 3 1an khi chénh léch dién ap thay ddi tir
0 1én 150 V. Su gia tang chénh 1éch dién ap tao ra dong dién
di, chéng lai sy m& rong cua ving nghéo va dan dén viéc
c4c protein di chuyén vé phia ving nghéo, giit chung tai do.
Cudi cung, luc dién di va luc dién di mao quan dat trang
thai can bfing, tao ra mdt vung tap trung protein on dinh tai
khoang cach Ad tir vi tri mang Nafion trong kénh dan chinh.
Maic du cuong d§ huynh quang ty 1€ thuan voi sy chénh léch
dién ap, viéc ap dung dién ap qua cao c6 thé gay anh huong
khong tét dén hoat dong ctia protein va sy 6n dinh ctia ving
tap trung.

3.2. Phdt trién nén ting cam bién mién dich phdt hi¢n
protein

Pdnh gid cdu hinh cam bién tré khang 2-3 dién cuec:
Trong nghién ctu cua C.T. Nhu va cs (2024) [42] da dugc
cong bd nam 2024 véi noi dung khao sat, danh gia hai cau
hinh dién cuc cam bién tro khéang gém c4u hinh 2 dién cuc
va céu hinh 3 dién cuc cho thdy kha ning img dung va tich
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hop cua ca 2 cdu hinh nay trong céc cau tric cam bién sinh
hoc cho céac hé vi luu. Trong cAu hinh 2 dién cuc, két qua do
phé tré khang da duoc bao cdo tng véi cac ndng do khac
nhau cua protein BSA trén bé mit dién cuc vang, voi tin
hi¢u kich thich bién d 50 mV va dai tan s6 tir 10 kHz dén
1 MHz. Khi ndng d6 BSA ting, tr& khang twong ung ciing
tang, voi gia tri 1on nhét & néng d6 5 mM, dat 780 Q tai tin
s6 10 kHz va giam xubng dudi 720 Q tai 1 MHz (hinh 6).
Dic biét, & nong d6 BSA thip hon, sy giam trd khang dién
ra v6i do dc 16n hon. Két qua nay giai thich rang, trong
mo hinh 2 dién cuec, téng tro khang duoc xac dinh boi tro
khang bé mat va dién tro dung dich, v6i dién tro dung dich
gilt nguyén.

Trong khi d6, khi thyc hién do phé tro khang dién hoa
(EIS) trén cu hinh 3 - dién cuc, két qua cho thay, kha ning
do chinh xac tr¢ khang bé mat do su gan ké gitta dién cuc
tham chiéu va dién cuc lam viée. St dung mo hinh mach
Randles dé khop véi dit liéu tro khang, trd khang bé mit ty
1¢ thuan v6i ndng d6 BSA, dién trd dung dich nho hon nhiéu
s0 voi tré khang bé mit ¢ tin sé thap. Phin mém PSTrace
5.9 da dugc st dung dé tinh toan R, cho thdy, khi ndng do
BSA tang tir 0,1 Ién 5 mM, su thay dbi trong R, tir 13,22
dén 20,69 kQ, v6i d6 nhay 7,2 kQ/mM trong khoang nay
(hinh 6) Két qua thyc nghlem dugc bao cao da chung minh
hiéu suét cia ca hai ciu hinh cam bién trong viéc phat hién
protein. Cam bién 2 - dién cyc thé hién sy gia ting tong tro
khang khi ndng d6 BSA tang, voi do nhay 12 /mM ¢ tin
s6 300 kHz. Tuy nhién, do khong c6 dién cuc tham chiéu,
chi tiét tham s6 dién cua tro khang bé mat khong thé dugc
khao sat va danh gia chinh xac trong cAu hinh 2 - dién cuc.
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Hinh 6. Biéu dé Bode twong (rng voi sy thay déi nong do protein tir 0,1 dén 5
mM trong viéc bét cap va phat hién BSA-FITC trén dién cwc vang (A); biéu do
Nyquist ctia cac nong do BSA béng 0,1, 0,5, 1, 2,5 va 5 mM dwa trén mé hinh
mach Randles (B) [42].

Thik nghiém phdt trién bé mat cam bién: Trong bao céo
két qua nghién ciu cua L.H.T. Thuy va cs (2023) [43],
nhom nghién ctru da dé xudt va thir nghiém quy trinh chuan
bi cam bién mién dich duoc tién hanh sir dung 11-MUA cho
don 16p tu lip ghép va protein NSE la déi twong dich (hinh
7). Két qua phén tich trd khang dién hoa (EIS) duoc minh
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hoa trong hinh 7 cho thay, sur thay d6i dién tro chuyen giao
dién tich (R ) qua timg budc ché tao cua cam bién mién
dich. Khi lop hat nano vang (AuNPs) dugc phu 1én bé mit
cac dién cuc carbon, R giam xuodng, cho thdy su cai thién
dang ké vé kha nang dan dlen cua dién cuc. Tuy nhién, khi
cac phén tr 11-MUA duoc ¢b dinh dé tao thanh don 16p tu
sap x€p (SAM) trén bé mit, R tang lén dén 1,6 kQ do do
dan dién thap cua SAM gay can tré qua trinh chuyén giao
dién tich gitra dién cuc va dung dich. Tlep theo, sau khi kich
hoat nhom carboxyl ciia SAM va cb dinh khang thé chong
NSE, R | tang thém, dat mtre 2,0 k€, va sau khi chan céc vi
tri khong dic hiéu bang protein BSA, R, tlep tuc tang 1én
2,7 kQ. Sy tang nay phan anh sy thanh cong trong qua trinh
cé dinh tirng 16p vat liéu 1én bé mat dién cuc, lam tang tro
khang va can trd qua trinh trao doi electron giita dién cuc va
dung dich. Khi tiép xtic véi cac nong do protein NSE khac
nhau, R t1ep tuc tang tir 3,1 dén 4,5 kQ, twong tng véi cac
nong do tu 10 den 500 ng/ml chi ra sy hinh thanh cac phirc
hop mién dich 6n dinh va can tro ‘qua trinh dan dién do 16p
protein ky nudc. M01 quan hé tuyén tinh gitra sy thay do6i R,
va logarithm cua ndng do NSE duoc biéu dién bang phu(mg
trinh AR _=0,87162x10gNSE-0,54479, v6i h¢ so twong quan
cao, dat 0,98868. Gigi han phat hién (LOD) cua cam bién
dugc bao cao 1a 3,19 ng/ml, cho thiy kha ning phat hién
NSE o néng do rat thép, v6i do chinh xac cao.
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Hinh 7. Biéu dd phd tré khang dién héa (EIS) ctia (A) qua trinh bién ddi bé mat
dién cwe va qua trinh thir nghiém véi cac ndng do khac nhau clia protein NSE;
(B)AR theo ndng do protein NSE [43].

Két qua thi nghiém trén mau huyét thanh cling xac nhan
kha nang phat hién NSE trong cac diéu kién thyc té, VOl sy
thay ddi 1o rét trong biéu do EIS tuong ung VO’l cac nong
do protein khac nhau. Cac mau NSE chuén véi nong do 50,
500 va 2,500 ng/ml dugc pha loang trong mau huyét thanh.
Dién cyuc da dugce chirc ning hoa ban dau co giatriR lal4
kQ. Hinh cheén trén hinh 7B cho thiy, su thay doi trong biéu
do EIS theo cic nong d khac nhau ciia protein NSE trong
mau huyét thanh. Céc gia tri R dugc ghi nhin trong bao cédo
lan luot 12 2,3, 2,7 va 3,0 kQ tuong mg voi nong do duoc
thir nghiém. Diéu nay ching to cam bién mién dich dya trén
chu traic SAM/AuNPs/SPCE 1a mot cong cu chan doan tiém
nang cho cac ung dung y sinh.
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3.3. Nén tang chip vi luu tich hop ciu triic tdp trung va phadt
hién protein

Trong bao cao ciia C.T. Nhu va cs (2023a) [40], bo tap trung va
cac dién cuc cam bién tr¢ khang duogce ché tao bang cach sir dung
ky thuat quang khic mém va quy trinh duc, véi qua trinh ché tao
dién cyc duge thyc hién qua 6 bude chi tiét nhu minh hoa trong
hinh 8A [44]. Sy thay doi tro khang trong viing tap trung protein da
duogc nghién ctru bang cach sir dung dung dich protein BSA-FITC
v6i nong d ban dau 13 5 pM. Ban dau, kénh miu dugc d6 day
dung dich nay, vdi mau sic cua kénh mau va khu vyc dién cyc kha
t6i do nong d9 protein thap, nhu minh hoa trong hinh 8A. Sau khi
ap dung dién thé vao hai dau cia cac vi kénh, céc phan tir protein
dadi chuyén va tap trung tai khu vure dién cuc cam bién, két qua la
su gia tang dang ké cua tin hiéu huynh quang tai khu vuc dién cuc,
nhu thé hién trong hinh 8B.
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Hinh 8. Sw thay déi tin hiéu huynh quang clia khu vic dién cwc trwéc va sau
khi tap trung protein trong kénh mau [44].

Trd khang gitta hai dién cuc dugc do trude va sau qua trinh
tap trung protein, va két qua cho thiy tro khang da giam dang
ké sau khi protein tap trung tai khu vuc cam bién. Hinh 8C
minh hoa rd rang hai duong cong tr¢ khang tach biét trong
khoang tan s6 tir 10 dén 100 kHz. Pac biét, tro khang ¢ dai tan
s cao thap hon va 6n dinh hon so véi dai tan sb thip. Nhimng
thay doi nay c6 thé dugc gidi thich bang mo hinh Randles don
gian hoa, nhu mo ta trong hinh 8C, trong do R, dai dién cho
dién tro cua dung dich protein, con R va C, lan lugt 1a dign
trd chuyén giao dién tich va dién dung lop kep giita bé mat
dién cyuc vang va dung dich protein. O tan s thap, trd khang
cua lé‘p dién dung kép cao, dan dén tong tré khéng cao, trong
khi & tan sd cao, anh hudng ciia C,, giam dan, din dén tong tro
khang thip hon. Trong qua trinh tap trung, cac phan ti protein
Vi vai tro la ion &m, cung vdi cac anion tr dung dich dém, da
di chuyén vé phia khu vuc dién cuc. Sy gia ting mét do ion tai
khu vuc nay da gop phé"m lam tang do dan dién cta dung dich
xung quanh di¢n cyec, din dén giam dién tro' dung dich R, 0]
tan s0 cao, tong tro khang chu yéu phu thugc vao dién tro cua
dung dich. Véi cac két qua dat dugc, vi tri clia vung tap trung
protein c¢6 thé dugc nhan dién thong qua cac phép do tro khang
thuc hién trén cac dién cuc tich hgp trong kénh.
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4. Két luan

Mot sd thanh tyu vé nén tang chip vi luu 1am giau va phat
hién protein duoc cong bd trong cic bao cdo gan dy di chimg
minh tiém nang clia nén tang vi luu tién tién, tich hop k¥ thuat
ICP qua kénh nano va cam bién tro khang dé phat hién protein
v6i d6 nhay cao. Thong qua viée toi wu hoa cdu trac tap trung
nho higu tmg ICP va sir dung cau hinh cam bién tro khéng ba
dién cuc, cac nghién ciru gin ddy da dat duoc cai thién dang ké
vé gi6i han phat hién va d6 chinh x4c trong phat hién cac diu
4n sinh hoc protein. Phuong phap tich hop nay, da dugc thi
nghiém trén cc ndng do protein khac nhau va xac thyc bang
k¥ thudt pho tro khang dién hoa, hira hen cho cac ing dung
chan doan nhanh chéng va chi phi thap trong 1am sang. Két
qua nghién ctru hd tro kha ning tmg dung nén ting nay vao cac
thiét bi chan doén tai chd, cung cap giai phap dé mo rong cho
viéc phat hién va theo ddi bénh som, dac biét trong linh vuc
ung thu. Huéng phét trién trong twong lai dugc xac dinh tap
trung vao kha ning do ddng thoi nhiéu d4u an sinh hoc va tiéu
hinh hoa thiét bi, tao tién d& cho cac cong cu chian doan linh
hoat va d¢ nhay cao.
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Tong hop va phan tich dic tinh mang chitosan/cellulose triacetate
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Tom tit:

Trong nghién ciru nay, cellulose dwgc chiét xuit tir vo ngd va dung dé diéu ché din xuit vt li¢u cellulose triacetate
(CTA) c6 d acetyl hoa khoang 40% va dd thay thé (DS) khoang 2,5. Sau d6, CTA dwoe sir dung voi ty 18 thay doi tir
0,1 dén 0,5 trong dung dich chitosan (CTS) dé tong hop mang CTS-CTA. Dic tinh cia vit li¢u sinh hoc nay dwec xac
dinh thong qua phwong phap quang pho hong ngoai bién d6i Fourier (FT-IR), kinh hién vi dién tir quét (SEM) va
cac thi nghlem xac dinh d¢ am, do truyen quang hoc, d9 hoa tan trong nwéc va d bén kéo. Két qua nghlen ciru cho
thiy, do truyén quang hoc va dd bén kéo dat gia tri cao nhit & ty 18 khdi hrgng CTS-CTA la 1,6/0,3. Ddi véi dd 4m
va do hoa tan trong nudérc, ty 1¢ 1,6/0,5 cho két qua tot nhit so véi cac ty 1 khac. Nhin chung, mﬁu mang composite
1,6/0,3 dwoc xem la ty 1¢ dap g cho hau hét tit ca cac tiéu chi, ddng thoi kha ning phén hiiy sinh hoc ciia vt li¢u
trong moi trudong dit dat 32,7% sau 15 ngay.

Tir khod: cellulose triacetate, chitosan, mang boc thue pham, phan huy sinh hoc, v6 ngé.
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Abstract:

In this study, cellulose was isolated from corn husks and used to synthesise cellulose triacetate (CTA) derivatives
with an acetylation degree of approximately 40% and a substitution degree (DS) of around 2.5. Subsequently,
CTA was utilised in varying proportions, ranging from 0.1 to 0.5, in a chitosan (CTS) solution to synthesise CTS-
CTA membranes. The characteristics of this bio-based material were evaluated using Fourier transform infrared
spectroscopy (FT-IR), Scanning electron microscopy (SEM), and several experiments including moisture content,
optical transmittance, water solubility, and tensile strength. The results indicated that the optical transmittance and
tensile strength were gained at a CTS-CTA mass ratio of 1.6/0.3. In terms of moisture content and water solubility,
the ratio of 1.6/0.5 yielded the best results compared to other ratios. Overall, the composite membrane with a ratio
of 1.6/0.3 was identified as the most suitable across all criteria, with a biodegradation rate in soil reaching 32.7%
after 15 days.
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1. it van de

Nhua duoc biét dén 1a mot trong nhiing vat liéu dugc san XUt
tir c4c ngudn nguyén nhién liéu hoa thach va da tré thanh mot phan
khong thé thiéu trong cudc song hién dai [1]. San luong nhya toan
cau dat 390,7 triéu tan vao nam 2021 va du bdo s¢ tang géip doi
trong vong hai thap ky t6i [2, 3]. Tuy nhién, dc tinh khong phan
huy sinh hoc cua nhya da gay ra nhiing thach thuc mdi truong
nghiém trong [4]. Theo bao céo cho thay, ¢ khoing 80% nhya
khong duoc tai ché va da dang dugc tich tu trong rac thai d6 thi [5].
Viée thai bo khong dung cach cang gop phin vao sw nong 1én toan
cau thong qua viéc thiéu hity nhya thai va 6 nhiém dai duong qua
rd i ra moi trudng bién, Nghién ctu ciia R. Geyer va cs (2017) [6]
cho théy, 6 khodng 6.300 tri¢u tAn réc thai nhwa da duoc tao ra vao
nam 2015 va khdi luong rac thai nhya c6 mat trong cac bai chon
lép hodc moi truong tu nhién duge wdc tinh khoang 12.000 tri¢u tin
vao nam 2050. Dang lo ngai, tong khdi luong rac nhua s& vuot xa
trong luong cua tat ca cac loai c4 tém ¢ moi dai duong trong nhiing
thap ky t6i [7]. Nhitng thach thirc nay nhin manh sy can thiét phai
¢ cac giai phap thay thé bén vimg cho nhya truyén thong.

Nhya phan huy sinh hoc, bao gém nhua sinh hoc duoc san xuét
tir cac nguon tai nguyén tai tao, di thu hut sy chd ¥ trong viéc thay
thé mot phan cac loai nhya tong hop [8]. Nhua sinh hoc mang lai
nhiéu loi ich nhu giam phat thai carbon, giam chi phi nang lugng
trong san xuat va han ché 6 nhiém. Mic du, san xuét nhua sinh hoc
hién tai chi chiém mot ph?m nho trong san lugng nhya toan cau
(2,41 tri¢u tén vao nam 2021, chiém 0,62%), tuy nhién, nganh nay
dang phét trién 6n dinh nho nhu cau ngdy cang tang va cdc quy
dinh ngdy cang nghiém ngat dbi véi nganh san xuit nhya truyen
thong [9]. Dy béo san xuét nhua sinh hoc s& dat 7,59 triéu tan vao
nam 2026, vuot qua 2% san lugng nhya toan céu [10]. Hon nita,
nhya sinh hoc cho phép cac phuong phap xir Iy cudi vong doi than
thién véi moi truong nhu phan huy sinh hoc va phan huy ky khi,
gitip thiic day sy chuyén doi sang nén kinh & tuan hoan [11]. Céc
polymer téng hop, méc du ¢6 chi phi thép va thanh phén 6n dinh,
nhung thuong gap véan dé vé tinh tuong thich sinh hoc kém va su
doc hai tiém tang cta cac san pham phan hay [12]. Trong ; s0 cdc
polymer sinh hoc, polysaccharide nhu cellulose, chitin va din xuat
CTS la nhimg vat liu ty nhién doi dao, chi phi thap va ¢ kha ning
phén huy sinh hoc cao. Nhiing polymer nay c6 chua cac nhom
chirc amine (—-NH,) va hydroxyl (-OH), gitip tang tinh twong thich
sinh hoc va ¢ gia trj trong nhiéu ung dung [13, 14].

Chitosan 1a mot polysaccharide da deacetyl hoa cua chitin,
trong d6 nhém (-NH,) thay thé nhom (-COCH ) ovitri C-2. CTS
bao gom céc lién ket D-glucozamine dugc llen két boi p(1-4)-
glicozit nén c6 thé goi 1a poly P(1-4)-2-amino-2-deoxi-D-glucose
hoic poly B(1-4)-D-glucosamine [15]. Nhiéu nghién ciru cho thiy,
CTS 1a mdt trong nhiing vat li¢u sinh hoc c6 do phé bién trong rat
nhiéu linh vuc [16]. Vi du, CTS c6 tinh khang khudn cao, dic biét
¢6 loi trong bao bi thye pham, vi c6 thé e ché su phat trién cia
vi sinh vat, tir 6 bao toan chét luong va an toan thuc phém [17].
Khong giéng nhu bao bi nhua thong thuong, mang lam tir CTS
c6 kha nang phan hily sinh hoc, mang dén giai phdp thay thé bén
vitng hon thong qua viée c6 thé ting cuong dang ké toc do phan
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hity, giam tic dong dén moi truong [18]. Thém vao do, mang CTS
¢6 cac ddc tinh co hoc phu hop dé c6 thé trg thanh lya chon thay
the kha thi cho bao bi nhya truyén thong [19].

Cellulose 1 thanh phan cu tric cta thanh té bao thuc vat va
dong vai tro quan trong trong viéc gia cuong sinh hoc [20]. Cac vat
liéu composite tong hop tir cellulose va CTS cho thdy tiém ning
voi cac dic tinh noi trdi nhu do bén co hoc, tinh 1 khang khuan, tinh
twong thich sinh hoc va kha nang dinh hinh tét [21]. Nhitng vat
liéu nay ciing c6 thé dugc tong hop & nhidu dang khac nhau nhu
01 nano, mang nano va hat nano, voi cac ng dung trong ndng
nghiép, bao bi thue pham, khoa hoc y sinh va xir 1y nude. Vi du,
composite chitosan-cellulose ¢6 kha nang hap phu kim loai néng,
thude nhudm c6 trong nude [22]. Vi vy, didu nay mo ra tiém ning
phat trién céc vat liéu bén viing nhu mang composite gitta CTS va
cellulose. Trong sb cac dan xudt cua cellulose, cellulose acetate
(CA) cho thay 1a tmg ctr vién tiém nang va dugc sir dung trong cac
loai mang composite [23-25]. Pa phan hién gio mang CTS/CA di
dugc nghién ciru kha rong rai [26-28], chi con han ché & cc dan
xuét khac ctia chinh CA. Do do, nghién clru nay tap trung vao viée
didu ché CTA véi do acetyl tot hon CA va thé hién cac dic tinh noi
tri hon, khién n6 phit hop cho nhiéu tmg dung khac nhau.

Thong qua qua trinh acetyl hoa, nhom churc acetyl dugc dinh
két vao cac phan tir cellulose, gitp ting cuong kha nang hoa tan
trong dung moi hitu co, tao diéu kién thuan loi cho viéc tong hop
thanh nhidu dang khac nhau [29]. Qué trinh acetyl hoa cellulose
con lam giam tinh wa nuée va do d6, kha ning chong m cua vat
liéu duoc cai thién dang ké [30]. Mtrc d¢ acetyl hoa cao trong CTA
gitip tang cudng do bén kéo, cai thién tinh linh hoat va dg 6n dinh
so vOi cellulose thong thuong. Nhimg dac tinh noi troi nay giup
CTA pht hop véi cac (g dung yéu cau vat liéu chic chin va bén
bi [31]. Hién nay, cic nghién ctru lién quan dén mang CTS/CTA
con kha han ché. Pon cir nhw mang composite niy c6 chira 70%
CTA trong dung dich axit formic c6 do bén kéo dat 54,2 MPa va
kha ning loai bo nitrate trong nude kha tot [32]. Do do, nghién
ctru nay nham phét trién mang CTS phdi tron voi ham luong CTA
thp ¢6 kha nang phan hay sinh hoc, than thién v6i moi truong dé
tao ra giai phap thay thé bén ving cho nhuya truyén thong. Bing
cach tan dung céc san phim phy tir nganh thuy san va nong nghiép
cua Viét Nam, nghién ctru s& lam noi bt tiém nang cua nhiing tai
nguyén tai tao nay nhu cac vat li¢u sinh hoc c6 gia tri. Thém vao
do, cac ddc tinh hod ly va kha nang phan huy sinh hoc cia mang
composite cO thé gitip xac dinh tinh kha thi cta vat li¢u trong cac
{mg dung thye tién.

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

V6 ngd dugc thu gom tai cic nha may ché bién nong san tai TP
Hd Chi Minh. Céc héa chat ding trong tach chiét cellulose, diéu
ché CTA va tong hop mang composite nhu axit sulfuric (H,SO,),
axit acetic (CH,COOH) dugc cung cap boi Cong ty TNHH Thuoc
thir hoa chat Xllong, Trung Qudc. Anhydric acetic ((CH,CO),0)
va CTS (d6 deacetyl hoa 80%) duge mua tir LAXOPEG, An DJ.
Tét ca cac loai hoa chét duoc st dung truc tiép sau khi mua ve.
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2.2. Phwong phap nghién ciiu

2.2.1. Chiét tach cellulose tir v ng6 va diéu ché cellulose
triacetate

Dau tién, vo ngd thu thap duoc rira nhiéu lan, cit nho va sy &
80°C trong 24 gio. Tiép theo, 10 g vo ngd di qua xt ly dugc ngam
trong 200 ml dung dich NaOH 0,5 M. Sau 24 gig, vo ngd dugc lay
ra va rira bang nudc cat toi gia tri pH trung tinh dé loai bo dung
dich NaOH. Sau d6, vo ngé xir Iy bang kiém dugc cho vao binh
chita hon hop dung dich c6 chira ethanol va HNO, (ty 1¢ thé tich
(vol%) 4:1). Cong doan ndy dién ra tai 80°C trong 3 gio va hoa
chét dugc thay méi mdi gio @& dam béo hiéu qua trong qud trinh
dun hoi luu. Sau d6, vo ngd dugc loc va rira cho dén khi pH trung
tinh. San phim sau d6 duoc sdy & 105°C trong 24 gio trong tu sdy
va lam ngudi dén nhiét d phong trong binh hat am dé thu dugc
cellulose. Ddi vi qud trinh diéu ché CTA, 2 g cellulose duoc thém
vao 50 ml dung dich axit acetic va hdn hop nay dugc khudy lién
tuc trong 30 phut & nhiét do phong. Tiép do, hdn hop gdm 0,16 ml
axit sulfuric va 18 ml axit acetic dugc thém vao va tiép tuc khudy
trong 30 phat. Mat khac, 64,0 ml acetic anhydride dugc bd sung
vao va khuay trong ntra gio va gitr trong 24 gio ¢ nhiét do phong dae
phan tmg dién ra. Cu01 cung, hon hop nay dugc loc chan khong va
chét ran thu duogc s& sdy 6 70°C trong 4 gio. Hinh 1 minh hoa quy
trinh chiét xuat cellulose tir vo ngd va diéu ché cellulose triacetate.
Hiéu suat qua trinh tong hop CTA dugc tinh theo cong thirc (1).

H (%)=m /m x100 (1)

trong do: m, la khdi luong cellulose (g) va m ,1a khdi luong cua
CTA (g).

200 ml NaOH 0,5 M trong 24 g1

Xir Iy kiém

*  Pun hi Iuu trong hén hop Ethanol/ HNO,
tai 80°C trong 3 210
* Thay hoa chat saumdi gi

Cellulose
-——1{ 50 ml CH,COOH 1 M trong 30 phitt

Xir Iy axit

* 0,16 ml H,SO,96 %+ 18 ml CH;CHOOH 1 M
trong 30 phut
= 64 ml (CH;CO),0 trong 30 phit va giir & 24 g1

‘—' Loc chén khéng va siy & 70°C trong 4 gidr
Cellulose triacetate |

Hinh 1. Quy trinh chiét tach cellulose tir vé ngd va diéu ché cellulose triacetate.

Ty I¢ acetyl hoa va DS duoc tinh theo nghién ciru ctia H.M.
Shaikh va cs (2022) [33]. Cho 0,5 g CTA vua téng hop va 25 ml
dung dich ethanol 75% vao binh erlen dung tich 250 ml, sau dé
dun ¢ 60°C trong 30 phut. Tiép dén, 25 ml dung dich NaOH 0,49
N dugc thém vao mdi mau va tiép tuc dun ¢ 60°C trong 30 phit.
Céc binh dugc day kin va dé & nhiét do phong véi khqu lién tuc
trong 72 gid. Mau ddi chimg ciing duoc chudn bi theo cach twong
tu. Dung dich HCI 0,5 N dugc st dung dé chuan do luong kiém
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du trong mau va mau dbi chimg v6i dung dich phenolphthalein

1am chi thi. Sy méat mau hong cho thiy qua trinh trung hoa kiém

d3 hoan tat. Sau do, luong axit du nhe duge chudn d¢ nguoc lai

voi dung dich NaOH cho dén khi xuét hién diém cudi voi chi

thi phenolphthalein. Gia tri DS va phan trim acetyl hoa (Acetyl

percentage - AP) duoc tinh toan bang céc cong thie (2) va (3):
3,82 X % AP

- 2
bs= 102,4 — % AP @

) = [(NaOH,, + NaOH,) x NaOH,, — HCl, x HCl,]x 43,1 5
w

trong d6: iv 13 thé tich ban du cua dung dich NaOH (ml); Iv 1a thé
tich sau ciing ciia dung dich NaOH (ml); M 1a nong d mol cua
dung dich NaOH, HCI (N); v 1a thé tich ctia dung dich HCI (ml),
W 14 khéi lugng mau (g).

2.2.2. Tong hop mang composite chitosan-cellulose triacetate

Déu tién, dung dich CTS 2% va CTA 2% duoc chuén bi trong
100 ml dung dich axit acetic 2%. Sau do, 1an luot timg dung dich
nay dugc loc qua ray dé loai bo cac ph?m tir khong hoa tan. Trong
nghién cu nay, dung dich CTS dugc su dung lam chéit nén tao
mang sinh hoc va dugc ¢b dinh & mot ty 18 nhit dinh 13 1,6 g.
Trong khi d6, dung dich CTA duoc thém vao ¢ cac ty 1€ tur 0,1 dén
0,5 g trong hon hop mang composite CTS-CTA. Hon hop dung
dich tai cac ty 1¢ phdi tron khac nhau s& khudy lién tuc & nhiét do
phong trong 60 phut dé dam bao tao thanh mot hon hop dung dich
dong nhét. Dung dich thu dugc sau do dugc loc dé loai bo céc tap
chat khong tan, d6 vao khuon nhya (40x10x10 mm?) va dé kho
trong khong khi trong vong tir 4 dén 5 ngay. Mang composite sau
d6 dugc lay ra khoi khuén, rua véi nude cét de loai bd phu gia
axit acetic va sdy ¢ 60°C trong 4 gio. Cac mau mang composite
ndy dugc phan tich va ddnh gia dac tinh. Mang composite dugc
ky hiéu dya trén ty 1¢ phdi tron CTA trong hon hop mang sau ciing
(bang 1).

Bang 1. Ty & phéi tron chitosan va cellulose triacetate.

STT Miu Dung dich CTS 2% (g) Dung dich CTA 2% (g)
1 0,1CTA 0,1
2 0,2CTA 0,2
3 0,3CTA 1,6 0,3
4 0,4CTA 0,4
5 0,5CTA 0,5

2.2.3. Phan tich ddc tinh cua mang composite

Phd hdng ngoai bién doi Fourier (FT-IR) duogc sir dung dé xac
dinh vét lidu chua biét, chét luong va tinh déng nhét ciia mau cling
nhu dinh luong thanh phan cua hdn hop va thuong dugc ghi ¢
ving hong ngoai trung tam (4000 dén 400 cm™), voi d6 phan giai
4 cm ¢ ché do hap thu tir 8 dén 128 1an quét & nhiét do phong. Céc
mau vét liéu cellulose, CTA va mang composite dugc do tai Phong
Thi nghiém Ky thuat Vat li¢u Méi truong va Bén viing Sinh hoc,
Khoa Khoa hoc va Ky thuat Vat li¢u, Dai hoc Cong nghé Nagaoka,
Nhat Ban.



Kinh hién vi dién tir quét (SEM) diing dé phan tich cu tric hinh
thai bé mat vat lidu (JSM - 5300LV). C4c miu mang composite
tai céc ty 18 phdi tron khac nhau dugc phi mot 16p vang mong
(701MC, Quick Cool Coater) va do ¢ cac do phong dai khac nhau
voi dién ap gia te 30 kV tai Vién Khoa hoc Vat liéu ung dung.

Do ngdm nudc bao hoa cia mang sinh hoc duge thyc hién
béng cach can mau kho c6 khdi lugng xac dinh. Sau dé, cac mau
vat liéu c6 kich thude 20x10 mm? duge nhiing vao nude cét va xac
dinh lai khéi luong tai cac khoang thoi gian tir 1 dén 24 gio dé dam
bao chiing dat t6i diéu kién bio hoa. Ham lugng nude dugce tinh
theo cong thirc (4).

2 x 100 (4)

Do ngdm nudce bio hoa (%) = %
0

trong do: m, la khéi lugng ban dau (g) va m, la khéi lwgng sau khi
ngam trong nudc (g).

Thi nghiém vé d6 4m duoc tién hanh bing cach can khéi luong
ban diu cua dia petri va mau mang. Dau tién, mang composite
(20x10 mm?) duoc dat vao binh chira tai 25°C va 28% do 4m. Sau
do, mang dugc ldy ra va séy kho & 105°C cho dén khi khéi luong
khong dbi. Do ém duoc tinh bing cong thirc (5).

Do am (%) =2 x 100 %)

trong do: m 1a kh01 Iu’O‘ng ban dau ciia mang (g) va m, la khéi
lugng sau kh1 say kho (g).

Do truyén quang (T) 1 ty 1¢ gitra ty 1€ anh sang truyén qua mau
(P) v6i lugng anh sang ban dau chiéu 1én mau (4nh sang to1, P) va
la tiéu chi quan trong dé xac dinh chat luong ctia mang tong hop
tai cac ty 18 phdi tron khac nhau [34]. Theo d6, mang composite
(20x10 mm?) dugce do quang & bude song 660 nm bang may quang
phé UV-VIS, sau do tinh theo cong thitc (6).

A4 = -log(T) = -log(P/P ) (6)

Do bén kéo cia mang nhya sinh hoc minh hoa tinh chat co
1y dbi v6i tmg dung dong goi thuc pham va dugc thyc hién bing
thiét bj QC-528MIF cua Ometech theo tiéu chuin ASTM D638
-14 - Kiém tra do bén kéo cua nhua [35] tai Chi cuc Tiéu chuan
Po ludng Chat lvong TP H6 Chi Minh. Cong thirc (7) tinh todn
do bén kéo.
Lurc téi da (N) (7)

D6 bén kéo (L mz) = Tiét dién ngang (mm?)

2.2.4. Thi nghiém kha nang phdn huy

Pé xac dinh kha nang phan huy cua mang composite trong
moi trudng dat vuon tw nhién, thuc hién bang cach dat composite
(20x10 mm?) vao hop c6 kich thude 50x50x50 mm* chira 200 g
dat tai 26°C va 56% d am [34]. Mang composite sau do lay hop ra
va so sanh kh01 lugng, hinh dang va mau sic ciia mau vat liéu duoc
quan sat mdi ngay trong khoang 15 ngay. Sau cac khoang thoi gian
khéc nhau, mang composite dugc lay ra khoi dat va rira sach bang
nude cat dé loai bo dit bam xung quanh va sau d6 say kho dén khoi
luong mang composite khong doi tai 105°C. Cong thirc xéc dinh
kha nang phan huy sinh hoc cia mang theo cong thirc:
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Kha ndng phan huy sinh hoc (%) =———= x 100  (8)

trong do: m l1a khdi lugng ban dau cia mang (g) vam, la khéi
lwong sau khi quan sat tai cac khoang thoi gian khac nhau (g).

2.2.5. Phurong phdp xit Iy 56 liéu

Thi nghiém déanh gia dic tinh hoa 1y va kha nang phéan huy
sinh hoc cua mang composite tir CTS va CTA dugc thuc hién 1ap
lai 3 lan dé tinh toan gia trj trung binh va biéu dién d¢ léch chuan
di kem.

3. Két qua va ban luan

3.1. Chiét xuit cellulose tiv vé ngo va ttfng hop cellulose
triacetate

Trong nghién ctru nay, cellulose chiét xuat tir vo ngd c6 mau
vang nhat, xOp va ¢6 thé d& dang nghién nat nhw hinh 2A, véi hiéu
suat chiét xuat dat 28,1%. Trong qua trinh chiét xuét, cac thanh
phan khac ciia v6 ng6 nhu lignin va hemicellulose da dugc loai bo,
dan dén sy mat trong lugng so voi vo ngd ban dau. Hinh 2B mo
ta CTA thu dugc tir qué trinh acetyl hoa cellulose vdi axit acetic
va anhydride acetic voi axit sulfuric 1m chat xtc tic v6i hidu suat
dat khoang 35%. Gia tri thay thé DS clia mau nay lam ting CTA
khoang 2,5 va %AP 1a 40,2%. Thém vao do, mang composite tir
CTS va CTA (CTS/CTA) duoc tong hop thanh cong véi do bén
nhit dinh, mau vang nga, khong c6 bot khi va khong c6 vét ban
(hinh 2C). Cac mang composite nay s& dugc st dung dé danh gia
sur anh hudng cua CTA 1én cac dac tinh hoa ly cua vat ligu.

©

Hinh 2. (A) Cellulose chiét xuét tir vé ngo, (B) Cellulose triacetate, (C) Mang
0,3CTA.

3.2. Ddc tinh ciia mang chitosan - cellulose triacetate

Két qua phé FT-IR cua cellulose chiét xuat tir vo ngo (hinh 3A)
cho thay, cuong do lién két -C=0 dic trung cho thanh phan lignin
tai bude song 1734 cm™ d gidm sau qua trinh chiét xuét [36]. Tai
s song 3410 va 2892 cm thé hién sy ¢6 mat cua lién két -O-H
va -C-H trong cu tric clia vo ngd. Trong khi d6, s song nay dich
chuyén sang s6 song thip hon tai 3390 va 2899 cm™ twong tmg
v6i lién két -O-H va -C-H trong truong hop cellulose. Didu nay
cho thdy, cac nhom chirc nay ¢6 tham gia vao qué trinh xtr Iy bang
cic hoa chit. Thém vio d6, pho FT-IR cua cellulose va CTA co
su thay doi 1o rét, phan anh qué trinh acetyl hoa thanh cong. Pau
tién, cuong do cua lién két hydroxyl (-O-H) trong céu truc cellulose
kém theo sy dich chuyén sé song twong ung 1én 3469 cm, cho
thiy nhom -O-H da dugc thay thé boi cdc nhom acetyl (CH;CO- )
ciia CTA. Diéu nay dugc chimg minh boi sy gia ting cac lién két
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-C=0 trong lién két kéo din ciia nhom acetyl tai s6 song 1732 cm*,
Thém vao do, sy c6 mat cua lién két -C-H bé cong trong cau trac
CH, cua nhom acetyl tai s6 song 1370 e, Cudi cung, lién két
-C- O kéo dan ciia nhom acetyl tai s6 song 1213 cm! [33]. Két qua
nay chimg minh, CTA di dugc tong hop thanh cong tir cellulose.
Hinh 3B cho thdy, phé FT-IR cia CTS, CTA va mang composite
CTS/CTA dai dién 1a mau 0,3CTA. Trong truong hop mau CTS,
céc lidn két ddc trung nhu -O-H va -N-H dugc quan sat 1an luot tai
s song 3422 va 3291 cm'. Lién quan dén lién két amine, céc dinh
tai s6 song 1647 va 1591 cm! 1an luot thé hién cho sy ¢ mit cia
amine bac 1 va bac 2 [37]. Pdi véi mang CTS/CTA, lién két -O-H
duoc tim thiy ¢ sb song thip hon 1a 3360 cm™ ciing nhu cudng
do lién két -N-H cta CTS khong quan sat duge. Sy tuong tac cia
cac nhom chire giita CTS va CTA dugc thé hién qua cudng d6 lién
két -C=0 trong cau trac CTA giam dan va sy dich chuyén tir 1732
cm! d6i voi CTA vé 1728 em™ ddi véi mau CTS/CTA. Thém vao
d6, lién két amine trong céu tric CTS chi dugc quan st tai s6 song
1625 cnr'. Tir nhitng két qua trén c6 thé chimg minh sy trong tic
giiita cac nhém chiic trong cau tric hoa hoc ctia CTS va CTA trong
mang 0,3CTA.

(A)

Cellulose Triacetate

By

3469 2943
Cellulose 1732 1370 1213
2899
VW
"""""'"“«\\\\H_,—i3E!!"""""""'"""\r/"""""""" I S
1734

3410 »20

(B)

Chitosan

1647

3291 1591
[Chitosan/ Cellulose Triacetate
N——

3360 1728 1625

Cellulose Triacetate

T VWY

1732

Hinh 3. Ph héng ngoai bién ddi Fourier cla cellulose chiét xuat tir (A) vé ngo,
cellulose va cellulose triacetate va (B) chitosan, mang 0,3CTA.

Hinh 4 thé hién cdu trac hinh thai bé mit ciia mang CTS va
mang composite 0,3CTA tai d9 phong dai x1000 va x3000. C6 thé
thdy, bé mat cia mang CTS twong ddi bang phing va co cu tric
kha ddng nhit (hinh 4A, B). Khi ¢6 su tham gia ciia CTA trong
thanh phan vat liéu, bé mat cua mang CTS/CTA tuong (g duoc

JHOAHOC | .

quan sat co cu trac go ghe hon, ciing nhu ¢ sy xuat hién ctia cac
hat CTA li ti trén bé mét. Két qua tir phd FT-IR cho thdy, sy tuong
tac glua cellulose va CTA trong thanh phan mang 0,3CTA ¢6 thé
ciing ¢b cdu trac, gitp cho mang CTS/CTA kha 6n dinh. Diéu nay
¢6 thé dan dén sy anh huong dang ké dén céc dac tinh hoa 1y lién
quan dén d6 am va kha nang hap thy nude cia mang.

(©) | ®

50.0um

Hinh 4. Hinh kinh hién vi dién t quét clia mang chitosan (A, B) va mang
0,3CTA (C, D) tai cac d6 phan giai: x1000 va x3000.

Céc két qua lién quan dén dic tinh ciia mang composite v6i cac
ty 1& phdi tron khac nhau duoc trinh bay trong bang 2. C6 thé thiy,
khi tang lugng CTA trong mang CTS, do ngdm nudce bao hoa cua
cac mang CTS/CTA gidm tuong tmg. Gia tri nay giam tir 50% cua
méu 0,1CTA xudng con 20% trong mau 0,3CTA va thap nhat I
7,5% tuong tmg voi mau 0,5CTA. Két qua nay duoc giai thich 1a
do su thay thé cac nhom hydroxyl trén mach chinh cellulose bing
cac nhom acetyl, gip CTA 13 dan xuat ¢6 kha ning khang nudc
[38]. Thém vao do, sy c6 mit cia cac phan tir CTA gitip cu tric
cia mang composite trd nén day dic hon, han ché kha ning xam
nhp ciia cac phan tir nudc vao bén trong cau triic ciia vat lidu mang
composite. Gié tri do am giam duoc quan sit co cing xu huéng
voi do ngdm nude bio hoa. Mot 1an nita, sw xuat hién ciia CTAc6
trong cdu tric polymer cia mang composite lam giam cac 16 rong
trong ciu tric mang va tang kha nang khang nude. Co thé thiy,
gid tri d6 4m clia cac mau co su thay doi khong dang ké (khoang
3,5%) khi ham lugng CTA thém vao tir 0,1 dén 0,3 g twong tmg voi
mang 0,1CTA va 0,3CTA. Tuy nhién, khi ham lugng ndy tang lén
0,5 g thi gia tri d6 am giam xudng con 2,4% ddi voi mau composite
0,5CTA. Trong Umg dung dong goi, tidu chuan truyén sang rat quan
trong dé dam bao chat luong va do an toan cia san pham Trong
nghién ctru nay, kha ning truyén sang quang hoc giam dan khi ty
16 CTA tang lén, do CTA co kha ning gia tang do trong sudt cia
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vat liéu [39]. CTA duoc biét dén véi do trong sudt quang hoc tuyét
voi va duy tri ddc tinh ndy ngay ca trong diéu kién do 4m thay doi.
Khé ning chéng am nay lam cho n6 dac biét phit hop véi cac img
dung doi hoi kha nang truyén anh sang 6n dinh theo thoi gian [40].
0 ty 1¢ phdi trén 1,6/0,3 twong ung voi mau 0,3CTA, kha ning
truyen quang cta vat liéu giam xudng gan nhu dat diém bio hoa.
Diéu nay dic biét quan trong do kha ning truyén sang quang hoc
dai dién cho tinh ngdn chan anh sang clia mang va khang oxy hoa
lipid gy ra boi tia UV trong thyc pham [41]. D6 bén kéo 1a mot
chi s6 dé danh gia do bén co hoc cua vat lidu, rat quan trong trong
cac ung dung lam bao bi sinh hoc. D bén kéo cua vat liéu giam
khi tang ham lugng CTA tuong tng. Piéu nay duoc giai thich su
b6 sung CTA qua mitc ¢o thé 1am giam sy tuong tic glua cac nhom
chirc ¢6 mit trong céu tric cua mang CTS/CTA, dan dén sy phoi
tron kém hi¢u qua do mat can bang vé mat khéi lugng. CTS c6 lién
két hydro manh va tinh chét co hoc ndi tai, viéc thém nhiéu CTA co
thé pha v cac twong tac nay, lam suy yéu tinh toan ven vé mit ciu
tric cia mang. Néu CTS khong twong tic véi CTA thong qua lién
két hydro hodc cac luc khac, vat liéu composite thu duoc co thé co
d6 két dinh yéu hon, khién n6 d& bi dirt giy hon.

Bang 2. Bac tinh ciia mang chitosan/cellulose triacetate.

D{ ngdm nude D truyén quang D bén kéo

S (%) im (%) (%) (N/mm?)
I QICTA 532, 37403 04,1 7,5403
2 02CTA 35432 3,6£02 24435 6,8£0,5
30 03CTA 2025 3,540 6,0£13 5,902
4 04CTA 15433 3,140,1 44205 30405
S 05CTA 73412 24402 30404 2,740,

Mang phan hiy sinh hoc ngay cang dugc kham pha nhu 1a giai
phép thay thé bén vimg cho vét liéu nhya thong thuong trong cic
mg dung dong g6i. Nhimg mang ¢4 nguon goc tir polymer tu nhién
hoac duoc tong hop dé phan huy trong diéu kién moi truong binh
thudng nhu dit, nham muc dich giam thiéu chét thai dai dang lién
quan dén nhya truyen théng. Hinh 5 mo ta kha ning phan huy sinh
hoc clia cac mau mang composne v6i nhiéu ty 18 phdi tron khéc
nhau giira CTS va CTA. Két qua cho thay, su phdi tron CTA ting
dan dén giam kha nang phan huy sinh hoc cia mang composite. Vi
du, gi tri ny dat khoang 40% tuong tmg véi mau 0,1 CTA va giam
dan xubng 32,7% cho miu 0,3CTA va 15,1% trong truong hop
méu 0,5CTA. Néu ham lugng CTA thip, mang van c6 thé phan
hity trong ddi nhanh do kha ning phan huy sinh hoc cia chitosan
[34]. Khi ty 1¢ CTA tang Ién, kha nang phan huy sinh hoc cia mang
composite ¢6 thé gidam vi kha ning chdng lai sw phan hay cua vi
khuan cta CTA c6 thé chiém wu thé. Mang composite ¢6 thé mat
nhiéu thoi gian hon dé phan hity vi sy hién dién ctia CTA ¢6 thé tao
thanh rao can ddi v6i kha nang tiép can cia vi khuan ddi véi thanh
phan CTS dé phan huy sinh hoc hon [42]. Thém vao do, tinh phan
huy sinh hoc ting dan qua cac khoang thoi gian tir 3 dén 15 ngay.
Nhin chung, mang CTS/CTA cho kha niing dé dang phan huy trong
moi trudng dit tu nhién.
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Hinh 5. Kha ning phan huy sinh hoc trong dat ciia mang chitosan/cellulose
triacetate.

4. Két luan

Trong nghién ctru nay, cellulose da dugc chiét xuat thanh cong
v6i hiéu suét dat 28,1% va CTA dugc tong hop véi %AP dat 40%
va DS khoang 2,5. Cac vét liéu mang composite dugc tong hop
thanh cong khi ty 18 phdi tron CTA tang dan tir 0,1 dén 0,5 g trong
dung dich CTS. Mang composite CTS/CTA ¢6 kha nang phan huy
sinh hoc, gop phan mo ra trién vong phat trién cho cac nghién
ctru khéc vé két hop CTS voi cac vat ligu thién nhién khac. biéu
nay mé dudng cho cac nghién ciru tan dung ngudn phé thai nong
nghiép, dic biét 1a cac ngudn giau cellulose va chitin, dé thay thé
nhién li¢u sinh hoc va cac loai polymer khong phan huy sinh hoc
hién ¢6 trén thi truong. Ngoai ra, trong cac nghién ctru tiép theo,
can danh gid %AP va DS c6 thé gdy anh huong t6i dic tinh cia
vét liéu chira CTA ciing nhu cac img dung lién quan dén mang boc
thuc pham. Thém nira, viéc danh gia kha ning khang khuan cua
mang composite dua trén cdc ham lugng phdi tron CTA ciing can
d4nh gia thém. Do d6, cac nghién ciru chuyén sau lién quan dén
doc tinh sinh hoc ciing nhu kha nang bao quan thuc pham ciing
duoc thuce hién trén nhiéu loai ddi tuong cu thé hon trong tuong
lai.
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Vai tro cua GO trong tang cwong hoat tinh xuc tac
cta vat liéu nano to hgp MnQ_-GO cho cim bién do mau
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Tém tit:

Graphene oxit (GO) véi dién tich bé mit riéng 16n va dd linh dong dién tich cao dwoc biét dén nhw mdt vat li¢u nano
chirc ning quan trong, dac biét trong phat trién cac loai vt liéu xtic tac méi. Trong nghién ciru nay, vat liéu to hop
MnO,-GO duge tong hop nhim danh gia vai tré ciia GO trong viéc ting cwong hoat tinh xuc tac cia MnO,. Két qua
cho thay, su hién dién cia GO khong chi glup cac hat nano MnO, phan bd dong déu hon ma con lam tang dang ké
dién tich bé mat hoat héa (1,162 lan) va toc do chuyen dién tich qua bé mat dién cuwe (2,5 14n) so véi MnO,. Trong
khao sat phan ung oxy héa co chit 3,3,5,5- tetramethylbenzndlne (TMB), vt liéu MnO,-GO thé hién c1r0'ng do hap
thu tai 450 nm cao gip 5,82 1in so voi MnO,, kém theo sw thay d6i mau sacro rét tir xanh lam sang vang. Su gia tang
nay chirng t6 GO ddong vai tro trung glan hleu qua trong qua trinh truyen electron, giip ting kha nang xtuic tic cia
vét ligu. Cac két qua thu dwge cho thiy vit li¢u nano to hop MnO,-GO hira hen 1a ing cir vién tiém ning cho ng
dung cam bién do mau.

Tir khéa: do mau, graphene oxit, MnO,, nanozyme, xic tac.

Chi sé phén logi: 2.5, 2.9

Assessing the role of GO in enhancing the catalytic activity of

MnOZ-GO nanomaterials in colorimetric sensors
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Phenikaa University Nano Institute (PHENA), Phenikaa University, Duong Noi Ward, Hanoi, Vietnam
Received 30 August 2024; revised 20 September 2024; accepted 25 September 2024

Abstract:

Graphene oxide (GO) has been regarded as an important component in functional materials, particularly for
developing a variety of catalysts due to its large specific surface area and high charge mobility. In this article,
MnO,-GO nanomaterial was successfully synthesised using a chemical method to investigate the impact of GO on
its catalytic activity. The results demonstrated that the presence of GO not only facilitated the uniform dispersion of
MnO, nanoparticles on its surface but also significantly increased the electrochemically active surface area (by 1.162-
fold) and the charge transfer rate (by 2.5-fold) compared to pure MnO,. The results of catalytic activity evaluation,
assessed through the oxidation of 3,3,5,5-tetramethylbenzidine (TMB), revealed that the MnO,-GO nanomaterial
exhibited much higher catalytic efficiency. Specifically, the absorbance peak at 450 nm for the MnO,-GO-TMB
system was 5.82 times higher than that of MnO,-TMB system, accompanied by a distinct color change from blue to
yellow, which was easily observable by the naked eye. The obtained results suggest that the MnO,-GO nanomaterial
is a promising candidate for colorimetric sensor applications.

Keywords: catalysis, colorimetric, graphene oxide, MnO,, nanozymes.
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1. Dt van deé

Ngay nay, v6i sy gia ting nhu cau vat liéu thong minh cho nhiéu
{mg dung lién nganh din dén sy phat trién mot cach manh mé trong
linh vuc nghién ctru vé vat liéu méi va cong nghé nano. Vit liéu
nano 6xit kim loai chuyen tiép nhu MnO,, SnO, hay WO, da nhén
duoc sy quan tim déng ké trong nhiing nam gan day do chung co
nhiéu dic tinh quy béu c6 lién quan dén sy thay doi cau tric 16p, bé
mit va hira hen tiém ning tmg dung trong nhiéu linh vuc nhw quang
dién tu, xuc tac, y sinh va nang lugng [1, 2].

Trong sd cac vt liéu trén, MnO, da va dang nhén dugc sy quan
tam lon cla cac nha nghién ctru trong nhitng ndm gan day do so
hitu nhiéu dic tinh uu Viét. V& mit cau tric, MnO, ¢ thé ton tai
& nhiéu hinh dang cau truc nano khac nhau nhu dang thanh, dang
hat, dang day, dang tAm (2D)... [1]. Mot trong nhiing déc tinh dgc
ddo cua vat lieu MnO, do6 1a hoat tinh guic tac manh gif)ng nhn mot
enzyme ty nhién. MnO, c6 kha néng ket hgp voi mot s co chat nhu
TMB (3,3,5,5-tetramethylbenzidine), OPD (o-phenylenediamine),
DAB (diazoaminobenzene) dé tao ra mot phan mg mau [3-5]. Do
Vay vat liéu nano MnO, dugc goi 1a mot “enzyme nhén tao hay

“nanozyme”. Dua vao thuoc tinh tha vi ndy, vét liéu MnO, 2D da
duoc mot s6 nhom nghién ciru bao cao vé kha nang (g dung cho
cam bién do mau nham phat hién nhiu chit 6 nhiém nhw ion kim
loai nang, cac chét hitu co khdi lwgng phén tir nho [6, 7]. Trong k§
thuat cam bién nay, MnO, duogc str dung dé oxy héa dung dich TMB
khong mau thanh dung dich ¢6 mau xanh lyc, xanh lam hoac vang
v6i cac bude song va gia tri hap thu khac nhau. Sy co mat cla cac
chat 6 nhiém trong phan mg oxy hoa TMB dan dén su thay di vé
vi trf, cudng do dinh hdp thu va mau sic cua dung dich 1a nhing tin
hiéu nhan biét cia cam bién. Tuy nhién, hoat tinh xtc tac cua MnO,
cung dugc danh gi la bi anh huong boi nhiéu yéu t6 lién quan den
moi truong phan tmg. Do vdy, viéc on dinh va ndng cao hoat tinh
xlic tac cia MnO, 1a mot trong nhimg vén dé rat quan trong nhim
khai thac t6t tlem nang ung dung cua dang vat liéu nay.

Bén canh mot s giai phap lién quan dén cong nghé ché tao,
viée 0 hop MnO, v6i mot vat ligu khac nhu graphene oxit (GO)
cling 1a mot trong nhimg huéng nghién ctru thu hat duge su quan
tim cua nhiéu nhom nghién ciru trén thé giéi. GO duoc biét dén la
mdt vat lidu nano ¢6 cau trac hai chidu s¢ hitu nhidu dic tinh khac
biét nhu dién tich bé mat 16n, céu tric dién tir linh dong, kha ning
twong tac tot voi cac phan tir sinh hoc, héa hoc [8] di duoc phat
trién tmg dung rong rdi trong cam bién nano nham phat hién va theo
doi ton du cac loai thude, hoa chat doc hai trong thuc phim, nong
nghiép. J. Gao va cs (2021) [9] da két hop MnO, véi GO trong cau
triic nano t6 hop de ché tao cam bién nano dién hoa nhim phat hién
tryptophan, mot tién chat quan trong cho qué trinh sinh tong hop
chat kich thich tang truong ¢ thyc vat. Hién nay, cac nghién ctru
trong va ngoai nudc nhim khai théc tiém ning tmg dung ciia hé vat
liéu nano to hop két hop gitra MnO, va graphene hodc GO chu yéu
tp trung cho siéu ty, hap phu hoac cam blen dién hoa. Cac nghién
ctru lién quan dén a (g dung vét liéu nano t6 hop nay cho cam bién
do mau con han ché.

Trong nghién ciru nay, ching t6i tdp trung vao khao sat kha
nang (g dung cta h¢ vét ligu MnO,-GO trong cam bién do mau.
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MnO,-GO duoc che tao theo quy trinh don gian ¢ diéu kién nhiét do
phong trén co 8O nén GO dugc tong hop theo phuong phap dién hoa
tir nguon dién cyc graphite. Phan tmg oxy hoa TMB (khong méu)
thanh oxTMB (c6 mau) duoc st dung dé danh gia hoat tinh xtc tac
cia MnO,-GO. Sy tac dong qua lai hay higu img hiép dong gitra GO
va MnO, den sy tang cudng hoat tinh xtc tac cua MnO,-GO dugc
duara Va thao ludn chi tiét.

2. Vat liéu va phuong phap nghién ciiu
2.1. Héa chit va thiét bi

Dién cuc graphit (dang thanh, chiéu dai 8 cm, duong kinh 5 mm,
Trung Qudc), K,CO, (dang bot, 99,5%, Han Qudc). Bo cap ngudn
da nang (Model: ST8008-6K Lucas Nuelle/Dirc). May khuay tr gia
nhiét (Model: C-MAG HS7 IKA/Malaysia). Nudc ct 2 1an sir dung
cho thyc nghiém dugc chuan bi tir hé thong Milli-Q® system (18,2
MQ cm tai 25°C).

Hoa chat cap phén tich (AR) duoc st dung bao gdm: Manganese
clorua (MnCl,, Sigma Aldrich, 99%), Tetrametylamoni hydroxit
(TMAOH) (Sigma Aldrich, 99%), 3,3,5,5-Tetramethylbenzidine
(TMB, Sigma Aldrich 98%), Hydrogen peoxit (H,0,, Aladin, 30%).

272
Dung dich dém phot phét (PBS, pH 4,0) dugc chuan b tir cac
mudi NaCl, KCI, Na,HPO,.12H,0 va KH,PO, (Merck KGaA, birc,
>99%). Do pH cua dung d1ch PBS dugc dleu chlnh bing axit H,PO,
(0,1 M) va bazo NaOH (2 M).

2.2. Téng hop vit ligu nano Mn0,-GO

MnO,-GO dugc tong hop & didu kién nhiét do phong bang
phuong phap oxy hoa (hinh 1). Dau tién, GO (1 mg/ml) dugc tong
hop theo phuong phdp dién hoa (e-GO) nhu da dugc mo ta trong
nghién cuu trude day [10]. Tlep theo, str dung 2 ml H,0, 30% va 12
ml TMAOH dugc nho giot ddng thoi vao hon hop gom dung dich
gdm 10 ml GO va 10 ml MnCl, trong diéu kién co khudy tir. Dung
dich mau vang nhat s¢ chuyen dan thanh mau ndu den cho thiy
su hinh thanh ciia MnO, do ion Mn** bi oxy hoa thanh Mn*" boi
H,0, trong sy c6 mat cua TMAOH. Tiép tuc qua trinh khuay trong
khoang thoi gian 12 gi¢ ¢ nhiét d§ phong. Cudi cung, két tia hinh
thanh dwogc dem ly tam, loc rira nhiéu lan voi nude cat va siy kho &
60°C trong thoi gian 5 gior dé thu MnO,-GO.

Loc rira,
ly tam

Nh6 glot
rong 15 glay

Hinh 1. So d6 tong hep vét liéu nano MnO,-GO.
2.3. Phuong phdp phén tich diic trwng cdu triic ciia vit liéu

Vit liéu sau khi ché tao duoc phan tich dic trung cdu tric bing
cac phuong phap: do phd hdp thu nguyén tir kha kién (UV- Vis),
phép do nhiét trong lugng (TGA), do quang phd hong ngoai bién
d6i Fourier (FTIR), do quang pho Raman va phéan tich hién vi dién
tir quét (SEM).

61



2.4. Phuwong phdp phan tich dic trung dién hoa ciia vt li¢u

Ky thuat quét thé vong tudn hoan (CV) va do phd tong trd (EIS)
dugc sir dung dé xéc dinh dién tich bé mat hoat hoa va kha nang
chuyén dién tich cta vét lidu MnO,-GO. Qua trinh quét CV duge tién
hanh trong khodng do tur -0,3 den 0,6 V véi toc do quét 50 mVs'.
Qua trinh do EIS dugc thyc hién trong khoang tan sb tir 0,01 dén
50.000 Hz voi E_ =0,01 V, E, =0,15 V. Cac phép do dién hoa duoc
thyue hién trén hé dién hoa Palmsens4 (PS Trace, PalmSens, Ha Lan).

2.5. Phuong phdp ddanh gida hogt tinh xiuc tdc cua vit liéu

Hoat tinh xuc tac cua vat liu dugc danh gia dwa vao
phin Gng gitta enzyme (MnO, hodc MnO,-GO) véi co chat
3,3,5,5-Tetramethylbenzidine (TMB) trong m01 trudng axit. Pau
tién, 1200 pl dung dich MnO, hodc MnO,-GO voi cac nong dg khac
nhau dugc thém vao 2000 pl dung dich dém PBS pH 4,0. Sau do,
400 pl dung dich TMB 690 uM duge thém vao hén hop va lic déu
trong 5 phut dé phan g dugc xay ra hoan toan. Hon hop phén tmg
sau do6 duoc do phé hép thu UV-Vis dé xé4c dinh sy thay d6i cac dinh
hép thu dic trung cta cac chat trong qua trinh phan tng.

3. Két qua va ban luan
3.1. Phdn tich dic trung ciu triic ciia vt liéu

Céc dic trung chu trac cua vat lidu duoc nghién ciu st dung
cac phuong phap phan tich phd UV-Vis, Raman, TGA, FTIR va anh
SEM. Nhu két qua chi ra trong hinh 2, ¢6 thé quan st théy pho hap
thu cua MnO,-GO (hinh 2A) do dugc trong dai tir 200 dén 800 nm,
co cac dinh hap thy dic trung 6 230, 270 va 410 nm. Dinh hép thy tai
bude song 410 nm dugce quy cho cac chuyén doi d-d cua céc ion Mn
trong vt liéu MnO,. Sy hién dién cua dinh 230 nm rat 1d rang cho
thay su dich chuyen dién tir tir © 1én w* cuia lién két doi C= C trong
chu tric vong thom. Ngoai ra, mot dinh voi cuong do thap xuét hién
¢ vung bude song 270 nm dai dién cho su dich chuyén dién tur tr n
1én w* cia lién két C=0. Bén canh do, két qua phan tich anh vi cau
triic SEM trong hinh chén hinh 2A cho thiy sy phan b dong déu cua
cac hat nano MnO, trén bé mat vat liéu GO dang tAm.

(A) (B)
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Hinh 2. (A) Ph6 UV-Vis (hinh chén: anh SEM), (B) phd Raman, (C) phé TGA va (D)
phd FTIR cua vat liéu MnO,-GO.
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Hinh 2B hién thi phd Raman cua vat liéu MnO,-GO. Co6 thé
thy, c6 2 dinh cuong do cao trong khoang 567 va 643 cm! do cac
dao dong Mn-O ddi xtmg [11], 2 dinh khéc ndm & khoang 1330
va 1595 cm! lan lugt dai dién cho dinh D gy ra bai cac khiém
khuyét cdu truc trong graphene va dinh G lién quan dén sy tin xa
bac nhat cta cac phonon E, trong lai hoa sp*[12].

Duong cong nhiét trong lu’orng TGA cua méau MnO,-GO dugc
thé hién nhu hinh 2C. C6 the thdy rang, vat ligu MnO -GO ¢6 2
budc thay ddi khdi lvong miu, & khoang nhiét do 250°C vat ligu
Xdy ra qué trinh bay hoi nudc bi hip phu va su phan hily nhiét ciia
cac nhom chuc nhu carboxyl, hydroxyl, epoxy, nitrogen dioxide.
Ty 1¢ giam trong luong ciia vat lidu ¢ budc thay doi nay 1én téi
13,7% dugc cho 1 do su khong on dinh ctia GO & nhiét do cao va
do su thay ddi pha xay ra & MnO,. Vat ligu MnO-GO xuat hién
thém mot budc giam khdi 1,7% khoang trén 400"C co thé 1a do
qué trinh dt chay carbon va budc chuyén pha tiép theo cua MnO,
[13].

Céac nhom chue trong MnO,-GO duoc phan tich bang quang
phd FTIR. Pho FTIR ciia MnO -GO cho thay su xuat hién cac
dao dong dac trung cho cac hen két ciia nhom chirc. Mot dinh
xuat hién tai 3430 cm™! twong Ung véi dao dong kéo gidn O-H
ctia nhom hydroxyl. Dao dong tai vi tri 2848, 2360, 1627, 1080
va 1150 cm! 1an luot duoc gan cho cac nhom C-H, nhom C=0=C
dao dong kéo dai trong carbonic, nhém C=C, nhém C-O va nhom
C-0-C trong cau tric vong thom ctia mang nén GO. Ngoai ra, con
¢6 su xuat hién cua dinh 515 cm! 1a dao dong kéo gian Mn-O a6i
xung trong bat dign MnO, ciia MnO, [14].

Tur cac két qua phan tich trén cho thdy, vat lidu nano t6 hop
MnO,-GO da duoc ché tao thanh cong sir dung quy trinh don glan
o nhlet d9 phong. Nano MnO, duoc lién két va phan b6 dong deu
trén bé mat ciia tim GO. Val tro ctia GO trong cau triic nano t6
hop s& duoc phan tich va danh gid chi tiét hon trong phan tiép theo
thong qua viéc danh gia kha ning chuyén dién tich va dién tich bé
mat hoat hoa cua vat liéu.

3.2. Phén tich dac trung bé mdt hoat dpng ciia vit liéu

Dé danh gia duoc céc dic tinh quan trong ciia vat liéu nhu dién
tich bé mat hoat hoa, kha nang chuyén dién tich, chiing toi su dung
cac ky thuat CV va EIS. Hinh 3A trinh bay két qua thu dwoc tir
k¥ thudt quét thé vong tudn hoan ddi véi cac dién cuc duge bién
tinh v6i vat liéu MnO, va MnO,-GO trong dung dich 0,1 KCI ¢6
chta 5,0 mM K [Fe(CN) K, [Fe(CN) ]. C6 thé quan sat thdy mot
cdp dinh oxy h(')a khur sfic nét dac trung cho qua trinh oxy hoa khu
thudn nghich cua céc ion Fe(CN )/ Fe(CN )* trong duong cong
CV ciia ca hai dién cuc. Két qua cho thy, dién cuc bién tinh voi
MnO,-GO thé hién cc cudng do dong dién cuc dai cao hon so vai
dién cuc chi bién tinh véi MnO,. Két qua nay c6 thé 1a do dong
g6p cua GO trong viéc cai thlen dién tich hoat hoa bé mat cua to
hop vét li¢u. Bén canh do, di¢n cyc phu MnO,-GO ciing cho do
tach dinh (AE ) nho hon dién cuc phi MnO,. Ket qud ndy goi y
ring, toc do chuyen dién tich qua bé mat dlen cuc phu MnO,-GO
1a cao hon so v6i truong hop chi c6 MnO,.
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Hinh 3. Bwdng cong CV (A) va biéu db Nyquist (B, C, D) ciia cac dién cwe da bién
tinh véi cac vét liéu nano MnO, va MnO,-GO.

Hinh 3B, 3C va 3D thé hién cac két qua thu duoc tir k¥ thudt EIS
hién thi du6i dang biéu dd Nyquist. Vi ca hai dién cuc, EIS bao
gdm hai hinh ban nguyét & ving tan sb cao va tin sb trung binh va
duong gan thiang ¢ ving tan s thap [15]. Phan hinh ban nguyét quan
sat thiy ¢ ving tan sb cao pht hop v6i qua trinh gi6i han chuyén
dién tich va hinh ban nguyét ¢ ving tan sd trung binh twong g véi
qué trinh dong gbp cua qué trinh truyén khéi cua céc loai oxy héa
khir qua 16p x0p cta vat lidu nano bién tinh. Phan tuyén tinh duoc
thdy & viing tan sb thap tuong tmg v6i qué trinh truyén khdi cua cac
loai oxy hoa khtr dén bé mat dién cuc. Tur két qua thu dugc, chiing t6i
tién hanh xac dinh cac thong s6 sir dung phan mém fit mach twong.
Cac gia tri R | Qdién trg chuyén dién tich) cia MnO, va MnO,-GO
dugc tinh toan lan luot 1a 206 va 82 Q. Viéc bo sung GO vao vit li¢u
da lam giam Ra do GO di tao diéu kién thuan lgi cho viéc :[ruyén
tai dién tich bé mat cua vat li¢u. Ngoai ra, viéc két hgp cac cau tric
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Hinh 4. Bwong cong CV (A, B) va s phu thudc tuyén tinh (C, D) cua dién cwc
MnO, va MnO,-GO véi sw thay déi toc do quét tir 10 dén 100 mVs™.
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2D-2D (GO, tim nano MnO,) da tao ra ceflu tric x6p gitp cac loai
oxy hoa khtr co the dich chuyén dén va tiép cap céc vi tri hoat hoa
trén bé mat vat lidu va tham gia phan tng, do d6 dan dén cai thién do
6n dinh theo chu ky véi kha nang khuéch tan nhanh céc loai oxy hoa
khir. Ngoai ra, GO cung cép nhiéu vi tri hoat dong cho trong tic ion
dan dén tang cuong kha nang luu tri dién tich [16]. Két qua thu dwoc
tir k§ thuat EIS phu hop véi cac két qua thu dwogc tir ki thuat CV.

Hinh 4A va 4B hién thi duong cong CV duge ghi lai cho cac dién
cuc trong dung dich 0,1 M KCl chira S mM [Fe(CN) ] véi cac toc
d6 quét khac nhau tir 10 dén 100 mVs™'. Co thé thay rang, dong dién
cyc dai (I va 1 ) déu tang khi ting toc do quét tir 10 dén 100 mVs™.
Su phu thudc tuyén tinh quan sat dugc giira dong dién cuc dai voi
can bac hai cua toc do quét (hinh 4C, 4D) cho thdy qué trinh dién hoa
Xay ra trén bé mat dién cuc dugc kiém soat boi qua trinh khuéch tan.
Bén canh do, chiing ta ciing c6 thé tinh toan dién tich hoat hoa bé mat
(A) cua céc dién cuc theo phuong trinh Randles-Sevcik:

[ =2, 69x10°n*?D"?4v"? C

trong do, Ip la cuong do dong dién dinh oxy hoa hpaflc khfx, nlasd
electron tham gia phan (g oxy hoa khir, D 1a hé s6 khuech tan cua
cdc ion [Fe(CN) J**, v 1a toe do quét, A la dién tich hoat hoa, C la
nong do cua céc loai oxy hoa khir [Fe(CN) J**. Ket qud tinh todn
cho thay, dién tich hoat hoa bé mat cua djén cyc phu MnO,-GO
vao khoang 0,138 ¢cm? 16n hon gap 1,162 lan so vé&i dién tich dién
tich hoat hoa bé mijt ciia dién cuc phi MnO, (0,118 cm?). Biéu nay
chimg t0 rang sw két hop GO va MnO, da tao ra sy gia tang dién tich
bé mat hoat hoa cua vat li¢u, giup tdng cuong hoat tinh xtc tac cua
hé vat liéu.

3.3. Danh gid hoat tinh xiic tdc ciia vt li¢u

Tir cac két qua phan tich cdu triic va danh gia dic trung bé mat
hoat dong cua vat li¢u, chung t6i tién danh gia hoat tinh xtic tac cua
vat ligu dbi v6i qué trinh oxy héa khir TMB. MnO, dugc biét dén la
nanozyme c6 hoat tinh bat chudc oxidase c6 kha nang bién doi TMB
thanh oxTMB. Vi vai tro 1a chat xic tac trong moi truong axit,
MnO, thic ddy qué trinh oxy hoa TMB ma khong can H,0,. TMB
khong mau va khong c6 dinh hap thy déc trung bi oxy hoa thanh san
pham c6 mau tir xanh lam (san phdm bac 1) dén vang (san pham cubi
ciing). Pho hap thy UV-Vis thu dwgc trong qua trinh oxy hoa TMB
cua vat lieu MnO, va MnO,-GO dugc trinh bay ¢ hinh 5.

—TMB
——GO-TMB
r MnO,-TMB

Q MnO,-GO-TMB
o

D6 hép thu (a.u)

T T T
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Hinh 5. Phd hap thu UV-Vis cla céc vat liéu trong qua trinh oxy héa TMB.

Co thé x4c nhan tir phé UV-Vis rang, TMB ban dau khong c¢6
dinh héap thy déc trung ¢ bat ki bude song nao trong khoang 400-800
nm. Sdn pham oxTMB c¢6 dinh cac hap thu tai budc song 450 va 650



nm tuong tmg giai thich cho sy bién d6i mau sac ciia dung dich. Co
thé so sanh thdy, vat liéu t6 hop MnO,-GO ¢6 kha nang xiic tdc qua
trinh nay hiéu qua hon so voi vét lleu MnO, cing mot ndng do. Su
xuét hién cia GO di gop phan lam tang dlen tich bé mit cua vat
ligu nano MnO,, tang truyén tai dién tich, tir 46 gitip cho qua trinh
tuong tac gilra MnO v6i co chat TMB va san pham oxy hoa bac 1
cua n6 dugc tang cuong (phtre hop diimine-diamine) dé tao thanh
oxTMB dang oxy hoa hoan toan (diimine). biéu nay thé hién & su
giam xudng ciia dinh dic trung 650 nm va sy ting cudng & dinh 450
nm (5,82 lan), twong tng v6i sy thay d6i mau sic tir mau xanh lam
(MnO,, A, =0,28 a.u) sang mau vang (MnO,-GO, A, =1,63 a.u).

Phé hip thy ciing cho thay r?mg, ty 18 khoi luong tién chit dau
vao anh huong dén hoat tinh xtic tac cua vét liéu dugc thé hién trong
hinh 6. D6i voi vat ligu khong co GO, viée ting ham lugng chét
dau vao s& lam tang sy hap thy thé hién ¢ ca 2 dinh 450 va 650 nm.
Lugng chét dau vao ting 1én di ting nhanh sy twong tac véi co chat,
tao ra déng thoi san pham oxTMB béc 1 va oxTMB hoan toan. Tuy
nhién, vét liéu MnO,-GO v6i nhing cai thién nho sy c6 mat cua
GO nhu da phan t1ch & trén, da 1am cho vat lidu to hop c6 kha nang
twong tdc manh m& véi TMB va oxTMB béc 1 dé tao ra san pham ¢
dang oxy hoa hoan toan. Quan sat cuong do dinh hap thu cho thay
sy giam manh ¢ dinh 650 nm va tdng vot ¢ dinh 450 nm cla vat liéu
MnO,-GO ¢ cung khdi lurong dau vao voi vét ligu MnO, don I¢. Vi
céc ket qua 10 rét trong viée thue day va ting cuong hoat tinh xtic
tac cua GO cho thdy, vat liéu nano to hop MnO,-GO la g ctr vién
tiém nang tmg dung cho cim bién do mau.
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Hinh 6. Anh hwéng cua khéi lwgng vat ligu dén hoat tinh xuc tac phan hay TMB
cua (A) MnO, va (B) MnO,-GO.

4. Két luan

Trong nghién clru ndy, ching toi da ché tao thanh cong vat
liéu nano t6 hop MnO,-GO bing phuong phap oxy héa & nhiét do
phong. Ket qué phan thh UV-Vis, Raman, TGA, FTIR va SEM cho
thiy, céc tm nano MnO, da dugc gin thanh cong 1én trén bé mit
ciia tim GO dé tao thanh vit liéu nano t6 hop MnO,-GO. Qué trinh
danh gia dac tinh dién hoa va hoat tinh xtc tac thong qua phép do
CV, EIS va UV-Vis di cho thiy tic dung ting cuong dién tich bé
mat hoat hoa (1,162 lan) va kha nang xc tac phan huy TMB (5,82
lan) ciia vat liéu to hop MnO,-GO so v6i MnO,. Mau sic cia dung
dich thay doi tir mau xanh larn sang mau Vang va c6 thé d& dang
quan sat bang mét thuong. Sy ting cuong duoc ly giai 1a do su ¢6
mat cua GO vira dong vai tro 1am tang dién tich bé mit hoat dong
clia mau va vira 13 tac nhan cung cp electron cho cac phan tng xiic
thc phan hity co chit. Céc két qua thu dugc cho thay, vét liéu nano
MnO,-GO 1a mot g cu vién déy trién vong cho cac img dung vé
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cam bién do mau. Tuy nhién, tiry thudc vao timg ddi tuong phat hién
cu thé, anh huong ciia cac diéu kién nhu pH dung dich, thoi gian, ty
phan gitraMnO, va GO dén hiéu suét ciia cam bién do mau 1a nhiing
diéu kién can duorc t0i u hon.

Nghién ciru ndy duoc tai trg boi Quy Phat trién Khoa hoc va
Cong ngh¢ Quoc gia (NAFOSTED) trong dé tai ma so6 NCUD.01-
2022.02. Nhom tac gid xin tran trong cam on.
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Gid tri cit 16p vi tinh da dy trong dénh gi4 tinh trang xam lan mach mdu
cia khoi u quanh bong Vater

Nguyén Thanh Khiém", Tran Thi Thiy? Poan Vin Hoan?, P Hai Piang’, Nguyén Ham Hoi'
!Bénh vién Bach Mai, 78 Giai Phong, phuwong Kim Lién, Ha N¢i, Viét Nam
*Truong Dai hoc Y Ha Néi, 1 Ton That T ung, phwong Kim Lién, Ha N¢i, Viét Nam
3Bénh vién Hiru nghi Viét Pirc, 40 Trang Thi, phuong Hoan Kiém, Ha Néi, Viét Nam
Ngay nhén bai 28/11/2024; ngay chuyén phan bién 3/12/2024; ngay nhan phan bién 31/12/2024; ngay chép nhan dang 13/1/2025
Tém tit:

Pinh gia twong quan giira khdi u va mach mau 1a mgt thong sé quan trong dé xac dinh kha niing cit bé cac khdi u
ving dau tuy. Muc tiéu: Panh gia gia tri cit 16p vi tinh da diy trong danh gia xAm Iin mach mau mjt s6 khdi u viing
dau tuy. P6i twgng va phwong phap nghién ciru: 44 bé¢nh nhén u ving diu tuy dwgc phiu thuit tai Khoa Phiu thuat
Tiéu héa - Gan mit tuy (nay thudc Trung tim Phiu thuit Tiéu héa) va dwoge chup cit 16p vi tinh da diy tai Trung
tim Pién quang, Bénh vién Bach Mai trong thoi gian tir 6/2020 dén 6/2022. Két qua nghién ctru: Tudi trung binh 1a
59,66+10,11; 68,2% thudc nhém tudi 50-70 tudi; ty 1é nam/nir 1a 1,31/1. Pa s6 bénh nhan c6 u diu tuy v6i 22 truong
hop (chiém 50%) 40,9% bénh nhan c6 u 2-4 cm, kich thwoéc trung binh la 3,09+1,96 ¢cm; 56,8% u ngam thudc kém.
Vai tro goc tiép xiic va bién dang mach trong danh gia xam lin mach mau c6 d9 nhay lan gt 13 100 va 99,5%. Do
nhay ciia cit 16p vi tinh trong xac dinh x4am lan mach mau noi chung la 83,3%. Do chinh xic cia cit 16p vi tinh trong
danh gia xAm 1an mach mau I 98,2%. Két luin: Chup cit 16p vi tinh da diy 1a phwong tién tin ciy dé danh gia tinh
trang xam lin mach mau cua Kkhdi u quanh béng Vater.

Tir khéa: cit 16p vi tinh, u ving diu tuy, xAm lan mach.

Chi 56 phan loai: 2.6, 3.2, 3.5

The value of multi-slice computed tomography in evaluating

vascular invasion of periampullary tumours
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Abstract:

Determining the relationship between the tumor and blood vessels is an important parameter for performing radical
resection in periampullary tumours. Objective: To evaluate the effectiveness of multi-slice computed tomography
(CT) in assessing vascular invasion of periampullary tumours. Subjects and methods: 44 patients with periampullary
tumours were operated on at the Department of Gastrointestinal and HepatoBiliaryPancreatic Surgery (now under
the Centre of Digestive Surgery) and had multi-slice CT scans at the Radiology Centre, Bach Mai Hospital from
June 2020 to June 2022. Results: The mean age was 59.66+10.11 years; 68.2% of these patients belonged to the 50-70
age group; the male-to-female ratio was 1.31:1. Half of the patients had pancreatic head tumours. 40.9% of patients
had tumours measuring from 2 to 4 cm in size, with a mean tumour size of 3.09+1.96 cm; 56.8% of tumours were
hypodense. The role of contact angle and vessel deformation in assessing vascular invasion showed sensitivities of
100% and 99.5%, respectively. The sensitivity of CT in determining vascular invasion in general was 83.3%. The
accuracy of CT in assessing vascular invasion was 98.2%. Conclusion: Multi-slice CT is a reliable means to evaluate
the vascular invasion of periampullary cancer.

Keywords: multi-slice computed tomography, periampullary cancer, vascular invasion.

Classification numbers: 2.6, 3.2, 3.5
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1. Dt van de

Ung thu ving quanh bong Vater 12 mot trong nhirng loai ung
thur ¢6 tién luong xdu [1]. Ty 1é séng sau 5 ndm cao nhét 1a ung thu
ta trang (49%), sau do dén ung thu bong Vater (45%), ung thu doan
thap ong mat chii (27%) va thap nhat 1 ung thu dau tuy (18%) [2].
Mac du nhiing khéi u nay c6 nguon gbc khac nhau, nhung do cu tric
giai phau phirc tap va rat gan nhau, vi vy triéu ching 1am sang, cn
lam sang kha giong nhau va c6 mot phuong phap phau thudt chung
[3].0 nhiing bénh nhan micu quanh bong Vater, phau thuat mang lai
co hoi tot nhét trong dicu tri va kéo dai thoi gian song [4]. Chan doan
chinh x4c giai doan true phau thuat la rat quan trong [5]. Danh gia
twong quan gilta kh01 u va mach mdu la mot thong s0 quan trong aé
xéc dinh kha nang cit bo [6]. Do d6, cac mach méu 16n quanh dau tuy
phai dugc phan tich mot cach can than, dic biét qua cat 16p vi tinh
trude phau thudt nham ¢6 chién luge phit hop nhat cho bénh nhén.
Tai Viét Nam, chua c6 nhiéu nghién ctru danh gia vé xam 14n mach
mau cta khdi u quanh bong Vater, déc biét 1a cac nghién ctru co a6
chimg v6i két qua phau thudt va giai phau bénh. Muyc tiéu cua nghién
ciru nay nham d4nh gia gia tri cat 1op vi tinh da diy trong danh gia
tinh trang xAm 14n mach méau ciia khoi u quanh béong Vater.

2. Doi tuong va phuong phap nghién ciiu
2.1. oi twrong

‘Nghién ctru dugc tién hanh v6i bénh nhan duge phiu thudt cét
khoi ta tuy do khoi u quanh bong Vater tai Khoa Phau thuat Tiéu hoa
- Gan mt tuy (nay thugc Trung tdm Phau thudt Tiéu hoa) va dugc
chup cat 16p vi tinh da day tai Trung tim Dién quang, Bénh vién
Bach Mai trong thoi gian tir 6/2020 dén 6/2022.

Tiéu chudn lya chon:

+ Nhimg truong hop u ving dau tuy (bao gdbm u d?u} tuy, u bong
Vater, u phan thap ong mat chu, u ta trang) dugc chyp cat 16p vi tinh
da day trudc mo, 6 hinh anh trén Hé thong Luu trlt va Truyén tai
hinh anh (PACS).

+ Dugc tién hanh phiu thuit tai Bénh vién Bach Mai, c6 két
qua giai phau bénh 1a ung thu (biéu mo6 tuyen, than kinh ndi tiet...).

+ Bién ban phau thuat va két qua giai phau bénh duoc mo ta rd
rang, day du cac thong tin nghién ctru.

Tiéu chudn logi tric:

+ Bénh nhan khong dugc chup cat 16p vi tinh hodc chup cét 16p
vi tinh khong dam bao yéu cau ky thuat.

+ Khong day dii ho so bénh an hodc hd so bénh 4n ghi chép
khong 10 rang.

2.2. Phwong phdp nghién ciru

Phuong phap nghién ctru: M6 ta cét ngang.

Cong cu nghién ctru: My chup cit 16p vi tinh 128 diy Siemens
SOMATOM cua Hang Siemen tai Trung tim Dién quang, Bénh vién
Bach Mai va h¢ thong PACS Mineva. Céc pha: chyp khong tiém
thudc can quang. Pha dong mach ¢ 25-30 gidy. Nhu mo tuyen tuy
6 40-50 gidy, pha tinh mach ctra ¢ 65-70 gidy. Tai tao hinh anh: tai
tao mat phing Axial, mat phang Coronal, mat phang Sagittal. Tai
tao theo ty trong toi da (MIP), tai tao da binh dién MPR3D dé danh
gid mach mau.
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2.3. Bién 56 nghién citu

- Tubi, gioi, ddc diém u trén cit 16p vi tinh: kich thudc, bo, ty
trong, ngam thudc; ddc diém mo bénh hoc cua khoi u.

- Gia tri ctia céc dau hiu trén ct 10p vi tinh trong danh gia xam
lan mach mau (5 mach mau dugc danh gia: dong mach mac treo
trang trén, dong mach than tang, dong mach gan, tinh mach mac treo
trang trén, tinh mach ctra).

+ Gid tri chan dodn cia goc tiép xc gitta mach mau va khdi u:
<180 do, >180 do. Néu khoi u tiep xtic <180 d voi mach mau dugc
coi 1a khong c6 dau hi¢u xdm lan, néu goc nay >180 do dugc coi la
xam 1an mach trén cat 16p vi tinh.

+ Gia tri chan doan cua bién dang, tic hep mach mau.

+ Tiéu chuan xam lan: Khi két qua giai phau bénh xac dinh u
xam 1an vao cac 16p cua thanh mach mau.

- Gi4 tri chin doan xam 14n mach mau (ca dong mach va tinh
mach) trén cat 16p vi tinh.

+ Xir Iy s6 liéu: S6 liéu dugce phan tich bang phin mém SPSS
20.0. So sanh cac dai lugng bang test Fisher, cac gia tri 4o nhay, d6
dac hiéu, gia tri du bao duong tinh, gia tri du bao am tinh, do chinh
xdc dugc tinh theo cong thire.

+ Pao dlc nghién ctru: Nghién cliru duoc sy chfip thuan cia
Truong Pai hoc Y Ha N¢i va Bénh vién Bach Mai.

3. Két qua nghién ciu

Bang 1. Dic diém ctia dbi twong nghién ciru.

DPic diém N (n=44) Ty 18 (%)
<50
Tudi 50-70 ! 159
s 30 68,2
- 7 159
Gidi Nam 25 56,8
! Nir 19 432
U dau tyy ) 50
R s U phan thap éng mat cha 7 159
Gidi phau bénh U béng Vater 13 296
U té trang 2 45
<Lcem 16 36,4
Kich thuéc u trén cit Iop vi tinh ~ 2-4 ¢m 18 40,9
>4 cm 10 2,7
- R& 14 31,8
Khong 15 30 68,2
Tang 0 0
Ty trong Giam 26 59,1
Ddng ty trong 18 40,9
>20 HU 9 20,5
Ngim thube 10-20 HU 10 27
<10 HU 25 56,8
e B R Khong déu 35 79,5
Kiéu ngam thuoc biu 9 205

Két qua bang 1 cho thdy, 40,9% bénh nhan c6 u 2-4 cm, kich
thudc trung binh la 3,09+1,96 cm, chii yéu c6 bo khong 16 (68,2%).
Phan [6n cac bénh nhan ¢6 u ngam thuoc kém va khong déu.
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Bang 2. Gia tri chan doan ctia cat I&p vi tinh trong danh gia xam 14n mach mau
ctia khéi u quanh béng Vater.

Phiu thujt - A o
Gii phiu béh Al LIO G
> nhay  hiéu dwong tinh  4m tinh . é'c %)
r 0
Kone - Giximtin ) 0 ) ()
xdm lan
Bién dang, hep tic mach (d4nh gié 5 mach méu: 3 dong mach va 2 tinh mach)
Bién dang, hep | 10
thc mach
556 99,5 90,9 96,2 959
Khong bién 8
dang, hep tac
Dong mach (danh gia 3 dong mach)
Khong xim lin 129 0
; 100 100 100
Coxdmlan 0 3
Tinh mach (danh gia 2 tinh mach)
Khong xam lan 72 3
; 80 98,6 923 96 95,5
Co6 xam lan 1 12
Chung dong va tinh mach (danh gia 5 mach mau: 3 dgng mach va 2 finh mach)
Khong xdm ldn 201 3
3 83,3 99,5 938 98,5 98,2
Co xam lan 1 15

GTCD: Gia tri chan doan.

Két qua bang 2 cho thiy, d6 nhay cta cat 16p vi tinh trong xéc
dinh x4m lén dong mach, tinh mach va mach méau 1an luot 1a 100,
80 va 83,3%. Do dic hiéu cua cit 16p vi tinh trong danh gid xam
lin dong mach, tinh mach va chung cho ca dong mach - tinh mach
twong tng 1a 100; 98,6 va 99,5%.

4. Ban luan

Tubi trung binh ciia bénh nhan trong nghién ciu nay la
59,66+10,11 (bang 1), trong dong véi nghién ctru ciia tac gia D.T.
My (2020) [7] 14 54,3294 tudi. Nam gi6i chiém wu thé so v6i nit
gidi, diéu nay co thé giai thich do nam gi6i c6 nhiéu yéu t6 nguy
co hon nhu hit thude 14, udng rugu. .. Céc bénh nhan trong nghién
ctru da s6 ¢ kich thudc u <4 cm. Tuy nhién theo nhiéu téc gia thi
phuong phap diéu tri khong phu thude vao kich thude khdi u 16n
hay nho ma phu thudc vao muc d§ xam l4n céc tang xung quanh
va mach mau quanh ving d4u tyy. Céc khéi u quanh bong Vater
c6 bo khong 16 chiém ty 1¢ 68,2%, thap hon trong nghién ciru cia
D.H. Lan (2005) [8] (81,9%). Sau khi tiém thudc can quang phan
16n cac khoi u quanh bong Vater ngdm thude mirc d kém 56,8%;
vira 22,7%; manh 20,5%. Ty 1¢ ndy trong nghién ctru ciia D.H. Lan
(2005) [8 ] 1an Tuot 1 43,1; 36,2 va 4,2%. Nguyén nhén la do cac
khéi u quanh bong Vater c6 thanh phan chu yeu la t6 chirc xo va
mo lién két, t chirc viém cap va man, thanh phan hoai tur, it gap
u vung dau tuy c voi hoa, chay mau trong u. Gién 6 ng mat chu
va Ong tuy chinh tao thanh d4u hiéu ong d6i 13 ddu hidu hay gip.
Ty 1€ gian ca 6ng mat chii va ong tuy chinh trong nghién ctru la
52,3%, chi gian 6ng mat chu 27,3%; chi gian Ong tuy chinh 11,4%.
Theo J.H. Kim va cs (2002) [9], ty I¢ gidn ong mat chu va ong tuy
chinh chiém 52%. Vé mit md bénh hoc, cac khéi u quanh bong
Vater chii yéu 1a ung thu biéu mé tuyén nén ngém thudc kém dén
vlra sau tiém.
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Goc tlep xlc gitra u va mach mau 1a mot thong s0 quan trong
dé danh gi4 xam 1an mach mau. Gid tri goc tiép xtc c6 mdi twong
quan voi phau thuat, goc tiép xiic cang cao thi kha ning cang lon
khdi u xAm Ian mach mau. Theo két qua nghién ctru cia D.S. Lu
vacs (1997) [10], goc tiép xuc cua u voi mach mau trén 180 do si
dung dé danh gia xam 14n mach ¢6 do nhay 84%, d¢ dac hi¢u 98%,
gia tri chan doan duong tinh 95%, gia tri chén doan am tinh 93%,
do chinh xac 94%. Ngudng tiép xtic nay dugc hau hét cic tic gia
chap nhan va sir dung [11-13]. Trong nghién ctru ciia N.T. Dung
va cs (2022) [14], gié tri 0 nhay 1a 83,3%, do dac hi¢u 99,4%, gia
tri chén doan duong tinh 96,8%, gia tri chén doan am tinh 96,3%,
do chinh xéac 96,4%. Tuy nhién, ciing c6 thé do phan tmg viém do
khéi u ddu tuy gy ra [15]. Nghién ciru ctia ching t6i ciing c6 két
qué tuong ty, khi khdi u tiép xtc véi mach mau trén 180 do thi do
nhay, d§ dac hiéu, gia tri chan doan duong tinh, gia tri chén doan
am tinh va d¢ chinh x4c trong xac dinh xam lan mach mau lan luot
1a 83,3; 99,5; 93,8; 98,5 va 98,2% tuong ung (bang 2).

V& hinh anh bién dang, hep tic mach, T.J. Hough va cs (1999)
[16] d& mo ta hinh anh giot nudc ¢ tinh mach mac treo trang trén
nhu mot chi sd dang tin cay. Mach bi hep tac co nguy co bi xam
l4n cao. Nhung than trong la diéu can thiét ddc biét 1a ddi véi tinh
mach, do danh huong cua khéi u ma khong co su hién dién cua
x4m 14n mach mau [12]. Nghién ctru ctia ching toi cho thiy, do
nhay va d¢ dac hi¢u cua dau hiéu tic hep mach mau trong xam
l4n mach mau néi chung (ca dong mach va tinh mach) 1a 55,6 va
99,5% (bang 2). Nghién ciru cua H. Li va cs (2005) [17] cling cho
két qua tuong tw véi do nhay va d¢ dac hiéu cho tinh cht bién dang
mach mau 12 63 va 100% ddi vé6i tinh mach; 45 va 99% ddi véi dong
mach (bang 3). Nhu vy, cac nghién ctru déu cho thdy do nhay kha
the"ip néu chi st dung tinh chét bién dang, hep tic mach méau tuy do
dic hiéu déu rét cao.

Bang 3. Gia tri cét I&p vi tinh trong danh gia xam 1an mach mau ctia khéi u
quanh béng Vater trong y van.

Donhay Do dichigu Gid tri dw doan ~ Gié tri dw doan D9 chinh

Ticgid — Machmdu o " o) dwongtinh (%) Amtinh (%) xde (%)
" Machmau 8333 99,5 93,75 95,53 98,18

Nghién

citu iy Tinhmach 80 98,63 9231 96 95,45
Dong mach 100 100 100
Machmau 889 96,9 86,5 97,5 95,9

[14] Tinhmach 100 918 713 100 93,6
Dongmach 78,9 100 100 96,1 96,6

[10] Machmau 84 98 95 93 94

[13] Machmau 46 99

7 Dongmach 79 99
Tinhmach 92 100

[19] Tinhmach 97,6 60 61,2 97,5

12 Dongmach 63 93 71 90 86
Tinhmach 92 91 86 95 92

Theo L. Lepanto va cs (2002) [12], voi xam lan dong mach,
d6 nhay la 63%, do dac hi¢u la 93%, gia tri chan doan duong tinh
1a 71%, gia tri chan doan 4m tinh 1a 90%, d6 chinh x4c 86%. Theo
H. Li va cs (2005) [17], do nhay va do dac hi¢u cho chan do4n
xam lan dong mach 1an luot 1a 79 va 99%. Trong nghién ciru cia
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N.T. Dung va cs (2022) [14], d0 nhay 1a 78,9%, d0 ddc hiéu 100%,
gia tri chan doan duong 100%, gia tri chan dodn 4m 96,1% va do
chinh xéc 96,6% (bang 3). Nghién ctru ciia ching toi, voi han ché
clia ¢ mau va s6 bénh nhan c6 xam lan dong mach, chua danh
duogc chinh xac gia tri cua xam lan dong mach dya trén goc tiép
xtic cua khéi u voi dong mach, day 1a diém han ché trong nghién
cuu (bang 2).

Thanh tinh mach thuong mong, yéu hon va khong co 16p co
trong thanh mach nhu dong mach nén tinh mach khi bi bao quanh
hodc bi thAm nhiém thanh tinh mach thuong trd nén khong déu va
hep long mach, dong chay trong tinh mach chdm nén khi bi xam
l4n thuong tao thanh huyét khdi va giy tac mach. Két qua nghién
cuu cua L. Lepanto va cs (2022) [12], d0 nhay va do dac hi¢u kha
cao, lan lugt 1a 92 va 91%, gia tri chén doan duong tinh 86%,
gi4 tri chan doan 4m tinh 95%, d chinh xac 92%. Két qua trong
nghién ctru ciia H. Li va cs (2005) [17] c6 do nhay va d¢ dac hiéu
khé cao, lan luogt 1a 92 va 100% khi két hop ca goc tiép xiic va tinh
chat bién dang thanh mach Ia tiéu chuén (bang 3). Nghién ctru ciia
chung t6i cling ¢6 d¢ ddc hiéu cao tuy nhién do nhay cua goc tiép
xuc trén 180 d¢ trong chin doan xam 14n tinh mach la 80%, th?ip
hon so véi cac nghién curu trén.

Panh gi xam lin mach mau bing cong huong tir (MRI) ciing
rat ¢6 gia tri. MRI ¢6 d9 nhay khoang 71% va d9 chinh xac 97%
theo A. Jajodia va cs (2023) [18]. Siéu am ndi soi (EUS) cung cap
hinh anh tryc tiép cua tuyén tuy thong qua long dng tiéu hoa. EUS
chinh xéc hon cit 16p vi tinh trong viéc phat hién xam lan tinh
mach ctra; tuy nhién, danh gia xam lan dong mach kho khan hon
bang EUS véi do nhay 50-100%, d6 dic hiéu 58-100% [4].

Chup cit 16p vi tinh da déy 1a phuong tién tin cdy c6 do chinh
Xéc cao trong danh gi4 tinh trang xAm l4n mach méau cua khdi
u quanh bong Vater. Gi4 trj cat 16p vi tinh trong chan doan xam
lan dong mach véi do nhay, do dac hi¢u va do chinh xac déu la
100%, trong chan doan xam 14n tinh mach lan luot 1a 80; 98,63;
va 95,45%; trong chan doan xdm I4n mach mau lan luot 1a 83,33;
99,5 va 98,18%.
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Xay dimg khung ho tro lya chon cc gii phdp urly chat thi cho a0 musi tom siéu thim canh
dura trén MFA (Material flow analysis) ket hop LCA (Life cycle assessment)
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Tom tit:

Nghién ciru nay nham danh gia hi¢n trang phat thai va dé xuét giai phap xir 1y chét thai cho ao nuéi tom siéu thaim
canh. Tir d6, xAy dung khung hd trg chon lwa giai phap xir 1y chét thai trong ao nudi tdm siéu thim canh dwa trén
phwong phap phan tich dong vat chit (Material flow analysis - MFA) két hop véi phwong phap danh gia vong doi
(Life cycle assessment - LCA). Phuong phap MFA dwgc ap dung dé phén tich, danh gia ludng vat liéu va chit thai
trong qua trinh san xuit tom, tir khau nudi dén xir Iy chét thai. Trong khi LCA gitip dinh lrgng tac dong ciia cac giai
phap dé xuét dén méi truwong va hé sinh thai. Két qua di lwa chon va trinh bay cac giai phap xir 1y chit thai trong mé
hinh sinh thai tich hgp cho ao nudi tém siéu thAm canh. Lwong phat thai khi nha kinh dat 24.600 kg CO2 eq, lugng
axit hoa dat 219,5 kg SO2 eq, phu dudng dat 315 kg PO4 eq, sir dung ning lwong tich liy CEU=307,5 GJ va ning
suét so cip rong BRU dat 303.500 kg C thii ra méi truwong trong hoat dong nudi tom.

Tir khéa: ddnh gia vong doi, nudi tom siéu thim canh, phan tich dong vat chit, xir Iy chét thai.

Chi s6 phin loai: 2.7, 4.5

Develop a supporting framework for selecting waste treatment solutions for super-intensive

shrimp farming based on the combination of material flow analysis and life cycle assessment
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Abstract:

This study aims to assess the current status of emissions and to propose waste treatment solutions for super-intensive
shrimp ponds. Then, a framework to support the selection of waste treatment solutions in super-intensive shrimp
ponds was developed based on the material flow analysis (MFA) method combined with life cycle assessment
(LCA). The MFA method was applied to analyse and evaluate the flow of materials and waste in shrimp production,
from farming to waste treatment. Meanwhile, LCA was used to quantify the impacts of the proposed solutions
on the environment and ecosystems. The results identified and demonstrated waste treatment solutions within an
integrated ecological model for super-intensive shrimp ponds. Greenhouse gas emissions reached 24,600 kg CO2 eq,
acidification reached 219.5 kg SO2 eq, eutrophication reached 315 kg PO4 eq, cumulative energy use (CEU) was
307.5 GJ, and net primary productivity (BRU) reached 303,500 kg C released into the environment from shrimp
farming activities.

Keywords: life cycle assessment, material flow analysis, super-intensive shrimp farming, waste treatment.
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1. it van de

Hién nay, hoat dong nuoi tom thé chan tréng tal cac tinh
thuc khu vuec Dong bang séng Ciru Long dugc trién khai theo
hai hinh thitc 1a nu6i tham canh va si€u tham canh. Tuy nhién,
nghé nudi tom dang gap phai nhidu kho khan khi pha1 d6i mat
voi cac van dé vé ngudn nude 6 nhidm va bién dbi khi hau.
Nhiét do tang cao va lugng mua bit thuong khong theo quy ludt
1a nhitng diéu kién bat lgi d6i v6i hoat dong nudi tom [1, 2].
Thirc in 1a yéu t6 géy 6 nhiém chinh trong nudi tém tham canh,
viéc quan ly thirc an phu hop dong vai tro quan trong trong viée
t6i wu hoa thitc dn dau vao, giam thiéu tac dong xau dén hé
théng nudi va giam tai luong chat dinh dudng trong nude thai
[3]. Trong mo6 hinh nudi tom tham canh, khoang 22% lugng
nito duoc chuyén hoéa vao co thé tom, 14% tich tu trAm tich,
57% thét thoat ra mdi truong va chi c6 khoang 3% luong nito
¢6 thé bay hoi vao khong khi dudi dang ammonia [4]. Hé thng
nudi thity san tudn hoan (RAS) dang 14 xu hudng cua hoat dong
nudi tom siéu tham canh, gitp tai sir dung ngudn nudc trong
qua trinh nuéi cac loai thily san nudc ngot, c4 bién va tom thé
chén tring [5, 6]. Phuong phap LCA duoc sir dung dé phan
tich luong khi thai carbon cta céc trang trai nuéi tom. Két qua
nghién ctru da udc tinh lugng khi thai carbon trong toan bo
vong doi ciia tom thé chan tring 1a 6,9389 kgCO, e/kg, 23,98%,
nguyén liéu gian ticp (1,4782 kgCO, e/kg, 21,62%), xtt ly chat
thai (0,7783 kgCO, e/kg, 11,40%), kha nang van chuyén va chat
lam lanh (0,7524 kgCO, e/kg, 11,01%). Bén canh do, ket qua
nghién ctru cua S.Z. Kamal va cs (2022) [7] cling chiing minh
rang, luong phét thai cta chudi gia tri nganh hang tom c6 thé
dugc giam thiéu bang cach ap dung cac giai phap xir ly nudc
thai va sir dung cac cong nghé tiét kiém ning luong. Nghién
ctru di sir dung phuong phap MFA két hop voi LCA dé danh gia
cac chat doc hai trong chat thai dién tir va tac dong moi truong
tiém 4n ciia chung. Nghién ctru cta P. Kidde va cs (2013) [8] st
dung phuong phap MFA két hgp LCA véi Iy thuyét tién ich da
thudc tinh dé danh gia céc kich ban cubi vong doi dbi voi vat
liéu Polyethylene Terephthalate (PET) 6 thanh phd Tunja chi ra
rang, tai ché 1a giai phap tot nhat dé toi wu hoa viée xtr Iy chat
thai PET theo hudng than thi¢n moéi truong. Trong cac nghién
ctru trudce, phuong phap MFA va LCA dugc st dung riéng 1¢
hoic dugc két hop dé danh gia cac tic dong dén moi truong
trong nhiéu linh vuc khac nhau. Tuy nhién, chua ¢6 nghién ctru
két hop MFA va LCA trong viéc hd tro Iya chon cac giai phap
xir Iy chat thai hiéu qua cho ao nudi tom siéu tham canh.

Nghién ctru nay sé tong hop céc uu diém ciia cic cong nghé
xir 1 chét thai c6 kha ning tmg dung cho ao nudi tm siéu tham
canh, tir 6 dua ra khung hd tro lya chon cac giai phép xtr 1y
chét thai theo hudng khong phat thai va phu hop véi cac didu
kién tu nhién sin c6 ciia dbi twong nghién ctru dién hinh. Khung
hé tro lya chon giai phap xir 1y chat thai cho ao nudi tom siéu
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tham canh dua trén MFA két hop LCA trong hé théng tudn hoan
khép kin, tir 6 dé& xuat mo hinh sinh thai khép kin cho ao nuéi
tom hudng dén khong phat thai va sir dung hop 1y tai nguyén.

2. Phuony phap nghién ciiu

Nghién ctru dong tudn hoan vt chét va ning lugng ao nudi
tom siéu thdm canh dya trén MFA két hop LCA. Nghién ctru
duogc thyc hién trén dia ban huyén Pam Doi, tinh Ca Mau
(trude sap nhap) tr thang 12/2023 dén thang 4/2024.

2.1 Phu“o‘ng phap khdo sadt thuc dia, thu thdp dii liéu thi
cép va so cip

Cac dit liéu thir cAp s& dugc thu thap tai cic co quan quan
Iy chuyén nganh cua dia phuong, chu yéu 1a S& Nong nghiép
va Phat trién nong thon va So Tai nguyén va Mbi truong tinh
Ca Mau (trudc sap nhap). Diéu tra khdo sat thong tin so bo 20
ho nuoi tom tham canh va 20 hg nudi tom siéu tham canh theo
su huéng dan ciia can bo quan 1y chuyén nganh tai huyén Dam
Doi, tinh Ca Mau nhim dénh gia chung vé hién trang phat thai,
quy trinh nuéi, bd tri mat bang khu nudi, cac phuong phap xir
ly chét thai hién c6. Sau d6, Iva chon 1 hd dan nudi tom siéu
tham canh dién hinh dé phan tich chi tiét cac dong vét chat va
ning lugng. Dit lidu nay 1a co s dé tinh toan va dé xuit mo
hinh xir 1y chit thai huéng dén tudn hoan vat chit va ning
lwong ao nudi tom si€u tham canh dua trén MFA két hop LCA.

2.2. Phwong phdp ldy méu va phan tich méu
Buoc 1: Xac dinh vi tri ldy mau

Mau nudc thai duoc 14y tai cong xa ctia cac ao nudi tham
canh va siéu tham canh khi thay nuéc va siphon dinh ky (1
tudn/lan trong 3 tudn). Mdi ao nudi léy nudc 6 5 vi tri (4 vi tri
cach bo khoang 2,5 m va cach déu nhau, vi tri tht 5 1dy giita
a0), bao gdm ao nuéi chinh va ao thai. Bao quan va van chuyén
mau vé phong thi nghiém trong ngay.

Buée 2: Phuwong phdp phdn tich mdu

Chi tiéu pH do tai hién truong tudn theo quy trinh k§y thuat
ctia TCVN 6492:2011, nhu cau oxy hoa hoc (COD) duoc phan
tich theo phuong phiap TCVN 6491:1999, nhu ciu oxy sinh
hoa (BOD,) duoc do theo chuan phan tich nudc va nudce thai
(SMEWW) 5210 B:2017, amoni (NH," tinh theo N) dugc do
theo phuong phap SMEWW 4500-NH, F:2017, chi ti€u tong
chat ran lo Iung (TSS) dugc phan tich theo SMEWW 2540
D:2017, chi tiéu coliform dugc phan tich theo phuong phap thi
SMEWW 9221 B:2017 [9].

2.3. Mo td mé hinh sinh thai khép kin

M® hinh sinh thai khép kin cing cac giai phap xir ly chét
thai huéng dén tudn hoan dinh dudng cho hoat dong nuéi tom
siéu tham canh dugc mo ta trong hinh 1.
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Nudc sau lang tuan hoan

Léng tuan hoan

, . O O Nude sau
Lang 1 | Lang2 Khi sinh hoc biogas
B Bin sau biogas
g.;::;i . Bé biogas
s Xéc dau, N\
than tom
Nude
tuan .
hoan Ao nuoi Ao nuoi
2 1 Bl thai
vanudc
Siphon day ao thai

Phan hitu co

Phan
compost

Vuon cay

Hinh 1. M6 hinh sinh thai tich hgp cho trai nudi tom khép kin.

Nudc thai tir a0 nudi tom sau khi siphon s€ dugc loc dé tach
chét thai rin bang tai luéi. Chét thai rin tir qué trinh nudi tom
bao gdm: vo tom, thirc in thira, phan tom. Phan tém c6 kich c&
nho hon mét ludi nén lot qua thi ludi va dwgc ling ¢ hd lang 1;
phéan nude tiép tuc chay tran qua hd ling 2, sau d6 chay tran ra
a0 san sang. Luong nudc nay co thé dugc tuan hoan nguoc tré
lai a0 nudi. Bun ling sau biogas sau thoi gian thu hoi khi sinh
hoc ¢ thé 1am nguyén liéu hitu co i phan compost dé sir dung
va trdng rau sach, tuy nhién luvong bun nay cin phai dugc giam
d6 man trudce khi st dung lam nguyén li¢u cho qua trinh .

2.4. Mo ta mo hinh nuoi tom tham canh va siéu tham
canh

Hinh thirc nuéi hoan toan bang thirc in bén ngoai, tha gibng
vGi mét d6 cao (tom st >20 PL/m?; tém thé chan trang >60 PL/
m?), gitip chit dong trong quan 1y hé thong nuoi (thay nude, suc
khi...) [9].

Nubi tom nude lg siéu tham canh 13 nudi trong ao dat 16t
bat nilong hodc trong hé théng bé hoan chinh nudi theo cong
nghé biofloc, tha giéng nhan tao giai doan 1 voi mat do rat cao
1.000-3.000 con/m?, giai doan 2 tha mat d6 nuoi 100-300 con/
m?, nang suat dat 34-40 tAn/ha/vu d6i véi tom chan tréng, doi
hoi ki thuat cao, co kha ning kiém soat méi truong va cho in
tw dong bang thirc in vién chat luong cao [10].

2.5. Phwong phdp phdn tich dong vit chiit
Cong thirc can bang MFA dugc tinh nhu sau [11]:
Y =Yk, + AS
trong d6: j 1a s6 lugng dau vao; k 14 s lugng dau ra; i 1a dong

vat chat c6 trong mé hinh & thir ty i; 77; 1a dong vét chat duge
tinh todn; AS la sy tich Iily cua dong vat chat.

Dit liéu c6 thé chia thanh cdc nhém chinh theo dinh lugng
hoat dong c6 anh hudng dén phat thai chat 6 nhieém va nong do
cta chat 6 nhiém cu thé trong mdi truong. Can bang khoi luong
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phai dugc thyuc hién d6i voi moi qua trinh ctia hé théng va voi
tong dong nguyén lidu. Trude khi phan mém duoc 4p dung dé
giai cac phuong trinh can bang khoi lugng, quy trinh MFA can
duoc thyc hién 1dp di 13p lai, trong do luu lugng va néng do
duoc diéu chinh thi cong dé 1am cho hé thong nhét quan nhat.

2.6. Phwong phap phan tich danh gia vong doi

Xdc dinh muc > ( \
tiéu & pham vi
Panh gid tac dong Dién Giai
Kiém ké vong doi
\S ~ L y

Hinh 2. Quy trinh danh gia vong doi.

Danh gia vong doi con duoc goi 1a phan tich “tir dau dén
cudi”, theo ddi tac dong moi truong cua san pham tir viéc tao
ra nguyén liéu thd dén ché tao, sir dung san pham va cudi cling
1 thai bo hodc tai sir dung san pham. Quy trinh LCA bao gdm
viéc kiém ké vong doi (LCI) cua tit ca cac yéu to dau vao dé
tao ra san phém va tit ca cac du ra hodc chét thai cia qua trinh
san xuat, sir dung va thai bo san pham. Quy trinh LCA, dugc
mb ta trong mod hinh 2, thudng bao gdm bdn bude: muc tiéu
va pham vi, kiém ké vong doi, danh gia tac dong vong doi va
dién giai.

Sir dung cong cu danh gia vong doi ¢6 thé giup xac dinh
nhan sinh thai tot hon, dong thoi dam bao vidc san xuat va
ching nhan san phdm trong twong lai. Mot nghién ctru LCA ¢
thé xtr Iy tac dong moi truong clia cac dau vao khac nhau duge
st dung trong hé théng nudi tom va nhing lya chon hién co dé
gidm tac dong moi trudng.

2.7. Mé hinh két hop phwong phdp phin tich dong vit
chit (MFA) va dinh gid vong doi

Trinh tw va phuong phap nghién ctru dugc thé hién nhu
hinh 3:

M - N (4] <t n
R
[ Process 1 Process2 |- Process 3 ] — =
a Input | -1
T‘ R a -1
ey Process 5 b -1
— c -1
LCA d 1
-~ 8 = T wn
3888 | Mz ogidlilg
L | level | & § § j @
GWP -

Eutrophication
ete.

Combining MFA and LCA

Hinh 3. M6 hinh két hop phwong phép phan tich dong vat chét va danh gia
vong doi.
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Diu tién, m6 hinh MFA dugc xdy dung, budc ddu phan tich
du vao cua hé thong (input), sau do6 phan phdi dén cac qua
trinh (process) tiép theo trong quy trinh xir Iy (dong a dén dong
d) va cac san pham thu cp. Tiép do, cac mo-dun LCA cho toan
b quy trinh duge mo hinh hoa va tinh toan chi s wu tién cua
céc tac dong (kha ning 4m 1én toan cau, phu dudng hoa va doc
sinh thai). Sau do, MFA dugc chuyén thanh ma tran cong nghé
V6i g1a1 phap - quy trinh - chat thai/san pham, tat ca cac hé sb
chuyén glao cta céc quy trinh (s6 dwong) va céc quy trinh hip
thu céc ludng (“-1” trong ma tran). Nhan dau vao ctia mdi qua
trinh (process) voi hé s6 chuyén doi trong Gmg dé thu dwoc chi
s0 danh gia hoat dong ciia toan b quy trinh. Céc tac dong moi
truong ddi v6i dong chay riéng 1¢ va hé thong tong thé c6 thé
duoc tinh toan béng cach nhan cac mutc hoat dong véi cac mo-
dun LCA. Sy thay thé dat dugc thong qua tai ché ciing dwoc
tich hop trong cdu trac quy trinh nudi va duge md hinh hoa
bang cach st dung phuong phép tiép can tai trong dinh dudng.

2.8. Phwong phdp xir Iy s6 liéu

Phan mém Excel 2021 dugc sir dung dé tong hop va xir Iy
céc s6 liéu diéu tra va phan tich chat lugng mau nudc va bun.

fo
3. Ket qua va ban luan

3.1. Chat lwong nuwdc thdi ciia cdac ao nudi tom tham canh
va siéu tham canh

Két qua diéu tra ghi nhan chét lugng nude thai tir 20 ho
nuoi tom theo hinh thirc nuodi tham canh va siéu tham canh tai
tinh Ca Mau cho thy, hién trang 6 nhiém méi truong do hoat
dong nudi trong thity san n6i chung va nudi tom tham canh va
siéu thdm canh noi riéng & tinh Ca Mau c6 xu huéng bi 6 nhiém
boi cac thanh phan chat hitu co duge thé hién qua céc thong so:
BOD,, COD, DO, N-NO,, N-NH,, P-PO,*, tong coliform. Két
qua cho thay, cac thong s6 nay c6 khuynh hudng tiém can véi
ngudng trén theo QCVN 43:2017/BTNMT [12].

Bang 1. Thong sé chat lwgng nwéc thai nudi tom.

Nude thai nudi Nurge thai nudi QCVN 43:2017/

SIT Chish Don i :?lr:lz;l;ém canh IETZ:;;“ thim canh ﬁg\IMT

I 7,183 7445 559

2 BOD, mgl 3447 2615 50

3 oD mgl 3813 4141 150

4TSS mgl 4045 644127 100
Amoni

5 gi?;)ﬁ“h mgfl 0.35:0,11 064033 10

6 Z;‘l‘fgo . xlp NI i 2600 <5.000

BOD,: nhu céu oxy sinh hoa; COD: nhu cau oxy hoa hoc; TSS: téng
chét rén lo 1ng.
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Két qua bang 1 cho thdy, nudc thai nuéi tom co thé tac
dong dén moi truong khi thai ra song rach. Hoat dong nudi
tom siéu tham canh dugc kiém soat tbt hon hoat dong nudi tom
tham canh, do do, chit lugng nudc thai nuodi tom si€u tham
canh khong tang cao so v6i QCVN 43:2017/BTNMT [12]. Tuy
nhién, theo nghién ctru ciia V.Q. Lam va cs (2020) [13] tai nude
song cac khu vire nudi trong thiyy san (bao gdm ca nudi tom)
thanh phd Hoi An (trudce sap nhap), BOD; dao dong tur 2,1 dén
9,7 mg/l, cao hon QCVN 43:2017/BTNMT [12], TSS ciing
vuot gidi han cho phép, trong khi COD vuot gidi han cho phép
tir 1,07 dén 1,4 1an [12].

Két qua trén twong dong voi két qua phan tich chit luong
nudce thai ciia ao nudi tom tham canh va siéu tham canh tai cac
huyén trén dia ban tinh Bac Liéu do H.T.H. Vy (2020) [14] thuc
hién. Két qua cho thay, khong c6 sw chénh léch nhiéu giira gia
tri pH cuia nudc thai nuoi tom tham canh va siéu tham canh.
Riéng nong do BOD; trong nudc thai nudi tom thém‘canh cao
hon nudce thai nudi tom si€u tham canh khoang 1,5 lan va déu
vuot xa gii han cho phép. Cac gia tri pH nay déu nam trong
khoang cho phép so voi TCVN 13656:2023 [9] va 1a cac gia
tri pH thich hop dé nudi tom thé chén tring (pH 7,5-8,5). Theo
két qua diéu tra cia nghién ctru nay, hién nay tinh Ca Mau con
c6 dén 20 ho trén dia ban tinh chua c bién phap thu gom, xir
1y nudce thai nén nguy co gy ra 6 nhiém moi truong trong hé
thong kénh, rach, song ngoi 1a rat cao.

3.2. Dé xudt mé hinh thi diém va dp dung khung lya chon
gidi phap xw ly

Dé xuat mo hinh thi diém dién hinh tai ho Mach Pong
Khoi, xa Ta An Khuong Nam, huyén DPam Doi, tinh Ca Mau
voi quy mo 2,5 ha, ¢6 cac cong trinh duge bd tri nhu hinh 4.

Hinh 4. Hé théng thoat nwéc ao nudi tém tai khu vre nghién ciwu.

So d6 bé tri mat béng cta ho nuoi tdm dién hinh duge thé hién
trong hinh 5:
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Hinh 5. So' d6 bd tri mét bang téng thé cta hd nuéi tom dién hinh.

Budc 1: Xdc dinh thong s6 kj thudt ciia ao nudi tom: Cac thong
s0 san co clia ao nuoi tom dugce trinh bay trong bang 2.

Bang 2. Thong s k¥ thuat cao ctia ao nudi tom hé dan.

STT  Théng s6 nhap liéu Don vi $6 hrgng Ghi chi
1 Nhap dién tich ao m 1.600

2 Nhap mat d§ nudi Con/m? 500

3 Mat d§ wom Con/m? 2.000

4 Chiéu cao mit nudc (H) m 1,2 [15]

5 Phan bon kg 3

6 TCCA 90% kg 5,88

TCCA: Trichloroisocyanuric acid.

Buée 2: Cén bang vt chat: Cac hoat dong trong qua trinh nudi
tom theo hudng tuan hoan vat chat, bao gom cac dong vat chat dau
vao va dau ra dugc tinh todn dya trén ket qua nhap liu dau vao
(bang 3).

Bang 3. Két qua can bang vat chat ho nuéi.

Nguyén li¢u vao Dong thai
Cong doan ; ;
Logi 80 lwong Logi 80 lwgng
Nude (m?) 2.496 198,8
Vi (kg) 24
Chuln bi Phan bon (kg) 3
Hoa chit (kg) 5,88
Nude (m?) 480 Nude thai (m?) 480
Uom Thue an (kg) 49,85 Xac tom (kg) 6,86
Tom (kg) 24 Bun thai (kg) 54,10
Nude (m’) 2.016 Nude thai (m?) 2.016
Nudivathy  Thacdn (kg) 1234,5 Chét thai hitu co (kg) 944,79
hoach Tom (kg) 137,14 X tom (kg) 2750

&%H%%E 68(1) 1.2026

Qua trinh can béng vét chét cho théy, thirc an cho tom la
ngudn dinh dudng duy nhit dugc dwa vao hé thong va ngudn
nude nudi tom nén cé tac dong truc tiép dén chat luong cia
ngudn nudce nudi tom. Vi thirc dn cho mé hinh nuéi tém cong
ngh¢ cao da dugc dinh luong tdt nén cac chat dinh dudng,
chét rin va chét thai carbon trong m6 hinh nui tom siéu thim
canh c6 thé duoc tinh toan dya trén ngudn thirc dn dwa vao. O
giai doan tdm wom, lugng thirc dn twong déi thip (49,85 kg)
nhung dén giai doan nudi va thu hoach, luong thirc n nay co
thé 1én dén 1.234,5 kg. Viéc t6i wu hoa thiét ké hé thong co
thé nang cao tinh sin ¢6 cua cht dinh dudng va carbon ciing
nhu ting ning sut va san lugng duy kién. Qué trinh nudi s&
phat sinh ra cac loai chét thai nhu: nude thai ao nudi; chat thai
rin (xac tom chét, vo, phan tom, thirc an thira); bun day ao.

Bueée 3: Lua chon gidi phap dwa trén khoi heong chat thai
phat sinh: Xac dinh hiu qua xu Iy cta cac giai phép (bang 4).

Bang 4. Hiéu qua cua cac giai phap xw ly.

. _ Gioi han hoac N, P
Ty iusuat  giu vio c6 thé xir Iy
Cum gidi phap  Tén gidi phap Xitlj (%) :
Tong N (mg/l) ~ Tong P (mg/l)
Chét thai rfin nudi tom lam phan
bvon cho Caulerpa dau 180 0 1
lang
Xur Iy bun trong cac 10 phan
tmg ky khi ngugc dong (UASB
- Upflow Anaerobic 70 83,8 30,8
Sludge Blanket)
Tfmg cu(m,g (;]ug trl]nh\phan 5 I 16
GP3 (Bin huy ky khi dé xu 1y bun
thai sau siphon) an ¥ bi i
(%uan 1y bun trong a0 nuéi 6 2560 1430
tom
Xit 1y nuée thai bing h nuéi ca
d1,101 ket Pqp voi bai loc 18 14 L1
d(mg nhan tao
Ung dung cong nghé biofloc 89 14 7
Giai phép thay thé dién mit troi
va gi6 cho cung cAp 31
nang lugng tai tao
GP4 (gidiphap  Thiétké hé thong méy bom
khac) ning luong nude DC chay bang nang lugng
mt troi (SWPS - Solar Water
. 63,7
Pumping Systems)
Giai phap phat thdi carbon 70 6 18

xanh

Bang 4 phan loai cdc nhom giai phap xir Iy chat thai nudi
tom, trong d6 c6 cac giai phap cu thé dugc tinh theo gi6i han
hodc N, P dau vao c6 thé xir Iy. Day la mot trong nhimg tiéu chi
déanh gia, giap lua chon nhitng giai phap phu hgp trong qua trinh
trién khai cac giai phap xir Iy chét thai trong mo hinh nuéi tom
dat hiéu qua tot hon.
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banh gia tac dong vong doi (LCIA - Life cycle impact
assessment) mo ta cac tac dong moi trudng dua trén két qua kiém
ké vong doi (LCI). Céc loai tdc dong moi truong sau day da dugc
xem xét: sir dung tai nguyén sinh hoc (BRU, ning sudt so cap rong
duoc do bang carbon), sir dung ning lugng tich lity (CEU), nong
1én toan cau (GW), axit hoa (Acd) va phu dudng (Eut) (bang 5).

Bang 5. Danh gia tac dong vong doi cia 1 tAn tom trong lwong song.
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can tiéu hao nang lugng khoang 38,3i4},3 GJ, tao ra 23,1i2,6 kg
S50,eq, 36,9+4,3 kg PO,eq va 3,1+0,4 tan C(’)Zeq'[12]. Hé so phét
thai khi COz,. SO,, va PO, ciing la nhiing yéu t0 quan trong can
duoc theo doi.

Chit lwong nud6c thai tirao xr ly nudc thai trude khi thai ra moi
truong bén ngoai duge thé hién trong bang 7.

Bang 7. Chat lwong nwérc thai sau khi dwoce xiv ly.

. Ning . £

L P Nong Ién Ning suat

LCIA/LCA g:gltsl(l)oaeq) Z:lgupd(l)m:lg) toan ciu i:rc‘;nnli 7 5o cAp rong
2 4 A
(kg CO, eq) GJ) (tan)

San xudt gibng 1,15 023 188 272 0
Cosobating ) 0,02 64,5 266 0
khu nuéi
San xult thican 15,8 63 210 283 60700
Strdungdien 252 1,04 2450 B2 0
Clo 024 0,02 484 094 0
D4 voi (CaCO) 0,03 0,004 541 02 0
Voinung (Ca0) 0,55 0,03 270 132 0
At 553 0 0 0
nuot
Vinchuyéncon ) 0,03 56,4 12 0
giong
Vénchuyén thie - ) 0,07 59,5 087 0
an
VTG 0,17 0,03 245 036 0
khéac
Téng (+SD) $B9:4) 63 5280£510 61,546,1  60.700£390

Tinh trung binh cac hé thong nudi tham canh (15%) va ban
tham canh (85%), san luong 1 tin tom sdng can 61,5+6,1 GJ ning
lugng, ciing nhu 60.700+390 tan ning sudt so cip rong va tao ra
43,9442 kg SO, tuwong duong, 63+11 kg PO, twong duong va
5280+510 tan CO, twong duong.

Hé s6 phat thai cho thay mirc do tai nguyén va nang lugng cin
thiet dé san xuat mot tan tom song (bang 6).

Bang 6. Céc tac dong vong doi dén moi trwdng séng clia cac ho dan.

Acd Eut GW CEU BRU
LCIA/LCA (kgSO,eq)  (kgPO,eq) (kgCO,eq) (G))  (kgO)
Hé s6 phat thai 439 63 5.280 61,5 60.700
Phit thai hg dan 219,5 315 24.600 307,5 303300

BRU: tai nguyén sinh hoc; CEU: s& dung nang lwgng tich ldy, GW:
néng 1én toan cau; Acd: axit héa; Eut: phi dwéng (Eut).

Sau khi thyc hién LCIA, chi s6 nong lén toan cdu (GW) cua
phat thai h¢ dan dat 24.600 kg CO, eq, lugng axit hoa dat 219,5 kg
SO, eq, phu dudng dat 315 kg PO, eq, sir dung nang lugng tich Ity
CEU=307,5 GJ va nang suat so cap rong BRU dat 303.500 kg C.

Hé s6 phat thai ctia ho dan c6 muc hé s cao cho thiy, quy
trinh san xuat khong hi¢u qua va can dugc cai tién. Trung binh
mdot h¢ thong nudi tom tham canh khi san xuat dugc 1 tan tom s&
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"
Ef.':ﬁiﬁ Bon vi Kétqui  LOD %?Z)TWBTNMT [12]

I pH 6,71 14 559

2 CoD mg/ 142 2 150

3 BOD, mgl 34 05 50

4TSS mgl 16 2 100

5 Téng coliform CFU/100 ml 43.10° 1 5.000

LOD: gi¢i han phat hién; BOD,: nhu cau oxy sinh hoa; COD: nhu cau
oxy hoa hoc; TSS: tdng chét ran lo’ Iing.

Két qua phan tich so sanh véi QCVN 43:2017/BTNMT [12]
cho thay, da so cac thong s6 6 nhiém trong nude thai ao nudi & mo
hinh déu dat quy chuan cho phép.

Buede 4: Xay dung mé hinh nudi tom siéu tham canh xit Iy tudn
hoan nudc va vit chat dinh didng.

Hinh 6 1a md hinh sinh ké sinh thi tich hop cho h¢ dan cu
nong thon ving man dugc thyc hién cho déi tuong co sinh ké
chinh 12 nudi tom siéu thdm canh. Trong qua trinh nudi tom siéu
tham canh thi chat thai phat sinh chii yéu 1a nudc thi, bun thai sau
qué trinh siphon va dau (vo) tom chét ciing mot sb loai chat thai
sinh hoat khac. Céc loai cht thai nay dugc xu ly theo dinh huéng
tudn hoan dong vat chit va ning luong thong qua céc giai phap
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duogc tich hgp vao mo hinh. Bun thai sau qua trinh siphon duoc dua
vio biogas, thong qua qué trinh phan hiy ky khi thu hdi duoc khi
sinh hoc, lugng khi sinh hoc nay dugc st dung cho muyc dich sinh
hoat ctia ho gia dinh thay thé nhién liéu ndu nuéng. Nudc thai tir
qua trinh nuéi tom chira cac chét 6 nhidm duoc dua ra ao xur ly. Tai
day, cdc ché pham vi sinh dugc bd sung vao ao gitp ddy nhanh qua
trinh phan huy cac chit hiru co ¢6 trong nude. Bén canh do, thuc
vét thay sinh ban dia ciing dugc trong trong ao gitip céi thién chat
luong nude trude khi thai ra kénh tiép nhan. Pau (vo) tom duoc
dinh hudng 1am nguyén liéu cho qué trinh G phan hitu co, dau (vo)
tom chét chira mot luong dinh dudng phi hop san xuat phan bon
cai tao dét tai khu vyc. Thiét bi chung cét nude ngot ciing dugc st
dung cho khu vuc dé tan dung lugng nhiét tir mat troi nham thu hoi
nude ngot phuc vy cho sinh hoat co ban cua h dan. Mot gidi phap
nita duoc thiét ké dé thu hoi sinh khéi thue vat cua dia phuong la
san xut than sinh hoc quy mé ho gia dinh. Cac loai thuc vat nay
chu yéu 1a thuc vat khu vire ving min, than sinh hoc nay thuong
duoc phdi tron ciing voi phan hitu co (dau, vo tm chét) dé cai tao
dat cua khu vue, gip ho dan co thé tréng duoc cac loai rau an 1a
cho gia dinh.

4. Két luan

Nghién ctru danh gia va du bao dién bién chat luong va tac
dong moi tmong, céc giai phap ngan ngua va xu ly 6 nhiém nudc
thai tai mot s ao nudi tom tap trung. Dua trén két qua phan tich,
khung hd trg co thé dé xudt cac hudng di va bién phap cu thé dé
cai thién quan 1y va xir 1y chét thai trong ao nudi tom siéu thim
canh.

Két qua phat thai ho dan sau khi thyc hién LCIA cho th?iy,
luong phat thai khi nha kinh dat 24.600 kgCO, eq, lugng axit hoa
dat 219,5 kgSO, eq, phu dudng dat 315 kgPO s €4, st dung nang
lugng tich Ity CEU=307,5 GJ va nang suat so cap rong BRU dat
303.500 kg C. Hé s6 phét thai ciia ho dan cao, diéu do chi ra ring,
quy trinh san xuét khong hiéu qua va can duoc cai tién. Hé sd
phét thai khi CO,, SO,, va PO, ciing 1a nhirng yéu t6 quan trong
can duoc theo doi. Ban than giai doan nu6i dudng 1a nguyén nhan
chinh gdy ra hién tuong pha dudng, chiém dat va phu thudc vao
nudc. Tuy nhién, thitc &n la nguyén nhan chlnh gay ra hién tuong
axit hoa va su dung rong trong san xuat S0 cAp trong tat ca cac hé
thong. Ning Sudt va ty 1€ trao doi nguon cap dir liéu la xac dinh hé
thong hiéu qua nhét theo quan diém bao vé méi truong.

Khung hd tro cung cép cho cac nha quan ly va ngudi nudi
tom mot cong cu hitu ich dé lya chon va trién khai cac giai phap
xu ly chét thai t6i wu. Céc loai dong thai co thé duoc tan dung
1am ngudn cung cip dau vao cho cac quy trinh khac nhau trong
hé théng: bun thai c6 thé tan dung dé san xuét khi sinh hoc béng
phuong phép biogas, bun ling sau biogas sau thoi gian thu hoi
khi sinh hoc ¢6 thé 1am nguyén lidu hitu co t phan compost... Hé
théng nay co thé hd trg dic luc trong viéc dat dugce cac muc tiéu
kinh t&, méi truong va bén viing.

&%H%%E 68(1) 1.2026

Nghién ciru duoc thyc hién trong khuon kho dé tai “Nghién
ciru dé xudt mo hinh sinh ké bén viing theo dinh hudng kinh té
tudn hoan nham thich ung voi cac diéu kién tu nhién bt loi (man,
phén, bién d6i khi hau) cho nguoi dan ndng thon trén dia ban tinh
Ca Mau” (ma s 02/HD-SKHCN) do S¢ Khoa hoc va Cong nghé
tinh Ca Mau quén ly. Céc tac gia xin tran trong cam on.
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Anh hwong cia tuoi va mua vu dén testosterone ciia ciru Phan Rang
nuoi tai Trung tim Nghién ctru va Phat trién Chin nudi gia sic lon

Nguyén Thi Thu Hién*
Vién Cong nghé xanh va bén vieng, Truong Dai hoc Thi Ddéu Mét, 6 Tran Van On, phuwong Phii Loi, TP, H6 Chi Minh, Viét Nam
Ngay nhan bai 7/3/2024; ngay chuyén phan bién 9/3/2024; ngay nhan phéan bién 14/4/2024; ngay chép nhan dang 20/4/2024

Tom tit:

Muc dich ciia nghién ciru nay 1a theo déi ndng dd testosterone ciia ciru Phan Rang dwec theo mia va theo dd tudi.
Nghién ciru dwgc thwe hién trén 20 con ciru Phan Rang duc dwoc cai sira liic 2 thang tudi va 30 ciru dwe truéng thanh
(10 con 2 tudi, 10 con 3 tudi va 10 con 4 tudi & thoi diém bat dau theo doi). Mau dwoc 1y ¢ tinh mach c6 mdi thang
mot l1an, huyét thanh dwgc thu nhin va xac dinh ndng d testosterone bang phwong phap xét nghiém dién hoa phat
quang, véi hé thong may mién dich Cobas E601. Két qua da xic dinh dwgc ndng d9 testosterone huyét thanh & ciru
dwéi 12 thang trung binh dao ddng tir 0,53 dén 11,50 ng/ml va ting dan theo thing tudi, c6 do 6n dinh tir thang tudi
thir 9. Nong do hormone testosterone ciia ciru Phan Rang dwc thay déi rd rét theo miia, miia mwa cao hon mua khé.
Nong do testosterone huyét twong thip nhit 1a 4,12+0,73 ng/ml (¢ ciru 4 tudi, vao thiang 2) va cao nhit 12,25+2,27
ng/ml (¢ ciru 2 tudi, vao thang 11). Nhirng phat hién ciia nghién ctru nay gép phan hwéng téi viée khai thac va hd tro
sinh sdn & ciru Phan Rang hop ly.

Tir khéa: ciru Phan Rang, dién hoa phat quang, mua, sinh san, testosterone.

Chi s6 phén loai: 4.2, 4.6

Effects of age and season on testosterone of Phan Rang sheep raised at the

Ruminant Research and Development Centre
Thi Thu Hien Nguyen”
Institute of Green and Sustainable Technology, Thu Dau Mot University, 6 Tran Van On Street, Phu Loi Ward, Ho Chi Minh City, Vietnam
Received 7 March 2024; revised 14 April 2024; accepted 20 April 2024

Abstract:

The purpose of this study was to monitor serum testosterone concentrations in male Phan Rang sheep according
to season and age. The study was conducted on 20 male Phan Rang sheep weaned at two months of age and 30
adult male sheep (10 two-year-old sheep, 10 three-year-old sheep and 10 four-year-old sheep at the beginning of
the monitoring period). Blood samples were taken from the jugular vein once a month, serum was collected, and
testosterone concentrations were determined by electrochemiluminescence using the Cobas E601 immunoassay
system. The results showed that the average serum testosterone concentration in sheep under 12 months ranged
from 0.53 to 11.50 ng/ml and gradually increased with each month of age, with stability from the ninth month of
age. Serum testosterone concentrations in male Phan Rang sheep varied significantly with season, with higher levels
observed during the rainy season than during the dry season. The lowest plasma testosterone concentration was
4.12+0.73 ng/ml (in four-year-old sheep, in February), while the highest was 12.25+2.27 ng/ml (in two-year-old sheep,
in November). The findings of this study contribute to the rational utilisation and reproductive support of Phan
Rang sheep.

Keywords: electrochemiluminescence, Phan Rang sheep, reproduction, season, testosterone.

Classification numbers: 4.2, 4.6

“Email: hienntt@tdmu.edu.vn
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1. Dét van dé

Testosterone 1a androgen c6 vai tro chinh trong viéc biéu hién
cac ddc diém hinh thai va hanh vi tinh duc khéc nhau & dong vat
¢o v, dugc coi 12‘1 chét chiém uu thé trong viéc thé hién hanh vi va
duy tri ham mudn tinh duc ¢ giong dyc [1]. Do do, su bién ddi muc
testosterone & timg giéng vat nudi can duoc hiéu day du, khong chi
quan trong tir khia canh lya chon con duc chét luong ma con dé xac
dinh ty 1& dyc va cai tt nhat dé giao phdi trong chan nui dan gia sic,
chon mua vy thich hop dé ghép doi hodc thu nhan tinh dich hi¢u qua.

Mirc d6 hormone sinh duc bj dnh hudng boi bién dbi khi hau, co
anh huong 16n dén chudi sy kién sinh Iy lién quan dén chu ky tinh
duc [2]. Testosterone la hormone chiu trach nhi€m cho sy sinh tinh
va hanh vi tinh duc duc, do do kiéu tiét testosterone theo mia co thé
han ché hidu qua sinh san cta gia sic duc trong mot s khoang thoi
gian trong nam [1]. Muc testosterone co moi tuong quan | tich cuc va
dang ké vi kha nang van dong va kha nang di chuyén tién trién cua
tinh trung [3].

Cuu 12 loai gia suc sém thanh thyc vé sinh duc, 5 thang tudi da
¢ biéu hién phoi giong va thuong dugc st dung phdi gidng lic 10
thang tudi [4]. Clru dyc biéu hién sy bién dong theo mua trong hanh
vi tinh dyc, hoat dong ndi tiét, tao giao tir cling nhu khéi lugng tinh
hoan va lugng tinh trung. O khu vyc nhiét d6i va can nhiét d6i, ciru
ban dia bi han ché hoat dong tinh dyc trong nhiing thang mua he [5].
Nhiét d¢ mdi truong cao gdy suy giam chirc nang sinh san ¢ ctru.
Hiéu tmg nhiét tram trong hon khi stress nhiét di kém voi do am moi
treong cao. Bong dyc ¢ ciru chu yeu dac trung theo mua, diéu nay
1 lién quan dén nhiéu yéu t6 di truyén va didu kién bén ngoai [2].
Thoi gian chleu sang hang ngdy va cdc chu ky nhiét do moi truong
1a nhimg yéu td anh hudng noi bat nhat trong khu vyc can nhiét déi.
Trong khi d6, chu ky v& luong mua va nhiét do 1a cac bién quan trong
anh huong dén kha nang sinh sdn cua ctru ¢ khu vuc nhiét doi, hoat
dong sinh duc ctia clru cao vao cudi mia hé va mua thu, thfip vao cudi
mua dong va mua xuan [5].

Cuu Phan Rang 1a giéng ciru ban dia c6 s6 lwong 16n nhét trong
tong s dan clru ctia nudc ta. Chin nudi cfru tap trung chu yéu ¢ Nam
Trung B [4]. Theo T.V. Ngo (2014) [4], mua vu c6 anh huong den
sinh sdn & ctru qua céc chi tiéu s6 con so smh s6 con dyc so sinh, s
con cai so sinh, ty I¢ cai sita, khéi luong so sinh, khéi lugng cai sira,
thoi gian dong duc lai, khoang cach Itra dé va s Ira/nam. Ciru dé vu
thu déng c6 s con so sinh cao hon sb con so sinh ciia ciru dé vy hé
thu (1,3 so voi 1,1 con). Tuong tu, s6 con cai so sinh cua ctru dé vu
thu dong ciing cao hon s6 con céi so sinh cta clru dé vy he thu.

Viéc nghién ciru cac dac diém sinh hoc cua cac giéng vat nuoi
ban dia, trong do c6 cac thong s6 vé cac chi tiéu sinh 1y, sinh hod
méu ciing nhur hormone sinh san 1a can thiét trong cham soc sirc khoé
va quan Iy sinh san dan vat nudi c6 hidu qua. O Viét Nam, gan day
dd c6 mot s nghién ciru vé hormone sinh sén ciia gia sic ban dia.
Ham lugng estradiol, progesterone ciia dé Bach Thdo va dé Boer
trong giai doan mang thai va theo chu ky dong duc [6, 7], su thay
doi testosterone theo mua cta dé Bach Thao [8] di dugc cong bo.
Két qua cta nghién ctru ndy cho thy, & dé Bach Thao, mot giong dé
ban dia ciia Viét Nam c6 mitc d9 testosterone trong huyét tuong thay
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ddi qua cac thang trong nam, ¢6 tinh thoi vu 16 rang, voi ham lugng
testosterone cao vao mua mua va thfip hon vao mua khé [8]. O ciru
Phan Rang, céc nghién ciru di cong bd co lién quan dén dic diém
sinh hoc, cac chi tiéu sinh san cua ctru cdi [9], anh hudng cua mua vy
dén céc chi tiéu sinh san ciia ciru cai [4]. Gan ddy, cc danh gia vé anh
hudng cua thirc an u chua 1én céc chi tiéu sinh trudng, sinh ly mau
cua cuu Phan Rang dugc thuc hién [10, 11]. Tuy nhién, su bién dong
hormone sinh san ciia gidng ciru nay trong dicu kién nudi van chua
duoc hiéu day du. Do d6, nghién ciru nay nhim danh gia ham luong
testosterone huyét twong bang phwong phap xét nghiém dién hoa phat
quang (ECLIA) 6 gibng ciru Phan Rang theo d6 tudi va theo muia vu,
1am tham chiéu trong cac nghién ciru va ¢6 y nghia trong viéc quan Iy
sinh san va phéi gidng duoc hiéu qua hon.

2. D6i tuong va phuong phap nghién ciiu
2.1. Dia diém nghién ciru

"Nghién ctu duge thue hién tai Trung tdm Nghién cu va Phat
trién chan nuoi gia stc 16n, phuong Bén Cat, TP. Ho Chi Minh.

Dac diém khi hau khu vuc nghién ctiru: Tinh c¢6 khi hdu nhiét doi
gi6 mua 6n dinh, néng nong va mua nhiéu, do 4m kha cao, trong ndm
phan chia thanh hai mua rd rét: Miia mua thuong bt dau tir thang 5
kéo dai dén thang 12 dwong lich, mia kho tir thang 11 ndm trude dén
thang 6 ndm sau. Nhiét do trung binh hang ndm 26-27°C, d6 4m trung
binh 76-80%, cao nhit 1a 86% (vao thang 9) va thap nhat 1a 66% (vao
thang 2), lwong mua trung binh 1.800-2.000 mm.

Nghién ciru dugc tién hanh trong giai doan thang 1/2020 dén
thang 8/2023.

2.2. Dpng vt thi nghiém

Theo ddi testosterone theo dd tudi: 20 con ciru Phan Rang duc
dugc cai sra luc 2 thang tudi, dong vat duge dua vao nghién clru va
thtr nghiém dugc hoan thanh khi ctru duge 12 thang tuoi.

Theo doi anh hudng clia mua vu 1én ham luong testosterone ctia
ctru dyc truong thanh: nghién ctru duoc tién hanh trén 30 clru truong
thanh (10 con 2 tudi, 10 con 3 tudi va 10 con 4 tudi 6 thoi diém bit
dau theo dbi).

Tt ca ciru duge chon déu khoé manh dua trén theo ddi 1am
sang, lich st ¢4 thé da biét, mdi ca thé duoc xac dinh bing s6 thé tai.
Nghién ciru thuc hién dam bao cdc yéu cau dugc néu trong quy dinh
qudc té va qudc gia vé phic loi dong vat.

2.3. Thirc an, nuwoc uéng, vé sinh chuong trai

Clru duogc nudi ban tham canh, nuoi chung ctru dyc voi ctru cai
trong mot chudng 16n, mat do 2 m*/con. Clru duge b6 tri vao céc
chudng riéng theo timg ltra tudi dugc nghién ciru trong thoi gian theo
doi. Chudng thiét ké kiéu nha san, san go cach nén ximang 1 m, mat
san ¢ cac khe ho dé phan roi xudng dat, méi che bang ton ximang,
Pan ciru dugc chan tha vao ban ngay va cho dn mot ngay 2 lan, gom
1 bita sang (6-8 gi®) va 1 bira chiéu (5-6 gio), gdm cam tong hop (De
Heus, 0,5-0,8 kg cam/con ngay), 14 cdy, co voi xanh va rom kho (an
ty do theo nhu cau). M01 6 chudng c6 mang thirc an tho, mang thire
an tinh va mang nudc udng, duoc don sach va thay méi hing ngay.
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Hai tun sat tring chudng trai 1 1an bang dung dich Bestaquam-SR
pha v6i nude méy theo ti 1& 1/400. Viée tiém phong, tdy giun cho dan
cuu dugce thye hién theo lich trinh cta trung tam.

2.4. Quy trinh thu va xir Iy mdu

Thu miu: Ciru dugc 14y mau mau vao 8 gid sang, mdi thang 1 1an
vao ngdy 10-15 hang thang, lién tyc trong 12 thang. Ly 2 ml mau
tinh mach ¢6, cho vao ong chong dong (EDTA-K ), lac nhe, bao quan
va chuyen dén phong thi nghiém (trong vong 2 glo) tién hanh ly tam.
Mau dugce ly tim trong 15 phit, 1.000 vong/phut & 4°C. Sau khi ly
tam, thu 1 ml huyét twong chiét vao lo eppendorf 1,5 ml bao quan
maiu & nhiét d 2-8°C (1 tuan) hodc -20°C (6 thang), chi dong lanh
1 1an. Quy trinh xr 1y miu theo hudng dan cia Roche Diagnostics:
Package insert Testosterone.

X¢ét nghiém: Mﬁu huyét thanh dugc ra déng mot 1an ¢ nhiét do
phong (20-25°C), mau dugc phan tich trong vong 2 gid sau ri dong
va lac déu trude khi tién hanh xét nghiém. Luong testosterone dugc
xéc dinh bang phuong phap xét nghiém dién hoa phat quang, voi
hé théng may mién dich Cobas E601 (Roche Diagnostics, Thuy
S¥). Quy trinh xét nghiém theo huéng dan cia bo KIT testosterone
(Roche, buc).

2.5. Xie Iy 56 liéu

Dir liéu dugc biéu thi dudi dang gia tri trung binh (Mean£SD).
Ham lugng hormone cuc dai (dinh-peak) duogc xac dinh la nhiing gia
tri 16n hon trung binh cia tit ca cac gia tri con lai tir nhém nghién
ciru. Phan tich ANOVA va Post hoc test v6i Tukey-Kramer test dé
danh gia sy khac biét giita cac nhom (p<0,05). Cac tham s6 thong ké
duoc xtr Iy biang phin mém MS-Excel 2020.

3. Két qua
3.1. Sw thay déi testosterone theo dp tudi

Két qua vé sy thay doi cua testosterone & clru Phan Rang duc
2-12 thang tudi duoc trinh bay trong bang 1. Két qua cho thy, ¢
thang tudi thir 4, ciru ¢6 ham lugng testosterone tang khac biét (2,12
ng/ml) so v6i hai thang tudi truée do (0,53-0,86 ng/ml). Tiép theo,
ham lugng testosterone ting dan theo céc thang tudi va co su khac
biét giira cac thang tir thang 4 dén thang 9 (p<0,05), sau d6 c6 do 6n
dinh & thang tudi thtr 9 dén thang 12 (10,57-11,50 ng/ml). Bidu déng
chu ¥ 14, cAn ning cta clru & cac thang tudi 9-12 thang co su khac biét
10 rang, nhung ham lugng testosterone gilta cdc thang nay su khac
biét khong c6 ¥ nghia thong ké (p>0,05).

3.2. Sw thay doi testosterone & civu duwc truéng thanh theo
thdng trong nam

Két qua vé sy thay doi ciia ham lugng testosterone huyét thanh
ctia Clru Phan Rang 6 cac tudi 2, 3 va 4 trong thoi gian mot nim
dugc trinh bay trong bang 2. Muc d trung binh cta testosterone
& ciru Phan Rang tudi 2, 3 va 4 qua cac thang ctia mot nim bt dau
tir thang 1 dén thang 12 c6 xu hudng thip hon ¢ cac thang dau nam
(thang 1 dén thang 5), cao hon ¢ céc thang gitra va cudi ndm (thang
6 dén thang 11). Két qua nay ciing duoc thé hién twong (g trong
hinh 1. Xét v€ céc gia tri nay, ¢ cd ba nhom tudi thang 11 c6 mic
cao nhit (6 cac lira tudi 2, 3 va 4 1an luot 1a; 12,25+2,27, 11,3142,35

KHOA
&CONGHI\?GCI:-IE

68(1) 1.2026

memmmmmmmm Khoa hoc Néng nghiép | Chan nudi; Céng nghé sinh hoc trong néng nghiép, thiy san

Bang 1. Ham lwong testosterone clia clru Phan Rang theo thang tudi (n=20).

Khdi lrgng co thé (kg) Ham lugng testosterone (ng/ml)

Thing tudi

Mean+SD Mean+SD Min Max
2 10,03%+0,27 0,53%0,32 0,22 0,89
3 12,35°40,32 0,86%0,65 0,56 1,25
4 14,12+40,37 2,12°40,87 1,33 341
5 15,6140,45 3,55%1,23 2,11 4,86
6 17,2150,67 5,85442,02 423 7,52
7 19,33%0,63 8,10:42,07 5,89 10,16
8 21,7580,71 8,2142,43 6,03 10,98
9 23,31"+0,65 10,57&2,45 7,55 12,45
10 25 470,78 11,31843,52 7,58 13,26
11 27,2140,75 11,3553,67 7,64 13,38
12 29,18™+0,62 11,5082,21 7,28 13,61

Cac gia tri Mean mang chir cai (a, b, c, d...) khac nhau trong cung cét co
sy sai khac cé y nghia théng ké (p<0,05). Min, Max Ia cac gia tri thAp nhat
va cao nhét clia ham lwong testosterone & tat ca cac mau dwoc phan tich
clia clru cling thang tudi.

va 9,34+1,56 ng/ml), thang 2 ¢6 muc thip nhit (¢ cac lia tudi 2,
3 va 4 lan luot 1a: 4,71+0,75, 4,67£0,59 va 4,12+0,73 ng/ml), sy
chénh 1¢ch so voi cac thang khac 13 co y nghia théng ké (p<0,05).
So sanh giita ba nhom tudi, gia tri testosterone ¢ Itra tudi 4 c6 xu
huéng thip hon hai nhém tudi con lai (p<0,05), Itra tudi 2 va 3 ham
luong testosterone & hau hét céc thang sy khac nhau khong co ¥
nghia thong ké (p>0,05).

Bang 2. Ham lwgng testosterone ctia clru Phan Rang theo d tudi trong 12 thang
(n=30).

Ham luong testosterone (ng/ml) (Mean+SD)

Thang - - -

Nhom 2 tuoi Nhom 3 tuoi Nhom 4 tuoi Min Max
1 5,81440,63 5,68%0,65 4,81°+0,46 3,71 8,62
2 4,71£0,75 4,67+0,59 4,12+0,73 3,52 7,94
3 5,52+0,61 5,68+0,68 5,45+0,81 3,75 9,82
4 5,67440,82 5,7540,72 4,62°+0,68 3,78 8,67
5 5,5840,86 6,38°+1,06 5,51%0,95 428 9,03
6 6,83+1,22 7,36:1,25 6,58+0,94 4,45 9,75
7 746+1,07 7,66+1,16 7,37+1,33 427 10,12
8 8,33+2,03 9,08+2,18 8,14£1,08 5,51 11,07
9 10,7242,41 10,6242,37 8,96°+2,15 6,75 13,56
10 11,2122,32 10,842,29 9,21%+1,76 691 12,78
11 12,25%2,27 11,3142,35 9,34°+1,56 6,38 13,88
12 6,53%1,81 5,8241,13 4,86"+1,39 3,84 7,13

Cac gia tri Mean mang chir cai (a, b, c) khac nhau trong cung hang cé sy
sai khac cé y nghia théng ké (p<0,05). Min, Max |a cac gia tri thAp nhat va
cao nhat clia ham luvong testosterone & tat c& cac mau duoc phan tich
trong cung thang thu mau.
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3.3. Sw thay doi testosterone ¢ ciru Phan Rang theo miia

Hinh 1 cho thay, nhimg phét hién vé sy thay doi theo mua cta
hormone testosterone & ciru Phan Rang theo 3 nhom tudi 2, 3 va 4.
Nong d6 hormone testosterone trung binh ca ciru Phan Rang vao
mua kho (thang 12 nam trudc dén thang 5 nim sau) & céc tudi 2, 3
va 4 lan luot 1a (5,65, 5, 52, 4,75 ng/ml) va mua mua (thing 6 dén
thang 11) theo ba nhom tudi nay lan lwot 1a (7, 41, 7,34, 6,36 ng/ml).
Ciing ¢6 thé thay tir hinh 1 ring, ¢ cd 3 nhom tudi 2, 3 va 4, nong do
hormone testosterone cua cuu Phan Rang & mua mua cao hon so voi
miia kho, sy khéc biét co y nghia thong ké (p<0,05).

Nhém 2 tudi

=
o

Ham Iwong testosterone (ng/ml))
O R N W H»UON OO

Nhoém 3 tudi Nhém 4 tudi

B Mua kho (théang 12-thang 5) m Mua muwa (thang 6- thang 11)

Hinh 1. Sy thay ddi cia hormone testosterone & clru Phan Rang theo mua.

4. Ban luan

Clru Phan Rang dyc thanh thuc sinh duc lac 160 ngay, tudi phdi
gidng 2-6 ndm tudi [4]. Trong cac nghién ctru ctia ching toi, xu hudng
ting ham luong testosterone & dong vat theo do tudi 2-12 thang, trong
d6 sy thay doi giita céc thang tuoi 4 dén 9 déu co khac biét thong ke
(p<0,05). Bang 2 cho thiy, ciru 4 tudi ¢6 testosterone thap hon 2 ltra
tudi con lai. Theo T.V. Ngo (2014) [4], thoi diém thanh thuc sinh duc
0 ctru duc Phan Rang dugc béo cdo 1a tir 4,5 dén 5 thang tudi, co bieu
hién sinh duc ltc 5 thang tudi, nhung thuong dugce sir dung cho giao
phoi vao thoi diém 10-12 thing tuoi. Picu quan trong 13 nhimg di lidu
& bang 1 duoc liy theo do tu01 va khong quan tim dén mia vy, céc
gia tri dugc tinh trung binh ngau nhién khong phu thudc vao thoi gian
nghién ctru trong ndm. Ching toi két luan rang, ham lugng testosterone
ctia ciru Phan Rang dat gi tri cao va 6n dinh & thang tudi thir 9 tro di,
do d6, chon ciru duc 6 lira tudi nay cho phdi giong lan dau 13 ph hop.

Mo lién hé co ban gitta méi truong va sinh san duoc thiét lap
khién c4c loai sinh san trong khoang thoi gian t6i wu nht trong nim
[5]. O ciru, hoat dong sinh san dién ra theo mia, vé6i sy khoi diu cia
chu ky dong duc dugc kich hoat trong qua trinh chuyén sang chu ky
sang ngan ngdy va bi tc ché khi d6 dai ngay tang 1én [1]. Mac du co
ché chinh x4c ctia qué trinh sinh san theo mua nay vin chua dugc
hiéu ddy du, nhung rd rang “nhip didu” dugc cac té bao thin kinh
phat hién trong ndo, sau d6 kiém soat chire nang sinh san. Nhimg thay
doi trong chu ky sang cung chp su the hién thoi gian tuan hoan va su
thay d6i do dai ngay nay duoc tuyen tung cam nhén va chuyén thanh
tin hiéu sinh Iy ctia viéc thiic ddy cac té bao than kinh ving dudi doi
giai phong gonadotropin (GnRH) trong ndo, kich thich cac tuyén sinh
duc tuyén yén tong hop va tiét ra hormone luteinizing (LH) va LH
kich thich té bao k& trong tinh hoan san xuit testosterone [2]. Trong
mua khong sinh san, hormone giai phong gonadotropin (GnRH) va
sur bai tiét gonadotropin bi giam, do d6 anh huong dén su san xuat
testosterone [1].
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Khu vyc nghién ctru c6 mua khé kéo dai tir thang 12 nam trudce
dén thang 5 nim sau, mua mua tir thang 6 dén thang 11. Do do, ciru
Phan Rang dugc nuéi dudng tai day cling c6 céac chi tiéu sinh trudng,
sinh san bj anh hudng theo mua. Két qua cua nghién ctru nay cho thiy
su thay doi dang ké theo mua vé murc do testosterone & tat ca cac do
tudi & clru Phan Rang. Nhimg két qua nay phu hop véi nghién ciru
cua J.A. Abecia va cs (2012) [2], nghién clru da ghi nhan rang sinh
san c6 tinh mua vy, day 1a mot hi¢n tugng bi dnh huong chu yéu bai
sy thay ddi chu ky anh sang hing ndm, trong d6 mua sinh san va miia
khong sinh san dugce xac dinh 10 rang ¢ cac loai theo mua cua khi
hau. Céc két qua hién tai ciing phit hop véi két qua cta J.N. Ngcobo
va cs (2023) [12], cac tac gia da ghi nhan sy thay d6i theo muia ciia
ndi tiét td & cac glong ctru khdc nhau gitra cac mua khac nhau. Két
qué nay ciing twong dong v6i nghién ciru vé anh hudng ciia mua vy
1én céc chi tiéu sinh san cua ctru duc da dugc bao cdo [1, 13]. Su thay
doi theo mua trong ddc diém tinh dich da duoc quan sat. Khéi lugng
tinh dich, ndng d¢ tinh trung, ty ¢ tinh tring song, tinh trung bat
thuong va kha nang di chuyén ciia tinh tring thay doi theo timg gidng
theo mua. Sy thay doi do dai ngay anh huong dén hoat dong cua tinh
hoan bang cach diéu chinh sy giai phong GnRH va do do lam thay
doi sy giai phong gonadotropin, do d6 anh huong dén hoat dong ciia
tinh hoan trong san xuét testosterone va tinh tring [1]. Theo ddi theo
mila cho thy, lugng xuét tinh cao vao mua sinh san va giam di vao
mua khong sinh san. Nhimg phat hién nay pht hop voi nhimg két qua
dugc bao cao trude ddy ve su thay d6i theo mua vé luong tinh dich
va nong do tinh trung cua ctru dyc [13]. Phan (g nay c6 thé do céc
yeu t6 khéc nhau gy ra, bao gdm sy sin ¢6 cla cac chat dinh dudng
thiét yéu trong cac mua khac nhau va sy thay doi theo mua ctia noi
tiét t0 [2]. Trong nghién ciru nay, testosterone cao dang ké (p<0,05)
Vao mua mua va thap vao mua kho & tit ca cac do tudi. Nhing két qua
ndy phu hop véi két qua cia M. Giindogan (2007) [14], nhiét do mua
hé cao ciing anh hudng x4u dén kha ning sdng cua tinh tring, luong
tinh tring bat thudng giam vira phai trong miia sinh san (mua thu) so
v6i mua khong sinh san & clru dyc Daglic. Ty 18 tinh tring song giam
va ty 18 tinh tring bat thuong tang trong mua khong sinh san ¢6 thé
lién quan dén viéc giam s6 luong 6 ong sinh tinh va tang qua trinh thodi
héa [13]. Anh sang duogc coi 1a yéu t6 chiém wu thé, diéu chinh qua
trinh sinh san cua ctru ¢ cac vung khi hau 6n doi [15]. Ngoai ra, do
4m khong khi da duogc bao cdo 1a co vai tro 61 v6i hoat dong sinh san
ctia ciru [3]. Nhiét do va dm do moi truong song 1a yéu td tac dong co
thé anh hudng dén mua sinh san cua cru [1, 13]. Trong nam, vao cdc
thoi diém nhiét do va am do kha 6n hoa va thirc an tuong dbi tht ciru
thuong xuét hién dong duc [3]. Do d6, gia thuyét vé vai tro chinh ciia
su thay d6i anh sang, nhiét do va do 4m theo mua di anh huong doi
VOl n6ng d¢ testosterone cua ctru Phan Rang [a phu hop.

Theo T.V. Ngo (2014) [4], ¢ céc chi tiéu sinh san ¢ ctru Phan
Rang bi anh hudng boi mua vu phdi gibng va mua vy dé. Trong do,
ciru dé vu thu dong ¢6 sb con so sinh cao hon s6 con so sinh ciia
ciru dé vu he thu (1,3 so vai 1,1 con). P ¢6 béo cao cho ring, nong
do testosterone c6 lién quan dang ké dén kha ning sinh san cia céc
gidng duoc kiém tra [14]. Nhu vay, 16 rang, ham lugng testosterone
o cuu duc thay d6i theo mua, mia mua cao hon mua khd, c6 nhiing
anh huong nhat dinh dén hiéu qué sinh san cia dan clru nhung chua
dugc nghién cuu va thdo ludn trude day. Trong khu vyc nhiét doi va
can nhiét ddi, ctru ban dia bi han ché hoat dong sinh dyc trong nhiing
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thang mua heé. Nhigt 40 moi truong cao gdy suy giam chirc nang
sinh san & ctru, khi stress nhiét di kém voi do 4m moi truong cao
[13]. Stress nhiét gdy ra mot loat cac thay d6i manh mé trong chirc
nang sinh hoc ¢ dong vat, trong do bao gom giam luong thirc an va
hiéu qua sir dung thirc an, roi loan trong chuyen hoa nudc, protein,
ning luong va khoang, rdi loan trong tiét xudt hormone [2]. Kha
ning sinh san cta ciru duc trong qua trinh giao phdi déng vai tro
quan trong trong vi¢c nang cao ty I¢ thu thai cta ctru céi [1]. Nhiét
d6 cao lam tang nhiét d6 co thé, tang nhiét d6 da biu; lam giam kich
thude, khéi luong céc co quan sinh duc cua ctu duc, giam chét
luong tinh tring; tinh tring c6 thé bj chét, bi ky hinh, van dong
yéu. Tuy nhién, néu ctru duc duge bao vé dling cach, cai thi¢n moi
trudng xung quanh va han ché dugc bic xa mit tro, s& khong bi suy
giam ham mubn tinh duc va chit luong tinh dich ngay ca trong mua
he va cac thang mua mua [1, 2].

Khi so sanh voi két qua nghién ctru di cong bb trén cac gidng
ciru khac, dit liéu testosterone ctia ctru Phan Rang thép hon duc ban
dia Nam Phi; muc testosterone trong mua thu (22,04+1,94 ng/ml),
mua xuan (16,41+2,00 ng/ml) va mua hé (14,38+£2,04 ng/ml) va
mua dong (20,2242,00 ng/ml) [12] hodc cao hon so véi ctru Chios
cd testosterone (1,95 ng/ml), cru Karagouniko (1,55 ng/ml) [16].
Nong d6 testosterone khac nhau gitta cac giong ciru, ¢6 thé duogc
giai thich bang tiém nang di truyén khac nhau ctia ching, dong thoi
ciing luu ¥ rang dic diém di truyén cho kha ning phan tmg khac
nhau véi anh sang, nhiét do da dugc chung minh [3]. Tuy nhién,
X6t vé su thay doi theo mua thi két qua cia cac nghién ctru nay ¢6
sy trong dong. Nghién ctru vé testosterone & dé Bach Thao trong
diéu kién nudi tai Binh Dwong cii ciing cho thay c6 su thay doi theo
mua, mua mua c6 ham lwgng cao hon mua kho [8]. Day la bao cdo
d4u tién vé testosterone ¢ ciru Phan Rang bang cach sir dung nghién
ctru md hinh theo mila, két qua cho thay testosterone tang 1én vao
mua mua, diéu quan trong 1a ddy ciing 1a mua sinh san cta ciru Phan
Rang [4]. Do do, sy thay doi theo mua biéu hién qua sy phan hoi cua
testosterone 1a ddu hiéu kha rd rang cho sinh san theo miia. That thu
vi khi luu ¥ rang, ham luong testosterone c6 xu hudng thip hon &
clru 4 tudi so v6i ciru 2 va 3 tuoi (bang 2). Tuy nhién, su suy giam
testosterone theo tudi van chua rd rang, liéu nhimg thay doi nay ¢6
phai 1a dic trung dbi v6i ciru Phan Rang thi cn ¢6 nhimg nghién
clru tiép dé theo ddi & cru céc ltra tudi 16n hon nham quyét dinh lya
chon nhém tudi sinh san phu hop nhat.

Nghién ciru ndy di lam sang to mot phan sinh 1y sinh san cua
ciru duc Phan Rang, bd sung thém kién thirc dé hudng t6i viéc khai
thac sinh san ¢ clru dwc hop 1y hon. Két qua cua nghién ctru cho
thy, mitc testosterone trong huyét twong & ciru Phan Rang thay ddi
theo do tudi va qua cac thang trong nam; co tinh thoi vu 10 rang,
v6i ham luong testosterone cao vao muia mua va thap hon vao mua
kho. C6 thé goiy rang, m6 hinh nhan giéng phii hop khi curu duc
dat9 thang tudi, vao mua mua ciru duc cho hi¢u qua nhan glong tt
hon. Can tiép tuc co nhing nghién ctru vé testosterone cta clru Phan
Rang ¢ nhing Itra tudi 16n hon, vé hormone sinh sdn trén clru cai va
cac cac gidng ctru khac dang nudi ¢ Viét Nam; dic biét danh gia anh
huong cua bién doi khi hau va ché do nuéi dudng 1én céc chi s6 nay.
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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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