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Sir dung mé hinh hoc sau du doan ham lwong vi chat
ciia thwe pham sau ché bién

Nguyén Hoang Vii', Pao Ngoc Bich?, Tran Thanh Hwong?, Pham Minh Trién?"
"Triwong THCS va THPT Nguyén Tat Thanh, Trirong Bai hoc Sw pham Ha Ngi, 136 Xudn Thity, phwong Dich Vong Héu, qudn Céu Gidy, Ha Ngi, Viét Nam
2Truong Pai hoc Cong nghé, Dai hoc Quoc gia Ha Néi, 144 Xudn Thity, phuong Dich Vong Hiu, quan Cau Giay, Ha Noi, Viét Nam
Ngay nhan bai 15/1/2024; ngay chuyén phan bién 18/1/2024; ngay nhan phan bi¢n 7/2/2024; ngay chép nhan dang 12/2/2024
Tom tiit:

Hiéu r6 ham lwong dinh dudng trong thye phim sau khi ché bién c6 y nghia quan trong ddi véi nganh cong nghiép
ché bién thue pham Viéc lwa chon phu’o’ng phap ché bién phu hop cho phép ngudi dung giir lai duge nhung vi chit
bd dlro'ng tot cho sirc khoé. Thuc té, vi€c thu thip thong tin vi lwgng cia thuc pham truée va sau ché bién dat ra
nhiéu thach thirc do suw bién ddi sinh hoc, su twong tac ciia cac thanh phan trong mon an. Cach tlep can hién nay la
thu thap dir liéu tirng thanh phan dinh duwdng trudc va sau khi che bién. Sau dé, cac md hinh hoc may thong thlro'ng
sé str dung dir liéu nay dé dwa ra két qua du bao tbt nhung dd 6 6n dinh con han ché. Do do, nghlen ciru nay dé xuit
sir dung md hinh hoc sau dé huin luyén trén b dir liéu voi 27 thanh phan dinh dudng thay déi qua hai qua trinh
ché bién nhiét Am (ludc) va nhiét kho (chién) trich xuit tir by dir liéu tham chiéu tiéu chuin cia Hoa Ky. Két qua
cho thidy mé hinh dw bao chinh xic va cii thién d9 6n dinh dw bao thém 8,6%. Nghién ciru ciing cho thiy tiém ning
trong viéc nghién ciru, cai tién cac mé hinh hoc siu trong du bao thanh phan dinh dudng sau ché bién trong cac quy

trinh ché bién thye pham.

Tir khéa: ché bién thwe phAm, ham lwong vi chit dinh dudng, hoc sdu, md hinh duw dosn.

Chi sé phén logi: 1.2, 2.10

1. Ddt van de

Trong thé gi¢i ma con ngudi ngay cang nhan thirc va dé
cao cac gia tri vé stic khoé, mot ché do dinh dudng chinh
xac, hop 1y tro thanh yéu t6 khong thé thiéu trong viéc dinh
hinh mét 16i séng lanh manh. Tuy nhién, qua trinh tinh toan
ham lugng dinh dudng ddy du va phi hop van gip nhidu
kho khan cho nhitng nguoi ndi trg vi gia tri dinh dudng cta
thuc pham khong chi phu thudc vao thanh phan nguyén lidu
tho va khéi lugng tiéu thy ma con phu thudc vao cach ché
bién. Pic biét, trong qua trinh ché bién, thuc phé”im 6 thé
bién d6i vé mit két cau 1an ham luong dinh dudng mot cach
dang ké. Diéu nay 1a do mot sb thanh phan hod hoc trong
thyc pham chua duoc xir Iy hoan toan, cong véi cac co ché
bién ddi hoa 1y ctia thuc phdm dién ra trong qué trinh ché
bién [1].

Cac mo hinh hién tai dugc st dung dé tinh toan thanh
phan dinh dudng sau qué trinh ché bién bao gdm mé hinh
dong hoc phan ung va hé sb luu giit (RF). Tuy nhién, cac
phuong phéap nay déu c6 nhitng han ché nhét dinh. Cac mé
hinh dong hoc phan tng thuong dung dé tim hiéu vé méi
lién h¢ giira lugng dinh dudng, thoi gian va nhiét d6 thuong
doi hoi phai thu thap luong dit liéu 16m va ton kém. Viéc nay
khong chi mét nhiéu thoi gian ma con d6i mat véi khé khan
khi hoa chit trong thuc nghiém c6 thé bi phan hity mét cach
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nhanh chong [2]. Trong khi d6, cac phuong phap tinh ham
luong dinh dudng dua trén hé s6 luu giir thuong danh gia
thip hodc cao hon ham luong dinh dudng thuc t& do mdi
hé s6 luu giir don 1é dai dién cho nhiéu loai thyc pham va
cach thirc ché bién khac nhau [3]. B¢ khic phuc nhitng han
ché trén, nhom nghién ctru dé xuét sir dung phwong phap
hoc may dé udc lugng gia tri dinh dudng sau ché bién. Do
phuong phdp nay cé kha ning tu hoc cach thirc ma thuc
pham bién doi tir trang thai sdng dén khi dugc ndu chin dya
trén dit liéu thu dugc tir nhiéu loai thyc pham khac nhau va
qua cac cach ché bién da dang.

Céc phuong phap hoc may tuy mai bét ddu duoc sir dung
trong linh vuc khoa hoc thuc pham nhung di cho thay két
qué ddy tiém ning. Cac nghién ciru st dung hudng tiép cin
bang cic mo hinh hoc méay da va dang cho thay kha ning du
doan chinh xac hon trong nhiéu tinh hudng khac nhau sau
khi dwoc huin luyén vé6i cac bo dir liéu chuyén biét. Tong
hop céac két qua nghién ciru gin ddy vé du doan thudc tinh
va dac tinh cia thuc phém st dung cac mo hinh phan loai
minh hoa rd nét sy da dang trong cac ing dung ctia hudng
nghién ctru nay. Cu thé, cac mé hinh hoc may dugc p dung
dé du doan cac dic tinh cam quan cua thuc phém vé mat vi
giac nhu vi dang [4, 5]; vi ngot [6, 7] va mui thom [8] dua
trén cdu trac phan tur. Di voi nhoém bai toan xac dinh ham
lwong dinh dudng, nhiéu mé hinh hoc may khéac nhau ciing
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Abstract:

Understanding the nutritional content of food after
processing is important for the food processing industry.
Choosing the appropriate processing method allows
users to retain healthy micronutrients. In fact, collecting
nutrient information of food before and after processing
poses many challenges due to biological changes and
interactions of nutritional components. Currently, the
approach is to collect data on each nutritional component
before and after processing. Conventional machine
learning models will then use this data to produce good
prediction results but with limited stability. Therefore,
we proposed to use a deep learning model to conduct
training on a data set with 27 nutritional components
that change through two processing processes, boil and
fry, extracted from a standard reference data set of the
United States. The results show accurate prediction
and improve the stability by 8.6%. The study shows
the potential of improving deep learning models in
predicting post-processing nutritional composition in
food processing.

Keywords: deep learning, food nutrients profile, food
processing, prediction model.

Classification numbers: 1.2, 2.10

da dugc nghién ctru va phat trién dé giai quyét cac ddc tinh
khac nhau. M6 hinh P_NUT st dung phuong phép xu ly
ngodn ngit ty nhién (NLP) dé dy doan ham luong cac chat
da lugng, bao gém chit béo, chit dam va tinh bot cua thuc
phém dua trén van ban mo ta vé thuc phém do [9]. Mot
phién ban méi hon ciia mé hinh nay tham chi con co thé
du doan ham luong chit béo, chit dam va tinh bot tir mot
cong thirc ndu an [10]. Trong khi d6, cac nha nghién ciru
thuc Bo Nong nghiép Hoa Ky da dy doan ham lugng cia
3 thanh phén dinh dudng dugc gan nhan (tinh bjt, dam va
natri) trong thuc pham di ché bién tir danh sach cac nguyén
ligu [11].
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Trong ché bién thuc phém, viéc phan loai thuc phém
theo muc d6 ché bién dua trén thong tin thanh phﬁn la mot
linh vuc nghién ctru quan trong [12]. Cac nghién cuu da
str dung hé théng phan loai NOVA [13] dé nhéan dién mot
s6 thanh phan tir thuc pham tuoi séng dén thuc pham ché
bién cong nghiép, tir nhitng loai it qua ché bién dén nhiing
loai c¢6 quy trinh ché bién phirc tap. Su ra doi ciia cac bo dit
lidu chét luong cao cho qué trinh huén luyén va kiém thi
md hinh dong vai trd khong nho déi véi su tién bo cua cac
nghién ctru hién nay.

Mot diém chung ciia phan 16n cac nghién ciru trong thoi
gian gan déy chinh 13 sy phuc tap trong tuong tac giita cac
thanh phan héa hoc ciia thuc pham. Diéu nay da thuc day
nhoém nghién ctru dé xuat st dung mé hinh hoc sau dé co
thé hiéu rd hon vé cac thay ddi trong thanh phan thyc pham
qua cic phuong phap ché bién khac nhau. Tir d6, nhém
nghién ctru di phat trién mé hinh hoc sau dé du doan 27
thanh phan va ham luong 13 loai vi luong cua thuc pham
sau khi ché bién. Bang cach ché bién ting loai thyc pham
don 1¢ v&i 2 phuong phap ché bién thyc pham chinh 1a ludc
va chién tir kho dif liéu thyc pham (FDC), nhom nghién ciru
da tién hanh huan luyén mé hinh cho timg chit dinh dudng
v6i mdi qua trinh.

2. Doi tuong va phuong phap nghién ciiu

Nhom nghién ctru da st dung 820 loai thuc phérn tr bo
dir liéu Tham chiéu tiéu chuan (SR) [14]. Bo dir liéu SR
chtra di liéu thanh phan cho ca mau thuc pham séng va nau
chin cua cac thanh phan don 1¢ thuong duge dung cho cac
nghién ctru vé strc khoe cong dong, nhu danh gia lugng chat
dinh dudng tiéu thu véi muyc dich giam sat dinh dudng qubc
gia, trong viéc tao thuc don bita an tai cac truong hoc va nha
tré, phat trién san phim cua cic nha san xuat. Bo dit liéu co
t6i 232 hop chat, bao gdm cac chat (vitamin, axit amin, axit
béo,...) va cac chét tong hop hodc nhoém chét (chat béo tong
hop, dam...) cho mdi loai thuc phém. Tuy nhién, trong bai
bao nay, chi nhiing chat dinh dudng dic trung c6 trong hon
80% cac loai thuc phém duoc lwa chon dé nghién ctru. Nhu
vay, d4u vao ctia md hinh du doan 1a 27 thanh phén cho mdi
loai thuc phém gém: 9 loai vitamin; 10 loai khoang chat;
nudce; 7 loai dam, tinh bot va cac loai chat béo khac nhau.

Dir liéu nay duogc st dung dé huén luyén cac mo hinh du
doan vai tap hop cac dic trung dau vao cho mdi mo hinh
13 ham luong cua 27 thanh phan trong thyc pham sbéng va
dau ra 12 ham lugng cua 13 vi chdt dinh dudng trong thuc
pham da néu. Phuong phép tién xir Iy StandardScaler duoc
ap dung cho ca hai phan dir liéu nay dé dam bao rang bo dit
liéu c6 trung binh béng 0 va do léch chuéan bfing 1 duoc tinh
theo cong thire (1). Piéu nay gop phan giup cac mé hinh
hoc hiéu quéa hon dbi véi cac nhoém dic trung co cung ty 16.
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M3bi phan tir trong tdp dir lidu sau khi chuén hod theo
cong thirc trén s& dugc 4nh xa sang mot mang ba chiéu voi
chiéu dai, chiéu rong va chiéu sau 1an lugt 12 9, 3 va 1. Ma
tran nay biéu dién 27 thanh phan dinh dudng trong dir li¢u
dau vao. Cudi ciing, mdi ma tran trén dugce bd sung thém
mot chiéu dir liu mang thong tin vé s lugng thuc pham
trong danh sach nguyén liéu ban dau. Tir d6 xac dinh dugc
mdi tuong quan gitra cac chat dinh dudng trong tap dit liéu,
tao co so cho &4p dung mo hinh hoc may trong viéc du doan
su bién d6i ciia ham lugng vi chit qua cac qua trinh ché bién
thue phdm. Trong tap dit liéu nay, 15% di liéu dugc phan
tach 1am tap dir liéu kiém thir. Didu nay giap cho mé hinh ¢
kha ning d4nh gia ca cac dir liéu chua duoc huan luyén va
lam giam nguy co qua khdp dir liéu (overfitting).

Hinh 1 mé ta lwoc dd bai toan téng quat ciing nhu
phuong phap thyc hién ciia nhom. Cac thyc pham thu thap
tor bd dir liéu SR cua kho dit liéu FDC dugc phan loai theo
cdp (sbéng, chin) va theo phwong thirc ché bién mon an. Cac
phuong phap nau dn nhu dun s6i va hip dugc xem 1a quy
trinh nhiét 4m, trong khi nudng va quay dugc xem la quy
trinh nhiét kho. Mdi thuc phérn sau d6 duoc lién két voi 27
thanh phan dinh dudng khac nhau. M6 hinh hoc dugc huin
luyén dya trén dit liéu thanh phan dinh dudng voi dic trung
dau vao la thanh phan cta thyc pham sdng. Mdi chét dinh
dudng trong thuc phim da ché bién déu duoc hun luyén
riéng. Viéc huén luyén mo hinh dugc thuc hién riéng 1€ cho
mdi cach thire ndu an, tirc 1a 13 md hinh cho phuong phéap
nhiét 4m va 12 mo hinh cho phuong phéap nhiét khé (mo
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hinh dy doén vitamin C khong duoc tinh vi vitamin C khong
c6 trong thit cling nhu hau hét tit ca thuc pham ding cho
mo hinh nhiét kho). M6 hinh tét nhat 1a mo hinh ¢6 sai s6
nho nht, tic 13 sai s toan phuong trung binh (RMSE) thap
nhat. Cudi ciing, ham lugng thanh phan dinh dudng du doan
ctia md hinh s& dugc dbi chiéu véi ham lwong thanh phan
dinh dudng thuc té dé danh gia hiéu suit, do chinh xac va
tinh 6n dinh ctia mo hinh.

3. Mo hinh de xuat

Mo hinh mang noron tich chap (CNN) dugc thiét ké
nham tu dong hoc cac dac trung quan trong tr hinh anh va
anh xa chiing vao cac tham s quan trong nhu trong s6 va
d6 1éch. Cach tiép can nay cho phép mo hinh tu dong trich
xuét thong tin vé ham luong chat dinh dudng thic an trude
va sau quy trinh ché bién tir 46 dua ra cac dy doan. M6 hinh
nay khong chi cho thiy tiém ning cho viéc tu dong hoa quy
trinh tinh toan ham lugng chit dinh dudng ma con cung cip
co s& cho viée nghién ctru vé anh hudng cta quy trinh ché
bién dén gia tri dinh dudng cua thuc pham [15].

Mb hinh bao gém hai 16p tich chap lién tiép st dung bo
loc kich thudc 5x5 voi padding ‘Same’ dé giir kich thudce
dau ra 6n dinh, tiép theo 1a hai 16p tich chap khac st dung
bo loc kich thudc 3x3 ciing v6i padding ‘Same’. Mdi 16p
tich chap nay theo sau boi mot ham kich hoat phi tuyén tinh
ReLU. DBé giam thiéu van dé overfitting, mo hinh sir dung
hai 16p Dropout véi ty 1& 0,25 sau cac khdi tich chap dau
tién va tang 1én 0,5 cho cac 16p phia sau. Tich hgp cung véi
cac 16p tich chép la hai 16p MaxPooling véi bo loc 2x2, gitip
giam kich thudc khong gian ma van giit dugc thong tin quan
trong. Két thic phan tich chap, mé hinh sir dung 16p Flatten
dé chuyén doi dir liéu tir dang tensor nhiéu chiéu sang dang



vecto mot chiéu. Diéu nay chuan bi cho qua trinh phan loai
hodc hdi quy & cac 16p Dense tiép theo, v6i 16p dau tién co
128 nut va 16p thir hai c6 64 nit, ca hai déu st dung ham
kich hoat ReLU va 16p Dropout dé tranh overfitting. Mo
hinh két thac véi mot 16p Dense don 1¢ c¢6 ham kich hoat
Softmax (hinh 2).

@ Conv2D . MaxPoolmg2D . Dropout . Flatten . Dense

Hinh 2. CAu tric mé hinh mang noron tich chap dé xuat str dung trong
nghién ciru nay.

Nhom nghién ctru dd huin luyén ciac mé hinh dé du
doan ham luong cua 13 vi chat dinh dudng trong tap dit lidu
da duoc chuan hoa. Trong s6 do, ¢o 7 loai vitamin, cu thé
la vitamin B1 (thiamin), vitamin B2 (riboflavin), vitamin
B3 (niacin), vitamin B-6 (pyridoxine), vitamin C (acid
ascorbic), vitamin A va 7 loai khoang chét, cu thé 1a canxi,
sat, kali, phdt pho, magié, natri va kém. Nhom nghién ctru
d trién khai cac mé hinh doc 1ap dya trén hai nhém phuong
phap ché bién (nhiét 4m hodc nhiét kho) vi d6 1a nhiing
phuong phap ché bién co ban va thuong dugce sir dung trong
thyc té. Tat ca mo hinh déu nhan dau vao giéng nhau la
thanh phan cua thyc phim séng. Cac bd mé hinh sau do
duoc huan luyén va kiém tra trén cac dir liéu da duoc chuan
hoéa nhu trinh bay ¢ phan trén.

4. Két qua
4.1. Thiét lgp thwe nghi¢m

Pé tién hanh danh gia hiéu sudt cia mo hinh CNN dé
xuét, nhom da trién khai thuét toan theo luge dd & trén bﬁng
ngon ngtr 1ap trinh Python. B6 md hinh da duogc khoi chay
25 lan dé danh gia hiéu suat, mdi lan chay dugc danh gia
thong qua gia tri RMSE so véi dit liéu gbc nhu trong cong
thirc (2). M6 hinh v6i RMSE thap nhét trong mdi by mo
hinh danh ddu kha ning dy bao chinh
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RMSE — Z?q(yin— 9i)? 2)
i i — 9)°
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BN VR AT @

trong d6: n 1a s6 lugng mau trong tap dir lidu; v, la gia tri
thyc t€ ciia mau tht 7; ¥, 1a gia tri dy doan twong Umg cua
mau tht 7; §, 1a gid tri trung binh cua cac gia tri thyc t€ y.

Qua trinh hoc ctia cac md hinh dugc danh gia thong qua
dd thi két qua cua ham méat mat trén tap huén luyén va trén
tap dir liéu kiém thir theo epoch. Him mat mét gitup danh
gia muc do sai 1éch gitta du doan cua mo hinh va dir liu
gbc. M6 hinh hoc hiéu qua s& cho gi4 tri ham mat mat giam
khi epoch tang.

4.2. Danh gia hiéu sudt ciia mé hinh mang noron tich
chdp cho 2 qud trinh ché bién sir dung phwong thivc nhiét
khé va nhiét am

Trong phan nay, nhom nghién ctru tip trung vao kham
pha sdu hon vé qua trinh hoc cua cic mé hinh ddi véi mbi
phuong thie ché bién, danh gia sy phan bd cua dit lidu dau
ra, tr d6 dua ra nhiing nhan xét va két luan chinh xéc, toan
dién vé hiéu suit cua ching.

4.2.1. Mo hinh nhiét kho

Hinh 3 cung cép tong quan vé sy bién dong ham mat mat
clia qua trinh hudn luyén va ham mét mat ciia qué trinh kiém
thir theo cic epoch ciia bd mé hinh du doan dién hinh khi
du doan ham lugng niacin. Phén tich chi tiét cua cac duong
thé hién ham mat mat giup hiéu rd hon vé qua trinh hoc cia
timg mo hinh va su thay doi trong dir liéu dau ra. V& tong
quan, md hinh cho thiy kha ning hoc twong ddi hidu qua
thé hién qua viéc ham mat mat & epoch cudi cing cua ca
qué trinh huan luyén va qua trinh kiém thir déu giam so véi
epoch dau tién. O ca 2 qua trinh huén luyén va kiém thur khi
dy doén niacin, ham mat mat déu dao dong tuong dbi manh
& nhirng epoch dau tién va giam dan & qua trinh huan luyén
vé sau. Piéu nay cho thay ring ham mat mat di duogc toi
thiéu hoa sau qua trinh huan luyén.

xéc nhat duge luya chon dé so sanh voi
gia tri co s (USDA RF - Phuong phap
xac dinh ham lugng dinh dudng st
dung hé sb luu git xay dung boi Bo
Nong nghiép Hoa Ky). Dé so sanh kha

=
o 0

Gia tri ham loss
N s o ®

259
— loss A

20 1

\‘
10 \“

5

—— val_loss

Gia tri ham loss

0 — ——

nang dy bao, nhém sir dung hé sb xac
dinh R? gilta cdc bd mo hinh nhu trong
cong thic (3). Cong thuc cua cac d6 do
danh gia duoc mo ta sau day:

0 20 40
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Hinh 3. Ham mé4t mat ctia qua trinh huan luyén (hinh trai) va qua trinh kiém thtr (hinh phai) trong mé
hinh dw doan niacin v&i phwong phap ché bién nhiét kho.
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4.2.2. M6 hinh nhiét am

Hinh 6 trinh bay do thi ham mat mat
theo epoch cia mé hinh du doan ham
lwong canxi. Him mét mét ciia mé hinh
du doan ham lugng canxi giam dén theo
epoch, dic biét 14 trong 20 epoch dau tién
ham mat mat cia qua trinh huan luyén
— ———— — 1 va kiém thir déu giam manh truge khi on

H g s (3 Luong vl thyc dinh & cac epoch sau. TUr d6 cho thdy mo
Hinh 4. Biéu dé ham ECDF (hinh trai) va Q-Q (hinh phai) ciia mé hinh dw doan niacin dai dién hinh du do4n ham hIO'ng canxi dat hiéu
cho qua trinh nhiét kho. g : ¢ Y

Hinh 4 trinh bay biéu d6 ham ECDF va Q-Q (biéu dd
lwong tir - phan vi) ciia niacin. Nhimng d thi nay duoc thiét
ké dé so sanh su phan bd cua gia tri du doan va gia tri thuc.
Chénh léch tuyét ddi giita hai ECDF (thong s6 Kolmogorov-

15.0

Xéc sudt tich liay
Luong tir dy dodn

suat huan luyén cao va 6n dinh.

Théng sb Kolmogorov-Smirnov so sanh hai ECDF ciia
mo hinh dé xuét va thyc té 12 0,17, cia phuong phap truyén
théng va thuc té 14 0,25. Biéu dd Q-Q cho tha?iy, trong nhiing
Smirnov) cua gia tri thuc va gid tri du doan 14 0,16, trong SO phan vi dau tién ca phuong phép truyén thong va du dodn
khi cua gia tri thuc va phuong phép truyén théng 1a 0,54,  dCu tuan theo duong thang ky vong (hinh 7). Tuy nhién, &
Trén biéu dd Q-Q, bd s6 phan vi cia gid tri dy doan dugc  €4c sO phan vi sau, phuong phip truyén thong tién xa duong
phan bd gan duong thang ky vong, trong, khi bd sd phan vi  thang ky vong hon so v&i du doan. Tir d6 cho thay su phan
ctia phuong phap truyén thong thuong nam cach xa duong bd cac gia tri du doan bdi mé hinh du doan canxi gan véi
th’ang. Tir nhitng phén tich trén, c¢6 thé két luan rang, sy phan  thyc té hon la phuong phap truyén thng.
bd cua gid tri dy doan boi mo hiph
hoc sau cho ham luong niacin gan iy i
v6i su phan b cua gia tri thue hon T = = =3 T 7 =
s0 v6i phuong phap truyén thong. . i ? ! 1

Hinh 5 trinh bay R? cuia cac mo .
hinh du do4n & dang biéu dd hop
cung véi cac gia tri R? tuong Gng
ctia phuong phap truyén thong. Nhin
chung, cdc mo hinh du doan thé hién
R? trung binh cao hon so vdi R? cta
phuong phap truyén thong véi da s6
cac cht dinh dudng. Trong téng s6 -
mo hinh dy doan ham lugng 12 vi
cht cia md hinh nhiét kho, da sb
cac hé s xac dinh R? déu nam trong
khoang (0, 1) v ¢6 do én dinh vé ! e
hiéu suit cao. o

s °

@ BaseR2

5 . A
Z R (,:ua Rhuo',l:lg p‘hap’ truy?n Calcium  Iron Magnesium Phosphorus Potassium  Sodium Zinc  Thiamin Ribboflavin Niacin
thong co6 8 gid tri &m va gia tri thap Ca Fe Mg P K Na Zn  vitamin BI vitamin B2 vitamin B3
nhat la ciia phot pho v6i R?14-4,98.  Hinh 5. S0 sénh téng thé R? ciia cac mé hinh dw doan qué trinh nhiét khd va mé hinh truyén théng cua
Diéu nay chi ra rang, cac phuong  céc chét dinh dwong.
phap truyén thong khong thé cung

vitamin B-6 vitamin A, RAE

7000 A — loss —— val_loss

cap dy doan chinh xac cho nhiéu i | 4000

chat dinh dudng, dic biét 1a trong § 5000 4 &

truong hop ctia phdt pho. Su chénh £ 44 | § 30001

léch 16n gifta R? cua cac mo hinh £, | = 2000

hoc sau va phuong phap hoc may e 2000 J °

truyén thong 1a chi sb kha quan vé 1000 L, , , , , , 1091 , : : : : :
d¢ hiéu qua cia md hinh hoc siu 0 0 40 60 80 100 0 20 40 60 80 100

n , . . Sé epoch S6 epoch
trong vige du dodn gid tri cia C4C  Hinh 6. Ham mét mat cia qua trinh hudn luyén (hinh trai) va qua trinh kiém thir (hinh phai) trong mé hinh
chat dinh dudng trong thyc pham.  dw doan canxi véi phwong phap ché bién bing nhiét am.
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Hinh 7. Biéu dd phan phéi chuan, biéu dd ham ECDF (hinh trai) va Q-Q (hinh phai) ctia hai mé hinh dw doan canxi dai dién cho qua trinh nhiét am.
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Hinh 8. So sanh tdng thé R? ctia cac mé hinh dw doan qua trinh nhiét &m va mé hinh truyén théng.

Hinh 8 biéu dién R? cac mé hinh dy doan va cac R? cla
phuong phép truyén thdng twong tng. Phuong phap truyén
thng dy doan tét hon mé hinh CNN & vitamin C va vitamin
A. Tuy nhién, phuong phéap truyén thdng c6 R? kha thap, vi
du nhu & phdt pho véi gid tri 1a -4,3.

Khi xét theo nhom thuc pham, trong cac qua trinh nhiét
kho cac bd mo hinh doan chinh xac nhét véi cac loai thuc
pham gia cdm va doan kém chinh xac hon véi cac loai hat.
Trong cic qua trinh nhiét am, cac bd mé hinh doan chinh
xac nhét cho rau va du doan kém chinh xac hon cho céc
thuc phém ho dau.

Trong qua trinh nhi¢t kho, cac mo hinh c6 hi¢u suat du
doan tot nhat thugc vé nhom gia cim voi gid tri R? tot nhat 1a
0,98 va trung vi 1a 0,68. Pbi v6i cc quy trinh nhiét am, mo
hinh ¢6 hiéu suit du doan tdt nhat thudc vé nhom rau véi gia
tri R2 tot nhat 13 0,86 va trung vi 12 0,51. Theo hinh 9 c6 thé
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nhan théy réng, mo hinh dy doan hoc sau hiéu qua hon ddi
v6&i nhom thuc pham c6 ngudn goc tir dong vat so voi nhom
thuc pham c6 ngudn goc tu thuc vat.

Pé danh gia tong quat hon vé hidu suit ctia mé hinh thyuc
nghiém, nhom nghién ctru da thuc hién so sanh hi¢u suét cua
mo hinh CNN dé xuét va mé hinh USDA RF. Két qua cho
thdy, m6 hinh CNN dy doan tot hon USDA RF cho cic qua
trinh nhiét kho va dic biét chi s6 RMSE tét hon khoang 8,6%
cho cac qua trinh nhiét am. Trong s6 cic mo hinh CNN dé
xuit, md hinh cua qua trinh nhiét kh6 dy doan t6t hon mo
hinh ciia qua trinh nhiét am. Dé dam bao tinh khach quan
va d9¢ tin cay, nhom nghién ctu da thyc hién thi nghiém trén
cing mot mdi trudng phan cing va phan mém, véi clng
mot bo dit liéu va s lan thuc nghi¢m nhu nhau. Két qua cua
mdi mo hinh dy doan cua timg chit dinh dudng sau khi thuc
nghiém duoc thong ké, tinh toan gia tri trung binh cong va
d6 léch chuén, ciing nhu x4c dinh gia tri tot nhat, gia tri trung
vi, dé cung cép cai nhin toan dién vé hiéu qua cua kién trac
CNN dé xuét.
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Hinh 9. Biéu d6 hop R? nhém theo cac nhém thwe pham khac nhau: nhiét kho (trai) va nhiét am (phai).

Két qua dyu doan ctia mo hinh CNN vé ham luong chat
dinh dudng trong thuc pham da duoc so sanh vdi gia tri co

s& cia USDA, chi tiét cac két qua dwoc thé hién o bang 1.
Qua phan tich, m6 hinh CNN th¢ hién hiéu suat tot hon so

dudng ma mo hinh CNN dy
doan tét hon bao gom canxi,
sat, magié, kali, phét pho,
natri, thiamin, riboflavin,
niacin, vitamin B-6 v6i mo
hinh nhiét kho. Pbi v6i qua
trinh nhiét 4m, mo hinh
CNN du doan tét hon véi
cac vi cht: canxi, sét, magié,
kali, phdt pho, natri, kém,
thiamin, riboflavin, niacin,
vitamin B-6.

Mot do do nira cling dugc su dung dé d6i chiéu kha nang

v6i gia tri co s¢ dbi voi 11/13 chat dinh dudng. Cac chatdinh  duge thé hién ¢ bang 2.

du doan ctia mo hinh CNN dé xuit va md hinh co s& cua
USDA la R Cac két qua thyc nghiém va so sanh d6i chiéu

Bang 1. Sai s6 toan phwong trung binh cia mé hinh Mang noron tich chap dé xuat va mé hinh truyén thong (Base).

. RMSE nhiét kho RMSE nhiét im
Chat dinh dudng ; U ., g
Gid tri trung binh  dj léch chudn Gid tri totnhat ~ Trungvi  Gid tri thwe  Gid tri trung binh £ dp lech chuan Gid tr tot nhat -~ Trungvi  Gid trj thue
Calcium (Ca) 6,54£1,56 4,06 6,37 467 29,96+7,76 21,1 27,82 40,87
Iron (Fe) 0,62+0,09 0,42 0,61 1,34 0,71+0,33 0,57 0,63 1,9
Magnesium (Mg) ~ 5,97+1,08 462 577 11,99 19,8749,61 13,03 18,02 51,78
Phosphorus (P) 22,64+4,68 16,6 21,94 81,39 49,82+20,57 37,74 4733 119,59
Potassium (K) 40,61£5,55 3333 40,14 163,62 142,81468,17 92,04 1269 271,99
Sodium (Na) 9,28+1,54 6,96 9,25 3741 39,78+2,72 3573 39,23 63,74
Zinc (Zn) 1,9240,2 1,66 1,85 1,63 0,47+0,16 041 0,44 1,03
Vitamin C - 18,91£2,67 15,35 18,39 10,88
Thiamin 0,04+0,01 0,03 0,04 0,05 0,07+0,03 0,06 0,06 0,15
Riboflavin 0,08+0,01 0,06 0,08 0,17 0,04+0,01 0,03 0,04 0,08
Niacin 0,98+0,12 0,85 0,95 2,7 0,46+0,22 0,38 0,42 0,86
Vitamin B-6 0,12¢0,01 0 0,12 024 0,070,02 0,05 0,06 0,1
Vitamin A (RAE) ~ 5,88+0,83 455 5,59 3,53 116,39+14,17 93,01 113,69 5425
Bang 2. R? cia mé hinh mang noron tich chap dé xuat va mé hinh truyén théng (Base).
Chét dinh dwing R ahiptknd ; e R ahit im ; o
Gid tri trung binh £ dj léch chudn Gid tr tot nhat Trungvi  Giatrithwe  Gid tri trung binh £ dp léch chudn Gid tri tot nhat ~ Trungvi  Gid tri thue
Calcium (Ca) 0,41+0,28 0,78 0,47 0,71 0,65£0,23 0,84 0,71 0,38
Iron (Fe) 0,73+0,08 0,88 0,74 -0,22 0,460,835 0,71 0,64 22
Magnesium (Mg) ~ 0,74+0,1 0,85 0,77 -0,01 0,09£1,45 0,68 0,39 -4,05
Phosphorus (P) 0,52+0,24 0,75 0,57 -4.98 -0,07+1,43 047 0,17 -43
Potassium (K) 0,670,1 0,78 0,68 433 0,15+1,33 0,71 045 -1,54
Sodium (Na) 0,68+0,1 0,83 0,69 -4,05 -0,4+0,19 0,12 0,35 2,57
Zine (Zn) 0.240,17 041 027 043 024129 0,19 0,05 L))
Vitamin C - 0,33£0,22 0,56 0,37 0,78
Thiamin 0,68+0,09 08 0,71 0,5 0,02£1,52 0,44 0,33 247
Riboflavin 0,73£0,08 0,85 0,75 -0,14 0,63+0,31 0,82 0,7 -0,02
Niacin 0,74+0,07 0,81 0,76 -0,93 0,48+0,84 0,71 0,64 -0,46
Vitamin B-6 0,67+0,05 0,76 0,67 0,36 0,59+0,33 08 0,69 0,17
Vitamin A (RAE)  0,63+0,11 0,78 0,67 0,87 0,36+0,16 0,6 04 0,86
HOC 1
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Trong qua trinh nhiét kho, mo hinh CNN d& xuét da thé
hién kha nang dy doan chinh xac nhat ddi cho niacin véi
gi4 tri R? trung binh 13 0,74 va trung vi 14 0,76. Cho thiy do
chinh xé4c twong dbi cao va dang tin cdy ciia mo hinh trong
viée udc lugng ham lugng niacin trong thuc pham chin qua
qua trinh nhiét kho.

D6i voi cac qua trinh nhiét am, mé hinh cho thiy kha
ning du doan chinh xac nhat danh cho canxi véi gia tri R?
trung binh la 0,65 va trung vi 1a 0,71. Diéu nay thé hién do
chinh xac 6n dinh trong viéc du doan ham lugng canxi qua
cac qué trinh nhiét am. Tuy nhién, mé hinh dy doan ham
lugng Natri biéu thi mac d6 sai sé kha 16n va kha nang du
doan khong tdt trong diéu kién nhiét am voi gia tri R? trung
binh 1a -0,4 va trung vi l1a -0,35.

Nhu vay, dbi vé6i ca hai do do danh gia 1a RMSE va R?, mo
hinh CNN nhém dé xuat da mang lai nhimg két qua du doan
kha quan va chinh xac vé ham lugng dinh dudng co trong
thyc phdm so v6i mé hinh co s¢ ciia USDA - USDA RF.

6. Két luan

Nghién ctru nay da dé xuit mot mo hinh hoc sau du doan
ham lugng vi chit dinh dudng trong thuc phdm niu chin st
dung mang no-ron tich chap CNN. Két qua cia nghién ctru
da cho thay mé hinh c6 d6 chinh xac twong dwong nhung
c¢6 do 6n dinh t6t hon so v6i phuong phép truyén thong trén
cung mot bo dir lidu thanh phan thyc pham SR. Cu thé, gia
tri sai s6 binh phuong tdi thiéu cia mé hinh ma nhom nghién
ctru d& xuét da giam 8,6% so véi két qua ctia phuong phap
truyén théng. Dé c6 duoc két qua nay, ngoai viéc thiét 1ap
mot b tham sb cy thé cho md hinh CNN, nhém nghién ciru
cling thuc hién chuin hoé bo dit liéu dau vao tir bo dit lieu
tham chiéu nham tang cuong kha ning hoc cia mé hinh.

Nhu vay, thong qua cac két qua ctia nhom nghién ctu da
trinh bay & trén, c6 thé thdy duogc tiém ning cua viée (mg
dung cac giai phap hoc sau trong viéc cai thién do on dinh
du béo trong nghién ctru vé ché bién néng san. Trong twong
lai, nhom nghién ciru s& tiép tuc di sau nghién ctru vé nhiing
dic trung chuyén biét ciia timg nhom thyc pham dé tiép tuc
nang cao d¢ chinh xac dy doan ctia mo hinh.
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Anh hwong cua sodium humate va sodium lignosulfonate toi tinh déo
clia phoi liéu in 3D sdn xuat sir dan dung
Nguyén Thi Luyén®, Mai Vin Dwong, Nguyén Thu Ha

Vién Nghién ciru Sanh sir Thiyy tinh Cong nghiép, 132 Nguyén Tudn, phiong Thanh Xudn Trung, qudn Thanh Xudn, Ha Ngi, Viét Nam
Ngay nhén bai 10/10/2023; ngay chuyén phan bién 13/10/2023; ngay nhan phan bién 29/10/2023; ngay chap nhén dang 3/11/2023

Tém tit:

Tinh déo 1a mdt tinh chat vat Iy quan trong cia vat liéu gém, thé hién kha ning tao hinh trong san Xuit gém st
truyén thong - dwge 1am tir hdn hop chira dit sét, cao lanh - truwong thach - thach anh. Bai bo trinh bay dnh hwéng
ciia phu gia sodium humate va sodium lignosulfonate t6i tinh déo - dic trung béi chi s6 déo va cwong dd udn moc
ciia phoi liéu in 3D san xuit sir din dung. Két qua nghién ctru cho thiy, khi sir dung sodium humate ham lwong 0,1-
0,5% khdi lwgng thi cwong d9 uén mdc cia phéi liéu ting trong khi chi sé déo khong cé su thay doi dang ké so véi
miu khéng c6 phu gia; ham lweng sodium lignosulfonate 0,2-0,9% khoi lwgng thi cwong do udn moc cia phéi liéu
ciing ¢6 xu hudng ting din va bit dau c6 diu hi¢u giam khi ting ham lugng phu gia dén 1,0%, chi s6 déo ciia ph(")i
liéu tang 1én sau khi thém 0,2% phu gia sodium lignosulfonate nhung sau dé c6 xu hwéng giam khi ting ham luwgng.
Trong khoing ham lwong khio sat, ca 2 loai phu gia déu 1am ting cwdong dé udn moc va khong lam thay ddi nhiéu
chi s6 déo nhung cwong dd udén moc ciia phdi liu khi sir dung sodium humate ting cao hon sodium lignosulfonate.

T khéa: cwdng do uon mjc, sodium humate, sodium lignosulfonate, tinh déo.

Chi sé phin logi: 1.3,2.5

1. Dt van de

Tinh déo cta phdi liéu 1a kha ning tiép nhan nudc dé
hinh thanh mét “trang thai déo”, ma dudi tac dung cua luc
co hoc trang thai nay bi bién dang va hinh dang méi hinh
thanh duoc gilt nguyén khi luc co hoc ngung tac dong. Tinh
déo trong qué trinh xtr Iy vat liéu lam tir dat sét 1a mot tinh
chét co ban vi né xéac dinh céac thong s ky thuat dé chuyén
d6i phdi lidu st thanh mot hinh dang nhét dinh bang ap luc
[1]. Nho tinh déo ma phdi liéu st c6 thé tao hinh bang cac
phuong phép khac nhau nhu ép ban kho, tao hinh déo (ép
déo, vubt gin rap trong khudn thach cao) hay db rot hd trong
khuon thach cao. Tinh déo cua phéi liéu st dugc danh gia
thong qua chi s6 déo, lugng nude tao hinh, cuong do udn
moc. Cudng d6 udn moc cua phdi liéu 1a chi tiéu ky thuat
rat quan trong va biéu thi gian tiép dic tinh déo ctia phdi lidu
st dan dung. Thong thudng, khi phdi lidu c6 do déo cao thi
cudng d6 udn moc ciing sé cao.

Ngay nay, ngudn nguyén liéu dang can kiét dan, chat
lwong nguyén lidu str dung cho san xuét st dan dung ciing
theo d6 giam xudng, tinh déo cia phdi liéu sir dan dung
cling vi thé giam dan. Viéc nghién ciru cac bién phap ning
cao do déo cho phéi liéu st dan dung dac biét la viée su
dung phu gia héa déo hién nay ngay cang dugc quan tam.
Véi phdi liéu st dan dung tao hinh bang cong nghé in 3D
theo phuong phap dun doi hoi phdi lidu phai c6 do déo tot

“Tac gia lién hé: Email: luyen205@gmail.com
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dé khong lam duat dong lidu khi dun, phdi liéu can cé su
két dinh tdt, cuong do moc cao. biéu nay doi hdi su can
thiét viéc st dung phu gia ting do déo cho phdi liéu dé co
thé tao mau theo yéu ciu thiét ké san pham. Nhimng yéu t&
tac dong chu yéu la ching loai va ham luong phu gia. Phu
gia hoa déo trong san xuat sit dan dung c6 thé ké toi nhu
bentonite, sodium humate, methyl cellulose va cac dan xuét
cua cellulose, lignosulfonate. Do c6 kha ning hap thy nudce
va truong né thé tich, bentonite ¢6 kha ning sir dung nhu
phu gia hoa déo cho phdi liéu [2]. Tuy nhién, do kha ning
hap thy nudc va truong nd thé tich 16n din t6i lam ting do
co sdy. Phu gia c6 ngudn gbc tir cellulose lam ting chi sb
déo cua phdi liéu st dong thoi 1am ting d6 nhét din t6i kho
dun déo [3]. Nghién clru nay da chung minh su céi thién
kha ning dun cua phdi liéu théng qua chi s6 déo ting va
gitip qua trinh dun dién ra dé dang. Viéc bd sung sodium
lignosulfonate vao phdi liéu sir c6 thé lam giam do nhét,
giam do co ngét, giam thoi gian sy va ting do bén co hoc
ctia phéi lidu [4]. Phu gia sodium humate khi thém vao phdi
liéu st c6 anh hudng tich cuc dén céc ddc tinh luu bién,
mang lai nhimng cai thién 16 rét vé cudong do uén moc [5].

Trong nghién ctu nay, 4nh hudng cua sodium humate
va sodium lignosulfonate toi do déo va cuong do udn moc
ctia phdi lidu in 3D san xudt st ddn dung dugc nghién ctru
va thao luan.
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Abstract:

Plasticity is an important physical property of ceramic
materials. It demonstrates the ability to shape in
traditional ceramic production - made from a mixture
containing clay, kaolin-gypsum-quartz. In this article,
the effects of sodium humate and sodium lignosulfonate
additives on plasticity - characterised by the plasticity
index and green flexural strength of 3D printing materials
for ceramic tableware production are examined. The
results show that when adding sodium humate content
from 0.1-0.5 wt.%, the green flexural strength of the
mixture increases while the plasticity index does not
change significantly compared to the sample without
additives. When adding sodium lignosulfonate additive
from 0.2-0.9 wt.%, the green flexural strength of the
mixture also tends to gradually increase and begins
to decrease when increasing the additive content to
1.0 wt.%, the plasticity of the mixture increases after
adding 0.2 wt.% sodium lignosulfonate but then tends
to decrease with increasing content. Within the testing
content range, both additives increase the green flexural
strength and do not change the plasticity index much,
but the green flexural strength of the mixture when
using sodium humate increased higher than sodium
lignosulfonate.

Keywords: green flexural strength, plasticity, sodium
humate, sodium lignosulfonate.

Classification numbers: 1.3, 2.5
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2. at liéu va phuong phap nghién ciiu
2.1. Nguyén li¢u, héa chit

Céc hoa chét, nguyén liéu duoc sir dung trong nghién
ctru bao gdbm: Sodium humate dang bot den ham luong
45%, do hoa tan trong nudc >80%; sodium lignosulfonate
dang bot mau vang nau, ham luong >95%, do hoa tan trong
nuée >98%; phdi lidu st trang dan dung c6 thong sé nhu &
bang 1.

Bang 1. Thong s6 ky thuat cta phdi liéu st trdng dan dung.

Chi s6 déo P. Fefferkorn (%) Cuing ) udn moc (N/mm?)

21,48 1,82

D9 min d,, (pm)
18,01

2.2. Quy trinh thi nghiém

Phdi liéu st sau khi ép loc khung ban duoc séy kho, tan
nho va cho qua sang 1 mm. Hoa tan phy gia hoa déo sodium
humate, sodium lignosulfonate theo ty 1¢ ¢ bang 2 va 3 vao
lugng nudc can thiét dé dat do am do d6 déo. 20 mau véi
ham lugng sodium humate 0,1-0,5% khéi lugng dugce tron
v6i phdi liéu kho dat d6 am 19,5, 20, 20,5 va 21%. 32 mau
v6i ham lugng sodium lignosulfonate 0,2-1,0% khdi lwong
dugc tron voi phdi liu kho dé dat d6 am 19, 20, 21 va 22%.
4 méu phdi liéu khong c6 phu gia duoc tron véi luong nurde
can thiét dé dat do 4m 20, 21, 22 va 23%.

Bang 2. Chi s6 déo, dé am tao hinh va cwong do ubn moc cia phdi liéu
str dung sodium humate.

Ham Iwgng sodium humate D9 4m tao hinh  Chi so déo P. Fefferkorn ~ Curimg dj udn mgc

M3 o, ki lgng) (%) (%) (N/mm?)
S0 - 2096 2148 18
SHOL 0,1 2055 21,10 318
SHD? 02 02 2135 319
SHO3 03 1998 2138 36
SHO4 04 2031 21,04 413
SHOS 0.5 2026 21,11 420

Bang 3. Chi s6 déo, dé 4m tao hinh va cwéng do udn moc cia phéi ligu
str dung sodium lignosulfonate.

Miu Ham qu’ng phugia  Djdmtaohinh  Chiso déo P. Fefferkorn  Cwing dj udn mjc
(% Khoi lugng) (%) %) (N/mnr)
S00 - 20,96 2148 1,82
SLO2 02 21,05 22,56 1,83
SLO4 04 20,98 21,69 1,89
SLOS 05 20,96 21,66 257
SLO6 0,6 20,76 21,53 2,65
SLO7T 07 20,67 2147 2,76
SLO8 08 2043 2143 297
SLO9 09 2031 2134 3,10
SLI0 1,0 20,17 21,25 2,80
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Céc mau phoi liéu sau khi tron dugc luyén, boc kin khi
va u trong diéu kién thiéu sdng 24 h. Sau khi 1, cac miu
dugc luyén lai, tao mau va do d6 déo, cuong do uén mac.

2.3. Thuc nghiém xdc dinh dg déo

Do déo ctia phdi lidu duge xac dinh bang phuong phap P.
Fefferkorn. Phuong phap nay dua trén nguyén tic bién dang
mau do va cham. Mau thir duoc tao hinh bé‘lng khuon kim
loai ¢6 duong kinh 33 mm va chiéu cao ban dau 1a 40 mm,
bi bién dang boi mot tam roi tu do c¢6 khoi luwong 1,192 kg
tir 46 cao 186 mm. Cac ty 18 bién dang (y) giita h, (chiéu cao
ban dau) voi h, (chiéu cao sau bién dang, f=1+n) dugc goi 1a
hé sb bién dang tuong tng la:

ho ho ho ho ho

L e ) W (il (1)

Tir c4c hé s6 bién dang cua y, doi véi timg do am W,
tuong Ung ta xac dinh dugc cac diém: v, W15 [v, W15
[v,, W.l... [y, W, ]. Qua céc diém d6 ta vé duge 1 duong
cong trén d thi twong quan giira d6 am tuong ddi (cta cac
mau xac dinh dugc sau lic tao mau hinh try, %) va tri )
Y,, (tmg voi cac do am khéac nhau cia nguyén liéu). Puong
cong cang ddc, chiéu dai (duong cong) cang ngan, tic 1a
nguyén liéu s& phan tmg manh hon véi sy thay doi cua do
am. Két qua v& han déo va dd 4m tao hinh duoc xac dinh
bang phuong phap noi suy chi sé déo (twong g vdi tri s6
y=3,3) va do 4m tao hinh (twong tng véi tri s6 y=2.5).

2.4. Thwe nghiém xdc dinh cuong dj uén méc

Cuong d6 udn moc duge kiém tra trén may kéo nén gom
mot dam thép clmg nam ngang, trén dam c6 hai gbi dd, co
thé diéu chinh khoang cach giita hai gbi dd. Mau thir uén
duoc dat trén cac géi nay. Luc udn duge truyén tr may nén
xudng mau nhd mot dim thép phu va gbi truyén tai. Cuong
d6 udn moc cua miu duge tinh theo cong thuc sau:

3 Pxl

_3 2
Ru= XXz 2)

trong do: P la luc tdi da dat dugc khi thur udn 1a tai trong
udn giy mau (N); 1 1a khoang cach giita hai gbi d& dat mau
(mm); b 1a chiéu rong tiét dién ngang ciia mau tai mat giy
(mm); h 14 chiéu cao tiét dién ngang cua miu tai mat giy
(mm). Mau thir nghiém 1a cac thanh miu duoc tao tir phdi
liéu & d6 4m tao hinh. Céc thanh mau c6 tiét dién hinh chir
nhat véi kich thude chiéu dai 120-150 mm, chiéu rong 15-
25 mm, chiéu day 8-12 mm. Céc thanh méiu duoc sy kho
trong ti siy dén nhiét 46 105-110°C dé xac dinh cudng do
udn mdc.
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3. Két qua va ban luan
3.1. Anh hwong ciia phu gia sodium humate

Heé s bién dang cta phdi lidu thay doi theo ham lugng
phu gia sodium humate sir dung dugc téng hop ¢ hinh 1.

35

3 .

/ - —0%
® —0,1%
H
j 25 7 - — 0%
: / / 03%
i -~ —us
/ — 0%
]/
15
195 20 205 bl
Do am (%)

Hinh 1. Sy phu thudc cla hé sé bién dang vao dé dm va ham lwong
sodium humate.

Hinh 1 cho thdy, & cing mot do 4m, d¢ chénh léch giira
hé sb bién dang ctia cic miu co xu hudng ting dan, sau do
dan thu hep khi ting d6 4m dén 21%. Mau phdi liéu st chtra
0,3% sodium humate c6 su bién dang 16n nhét so voi cac
mau con lai.

Do 4m tao hinh, chi s§ déo va cuong do udn moc cua
cac mau phdi lidu duogc tong hop & bang 2. Tir két qua bang
2 cho th?iy, lwong nudce tao hinh cua phéi liéu c6 xu hudng
giam rdi sau do6 ting trd lai khi thém dan ham lugng phu gia
sodium humate c6 mat trong phéi lidu str. DO 4m tao hinh
thap nhét 1a 19,98% khi ham luong sodium humate 1 0,3%.
Nhu vay, sodium humate khong anh huong nhiéu téi chi s6
déo. Khoang lam viéc cta phéi liéu mo rong Ién tdi 1,4% khi
ham luong sodium humate str dung 1a 0,3%. Khi sir dung phu
gia sodium humate, cuong do udn moc cua phéi liéu co xu
hudng ting dan. Cudng do udn moc ciia phdi lidu ting hon 2
lan 1én t6i 4,2 N/mm?khi ham luong sodium humate sir dung
13 0,5%. Két qua nay phu hop vai nghién ciru trude do ciia C.
Piribauer va cs (2020) [5] khi nghién ctru vé anh hudng ciia
sodium humate dén cuong do udn moc.

3.2. Anh hwéng ciia phu gia sodium lignosulfonate

Heé s6 bién dang cua phdi liéu thay ddi theo ham lwong
sodium lignosulfonate duoc tong hop & hinh 2.

1n
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Hinh 2. Sy phu thuéc clia hé sb bién dang vao do &m va ham lwong
sodium lignosulfonate.

Hinh 2 cho théy, chénh 1éch gilta hé s6 bién dang cua
c4c mau phdi liéu chira phu gia sodium lignosulfonate ting
khi so sanh tai cung mét do am. biéu nay cho tha?iy, sodium
lignosulfonate 1am thay d6i d6 4m cua phdi liéu su, lam
giam luong nudc tao hinh can st dung cho mau phdi liéu.
Chi s déo, luong nudc tao hinh va cuong do udn moc cua
cac mau phdi liéu duge xac dinh ¢ bang 3. Két qua cho
thay, khi thém phu gia sodium lignosulfonate vao phdi liéu
thi 46 déo ban dau ting 1én dong thoi ting luong nude tao
hinh. Nhung sau khi ting din ham lwong phu gia sodium
lignosulfonate 1én 0,4% thi chi s6 déo giam tir 22,56 xudng
21,69%, sau d6 tiép tuc co xu hudng giam nhe va khong co
su thay doi qua nhiéu vé do déo. Luong nudc tao hinh co
xu hudng giam dan tuong tw. Khi sir dung phu gia sodium
lignosulfonate, cuong do ubn moc cua phéi liéu st c6 xu
huéng ting dan va dat cao nhat 1a 3,1 N/mm? véi ham lugng
phu gia sodium lignosulfonate 1a 0,9%. Sau khi tiép tuc thém
sodium lignosulfonate 1a 1% vao phdi liéu sir thi cuong do
ubén moc cua phéi lidu giam xudng con 2,8 N/mm?2. Két qua
nay phu hop v6i nghién cuu cua A. Albertazzi va cs (2010)
[4]. Tang cuong do khi sir dung sodium lignosulfonate 1a do
su tao thanh chudi polyme giira cac hat liéu va hinh thanh
lién két gilia chung, 1am tdng d6 dinh cua phéi ligu [6, 7].

4. Két luan

Nghién ctru anh hudng cua sodium humate va sodium
lignosulfonate t6i do déo va cudng do udn moc cua phdi
lidu st da két luan rang: khi ting dan ham luong sodium
humate 0,1-0,5% khdi luong thi cuong do udn moc cua phéi
lidu st dan dung in 3D c¢6 xu hudng ting dan, nhung chi
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s6 déo khong co su thay dbi dang ké so v6i mau khong
¢6 phu gia; khi ting dan ham luong sodium lignosulfonate
0,2-0,9% khdi lugng thi cuong do uén moc cua phdi licu st
c6 xu huodng tang dan. Tuy nhién, khi thém 1,0% sodium
lignosulfonate thi cudng d6 udn moc cua phdi liéu giam, chi
s6 déo cua phdi lidu c6 tang 1én sau khi thém 0,2% phu gia
sodium lignosulfonate. Khi tiép tuc ting dan dén 1,0% thi
chi s6 déo ctia mau phdi liéu c6 xu hudng giam. Nhu viy,
phu gia sodium humate mang lai nhidu vu diém hon phu gia
sodium lignosulfonate khi sir dung trong phdi liéu st dan
dung in 3D bang phuong phap déo. Mic du sodium humate
va sodium lignosulfonate khong 1am thay di tinh déo cia
phdi liéu qua nhidu nhung sodium humate v&i ham lwong st
dung trong mau phdi liéu thap hon sodium lignosulfonate
ma van mang lai cho phéi liéu st cuong do mdc cao.

Noi dung cua bai bao 1a két qua thyc hién nhiém vu:
“Nghién ctu ché tao vat liéu in 3D san xuét gém st”’, ma
s0 KC-4.0.27/19-25 do Bo Khoa hoc va Cong nghé quan
1y, Vién Nghién ctru Sanh st Thuy tinh Cong nghiép chu tri
thuc hién. Nhom nghién ctru xin tran trong cam on.
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Phin tich dong thof chloramphenicol, amoxicillin va enrofioxacin sir dyng canm bién dién hoa
voi dién curc graphene da 1dp ché tao bing phwong phap dién hoa trong dung moi hiu co
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Tom tit:

Trong nghién ctru nay, 3 thude khang sinh chloramphemcol (CAP), amoxicillin (AMX) va enrofloxacin (ENR) 1an
diu tién dwgc phan tich dong thoi sir dung cam bién dién héa. Dién cuc graphene da 16p dung trong cam bién dugc
ché tao truc tlep, nhanh chong tir graphite bang phuong phap mot bwéc ap thé dién hoa trong dlmethyl sulfoxide.
Cac ky thuét chup anh hién vi dién tir quét va quét thé vong dién hoa da thé hlen clu tric dang tAm nano da 16p
graphene cuia dién cwe véi dién tich hoat dong dién hoa 1on, hoat tinh dién héa tot. Dién cuwc cho tin hi¢u 6xy héa dién
héa twong ng véi 3 khang sinh tét nhét khi ché tao & thé -5 V trong 20 s. Trong cac diéu kién toi wu, caim bién da
thé hién kha ning phén tich da chét hiéu qua cao Khi tin hiéu ciia 3 chit tich biét ré rang va tuyén tinh tot véi nong
dd cia chiing (R>>0,99). Cam bién c¢6 d chinh xac cao, dd nhay tot véi giéi han phat hién cia CAP, AMX va ENR
lan lwot 13 0,060, 0,381 va 0,109 pM. Tinh kha dung ciia cam bién dwoc thé hién qua d thu hdi chdp nhan dwoc cia

ca 3 khang sinh khi phan tich dong thoi trong miu nwéc ho.

Tir khéa: bée 16p dién hoa, cam bién dién hoa, graphene, phan tich dong thoi, thue khang sinh.

Chi s6 phén logi: 1.4, 1.5, 2.4
1. Gidi thiéu

Trong nhitng ndm gan déy, viéc lam dung thudc khang
sinh trong diéu tri y t& va trong chan nudi di va dang tro
thanh méi lo ngai toan cu. Uéc tinh luong tiéu thu thube
khang sinh trén toan cau trong chin nudi s& ting 67% tir
nam 2010 dén nim 2030 [1]. Du lugng thuc khang sinh
phat thai ra méi truong va trong thuc pham co thé xam nhap
vao co thé con ngudi va giy ra cac van dé nghiém trong vé
suc khoe. Mot hau qua vo cung nghiém trong cta viéc lam
dung thudc khang sinh 13 hién twong khang thudc khang
sinh, do tao ra cac vi khuan va cac gen khang khang sinh.
Theo T6 chirc Y té Thé giéi (WHO), thude khang sinh (ngay
ca & nong do thap) c6 thé tao diéu kién cho cac ching vi
khuan khéng thudc phat trién manh. WHO di xép khang
thudc khang sinh 1a mot trong mudi méi de doa hang diu
d6i voi strc khoe toan cau trong nim 2019 va di canh bao
viéc tiéu thu thube khang sinh & mirc cao & mot sé qudc gia
dang dan dén su xuat hién cua cac bénh nhiém trung siéu vi
khuédn chét nguoi [2-4]. O Viét Nam, mét sé thude khang
sinh d3, dang duoc sir dung trong chin nuéi c6 thé ké dén
la CAP, AMX va ENR. Trong d6, CAP la thudc da bi dwa
vao danh sach cam st dung trong san xudt, kinh doanh dong
vat thuy san va trén can, ENR bi cAm sir voi dong vat thuy
san [5]. Trong khi d6, AMX tuy van duoc cép phép sir dung,

“Tac gia lién hé: Email: haiyen25986(@gmail.com
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nhung nhiéu khi con bi lam dung, st dung khong dung lidu
luong va muc dich. Theo quy dinh ctia Uy ban chiu Au,
CAP bi cim sir dung trong khi giéi han du lugng ti da
(MRLs) cua cac thudc khang sinh trong céc loai thit 1a 50
pg/kg voi AMX va 100 pg/kg vai ENR [6].

Vi cac ly do trén, dé xac dinh va kiém soat ham luong,
du lwong khang sinh trong thuc phdm ciing nhu ngudn nuéc,
doi hoéi phai c6 cac phuong phap phan tich cé do chinh xac
va do nhay cao, c¢6 kha ning phén tich da chét tot dé co thé
phan tich duoc nhiéu loai thudc khang sinh cung luc. Ngay
nay, mot s6 phuong phap phan tich thudc khang sinh nhu
sac ky 10p mong [7], dién di mao quan [8], sac ky khi ghép
nbi khoi phd, sic ky long hi¢u nang cao, sic ky long siéu
hiéu niang cao ghép ndi khéi phd [9, 10] da duoc sir dung
trong phan tich véi hiéu qud cao. Tuy nhién, ching c6 chi
phi dau tu cao, van hanh phtic tap. Do vy, phuong phap
phan tich dién hoa dang 1a mot phuong phap thay thé hiéu
qua trong dinh tinh va dinh lugng cac thudc khang sinh do
c6 quy trinh phan tich don gian, nhanh chéng, xir Iy mau
don gian, tiét kiém ma van dam bao dwoc tinh chinh xac va
d6 nhay tot [11].

Graphene 1a vt li¢u ché tao cam bién dién hoa cho hi¢u
qua cao do c6 do dan dién tot, dién tich hoat dong 16n, toc
d6 chuyén dién tich nhanh va ctra s6 dién hoéa rong. Cac
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Abstract:
In this study, three antibiotics, chloramphenicol
(CAP), amoxicillin (AMX), and enrofloxacin

(ENR), were simultaneously analysed for the first
time using electrochemical sensors. The multilayer
graphene electrode used in the sensor was directly
and rapidly fabricated from graphite through a one-
step chronoamperometry method. Scanning electron
microscopy and cyclic voltammetry techniques revealed
the multilayer-graphene nanostructure of the prepared
electrode with a large electrochemically active surface
area and good electrochemical activity. The electrode
exhibited the best electrochemical oxidation signals
corresponding to the three antibiotics when fabricated
at a potential of SV for 20 s. Under optimised conditions,
the sensor demonstrated excellent multi-analyte analysis
capability, with clear separation and good linearity of
the signals of the three antibiotics (R*>0.99) in relation to
their concentrations. The sensor exhibited high accuracy
and sensitivity with detection limits of 0.060, 0.381, and
0.109 pM for CAP, AMX, and ENR, respectively. The
applicability of the sensor was demonstrated through
acceptable recoveries of all three antibiotics when
simultaneously analysed in a lake water sample.

Keywords: antibiotic, electrochemical exfoliation,
electrochemical sensor, graphene, simultaneous analysis.

Classification numbers: 1.4, 1.5, 2.4
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dién cuc bién tinh véi graphene chii yéu dugc ché tao bang
phuong phap nho giot dé dwa mot 16p phu cia graphene
1én bé mat dién cyc nén. Do graphene phan tin kém trong
dung méi nude, dé de‘mg bi két ty lai, tir d6 1am cho 16p phu
khong dong déu & cac 1an bién tinh, cling nhu 1am glam tinh
6on dinh ctia 16p phu trén bé mat dién cuec, tir d6 dan dén do
tai 1ap khong dugc nhu mong mudn [12]. Mot sb nghién
clru da stir dung dang dan xudt ctia graphene nhu graphene
oxit (GO) va graphene oxit dang khtr (rGO) dé lam vat lidu
bién tinh dién cuc. GO c6 kha ning phan tan tot nén dé dang
tao 10p phu dong déu va bén virng [13]. Trong khi d6, rGO
¢6 mach lién hop duoc tai thiét 1ap gan gidng voi graphene
gitp tang kha nang trao doi dlen tich; thém vao do, mot so
nhom chte con ton tai trong céu triic rGO hd trg cho viée
lam giau chét phan tich 1én bé mat dién cuc [14].

V61 myc dich lam tdng do nhay va tang kha nang phan
tich da chat khi phén tich dong thoi cac thudc khang sinh
CAP, AMX va ENR, nghién ctru nay hudng dén viéc s
dung vat liéu dién cuc graphene thay vi cac dan Xuét cua
n6. Dé tranh nhitng han ché cua viéc bién tinh bang phuong
phép nhé giot, ching t6i di dwa ra mot phuong phép bién
tinh bé mit dién cuc graphite bang cac tim graphene mot
céch tryc tiép bang k¥ thuat dién hoa. Phuong phap dugc
thuc hién véi quy trinh mot budc, don gian va tiét kiém chi
phi d3 tao nén mot 16p bé mat gdm cac tim graphene da 16p.
Phuong phap phan tich dién héa st dung dién cuc graphene
ché tao dwoc di thé hién hiéu qua t6t khi phan tich dong
thoi CAP, AMX va ENR trong mdi truong nuéce. Day cling
1a nghién ctru dau tién phan tich dong thoi 3 khang sinh nay
bang phuong phap dién hoa.

2. Doi tuong va phuong phap nghién ciiu
2.1. Héa chit va thiét bi

CAP (C,H CLNO,) (98%, Dic), AMX trihydrate
(C,(H,,N,O; S 3H ,0) (98%, buc), ENR (C H,FN.O,)
(99%, Durc), dimethyl sulfoxide C,H.OS (DMSO) (99%,
Anh), ethanol (99%, Trung Quoc) H SO, (98%, buc),
H,PO, (85%, burc), KOH (=85%, Diic), KH PO, (=99,5%,
Duc) K HPO, (=98%, Dirc), K [Fe(CN)] (99%, Trung
Qudc) duorc st dung ma khong can tinh ché lai. Pién cuc
graphite ¢6 xuat x{r tir Nhat Ban (99,9% C).

Céc phép do dién hoa duoc tién hanh trén may do dién
hoéa da nang CPA-HHS tu ché tao tai Vién Hoéa hoc, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. Hé do dién hoa
gém 3 dién cuc: dién cuc lam viéce 1a cac dién cuc duoc ché
tao, dién cuc so sanh Ag/AgCIl/KCl bao hoa va dién cuc ddi
platin dang soi. Thiét bi chup anh hién vi dién tir quét phat
xa truong (FESEM) S-4800 cua Hitachi (Nhat Ban) dugc su
dung dé quan sat hinh thai hoc, thanh ph?m hoa hoc cua vat
ligu trén bé mat dién cuc.
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2.2. Ché tao dién cuc bién tinh graphene trong dung
moi dimethyl sulfoxide

Bé mat dién cuc graphite dugc bién tinh truc tiép thanh
dang graphene bing viéc boc 16p bé mit sir dung ki thuat ap
thé tinh trong dung méi dimethyl sulfoxide (DMSO). Déu tién,
bé mat dién cuc graphite (pG) duoc mai phang véi gidy mai
¢6 d6 nham 5000, sau do duoc lam sach bé“mg viéc ngdm rua
trong etanol 2 phit va tia rira véi nudc ct 2 lan. Sau d6 duge
dwa vao dung dich DMSO chtra 5 mM KCl tién hanh bién tinh
bé mat bang viéc ap mot dién thé co gia tri 4m, khong doi,
dugc dat vao hé trong mot thoi gian nhét dinh. Pién cuc sau
khi ché tao duoc ky hiéu 1a mLG. Thé dit vao hé va thoi gian
ap thé duoc khao sat dé lwa chon cac thong s pht hop nhat.

2.3. Phén tich thuéc khdng sinh

Pién cuc mLG duoc st dung dé phan tich cac thude
khang sinh CAP, AMX va ENR bing phuong phap Von-
Ampe hoa tan hip phu k¥ thuat song vudng (AdS-SWV).
Ban déu, dién cuc duoge nhung trong dung dich phan tich
(dém phdt phat - PBS) & trang thai mach ho dé hap phy lam
gidu cac khang sinh 1én bé mit dién cuc, sau do thé trong
mach dugc quét theo chiéu anot tir U=0.8V dén U=12V
dé ghi cac tin hiéu dong 6xy hoa tuorng ung voi cac thude
khang sinh. Cac thong s6 khéc ctua ky thuat AAS-SWV bao
gdm: chiéu cao séng vudng 20 mV, budc nhay thé 5 mV,
thoi gian mdi budce thé 20 s va tan s song vudng 25 Hz.

Céc diéU} kién phén tich nhu pH ciia méi truong dién ly,
thot gian hap phu lam giau dugc toi wu hoa trude khi xay
dung duong chuan phan tich.

3. Két qua va ban luan
3.1. Tinh chit bé mdt dién cwe mLG

Hinh thai hoc bé mat dién cuc duoc danh gia qua cac
anh SEM ¢ cac do phong dai khac nhau (hinh 1). Theo do,
dién cuc graphite ban dau c6 bé mit bang phang, rai rac trén
d6 1a cac canh hep cua cac tim graphite xép phia ngoai ciia
bé mit dién cuc (hinh 1A). Hinh anh nay thé hién rd rang
dic trung cdu tric tinh thé cta graphite: bao gdm cac 16p
graphite xép chdng 1én nhau va lién két boi lién két Van-
der-Waal.

(A) (B)

IMS-NKL 5.0kV 5.1mm x20.0k SE{M) x2
Hinh 1. Anh hién vi dién tir quét phat xa trweng clia dién cwe graphite (A) va graphene mLG ché tao trong dung méi dimethyl sulfoxide & cac dé phéng
dai khac nhau (B, C).
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O cung d6 phong dai voi anh SEM ciia bé mit pG, hinh
1B lai cho thdy mét ciu triic bé mat go ghé, 1om chom cia
dién cuc mLG. Két qua duogc giai thich 1a do dudi tac dong
cua viéc ap thé am dé boc 16p bé mit dién cuc, cac ion
kali dwoc thu hut dén va xen k& vao gitra cac 16p than chi
lam m¢ rong khoang cach giita cac 16p d6. Do d6, tao diéu
kién thuan lgi cho cac phan tot DMSO tiép tuc xen vao gilra
va dong vai tro cung cap dong luc dé pha v luc lién két
Van-der-Waal giita cac 16p graphite [15]. Két qua 1a cac 16p
graphite trén bé mit dién cuc bi bung md khéi sy lién Kkét
v6i cac 16p khac va boc tach ra thanh cac tim graphene véi
hau hét cac canh hudng ra phia ngoai bé mat. O d6 phong
dai 16n hon (100 K) (hinh 1C), c6 thé thay cac tim graphene
¢6 kich ¢& nano véi bé day ¢& vai nanomet va khoang cach
giita cac tim graphene 1a tu 10 dén vai trim nanomet. Nhu
vy, céc tAm graphene c6 céu truc da 16p. Ciu triic bé mit
gdm céc tim graphene da 16p s& lam tang dang ké dién tich
hoat dong bé mat cua dién cue mLG so vé6i dién cuc pG ban
dau, do d6 giup ting cudng tin hiéu phan tich cia cac thude
khang sinh CAP, AMX, ENR.

3.2. Tinh chit dién héa ciia dién cwc ché tao dwgc

Hoat tinh dién hoéa cua cac dién cuc (pG va mLG) duogc
nghién ciru bang phuong phap quét thé vong (CV) trong
dung dich K L[Fe(CN)I/PBS 0,1 M pH 7 tir U;=0,9 V dén
U=04YV, toc d6 quét thé 0,1 V/s.

Két qua do trinh bay trén hinh 2 cho thay, 2 peak xuét
hién trén cac duong do cua ca 2 dién cuc pG va mLG tuong
g v6i su 0xy hoa khir ciia h¢ thuan nghich [Fe(CN), J*/
[Fe(CN)Q]4 1a rd rang, v6i chiéu cao peak 6 Oxy hoa va peak
khur 1a gan bang nhau va cac gia tri nay tuyén tinh véi can
bac hai ctia toc do quét thé (hinh 2B). Diéu nay thé hién hoat
tinh dién hoa tt cua ca 2 dién cuc, phan g thuan nghich
dién hoa dién ra thuan lgi trén cac dién cuc. Tuy nhién, khi
s0 voi cac peak ghi dugc trén dién cuc pG, cac peak trén
dién cuc mLG sic nhon, rd rang va cao hon, khoang cach
gilia hai peak (AE ) hep hon (0,138 V nho hon 0,215 V cta
pG) (hmh 2A). Cac két qua nay cho thay, dién cyc mLG cd
tinh chit dién hoa tot hon dién cuc pG.

©
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Hinh 2. Bwong CVs trong dung dich K3[FegCN)s] 5 liF"BS 0,1 M cua 2
dién cwc (A) va cﬁa‘dién cwe mLG & cac toc do quét the khac phau (B).
Suj phu thudc cla chiéu cao peak 6xy hda khir vao can bac hai clia toc do quét
thé (inset).

Su khac biét nay duoc cho 14 do cac tim graphene kich
thudce nano da thuc déy tde do chuyén dién tich trén bé mat
dién cuc‘lém tang do séc nhon cua peak va lam giam AEp.
Viéc chiéu cao cac peak do dugc trén dién cuc mLG tang
cao 1a do ciu tric g6 ghé, 16m chém cua bé mat dién cuc
lam tang dién tich hoat dong dién hoéa (ECSA) cua n6. Dién
tich hoat dong dién hoa trén bé mit cac dién cuc ¢ thé dugc
tinh theo phuong trinh Randle - Sevcik [16]. Két qua ECSA
tinh dugce cua dién cye mLG 1a 0,35 ¢cm?, cao gép 1,3 lan so
v6i ECSA ctia dién cuc graphite ban dau (0,27 cm?). Sy ting
1én ctia ECSA khi dién cuc graphite duoc bién tinh thanh
dang c6 ciu tric cac tim graphene da 10p hira hen mot kha
nang lam tang dugc do nhay cia dién cuc khi phan tich cac
thude khang sinh.

3.3. Tinh chit dién héa ciia cdc thudc khdng sinh trén
dién cuc dd ché tao

Tinh chét dién hoa cia CAP, AMX va ENR trén dién cuc
mLG duoc danh gia bang phwong phap CV va phuong phap
SW-AdSV khi do trong nén dém PBS c6 va khong co cac
thudc khang sinh.

Trén duong CV ciia CAP quét theo chidu di catot va
chiéu vé anot (hinh 3A) ¢6 thé dé dang quan sat thay 1 peak
khtr 18 rang, séc nhon & chu ky quét dau tién tai thé c& -0,68
V (peak R)). Sau d6, mot peak 6xy hoa xudt hién & khoang
thé -0,10 V (peak O)), keo theo d6 1a peak khur ¢ -0,15 V
(peak R,) bat dau xuét hién tir chu ky thir hai. Cac peak nay
sdc nhon va gidm manh ¢ chu ky thr 2. Do trén duong do
trong dung dich nén dém PBS khong quan sat thdy cic peak
nay, nén ching tuong ung voi phan tng dién hoa khong
thuén nghich cua CAP va phan ting 6xy hoéa thuan nghich
clia san pham phu sinh ra tir CAP [15]. Nhu vay, bén canh
peak khtr truc tiép CAP, peak 6xy hoa O, cta san pham khtr
CAP trén dién cuc ciing kha 10 rang, va cling phu thudc vao
ham lugng CAP trong dung dich phan tich. Do d6, trong
truong hop quan tim Qén tin hiéu anot, peak O, nay cling
c6 thé dugc st dung d¢ phan tich CAP. B6i voi AMX, khi
s0 v6i duong do trong dung dich nén, duong do trong dung
dich AMX xuét hién mot peak anot rd rang & ¢& 0,55 V
(hinh 3B).
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Hinh 3. Pwong CVs cua cac dién cwe pG va mLG trong cac dung dich
PBS pH 8,0 chira chloramphenicol 100 uM (A); amoxicillin 200 uM (B);
enrofloxacin 100 p‘M (C); dwong AdS-SWVs cua cac dién cwc trong
dung dich chira dong thei chloramphenicol 5 pM, amoxicillin 60 pM,
enrofloxacin 3 uM (D).

Trong khi d6, trén duong do trong dung dich ENR, mdt
peak 6xy hoa dugc quan st thdy ¢ khoang thé 0.81 V (hinh
3C) tuwong trng voi sy 0xy hoa cia ENR. Viéc khong quan
sat thay peak khir trén chidu quét nguoc lai da khang dinh
phan tng 6xy hoa dién hoa cia AMX va ENR la bit thuan
nghich. Nhu vay, 3 thubc khang sinh CAP, AMX va ENR
déu ¢6 tin hiéu tét trén dién cuc mLG va cao hon nhiéu lan
so véi tin hiéu tuong g ghi dugc trén dién cyc graphite
ban dau. Piéu nay la do dién tich hoat dong ctia dién cyc sau
khi bién tinh tang manbh, déng thoi cdu triic nano cua dién
cuc ¢o thé lam xic tac cho phan tng dién hoa cua thude
khang sinh din ra dugc thudn lgi hon. Tinh chat nay dugc
thé hién 16 rang ¢ viéc tin hiéu peak AMX trén dién cuc
mLG dich vé& 4m hon véi hinh dang séc nhon va rd rang hon
nhiéu so v&i tin hiéu AMX trén dién cuc pG ban dau. Bén
canh do6, cac tin hi€u 6xy hoa tuong ting vo6i 3 khang sinh &
vi tri khac biét nhau dang ké. Do dé, dién cuc mLG c6 kha
ning phan tich duoc dong thoi ba chit CAP, AMX, ENR
sir dung cac peak Oxy hoa nay bang cach thyuc hién k¥ thuat
quét thé anot c6 su hip phu lam giau dé lam ting d6 nhay.

Tin hiéu phan tich dong thoi 3 khang sinh CAP 5, AMX
60 va ENR 3 pM ghi bang k¥ thuat Von-Ampe song vudng
trinh bay trén hinh 3D, cho théy, sy xuat hién 3 peak oxy
hoa trén ca 2 dién cyc graphite va graphite bién tinh bang
graphene da 16p. Vi tri cac peak tuong ung véi CAP, AMX
va ENR trén dién cuc mLG lan luot & gia tri thé khoang
-0,10, 0,56 va 0,84 V. Tin hiéu cac peak nay ghi dugc trén
dién cyc mLG cao hon nhiéu 1an so véi cac peak ghi dugc
trén dién cuc graphite ban dau: gép 11,2 lan véi CAP, 6,9
lan v6i AMX va 2,3 1an v6i ENR.
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3.4. Khdo sdt cdic yéu té anh hwong dén tin higu 3
thuoc khang sinh trén dién cuc mLG

Céc diéu kién bao gém diéu kién ché tao dién cuc (thé va
thoi gian boc 16p ché tao mLG) va diéu kién phan tich (pH
dung dich phan tich va thoi gian hap phu lam giau) duoc
khao sat dé lwa chon cac diéu kién tdi uu nhét cho viée phan
tich dong thoi 3 khang sinh CAP, AMX va ENR sir dung
dién cuc bién tinh graphene da 16p.

3.4.1. Khao sdt dnh hiéng ciia thé va thoi gian boc 1op tao
mLG den tin hiéu chloramphenicol, amoxicillin va enrofloxacin

Thé boc 16p (E,,,,) duoc thay doi tir -2 dén -6 V véi thoi
gian boc 16p 20 s dé danh gia anh huong ctia né dén tin hiéu
khang sinh do duoc va két qua dugc trinh bay trén hinh 4A.
Theo d6, khi thé dat vao hé dé boc 16p tao mLG cang am, tin
hiéu ca 3 thudc khang sinh ghi duoc déu ting dan. Tuy nhién,
khi thé boc 16p 1a 6 V, tin hiéu ghi dugc lai giam hon so voi
thé -5 V. Piéu nay dugc cho 1a do voi gia tri thé -6 V, viéc boc
16p xay ra manh me, dot ngot. Dan dén hé qua 1a nhiéu 16p
bén ngoai bi bong hén ra khoi bé mat dién cuc va cac 16p con
lai trén bé mat két ndi véi nhau kém chit chd hon. Két qua
la dién tich hoat dong dién hoa va kha nang trao dbi electron
trén dién cuc ché tao & -6 V giam so voi -5 V. Do do, -5 V
duoc lua chon 1 thé boc 16p dé ché tao dién cuc mLG.

Vi thé ap -5 V, thoi gian ap thé bién tinh dién cuc (t_,)
duogc khao sat nham Iya chon duoc didu kién tdi wu. bap
g dong peak 6xy hoa cua 3 khang sinh theo t_. duoc thé
hién trén hinh 4B. Theo do, tin hi¢u cua 3 khang sinh thu
duoc tot nhat ot la20s.
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Hinh 4. Sw phu thudc clia chiéu cao peak twong trng v&i chloramphenicol,
amoxicillin va enrofloxacin vao thé béc I&p (A), thoi gian béc 1&p (B) ché
tao dién cwe mLG, va vao pH dung dich do (C); sw phu thudc ctia thé dinh
cac peak vao pH dung dich do (D).
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3.4.2. Khao sat anh hwéng ciia pH dung dich dién ly dén
tin hiéu chloramphenicol, amoxicillin va enrofloxacin

pH dung dich dién ly anh hudng 16n dén trang thai ton
tai cua cac chit trong dung dich ciing nhu kha ning tao
phtc, hép thu cac chat 1én bé mit dién cuc va anh hudng
dén can bang cta phan tng dién hoa khi c6 su tham gia
ctia ion H*, do @6 anh hudng rd rang dén tin hidu peak dién
hoéa ghi dugc. Do do, tin hiéu AdS-SWV cua phan tng dién
hoa cia CAP, AMX va ENR trong dung dich PBS 0,1 M &
cac pH khac nhau tur 6,0 dén 10,0 duoc ghi lai dé lya chon
duogc diéu kién dung dich phu hop cho phép phan tich cac
chat nay. Két qua trinh bay trén hinh 4C cho thay, véi CAP
va ENR, tin hiéu peak cao nhét ghi dugc trong dung dich
¢6 pH 8, trong khi d6 voi AMX, tin hiéu peak ting dan khi
pH ting dan tir 6 d&én 9 va giam nhe & pH 10. Nhu vay, dé
phan tich dong thoi ba chat CAP, AMX va ENR, pH 8 dugc
lwa chon dé sir dung cho cac nghién ctru tiép theo. Di voi
thé dinh peak (E ), su bién thién tuyén tinh cia E cuaca3
khéang sinh theo su thay d6i cuia pH (hinh 4D) da chung té
phan tmg oxy hoa dién hoa ciia ba chat déu co su tham gia
cua H'. Gia tri hé sb gbc 0,055 va 0,061 ctua phuong trinh
hdi quy tuyén tinh twong ung voi CAP va AMX la gﬁn voi
gia tri ly thuyet cua phuong trinh Nerst (0,059) ¢ diéu kién
s6 proton bang s electron. Nhu vy, c6 thé ket luan rang,
phan tng 6xy hoa dién hoa cta ching co ty 1& sé electron/sd
proton bang 1. Riéng véi ENR, véi hé s goc 0,016, ty 16 sd
electron/sd proton tinh ra duogc 1a 4/1.

3.4.3. Khdo sat anh hwong cia thoi gian hap phu dén tin
hiéu chloramphenicol, amoxicillin va enrofloxacin

Thoi gian hap phu (t,4,) duoc khao sat trong khoang tur 0
dén 600 s khi ghi do tin h1eu cuia cac chét trong dung dich
PBS 0,1 M (pH 8). Tin hi¢u cic chat phu thudc vao thoi gian
hép phu dugc khao sat riéng r&, dong thoi va duoc trinh bay
6 hinh 5.
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Hinh 5. Sw phu thudc cta chiéu cao peak vao thei gian hap phu twong
trng v&i chloramphenicol (A), amoxicillin (B) va enrofloxacin (C) khi do
riéng ré va khi do dong thoi (D).



Céc két qua cho thay, khi do riéng ré timg chat, & nong
d6 thap (CAP 0,2 uM, AMX 5 uM, ENR 0,5 pM), toc do
hap phu ctia cac chit 1én bé dién cyc 1a nhanh chong. O cac
nong do 16n hon, qua trinh hdp phu lam giau cic chét ting
nhanh & trong khoang 180 s dau, sau d6 thay doi khong
dang ké do qua trinh hdp phu din dat dén can bang. Khi do
ddng thoi ba chét, tin hiéu peak cia cac chat tang dan khi
t ., tang dan dén 180 s. Sau d6, xu huong bién dbi c6 su
khéc biét so véi khi do riéng ré timg chét: tin hiéu ciia CAP
va AMX bi glam dan, trong khi do, tin hiéu cua ENR tang
manh cho dén khi t, bang 420 s va giamnhe 6t bang 600
s (hinh 5D). Diéu nay ¢6 thé 1a do ¢6 su canh tranh hap phu
giita cac chét, cu thé ENR c6 kha ning dé dang duoc hap
phu 1én bé mit dién cuc mLG hon CAP va AMX. Nhu vay,
thoi gian hip phu lam gidu phu hop cho viéc phén tich dong
thoi 3 chit CAP, AMX va ENR st dung dién cuc mLG Ia
180s.

3.5. Pwong chudn, gidi han phdt hién, d¢ tdi lip khi
phan tich dong thoi chloramphenicol, amoxicillin va
enrofloxacin

Cac duong Von-Ampe hoa tan hap phu quet thé song
vudng duoc tién hanh trong cac dung dich c6 nong do tang
dan cia CAP, AMX va ENR trong khoang thé tir 0,5 dén
1,2 V d thu duoc cac peak 6xy hoa riéng biét twong ung
v6i 3 thube khang sinh (hinh 6A). Dai ndng do xay dung
duong chuén cua ting chat 13: 0,05-2,0 uM v6i CAP, 1,5-
60 pM v6i AMX va 0,1-4,0 uM v6i ENR. Dong peak 6xy
hoa ghi duoc cua timg chit ting tuyen tinh v&i nong do cua
ching theo phurong trinh hdi quy tuyén tinh twong tmg 1a: L
(LA)=3,42xC (uM)+0,21 (R*=0,9904) v&i CAP (hinh 6C)
I (nA)=0,22xC (uM)-0,08 (R*=0,9962) v6i AMX (hinh
6D), va I (nA)=2,98xC (uM)-0,31 (R*=0,9949) véi ENR
(hinh 6E).

CAP 2,0, AMX 60, ENR 4,0 uM
CAP 1,0, AMX 30, ENR 2,0 uM
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Gidi han phat hién (LOD) cua cac khang sinh dugc
tinh toan tir duong chuan ¢ cac nong do thap theo cong
thitc LOD=30/b, trong d6 o 1a do Iéch chuan cua gia tri do
thuc t& so v6i duong chudn va b 1a hé s goc cia duong
chudn. Gia tri LOD tinh duoc cua céc khang sinh lan
luot 1a: LOD(CAP)=0,060 uM, LOD(AMX)=0,381 uM,
LOD(ENR)=0,109 uM.

Bén canh d6, tir 8 lan do df”)ng thoi ba chat trén tam dién cuc
duoc lam mai (hinh 6B), cac gia tri RSD 7,1% vai CAP, 6,5%
voi AMX va 7,1% v6i ENR tinh toan dugc di thé hién do tai
lap tét cua dién cuc khi phan tich dong thoi 3 khang sinh.

Céc két qua trén da chung to dic tinh tuyét voi cla vt
liéu mLG da gitp quy trinh phan tich phan tich dong thoi
CAP, AMX va ENR dat dugc do nhay cao va d¢ tai lap tdt,
¢6 kha ning ing dung vao phan tich cdc mau thyc té.

3.6. Phén tich dong thoi chloramphenicol, amoxicillin
va enrofloxacin trong nén mau thuc

Pé chimg thuc tinh thuc tidn va do tin ciy cia phép
phan tich, cam bién v6i dién cuc mLG duge st dung dé
thir nghiém phan tich dong thoi CAP, AMX va ENR trong
mau nudc HO6 Tay (Ha Noi). Puong do trong mau nudc
Ho Tay ban dau khong phat hién thiy ¢ cac thudc khang
sinh nghién ctu. Sau do, CAP, AMX va ENR dugc thém
vao mau véi mot néng d6 chinh xac dé thu dugc miu thém
chuén (spike sample). Cac khang sinh trong mau nay dugc
phan tich bang phuong phap thém chuan sir dung ky thuat
AdS-SWV.

Theo két qué trinh bay trong bang 1, phép phén tich dong
thoi CAP, AMX va ENR c6 d6 thu hdi nim trong khoang
gia tri do thu hoi chép nhéan dugc theo quy dinh cua Hiép
hoi cac nha hod phan tich chinh thong (AOAC) [17] dbi vai
ca 3 thudc khang sinh. Diéu nay chimg t6 phuong phap c6
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Hinh 6. Pwong Ad-SWVs do dong thoi chloramphenicol, amoxicillin va enrofloxacin & cac nong do khac nhau (A) va do tai lap trén 8 dién cwe dwoc lam
méi (B); dweng chudn twong (ng véi chloramphenicol (C), amoxicillin (D) va enrofloxacin (E).

KHOA
&CONGHI\?GCI:-IE

66(6) 6.2024

18



Khoa hoc Ty nhién | Héa hoc, Khoa hoc trai dat va méi trudng, Khoa hoc K§ thuét va Céng nghé | Ky thuat héa hoc ns

do dung t6t. Bén canh d6, do lap lai tot ciia két qua phan
tich thé hién qua gi tri RSD thap (<5%) cua 3 lan do di thé
hién d6 chum t6t cia phuong phéap phan tich. Cac két qua
nay ching td, phuong phap AdS-SWV sur dung dién cuc
mLG phan tich déng thoi CAP, AMX va ENR c6 d6 chinh
X4ac cao.

Bang 1. Két qua phan tich dong th&i chloramphenicol, amoxicillin va
enrofloxacin trong nén mau nwéc Ho Tay.

Nong dj thude khang sinh (uM)

Thudc khéng sinh X Recovery (%)  RSD (%)
thém Cn’nh trung binh
CAP 0,1 0,107 107,0 2,5
AMX 3,0 2,95 98,3 48
ENR 0,2 0,201 100,6 1,2
*Cyon ung ooy NONG A0 trung binh tinh t& 3 lan do.
4. Két luan

Trong nghién ctru nay, cam bién sir dung dién cuc tién
tién graphene da 16p (mLG) lan dau tién dugc ché tao truc
tiép tir dién cuc graphite bang ky thuat thé tinh mot bude
va 1an déu tién dwoc tng dung vao phén tich dong thoi 3
thude khang sinh CAP, AMX va ENR. Cac dac tinh ndi bat
cua dién cyc nhu dién tich hoat dong dién hoa 16n, hoat tinh
xuc tac dién hoa, xuit phat tir ciu tric nano dang tim da 16p
la 1y do chinh gitp cho dién cuc c6 hi€u qua cao trong viéc
cdi thién tin hi€u dién hoda cia cac khang sinh. Su tach biét
16 rang cua cac peak tuong ung véi 3 chit dé thé hién kha
ning phan tich da chat tot cua dién cuc, giup cho cam bién
hoan toan ¢6 kha ning phan tich dong thoi 3 chit ¢ cing
diéu kién do. O céc diu kién t6i wu khi ché tao dién cuc va
trong qué trinh phan tich, duong chuan xay dung duoc khi
do dong thoi c6 d6 tuyén tinh tot, dai tuyén tinh rong véi ca
3 thudc khang sinh. Cam bién c6 gii han phat hién thap,
do tai lap t6t va chinh xac cao. Kha niang ting dung dién
cuc dugc xac nhan béng viéc phan tich CAP, AMX va ENR
trong nén mau nuéc HO Tay. Nhu vdy, bing mot phuong
phap ché tao don gian, nhanh chong va tiét kiém chi phi,
dién cuc graphene da 16p thu dugc c6 d6 nhay tdt, do on
dinh cao va kha ning phan tich da chat tuyét voi, tir d6 nang
cao hiéu qua phan tich dong thoi 3 thude khang sinh CAP,
AMX va ENR.

LO1 CAM ON

Nghién ctru nay dugc tai tro boi Quy Phat triép Khoa
hoc va Cong nghé¢ Qudc gia (NAFOSTED), ma so deé tai
104.06.2019.27. Céc tac gia xin chan thanh cam on.
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Tong hop copolyme cau tric lién hop poly(3-hexylthiophene-random-benzoyl
dithieno[3,2-b:2’,3’-d]pyrrole) bang phwong phap dién hoa

Hoang Duy Minh', Tran L& Hai2, Nguyén Qudc Viét', Tran Pirc Chau?, Luu Hoang Tam?,
Truwong Thu Thiiy?, Nguyén Tran Ha"3"
Phong Thi nghiém Trong diém Quéc gia vé Vit liéu Polymer va Composite, Truong Dai hoc Bach khoa, Pai hoc Quéc gia TP Ho Chi Minh,

268 Ly Thuong Kiét, phiong 14, qudn 10, TP Ho Chi Minh, Viét Nam

’Khoa Ky thudt Hoa hoc, Truong Dai hoc Bdach khoa, Pai hoc Qu(fc gia TP Hé Chi Minh,
268 Ly Thuong Kiét, phurong 14, quén 10, TP H6 Chi Minh, Viét Nam
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268 Ly Thuong Kiét, phwong 14, quan 10, TP H6é Chi Minh, Viét Nam

Ngay nhan bai 11/7/2023; ngay chuyén phan bién 13/7/2023; ngay nhan phan bién 3/8/2023; ngay chip nhan ding 7/8/2023

Tom tit:

Tﬁng hgp copolyme b:"lng phuong phap di¢n héa cia benzoyl dithieno[3,2-5:2°,3’-d|pyrrole va 3-hexylthiophene (3HT),
hira hen sé tao ra mot dang polyme méi c6 mirc ning lwgng HOMO va LUMO cai tién phit hgp véi mire ning lwong
HOMO va LUMO cia hgp chét nhén dién tir nhwr 1a Fullerene (C60), hodc cic chit nhin dién tir hiru co thé hé méi trong
cau triic di thé ciia pin mit troi hiru co. T6ng hop dién héa copolyme (3-hexylthiophene-random-benzoyl dithieno[3,2-
b:2°,3’-d|pyrrole bang phuong phap quét thé tuyen tinh da dwgc nghién ciru va ing dung cho tong hop copolyme din
dién sir dung cyc dién héa, bao gom dién cuc lam viéc 1a tam dé ITO (kinh phu oxit thiéc indi), dién cwe so sanh Ag/AgCl
trong KCI bao hoa va dién cuc dém platinum. Copolyme tong hop dwgc phan tich va danh gia thong qua phép do di¢n hoa,
quang pho hong ngoai bién ddi Fourier (FT-IR), kinh hién vi dién tir quét (SEM) va quang pho tir ngoai kha kién (UV-Vis).
Copolyme tong hop c6 mirc bandgap 2,09 eV va mirc ning lwgng HOMO, LUMO lan lwogt 14 -5,21 va -3,12 eV. Mikc niang
lwgng HOMO - LUMO ciia copolyme bin dan phit hop véi mire ning lwong ciia hop chat nhan dién tir Fullerene, vi vy

copolyme dén dién phit hop cho ing dung ché tao pin mit trdi hiru co véi cau tric di thé.

Tir khéa: copolyme, dién trung hop, pin mit troi, polyme din dién.

Chi 56 phin logi: 1.4,2.4,2.5

1. Dét van dé

Tur l4u, 16p phii polyme trén cac bé mat vat liéu luon 1a dé
tai tha vi cho cac ung dung dang kinh ngac cua chung. Lép phu
¢6 thé dugce thuc hién dé dat duge cac ddc tinh tham my, chéng
an mon hodc tinh chat quang dién tot hon [1-3]. Cac tmg dung
tiém nang nay sé tao ra mot thé h¢ thiét bi dién nhu: hinh thanh
cac dién cyc méi cho siéu tu dién, pin mat troi mong hon cé
thé dé dang thich (g trén moi bé mit, cira s6 thong minh co
thé thay d6i mau sic béng nhiét do khi quyén hodc dién, cac
thiét bi tich hop c6 thé dwoc sir dung dé chuyén ddi va luu trix
nang luong [4-8].

Trong nhiéu loai polyme dan dién, nhém thiophene 1a mot
trong nhitng loai pho bién nhat dwoc nghién ctru va thu hut
nhiéu sy quan tm. Polythiophene 6n dinh trang thai kich thich
va trang théi trung tinh. Ciing v6i d6 14 céu tric linh hoat gitip
phat trién nhidu tng dung, vi du nhu day dan, vat liéu dién
cuc hodc chat ban dan hiru co [9, 10]. Tuy nhién, do twong
tac manh mé& giita cac lién két hoa hoc nén polythiophene
cuc ky kho hoa tan, giy bat loi trong cac tmg dung cong
ngh¢, do do, cac nhom alkyl ¢6 4 phan tir carbon tr¢ 1én da
dugc thém vao cdu triic ¢ vi tri 3 dé cai thién do hoa tan cia
polyme, bang cach lam suy yéu sy tuong tac manh giira cac

“Tac gia lién hé: Email: nguyentranha@hcmut.edu.vn
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chudi polythiophene [11]. Poly(3-alkylthiophene) c6 do dan
dién cao, 6n dinh cao trong cac mi truong khac nhau, co thé
hoa tan trong nhiéu dung méi thong thuong. Dic biét, poly(3-
hexylthiophene - P3HT) da dugc nghién ctru trong mot thoi
gian dai va ap dung cho nhiéu thiét bi. Tuy nhién, tinh chat
quay cua lién két hoa hoc trong khung mach dan dén giam dic
tinh phing gitra cac don vi thiophene. Do d6, muc tiéu chinh
la khoa toan bo hé thong lién két 7 thanh mot hé thong "dong
phang thong qua mot don vi thir hai. Mot trong nhing tlen
dé dé cai thién cac ddc tinh phang 14 tao ra mot don vi cdu ndi
gifta cac vong thiophene lién ké thanh 2,2’ bithiophene. Khi
thém cac lién két cta cac don vi cau, do ¢b dinh cia khung
mach carbon trong phan tir ting 1én rat nhiéu, do d6 han ché
chuyén dong quay cua lién két, gitp cai thién cac dic diém
phéng [12]. Dithieno[3,2-b:2",3’-d]pyrrole 1a mot trong nhiing
don vi giau dién ti dugc nghién ctru rong rai cho cac ting dung
thiét bi quang dién tir. Dithieno[3,2-b:2",3’-d]pyrrole ¢6 cdu
tric 1a mot hé vong lién hop bithiophene vdi mdt nguyén ti
cau nitrogen ¢6 kha ning cho electron manh va c6 tinh phing.
Céc copolyme két hop gitra dithieno[3,2-5:2",3’ -d]pyrrole va
cac dan xuét thiophen da cho hiéu qua tuyét voi vé do linh
dong hat tai nho vao ban chat giau electron ciia pyrrole. Sy két
hop cua cac don vi dithieno[3,2-b:2°,3’-d]pyrrole phing giup
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Abstract:

Electrochemical copolymer synthesis of benzoyl
dithieno[3,2-5:2°,3’-d|pyrrole and 3-hexylthiophene
(BHT) promises to create new polymer with suitable
improved HOMO and LUMO with the energy level
of acceptor compounds such as Fullerene (C60)
or the novel accepted organic compound in the
heterojunction in organic solar cell. Electrochemical
synthesis of copolymer (3-hexylthiophene-random-
benzoyl dithieno[3,2-5:2°,3’-d|pyrrole by linear
potential scanning method was studied and applied for
synthesis of conjugated copolymer where three electrodes
have been used for polymerisation including the working
electrode of Indium Tin Oxide (ITO) substrate, the
reference electrode of Ag/AgCl in saturated KCIl and
the counter electrode of platinum wire. The synthesised
copolymer was characterised and evaluated through an
electrochemical process, Fourier-transform infrared
spectroscopy (FT-IR), scanning electron microscopy
(SEM) and ultraviolet-visible spectroscopy (UV-Vis)
measurements. The synthesised copolymer has a
bandgap of 2.09 eV, HOMO and LUMO energy levels of
-5.21 and -3.12 eV, respectively. The HOMO-LUMO of
the synthesised conjugated copolymer is closed with the
HOMO-LUMO of Fullerene; therefore, the conjugated
copolymer is a potential material for the fabrication of
organic solar cell.

Keywords: conductive polymer,
electropolymerisation, solar cell.

Classification numbers: 1.4,2.4, 2.5

copolymer,
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mé rong lién hop m va céc tiéu don vi thiophene mang lai kha
ning hoa tan tot, d dan cao va tinh di dong mang dién tich
cao. Do do, viéc két hop céac don vi dithieno[3,2-5:2°,3’-d]
pyrrole va cac thiophene thay thé khac nhau vao mach chinh
polyme gitip tang cuong kha nang hoa tan, giam khoang cach
dai va dat dugc céc dac tinh dién tor nng cao [13]. Trong bai
bao nay, chung toi khao sat qua trinh tring hop dién hoa dé két
hop 3HT va benzoyl dithieno[3,2-b:2’3’-d]pyrrole, mot loai
monome trong nhom dithieno[3,2-b:2,3’-d]pyrrole phd bién.
Vi¢c lya chon monome benzoyl dithieno[3,2-b:2°3° d]pyrrole
nho vao tinh chét hut dién tr cia nhém cacbonyl trong cdu
trac monome, voi tinh chat thu dién tr nay copolyme tao ra
s& c6 tinh chit cho nhéan dién tur giita don vi 3HT va benzoyl
dithieno[3,2-:2°3’-d]pyrrole lam tang kha ndng chuyén dich
electron va 16 trong dén cac dién cuc trong pin hitu co. Trong
nghién ciru nay, chung t6i nghién ciru cac yéu t6 anh huong dén
qua trinh tong hop va phan tich cac tinh chét cta copolyme.

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

Tién cht: monome 3HT, 98% GC, AK Scientific), benzoyl
dithieno[3,2-b:2",3’-d]pyrrole (Arcos Organic, M¥). Chat h trg
dién phan: LiCIO, (AR, Xiya Reagent). Dung mdi: Acetonitrile
(Fisher Scientific, My) va tam dé ITO (Trung Qudc).

2.2. Polyme héa bang phwong phdp dién héa
2.2.1. Lua chon dién thé quét

Ban dau, chiing t6i dd khao sat thong qua mot loat cac thi
nghiém véi monome 3HT & n6ng d6 0,05 M, str dung phuong
phap Chrono trén thiét bi AUTOLAB ¢ dién thé 1an luot 1a 1,5,
1,6 va 1,8 V. Piém thé 1,5 V dugc chon dua trén nghién ctiu
ctia R. Goncalves va cs (2017) [14].

2.2.2. Nong d¢

Dé chon nong do phi hop cho cac thi nghiém, ching toi da
thyc hién mot loat cac qua trinh dién trung hop 3HT & néng
d6 0,01; 0,02 va 0,05 M. Quy trinh dugc thuc hién b'fmg cach
str dung dang Voltammetry quét tuyén tinh tir 1,7 dén 1,8 V.

2.2.3. Dién trung hop poly(3-hexylthiophene-random-
benzoyl dithieno[3,2-b:2",3 ’-d]pyrrole

S0 dd 1 trinh bay phuong trinh phan tmg tring hop dién hoa
cta polyme (3-hexylthiophene-random-benzoyl dithieno[3,2-
b:2’,3’-d]pyrrole.

=0 Gy, Licio,

Acetonitrile
(/ S\ /Z \5 2/ \)
S S + S

So dd 1. Phwong trinh phan (ng tring hop dién héa cia polyme
(3-hexylthiophene-random-benzoyl dithieno[3,2-b:2’,3’-d]pyrrole.

Cyclic Voltammetry
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Dung dich dién tring hop dugc thuc hién bang cach
hoa tan LiCIO, 0,1 M, monome N-benzoyl dithieno[3,2-
b:2’,3’-d]pyrrole 0,002 M va monome 3HT 0,05 M vao 30
ml CH,CN trong té bao phan g, khudy bang diia thuy tinh
cho den khi dung dich dong nhat va trong sudt, sau do lip
cac dién cuc vao hé thong dién hoa. Cac dién cuc trong thi
nghiém nay 1a dién cyc lam viéc bang tdm thuy tinh ITO 2
cm?, dién tich kinh ITO phan ung dugc gidi han ¢ muc 1
cm? bang keo dinh. Pién cuc so sanh Ag/AgCl trong KCI
bdo hoa va dién cuc ddi thanh Pt. Qua trinh thuc hién trén
thiét bi AUTOLAB PGSTAT302N sir dung Linear Sweep
Voltammetry Potentiostatic, v&i khoang dién thé tir 1,70-
1,80 V, toc do quét 1a 0,0001 V/s. San pham duoc ky hiéu
la P1.

2.2.4. Dién trung hop poly(3-hexylthiophene)

Trong cung diéu kién, quy trinh va nong d6 3HT, tong
hop mau homopolyme khic cua 3HT dé so sanh vé6i san
pham thu dugc. San phdm duoc ky hiéu la P2. P1 va P2
dugc rra sach trong CH,CN va ngdm trong CH,CN trong 30
phut dé loai bo monome va LiCIO, trén bé mat

2.2.5. Phiong phap nghién ciru

Céc nghién ctou duogc do tai Phong Thi nghi¢m Trong
diém Qudc gia v& Vat liéu Polymer va Composite (Truong
Pai hoc Bach khoa, Pai hoc Qudc gia TP HO Chi Minh).
FT-IR duoc do bai thiét bi Bruker Tensor 27/Dtrc trong dai
budc song 400-4000 cm! ¢ nhiét d6 phong (25°C); phd hap
thy UV-Vis cia tit ca cac polyme trong dung dich dugc
khao sat bang thiét bi Shimadzu UV-Vis 2450 cua Shimadzu
Scientific ¢ nhiét dd phong (25°C) trong dai budc séng 300-
800 cm!, tbc d6 quét 200 nm/phut. Cac phép do dién hoa
dugc thyc hién trén thiét bi AUTOLAB (Ha Lan) véi dién
cuc 1am viéc 1a kinh ITO, dién cyc dbi la thanh Pt va dién
cuc so sanh 1a Ag/AgCl, dung dich trg dién 1y 0,1 M LiCIO,
trong CH,CN. Hinh anh SEM dugc chup bing JSM- 6480LV
(Jeol, Nhat Ban) tai Phong Thi nghiém Cong nghé Nano cua
Pai hoc Qudc gia TP HO Chi Minh.

3. Két qua va ban luan
3.1. Khdo sdt diém dién thé quét

O 1,5 V, khong ¢6 sy hinh thanh mang nao duoc phat
hién. Sau 30 giay, trén bé mat dién cuc ITO van khong co
dau hiéu v& mang polyme. Quy trinh duoc dimg lai va sau
d6 dién thé duge tang 1én 1,6 V. O 1,6 V, chit nén mau tim
ngay lap tirc xuét hién. Tuy nhién, n6 khong lan rong trén
dién cyc ITO, ma phan tan thanh cum nho, n5ng dd cao nhat
clia chat nén dugc quan sat thiy ¢ ria. Sy tao mam xay ra
it ¢ gitra dién cuc ITO lam cho chét nén méi khong thé tao
thanh mgt mang lién tuc. 01,8 V, hién tugng la nhu nhau,
tuy nhién, lugng chit nén 16n hon. Pidu nay co thé duge
giai thich ¢ cung diéu kién ndng do chat phan ung, nhiét
d6 va quy trinh, dién thé cao hon sé& ting cuong dong dién
cao hon nhu thé hién trong hinh 1, do do, nhiéu monome s&
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bi 6xy hda va sy hinh thanh polyme duoc cai thién. Vi mot
luong 16n polyme tao hinh 1a diéu can thiét cho cic phan
tich sau hon, chung t6i quyét dinh st dung dién the 1,8 V.
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Hinh 1. Biéu d quét thé poly(3-hexylthiophene) & 1,5, 1,6 va 1,8 V.
3.2. Khdo sdt khoding nong dp

O nong d6 0,01 M cua 3HT, khong c6 mang polyme
hinh thanh trén dién cuc ciing nhu sy thay d6i mau dién
phan, dong dién tdng nhe va dot ngdt giam ¢ 1,785 V Xuéng
gid tri 0 A cho thdy rang, quy trinh khong 6n dinh va khong
sir dung dé thyc hién cac thi nghiém tiép theo. Hién tuong
tuong tu cling xay ra voi néng d6 0,02 M cta 3HT, méc du
c6 sy thay ddi rd rang trong dong dién so véi ndng do 0,01
M, nhung khéng c¢6 ddu hiéu xuat hién cta mang polyme.
Sau d6, chung toi cling tir tir ting ndong do clia monome
thém 0,01 M mdi lan, nhung van khong thé phat hién dugc
su hinh thanh mang polyme. Khi ting ndng d6 dén 0,05
M cua 3HT va qua trinh trung hgp xay ra (hinh 2). Vi vay,
chung t6i quyét dinh sir dung 3HT ndng d6 0,05 M cho cac
thi nghiém tiép theo.

0,005 0,05 M
===0,02M
_ 0,004-/—-//_ =-=-0,01M
)
=
<
?n 0,003 - -
£ .
< -”
= - -
%‘) 0,002+ - -”
- - =
VE , -~ -
&) 0,001 4 -
P
e \
e -
0,000 = = =r=rmrme T
T T T T
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Hiéu dién thé (V)

Hinh 2. Biéu d6 dwong cong phan cuwe triing hop poly(3-hexylthiophene)
¢ 0,01, 0,02 va 0,05 M.
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3.3. Tong hop copolyme P1 va P2 bang dién héa

(A) ® 1o © = o I
W, @ . :8 ' Qe
1% 2+ =
ie 2 %
® 3 ) ® I3 8
D) * ZD ol E 8 T E 8 Og
+ o Q + @
:% ‘Wee® 10000 @
EQO @[ @ [0 © @
3D* E ) B E 00
D% Y3
o Iﬁ:;ﬁz ::?ié};éa O Lién két néi mang

<> Oligome < Polyme din dién

Hinh 3. Co’ ché tong hop polyme béng dién hoéa. (A) Dién cuc khong tich
dién khéng twong téc'vc'yi monome; (B) Dién’ cwc duogc tich dién dqug tao
ra cac Io§i nhém cé goc tw do am; (C) Lién két voi cac monome ¢6 goc tw do
duong dé tao s-dimers; (D) Hinh thanh oligome sau khi cé sy xuat hién clia cac
proton; (E, F) Tao mam 2D va sy hinh thanh polyme dang 2D; (G, H) Tao mam
3D va hinh thanh cac polyme dang mang 3D [15].

Sau khi dién trung hop, mang P1 nhén dugc 1a mét mang
phti déu, mau xanh ddm. Trong khi tring hop, c6 thé nhin
thiy mot phan nho cua dung dich phia truée dién cuc bién
thanh mau xanh dam, bao hiéu cac phan g dién hoa da
xay ra. Sau d6, mot 16p mong mau xanh dam da ling dong
trén dién cyc ITO, tuy nhién, 16p niy mong dén mirc c6 thé
nhin xuyén qua. Hién tuong nay tring hop vé6i co ché ma
M.A. Valle va cs (2002) [16] da dé cap trong nghién ctru ciia
ho (hinh 3). Cac monome gan dién cuc nhanh chong bi 6xy
hoa va két ndi dé tao ra oligome. S6 lugng va trong lugng
phéan tir ctia oligome lién tyc tang cho dén khi ching du
phan cuc dé léng dong trén bé mat dién cuc [15, 16]. Trong
sudt thoi gian d6, 10p mang trd nén day hon, tao ra mét 16p
polyme mau xanh ddm duc va mot phan hoa tan tré lai dung
dich. Tuy nhién, cudi qua trinh ndy, mau sic cia mang tré
nén dam hon, cac dong vat liéu tur tu thay ddi thanh mau
xanh tim. Hién tugng nay dugc quan sat trong dudng cong
I-V trong hinh 4. O dién thé 1,754 V, dong dién bét dau giam
va giam dan & dién thé 1,766 V, ching minh réng c6 mot su
thay di quan trong trong ban chét cta polyme. Khi bat dau
quét thé, qua trinh tao mam nhanh chong xay ra, tao thanh
nhitng chdm nho mau tim nam rai rac trén bé mat dién cuc.
Theo thoi gian, nhitng chim nay tré nén 16n hon va sau d6
duoc két ndi dé tro thanh mot 16p mang mau tim sam dugc
phu khong déu trén bé mat dién cuc. Pudng cong I-V cho
thiy, polyme P2 c6 do dan dién thip hon P1, do d6, d6 din
dién da ting nhanh cho thiy qué trinh dién tring hop da
xay ra.
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Hinh 4. BPwong cong |-V cta qua trinh dién trung hop P1 va P2.

Véi cing mot diéu kién trong ca 2 thi nghiém, nhung véi
su khac biét 10 rang vé co ché tao mam: thay vi hinh thanh
béng cach két ndi céc hat léng dong trén bé mit dién cuc,
dé lan rong tao thanh mot mang hoan chinh, 16p polyme P1
duoc hinh thanh dong thoi tir cac oligome bi 6xy hoa trong
té bao phan tmg. Sy khac biét nay 1a do monome N-benzoyl
dithieno[3,2-b:2’,3’-d]pyrrole bi 6xy hda. Cac monome nay
tang cudng kha nang hinh thanh lién két dé dat dugc higu
qua tring hop tot hon. Tir d6, c6 thé chimg minh sy ton tai
cua mdt loai copolyme P1 méi khac voi P2.

3.4. Pho quang phé hong ngoai bién doi Fourier

Nhoém chic nang quan trong cua polyme P1 va P2 da
duoc xac nhan béi FT-IR. Mau ran, duge léy tur dién cuc
pht polyme. Phén tich dugc thuc hién & ché do phéan xa
toan phan suy giam (ATR), dai budc song 1a 600-4000 cm!
& nhi¢t do phong nhu trong hinh 5.

Do truyén qua (%)

——CoPO (P1)
—— P3HT (P2)

T
4000 3500

T T T T
2500 2000 1500 1000 500

Buéc séng (cm™)

T
3000

Hinh 5. Phé héng ngoai clia copolyme (P1, dé) va poly(3-hexylthiophene)
(P2, tim).

So v6i P3HT (polyme P2), copolyme P1 c6 cung dinh
dac trung. Pinh ¢ 2928 cm™! 1a do rung dong C-H ctia céac
nhom hexyl. Sy hién dién cua thiophene co thé dugc xéac
nhan bdi cac dinh ¢ 1451 va 1402 cm! va rung dong C-H
cta cac vong thom & 1100 va 718 cm™’. Pinh ¢ 1265 cm!
cho théy, dao dong C-N thom, xac nhéan sy hién dién cua
nhom pyrrole trong polyme. Cac dinh manh & 1725 cm!
¢6 thé duoc quy cho chuyén dong kéo dai cia C=0, tao
thanh nhom ketone (C=0) trong N-benzoyl dithieno[3,2-
b:2’,3’-d]pyrrole [14, 17].
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3.5. Phé quang phé tir ngogi kha kién

P1 va P2 duoc do boi may quang phd UV-Vis. Mic du
ngay tir dau, muc dich ctia qua trinh dién tring hop trén ITO
1a tao diéu kién 1y tuong dé phan tich UV-Vis tryc tiép, tuy
nhién, cac mang qua day va qua tdi dé phén tich tryc tiép.
Vi vay, hoa tan mot ph?m cua mang tach ra khoi dién cuc la
diéu can thiét. Phd duoc thé hién trong hinh 6.

0,6

[——copPo (P1)

054 - = = P3HT (P2)

0,4 -

0,3 '

Do hip thu (a.u)

0,2 1 K

0,1 4 Aonset = 590 nm

0,0
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0 100 200 300 400 500 600

Buéc song (nm)

700 800

Hinh 6. Phé UV-Vis clia polyme P1 va P2 trong CHCI,.

Ca 2 polyme P1 va P2 déu cho thay su hdp thu tir 200 dén
800 nm. Tuy nhién, c6 mot s6 khac biét nhat dinh: Polyme
P2 cho thay murc hip thy t6i da & 390 nm, trong khi polymer
P1 cho thdy su dich chuyén mau do6 rd rang, mic hip thu
t6i da & 430 nm, cao hon 40 nm so v&i P2. Ngoai ra, muc
hép thu t6i da trong P1 c¢6 d6 hip thu cao hon P2, cho thdy
trong céu trac P1 ¢co su tuong tac gilta cac phan tu t6t hon.
Hon nita, khoang bandgap E ciia P1 va P2, dugc tinh bang
phuong trinh Planck va lambda onset (Eg=hc/l), dugc xac
dinh 1an luot 12 2,09 va 2,15 eV. Su dich chuyén do va giam
Eg la bang chirng manh m& dé két luan chét dong tring hop
dugc téng hop thanh cong.

3.6. Quét thé tuin hoan

Muec nang lugng HOMO co6 thé dugc udc tinh bang cach st
dung quét thé tuan hoan. HOMO dugc tinh bang phuong trinh:

HOMO = - (E™ (oxd) + EFemeerce + 4,8) eV = - (B (oxd) + 4,4) €V
LUMO = E, + HOMO

V6i 4,8 eV 1a muc ning lwong HOMO di biét cua
ferrocene 1am chuin. Gia tri E , ctua cdp Oxy hoa khir
ferrocene/ferrocenium so voi Ag/Ag” 1a -0,4 eV [18]. Phép
do thé tudn hoan duoc thuc hién béng cach su dung di¢én
cuc phu polyme tao thanh cac thi nghiém ¢ trén, ¢ nong do
0,1 M LiClO, hoa tan trong 30 ml CH,CN véi téc do quét &
0,005 V/s tu O 5dn2,0 V. Qua trmh quét duoc lap lai lién
tuc trong 4 1an dé nhan duogc két qua nhu trong hinh 7. Két
qué cho thdy, mot dinh 6xy hoa rd rang va rong. Cac dinh
rong c6 thé giai thich rang trong qua trinh quét, cac oligome
trong mang tiép tuc trung hop dé tao thanh cac chudi dai
hon, hodc c6 thé do 1a két qua cua r6i loan céu tric. Trong
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hinh 7, tit ca cic chu ky gan nhu nhau, cho thiy cac mang
on dinh va c¢o tinh thuan nghich.
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Hinh 7. Quét thé vong tuin hoan cia polyme P1 va P2,

Theo bang 1 va hinh 7, dong dién ti da caa P1 (0,00380
A) 16n hon nhidu so véi P2 (0,00123 A), khoang 3 lan
trong cung diéu kién téng hop. Didu nay cho thdy, chidu
dai lién hop da duogc céi thién, sy trong tac gitra N-benzoyl
dithieno[3,2-b:2°,3’-d]pyrrole va 3HT nang cao hi¢u qua
trung hop, gitip polyme dan electron hiéu qua hon. Ngoai
ra, vi dinh 6xy héa cua P1 gan dinh 6xy hoa cua P2, ty
16 monome 3HT bén trong chat dong trung hop nhiéu
hon N-benzoyl dithieno[3,2-b:2°,3’-d]pyrrole. So véi két
qua ddng trung hop ctia 3HT va dithieno[3,2-5:2",3’-d]
pyrrole, hién tai vin chua c6 nghién ctru trong viéc tong
hop copolyme bang phuong phap dién héa.
Bang 1. Cac thong sb cua polyme P1 va P2,

Miu  Eo (V) E (eV) HOMO (V) LUMO (eV)
Pl 0,81 2,09 521 3,12
P2 0,72 2,15 -5,12 2,97

3.7. Anh kinh hién vi dién tir quét (SEM)

Hinh 8. Anh kinh hién vi dién tir quét (SEM) ciia mau P1 & 3 do phéng dai:
x500 (A), khu vire thir nhat x2000 (B), khu vwe thir nhat x4000 (C), khu virc
thtr hai x2000 (D), khu vwe thir hai x4000 (E).

Hinh anh SEM ciia P1 cho thay, c6 2 ving riéng biét:
ving thtr nhét 1a viing hinh cau v6i bé mat hat 16n, gan bang
nhau, duoc sip xép chit ch& va gb ghé (hinh 8A, 8B, 8C).
Vung tht hai c6 kich thudc hat nho hon, dudi dang cac
mang riéng biét khong c6 hinh dang nhét dinh (hinh 8D,

21



Khoa hoc Tu nhién | Héa hoc, Khoa hoc Ky thuét va Céng nghé | Ky thuat hda hoc, Ky thuat vat liéu va luyén kim m—

8E). Mit khac, anh SEM cta P2 (hinh 9) cho thdy cling mot
dang cua vung thtr hai trong P1 véi cac hat két tu dé tao
thanh cac mang riéng biét. Nhitng diéu nay c6 thé chimg
minh co ché tao mam khac nhau giira P1 va P2, tir 6 cho
thiy ddng trung hop da dwoc tong hop thanh cong. Ngoai
ra, sy xuat hién ciia ving P2, ving thir hai trong P1 ciing
chimg minh rang, khi két thiic qua trinh dién trang hop,
sy trung hop cua monome 3HT vuot trdi so voi N-benzoyl
dithieno[3,2-5:2°,3’-d]pyrrole.

Hinh 9. Anh kinh hién vi dién ttr quét (SEM) clia mau P2 & do phong dai x4000.

4. Két luan

Copolyme cua poly(3-hexylthiophene-random-benzoyl
dithieno[3,2-b:2",3’-d]pyrrole) duoc tong hop thanh cong
bang phuong phap dién hoa. Copolyme tong hop c6 bandgap
thap hon so v6i P3HT (2,09 so véi 2,15 eV) va c6 mirc ning
lwong HOMO, LUMO lan luot 13 -5,21 va -3,12 eV. O dién
thé trang hop cao hon, cac don vi 3HT két hop nhiéu hon
trong cu tric dong tring hop. Qué trinh dién tring hop cho
thdy loi thé trong viéc phi mot loai polyme mong mudn
thong qua qué trinh tring hop tai chd. Mang c6 thé phu déu
trén bé mat, 6n dinh qua nhiéu chu trinh oxy hoa kha. Vi
véy, qua trinh tong hop copolyme nay phu hop dé ché tao
dién cuc cho cac thiét bi quang dién hitu co.

L1 CAM ON

Nghién ctru nay dugc tai trg boi Pai hoc Quéc gia TP Hb
Chi Minh, ma s0 d¢ tai C2022-20-19. Céac tac gia xin chan
thanh cam on.
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~ Xacdinh diéu ién én men thich hop cho ching x3 Khudn Steptomyees sp. YNUAL16 |
nhim ting kha nang khang nam Fusarium oxysporum 1, sp. cubense gay bénh héo rii trén cay chuoi
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Tém tiit:

Nghién ctru tap trung xac dinh thanh ph@m moi truong (nguf)n carbon, nf)ng do carbon, ngu(‘)n nito) va cac diéu
kién 1én men (nhiét do, pH) thich hop nhim nang cao kha nang khang nim bénh Fusarium oxysporum f. sp. cubense
Tropical Race 4 (Foc Tr4) gay bénh héo rii trén cay chudi ciia chiing xa khuin Streptomyces sp. VNUA116 (chiing
VNUA116). Bang phuong phap khuéch tan trén dia thach da xdc dinh dwgc chiing VNUA116 ¢6 kha niang daéi khang
manh véi nim bénh Foc Tr4 & cac diéu kién lén men: méi truong khoang YIM 301, ngubn carbon CBI1 (tinh bt
tan 40 g/l, D-glucose 1g/l)va nguon nito' N1 (cao thit bo 3 g/l, cao nam men 5 g/l, pepton 3 g/l) Dong thoi, cac diéu
kién 1én men tdi wu nhw pH 7 nhiét do 30°C, chuing VNUA116 thé hlen kha nang khang nam Foc Tr4 manh nhit
v6i duong kinh vong khang nim dat 30,67+0,58 mm sau 10 ngay nudi cAy. Nghién ctru nay di xac dinh dwoc chiing
VNUA116 & cac diéu ki¢n 1én men t6i wu thé hién kha ning trc ché nim Foc Tr4 1én dén 93,20%, twong dwong véi
ndng do Ridomil gold 68WG 3 g/l trong phong thi nghiém. Piéu nay khing dinh chiing VNUA116 c6 nhiéu tiém ning

rng dung trong san xuit ché pham sinh hoc ding trong phong trir bénh héo rii Panama trén ciy chudi.

Tir khéa: bénh héo rii Panama, cay chuoi, Fusarium oxysporum f. sp. cubense, hoat tinh khang nam, xa khuan.

Chi s6 phén loai: 1.6, 4.6

1. Dét van dé

Bénh héo rii trén cdy chudi 1a mot trong nhitg mbi de
doa nghiém trong nhét d6i v6i nganh trong chudi trén toan
thé gioi. Pay 1a loai bénh chua co thudc chita va chua co
gidng chudi nao c6 kha ning khang dugc bénh nay. Theo
tinh toan, 80% san lugng chudi toan cau dang bi de doa bodi
nam Foc Tr4 - ddy 1a mot trong nhitg chung nam co strc
tan pha va co thé gay thiét hai dang ké vé kinh té [1]. Mot
dic diém quan trong ciia nAm Foc Tr4 1a ton tai lau dai trong
dat, do d6 nhitng ving dit nay khong thé tiép tuc st dung dé
tréng chudi hay céac loai cay tréng khac nhiéu nam sau [2].
Déi v6i nhimng cay trong bi nhiém nam Foc Tr4 thuong co
murc 9 nhidém bénh va téc do 1ay lan rat nhanh, tir d6 dan
dén cay trong co thé mat hoan toan nang suét [3].

Xa khuan (Actitomyces) thuoc nhom vi khuén dic biét
¢6 nhiéu tmg dung quan trong trong doi séng xa hoi do c6
kha ning san sinh nhiéu loai khang sinh va cac hop chét thir
cép ¢6 hoat tinh sinh hoc [4]. Xa khuén dugc coi 14 tac nhan
kiém soat sinh hoc trong néng nghiép véi kha niang sinh
nhiéu hoat chat c6 thé kiém soat vi khuan va vi nim gay
bénh thuc vat [5]. Hién nay, da phan 1ap duoc hon 7.000
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chat chuyén hoa tir chi Streptomyces va khoang 3.000 chat
chuyén hoa tir cac chi xa khuan hiém [6]. Trong cac chat
chuyén hoa nay c6 cac hop chit chuyén biét dong vai tro
quan trong trong viéc phong trir cac tac nhan gay bénh trén
thuc vat [7].

Kha ning san sinh cac hop chat thir cap tir xa khuén 1a
khong ¢ dinh va c6 thé bi anh huong boi thanh phan méi
truong dinh dudng va diéu kién nudi ciy téi wu. Thanh phan
moi trudng nudi cdy dong mot vai tro vo cing quan trong
anh huong dén hiéu suit ctia qua trinh 1én men xa khuan.
Do d6, lya chon dugc mdt moi truong 1én men thich hop 1a
rit quan trong va c6 ¥ nghia. Bén canh d6, nhiing thay doi
vé ngudn carbon, ngudn nito hay cac diéu kién 1én men nhu
pH, nhiét do, ty 1¢ gidng hay thoi gian nudi ciy déu co anh
hudng 16n d&n sinh truong va kha ning sinh tong hop céac
hop chit thir cép trong d6 co hoat tinh khang ndm, khang
khuan cua xa khuén [8].

Nghién ctru cta chiing t6i nam 2023 di cong bd ching
VNUAT116 dugc phan lap tu dat tr@)ng chudi bi nhiém bénh
tai Viét Nam. Trinh tu toan bo hé gen ctia ching VNUA116
da dugc luu giit tai Ngan hang GenBank (sb dang nhap
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Determination of fermentation conditions of
Streptomyces sp. VNUA116 to improve the antifungal
activities against Fusarium oxysporum f. sp. cubense
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Abstract:

This study aims to identify medium components (carbon
source, carbon concentration, nitrogen source) and
fermentation conditions (temperature, pH) to enhance
the resistance against Fusarium oxysporum f. sp. cubense
Tropical Race 4 (Foc Tr4), causing Panama wilt disease
of Streptomyces sp. VNUA116 (VNUA116). By using the
agar well diffusion method, it was determined that strain
VNUAL116 has strong anti-fungal pathogen activities Foc
Tr4 under fermentation nutrients: YIM 301 medium,
carbon source CB1 (soluble starch 40 g/1: D-glucose 1 g/1,
and nitrogen source N1 beef extract 3 g/l: yeast extract
5 g/l: peptone 3 g/l). Additionally, optimal fermentation
conditions were established, including pH 7, and
temperature 30°C. Strain VNUA116 exhibited the highest
antifungal activity, reaching a diameter of 30.67+0.58
mm after 10 days of cultivation. Furthermore, under
these optimised fermentation conditions, Strepfomyces
sp. VNUA116 demonstrated an impressive inhibitory
capability against Foc-Tr4, reaching up to 93.20%,
equivalent to the concentration of the fungicide Ridomil
gold 68WG at 3 g/l in laboratory conditions. This affirms
the considerable potential of the VNUA116 strain for
applications in the production of biofertilizers for the
biological control of Panama wilt disease in banana plants.

Keywords: antifungal activity, banana plants, Fusarium
oxysporum f. sp. cubense, Panama wilt disease,
Streptomyces.

Classification numbers: 1.6, 4.6
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CP130487). Chung VNUA116 dugc chimg minh c6 kha
ning d6i khang manh véi ndm Foc Tr4 giy bénh héo rii
Panama trén cdy chudi [9]. Véi muc dich sir dung ching
VNUAL116 vao san xuat ché pham vi sinh phong trir bénh
héo rii Panama trén cay chudi thi viéc nghién clru va lua
chon dugc cac diéu kién 18n men téi wu ting kha nang khang
nam giy bénh Foc Tr4 c6 ¥ nghia thuc tidn cao. Day la
huéng di chinh cho nganh san xuat ché phdm vi sinh khi tac
nhan sinh hoc dugc sir dung dé quan 1y bénh dich dang dugc
quan tdm va 1a xu huéng phat trién néng nghiép an toan va
bén viing hién nay.

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

Chung xa khuan Streptomyces sp. VNUA116 (ching
VNUAI116) va ching nam Fusarium oxysporum f. sp.
cubense Tropical Race 4 (Foc Tr4) gay bénh héo rii Panama
trén chudi dugc cung cip va luu giit tai Khoa Cong nghé
Sinh hoc, Hoc vién Nong nghiép Viét Nam.

2.2. Phwong phdp nghién ciru
2.2.1. Lva chon moi truong lén men thich hop

Chung VNUA116 duoc tién hanh 1én men trén 15 moi
truong khac nhau ¢ 30°C, téc do lic 200 vong/phut. Kha
nang khang ndm Foc Tr4 duoc dénh gia hang ngay tir ngay
thu 5 béng phuong phap khuéch tan trén dia thach cho dén
khi két thic thi nghiém [10]. Céc thi nghiém dugc lap lai 3
lan véi méi cong thirc. Chon moi truong thich hgp cho kha
ning khang nam cao nht.

Moi truong bao gom: Gause I (g/l: tinh bot tan-10;
K ,HPO,-0,5; MgSO,.7H,0-0,5; KNO,-0,5; NaCl-0,5;
FeSO,.7H,0-0,01; pH 7,2); Gause II (g/l: glucose-10;
pepton-5; cao thit-0,5; NaCl-5, pH 7,2); ISP-1 (g/1: trypton-5;
cao ndm men-3; pH 7), ISP-2 (g/l: cao ndm men-4; cao
malt-10; glucose-4; pH 7,3), ISP-3 (g/l: bt yén mach-20;
dung dich mudi vi lugng-1 ml; pH 7), ISP-4 (g/1: tinh bot
tan-10; K, HPO,-1; MgSO,.7H,0-1; NaCl-1; (NH,),SO,-2;
CaCO,-2; dung dich mudi vi lugng-1 ml; pH 7), ISP-5 (g/1:
L-asparagin-1; glyxerin-10; K.HPO,-1; dung dich mudi vi
luong-1 ml; pH 7), ISP-6 (g/l: pepton-10; cao nam men-
1; C6H8FeNO7-O,5; pH 7,0), Emerson (g/l: cao thit bo-4;
cao nam men-1; pepton-4; glucose-10; NaCl-2,5; pH 7,0),
Casein (g/I: tinh bt tan-10; casein-0,3; KNO,-2; K.HPO,
-2; NaCl-2; CaCO,-0,02; FeSO,.7H,0-0,01; pH 7), A-4
(g/l: glucose-10; bot dau tuong-10; NaCl-5; CaCO,-11; pH
7), YIM 61 (g/l: bot dau tuong-20; pepton-2; glucose-20;
tinh bot tan-5; cao ndm men-2; NaCl-4; K,HPO-0,5;
MgSO,.7H,0-0,5; CaCO,-2; pH 7.8), YIM 301 (g/l: tinh
bot tan-24; cao thit-3; cao nam men-5; pepton-3; glucose-1;
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CaCO,-4; pH 7), YIM 308 (g/l: glucose-10; cao thit-3;
pepton-3; tinh bot tan-20; cao ndm men-5; CaCO,-3; pH 7)
va YIM 310 (g/l: glucose-5; pepton-3; tinh bot tan-10; cao
nam men-3; CaCO,-2; NH,NO,-3; pH 7.2).

2.2.2. Anh huéng ciia nguon carbon

Sau khi lya chon dugc mdi trudong 1én men thich hop,
chung VNUA116 duoc nudi cdy trén moi truong co nguon
carbon 1a CB1 (tinh bdt tan 24 g/l + D-glucose 1 g/l),
D-glucose, D-mannitol, D-Sorbitol, D-xylose va xellulose
v6i ham lugng bang vai lugng carbon trong méi trudng ban
dau, cac thanh phan khéac trong méi truong khong thay doi.
Lén men ¢ 30°C, toc do lac 200 vong/phut. Kha ning khang
nam Foc Tr4 dugc danh gia hang ngay tir ngay thtr 5 bang
phuong phap khuéch tan trén dia thach cho dén khi két thuc
thi nghiém [10]. Mdi cong thirc thi nghiém duoc lip lai 3
lan. Lya chon ngudn carbon cho vong khang nim cao nht.

Tién hanh thay d6i ham lugng carbon trong méi trudng,
cac thanh phan khac khong thay d6i. Mdi cong thirc thi
nghiém duoc lap lai 3 lan. Lua chon ham luong carbon cho
vong khang nim cao nht.

2.2.3. Anh hudng cia nguon nito

Chung VNUAI116 dugc tién hanh 1én men trén moi
truong co nguén carbon va ham lugng carbon da duoc lya
chon. Thay thé ngudn nito 1a N1 (cao thit bd 3 g/l, cao ndm
men 5 g/l, pepton 3 g/), cao ndm men, cao thit bo, bot dau
twong, pepton VE‘E KNO, v6i ham lugng tuong duong V‘C')’i
nguon nito ban dau trong moi trudng co sd, cac thanh phan
khac khong thay ddi. Lén men ching VNUA116 & 30°C, toc
d6 lic 200 vong/phut. Kha nang khang nim Foc Tr4 dugc
danh gi4 hang ngay tir ngay thir 5 bing phuong phéap khuéch
tan trén dia thach cho dén khi két thic thi nghiém [10]. Mdi
cong thuc thi nghiém duoc 1ap lai 3 lan. Lua chon nguén
nito cho vong khang nim cao nhat.

2.2.4. Anh huong ciia pH va nhiét dé

Chung VNUA116 dugc 1én men trén moéi truong véi
ngudn carbon, ngudn nito thich hop cho hiéu qua khang
nam tét nhat, tién hanh thay doi pH tir 5, 6, 7, 8, 9 dén 10 &
diéu kién nudi cdy 30°C va nhiét d6 nudi cay 25, 30 va 35°C,
tbc do lac 200 vong/phit. Kha nang khang nim Foc Tr4
dugc danh gia hang ngay tir ngay thir 5 bang phwong phap
khuéch tan trén dia thach cho dén khi két thic thi nghiém
[10]. Mbi cong thirc thi nghiém duoc lap lai 3 lan. Lya chon
dugc pH va nhiét d6 cho vong khang nim cao nhat.

2.2.5. Xac dinh hoat tinh khang nam bang phirong phdp
khuéch tan trén dia thach

Chung VNUAI116 dugc nudi cay trén moéi truong kiém
tra ¢ cac diéu kién khac nhau (ngudn carbon, ngudn nito,
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nhiét do, pH), nuodi lic 200 vong/phut. Dich 1én men duoc
thu tir ngay nudi cdy thir 5, 1dy mau 1 lan/ngay cho dén khi
két thiic thi nghiém. Dich 1én men duoc ly tim 6000 vong/
phiit trong thoi gian 30 phut dé thu phan dich. Nho 50 pl
dich thu dugc vao mdi 18 trén dia thach PDA da duoc céy
trai 100 ul dich bao tir nAm Foc Tr4 (10 bao ti/ml). Cac dia
petri sau khi bo sung dich xa khuan dugc nudi & 30°C trong
thoi gian 5-7 ngay va do vong khang nim hinh thanh xung
quanh giéng thach [10].

2.2.6. Pdnh gid kha ndang khing ndm Fusarium
oxysporum f. sp. cubense Tropical Race 4 cua ching
VNUAI116 trong diéu kién in vitro

Céc diéu kién 1én men ti wu dugc lua chon tir céc thi
nghiém: ngudn carbon, ndng d6 carbon, ngudn nito, pH,
nhiét d6 nuoi céy. Tién hanh 1én men trén Bioreactor 5 lit,
tbc do khudy 200 vong/phut, luu luong cap khi 0,7 dm?
khoéng khi/lit moi truong/phit. Dich 1én men duogc ly tam
6000 vong/phut trong thoi gian 30 phat dé thu phan dich.
Nhé 50 pl dich thu duge vao mdi 16 trén dia thach PDA da
duogc cdy trai 100 pl dich bao tir nAm Foc Tr4 (10° bao tir/
ml). Céc dia petri sau khi bo sung dich xa khuan dugc nudi
¢ 30°C trong thoi gian 5-7 ngay va do vong khang nim hinh
thanh xung quanh giéng thach [10].

Mau d6i ching dwong duoc sir dung 1a 100ul dung
dich Ridomil gold 68WG (hoat chit: Metalaxyl M 40 g/l,
Mancozeb 640 g/1): 3 g/l.

Hiéu lyc khang ndm (%) = [(C - T)/C] x 100

trong d6: C 1a duong kinh tan nam cia di chimg am; T 1a
duong kinh tin nidm cua thi nghiém (d6i chimg duong, thi
nghiém véi chung VNUA116).

2.3. X Iy 56 liéu

S liéu thi nghiém duoc thu thap, xir Iy va vé biéu do
bang phdm mém GraphPad Prism 9. Két qua mdi thi nghiém
duoc thé hién 1a gia tri trung binh + d6 1éch chuan (SD) sau
ba lan lap lai ngﬁu nhién.

3. Két qua va ban luan

3.1. Lwa chon méi truong lén men thich hop doi véi
chiing xa khudn Streptomyces sp. VNUA116

Vi 15 loai moi truong 1én men dugce khao sat, chiing
VNUA116 phat trién va thé hién hoat tinh khang nam Foc
Tr4 & cac muc do khac nhau. Sau 8 ngay 1én men c6 7 loai
moi truong cod thé hién kha nang khang nam Foc Tr4 & cic
muc do khac nhau, d6 1a moi truong ISP-3, A-4, Emerson,
YIM 61, YIM 301, YIM 308 va YIM 310. Trong d6 moi
truong YIM 301 thé hién kha ning khang ndm vuot troi
(hinh 1).
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Hinh 1. Kha ning ¢ ché ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 cta ching xa khuan Streptomyces sp. VNUA116 trén cac
loai méi trweng khac nhau. (A) Kha nang khang ndm Fusarium oxysporum f.
sp. cubense Tropical Race 4 cua dich 1&n men chiing xa khuan Streptomyces
sp. VNUA116 tai ngay nudi thi 8 trén cac loai méi trwong khac nhau; (B) Kha
néng khang ndm Fusarium oxysporum f. sp. cubense Tropical Race 4 cla dich
1én men chiing xa khuan Streptomyces sp. VNUA116 theo thdi gian nudi cay
trén mai trwong YIM 301; (C) Vong khang ndm Fusarium oxysporum f. sp.
cubense Tropical Race 4 ctia dich 1én men ching xa khuan Streptomyces sp.
VNUA116 sau 8 ngay nudi cAy trén cac loai méi trudrng khac nhau.

Méi truong YIM 301 1a moi trudng tt nhat dbi véi ching
VNUA116 trong viéc hinh thanh hoat tinh khang ndm Foc-
Tr4. Kha ning khang ndm ctia ching VNUA116 xuét hién
tir ngay 1én men thir 7, mét di & ngay 1én men thtr 20 va dat
cao nhit & ngay 1én men thtr 8 véi duong kinh vong khang
nam 1a 16,33+0,58 mm. Pay ciing 1a méi truong hinh thanh
kha ning khang ndm sém nhat va manh nhat trong 15 méi
truong khao sat. Cong bo cua Y. Jiang va cs (2016) [11] cho
thdy, cac moi truong YIM 61, YIM 301, YIM 308 va YIM
310 déu c6 tiém ning ing dung trong 1én men xa khuan. Két
qué hinh 1 ciing cho thdy 4 méi truong nay déu thich hop
v6i 1én men ching VNUA116 va sinh hoat tinh khdng ndm
Foc Tr4. Nhung moi truong YIM 301 14 thich hop nhat. Do
d6, moi truong YIM 301 da dugce lya chon dé tién hanh cac
nghién ctru tiép theo.

3.2. Anh hwong cua ngqun carbon

Két qua khang nAm Foc Tr4 ciia chung VNUA116 cho
thiy ngudn carbon CB1 va D-glucose 14 thich hop v&i chiing
VNUAL16 trong viéc hinh thanh hoat tinh khang nam (hinh
2). Trong nghién ctru nay, hoat tinh khang nim xudt hién tir
ngay thtr 8 d6i v6i ca 2 ngudn carbon CB1 va D-glucose, mat
di vao ngay thir 18 ddi véi D-glucose va ngay thir 20 dbi véi
CBI1, hoat tinh khang nim dat cao nhat vao ngay thir 10 voi
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ca 2 ngudn carbon CB1 va D-glucose v6i duong kinh vong
khang ndm lan luot 14 20,3340,58 va 15,67+0,58 mm. Céc
ngudn carbon con lai (D-mannitol, D-xylose, D-sorbitol va
cellulose) chi giup chung VNUA116 ting vé sinh khdi ma
khong hinh thanh hoat tinh khang ndm Foc Tr4.
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Hinh 2. Kha néng trc ché ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 clia chung xa khuan Streptomyces sp. VNUA116
trén cac ngudn carbon khac nhau. (A) Kha ning khang ndm Foc
Tr4 cla dich 1&n men ching xa khuén Streptomyces sp. VNUA116
tai ngay nuéi thi 10; (B) Kha nang khang ndm Fusarium oxysporum
f. sp. cubense Tropical Race 4 cla dich 1&n men chiing xa khuan
Streptomyces sp. VNUA116 theo thoi gian trén ngudn carbon hén hop
CB1; (C) Vong khang ndm Fusarium oxysporum f. sp. cubense Tropical
Race 4 cla dich I&én men chiing VNUA116 tai ngay nudi cay 10.

Khi tién hanh thay d6i nong d6 tinh bot tan (10, 24, 30,
35,40 va 45 g/l) va glucose (1, 6, 11, 16, 21 g/1) trong ngudn
carbon hdn hop CBI thi két qua hinh 3 cho théy' khi ndng
do6 tinh bdt tan cang tang thi kha nang khang nam cang tang,
tuy nhién, thoi gian hoat tinh khang nam dat t6i da & nong
d6 tinh bot tan 40 g/l som hon cac ndng do khéc (tai ngay
thir 10). Nhung véi ngudn carbon 1a D-glucose thi nguoc lai
khi ndng d6 D-glucose cang tang thi hoat tinh khang nim t6i
da tang nhung khong nhiéu va thoi gian dat hoat tinh khéang
nam toi da hinh thanh cang mudn (tr ngay thw 11 dén ngay
thir 23). Theo S. Sanchez va cs (2010) [12] cong b trong
moi trudng chira hdn hgp cac ngudn carbon thi s& c6 ngudn
carbon duoc sir dung trudc va sir dung sau. Ngudn carbon
dugc sir dung dau tién s& gitp xa khuan sinh truéng nhung
chua tao ra chat khang sinh hodc rét it. Sau khi nguon carbon
thir nhat sir dung hét thi ngudn carbon “tdt thi hai” s& dugc
sir dung dé hinh thanh chat khang sinh [12]. Diéu nay giai
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Hinh 3. Kha ning trc ché nam Fusarium oxysporum f. sp. cubense Tropical Race 4 cua ching xa khuan Streptomyces sp. VNUA116 v&i
néng dé carbon khac nhau. (A) Kha nang khang ndm Fusarium oxysporum f. sp. cubense Tropical Race 4 ctia ching xa khuén Streptomyces
sp. VNUA116 nudi cay trén cac ndng do tinh bot tan khac nhau tai ngay nudi thir 10; (B) Kha ndng khang nam Fusarium oxysporum f. sp. cubense
Tropical Race 4 ctia dich Ién men chiing xa khuan Streptomyces sp. VNUA116 theo thoi gian trén tinh bot tan 40 g/l; (C) Kha néng khang ndm
Fusarium oxysporum f. sp. cubense Tropical Race 4 cla dich 1én men chlng xa khuan Streptomyces sp. VNUA116 nudi cy trén cac ndng do
glucose khac nhau tai ngay nudi thtr 11; (D) Kha nang khang ndm Fusarium oxysporum f. sp. cubense Tropical Race 4 ctia dich 1én men chiing xa

khuan Streptomyces sp. VNUA116 theo thdi gian trén D-glucose 1 g/l.

thich tai sao nong do glucose cang cao thi thoi gian hoat tinh
khang ndm dat t6i da cua Streptomyces sp. VNUA116 cang
mudn. Dong thoi, mot sé nghién ciru ciing chi ra ring ndng
d6 glucose 1am giam kha nang tong hop cac chit khang sinh
do e ché cac enzyme tham gia vao qua trinh ndy va co thé
lién quan dén anh huong cia sinh truéng 1én sinh tong hop
khang sinh [13]. Cac nghién ctru khac ciing cong bd: tinh bot
tan la nguén carbon dé xa khuén st dung san sinh nhiéu loai
khang sinh nhu Streptomyces fradiae san sinh ra Tylocin
[14], Streptomyces kanamyceticus san sinh ra Kanamycin
[15], Streptomyces rimosus san sinh ra hoat chit khang nim
[16] va Streptomyces noursei san sinh ra Nystatin [17]. Do
d6, chung t6i da lya chon ngudn carbon hdn hop 1a CB1
(tinh bot tan 40 g/l + D-glucose 1 /1) 1a thich hop nhét tao
hoat tinh khang nam t6i da véi dudng kinh vong khang nam
dat trén 22,5 mm & thoi gian sém nhat (10-11 ngay) dé tién
hanh céc nghién ctru tiép theo.

3.3. Anh hwéng ciia nguon nito

Trong nghién ctru ndy, ngudn nito hdn hop N1 (cao thit,
cao nim men, pepton) vdi ty 16 3:5:3 g/l 1a ngudn nito t6t
nhét cho sinh tong hop hoat chit khang nim Foc Tr4 cua
chung VNUA116. Kha ning khang ndm xudt hién vao ngay
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thir 7, mat di vao ngay 28 va hoat tinh khang nam dat t6i da
vao ngay 1én men thir 10 véi dudng kinh vong khang nam
dat 22,13+0,58 mm. Cao thit bo la nguén nito thich hop
sau N1 vé kha ning khang nam cua ching VNUA116. Kha
ning khang ndm Foc Tr4 ciia chung VNUA116 bat dau hinh
thanh vao ngay thir 6, mat di vao ngay thtr 28 va hoat tinh
khang ndm dat toi da tai ngay 1én men thir 12 v6i dudng
kinh vong khang nam dat 17,33+0,58 mm.

Véi bot dau tuong va cao ndm men mic du chung
VNUAL16 c¢6 sy gia ting vé sinh khdi nhung kha ning hinh
thanh hoat tinh khang nim Foc Tr4 1 khong nhiéu. Déi véi
mdi truong st dung pepton va KNO, thi chung VNUA116
khéng hinh thanh hoat tinh khdng nam (hinh 4). Diéu nay
c6 thé thay rang, khi nguon nito 14 cac chat riéng 1é 1a khong
thich hop cho sinh chit khang ndm ddi v6i ching VNUA16.
Két qua nay ciing phu hop v6i cong bd cia M.D. Young va
cs (1985) [18] khi sir dung ngudn nito riéng 1¢ hodc nito vo
co lam giam kha ning sinh tong hop hoat chit khang nam.
Trong tit ca cac ngudn nito duoc khao sat Iya chon N1 (cao
thit, cao ndm men, pepton) véi ty 1& 3:5:3 g/I 1a ngudn nito
thich hop nhat d6i v6i chung VNUA116 cho muc dich sinh
tong hop hoat chit khang nim.
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Hinh 4. Kha néng trc ché ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 clia chung xa khuan Streptomyces sp. VNUA116
nudi cay trén cac ngudn nito khac nhau. (A) Kha néng khang ndm
Fusarium oxysporum f. sp. cubense Tropical Race 4 cua dich 1én
men chiing xa khuan Streptomyces sp. VNUA116 tai ngay nudi cay
thr 11; (B) Kha n&ng khang ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 cua dich I1én men chiing xa khuan Streptomyces sp.
VNUA116 theo thoi gian nuéi cdy trén ngudn nito N1; (C) Vong khang
n&m Fusarium oxysporum f. sp. cubense Tropical Race 4 cua dich 1&n
men chling xa khuan Streptomyces sp. VNUA116 tai ngay nudi cay 11.

3.4. Anh hwong ciia pH

pH ciia moi truong khong chi anh huong dén sy sinh
truong, phat trién cta xa khuan ma con anh hudng toi qua
trinh sinh tong hop chat khang nam. Céc két qua nghién ctru
hinh 5 cho thay, ching VNUA116 c¢6 thé sinh truéng va sinh
tong hop hoat chat khang nim Foc Tr4 trong khoang pH rong
tir pH 5-10. O moi truong ¢ pH 5-6 1a méi truong axit di G
ché sy hinh thanh hoat tinh khédng nam, do d6 thoi gian xuat
hién kha nang khang ndm mudn (sau 10 ngay lén men) va
duong kinh vong khang nam dat toi da thap 1an luot 13 13 va
19+0,58 mm sau 15 va 16 ngay. Voi pH7, chung VNUA116
xuét hién kha nang khang nam sém nhat ngay tir ngay thir 7
va duong kinh vong khang ndm dat cao nhét 1a 23, 33+0,57
mm ¢ ngdy thir 10. Vi pH 8, chung VNUAL16 xuét hién
kha nang khang nam sém nhat tir ngay thtr 8 va dudng kinh
vong khang nam dat cao nhét 1a 22,03+0,52 mm & ngay thir
13. Khi pH tang 1én (pH 9-10) thi thoi gian xut hién kha
ning khang nim mudn hon, thoi gian duy tri kha nang khang
nam kéo dai hon. Diéu nély ¢6 thé do chung VNUA116 da tao
thanh cdc axit hiru co gitip can bang pH cua moi truong nudi
cay, tao dleu kién thuan lgi cho xa khuan nay sinh ra céc chat
khang ndm. Diéu nay co thé ly giai tai sao pH ting kéo theo
ving Uc ché tbi da xuét hién muon.
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Hinh 5. Kha ning trc ché ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 clia ching xa khuan Streptomyces sp. VNUA116
nudi cdy & pH khac nhau. (A) Kha nang khang ndm Fusarium
oxysporum f. sp. cubense Tropical Race 4 cua dich 1én men chiing
xa khuan Streptomyces sp. VNUA116 tai ngay nuéi thir 10; (B) Kha
nang khang ndm Fusarium oxysporum f. sp. cubense Tropical Race
4 cta dich Ién men ching xa khuan Streptomyces sp. VNUA116 theo
thoi gian nuéi cy tai pH 7; (C) Vong khang ndm Fusarium oxysporum
f. sp. cubense Tropical Race 4 cla dich I1én men ching xa khuan
Streptomyces sp. VNUA116 tai ngay nudi cay 10 va 13.

Theo cong bd ciia 1. Charousovéa va cs (2015) [19], xa
khuan dugc biét dén 1a loai ¢6 kha ning sinh truong trong
mdi truong co khoang pH 6,5-8,0 (tir trung tinh t6i kiém) 1a Iy
tuong cho su phat trién. N. Salaria va cs (2021) [20] ciing chi
ra rang, pH ban dau ciia moi trudng san xuét anh huong truc
tlep dén qua trinh sinh tong hop cac hoat chét sinh hoc cua xa
khuan. Tai pH 7, kha ning trc ché nim dat cao nhat, dong thoi
thich hop v6i san xudt cac hoat chat bac hai [20]. Do d6, pH 7
dugc lya chon cho cac nghién ctru tiép theo vo1 muc dich sinh
tong hop hoat tinh khang nam cuia ching VNUA116.

3.5. Anh hwéng ciia nhiét dj

Trong nghién ciru nay, 30°C 14 nhiét d6 téi wu cho thich
hop véichung VNUAT116 téng hop hoat tinh khang nam cta
chung VNUAL16. O nhiét 6 30°C, cac hoat tinh khéang ndm
xuét hién som nhit (ngay thir 7) va dat t6i da vao ngay thir
11.0 nhi¢t do 25°C, hoat tinh khang nadm xudt hién mudn
hon khi [én men & nhié¢t d§ 30°C (ngay thu 8).Vdi nhiét do
35°C hoat tinh khang nim xuét hién sém (ngay thtr 7) nhung
yéu hon khi nuéi cay ¢ 30°C (hinh 6).

Céc cong bd trude day cho thdy nhiét d6 1én men tdi uu
cho sinh truong ctia xa khuan 1a 30°C. C. Singh va cs (2017)
[8] ciing dad cong bd 30°C 1a nhiét do thich hop cho sinh
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Hinh 6. Kha nang (rc ché ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 cta chiing xa khuan Streptomyces sp. VNUA116
nudi cdy & cac nhiét dd khac nhau. (A) Kha nang khang nim
Fusarium oxysporum f. sp. cubense Tropical Race 4 cla dich Ién men
chiing xa khuan Streptomyces sp. VNUA116 tai ngay nudi thir 11; (B)
Kha ndng khang ndm Fusarium oxysporum f. sp. cubense Tropical
Race 4 cla dich Ién men chling xa khuén Streptomyces sp. VNUA116
theo thoi gian nuéi cay & nhiét d6 30°C; (C) Vong khang ndm Fusarium
oxysporum f. sp. cubense Tropical Race 4 cua dich Ién men chiing xa
khuan Streptomyces sp. VNUA116 tai ngay nuéi cay 10, 11 va 12.

truong va tong hop cac chit khang sinh cua Streptomyces
spp.. Hay nhu cong bd cta S. Bundale va cs (2015) [21]
cho théy nhiét d 1én men t6i wu dé san xut cac chit khang
nam 1a 30°C. Két qua nghién ctru nay phu hop voi cong bd
cua cac nghién ctru trudc day. Do do, nhiét do 1én men 30°C
duoc lya chon cho cac nghién ctru tiép theo.

3.6. Pdnh gid kha nding khdng ndm Fusarium
oxysporum f. sp. cubense Tropical Race 4 trong diéu ki¢n
in vitro

Tién hanh 1én men thir nghiém trén Bioreactor 5 lit v&i
cac diéu kién vé thanh phan moi truong, diéu kién nudi ciy
nhu bang 1 d danh gi4 hoat tinh khang ndm Foc Tr4.

Két qua hinh 7 cho thdy, véi cac thanh phan moi
truong va diéu kién 1én men t6i wu duoc lua chon, ching
VNUA116 da thé hién kha ning sinh chat khang nim véi
duong kinh vong khang nim dat cuc dai 30,67+0,58 mm
tuong duong voi hi¢u luc khang ndm dat 93,20% sau 11
ngay. Két qua nay twong duong véi ddi ching duwong khi
sir dung Ridomil gold 68WG (hoat chit: Metalaxyl M: 40
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Bang 1. Cac yéu t6 1én men t6i wu dé nudi cdy ching xa khuan
Streptomyces sp. VNUA116.

Yéu tb Pon vi tinh S6 lwong
Moéi truong khoang - YIM 301
Nguon C
Tinh bdt tan g/l 40
D-glucose g/l 1
Ngudn nito
Cao thit g/l 3
Cao ndm men g/l 5
Pepton g/l 3
Nhiét do C 30
pH - 7
Thoi gian ngay 10
(A) (B)

Hinh 7. Kha nang (rc ché ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 clia ching xa khuan Streptomyces sp. VNUA116
trong phong thi nghiém. (A) Di chirng dwong (thubc Ridomil gold
68WG); (B) Vong khang ndm Fusarium oxysporum f. sp. cubense
Tropical Race 4 cla dich 1&n men chiing xa khuan Streptomyces sp.
VNUA116.

g/l, Mancozeb: 640 g/l) voi nong do 3 g/l khi thir nghiém
trong phong thi nghiém. Theo cong b ctia L.T. Tuong va cs
(2019) [22] ciing cho thiy, st dung chit khang sinh Ridomil
gold 68WG v&i ndng do 3 g/l c6 kha ning wre ché ndm Foc
1én dén 93,75%. Nghién ctru niy c6 y nghia thuc tién trong
viéc kiém soat bénh cay trong do ndm F oxysporum giy ra
trong ndng nghiép do viéc sir dung thude diét nAm hoa hoc
khong dugc khuyén khich st dung do c¢6 nhiéu bat lgi cho
hé sinh thai.

4. Két luan

YIM 301 1a moi truong 1én men thich hop ddi véi
chung xa khudn Streptomyces sp. VNUA116 dé ting kha
ning khang nam bénh Fusarium oxysporum f. sp. cubense
Tropical Race 4 gy bénh héo rii Panama trén cdy chudi.
Vé6i ngudn carbon két hop CBI (tinh bot tan 40 g/l +
D-glucose 1 g/l) va ngudn nito két hop N1 (cao thit bo 3
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g/l, cao nam men 5 g/1, pepton 3 g/l), hoat tinh khang nam
Foc Tr4 cua ching VNUA116 xut hién soém nhat & ngay
1én men thtr 7 va duong kinh vong khang nam dat cuc dai
30,67+0,58 mm sau 10 ngay 1én men trong diéu kién khuay
200 vong/phit, luu lugng cip khi 0,7 dm?khong khi/lit moi
treong/phut ¢ nhiét d6 30°C va pH 7.

Hoat tinh khang ndm Foc Tr4 cta ching VNUA116
duogc xac dinh trong duwong véi thude khang ndm Ridomil
gold 68WG vé&i ndng d6 3 g/l c6 kha nang wc ché Fusarium
oxysporum trong diéu kién in vitro t6i 93,20%.

LO1 CAM ON

Nghién ciru nay duoc thuc hién véi sy hd trg tur
dé tai khoa hoc va cong nghé cép qudc gia mi sd
NVQG-2021/DT.01. Nguyén Thi Thanh Mai duoc tai tro
boi Chuong trinh hoc béng dao tao thac sy, tién sy trong
nuée cua Quy Déi méi sang tao Vingroup (VINIF), mi s6
VINIF.2023.TS085. Cac tac gia Xin tran trong cam on.

TAI LIEU THAM KHAO

[1] H. Fang, C. Zhong, J. Sun, et al. (2023), “Revealing the different
resistance mechanisms of banana ‘Guijiao 9°’to Fusarium oxysporum f. sp.
cubense Tropical race 4 using comparative proteomic analysis”, Journal
Proteomics, 283-284, DOI: 10.1016/j.jprot.2023.104937.

[2] G. Martinez, B.O. Olivares, J.C. Rey, et al. (2023), “The advance
of Fusarium wilt tropical race 4 in Musaceac of Latin America and
the Caribbean: Current situation”, Pathogens, 12(2), DOI: 10.3390/
pathogens12020277.

[3] M.O. Montiflor, S. Vellema, L.N. Digal (2019), “Coordination as
management response to the spread of a global plant disease: A case study in
a major Philippine banana production area”, Frontiers in Plant Science, 10,
DOLI: 10.3389/1pls.2019.01048.

[4] N. Lee, W. Kim, S. Hwang, et al. (2020), “Thirty complete
Streptomyces genome sequences for mining novel secondary metabolite
biosynthetic gene clusters”, Scientific Data, 7, DOI: 10.1038/s41597-020-
0395-9.

[5] S.D. Schrey, M.T. Tarkka (2008), “Friends and foes: Streptomycetes
as modulators of plant disease and symbiosis”, Antonie Van Leeuwenhoek,
94(1), pp.11-19, DOI: 10.1007/s10482-008-9241-3.

[6] R.H. Baltz (2008), “Renaissance in antibacterial discovery from
actinomycetes”, Curr: Opin. Pharmacol., 8(5), pp.557-563, DOI: 10.1016/;.
coph.2008.04.008.

[7]1 R.H. Baltz (2017), “Gifted microbes for genome mining and
natural product discovery”, Journal of Industrial Microbiology and
Biotechnology, 44(4-5), pp.573-588, DOI: 10.1007/s10295-016-1815-x.

[8] C. Singh, R.S. Parmar, P. Jadon, et al. (2017), “Optimisation of
cultural conditions for production of antifungal bioactive metabolites by
Streptomyces spp. isolated from soi”, International Journal of Current
Microbiology and Applied Sciences, 6(2), pp.386-396, DOI: 10.20546/
ijemas.2017.602.043.

[91 M.T.T. Nguyen, S.T. Dinh, C.X. Nguyen (2023), “Complete
genome sequence of Streptomyces strain VNUA116, a potential biocontrol
against phytopathogenic fusarium wilt fungus Fusarium oxysporum f. sp.
cubense”, Microbiology Resource Announcements, 12(12), DOI: 10.1128/
MRA.00706-23.

TR NGHe

66(6) 6.2024

[10] D. Dhanasekaran, N. Thajuddin, A. Panneerselvam (2012),
“Applications of actinobacterial fungicides in agriculture and medicine”,
DOLI:

Fungicides for Plant and Animal Diseases,

10.5772/25549.

IntechOpen,

[11]Y. Jiang, Q. Li, X. Chen, et al. (2016), “Isolation and cultivation
methods of Actinobacteria”, Actinobacteria - Basics and Biotechnological
Applications, IntechOpen, DOI: 10.5772/61457.

[12] S. Sanchez, A. Chavez, A. Forero, et al. (2010), “Carbon source
regulation of antibiotic production”, Journal of Antibiotics, 63(8), pp.442-
459, DOI: 10.1038/ja.2010.78.

[13] R. Rafieenia (2013), “Effect of nutrients and culture conditions on
antibiotic synthesis in Streptomycetes”, Asian Journal of Pharmaceutical
and Health Sciences, 3(3), pp.810-815.

[14] M.C.B. Horn, S.H. Luo, S.L. Wang, et al. (1992), “Synthesis of
hydrolytic enzymes during production of tylosin by Streptomyces fradiae”,
Journal of Industrial Microbiology, 10(1), pp.25-30, DOI: 10.1007/
BF01583630.

[15] O. Pringsulaka, S. Chavanich (1999), “Optimal conditions for
the production of kanamycin by Streptomyces kanamyceticus mutants”,
Journal of Scientific Research, 24(2), pp.103-114.

[16] J. Yu, Q. Liu, Q. Liu, et al. (2008), “Effect of liquid culture
requirements on antifungal antibiotic production by Streptomyces rimosus
MYO02”, Bioresource Technology, 99(6), pp.2087-2091, DOI: 10.1016/.
biortech.2007.03.023.

[17] N.A. Elattal, A.A. Hamdy, A.E. Ali, et al. (2011), “Nystatin
production by a local Streptmyces sp. isolated from Egyptian soil”, J.
Pharm. Biomed. Sci., 1(6), pp.128-136.

[18]M.D. Young, L.L. Kempe, F.G. Bader (1985), “Effects of phosphate,
glucose, and ammonium on cell growth and lincomycin production by
Streptomyces lincolnensis in chemically defined media”, Biotechnology and
Bioengineering, 27(3), pp.327-333, DOI: 10.1002/bit.260270318.

[19] 1. Charousova, S. Javorekova, J. Wink (2015), “Isolation and
characterisation of Streptomyces rishiriensis (VY31) with antibiotic activity
against various pathogenic microorganisms”, Journal of Microbiology,
Biotechnology and Food Sciences, 4(1), pp.23-27, DOIL: 10.15414/
jmbfs.2015.4.speciall.23-27.

[20] N. Salaria, J. Furhan (2021), “Antibacterial potential of
actinomycetes from north-western Himalayas against pathogenic
bacteria”, Biology Bulletin, Russ. Acad. Sci., 48, pp.281-289, DOI: 10.1134/
S1062359021030146.

[21]S. Bundale, D. Begde, N. Nashikkar, et al. (2015), “Optimisation of
culture conditions for production of bioactive metabolites by Streptomyces
spp. isolated from soil”, Advances in Microbiology, 5(6), DOI: 10.4236/
aim.2015.56045.

[22] L.T. Tuong, D.PK. Duyen, D.T.K. Uyen, et al. (2019),
“Identification of agents and efficacy of chemicals for control of Panama
disease pathogens on the banana in in vitro”, Journal of Vietnam Agricultural
Science and Technology, 10(107), pp.118-122.



s Khoa hoc Ty nhién | Khoa hoc su song, Khoa hoc Néng nghiép | Cong nghé sinh hoc trong néng nghiép, thdy san DOT: 10.31276/VIST.66(6).34-39

Nghién e dinh i K ning  inh it v snh g hyp Indole-3aetc acid (14
cia ching vi Khuan Flavobacterium anhuiense MNAT phén Lap tir dat trong che tai Thai Neuyén

Hoang Thi Lan Anh, Nguyén Thi Giang, Nguyén Manh Tun, Pham Thi Tuyét Mai, Trin Vin Chi*
Trieong Pai hoc Nong Lam, Pai hoc Thdi Nguyén, xid Quyét Thing, TP Thdi Nguyén, tinh Thai Nguyén, Viét Nam
Ngay nhén bai 22/4/2024; ngay chuyén phan bién 23/4/2024; ngay nhan phan bién 17/5/2024; ngay chap nhéan dang 20/5/2024

Tom tit:

Muc tiéu ciia nghién ctru 12 Ira chon céc chiing vi khuin tiém ning c6 kha ning c6 dinh nito va sinh tong hop Indole-
3-acetic acid (IAA). Tir 36 mau dit trong ché thu dwoc tai xi La Bing, huyén Pai Tir, tinh Thai Nguyén da tuyén
chon dwoc chiing MN47 ¢6 kha ning c¢6 dinh nito va sinh tong hop IAA véi hoat lwe cao nhit 1in hrot 13 20,41 va
106,08 pg/ml. pH 7,5 va nhiét d9 30°C 1a diéu kién thich hop cho chiing MN47 sinh tong hop IAA trong méi truong
Ashby c6 bd sung 0,1% tryptophan. Két qua so sanh trinh tw gen 16S rRNA ciia chiing MN47 véi cac loai da cong bd
trén EzTaxon cho thiy chiing MN47 c6 mirc d9 twong ddng cao nhit (99,86%) véi chiing Flavobacterium anhuiense
D3". Dya vao dir liéu phan tich trinh tu gen 16S rRNA, chiing MN47 dwgc xac dinh thudc loai F anhuiense. Day la
cong bd diu tién vé kha ning c6 dinh nito va sinh tong hop IAA ciia chiing F. anhuiense MN47, 13 ngudn chiing tiém

niing cho phat trién ché pham vi sinh @ng dung trong nong nghié¢p.

Tir khod: ¢6 dinh dam, dat trong ché, Flavobacterium, tong hop IAA, tuyén chon, vi khuin.

Chi s6 phén loai: 1.6, 4.6

1. Dét van dé

Ché 1a mot trong nhitng cdy trong chu luc cua nganh
nong nghiép Viét Nam noi chung va tinh Thai Nguyén ndi
riéng. Viéc canh tac ché tai xa La Bi‘mg, huyén Dai T, tinh
Théai Nguyén khong chi mang lai ngudn thu nhap cho néng
dan ma con dong gop vao muc ti€u xoa doi giam ngheo cia
dia phuong. Tinh trang suy thoai dat va giam chat luong,
cling nhu nang suét san xuat cua dat dang 1a mot thach thuc
dang ké trong canh tac ché [1]. Hién tuong 1am bac mau dat
dai va giam nhu ciu tréng cdy thuong mai nhu ché c6 thé
do 4nh hudng ti€u cyc cta viéc st dung thuong xuyén va
lau dai phan bon, thudc trir su hoa hoc trén nén dat canh
tac nong nghiép [2]. Thuc té cho thiy, dé ting ning suat cay
che, nguodi ndng dan ngay cang phu thudc vao phan bon vo
co, dac biét 1a phan dam. Viéc st dung qua liéu luong va
khong co kiém soat dbi véi cac loai phan bon vo co, trong
d6 c6 phan dam c6 thé gay ra nhiing van dé khong mong
mudn, bao gdm suy giam chét lugng che, axit hoa dat, 6
nhiém kim loai niing, nén chit dét va thay ddi hé vi sinh vat
trong dét [3, 4]. Ngoai ra con tiém an nhiéu rai ro cho con
ngudi [5]. Vi vdy, phan hitu co va ché pham vi sinh than
thién voi moi truong ngay cang duoc khuyén khich sir dung
[6]. Viéc sur dung phan hitu co vi sinh cé chira vi sinh vét
¢6 hoat tinh kich thich sinh trudng thuc vat va ¢6 dinh nito
tu do 1a mot giai phap quan trong va co ¥ nghia thyc tién dé
khéc phuc nhiing han ché cua viéc st dung phan hoéa hoc,
gop phan cai thién sy bén viing cua canh tdc ndng nghi¢p

[7].

“Tac gia lién h¢: Email: tranvanchi@tuaf.edu.vn
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2. Dol tuong va phuong phap nghién ciiu
2.1. Poi twong

36 mau dat tréng cheé duoc thu tai xa La Béng, huyén Dai
Ttr, tinh Thai Nguyén.

2.2. Phwong phdp nghién ciru

Phirong phdp thu mau: Tién hanh thu mau dat & cac
nuong ché tai xd La Bang, huyén Pai Tur, tinh Thai Nguyén.
Mau dat duoc lay & d6 sau 6-15 cm [8]. Thu thap 36 mau dat
(500 g/mau) tai cdc x6m trén dia ban xa, bao gém La Cut (8
mau), La Nac (7 mau), Ring Van (9 miu), Tan Son (6 méu)
va Dong Dinh (6 mau).

Phwong phdp phén ldp vi khudn c6 kha nang c¢é dinh
nito: 1 g mau dat duoc nghién min va pha lodng trong 10 ml
nude mudi sinh 1y 0,85%, twong tng véi do pha loang 107
Lay 1 ml & d6 pha lodng 10" pha véi 9 ml nude mubi sinh
1y sé& thu duoc d6 pha lodng & 102, Tiép tyc thao tic nhu vay
dé thu dugc d6 pha loang & 1073, 10, 10, viéc pha lodng
dugc tién hanh trong cac dng nghiém da vo tring. Céy trai
50 pl dung dich da pha loang 1én moéi trudng Ashby manitol
agar (20 g manitol; 0,2 g K. H,PO,; 0,2 g MgSO,.7H,0; 0,2
g NaCl; 0,1 g K,SO,; 5 g CaCO,; 15 g Agar; 1000 ml nuée
cat; pH 7-7,2), 0 & nhiét d6 30°C trong 72 gio [9]. Nhiing
khuén lac moc 1én trén moi truong thach dia vo dam duogc
két luan so bo 1a co kha nang ¢b dinh nito.
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Evaluate the ability of nitrogen fixation
and Indole-3-acetic acid (IAA) biosynthesis
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from tea-growing soil in Thai Nguyen
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Abstract:

The goal of this study is to select potential bacterial
strains capable of fixing nitrogen and Indole-3-acetic
acid (IAA) biosynthesis. From 36 tea-growing soil
samples collected in La Bang commune, Dai Tu district,
Thai Nguyen province, the strain MN47 was selected,
with the highest ability to fix nitrogen and biosynthesise
TAA of 20.41 and 106.08 pg/ml, respectively. pH 7.5 and
at 30°C are appropriate conditions for strain MN47 to
synthesize IAA in Ashby medium supplemented with
0.1% tryptophan. The results of comparing the 16S rRNA
gene sequence of strain MIN47 with species published
on EzTaxon showed that strain MN47 has the highest
similarity (99.86%) with Flavobacterium anhuiense D3".
Based on 16S rRNA gene sequence analysis data, strain
MN47 belongs to the genus Flavobacterium, with the
scientific name F. anhuiense. This is the first publication
on the ability to fix nitrogen and biosynthesise IAA
of F. anhuiense MN47, which is a potential source of
strains for the development of microbial products for
agricultural applications.

Keywords: bacteria, Flavobacterium, Indole-3-acetic
acid biosynthesis, nitrogen fixation, selection, tea-
growing soil.

Classification numbers: 1.6, 4.6

Phirong phép xdc dinh kha ndng c6 dinh nito: Nudi ciy
vi khudn trong méi truong Ashby long, lic 180 vong/phut
& 30°C trong 6 ngay. Sau khi nuéi ciy, dich duoc ly tim
dé tach vi khuan khoi dung dich, thu dich trong. Str dung
phuong phap so mau voi thude thir Nessler [10] xac dinh
néng d6 NH," dugc ¢d dinh boi chung vi khuén trong dich
nudi. Dinh tinh kha ndng sinh tong hop IAA cua vi khuan
bang cach bo sung thude thir Salkowski vao dich nudi ciy
cac chung vi khuén, dich nuéi s& chuyén sang mau dé néu
cO IAAT11].

JHOAHOC . -

Xdc dinh kha nang sinh tong hop IAA ciia cac chung
tiém nang: Nudi cdy vi khuan trong moi trudng Ashby 1ong
¢6 bd sung 0,1% trytophan, nudi lic (180 vong/phit) trong
ti1 toi & nhiét do 30°C trong 72 gi¢. Ham luong IAA thé sinh
ra trong dich nuéi cdy dugc xac dinh biang phuong phap
phan ng mau véi thude thir Salkowski tao san pham co6
mau, so mau trén may quang pho 0 bude séng 530 nm. Ham
luong IAA sinh ra bdi cac chung vi khuén duogc xac dinh
theo mo ta cua E. Glickmann va cs (1995) [12].

Xdc dinh kha ndng sinh enzyme va dong héa cdc nguon
duwong cua chung MN47: Su dung b kit API ZYM va API
32GN (Biomérieux, Phap) dé xac dinh céac loai enzyme va
ddng hoa cac ngudn dong cua ching MN47.

Xdc dinh anh hwéng pH méi trirong va nhiét dg nudi cdy
dén sinh tong hop IAA cia ciia ching MN47: V& pH moi
truong, ching MN47 duogc céy vao cac 6ng nghiém chira
10 ml méi truong Ashby c¢6 bd sung 0,1% tryptophan c6 pH
6,0 6,5;7,0; 7,5 va 8,0 nudi lic (150 vong/phit) trong ti1 t6i
¢ nhiét do 30°C trong 72 gi¢. Ham luong IAA thé sinh ra
trong dich nu6i cay dugc xac dinh bang phuong phap phan
g mau véi thude thir Salkowski tao san pham c6 mau, so
mau trén may quang pho o bude song 530 nm. Déi véi nhiét
d6 nudi cdy thich hop, chung MN47 dugc nudi trong 10 ml
moi truong Ashby bo sung 0,1% tryptophan, pH méi truong
thich hop (dugc lya chon dua trén Kkét qua thi nghiém trudc),
nudi lic & 150 vong/phut & cac nhiét do 20, 25, 30, 35 va
40°C trong 72 gid. Ham luong IAA thé sinh ra trong dich
nudi cay dugc xéac dinh bang phuorng phép phan Umg mau
v6i thude thir salkowski tao san pham c6 mau, so mau trén
may quang phd & budc song 530 nm [12].

Dinh danh ching MN47 bang gidi trinh tir 16S rRNA:
Chiing MN47 dugc hoat hda trong méi trudng dich thé Ashby
& 30°C véi toe do 1ac 180 vong/phut trong 72 gid. Thu nhan
sinh khi té bao ctia chiing tuyén chon va tach chiét DNA téng
s6 theo phwong phap cua J. Sambrook va cs (1989) [13]. St
dung cip mdi 27F 5’-AGAGTTTGATCMTGGCTCAG-3’
va 1492R 5-TACGGYTACCTTGTTACGACTT-3" dé
nhén trinh ty gen 16S rRNA cta chung tuyén chon. Trinh
tr gen 16S rRNA duoc doc thong qua hé thdng Applied
Biosystems 3730 xI DNA analyzer st dung Big Dye
terminator cycle sequencing kit v.3.1 (Macrogen, Han
Qudc) va duoc so sanh véi dir lidu cong bd trén EzTaxon
[14]. So d6 pha hé dugc xay dung trén co so trinh tyr gen
16S rRNA ctia chiing va so sanh véi céc loai gan nhét thong
qua phan mém MEGA 7 [15].

2.3. X Iy 56 ligu

Tét ca cac s6 lidu thu thap 1a dai dién cua 3 thi nghiém
lap lai, Kkét quad dugc phan tich phuong sai mot nhan td trén
phan mém SPSS 20.0 va Microsoft Excel. Sy khac biét cta
gia tri trung binh giita cac cong thirc dugc danh gia nho
kiém dinh Duncan & d¢ tin cay 95%.



3. Két qua va ban luan

3.1. Phén lgp va tuyén chon chiing vi khuin cé khd
ning cé dinh nito va sinh tong hop Indole-3-acetic acid

Tir 36 mau dat tréng ch¢ thu duoc tai xa La Béng, huyén
Pai Tu, tinh Thai Nguyén da phan lap dugc 67 chung vi
khuén c6 kha sinh truong trén méi truong Ashby cb bd
sung 0,1% (w/v) L-tryptophan. Qua sang loc so bo, co 8/67
(chiém 11,94%) ching vi khudn véi kha nang dong thoi cd
dinh nito va sinh tong hop TAA (bang 1).
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dinh nito va sinh tong hop IAA cua ching Flavobacterium
sp. MN26 (trinh ty gen 16S rRNA tuong dong 98,88% voi
F tistrianum GB 56.17) v6i hiéu sudt lan luot 1a 20,82 va
77,234 ng/ml.

Bén canh d6, chung MN47 thé hién kha nang ¢ dinh
nito va sinh tong hop IAA cao hon so v6i cac chung vi khuan
tiém nang khac. Tur két qua bang 1, hoat lyc ching MN47
cao so hon véi cong bd cua D.K. Nhung va cs (2011) [19]
khi khao sat kha nang c¢b dinh dam va sinh tong hop IAA

Bang 1. Bac diém hinh thai, sinh ly, kha ning c6 dinh nito, tdng hop Indole-3-acetic acid cta cac chiing vi khuan phan lap.

Khij — Diadiem (i i lac Hinh théi tébdo Gram Khiningdidgng oo ™8 ¢6 dinh nito Khi niing ting hyp IAA
chiing lay mau (pg/ml) (ng/ml)

MN43 La Cut Trong, 161 tron, bé mat bong, khong ria, nht  Que nge"m + 3,12¢ 13,00¢

MN44 La Cut Tréng sita, 101 tron, khong ria, tron Que ngin + 0,89" 5,60"

MN46 LaNac Trong, 101 tron, bé mit bong, khong ria Que ngén + 4,68 13,96°

MN47 Tén Son Tring duc, 16i tron, ¢6 chan gia, bong, dinh  Que ngn + 2041¢ 101,89

MN48 Tan Son Trong, 18i tron, c6 nhan, khong ria Chu + 411 15,79¢

MN50 Rimg Van Tréng sita, 101 tron, khong ria, dinh Chu + 6,924 32,04¢

MNS1 Pdng Dinh Tréing sita, 161 tron, khong ria, tron Que ngin + 7,84 53,00°

MN57 Pdng Dinh Tréing sita, 161 tron, khong ria, tron Que ngin + 14,16° 43,68

Cac chi cai trong cling mot cot biéu thi sw sai khac c¢d ¥ nghta théng ké& & mic a<0,05.

Két qua bang 1 cho thay, khudn lac cia cac chung vi
khuén phan 1ap duoc c6 dang hinh tron, mau tréng trong,
tréng stta va tréng duc; bé mit bong, tron hodc dinh; khong
ria. Té bao c6 dang hinh ciu hodc que ngin; gram 4m va cd
kha ning di dong. Vi 8 chung vi khuan phan 1ap duogc co
hinh thai khuén lac va hinh thai té bao khac nhau, nhung
déu c6 kha ning cb dinh nito va sinh tong hop IAA. Tuy
nhién, hoat luc ¢ dinh nito va sinh téng hop IAA giita cac
chung 1a khac nhau. Chung MN44 c¢6 hoat lyc yéu nhat,
v6i kha nang cb dinh nito 1a 0,89 pg/ml, kha ning tong
hop IAA 13 5,60 pg/ml. Ching MN47 c6 hoat lyc cao nhat,
v6i kha nang c¢b dinh nito va sinh tong hop TAA lan luot 1a
20,41 va 101,89 pg/ml. Chuing MN47 c6 dac diém sinh hoc
tuong ddng v6i mo ta cia chi Flavobacterium (loai chuin
F aquatile ATCC 119477) 1a vi khuan hinh que, gram am
va c6 kha ning di dong [16]. Cho dén nay, c6 khoang hon
403 loai Flavobacterium dugc md ta, chung dugc phan
lap chi yéu tir dat va nuée (https:/lpsn.dsmz.de/genus/
flavobacterium). Cac bao cdo gan day cho thy, thanh vién
ctia chi Flavobacterium cb cic dic diém tiém nang trong
hd trg sinh trudng & ciy trong. Ching Flavobacterium sp.
72 (trinh ty 16S rRNA c6 muc d6 tuong déng 98,52% vai
F saccharophilum NBRC 159447) boc 16 ca kha ning c¢d
dinh nito va sinh tong hop [17]. Tuong tu, két qua nghién
ctru cua T.V. Chi va cs (2022) [18] da xac dinh kha nang cd
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cua chung Azospirillum spp. va Gluconacetobacter spp.
dugc phan lap tir cdy mia, v6i kha nang ¢b dinh nito twong
mg dat 8,10 va 8,77 ug/ml, kha ning sinh tong hop IAA
tuong tmg la 17,75 va 2,71 pg/ml. Hoat luc ¢6 dinh nito va
sinh tong hop ctia chung MN47 ciing cao hon két qua cong
bd ctua N.A. Huy va cs (2018) [20] khi khao sat kha ning
¢ dinh dam va sinh tong hop IAA cta chang Bukholderia
cenocepacia PL9 dugc phan lap tir dat san xuét lua - tom &
cac tinh Bac Liéu, Soc Trang va Kién Giang, véi kha nang
chuyén d6i dam phén tr thanh nito dang ammonium (NH )
dat 2,71 pg/ml, kha nang sinh tong hop IAA dat 46,46 pg/
ml. Thém nita, két qua nay con cao hon cong bd ciia T.V.
Chi va cs (2023) [21] khi x4c dinh kha ning c¢b dinh nito
va sinh téng hop IAA cua ching Agrobacterium deltaense
MN?72 (lan luot 14 20,13 va 56,62 pg/ml) duoc phan 1ap tir
vung ché tai huyén Phu Luong, tinh Thai Nguyén.

3.2. Panh gid dic diém hod sinh ciia chiing
Flavobacterium anhuiense MIN47

Nghién ctru thong tin vé cac dic diém hoa sinh cua
chung vi sinh vat 1a can thiét, hd tro cho nhitng nghién ctru
mg dung lién quan dén viéc thiét ké va t6i uu hoa diéu kién
nudi cdy. Pong thoi, gop phan bo sung vao co s dit liéu vé
ngudn gen ctia vi sinh vat. Str dung kit API da gitp x4c dinh
mot s6 ddc diém hoa sinh ciia chung MN47 (bang 2).



Bang 2. Dac diém hoa sinh cuia chiing Flavobacterium anhuiense MN47,
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cac ngudn carbon cua ching MN47
tuong dong voi ching F. anhuiense

Enzyme Kha ning sinh enzyme Nguon carbon Kha ning dong hoa N Lo 2 i

Alkaline phosphatase T D-glucose + ]S?Sl;l [Czuza] Cﬁgﬁg ;3[(;\1{4,? azﬁglger?uggg
Esterase (C4) + Phenylacetic acid déng v6i céng b 6 cia Q. Feng Vi cs
Etetuse lipase (C6) . Glycogen . (2015) [23] khi nghién ctru vé ching
Lipase (C14) - D-mannitol i F. procerum T3T nhu cung c6 kha
Leucine arylamidase + L-serine nang sinh cac loai enzyme esterase
Valine arylamidase + D-maltose + (C4), esterase lipase (C8), leucine
Cystine arylamidase - Potassium gluconate + arylamidase, valine arylamidase, acid
Trypsine } Capric acid phosphatase va kha nang déng hoa
D-chymotrypsine . eefeest] + maltose. Thém nira, két qua cling co
Acid phosphatase + Malic acid + nhﬁng tuong déng voi nghién clru vé
Naphtol-AS-Bl-phosphohydrolase ~ + Sodium acetate + Chﬁng F S?y “”g€”se IMCC 26223T’
D-galactosidase - Trisodium citrate + mé} 103‘11 Yl kAhuéI‘Al Chl,u lanh, du’(:rc
B-galactosidase - L-alanin + gﬂ?}? ?Eafgmf;ah%ngocﬁf;t 3§hi(s)
gluronidase : Lhamnose . (2017) [24]. Theo d6, ching MN47 va
haEoslas * Dl - chiing F. soyangense sp. nov. ¢ mot
B-glucosidase + 3-hydroxybutyric acid ) tuong déng vé dic tinh sinh hoa
N-acetyl-B-glucosaminidase A Phan (mg Voges-Proskauer nhu kha nang sinh ra cac loai enzym

D-mannosidase °

Chuyén hoa nitrate thanh nitrite

esterase (C4), esterase lipase (C8),

D-fucosidase - Sinh indole

+ lipase (C14), leucine arylamidase,

(-): @m tinh/khdng co kha néng; (+): dwong tinh/cd kha nang.

Két qua bang 2 cho théy, ching MN47 c6 kha ning sinh
cic enzyme, bao gom alkaline phosphatase, esterase (C4),
esterase lipase (C8), leucine arylamidase, valine arylamidase,
acid  phosphatase,  naphtol-AS-BI-phosphohydrolase,
3-galactosidase, D-glucosidase va N-acetyl-8-
glucosaminidase va c6 kha niang dong hoa cac ngudn carbon
(D-glucose, Glycogen, D-mannitol, D-maltose, potassium
gluconate, lactic acid, malic acid, sodium acetate, trisodium
citrate, L-alanin, L-rhamnose, D-ribose) va c6 kha nang
sinh indole. Kha ning sinh cac loai enzyme va dong hoa
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valine arylamidase, acid phosphatase,

Naphtol-AS-BI-phosphohydrolase,
N-acetyl-B-glucosaminidase va trypsine va cd kha ning
ddng hoa mot s6 ngudn carbon D-glucose va maltose.

3.3. Anh hwong ciia pH méi trwong va nhigt dp lén
men dén khi nang sinh Indole-3-acetic acid cua ching
MN47

Tac dong ciia pH mai truong va nhiét do nudi cdy anh
hudng dén qua trinh sinh tong hop IAA cua ching MN47
(hinh 1). Déi véi pH méi trudng, ham luong IAA sinh ra
boi ching MN47 trong méi truong Ashby c6 bo sung 0,1%
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Hinh 1. Anh hwéng clia pH méi trwong (A) va nhiét do (B) nudi cdy dén sinh tdng hop Indole-3-acetic acid clia chiing MN47. Cac chir cai biéu thj sy sai

khac c6 y nghia thdng ké & mirc 0<0,05.
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tryptophan & pH 6, 6,5, 7, 7,5 va 8 lan luot 1a 55,56, 89,18,
101,89, 106,03 va 102,28 pg/ml (hinh 1A). Trong do, méi
truong c6 pH 6,0 kha ning sinh téng hop IAA 1a thap nhét
(55,56 pg/ml). O pH 7,0 va 8,0 kha ning tong hop IAA cia
chung 14n luot dat 101,89 va 102,28 pg/ml; tuy nhién su sai
khac khong c6 ¥ nghia. Ham lugng IAA tong hop duge cao
nhat trong méi trudng ¢6 pH 7,5 (106,03 pg/ml) va & mic
sai khac c¢6 ¥ nghia véi cac két qua con lai. Do vay, pH 7.5
ctia moi truong Ashby c¢6 bd sung 0,1% tryptophan 1a didu
kién thich hop nhit cho ching MN47 sinh tong hop IAA.

Tuong ty, nhiét dd 1én men c6 anh hudng ro rét dén kha
nang sinh téng hop IAA cta chung MN47. Ham lugng IAA
sinh ra bdi ching MN47 & cac nhiét do 20, 25, 30, 35 va
40°C lan luot 12 89,15; 96,86; 106,08; 97,21 va 61,25 pug/ml
(hinh 1B). Tir két qua tai hinh 1B cho thdy, ham luong IAA
thap nhat thu dugc khi 1én men ¢ 40°C, 14 61,25 pg/ml. Khi
Ién men ¢ 25 va 35°C, ham lugng IAA thu dugc cao hon so
v6i & mirc 20 va 40°C lan luot 14 96,86 va 97,21 pg/ml va
sai khac khong c6 y nghia. O nhiét d6 30°C kha ning tong
hop IAA ciia ching & mic sai khic co y nghia cao nhat,
dat 106,08 pg/ml. Do vay, pH va nhiét do thich hop cho
chung MN47 sinh tong hop IAA trong méi truong Ashby
¢6 bo sung 0,1% tryptophan lan luot 1a 7,5 va 30°C. Cac
nghién ctru trude day cho thay, nhiét d6 va pH méi truong
1a nhitng yéu t6 ¢6 tac dong 16n dén téc do sinh truong ciia
khuén; & diéu kién thuan thuan loi, mat d¢ vi khuan va céc
san pham trao do6i chat cta chung ciing da dang v6i ham
luong cao hon va nguogc lai [25, 26]. Két qua cong bd cua
N.H. Van va cs (2017) [27] vé anh hudng cia pH va nhiét do
dén kha nang sinh TAA cua 6 ching vi khuan thudc cac chi
Klebsiella, Aeromonas, Pseudomonas, Pantoea va Bacillus
dugc phan lap tir cac ving sinh thai khac nhau cho thiy ham
luong IAA dugc sinh ra boi cac ching vi khuén phu thudc
vao pH va nhiét d6 nuéi cdy thich hop cho cac chung do
sinh trudng.

3.4. Dinh danh chiing MN47 bang gidi trinh tw 16S rRNA

Két qua so sanh trinh ty gen 16S rRNA cua chung
MN47 véi cac loai da dugc cong bd trén EzTaxon duoc
trinh bay trong bang 3 cho thiy, ching MN47 c6 mirc do
tuong ddng cao nhat (99,86%) vai ching F. anhuiense D3"
(EU046269) va 96,69-98,03% voi cac thanh vién khac cua
chi Flavobacterium. Dya vao gioi han (>98,7%) vé muc do
turong dong cua trinh ty gen 16S rRNA, chung MN47 dugc
xac dinh 1a F. anhuiense [28].
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Bang 3. So sanh sw twong dong vé trinh tw gen 16S rRNA clia chiing
MN47 véi cac loai gan nhat cong bé trén div liéu EzTaxon.

Lo ghn nhiit Ty I . 56' nuc'leotide
twong dong (%) sai khic
Flavobacterium anhuiense D3" (EU046269) 99,86 211397
Flavobacterium tistrianum GB 56.1" (KT223144) 98,03 28/1420
Flavobacterium tagetis GN10T (MT992797) 97,75 32/1422
Flavobacterium ginsenosidimutans THG 01" (GU138377) 97,62 33/1388
Flavobacterium sharifuzzamanii A7.6™ (QIGZ01000021) 97,40 371422
Flavobacterium nitrogenifigens NXU-44" (KP711654) 97,36 37/1401
Flavobacterium chungangensis MAH-10" (KY964277) 97,33 37/1387
Flavobacterium zhairuonense AS5.7" (MK248099) 9733 38/1422
Flavobacterium daemonensis JCM 194557 (VIYD01000029) 97,05 42/1422
Flavobacterium luteolum IMCC34776T (MW261869) 96,91 44/1422
Flavobacterium foetidum CJ42" (KY056226) 96,85 44/1396
Flavobacterium phragmitis BLN2T (GU564236) 96,77 46/1422
Flavobacterium ginsengisoli DCY54T (HM776703) 96,70 46/1396
Flavobacterium ustbae T13" (MH593838) 96,69 47/1422
Flavobacterium humidisoli MMS21-Er5" (0K393633) 96,69 47/1422

Dong thoi, so dd pha hé ciing duoc thiét 1ap (hinh 2) cho
thdy, chung MN47 duoc sip xép thudc chi Flavobacterium
va cung nhanh gan nhat voi chung F anhuiense D3T
(EU046269). Tir két qua so sanh trinh ty gen va so do pha
hé cho thdy ching MN47 1a loai F. anhuiense.

Flavobacterium tagetis GN10T (MT992797)
Flavobacterium tistrianum GB 56.17 (KT223144)
Flavobacterium zhairuonense A3 77 (MK248099)

Flavobacterium sharifizzamaniiA7 67 (QIGZ01000021)
Flavobacterium anhniense MN47
W(Havobacrerium anhiienseD3T (EU046269)
Flavobacterium foeticum CT42T (KY056226)
Savabacferium ustbae T13T (MH593838)
Flavobacterium nitrogenifigens NXU-44T (KP711654)
L Flavobacterium phragmiris BLN2T (GU364236)
Flavobacterium chungangensis MAH-10T (KY964277)

18— Flavobacterium ginsenosidimutans THG 01" (GU138377)

Flavobacterim d sisJCM 19435T(VIYDO01000029)
Flavobacterium ginsengisoli DCY54T (HM776705)

66 avobacterivm luteolumIMCC34776T (MW261869)
Chryseobacterium balustimm MG 8329 (AY468447)

Hl

—
0,2

Hinh 2. So' d6 pha hé cta chiing MN47 véi cac loai gan nhét thudc chi

Flavobacterium dwa vao trinh tw gen 16S rRNA.
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4. Két luan

Nghién ctru da phéan lap dugc 67 ching vi khuan tir
cac mau dat tréng che tai xa La Béng, huyén bai Tu, tinh
Thai Nguyén, trong d6 c6 8 chung c6 kha nang ¢b dinh nito
va sinh tong hop TAA. Trong 8 chung, tuyén chon duoc
ching vi khuén MN47 ¢6 hoat luc cao nhét, v6i kha nang
¢6 dinh nito va sinh téng hop TAA lan luot 1a 20,41 va
106,08 pg/ml). Chung MN47 dugc xac dinh thudc loai
F anhuiense dya trén trinh ty 16S rRNA. Ching F
anhuiense MN47 c6 kha nang sinh cac loai enzyme alkaline
phosphatase, esterase (C4), esterase lipase (C8), leucine
arylamidase, valine arylamidase, acid phosphatase, naphtol-
AS-BI-phosphohydrolase, B-galactosidase, D-glucosidase
va N-acetyl-B-glucosaminidase va c6 kha ning dong
hoa cac ngudn carbon D-glucose, glycogen, D-mannitol,
D-maltose, potassium gluconate, lactic acid, malic acid,
sodium acetate, trisodium citrate, L-alanin, L-rhamnose,
D-ribose). pH va nhiét d9 thich hop cho chung MN47 sinh
tong hop IAA trong méi truong Ashby c¢6 bo sung 0,1%
tryptophan lan luot 1a 7,5 va 30°C.

LO1 CAM ON

Nghién ctru dugce thuc hjén V(}ri su tai trg kinh phi tr dé
tai khoa hoc va cong nghé cap quoc gia ma so NVQG-2021/
DT.04. Céc tac gia xin tran trong cam on.
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Auh hwimg cia vi Khuan Lysinibacillus sphaericus dén sinh trwing va hap thu crom
cua cay Lu lu dwe (Solanum nigrum L.)

Nguyén Thanh Hung"
Khoa Cong nghé Sinh hoc, Truong Pai hoc Mo TP H6 Chi Minh, 97 V6 Van Tan, phuong V6 Thi Sau, qudn 3, TP H6 Chi Minh, Viét Nam
Ngay nhan bai 25/10/2023; ngay chuyén phan bién 28/10/2023; ngay nhan phan bién 10/11/2023; ngay chip nhan dang 17/11/2023

Tom tit:

Nghién ctru dwoge thye hién tai xi Bao Quang, TP Long Khanh, tinh Pong Nai, véi muc dich tim ra giai phap giam
thiéu 6 nhiém kim loai niing crom (Cr) tai diy. Bang phwong phap thi nghiém trong cay Lu lu dvwc (Solanum nigrum
L.) vao chiu trong nha lwéi trén hai méi trwong dat dwoe khir tring va chwa khir tring két hop véi vi khuin
Lysinibacillus sphaericus & 3 ndong dd 0,5; 1 va 2 g/10 kg dat 6 nhiém Cr véi nong dé 263,8+7,98 mg/kg dat kho,
dé kiém tra anh hwong dén hiéu qua xir Iy Cr ciia cAy Lu lu dwe. Két qua cho thiy, trong méi trudong dat 6 nhiém
Cr 263,8+7,98 mg/kg dat khé chuwa dwge khir tring ciy Lu lu dwe phat trién vé chiéu cao va sinh khoi tt hon méi
truomg dit dwge khir triang (p<0,05). Trong 3 ndng dd vi khuin L. sphaericus 0,5; 1 va 2 g/10 kg dat, nong do 1 g/10
kg dat khd, cay Lu lu duc dat hiéu qua cao nhit vé kha ning sinh truwéng va hip thu Cr vao than, 14 va ré so véi cong
thirc doi chirng 1én dén 1,71 mg/kg. Két qua nay da chirng minh vi khuan L. sphaericus c6 tinh kha thi cao khi bén
cho ciy Lu lu due dé xir Iy giam thiéu kim loai ning Cr trong dat 6 nhiém véi chi phi thip va than thién méi truong.

Tur khoa: cai tao dit 6 nhiém, h:?ip thu Cr, kim loai Cr, Lysinibacillus sphaericus, Solanum nigrum L.

Chi sé phén loai: 1.6, 4.6

1. Dét van dé

Kim loai nang Cr 1am tang rdi ro vé an toan sinh thai dat,
bao gdm cac hoat dong ctia enzym dét, cong dong vi sinh vat
trong dat. Tat ca cac hop chat Cr (VI) da dugc Co quan Nghién
ctru Ung thu Qudc té (IARC) phén loai 14 chét gdy ung thu &
ngudi. Vi vdy, can phai loai bo Cr (VI) khoi dat [1]. Ving dét
Long Khanh, tinh Pong Nai la dit canh tic nong nghiép lau
nam, noi trong cdy an qua noi tiéng cua cac tinh Bong Nam
Bo. Tac gia da tién hanh thu thap 50 mau dét & nhimg vi tri
khac nhau, dem vé phong thi nghiém phan tich ham lugng kim
loai nang Cr, Zn, Cu, Cd, Pb va As theo phuong phéap pho hip
thu nguyén tir (AAS). Két qua thu duoc cac kim loai Zn, Cu,
Cd, Pb va As déu dat quy chuan, tuy nhién 100% mau kim
loai ning Cr déu vuot QCVNO3-MT 2015 tir 1,3 dén 2 lan
(263,8+7,98 mg/kg dat kho) [2]. Do véy, viéc tim cac giai phap
xir 1y giam thiéu Cr cao trong dat nong nghiép tai TP Long
Khanh, tinh Dong Nai dé bao dam an toan cho nong san 1 cn
thiét va cap bach.

Hién nay, c6 nhiéu phuong phap nhu vét 1y, hoa hoc, di
doi..., dé xir Iy va loai bo kim loai ning 6 nhiém ra khoi dat
nong nghi¢p. Tuy nhién, cadc phuong phap nay déu ton kinh
phi, ky thuat phirc tap, kho xir Iy trén dién rong, dét sau xu ly
bi thodi hod, mat mot thoi gian dai moi tai st dyng lai dugc [3].
Nhiing nam gﬁn day, mot s6 chit tao phtic nhan tao da dugc
stt dung nhu EDTA nhim tang cudng kha nang chiét sinh hoc
kim loai nang khoi dat bi 6 nhiém [4, 5]. Tuy nhién, cac chit
hoa hoc nay luén tiém an nhiing rui ro cho méi trudng, cac chat
tao phtrc ¢6 thé gdy nén hién tuong rira trdi céc kim loai ning
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theo chiéu sau tang dat xudng nude ngam gay doc cho vi sinh
vat, dong vat dit va anh huong dén chirc ndng ciing nhu sw bén
viing cta h¢ sinh thai [6].

Dé giai quyét van dé nay, theo nghién ciru cua G.I. Burd va
¢s (2000) [7] dé thay thé mot sb chét tao phirc nhan tao dong vai
tro nang cao kha ning chiét kim loai néng ra khoi dat bé'tng thuc
vat c6 thé st dung vi sinh vat ving 1é. Céc vi sinh vat nay co kich
thude nho, kha nang hoat dong manh va c6 ty dién cao nén co
thé dong vai tro nhu mot chit tao phtre sinh hoc lién két véi thuc
vat trong xur Iy 6 nhiém dét [8]. Nhidu nghién ciru gin ddy cho
thy, vi sinh vat viing 1é ¢6 thé 1am ting sy linh dong ctia kim
loai nang bai su thay doi pH dét [9], dong thoi s lién két giita
vi sinh vét va thuc vat c6 thé san sinh cac hodc mén lam tang
cudng qua trinh cung cp dinh dudng cho thyc vét [10].

Trong nghién ctru nay, dé xir 1y lugng kim loai ning Cr ra
khoi dat 6 nhidm, tic gia chon giai phap xir Iy sinh hoc bang
thi nghi¢ém tréng cay Lu lu dyc 1a thyc vat ban dia c¢6 kha nang
tich Ity kim loai ning Cr cao [11], két hop véi vi khuan L.
sphaericus dugc sang loc va phan lap trong dat 6 nhiém Cr tai
dia diém nghién ctru. Pay 13 huéng di bén viing, thudn tu nhién
va than thién moi trudng ma nhing nam gan day nhiéu nudc
phét trién trén thé giéi dang st dung dé xir Iy dat nong nghiép
bi 6 nhiém kim loai ning.

2. Doi tuong va phuong phap nghién ciiu
2.1. Doi twong

Dit trong thi nghiém duoc ldy tai xa Bao Quang, TP Long
Khanh, tinh Dong Nai. Dat ¢c6 mot so tinh chat co ban nhu
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Abstract:

This study was conducted in Bao Quang commune, Long
Khanbh city, Dong Nai province, with the aim of finding
solutions to reduce chromium pollution. The author
used the experimental method of growing plant black
nightshade (Solanum nigrum L.) in pots with sterilised
and unsterilised soil and the experiment was carried out
in a greenhouse. By using the experimental method of
growing black nightshade Solanum nigrum L. in pots
in a greenhouse on two sterilised and unsterilised soil
environments combined with Lysinibacillus sphaericus
bacteria at 3 concentrations of 0.5, 1, and 2 g/10 kg of
Cr-contaminated soil with a concentration of 263.8+7.98
mg/kg of dry soil, this study aims to check the effect of
the aforementioned combination on the Cr treatment
efficiency of black nightshade Solanum nigrum L.
The results showed that in the soil contaminated with
chromium 263.8+7.98 mg/kg of unsterilised dry soil,
Solanum nigrum L. grew in height and biomass better
than in the sterilised soil (p<0.05). At three concentrations
of Lysinibacillus sphaericus, 0.5, 1, and 2 g/10 kg of soil,
with a concentration of 1 g/10 kg of dry soil, Solanum
nigrum L. exhibited the highest efficiency in terms of
growth and absorption of chromium into stems, leaves,
and roots compared to the control (up to 1.71 mg/kg).
This result proved that Lysinibacillus sphaericus is
highly feasible when fertilising Solanum nigrum L., to
reduce chromium in contaminated soil at a low cost and
friendly environment.

Keywords: chromium absorption, chromium metal,
Lysinibacillus sphaericus, remediation of contaminated
soil, Solanum nigrum L.

Classification numbers: 1.6, 4.6
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sau: pH (5,02+1,07), N (0,11+0,01%), P,O, (0,43+0,18%),
K,0 (0,10+0,02%), carbon hiru co (1, 5610 ,11%), kali dé
tleu (9,74+4,93 mg/100 g), lan dé tiéu (23,5+17,7 mg/100
g), Cr (263,8+7.,98).

Dit sau khi ldy dugc van chuyén vé co s6 5 ctia Trudng
Dai hoc M TP H6 Chi Minh dé 1am thi nghiém. Dét dugc
phoi kho trong moi trudong ty nhién, dap nho va loai bo méot
sO tap chat dé dong nhét vé kich thudc hat, tinh chat hoa Iy
va sinh hoc. Sau d6 chia thanh 2 phan; phan mot dé nguyén
(dat chua dugc khtr tring), phan hai duoc sdy trong tu siy
& 100°C, kiém tra lai ham lugng vi sinh vat trén moi truong
thach sau khi sdy (dat dugc khur tring), dé ngudi va bao
quan trong tui nilon kin.

Cay Lu lu duc con va vi khuédn L. sphaericus dugc sang
loc va phan lap tai TP Long Khanh, tinh DPong Nai [11].
Chau nhya cao 30 duong kinh 20 cm.

2.2. Phwong phap nghién ciru

2.2.1. Thiét ké thi nghiém

Thi nghiém dugc thiét ké nhu ¢ bang 1.

Bang 1. Nong do Cr (mglkg dat kho) két hop v&i Lysinibacillus sphaericus
(9/10 kg dat kha).

Thittw  Tén cong thire  Nong db Cr (g) + Lysinibacillus sphaericus (g) + loai dit

1 bC 263,8 + 0,0 + dit chura khir tring
2 Tl 263,8 + 0,5 + dit chua khir tring
3 T2 263,8 + 1,0 + dit chua khi tring
4 T3 263,8 +2,0 + dit chua khir tring
5 bCl 263,8 + 0,0 + dit duoc khit tring
6 T4 263,8 + 0,5 + dat duoc khir tring
7 T5 263,8 + 1,0 + dit dugc khir tring
8 T6 263,8 + 2,0 + dit dugc khit tring

DC va BC1 1a cong thiec dbi ching, khdng bd sung Lysinibacillus sphaericus.

MJi chau chon 3 cay Lu lu duc non cé cung chiéu cao (5
cm), s6 14 (4 13) trong vao chau dét dugc b tri ndng d6 Cr
va L. sphaericus nhu ¢ bang 1, mdi ngay tudi nudc mot lan
dam bao du do 4m 70% trong dat dé tranh rira tr6i Cr trong
chau, thi nghiém duoc lap lai ngﬁu nhién 3 lan nhu & bang 2.

Bang 2. M6 hinh thi nghiém thwc té trong nha lwoi.

Dit chua khir tring  Dét dugc khir tring S6 Ian 13p lai thi nghiém
PC T2 T3 TI T4 BCl T5 T6

PC T3 TI T2 BCl T4 T5 T6 Léinl

TI T2 PC T3 T4 T6 T5 BCl

TI T2 T3 BC T5 T4 BCl T6

PC T3 TI T2 BCI T4 T5 T6 Lin2

TI T2 PC T2 T6 T4 T5 BC

PC T3 TI T2 BCl T4 T5 T6

TI T2 PC T3 T4 T6 T5 DCl Lin3

TI T3 T2 BC T5 T4 BCl T6

M



2.2.2. Anh huong ciia Lysinibacillus sphaericus dén kha
ndng sinh trieong va hdp thu crom ciia cdy Lu lu dwc

Sau 90 ngay trong thi nghiém thi tién hanh thu hoach
mau, khi thu mau, phan ré dugc rira can than bang voi nude
tudi dé duy tri tinh toan ven cta hé théng 1é, do chiéu dai
1& va chiéu cao cta cdy (cm). Chia thanh than, 14 (phan trén
mat dat) va ré (phan dudi mat dat), mdi thanh phan dugc rira
béng nudc may dé loai bo bui ban con lai trén bé mit, va rira
can than bé‘mg nude khir ion. Cac mau tuoi duge can sau khi
nude khir ion trén bé mat da bay hoi hoan toan, va sau do
duogc siy kho & 105°C trong 30 phit, sau d6 siy & 70°C cho
dén khi thu dugc khéi luong khong ddi, nghién min mau,
b6 mau vao thi nilon, ghi ky hiéu nhan nhu trong bang 3 dé
dua di phan tich.

Phan tich kim loai ning Cr trong dat va cdy: can 0,20-
0,25 g miu cho vao dng phan hiy PTFE 25 ml, thém 9 ml
HNO, va 3 ml HCIO,, cho vao tii séy ¢ 130°C dé phan huy,
sau khi dun s6i trong 1 gi0, dung dich dugc thém 5 ml HF
tiép tuc phan huy cho dén khi trong 6ng xuét hién dung dich
mau vang hodc khéng mau. Ding nudc cat 2 1an chuyén
toan bd dung dich trong dng PTFE sang dng nhya 10 ml,
lac déu. Ham lugng Cr dugc xac dinh bang phd nguyén tir
(AA-400, PerkinElmer, M¥). Dé kiém soat chat luong, vt
lidu tiéu chuan (GBW-08.505 cho ciy va GBW-08.303 cho
dét) dugc mua tir Trung tdm Nghién ctru Vat lidu tiéu chuén,
Bic Kinh, Trung Quéce [2].

2.2.3. Xac dinh hé s6 TF va BF

Xac dinh kha nang tich Ity Cr dya trén hé sb van chuyén
TF (TF: Translocation factor: Puoc tinh bang ty 1 nong do
kim loai nang tich luy ¢ phan trén mat dit cta cdy so véi
nong d6 kim loai ning tich luy trong ré). Néu TF>1 duoc
xem 1a loi thuc vat c6 kha niang van chuyén kim loai ning
cao [12]. Hé sb tich lily BF (BF: Bioconcentration factor:
Puogc tinh bang ty 1¢ giita ndng d6 kim loai ning tich luy
& phan trén mat dit cua cdy so véi ndng d6 kim loai ning
trong moi truong dat): Néu BF>1 loai thyc vat d6 thudc
dong “thuc vét tich tu”, BF<1 loai thyc vat d6 thudc dong
“thyc vat ngan chan” va BF>10 loai thuc vat d6 dugc xép
vao “dong siéu tich tu”) [13-15].

2.3. Xur Iy 56 liéu

Dit li¢u dugc danh gia theo gia tri trung binh, su sai khac
¢6 y nghia théng ké giita cac nhém dugc dénh gia bang
phan tich phuong sai (ANOVA) dua trén su khac biét binh
phuong nhé nhit (LSD) véi do tin cdy p<0,05 (thir nghiém
ctia Duncan). Cac mdi twrong quan Pearson dugc tinh toan
dé kiém tra cic mdi quan hé vé6i khoang tin cay 95%, sir
dung phan mém IBM SPSS 20 va dung Sigma Plot 12.5 v&
biéu do.
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3. Két qua va ban luan

3.1. Anh huéng ciia vi khuén Lysinibacillus sphaericus
dén kha nang sinh trwéng va phdt trién cua cdy Solanum
nigrum L.

Két qua hinh 1 cho thay, trong méi truong dat 6 nhiém
Cr 263,8+7,98 mg/kg dat kho chua dugc khir tring cdy S.
nigrum L., phat trién vé chiéu cao va sinh khdi t6t hon moi
trudng dat dugc khir tring (p<0,05). Su khac biét nay c6 thé
1a do trong moéi truong dat dwoc khir tring, cac vi sinh vat
trong dat da bi chét, trong d6 c6 vi khuén L. sphaericus nén
khong thé sinh chat kich thich sinh truong thuc vat IAA, 1a
chat diéu tiét sinh truong, thuc day sy phén chia té bao va
hinh thanh ré nhanh, ré va 14 gitp cdy sinh truéng va phat
trién, nén cay phat trién kém hon trong méi trudng dat chwa
khir triang. Nhan dinh nay pht hop voi két qua nghién ciru
cua A.M.A. Monroy va cs (2019) [16]: L. sphaericus 1a vi
khuén gram duong, ua nhi¢t, dugc st dung dé cai tao dat
trong qué trinh tai canh, nhd kha ning cb dinh nito, nitrat
hoéa va hoa tan phdt pho, ting chat dinh dudng cho dat, san
sinh axit indole acetic (IAA) gitp cdy trong sinh trudng va
phat trién.

B8 Cannang ()

200 r % Chiéu cao (cm) 4 1290
<

1150

Can nang (g)
Chiéu cao (cm)

BC1 T4 T5 T6
Y | ¥

Pit chua khtt tring Pit khi tring

Hinh 1. Anh hwéng cta Lysinibacillus sphaericus dén sinh trwéng
va phat trién cta cay Solanum nigrum L.. S6 lidu dwoc trinh bay
dwdi dang trung binh +SD (n=3). Cac chir cai A, B, C... a, b, c... cho
thay sw khac biét dang ké so v&i nghiém thirc khdng bd sung vi khuén
L. sphaericus (ANOVA mét chiéu, phuwong phap so séanh Duncan).

Nhan xét nay ciing pht hop véi két qua nghién cia tac
gia khi so sanh 2 cong thirc d6i ching (PC va BC1) khong
bo sung vi khuan L. sphaericus déu céd chiéu cao va sinh
khoi thap hon cac cong thire con lai (T1, T2, T3, T4, T5 va
T6). Bong thoi, trong cung mdt liu lugng vi khuan nhu
nhau (0,5, 1 va 2 g/kg dat kho), trong moi truong dat chua
khur trung chiéu cao va sinh khoi cay S. nigrum L., ludn cao
hon trong mdi truong dat khu trung (hinh 1). K&t qua nay
chting minh rang, vi khuan L. sphaericus da gop phan thic
day qua trinh sinh trudng va phat trién cua cay S. nigrum L.
lam tang sinh khoi, tdng kha nang tich lliy sinh hoc.
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Ngoai ra, cdy S. nigrum L. va vi khuan L. sphaericus
1a loai ban dia, c6 thoi gian dai thich nghi trén dat c6 ham
lugng 6 nhiém Cr cao, da thich nghi hoan toan véi diéu kién
song bét lgi va hinh thanh co ché dé ton tai dugc trén dat 6
nhim Cr nén anh hudng dén kha ning xir 1y ciing nhu co
ché van chuyén kim loai Cr trong cdy. Nhan xét nay phtt hop
v6i két qua nghién ctru cua J. Pratas va cs (2013) [17], d6
1a dt tai cac vi tri c6 chit 6 nhiém kim loai nang cao, thuc
vat ban dia thuong sé trd nén thich nghi theo thoi gian. Didu
nay c6 y nghia rat 16n trong viéc ap dung thyuc vat dé xur Iy 6
nhiém kim loai ning vi cic cdy ban dia khong can tudi nudc,
bon phan va phun thude trir sdu thudng xuyén nhung van
sinh truong va phat trién tot, 1a mot trong nhiing diéu kién
can thiét trong cong nghé dung thuc vat xt ly kim loai nang.

3.2. Anh hwong cua Lysinibacillus sphaericus dén kha
néng hép thu crom ciia cdy Solanum nigrum L.

Sau 90 ngay trong thi nghiém, tac gia thu mau va phan
tich, két qua sau khi xir Iy bing phan mém IBM SPSS 20
duoc trinh bay ¢ bang 3.

Bang 3. Anh hwéng clia Lysinibacillus sphaericus dén kha ning hap thu
crom cua cay Solanum nigrum L.

Hé so

Cing Nl”)n;g do vi Ham lwgng crom tich lity trong cdy (mg/kg)

thire l;::l iﬁo()g M i Li R g::g TF  BF
bC 0 20,70°£0,10  21,70%0,10  18,57°+0,12  20,32° 2,28 0,16
Tl 0,5 2,134049 22374021 1920°40,10 21,23 232 0,17
T2 1 23834032 22,9040,10  19,30%0,30  22,01° 242 0,18
T3 2 23404026 23374025  1933%+025 22,03 242 0,18
bCl 0 19804036 20,77+0,12  17,60+0,17  193%a 230 0,15
T4 0,5 20,83°+0,06  21,80%0,10 1843047  20,36° 231 0,16
T5 1 2243c¢+0,64 21,8740,06  18,502+0,53 20,93 239 0,17
T6 2 22534032 22,6040,20 18,63°+0,38  21,26° 242 0,17

TF: hé sé vén~chuyén; BF: hé s6 tich lu§ sinh hoc. Céc chi cai (a, b, c...) khac
nhau trong méi cot chi ra sw khac biét dang ké gitva cac ndng do vi khuan khac
nhau (p<0,05, thtr nghiém Duncan).

Két qua & bang 3 cho thiy, 100% cac cong thirc co bd
sung vi khuan L. sphaericus déu c¢6 kha nang hat thu kim
loai nang Cr cao hon so véi cong thirc khong bd sung vi
khuén L. sphaericus (BC, PC1 <T1, T2, T3, T4, TS, T6),
trong cung mot nong dd L. sphaericus, kha nang tich lity
kim loai nang Cr trong cac by phan cua cay ¢ cac cong thirc
dét chua khir tring ludn 16n hon céc cong thire dat da khu
trung (T1, T2, T3 > T4, TS, T6) va c6 ham lugng Cr tich
lity trong than, 14 (phan trén mat dat) luén cao hon trong ré
(phan du6i mit dit) (TE>1). Theo P.B. Kumar va cs (1995)
[18] va C.Y. Wei va cs (2006) [19], loai thuc vat c6 kha nang
van chuyén kim loai nang cao khi c6 hé s6 TF>1. Két qua
nghién ctru nay da chirng minh cay S. nigrum L. 1a loai thuc
vat c¢6 kha nang van chuyén Cr cao vao cac bd phan than,
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14 va &, két hop v6i L. sphaericus 1a loai vi khuan c6 kha
nang san sinh chét kich thich sinh truong thuc vat [AA, la
chat diéu tiét sinh trudng, thic day sy phan chia té bao va
hinh thanh ré nhanh, ré va 14 giup ciy sinh truéng va phat
trién [16].

Khi so sanh néng d6 vi khuan L. sphaericus dugc bod
sung vao cac cong thic thi nghiém, tac gia nhan thy, ham
luong kim loai ndng Cr tich 1y vao cac bd phén than, 14 va
ré cua cdy ty 18 thuan v6i ham luong L. sphaericus bd sung
vao va dao dong trung binh tir 19,39 dén 22,03 mg/kg dat
kho, thap nhét & cong thirc DC1 (19,39 mg/kg) va cao nhit
o cong thue T3 (22,03 mg/kg).

Trong cling mot ndng do vi khudn L. sphaericus dugc
bd sung vao cac cong thirc thi nghiém, hé sé TF va BF
trong moi truong dat chua khir tring luén cao hon trong
moi truong dat da khir trang (PC, T1, T2, T3 > DCI1 T4,
TS5, T6), cong thirc co hé 6 TF va BF nho nhit 1a BDC1 (TF:
2,30, BF: 0,15) 16n nhat 1a T2=T3 (TF: 2,42, BF=0,18). Tuy
nhién, xét vé mat hiéu qua kinh té, tai cong thirc T3 cin bo
sung vi khuan L. sphaericus nhiéu gip doi so v6i cong thirc
T2 nhung hé s6 TF va BF van bang nhau va khong c6 sy
sai khac co ¥y nghia thong ké vé khé nang tich Ity kim loai
nang Cr vao cay (bang 3). Vi vay, néu sir dung cay S. nigrum
L., co bo sung vi khuén L. sphaerzcus dé xur ly dat 6 nhiém
Cr & nong do 263,8+7,98 mg/kg dat kho tai xa Bao Quang,
TP Long Khanh, tinh Déng Nai can bd sung thém 1 g L.
sphaericus/10 kg dat kho 1a dat hidu qua ca vé kinh té va ky
thuat xtr Iy cao nhat.

Khi so sanh két qua nghién ctru cua tac gia véi nhom
nghién ctru cia H.S. Hussein (2008) [20] vé mdi lién hé
gitta 3 chung vi khuan thudc gidng Bacillus 13 Bacillus
licheniformis, Bacillus thuringiensis va Bacillus biosubtyl
vé kha nang tich lity Cr cua cdy mu tat An Do, két qua cho
thdy, ca 3 ching déu c6 kha nang ting su tich liiy nguyén
t6 Cr trong cdy v6i muc tang 1an luot cho 3 chung vi khuan
13 0,93; 0,76 va 0,24 mg/kg so v&i ddi chimg. Trong khi
d6, két qua cua tac gia khi so cong thirc ddi chung BPC1 voi
cong thirc T3 tang dén 1,71 mg/kg. Két qua chimg minh, vi
khuan L. sphaericus ¢ vai tro rat quan trong va co tinh kha
thi cao khi bon cho cdy S. nigrum L. & xu 1y dat 6 nhiém
Cr, mo ra trién vong trong qua trinh xir Iy dat 6 nhidm kim
loai ning bang thuc vat véi chi phi thap va than thién véi
moi truong.

3.3. Diic tinh Iy hod ciia dit trwéc va sau khi thi nghiém

Dé danh gia hiéu qua cai tao dat ciia phuong phap dung
L. sphaertcus két hop v6i cay S. nigrum L. trong xr y dat 6
nhiém Cr, tac gia tién hanh x4c dinh dic tinh 1y hoa cua dat
true va sau khi thi nghiém. Két qua sau xtr 1y duogc trinh
bay o bang 4.



Bang 4. Dic tinh ly hoa méi trwong dat trwée va sau khi thi nghiém.

Dic tinh Iy hod moi truong dit  Trude thinghiém  Sau thi nghiém % so véi ban dAu

pH 5,0041,07 5,05£0,03 1006
N (%) 0,110,01 0,130,04 1182
0C (%) 1,56£0,11 1,780,09 114,1
K,0, (mg/100 g) 9,7444,93 8,74+0,65 89,7
P,0,(mg/100 g) 23,5417,7 20774221 884

Bét sau thi nghiém, ham lugng chat hiru co (OC) va nito
téng s6 (N) déu tang dang ké (OC tang 14,1%, N tang 18,2%
s0 v&i ban dau). Két qua nay cho thay, nho Lysinibacillus
sphaericus da thuc day kha ning phat trién cay S. nigrum L.
tai dia diém thi nghiém, trong khi céc chét hiru co khong bi
rura troi, déng thoi ré, than, 14 ciia co kho vui trong dét lam
tang ham luong hitu co va nito trong dit. Nhan dinh nay
phu hop véi nghién ctru ciia N. Chomchalow (2000) [21].
Nguoc lai, K,O, va P,O déu giam so v6i ban dau (K,0,
giam 10,3% va P O, glam 11,6%). Piéu nay co thé g1a1
thich do thoi gian phan huy K O, va P,O, trong dat cham,
cay S. nigrum L. da hat mot luong lon K O vaP O, dé phat
trién. Voi nhimg ddc diém trén cho thay, viéc trong cay S.
nigrum L. két hop v6i L. sphaericus c6 xu hudng cai thién
tinh chét 1y ho4 ciia dat theo hudng tich cyc. Két qua nay
mot 1an nita khing dinh hiéu qua ctua phuong phap sir dung
L. sphaericus két hop véi cay S. nigrum L. dé xir 1y va cai
tao dac tinh Iy hoa cua dét 6 nhiém kim loai nang Cr.

4. Két luan

Két qua nghién ctu dd ching minh vi khuan L.
sphaericus c6 tinh kha thi cao khi bon cho cay S. nigrum L.
dé xtr Iy giam thiéu dit 6 nhiém Cr v6i chi phi thdp va than
thién véi moi truong.

Trong moi truong dat 6 nhiém Cr 263,8+7,98 mg/kg dat
kho, dung vi khuan L. sphaericus véi ndng d 1 g/10 kg dat
kho bon cho cay S. nigrum L. dat hiéu qua cao nhat vé kinh té
va kha ning xtr 1y loai bo kim loai nang Cr ra khoi dat 6 nhiém.

Nghién ctru nay duge Truong Dai hoc Mo TP Hb Chi
Minh tai tro thong qua dé tai ma s6 E2022.02.2. Tac gia xin
chan thanh cam on.
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CAu triic nano xop trat tw 3 chiéu CdS/ZnO cho hiéu suat cao
trong ing dung quang dién hoa tach nwoc
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Tém tit:

Céu tric nano xop trat ty 3 chiéu da va dang dwogc xem xét nhu 13 mot thong s6 "chia khéa" dé ché tao nhirng dién
cwre quang cho hiéu suit cao trong ing dung quang dién héa tich nwéc (PEC), nhd vao kha niing hip thu anh sing
cao va s hiru mot dién tich bé mit 16n. Trong nghién ciru nay, ciu tricc CdS/ZnO xop trat tw 3 chiéu dwoc ché tao
theo phwong phap khuén cirng: Piu tién nhirng qua ciu polystyrene (PS) du’0’c ling dong trén dé din ITO (oxit thiéc
indi), sau do vat li¢u ZnO duoc dién diy vao nhirng khe hé giira nhung hat cau sir dung phuo’ng phap ling dong dién
hoa, tiép theo cac hat ciu PS dwgc loai b6 béi nhiét d tai 500°C dé hinh thanh ciu tric xop trat tu 2 chleu Cudi
cung, cac hat nano CdS dwge lang dong trén bé mat cia ZnO theo phwong phap hoéa wét dé hinh thanh céu tric
CdS/ZnO xop trit tw 3 chiéu. Thudc tinh quang dién héa tach nwéc ciia nhirng ciu tric ché tao dwgc nghién ciru va
so sinh mdt cich c6 h¢ thong. Két qua do quang dién héa cho thiy, dwéi birc xa ciia 4nh sing mé phéng dnh sing
mit troi, hi¢u sudt chuyén doi ning lwgng cia ciu triic CdS/ZnO xdp trat tw 3 chiéu t6i wu 1a 3,4%, cao hon gin 1,9

lan so véi hiéu suat 1,8% cia cau tric CdS/ZnO mang moéng véi cung dicéu kién ché tao.

Tir khéa: ciu tric xp CdS/ZnO, ning lwgng H,, quang di¢n héa tach nuéc.

Chi s6 phén loai: 1.7, 2.5

1. Dt van deé

Quang dién hoa tach nudc (PEC) dya trén nguyén 1y
chuyén d6i ning lugng mit troi thanh niang luong hydrd,
mot nguén nang lugng sach va vo tan dang duoc xem xét
1a ngudn ning luong cua tuong lai [1, 2]. Trong nguyén ly
nay, dién cuc quang dong vai trd rat quan trong, quyét dinh
hiéu suét chuyén déi ning lwong. Mot dién cuc quang lam
viéc hiéu qua phai lién quan dén mot s bude trinh tu nhu
sau: Su sinh ra 16n cac cap dién tur - 15 tréng boi qua trinh
hép thy quang, sy phén tach va di chuyén cua cac dién tich
dén bé mit dién cuc nhanh, va phan Gng oxi hoa/khir nude
v6i cac dién tir - 18 trong sinh quang hiéu qua. Do d6, hau
hét nhitng nghién ctru hién nay 1a tap trung trén viéc tim
kiém vat liéu ciing nhu thiét ké nhiing ciu tric nano phu
hop cho dién cyc quang nham ning cao hiéu suat chuyén
d6i nang luong hudng t6i kha ning tng dung thuc té cua
ky thuat nay. Kém oxit 1a vat liéu ban dan ré tién va sin
¢6, v6i nhitng hinh dang céu trac khac nhau nhu day, ong,
thanh, hodc nhimng cu trac phan nhanh trat tu cao [3-8].
Hiéu suit PEC cua nhiing cAu trac nay da dugc cai thién
dang ké nho vao hidu tmg by 4nh sang cao va van chuyén

“Tac gia lién hé: Email: hoangnhathieu@gnu.edu.vn
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dién tir nhanh. Tuy nhién, kha ning chuyén ddi nang luong
van chua dat cuc dai, do bé day hép thu quang cua dién cuc
van chua hiéu qua. Dé ting cudng kha nang hap thu quang
¢6 thé c6 nhiéu cach nhu: xép chong nhimng céu triic nano
hodc thiét ké nhiing cAu tric chat khit... Tuy nhién, viéc
nay da 1am han ché kha nang tham cua dung dich dién phan
vao bén trong mang dién cuc, lam gidm vung phan ung xtc
tac dién hoa cua vat liéu vdi dung dich dién phan. That may
mén, gan day nhimng ciu tric xOp nano ba chiéu trat ty cao
ctia vét liéu ZnO, ché tao bang phuong phap hd trg khudn
ctmg sir dung nhitng qua cau PS 1am vat liéu khuon, da giai
quyét dugc nhimng han ché néu trén [9, 10]. Céu trac nay da
cho thay, hiéu sudt quang dién hoa tach nudc ting 1én dang
ké nhd vao dién tich bé mat riéng va cac ving phan tmg dién
hoa cuc ky 16n. Do do, cAu trac nay dugc xem la hua hen
cho rng dung trong linh vuc quang di¢n hoa tach nudc. Tuy
nhién, mot han ché 16n cua ZnO 1a kha nang hép thu anh
sang trong ving nhin thay bi gi¢i han boi khe ning luong
16n. Gan day, nhiéu nhom nghién ctiiu thiét ké cac dién cuc
quang két hop nhimg uu diém cua cdu trac trat ty cao voi
cac vat liéu co khe quang thip da cho thiy hiéu suat tach
nuéce cia dién cuc duoc cai thién déang ké [11-15].



Three-dimensional ordered CdS/Zn0O
porous nanostructures for high-performance

photoelectrochemical water splitting

Nhat Hieu Hoang", Ngoc Khoa Truong Nguyen', Van Nghia Nguyen',
Le Hien Nguyen’, Tien Quang Do?, Xuan Ky Dang*
!Faculty of Natural Sciences, Quy Nhon University, 170 An Duong Vuong Street,
Nguyen Van Cu Ward, Quy Nhon City, Binh Dinh Province, Vietham
’Nhon Hoi Secondary School,
Hoi Thanh Ward, Quy Nhon City, Binh Dinh Province, Vietham
*Quang Trung High School, 55 Vo Van Dong Street,
Phu Phong Town, Tay Son District, Binh Dinh Province, Vietnam
‘Dong Gia Lai Ethnic Minority Boarding High School,
An Tan Ward, An Khe District, Gia Lai Province, Vietnham

Received 2 April 2022; revised 24 April 2022; accepted 27 April 2022
Abstract:

Three-dimensional ordered porous nanostructures have
been considered as a key factor in developing high-
performance photoelectrodes for photoelectrochemical
(PEC) water splitting applications due to their high light
absorption capacity and large surface area. In this study,
the authors design and fabricate the three-dimensional
ordered CdS/ZnO porous structures by the hard mould
method. Firstly, polystyrene (PS) spheres were deposited
on the indium tin oxide (ITO) conductive substrate;
secondly, the gaps among the spheres were filled with
ZnO material using electrochemical deposition; then the
PS spheres were burned and formed the ordered porous
structure of ZnO; finally, CdS nanoparticles were
deposited on the surface of ZnO by wet chemical method
to form a three-dimensional ordered CdS/ZnO porous
structure. The photoelectrochemical water-splitting
properties of the fabricated structures were studied and
compared systematically. The results show that, under
the irradiation of solar simulation, the efficiency of the
optimised three-dimensional ordered CdS/ZnO porous
structure is 3.4%, nearly 1.9 times higher than that of
with 1.8% efficiency of thin-film CdS/ZnO structure at
the same fabrication conditions.

Keywords: CdS/ZnO porous structure, hydrogen energy,
photoelectrochemical water splitting.

Classification numbers: 1.7, 2.5
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Trong nghién ctru nay, cdu trac CdS/ZnO xbp nano trat
tu ba chiéu duoc ché tao va ung dung lam dién cuc quang
hiéu suit cao cho tmg dung quang dién hoa tach nudc anh
sang mat troi. Cu tric nay cho hiéu sudt tach nude cao nhd
su két hop cua hai thuan loi: thir nhat 1a kha nang hép thu
anh sang cao cua cAu trac xép trat tu ba chiéu; thir hai 1a ciu
tric nay co6 dién tich bé mit riéng 16n, va kha nang thim cao
cua dung dich dién phan dén toan bod bé mat vat liéu thong
qua céc 16 xp nano.

2. Thuc nghiém
2.1. Chudn bi dién cwc dé dén oxit thiéc indi

Dé ITO dugc cat thanh miéng nho, kich thude 20x10 mm.
Sau d6, duoc lam sach trong aceton, ethanol va nudc ct béng
méy rung rira siéu am trong thoi gian 15 phat mdi loai. Tiép
theo, dé dugc sdy kho trong tii sy & nhiét d6 60°C.

2.2, Ld'ng dong cdu polystyrene lén dé oxit thiéc indi

Qué trinh ling dong cau PS 1én dé ITO dugc thuc hién
bang 2 phwong phép:

Phirong phdp bay hoi tir sdp xép: Tron 1 ml cau PS kich
thude 220 nm (2,5%) v6i 8 ml Ethanol rdi khudy déu. Ngam
dé ITO da l1am sach vao dung dich cdu da pha & trén rdi cho
vao ta sdy ¢ nhiét do 65°C trong 24 gid, cho dén khi dung
dich bay hoi hét, ta thu dwgc mot 16p mang mong mau tréng
duc, d6 chinh 1a ciu PS tu sdp xép trén dé 1TO.

Phirong phdp nhé phi: Dé ITO di lam sach duoc gia
nhiét trudce trén mot dé gia nhiét ¢ nhiét do 60°C. Nho 3 giot
dung dich PS da pha ¢ trén 1én dé ITO, sau d6 dé kho trong
5 phit, ta dugc mang mong cau (PS) trén dé ITO.

2.3. Ché tao dién cuc ZnO cdu triic xép

Mang ZnO cdu tric xdp duoc ché tao bang phuong
phép léng dong dién hoda, st dung hé dién hoa 3 dién cuc
(CS350). B ITO phu PS ché tao & budc trén dugc st dung
lam dién cuc lam viéc, dién cuc dbi 1a day Pt va dién cuc
Ag/AgCl (trong KCI bao hoa) lam dién cuc so sanh. Dung
dich dién héa sir dung 1a Zn(NO,),.6H,0 ndng do 0,1 M.
bién thé lang dong la -1 V, nhiét d¢ dung dich duoc gilt
khong dbi & 70°C, va thoi gian ling dong dién 1a thay dbi
5,7,9 va 11 phit dé khao sat anh huong ciia bé day mang
t6i hiéu suat PEC. Mang méong ZnO trén dé ITO khong ciu
PS cling dugc ché tao voi diéu kién tuong tu dé lam mau
so sanh. Cac mau sau khi ché tao dugc séy kho & 60°C, sau
d6 cac qua cau PS duogc loai bo bang cach: ngdm mau trong
dung dich toluen nguyén chit trong 24 gid va xi Iy nhiét tai
nhiét d6 500°C, thoi gian 1 gid trong khong khi. Két qua ¢
quy trinh nay ta dugc cic mau dién cuc ZnO cau triic mang
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mong, ZnO ciu tric x6p st dung dé cdu PS ché tao bang
phuong phép tu sip xép (ky hiéu mau 1a ZnO-A), ZnO ciu
trac xop st dung dé cau PS ché tao bang phuong phap nho
phu (ky hiéu mau 1a ZnO-P).

2.4. Ché tgo dién cwe CdS/ZnO ciu triic xop

Vat lieu CdS dugc moc trén bé mit ZnO bang phuong
phép hoa uét, quy trinh moc dwoc tién hanh nhu sau: cac
mau dién cuc ZnO mang mong va ZnO-P ché tao & bude
trén dwoc ngdm vao trong dung dich moc CdS, bao gom
0,01 M C,H,NS va 0,01 M Cd(NO,),.4H,0. Qua trinh moc
CdS du(yc thuc hién tai nhiét d6 phong véi th0’1 glan 30 phut.
Mau sau khi moc dugc rira sach véi nude cét va sdy kho &
60°C. Két qua ciia budc nay 1a hinh thanh cac ciu trac CdS/
Zn0 mang méng, CdS/ZnO-P ciu tric xp.

2.5. Do thugc tinh quang dién hoa tach nuwéc (PEC)

Thudc tinh PEC dugc do st dung hé dién hda da
nang (CS350 Potentiostat/Galvanostat). Nhiing dién cuc
quang ché tao dugc su dung nhu nhiing dién cyc lam viéc
(photoanode), di¢n cuc dbi 1a dién cuc day Pt (cathode) va
dién cyuc tham chiéu (reference) 1a Ag/AgCl trong KCl bdo
hoa. Bé danh gia hiéu suat tich nuéc cho nhing cau tric
vat liéu ZnO ta st dung dung dich di¢n phan la Na, SO, véi
ndng d6 0,5 M va nhiing cau trac CdS/ZnO su dung hon
hop dung dich gdbm Na,S (0,25 M) va Na,SO, (0,35 M).
Ngudn anh sang mo phong anh sang mat tr01 tu den Xenon
v6i cong suat 150 W, cuong do 1,=75 W/cm?. Thé quét tuyén
tinh duoc quét tai tbe do 100 mV/ s va dong quang tuong ing
theo thé duoc ghi lai. Hiu sudt quang dién hoa tach nudc
(h%) duoc tinh toan st dung cong thic sau [16].

h(%) =1 (E,, — E, )*¥100/I_

trong d(’)‘: Jp la mat do d(‘)ng quang (mAcm?); I 1a cuong do
cua nguon sang; E_ 1a the tach nude co6 gia tri 1,23 eV va
E.= Emeas -E . la thé dat vao hai dién cuc, trong d6 E ..
la the cta dién cuc lam viéc theo dong quang dugc do dudi
su chiéu sang va E_ la thé cua dién cuc 1am viée dudi diéu

kién md mach.

rev

3. Két qua va ban luan

Hinh thai bé mit cia cu PS ling dong trén dé ITO va
ZnO ciu trac xdp trét ty 3 chidu duoc quan sat trén may kinh
hién vi dién tir quét (SEM, S-4800) tai Vién Khoa hoc Vat
liéu Viét Nam nhu trinh bay trong hinh 1.

Hinh 1A va 1C 1a nh SEM cua cau PS trén dé ITO ché
tao bang phuong phap nho pha va phuong phap bay hoi tu
sap xép theo thir ty. Quan sét cac anh SEM cho thay, d01 voi
phuong phap nho phu cac qua ciu sip xép co do xdp cao
hon, do té¢ d bay hoi nhanh ctia dung moéi trong thoi gian 5
phat. D6i voi phuong phap bay hoi tu sap xép thi su sip xép
clia cac qua cau PS gan nhu xép chat va khit, do thoi gian
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bay hoi cta dung moi 1a kha dai (24 gi®). Tuy nhién, cdu
trac xép chit van chua dugc hoan hao. Anh SEM phong dai
cao xac dinh thém céc hat cdu PS c¢6 kich thugce kha ddng
dang va kich thudc 1a khoang 220 nm.

Hinh 1. Anh kinh hién vi dién tir quét véi cau polystyrene trén dé oxit thiéc
|nd| ché tao boi phu’o’ng phap nho phu (A), ciu tric ZnO-P twong wng (B),
cau polystyrene trén dé ITO ché tao b&i phwong phap bay hoi tw sdp xép
(C) va cu truc ZnO-A twong trng (D).

Hinh 1B va 1D la anh SEM cau triic ZnO xp ché tao
bang phuong phép ling dong dién hoa vai thoi gian 9 phut,
sir dung dién cuc cau PS (hinh 1A) va cau PS (hinh 1C), sau
d6 an mon cau PS trong dung dich Toluen thoi gian 24 gioy
va 1 nhiét & 500°C trong 1 gid, theo thir ty. Long vao 1a cac
anh SEM phong dai cao. T hinh anh SEM cho thiy, ca 2
phuong phap déu cho dang cau tric ZnO 16 xdp nano, cac 16
x0p dugc tao ra boi sy loai bo cac hat cau PS. Tuy nhién, c6
su khac nhau mat it gitra 2 cAu trac. ZnO-P 15 x0p bi co lai,
nho hon so véi kich thude hat ciu PS va bé day vach ZnO 1a
kha day. Trong khi d6, ZnO-A thi kich thudc 16 xdp khong
thay d6i va bé day vach la kha mong. Diéu nay xay ra 1a boi
vi phuong phép nho phu tao mang PS c¢6 khe hé 16n hon, do
d6 bé day vach ZnO day hon, nghia 1a ham lugng vat li¢u
ZnO 16n. Khi @ nhiét & 500°C thi ZnO két tinh va 1am cho
kich thude 16 xdp nho lai. Céu trac ZnO-P dugc mong doi
s& cho hiéu suat PEC 16n hon, nho vao bé day vach day s&
thuén loi hon trong qua trinh van chuyén dién tu. That vay,
két qua do PEC trinh bay & phan sau cho thay hiéu suit PEC
ctia mau ZnO-P cho hiéu suat tét hon. Do d6, phuong phap
nhé phu cu PS duogc chon cho tit ca nhiing budc khao sat
tiép.

Hinh 2 12 anh SEM bé mit ctia ZnO-P véi thoi gian ling
dong dién hoa thay ddi: 5,7,9 va 11 phut theo thir tu, 16ng
vao chung 1a cac anh SEM phéng dai. Két ‘qua anh SEM cho
thiy, bé day vach tang len khi thoi gian lang dong dién hoa
tang va cau tric 16 x6p 6n dinh voi mot bé mat kha bang
phing & thoi gian dién hoa 13 16n hon 9 phut. O thoi gian
dién héa nho hon 9 phut, thi cdu trac vach khd mong va bé
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mit kha 16i 16m. Diéu nay cho thay rang, ¢ thoi gian ling
dong dién héa nhé (5 va 7 phut) vat liéu ZnO chua duogc dién
day hét toan bo bé day 16p cau PS. Nhu vy, ciu tric ZnO-P
hinh thanh t6t ¢ diéu kién thoi gian dién hoa 16n hon 9 phut.

Hinh 2. Anh kinh hién vi dién tr quét clia ZnO-P véi thoi gian lang dong
dién hoéa khac nhau. (A) 5 phat, (B) 7 phat, (C) 9 phat, (D) 11 phut.

Hinh 3A 12 md hinh bé mat ctia mau CdS/ZnO-P véi
30 phat moc CdS. Quan sat mo hinh cho thay, sau khi moc
CdS thi cu trac 16 xdp thay doi rat nhidu, véi bé day vach
day hon va kich thudc 16 x6p nho hon. Quan sat anh SEM
mat cat ngang (hinh 3B) cho thiy c6 hién tuong hinh thanh
hai 16p khac nhau, mot 16p vat liéu xop & dudi co bé day
1,38 mm va mot 16p vat liéu mang két chat & bén trén co
bé day khoang 704 nm. Diéu nay cho thdy, sau mot khoang
thoi gian dau dung dich moc CdS c6 thé tham dén toan bo
mang thong qua céc 16 xop dé moc CdS. Tuy nhién, sau mot
khoang thoi gian nhat dinh CdS moc nhiéu va bit kin cac 156
x6p, khi d6 CdS chi moc & 16p bén trén va hinh thanh ciu
truc hai 16p nhu quan sat théy.

VS-NKL 5.0kV 4.2m| 00um | IMS-NKL 5.0kV 4. 4mm x20.0k SE(M)

Hinh 3. Anh kinh hién vi dién tr quét ciia mau CdS/ZnO-P véi thoi gian
moc CdS la 30 phut.

Chu tric tinh thé cta cic mau ZnO-P va CdS/ZnO-P
duoc dic trung boi phd nhidu xa tia X trén may BRUKER
D2 tai Truong Pai hoc Quy Nhon dé chung minh thém su
moc tinh thé ciia ZnO va CdS nhu cho thdy trén hinh 4. Két
qua do phd XRD cuia ca hai mau déu cho thiy xuét hién cac
dinh pho dic trung & 32, 34, 37, 47 va 63°. Cac dinh pho nay
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tuong tmg véi cac mat phang (100), (002), (101), (102) va
(110) tring khép kha tdt véi pha luc giac wurtzite ctia ZnO
khdi (JCDDS: No. 36-1451). Diéu nay chimg t6, mau 14 tinh
thé ZnO c6 chu trac wurtzite. Pong thoi, trén gian d6 nhidu
xa ctia mau CdS/ZnO-P con cho théy cac dinh & vi tri 26, 44
va 52° tuong Gng voi cac mat mang (111) va (220) va (311)
cua CdS voi pha lap phuong cung truc véi pha luc giac cua
ZnO (JCPDS 10-0454). Biéu nay ching to rang CdS dugc
moc thanh cong trén bé mat ZnO.

*ITO
CdS/ZnO-P

Cds (111)
ZnO (100)

'ZrIO (002)
ZnO (101)

Cds (220)

Cudng db (dvty.)

20 30 40 50 60 70
Géc 26 (dd)

Hinh 4. Phé nhiéu xa tia X ctia hai c4u tric ZnO-P va CdS/ZnO-P.

Phé UV-Vis cua cac dién cuc duoe do va thé hién & hinh
5. Két qua do cho thdy, d6i voi miu dién cuc ZnO mang
thi chi hép thu trong ving UV tai budc soéng 380 nm nho
vao khe nang lugng rong (~3,3 eV) (duong mau den). Tuy
nhién, ddi véi mau ZnO-P thi bién hép thu mo rong dén
ving nhin thiy (dudng mau do). Didu nay cho thiy, cau tric
16 x6p c¢6 kha ning ting cuong hap thu quang trong ving
nhin thiy, ¢6 thé 1a nhd vao kha ning biy anh sang trong
cac 16 x0p. Khi CdS moc thém 1én trén cac cau triic ZnO thi
bién hap thy mé rong thém, cu thé véi mau CdS/ZnO mang
thi bién hap thu 1a 520 nm (dudng mau xanh) va CdS/ZnO-P
12 600 nm (duong mau hdng) nhu cho thiy trong hinh 5A.
Diéu nay ching minh vai trd hip thy tdt trong ving anh
sang nhin thdy cua vat liéu CdS nhd vao khe ning luong
nho (~2,4 eV). Khe ning luong hip thu quang ciia cac dién
cyc ciing duge xac dinh bang phuong phap Tauc nhu cho
thy trong hinh 5B. Cu thé khe ning lugng 14 3,3 va 3,1 eV
cho céac dién cuc ZnO mang va ZnO-P, sau khi moc thém
CdS thi khe nang luong la 2,7 va 2,4 eV cho cac dién cuc
CdS/ZnO mang va CdS/ZnO-P theo thir tu.

(B) 350
— 0

=—Zn0-P
= CdS/Zn0 300

(A) 4

—1Zn0
=—7n0-P
= CdS/Zn0

N

~ .

: —cdsizor|| —CSIzn0-P
>3 £ 250

S
5 9
2 S 200

3, 0
H g
- o 150.
2 s
[
< = 100
o1 3 33eV
m i’

300 400 50 600 700 800 900 1000 20 25 30 35 40
Budc séng (nm)

Hinh 5. Phd UV-Vis clia cac cau truc.
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Thugc tinh PEC ctia hai cdu triic ZnO-A va ZnO-P duge
do va so sanh nhu thé hién & hinh 6. Hinh 6A 13 dudng
dic trung dong quang theo thé duoc do trong ti va dudi
su chiéu sang ciia ngudn sang dén Xenon 150 W theo mirc
thé tir -0,6 dén 1,2 V, v6i dung dich dién phan sir dung la
Na, SO, nong d6 0,5 M va tuong tng hinh 6B 1a hiéu suét
chuyen ddi quang tuong u‘ng Két qua cho thiy, mat do dong
quang ciing nhu hiéu sut chuyen d6i quang cua ciu tric
ZnO-P cao hon nhiéu s0 voi cau trac ZnO-A. Cu thé, higu
suat PEC 14 0,37% cho cu triic ZnO-P, cao gap 1,7 1an hiéu
suét 0,22% cho cau triic ZnO-A. Piéu nay chung minh, chu
tric vach day ciia cac 16 xdp 1a thuan lgi hon trong qua trinh
truyén dan dién tir.
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Hinh 6. Mat do dong quang (A) va hiéu suat chuyén déi quang (B) twong
{rng ctia hai cAu tric ZnO-A va ZnO-P.

Tinh chat quang dién hoa tach nuéc phu thude thoi gian
lang dong ctia cac miu ZnO-P ciing duoc do dé t6i wu hiéu
suit PEC theo bé day (hinh 7). Hinh 7A 14 cac dudng cong
J-V ctia cac mau ZnO-P véi thoi gian moc thay ddi va cia
mau ZnO mang mong ché tao v6i cung didu kién va thoi
gian moc 1a 9 phuat, tvong tng hinh 7B 1a hiéu suat PEC
tinh toan tir duong cong J-V. Két qua, hiéu suit PEC dat cuc
dai v6i mau ZnO-P9 (0,5%) cao hon gap 1,3 lan hiéu suat
(0,4%) cia mau ZnO mang mong. Nguyén nhan co thé dugc
giai thich v6i 2 1y do: 1) Cau trac x6p hdp thu quang manh
hon trong viing anh sang nhin thiy, do d6 sinh ra nhiéu hon
cac cap dién ti-15 tréng; 2) Co ty sb dién tich so voi thé
tich cuc ky 16n, do dé tao ra nhidu vung xtc tac dién hoa.
Thém nita, cdu tric 16 gitp cho cac chét dién phan tham
dé dang dén toan bd bé mat mang, didu nay ciing lam ting
thém ving xtic tac dién héa. So sanh hiéu suat PEC ciia cic
céu trac ZnO-P véi thoi gian dién hoa khac nhau cho thiy,
& thoi gian moc thip (<9 phut) thi hidu suat PEC thap hon.
Cu thé, hiéu suat 0,39% cho mau ZnO-P5 va 0,46% dbi véi
ZnO-P7. Két qua nay kha phu hop v6i su quan sat mo hinh
bé mit, & thoi gian moc nay, cau trac chua 6n dinh va vat
liéu chua du nhiéu dé hap thu toan by anh sang chiéu t6i
va cac vach chua du day dé van chuyén dé dang cac hat tai
dién. Cﬁng vay, khi thoi gian moc qua dai thi hiéu suat PEC
cing giam. Cu thé, dién cuc ZnO-P11 hiéu suit PEC giam
xudng chi con 0,39%. Piéu nay c6 thé 1a do dién tir bi tai
hop khi van chuyén dén dién cyc v6i quing duong di dai.
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Hinh 7. Bwéng cong J-V (A) va hiéu suét chuyén déi quang (B) clia cac
céu triic ZnO mang va ZnO-P v&i cac thoi gian ldng dong dién khéac nhau.

Hiéu sut quang dién hoa tach nudc dugc ting cudng
bdi moc thém vat liéu CdS c6 khe quang hep trén dién cuc
ZnO-P9 dé hinh thanh ciu tric CdS/ZnO-P9 va mot mau
dbi chimg CdS/ZnO mang moéng ciing duge do va so sanh
nhu trinh bay ¢ hinh 8.
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Hinh 8. Brong cong J-V (A) va higu suét chuyén déi quang (B) twong (rng
cua cau tric CdS/ZnO mang méng va CdS/Zn0O-P9.

Hinh 8A la dudng cong J-V dugc do trong mirc thé tir
-1,6 #n 0,6 V, dung dich dién phan st dung 1a Na,S (0,25
M) va Na,SO, (0,35 M) va tuong ung hinh 8B la hleu suét
PEC tinh toan duge. Két qua cAu tric mang mong sau khi
moc thém CdS thi hiéu suét tang tu 0,4 1én dén 1,8%, tang
lén gip 4,5 lan. Diéu nay chl'rng minh, vai tro hip thu anh
sang manh trong Vung nhin thay cua vt liéu CdS trong Vlec
nang cao hiéu sudt PEC. Trong khi d6i VO‘I chu triic xdp,
hiéu sudt tang tir 0,5 1én dén 3,4%, tang gap 6,8 1an. So sanh
hiéu suit PEC giita 2 loai cdu trac ciing cho thy, véi cdu
trac CdS/ZnO mang moéng hiéu suat 1a 1,8%. Vi cau triic
CdS/ZnO-P9 xdp thi hiéu suat 1a 3,4%, ting gip 1,9 lan.
Hiéu sudt PEC dat duoc 1a kha cao sau khi moc thém CdS
1a nho vao su két hop cua hai Iy do: thir nhdt 1a kha nang
hap thu quang tot ctia vat liéu CdS va thir hai 13 trat ty sip
xép dai nang luong cua CdS so véi ZnO 1a kha thuan lgi cho
véan dé truyén dan hat tai. Mrc ning luong cia dai dan va
dai hoéa tri cia CdS ndm cao hon ZnO, cho nén dién tir tao
ra tir dai din ctia CdS d& dang véan chuyén dén dai dan cua
ZnO va 16 tréng di chuyén t6i bé mit trung gian giira CdS-



electrolyte. Diéu nay co thé tach hiéu qua cac cap dién t
16 trong tao ra va do d6 ngan chan qua trinh tai hop. Su sap
xép phi hop cdu tric dai nang lugng cua hai vat ligu c6 thé
dugc mo ta ¢ hinh 9.
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Hinh 9. Mb ta sy sap xép phu hop dai niang lweng cua hai vat liéu ZnO
va CdS.

4. Két luan

Nhoém nghién ctiru da ché tao thanh cong cac vat licu dién
cuc quang ZnO, CdS/ZnO ciu tric xdp trat ty 3 chiéu bang
phuong phap dién hoa két hop v6i phuong phap hoa udt.
Két qua do thudc tinh PEC cho thdy, dudi birc xa cia anh
sang den Xenon (md phong anh sang mat troi) thi dién cuc
vat lidu ZnO véi 9 phat moc dién hoa cho hi¢u suét téi uu 1
0,5%. Dién cyc nay sau khi dinh thém cac hat nano CdS vai
thoi gian 30 phit bang phuong phap thay nhiét thi hiéu suét
dat 3,4%, tang gan 2 1an so véi ban dau chi c6 ZnO. Pay la
gi4 tri kha cao so véi nhirng nghién ctru gan ddy vé mo hinh
16i vo CdS boc ZnO. Hiéu sut cao dat duoc cia cac dién
cuc ché tao c6 thé duge giai thich véi cac 1y do sau: 1) Kha
ning ting cuong hip thu quang trong ving nhin thiy cua
cAu trac 13 trat tu cao va vat liéu CdS, van dé nay da dugc
chimg minh tir ph6 hap thy tir ngoai kha kién; 2) M6 hinh 15
x6p trat tu 3 chiéu co ty sd dién tich bé mit so vai thé tich
16n, diéu nay khong nhiing tao ra nhiéu ving phan tng dién
héa ma con tao diéu kién thuan loi cho qua trinh moc CdS
trén toan bd bé mit vat liéu mang nho vao kha nang tham
cao cua dung dich.
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Nghién ctru duge thyc hién véi sy hd tro kinh phi ctia dé
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Nghién ciru thiét ké an toan cho hé thong cinh bao dwong ngang tur dong
img dung cong nghe tién tién

Truong Pai hoc Giao théng Van tai, 3 Cau Gidy, phuong Lang Thiong, qudn Dong Pa, Ha Ngi, Viét Nam
Ngay nhén bai 9/3/2023; ngay chuyén phan bién 12/3/2023; ngay nhan phan bién 4/4/2023; ngay chip nhan ding 8/4/2023

Tom tit:

Puong ngang 1a noi giao nhau cung mu’c gitra duong sat va duong b, dé 1a diém trong yeu cia duong sit, dé x4y ra
tai nan giao théng. Do vay, yéu cau vé an toan giao thong trén duwdong ngang ludén 1a moéi quan tim cia nganh dwo’ng
sat & moi nwée trén thé gidi. Hé thong canh bao duwong ngang tu dong 1a mét trong nhirng hinh thirc pho bién nhit,
cac gidi phap ky thuit ap dung cho hé thong nay ciing da dang va ¢6 nhirng vu, nhuegc diém nhét dinh. Ung dung
cac thanh tyu khoa hoc va cong nghé méi vao hé thong gidm sat va diéu khién trong nganh duong sat ¢6 y nghia Iém,
tuy nhién mirc do an toan yéu cau dbi véi cac hé thong d6 doi hoi rat khat khe, vi thé van dé nay luén dugc quan tim
nghién ciru. Nghién cu’u nay dwa ra gidi phap thiét ké va thir nghiém hé thong canh bao dwong ngang ty dong ung
dung cong nghé tién tién theo kién triic an toan, nhim tiét kiém chi phi xay dung va béo tri h¢ thong, gop phin dam
bdo an toan giao thong, thuin ti€én trong cong tic quan ly va nang cao niang luc thong quan ciia nganh dwong sit.

Tir khéa: canh bio dwdng ngang tu dong, fail-safe, hé thong vé tinh dinh vi toan ciu, LoRa.

Chi s6 phén loai: 1.8,2.2

1. Dt van de

An toan giao thong ndi chung va an toan giao thong
duong st noi riéng dang 1a mdi quan tim dic biét cia cac
co quan chirc ning va nguoi dan do sb vu tai nan xay ra
hang nam van & con sb dang lo ngai, dac biét 1a sb vu tai nan
tham khdc 1am chét va bi thuong nhiéu ngudi c6 xu hudng
tang. Theo phan tich ciia cic chuyén gia, hau hét cac vu
tai nan giao thong duong sit xay ra tai noi giao cit dudng
ngang dudng bd v6i duong sit. Hé thdng phong vé dudng
ngang 14 hé théng lién quan dén dam bao an toan giao thong,
phong ngra tai nan tai duo’ng ngang, bao gobm: chin dudng
ngang; coc tleu hang rao co dinh; vach ké duorng, g0 gidm
toc, gd giam tdc; hé thong bién bao hiéu dudng sit, duong
bg; deén tin hi¢u va chudng dién; tin hi¢u canh bao duong
ngang, tin hiéu ngin duong trén duong sat va cac thiét bi
khéc lién quan. Theo Quy dinh duong ngang [1], dudng
ngang t6 chic phong vé bang canh bao tu dong 1a duong
ngang b tri phong vé bang bao hiéu canh bao ty dong, co
hodc khong c6 can chén ti dong.

Theo béo cdo cua Tong cong ty Pudng sit Viét Nam
[2], tinh dén ngay 31/3/2022, hé théng duong st Viét Nam
¢ 5.293 giao cit, trong d6 c6 1.514 duong ngang, v6i 660
duong ngang co6 gac, 715 dudong ngang canh bao tu dong,
137 duong ngang c6 bién bao va 3.781 18i di ty md qua
duong sat. Tinh tir ngdy 1/1/2019 dén ngay 30/11/2019, trén
dia ban ca nudc da xay ra 257 vu, lam chét 112 ngudi, bi
thuong 142 nguoi. So voi cung ky nam 2018 giam 19 vu
(-6,88%), giam 13 nguoi chét (-10,40%), ting 13 nguoi bi
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thuong (+10,08%). Trong do, cac vi tri xay ra tai nan giao
thong duong sit nhu sau: tai dudng ngang hop phap la 62
vu (24,2%); tai nan do vi pham khd gi¢i han duong st 1a
106 vu (41,2%); tai nan con lai 1a tai cac 161 di ty mo 1a 89
vu (34,6%).

Tir hdu qua vé tai nan giao thong trén dudng ngang dién
ra, ngay tir nhitng thoi ky dau, nganh duong sit da luon
quan tam trién khai lap dat cac hé thong canh bao ty dong dé
gop phan giam thiéu tai nan. Puong st Viét Nam da timg st
dung giai phap cam bién tir ciia mot cong ty Ao, tuy nhién,
sau mot thoi gian st dung, hé thdng nay da phai do bo vi
diéu kién cta Viét Nam kha phtrc tap: nhiéu loai phuong
tién giao thong qua duong ngang (tor cac phuong tién co
gidi nhu 6t6, xe cong ndng, xe may cho dén cac phuong tién
tho so nhu xe dap, xe bo...) dd gay nhiéu, tao nén nhiing tin
hiéu canh bao nham. Mot giai phap khac don gian hon, dya
trén nguyén tic "mach dién dudng ray", ciing da dugc su
dung, giai phap ny dua trén nguyén tic dit cac tiép diém tai
diém giao tiép giita hai thanh ray, khi doan tau di qua, banh
tau sé ndi hai tiép diém do, tin hiéu chap mach dugc dua toi
hé thdng canh béo, hé théng nay di duoc lip dit tai gan 100
diém duong ngang nhung ciing chi dat dugc hi¢u qua 50%
vi moi treong khi hau Viét Nam nong am nén cac tlep diém
nhanh chong bi 6xy hoa, su tlep xtc kém dan nén hoat dong
kém dan hiéu qua. Giai phap quang hoc ciing da dugc thu
nghlem nhung dudng nhu ciing chua giai quyét hoan hao
cac van dé m01 trudng, su gay nhiéu va nhiing tac dong cia
nguoi dan sng trong moi trudng xung quanh gay ra.
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Abstract:

A level crossing is an intersection where a railway line
crosses a road, most railway traffic accidents happen here,
therefore, traffic safety requirements on the level crossing
are always a concern of the railway industry in every
country in the world. The automatic level crossing warning
system is one of the most common structures, the technical
solutions applied to this system are also diverse and have
certain advantages and disadvantages. The application
of new scientific and technological achievements to
monitoring and controlling systems in the railway industry
plays a very important role, but the required level of safety
for such systems is very demanding, so the problem of this
topic is always interesting in research. This paper presents
a solution to design and test an automatic cross-road
warning system applying advanced technology according
to safety architecture, to reduce the cost of construction
and maintenance of the system, contributing to ensuring
safe traffic, convenience in management, and improving the
throughput capacity of the railway industry.

Keywords: automatic level crossing warning, fail-safe,
Global Navigation Satellite System, LoRa.

Classification numbers: 1.8, 2.2

Hién nay, ¢ Viét Nam chu yéu st dung cam bién dia
chan va cam bién tir truong dé phat hién tau qua duong
ngang, do cac nhugc diém ciia cam bién dia chin ma nganh
duong sit dang dan thay thé boi cam bién tir truong. Voi
loai hinh sir dung cam bién tir trudng, hé thong nay nhép tir
nudc ngoai nén kinh phi dau tu kha cao va viéc thi cong lap
dat hé thong ciing nhu duy tu stra chita phic tap, do d6 sd
luong cac duong ngang canh bao ty dong da duoc lap dat
& muc han ché, dan dén tén kém rat 16n vé nhan cong tai
céc dudng ngang c6 ngudi gic, ddng thoi con rat nhiéu cac
duong ngang khac dang trong tinh trang “3 khong” (khong
c6 rao chin, khong c6 nguoi gac va khong co bat cir tin hiéu,
canh bao) gdy nén tinh trang mét an toan giao thong, tiém
an nhiéu nguy co tai nan giao thong trén cac dudng ngang
nay. Nhu vay, viéc nghién ctru thiét ké hé thong canh bao
duong ngang ty dong vira dam bao an toan, vira c¢6 chi phi
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hop 1y va chii dong vé cong nghé s& gbp phan xdéa bo dan
cac duong ngang “3 khong”, gitup han ché thap nhat tai nan
giao thong tai duong ngang va nang cao nang luc thong qua.

Ngay nay, véi sy phat trién manh mé cta khoa hoc va
cong nghg¢, nhiém vy g dung cong nghé tién tién dé giam
thiéu chi phi dau tu hé thong duong ngang ty dong 1a kha
thi. Van d& chinh 1a viéc thiét ké, tich hop cac cong nghé
vao hé théng can dam bao nguyén tic an toan. D& hoan thién
nhiém vu nay, cac ndi dung tiép theo cua bai bao s€ di vao
phan tich cac hé théng canh bao duong ngang ty dong co
g dung cac cong nghé tién tién tir cac nudc phat trién trén
thé gioi, tiép d6 1a dua ra thiét ké hé thong canh bao duong
ngang tu dong dua trén nguyén tic an toan, trén co so d6
cong viéc ché tao va thir nghiém hé thong s€ duoc thuc hién,
va cudi cung s& 1 phan két luan cua nghién ctu.

2. Nghién ciiu thiét ké hé théng

2.1. Cac cong nghé tién tién va khd nang wng dung vao
duong sat

H¢ thong giao thong duong sit déng vai tro quan trong,
1a then chdt trong bat cir nén kinh té qubc dan nao, c6 nhiém
vu van chuyén ty trong 16n ngudi va hang héa. Pdng thoi,
v6i phat trién mang luéi duong sit, vin dé an toan giao
thong ludn dugc dit ra hang dau, vi lién quan dén sinh mang
s6 dong hanh khach va lugng 16n hang hoa van chuyén. Do
vay, ing dung khoa hoc k¥ thuat vao hé¢ thong duong sét
no6i chung va hé thong phong vé duong ngang noi riéng da
ludén dugc quan tam ¢ cac muc do khac nhau tir nhitng nuée
phat trién cho dén nhiing nudc dang phét trién. Cac cong
nghé trudc day da va dang duoc ung dung trong hé théng
canh bao duong ngang ty dong c6 mirc dau tu 16n, viée
duy tu hé thong ciing kho khin va tén kém, nén sé luong
dudng ngang c6 canh bao ty dong van bi han ché khong chi
& trong nudc ma ca & nhimg nudc phat trién trén thé giéi.
Trong thoi gian qua, nhidu nudc di nghién ciru va trién khai
ung dung cac cong nghé mai vao hé thong canh bao duong
ngang tu dong, da gop phan day chi phi dau tu va duy tu hé
thong xudng mirc thap. Cac cong nghe tién tién dién hinh
nhu cong ngh¢ dinh vi vé tinh toan cau (Global Navigation
Satellite System - GNSS), cong nghé truyen thong gilra
doan tau voi mat dét, cac giai phap diéu khién, do luong va
giam sat tir xa dd dugc nghién ciru va ap dung rat hidu qua
cho nganh dudng st noi chung va hé thong canh béo duoc
ngang noi riéng [3-8], cong trinh [9] da néu mot s6 nghién
clru tiéu biéu va mot s6 hé thong dién hinh da duoc ap dung
cho hé thong canh bao duong ngang ty dong tmg dung cac
cong ngh¢ trén ¢ ca trong va ngoai nudc.

Khi ngh1en cuu giai phap moi dé ap dung vao h¢ thong
didu khlen trong duong sat thi diéu dau tién can dac biét luu
¥ d6 13 van d& an toan, vin dé nay trong nganh duong sit doi
hoi rat khit khe va dd c6 nhimg tiéu chuén dugc xdy dung va
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cong bd ¢ trén thé gidi va trong nude. Lién quan dén van dé
nghién ciru thi ¢6 cac tiéu chuan, dién hinh nhu quy dinh va
chting minh do tin cdy, tinh san sang, kha ning bao dudng
va do an toan (Reliability, Availability, Maintainability,
Safety - RAMS) [10]; quy dinh vé hé théng xir Iy va thong
tin tin hiéu [11]; quy dinh vé h¢ thong thong tin lién lac,
tin hi€u va xu ly - cac hé théng dién tu tin hi€u lién quan
dén an toan [12]; Thong tu s6 25/2018/TT-BGTVT ngay
14/5/2018 cua Bo trudéng Bo Giao thong Van tai quy dinh
vé duong ngang va cip gidy phép xdy dung cong trinh thiét
yéu trong pham vi dat danh cho duong sit [1]. i voi hé
thong canh béao dudng ngang tu dong, 14 hé thong bao gdm
nhiéu module chirc ning (cac module phin clng va cac
module phén mém) duogc tich hop dé tao nén hé théng, dé
dap tng dugc cac yéu cau quy dinh thi ngoéi viéc lya chon
cac cong nghe c6 thé dap tmg dugc thi d1eu quan trong nita
1a thiét ké phan cung va phan mém ciing can pha1 dap tng.
Dbi v6i cong nghé tién tién ap dung cho hé théng canh bao
duong ngang nhu hé thong GNSS, hé thdng truyén thong
vo tuyén... thong qua cac nghién ciru [3-9] ciing nhu cac
hé thdng & trong va ngoai nudc da minh chimg phan nao,
khang dinh vé kha ning dap tmg ddi véi linh virc dudng sit.
Vé cong nghé méi ng dung trong hé thong nay, trong tim
1a cong nghé GNSS, con cac giai phap khac dé dat dwoc yéu
cau thi chu yéu phu thudc vao viéc thiét ké phan cimg va
phan mém cho hé thng (s& duoc trinh bay cu thé ¢ ndi dung
“nghién ciru thiét ké hé thong™).

Ung dung hé théng dinh vi toan cau dé thu thap cac
thong tin vé vi tri, toc d¢ va thoi gian thuc 1a giai phap rat
hitu hi¢u vé chi phi va mirc do tién loi. Cong nghé dinh vi
vé tinh ngay cang phd bién, nang cao do tin ciy va mirc do
dinh vi chinh xac cta thiét bi, ngay cang c6 nhidu hing dua
ra thiét bi c6 tan s6 cap nhat dir liéu cao, c6 thé thu duoc
nhiéu loai tin hiéu cta cac vé tinh cia cac hang khac nhau,
do vay & bat ky noi dau trén trai dat déu c6 thé thu duoc
dit ligu vé tinh. D& khang dinh GNSS tuong thich véi yéu
cau cua dudng sit thi ngoai cac cong trinh tiéu biéu [3- 9],
theo nghién ctru [13], GNSS dép tng kha tt cac yéu cau
vé RAMS cua duong sit trong khu vuc mo, khi di qua khu
vuc ham, rung ram hoac khu vuc ddi ndi cao 1am cho hiéu
suat cia GNSS ¢6 thé kém di thi can két hop thém cam
bién gia téc, cam bién radar... s& dap ung dugc yéu cau.
Pic thu duong sat Viét Nam khong di qua khu vuc doi nai
cao ciing nhu rimg ram, chi di qua mot s6 duong ham, tuy
nhién quang duong di chuyén trong ham 1a ngén va khong
gan khu vire dudng ngang. Nghién ctru cia Co quan chuong
trinh khong gian EU (2021) [14] dd dua ra cic yéu ciu k¥
thuat ddi véi hé thong canh bao dudng ngang va cac hé
thdng khac tmg dung trong dudng sit, tir d6 nghién ciru da
danh gia va chi ra rang, GNSS tuong thich véi RAMS va
kha thi tmg dung trong cac hé thong canh bao duong ngang
tw dong nham tiét kiém chi phi va ngan ngira tai nan.

JHOAHOC . -

Tir thyc trang va yéu cau ciia nganh duong st cing véi
su phit trién ctia khoa hoc k¥ thuat, trén thé gidi da c6 nhiéu
hang ché tao va tmg dung hé théng canh bao duong ngang
tu dong dua trén cac cong nghé tién tién, dién hinh 1a Cong
ty Kernex Microsystems da cho ra doi san pham voi tén goi
“SENTINEX - Low cost level crossing warning system”,
hé¢ thong nay bao gom thiét bi trén ddu may co tich hop
module thu tin hidu vé tinh dé xac dinh téc do, vi tri, ciing
v6i module thu phat vo tuyén dé két ndi voi thiét bi tin hidu
va canh bao dit tai duong ngang. Vi cu triic twong ty nhu
trén, tdp doan URS va TranSmart Technologies da ché tao
mg dung hé thong tir ndm 2005 tai My. Nhuoc diém chinh
ctia h¢ thong trén 1a khong c6 két ndi trung tam, do vay ma
hoat dong cua cac thiét bi trong hé théng khong duoc giam
sat online dé kip thoi phat hién sy ¢d, va do d6 da thiéu giai
phap du phong (s& dugc néu cu thé & ndi dung thiét ké hé
thong) Trong nudc, mot s6 nghién ciru cling da duoc cong
b6, nghién ciru dién hinh va gan day 1a cong trinh [9] da
phén tich cac hé théng ing dung cong nghé tién tién vao
dudng sit ¢ trong va ngoai nude, tir d6 dua ra thiét ké hé
thong véi day du cac khoi chire nang, tuy nhién cong trinh
ndy lai chua phén tich ky vé kha nang dap mg yéu cau cua
hé thong ddi véi yéu cau ctia nganh dudng sit. Tiép d6, cac
nha khoa hoc da ung dung tri tu¢ nhan tao dé phat hién doan
tau vao khu vyc duong ngang, tir d6 kich hoat hé thong xac
dinh chudng ngai vat trén dudng ngang dé bao dén 1ai tau
thong qua hé thong may chu, hé théng nay da duoc lip dat
thir nghiém thyc té va da ghi nhan dugc nhitng wu diém nhat
dinh [15]. Tuy nhién, viéc truyén thong giira thiét bi trén dau
may va hé thong tai duong ngang 1a khong két nbi truc tiép
ma lai thong qua may chu trung tm va ung dung giai phap
truyén thong 1a mang dién thoai di dong, do vay ma da lam
giam kha ning dap ung va do tin ciy cia hé thong, dong
thoi, cling nhu nghién ctru cua C.N. Van (2021) [9], nghlen
clru nay chua phan tich ky vé kha ning dap g yéu cau cua
hé théng dbi véi yéu ciu cia nganh dudng sit - day 1a van
dé dac biét quan trong dé c6 thé tién t6i tng dung hé théng
vao thuc tién.

Tir nhuge diém cua nhitng cong trinh nghién ctiu cho
dén cac hé thong canh bao duong ngang ty dong cia cac
hang nudc ngoai da san xuét ing dung thyc tién, nghién

ctru nay thiét ké, ché tao va thir nghiém hé théng canh béo
duong ngang ty dong (mg dung cong ngh¢ tién tién dap g
duogc cac yéu cau duong st Viét Nam, dong thoi tiét giam
chi phi dau tu va duy tu hé thong.

2.2. Thiét ké mé hinh cdc thanh phan chikc ning ciia
hé thong

Sau qua trinh phan tich cic wu va nhuoc diém ciia mdi
cong trinh nghién ctru ciing nhu cac san pham hién ¢ vé hé
thong canh bio duong ngang tu dong, dong thoi danh gia cac
cong nghé c6 thé ap dung cho hé thdng, mé hinh kién triic hé
thong ciia nghién ciru nay dugc xay dung nhu hinh 1.



""@'05"""'

Module GSM

({T]) ([111))5 1 ([t]l])

k.

Module HMI : : ({‘]iMD.dulc giao

ticp Slave

Module
diéu khién

E Module Module E 1 Module Module | |
|| GNss T Jes| LoRa | || Lora T e HMTO|
! Khoi xir Iy | | Khoi xur 1y |
| trung tim | trung tim !
{ Module || H’I“"d”'f i [ Modute les| Modute hrd |
| do hrimg WU ik | || do wimg trit dit liéu| |
! dir lidu || | !

Thiét bi trén diu mady )

Thiét bj tai dudmg ngang - Master

Khéi xir 1y
| trung tim  fe—»| Module

E Maodule
diéu khién ||

|| do lwémg

Thiét b tai dwdmg ngang - Slave

Hinh 1. M6 hinh kién tric cta hé théng.

M5 hinh kién triic trén da thé hién 1o viée két ndi truyén
thong ctia hé thong tao thanh vong khép kin giita thiét bi trén
dau may véi thiét bi tai duong ngang va véi trung tdm giam
st diéu hanh, cac hé théng canh bao duong ngang tu dong
hién nay chua dugc thiét ké nhu trén. Mo hinh khép kin d6
cho phép truyén thong hai chiéu, dam bao 6n dinh truyén
thong ngay ca khi c6 mot kénh truyén nao d6 bi mat két ndi.
Ngoai ra, tir phin mém trén may chu, cho phép giam sét theo
thoi gian thuc vé trang thai hoat dong cua toan b hé théng.
Céc khéi chtre ning trong hé thong duge moé ta cu thé nhu sau:

Thiét bi trén dau mdy: Lién tuc cap nhat vi tri va téc do
dé xac dinh khoang cach tir dau may dén duong ngang phia
trude thong qua module GNSS, khi dat duge dén khoang cach
nhat dinh thi module LoRa (Long Range) cua thiét bi trén
dau may s& két ndi dén module LoRa cua thiét bj tai duong
ngang, hai thiét bi nay sé trao ddi thong tin (thiét bi trén dau
may s& giri thong tin vé vi tri va tbe do dén thiét bi tai duong
ngang, dong thoi nhan thong tin vé trang thai hoat dong cta
céc thiét bi tai duong ngang), khi mot thiét bj nao do tai duong
ngang (dén, chudng) bi 15i thi thiét bi trén ddu may s& canh
bao dén 1ai tau thong qua giao dién ngudi may (canh bao qua
am thanh va den bao hiéu). Module do luong c¢6 nhiém vu
kiém tra trang thai ctia ngudn cép, kip thoi canh bao sém khi
ngudn gip su ¢d; cac thong tin vé cdu hinh va vi tri cta toan
bd duong ngang s€ dugc luu trit vao module Iuu trir dir liéu,
module Iuu trit dir liéu ngoai Iuu cac thong tin d6 ra thi con
lwu cac cong 1énh tée d6 duge quy dinh tuong tmg véi moi
khu vuc khac nhau, khéi xir Iy trung tdm luén so sanh toc do
thyc v6i cong 1énh téc do, hién thi va canh béo dén lai tau
khi 14i tau vi pham téc d6. Module GSM (Global System for
Mobile Communication) ¢6 nhiém vu giao tiép véi may chu,
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moi thong tin vé trang thai hoat dong ctia hé thong (tinh trang
két ndi RF, tin hiéu vé tinh GNSS...) déu dwoc giti vé trung
tam giam sat, dong thoi cac thong tin d6 kém theo thong tin
vé trang thai hoat dong cia GSM cling duoc hién thi trén giao
dién nguoi may (Human Machine Interface - HMI) dé lai tau
ndm bat dugc tinh trang hoat dong cua hé théng.

Thiét bi tai dwong ngang: Hé thong canh bao tai duong
ngang gom hai khdi canh bao duoc lip dat & hai bén duong sat
(huéng tir hai phia duong bo di vao), dé tiét kiém chi phi dau
tu va duy tu hé thong, két nbi giira hai khéi ndy st dung giai
phép truyén thong v6 tuyén. Hai khéi d6 c6 thé goi 1a thiét b
Master va thiét bi Slave, thiét bi Slave thyc hién chirc ning
diéu khién dén va coi theo 1énh diéu khién tir thiét bj Master
gUi t6i, dong thoi thiét bi Slave ludn kiém tra trang thai hoat
dong cua coi va dén dé gui dén thiét bi Master. Thiét bi Master
bao gdm module do luong thuc hién chirc nang kiém tra trang
thai hoat dong cua dén va chudng theo thoi gian thye, gui
thong tin trang thai hoat dong dén thiét bi trén dau may thong
qua module LoRa va gui vé trung tdm giam sat thong qua
module GSM, ddng thoi luu thong tin vao module luu trit
dir ligu, cac thong tin luu tri vé sb hiéu duong ngang, vi tri
duong ngang, ciing dugc luu trlt vao module luu trit div li¢u
nay; module diéu khién thyc hién chirc ning diéu khién dén
va chudng tr by xur 1y trung tdm theo quy dinh ctia nganh
dudng sat, 1énh diéu khién ciing dwoc giri dén thiét bi Slave
qua module giao tiép Slave.

Trung tam gidm sat: Tai ddy c6 cac module phdn mém
chtrc nang dé thyuc hién nhiém vu két ndi dé thu thap dir liéu
tir thiét bi trén dau méy va thiét b tai duong ngang, dong thoi
cho phép truyén thong tin nguoc lai dén cac thiét bi d6. Dix
liéu thu thdp theo thoi gian thye, luu trlr vao co s¢ dir licu,
nguoi dung ¢6 thé truy xuat dit liéu theo cac khoang thoi gian
mong mudn. Trén giao dién ngudi dung, hién thi tryc quan vé
trang thai hoat dong cua cac thiét bj tai duong ngang va trén
dau may.

2.3. Nguyén tic an toan cho hé thé'ng

Déi v6i hé théng canh bao ty dong thi nguyén tic quan
trong trudc hét 1a khong dé Xdy ra tai nan, de lam duogc didu
nay, diéu chu yéu 1a phong chdng téi muc téi da nhitng rui
ro c6 kha nang gay ra tai nan nhu hong hoc hodc hu hai may
moc, thiét bi. Thiét ké an toan la thiét ké két hop cac k§ thuat
khac nhau dé giam thiéu ton that do 15i h¢ théng hodc thanh
phan de dé phong nhitng phat sinh bat thuong va sai sot, hé
thong can duoc thiét ké voi cu tric an toan 2 lan (fail-safe)
va hé thong khod lién dong. Hé thong an toan 2 lan 1a h¢
thong duoc thiét ké dya trén nguyén tic, néu mot bo phan cia
hé thong gap hong hoc, thi 1ép tirc chuyen sang trang thai an
toan. Didu quan trong tlep theo 1a néu phat sinh truc tréc bat
thuong thi ciing khong dé sy ¢b lan rong.

Vé co ban thi nguyén tic an toan dugc x4c dinh thong qua
hoat dong noi tai ciia moi moudle trong hé thong va tiep do 1a
nguyén tac van hanh cua h¢ thong. HE thong canh bao duong
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ngang tu dong dugc tich hop boi cac module chire néng, trong
d6 module xdc dinh vi tri, toc d6 doan tau va module truyén
thong duoc xac dinh 13 yéu td quan trong. Nhu da néu ¢ trén,
mg dung cong nghé GNSS dé xac dinh vi tri va téc d6 doan
tau thong qua module thu dinh vi vé tinh, nghién ctru nay
lya chon su dung module thu GNSS cta U-blox. Moudule
U-blox hd trg 72 kénh cua cac hé théng dinh vi v¢ tinh la
GPS L1C/A, SBAS L1C/A, QZSS L1C/A, QZSS L1-SAIF,
GLONASS L10F, BeiDou B11, Galileo E1B/C. Vi viéc hd
tro nhiéu kénh két ndi va véi s lugng vé tinh nhiéu nhu hién
nay, & khu vuc m6 thi tai bat ky noi dau trén trai dat déu co
thé thu duoc tin hiéu vé tinh. Dic diém cua thiét bi ngay la
ngoai tinh nang dinh vi vé tinh con tich hop cam bién gia toc
va cam bién hudng dé tang do chinh xac cua dit li¢u dinh vi
va khong bi ngét doan khi mét tin hiéu vé tinh. Theo nha san
xudt U-blox, dit liéu thu nhan c6 do chinh xac trung binh la
2,5 m; tan s6 cap nhat dir liéu 1én dén 10Hz; @6 nhay 1on,
kich thude nho va tiéu thy ning luong it. Tiép d6 1a nhiém vu
truyén thong, qué trinh truyén nhan dit liéu can dam bao vé
tinh chinh xdc, tinh bao mét, an toan va kip thoi, dé dap tng
dugc cac yéu cau nay thi ngoai viée xur 1y thudt toan chuong
trinh phan mém thi thiét bi phan ctng ciing cn dap tng cac
chi tiéu quan trong nhu:

- Khoang céach truyén: Theo Thong tu s 25/2018/TT-
BGTVT ctia Bo truong B Giao thong Van tai [1], thoi diém
dén bao hiéu bat sang phai bao dam trudce luc tau t6i dudng
ngang la 60 gidy (d01 véi duong ngang c6 tin hi¢u canh bao tu
dong), voi toc do toi da doan tau la 80 km/h, két hop voi thoi
gian tré trong viéc két ndi va xac thuc thong tin thi khoang
cach truyén thong tbi thiéu can dat 1a 1,5 km. Dé dam bao an
toan va du phong trong truong hop thiét bi tai duong ngang
gip su cd (dén, chudng bi 101) thi hé thong can cung cip thong
tin sém dén thlet bi trén dau may, dé lai tau kip thoi phanh
ham, giam toc d6 toi mic an toan, nhu vy khoang cach
truyén thong can dat khoang 3 km (khoang cach truyén thong
16n hon thi can tdt, ¢& hudng t6i twong lai khi co s¢ ha tang
cua dudng sit duoc nang cap, toc do toi da s& 16n hon).

- Tranh hiéu ng Doppler: Do thiét bi lap dat trén doan tau
di chuyén véi tdc do cao, nén can lya chon loai mudule dam
béo tranh dugc hi¢u Ung nay.

- Toc do truyén dir ligu: Viéc truyen nhan dir liéu ap dung
trén doan tau - 1a phuong tién di chuyén do vay tc do truyén
nhan dit liéu can nhanh.

- C6 kich thudc nho gon, phuong thie 1am viéc don gian
va dé két ndi.

Tl cac yéu cau d6, nghién ctru nay tng dung ky thuat
khong day LoRa dugc phat trién boi Cycleo SAS va sau niy
duoc mua lai boi Semtech. Pay 14 cong nghé truyén thong
vo tuyén v6i ning lugng thip ma van dat duoc khoang cach
xa, dong dap tmg c4c chi tidu quan trong dd néu & trén. Loai
module dugc Iya chon c6 cac thong ) ky thuat chinh dugc
trinh bay ¢ bang 1.
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Bang 1. Thong s6 ky thuat chinh cia module LoRa dwoc Iwa chon.

Chi tiéu Théng s6 k§ thuét
IC chinh cua module SX1278

Dién ap hoat dong 8~28 VDC
Chuén giao tiép RS232/RS485
Tée d6 truyén thong (c6 thé cdu hinh duoc) 300~19200 bps
Téc d truyén thong mac dinh 9600 bps

Tan s6 song 410~441 Mhz
Cong suat 37 dBm (5 W)
Kh(.)éng cach trong diéu kién ly tuong 20 km

(voi angten 5 dBm, cao 2 m)

B6 dém dir licu 512 bytes

Dai nhiét do lam viéc -40~85°C

Nguyén tic van hanh ciia hé théng: Tir mé hinh kién truc
cta hé théng (hinh 1) ta thay 3 khéi chinh cua hé thng bao
gom thiét bi trén dau may, thiét bi tai duong ngang va trung tim
giam sat dugc két ndi truyén thong thanh vong khép kin, dong
thoi mdi két nbi d6 1a truyén thong hai chiéu. Do vay, mot khi
kénh truyén thong nao do bi mat két ndi, ngoai vi¢c canh bao
dén ngudi van hanh, giam sat, dudng truyén s& tw dong di gian
tiép qua khéi trung gian dé dén duoc dich, thiét ké nay dam
bao dugc tinh ning fail-safe, nhu viy duong truyén luén duogc
thong sudt. Khi tau tiép can khu vuc dudng ngang, module thu
phét trén ddu may va module thu phat tai dudng ngang s& nhan
duoc tin hiéu va két ndi truyén thong v6i nhau. Trong truong
hop module GPS ¢ thiét bi trén ddu may lac nay bi 181, thiét b
trén dau may s& canh bao dén lai tau, dong thoi giri thong tin
dén thiét bj tai dwong ngang dé dua ra canh bao coi/dén tai khu
vue dudng ngang. Trong qué trinh doan tau di chuyén, thiét b
trén dau may lién tuc thu dir lidu vé tinh vé vi tri va toc do, so
sanh v&i vi tri clia cac dudng ngang (da luu san trong bo nhé)
khi tau tiép can dén dudng ngang & mot khoang cach can dua
ra canh bio ma lac niy module thu phat vo tuyén RF & dudng
ngang hoac trén dau may bi 16i, dan dén thiét bi trén tau va
dudng ngang khong két ndi duoc v6i nhau, thiét bi trén dau
méy s& canh bao dén 14i tau dé dua ra co ché giam téc do doan
tau dén muc tdi thiéu dé dam bao an toan. Thiét bi tai duong
ngang va thiét b trén dau may lién tuc kiém tra hoat dong cua
chinh minh, khi c6 bét ky 15i gi xay ra thi h¢ thong ty dong dua
hé théng vé ché do hoat dong fail-safe, dong thoi dwa ra canh
bao dé bo phan quan ly kip thoi khic phuc. Ngoai ra, h¢ thong
can c6 d0 tin cdy vé tinh bao mat trong viéc truyén nhan thong
tin. Giai phap dua ra trén nguyén tic lwa chon phén ctmg va
phan mém can c¢6 co ché ma hoa va giai mi thong tin, kiém
soat dir liéu...

3. Ché tao va thif nghiém hoan thién hé thong
3.1. Ché tao thiét bi phan ciing

Cac mach dién phan cimg bao gdm mach dién trén dau may
va mach dién tai duong ngang: mach dién Master, mach dién
Slave. Cac linh kién trén mach dién duogc lya chon la nhitng
linh kién chinh hing, c6 chét lugng cao, dap tng dugce cac didu
kién lam viéc d6i véi moéi truong va khi hau ¢ Viét Nam.



3.2. Xdy dung chwong trinh phtin mém

Chuong trinh phan mém dugc xay dung trén nén ngén
ngir C, bao gdm nhiéu module phan mém dé thuc hién cac
chirc ning ciia hé théng. Trong d6 module phan mém trong
tam ctia hé thong d6 1a do tin cdy cua thong tin truyén thong
va xac dinh vi tri hay khoang cach cua diu may dén duong
ngang. Hai thuat toan d6 dugc thuc hién nhu dudi day:

Kha néng bdo dam va toan ven théng tin: D6i v6i hé thong
didu khién n6i chung va dic biét 1a hé thong diéu khién tu
dong trong dudng sit ndi riéng thi thong tin c6 vai tro dic biét
quan trong, n6 anh huong tryc tiép dén ning luc va an toan
ctia hé théng. Nhu viy, yéu ciu trude tién 1a dir liéu truyén
thong vo tuyén giira cac thiét bi trong hé thong can c6 tinh bao
mat dé khong bi cac thiét bi vo tuyén khac hodc hacker tin
cong, yéu cau thr hai Ia dir liéu can phai chinh x4c (toan ven
dir lidu). V& van d& bao mat thong tin, nghién ctru nay da ap
dung tiéu chuan ma hoa dir liéu AES (Advanced Encryption
Standard), AES 1a mdt thuat toan tiéu chuén cta Chinh phu
Hoa Ky nhim ma hoa va giai ma dir lidu do Vién Tiéu chuin
va Cong nghé Qudc gia Hoa Ky (National Institute Standards
and Technology - NIST) phat hanh ngay 26/11/2001 va duogc
dac ta trong Tiéu chudn Xir Iy thong tin Lién bang 197. AES
dwoc sinh ra nham bao vé cac dit liéu thong qua qua trinh ma
hoa va giai ma dir li¢u, tinh dén hién nay, AES dugc sir dung
vo cting phd bién trén thé gidi va tai Viét Nam (theo TCVN
7816:2007). Ddi voi yéu cau vé tinh toan ven dir lidu, trong
qua trinh truyén nhan di liéu, hé théng ¢6 thé bi nhidu tac
dong tir bén ngoai, dan dén dix liéu bi sai 1éch, 1am cho viéc
giam sat va diéu khién khong chinh xé4c, 1a nguyén nhan dan
dén mét an toan cho hé théng. Nhu vay, viéc xac thuc tinh
chinh xac ctia dit c6 vai trd quan trong ddi v6i hoat dong an
toan hé thong. C6 mot s6 phuong phap xac dinh tinh toan ven
cua thong tin, nghién ciru nay ap dung thuat todin CRC-16,
thuat toan CRC (Cyclic Redundancy Check) khong phite tap
ma lai dat hiéu qua cao trong viéc phat hién 15 ctia dir liéu, do
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vay ma thudt toan nay duoc str dung rong rdi trong nhiéu linh
vuc nhu truyén thong dan dung va truyén thong cong nghiép.

Tinh todn khodng cdch tir dau mdy téi dwong ngang: Theo
Thoéng tu s6 25/2018/TT-BGTVT, thoi diém bt tin hiéu canh
bao tai duong ngang trude luc tau dén 1a 60 gidy. Nhu vay,
khi doan tau tiép can vao khu vyc dudng ngang, thiét bi can
lién tuc tinh toan thoi gian dén duong ngang, tir d6 bat tin higu
canh béo tai thoi diém 60 gidy. Dé tinh toan thoi gian d6 ta can
biét duoc toc do thuc ciia doan tau va khoang cach tir doan
tau téi duong ngang, tde do doan tau duge xac dinh tir dit lidu
v¢ tinh GNSS, khoang cach ctia doan tau dugc xac dinh tir vi
tri cia dwong ngang (da dugc luu san trong bd nhé cua thiét
bi) va vi tri cua doan tau duogc 1éy tu GNSS, cong thic tinh
khodng cach nay dugc xac dinh nhu sau:

A AX
x = sin? (Tq)) + cos(@,) X cos(p,) X sin? (7)

y =2 x arctan2(vx ,N1—x )
d=RXy

trong do: d 1a khoang cach gitra 2 diém (km), ); ¢, 1avido diém
1; ¢, 1a vi do diém 2; Ap = ®, - ¢,; A, 1akinh do diém 1; 4, 1a
kmh do diém 2; AL = - A3 R1a ban klnh trai dat.

3.3. Thii nghi¢m hoan thién hé thong

Budge dau cua cong viéc thir nghiém duoc thuc hién tai
phong thi nghiém, tiép do 1a thir nghiém gia 1ap & ngoai troi
(hinh 2) bang cach dua thiét bi ddu may dit 1én 6 t6, thiét bi tai
duong ngang dugc dat dudi duong, cong viéc nay dugc thuc
hién doc theo tuyén dudng Budi - VS Chi Cong - san bay Noi
Bai, s6 duong ngang gia 1ap 1a 8 vi tri dugc dat voi khoang
cach ngau nhién, s6 luot thir nghiém la 15 luot ¢ cac toc do
di chuyén va thoi diém khac nhau trong ngay dé danh gia kha
nang lam viéc cia thiét bi. Sau khi hoan tat budc thir nghiém
gia lap, cong tac thir nghiém tai thuc dia dugc tién hanh tai km
114270 trén tuyén dudng sit Ha Noi - Sai Gon.

Hinh 2. Céng tac thir nghiém hé théng tai phong thi nghiém va tai thwe dia.
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Cong viéc thur nghiém thuc té dugc thuc hién qua nhiéu
ngay véi nhiu luot tic nghiép trén tuyén duong sat tir ga Ha
Noi cho dén km11+850 (Ngoc Hoi - Thuong Tin). Khoang
cach truyén thong giita thiét bi trén dau may véi thiét bi tai
dudng ngang thuc té dat duoc 1a 4 km - voi xac xut 18i truyén
thong 14 0%; khi tang din khoang cach thi x4c xuét 13i truyén
thong ciing tang dan, tuy nhién 16i d6 khong anh huéng dén
hoat dong ciia hé thong, va voi khoang cach 4 km ciing da
dam bao dugc khoang cach yéu cau 1a 3 km. Thoi diém dén
bao hi¢u bat sang da bao dam trudc Iuc tau tdi duong ngang
14 60 voi xac xuat 100%. Ngoai ra, san pham nay 1a hé thong
dugc nghién ciru trén co s¢ Ung dung cong ngh¢ moi, hién
nay ¢ Viét Nam chua c6 hé thong tuong tu nén mot s tiéu
chi vé hé thdng nay chua dugc ban hanh, do d6, cac chi tiéu
k¥ thuat chinh cta san pham s& dugc di chiéu theo chi tiéu
ma nudc ngoai da quy dinh [14] (dé san pham ctia nghién ctru
ndy co thé img dung thyc tién thi sau budc nghién ctru, cong
viéce tlep theo s& thyc hién x4y dyung tiéu chuin Viét Nam cho
hé thong nay). Sau qua trinh thir nghiém nhiéu ngay va nhidu
luot, két hop thuc hién cac tinh huéng gia lap cac su cb dé
danh gia kha ning 1am viéc cua hé thong, két qua thong ké
ban dau cho thay hé théng da dap Gmg dugc cac yéu cu theo
quy dinh dbi v6i mot sé tiéu chi chinh nhu thé hién & bang 2.

Bang 2. So sanh tiéu chi kj thuat ctia san pham véi yéu cau.

Tiéu chi Theo quydinh  Két qua dat dugc
D9 chinh xac ngang (Horizontal accuracy) 10m Tm

Tinh sin sang (Availability) 99,98% 99,99%

Thoi gian khac phuc lan dau (TTFF) 1205 455

Thoi gian canh bao (TTA) <Ts 5s

4. Két luan

Tt viéc phén tich thiét k& hé thong, lwa chon linh kién cho
dén thiét ké phan ctng va xay dyng chuong trinh phin mém
duogc thuc hién trén nguyén tic an toan, cung vai viéc thir
nghiém k¥ ludng tai thuc dja, da cho thay hé thong dap tng
duoc céc yéu cau ki thuat theo quy dinh ctia Nha nude, dong
thoi thoa min duge mot s6 tiéu chi ky thuat chinh ma nudce
ngoai di quy dinh (bang 2) vé hé théng canh béo dudng ngang
tu dong trén co s6 ing dung cac cong nghé tién tlen Thlet bi
trén dau may co tich hop ac quy dé 6n dinh ngudn cip, bd
chuyén doi nguon duoc sur dung c6 kha nang lam viéc phu
hop v6i nguodn cap trén cac loai dau ‘mdy, san pham dugc thiét
ké nho gon va kha doc 1ap nén c6 thé dat trén cac loai dau may
khéac nhau. Thlet bi tai duong ngang sir dung truyén thong vo
tuyen va nguon cap tur pin nang luorng mat tro1 cung ac quy
tich dién, tao nén sy ddc 1ap cia thiét bi, do vay ma c6 thé linh
dong lap dat & cac khu vuc dudng ngang khac nhau. Nhu vy,
san phdm ciia nghién ctru thich tmg phu hop véi yéu ciu quy
dinh cling nhu tinh linh dong trong ng dung, dong thoi gidm
thiéu téi da chi phi xay dung va bao tri h¢ thong, gop phan x0a
bo cac giao ct “3 khong” gitra duong bo va duong sat, giup
giam thiéu tai nan giao thong va nang cao ning luc théng qua
ctia duong sit Viét Nam.
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Nghién curu dugce tai trg boi Bo Giao thong Van tai thong
qua dé tai khoa hoc cong nghé cép B6 ma s6 DT224016 va su
hé tro ctia Cong ty C6 phan Thong tin Tin hidu Pudng sat Ha
Noi trong qua trinh thuc hién nghién ctru thuc nghiém. Tac
£id xin chan thanh cam on.
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Ung dung Ky thuat Immunoblot (ANA 23 Profile) trong xét nghi¢m
phat hién tw khang the trén bénh nhan xo cimg bi hé thong

D5 Thi Thu Hién"?", Nguyén Thi Thao Nhi

IBénh vién Da liéu Trung wong, 154 Phirong Mai, phuwong Phuong Mai, qudn Pong Pa, Ha Ngi, Viét Nam
’Truong Pai hoc Y Duoc, Dai hoc Quoc gia Ha Noi, 144 Xudan Thity, phuong Dich Vong Hdu, qudn Cau Giay, Ha Ngi, Viét Nam

Ngay nhan bai 16/3/2024; ngay chuyén phén bién 19/3/2024; ngay nhan phan bién 8/4/2024; ngay chép nhan ding 12/4/2024
Tém tat:

Muc tiéu: M6 ta dac diém 1am sang, cin lam sang va ty 1€ mot 50 tu khang thé trong bénh xo cirng bi hé thong (XCBHT)
bang ky thudt Immunoblot (ANA 23 Profile). Doi tugng va phuong phap nghién ciru: Nghlen clru md ta cat ngang trén
57 bénh nhan dwgc chin doin xac dinh XCBHT theo tiéu chuin chin doan ciia Hgi Thap khép hoc Hoa Ky va Lién doan
chong Thap khép chau Au (ACR/EULAR) nim 2013 va dwge lam xét nghiém tim tw khang thé bang ky thuat Inmunoblot
(ANA 23 Profile) tai Bénh vién Da liéu Trung wong. Két qua: Trong s6 57 bénh nhan XCBHT, ty 1¢ nit/nam 1a 5/1. P tudi
khéi phat bénh trung binh 12 49,3+13,3 v6i 57,9% méc bénh ¢ d9 tudi trén 50. XCBHT thé lan téa thudng gip nhat (70%).
Raynaud la tri¢u ching hay gap nhit (98,2%), tlep theo 1a trao nguge da day thwe quan (86%) va xo ph01 (70,2%). Ton
thwong tim va than it dwgc ghi nhan nhit, véi ty 1¢ 1an lwet 13 15,8 va 5,3%. T§ 1¢ dwong tinh ciia 3 khang thé chinh trong
bénh XCBHT la khang thé khang Scl-70 (63,2%), Centromerase (17,5%) va ARN Polyme III (12,3%). Khang thé Scl-70
chii yéu gip & thé da lan t6a (91,7%), khang thé CENP chii yéu gip 6 thé da khu tri (90%) véi p<0,05. Khang thé RNAP
III chii yéu gip & thé da lan toa (85,7%), tuy nhién sw khac biét nay khong ¢6 y nghia théng ké (p>0,05). Két ludn: Sy hién

dién ciia khang thé Scl-70 lién quan dén thé da lan toa trong khi sy hién dién ciia CENP lién quan dén thé da khu tri.
Tir khéa: ANA 23 Profile, Inmunoblot, tw khang thé, xo cirng bi h¢ théng.

Chi s6 phén loai: 2.6, 3.1

1. Dat van de

XCBHT la mot bénh ty mién, thuong gip thir hai sau
lupus ban d6 hé théng [1]. Can nguyén cua bénh chua 10,
dién bién man tinh, diéu tri con gap nhiéu khé khan. XCBHT
chu yéu gip ¢ gidi nit (75-80%), tan s6 mic bénh khoang
1-2/10000 dan. Biéu hién 14m sang cua XCBHT rat da dang
v6i ton thuong & da va cac co quan ndi tang. Cac triéu
chung & da bao gom: da day, cing, giam dan hdi, teo da, réi
loan sic t6, lang dong canxi gdy anh hudng dén tham my va
han ché hoat dong ctia bénh nhan. Tuy nhién, diéu khién bénh
nang va ty 1¢ tur vong cao 1a ton thuorng cdc co quan ndi tang
khong héi phuc nhu ton thuong tim gay réi loan dan truyen suy
tim; ton thuong phoi gay ting ap luc dong mach phéi, xo phoi;
ton thuong than gy tang huyét ap 4c tinh, xo than [2].

Trong qué trinh nghién ctru vé XCBHT, cic tac gia da
phat hién ra nhiéu ty khang thé ¢ vai trd quan trong trong
co ché bénh sinh ctia xo cting bi hé thong. Cac khang thé
khang nhan dugc tim thiy & 85-99% bénh nhén xo clg bi
hé thong (SSc) va c6 lién quan véi cac biéu hién cua bénh
va ton thuong ndi tang [3]. Tan suat khang thé khang tam
dong (ACA) ¢ bénh nhan XCBHT da dugc dugc bao cao
1a 20-30% tong thé, nhung thay doi tiy thudc vao ching
toc [4]. Anti-topo I gap voi ty 1¢ khac nhau, 28-70% tuy
chung toc, thap ¢ ngudi da tring, cao & ngudi Nhat Ban va
Thai Lan, ty 1& cao hon & nhém XCBHT c6 ton thuong da

“Tac gia lién h¢: Email: hienphuonglinh@yahoo.com
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lan toa [5]. ACA 1a nhing yéu t6 tién doan cho tién luong
t6t, trong khi anti-topo I lién quan véi tién luong xau va tir
vong ctia SSc. Ngoai ra, khang thé khang RNA polymerase
(anti-RNAP) ¢6 lién quan dén thé da lan toa va sy xuat hién
ton thuong than, ty 1¢ gap 4-22%, tuy thudc vao vung dia
1y [6]. Cac khang thé khac thudng it dugc bao cao: khang
thé khang Ku, khang thé khang Ro52, SSA, SSB, PmScl...
Nhiing khang the ndy thuong it ddc hiéu hon dbi véi SSc,
nhung ciing xuit hién véi nhiing tan xudt riéng [5].

O Viét Nam, cac nghién ctru V& chc tu khang thé noi chung
va mbi lién quan gitta khang thé nay véi cac tén thuong trong
XCBHT noi riéng con rat it va chua duoc thuc hién mot cach
hé thong. Vi véy, ching t6i tién hanh nghién ctru nay véi muc
tiéu mo ta dac diém lam sang, can lam sang va ty I1¢ ciia mot
sO tu khang thé trong bénh XCBHT.

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

Bénh nhan ndi va ngoai tra dugc chan doan xac dinh
XCBHT theo tiéu chuan chan doén cia ACR/EULAR nam
2013 va dugc lam xét nghiém tim ty khang thé bang ky
thuat Immunoblot (ANA 23 Profile) tai Bénh vién Da liéu
Trung wong. Tiéu chuédn loai trir 1a cac bénh nhan mic cac
bénh 1y ndi khoa khac khong phai do XCBHT nhu suy than
man, bénh phéi tac nghén man tinh...
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Abstract:

Objective: Examine the clinical and subclinical
characteristics and the rate of autoantibodies in systemic
sclerosis (SSc) using Immunoblot technique (ANA 23
Profile). Research subjects and methods: Cross-sectional
descriptive study of 57 patients diagnosed with SSc
according to the 2013 American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR)
criteria and were tested for autoantibodies using the
Immunoblot technique (ANA 23 Profile) at the National
Hospital of Dermatology and Venereology. Results:
Among 57 SSc patients, the female/male ratio was 5/1.
The average age of disease onset was 49.3+13.3, with
57.9% of patients over the age of 50. Diffuse SSc was the
most common (70%). Raynaud was the most common
symptom (98.2%), followed by gastroesophageal reflux
(86%), and pulmonary fibrosis (70.2%). Heart and
kidney damage were less frequently observed, accounting
for 15.8 and 5.3%, respectively. Positive rates of the three
major antibodies in SSc included anti-Scl-70 antibody
(63.2%), anti-centromere antibody (17.5%), and anti-
RNA polymer IIT antibody (12.3%), respectively. Scl-
70 autoantibodies were mainly found in diffuse skin
types (91.7%) while CENP autoantibodies were mainly
found in localised skin types (90%) with p<0.05. RNAP
III antibodies were mainly found in diffuse skin types
(85.7%), however, this difference was not statistically
significant (p>0.05). Conclusion: The presence of Scl-70
was related to the diffuse skin types while the presence of
CENP was related to localised skin types.

Keywords: ANA 23 Profile, autoantibodies, Immunoblot,
systemic sclerosis.

Classification numbers: 2.6, 3.1
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2.2. Phwong phap nghién curu
Thiét ké nghién ciru: M0 ta cit ngang.

Céac xét nghiém siéu am tim, dién tam dd duoc tién hanh
tai Bénh vién Lao khoa Quéc gia va Vién Tim mach, Bénh
vién Bach Mai. Xét nghiém do chtic nang ho hép duoc tién
hanh tai Trung tim Di tmg - Mién dich 1am sang va Trung
tam HO hép cua Bénh vién Bach Mai. Xét nghiém chup cat
16p 16ng nguc d6 phan giai cao thuc hién & Khoa Chan doan
hinh anh, Bénh vién Bach Mai. Xét nghiém tai Bénh vién
Da liéu Trung uong bao gdm céac xét nghiém tim tu khang
thé, cong thirc mau, sinh hoa mau, X-quang tim phoi.

K¥ thuat Immunoblot 1a k¥ thudt dugc su dung rong rai
dé phat hién cac ty khang thé trong mau bénh pham. Co ché:
dua trén sy két hop khang nguyén - khang thé. Mang dugc
gin cac khang nguyén tinh khiét tao thanh duong thing
song song, két hop véi cac khang thé dic hiéu trong mau
(IgG) ciia bénh nhén, dwoc nhudm mau va biéu hién bang
cac vach mau trén dai. Bénh vién Da liéu Trung wong bat
déu trién khai xét nghi¢ém su dung bo kit ANA Profile 23 -
bao gdm 23 tir khang thé khac nhau trong cc bénh hé théng
tu nam 2017 (bang 1).

Két qua hién thi dang dinh tinh va dinh luong:
- Dinh tinh: duong tinh hodac am tinh.

- Pinh lugng: mat dg tin hiéu 0-100 quy udc thanh 3
muc d6 duong tinh: 0-10: am tinh; 11-25: duong tinh 1+;
26-50: duong tinh 2-+; >50: duong tinh 3+,

Bang 1. Két qua hién thi cla test ANA 23 Profile.

Két qua hién thi Khang thé Bénh mé lién két thwong gip

Scl-70 antiTopoisomerase ~ XCBHT

CENP A, CENPB Centromerase XCBHT

RP 11, RP 155 RNA polime IIT XCBHT

dsDNA DsDNA SLE

SSA SSA SLE or SSc

SSB SSB SLE or SSc

Ro52 Ro52 SLE or SSc

SM antiSmith SLE

RNP/SM U1-RNP MCTD

Ku Ku SLE/Myositis/SSC

Mi-2 Mi DM

Pm-Scl75, Pm-Scl100 Pm-Scl Overlap/SSc

Histon Histon SLE

Nucleosome Nucleosome SLE

DFS70 DFS70 VDCD/RA

PCNA PCNA SLE

Gp210 Gp210 Xo gan mat tién phat

Sp100 Sp100 Xo gan mat tién phat

PML PML Xo gan mat tién phat
99



X 1y 56 liéu: S6 liéu duge xir Iy bang phin mém SPSS
16.0.

3. Két qua

3.1. Mt 56 yéu t6 lién quan dén bénh xo cirng bi hé
thong

Trong 57 bénh nhan XCBHT nghién ctru, ¢6 9 bénh nhan
nam (16%) va 48 bénh nhan nir (84%), ty 1¢ nam/nir 1a 1/5.
Trong d6, XCBHT thé da lan toa chiém ty 1& cao hon (40
bénh nhan, 70%) so voi thé da khu tra (17 bénh nhan, 30%).

30-39 tudi 40-49 tudi 50 tudi

<30 tudi

mTylé%
Biéu d6 1. Phan bd nhom tudi kh&i phat bénh.
Nhan xét: Nhom tudi khoi phat bénh thuong gip nhat 1a
trén 50 tudi (chiem 57,9%), nhom tudi khoi phat bénh it gap
nhat 1a dudi 30 tudi (chiém 3,5%) (biéu do 1).

Bang 2. Phan bb tudi, gi¢i bénh nhan xo cirng bi hé théng theo thé lam
sang.

Chung Thédalantéa Thé dakhutrd p
n (bénh nhan) 57 40 17
Tudi khoi phat 493+133  49,6£12,7 48,8+11,6 0,8
Nam/nit 1/5 021 0,18 0,8
Thoi gian bi bénh (thang) 18,8134 18,2133 20,1415,9 0,6

Két qua bang 2 cho théy, tudi khéi phat bénh trung binh
1a 49,6+12,7 tudi, ty 1¢ nam/ni 1a 1/5, thoi gian bi bénh
trung binh trudc khi’ dén kham la 1Qi3 thang, su khac biét
khong c6 y nghia thong ké gitra 2 thé 1am sang.

3.2. Pdc diém lim sang va cdn lim sang

Chan dodn xdc dinh bénh: Diém triéu chimg theo tiéu
chuan Eular 2013 trung binhglé 15+£2,1, su khac biét khong
¢ y nghia thong ké giira 2 thé da khu trt1 va lan toa (bang 3).

Bang 3. Diém tri¢u chirng trung binh theo tiéu chuan Eular 2013.

DPiém triéu ching trung binh (diém) p
Thé da khu trt (n=17) 14,6423
; p=0,43
The da lan toa (n=40) 15,1£2
Chung (n=57) 1542,1

Mot s6 dac diém lam ,sdng vdq cdn lam sang cua cac bénh
nhan xo cirng bi h¢ thong: Diém day da Mrodman trung
binh 1a 13,6+9,4, nhém bénh nhan XCBHT thé da lan toa
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(16,6%9,6) cao hon so véi thé da khu tra (6,5+2,8) véi p<0,05
(bang 4). D6 nam ban tay trung binh la 0,6+1 cm, khong co
su khac biét co y nghia thong ké gitra 2 thé 1am sang (bang 4).

Bang 4. Tén thwong da clia bénh xo cirng bi hé thong.

Dic diém tbn thwong Chung Thé da khu tri  Thé da lan toa

€0’ quan (n=57) (n=17) (n=40)

Mrodman (diém) 13,649,4 6,5+2,8 16,6+9,6 p=0,003
D0 ném ban tay (cm) 0,6+1 0,4+0,9 0,7+1,1 p=0,3

Két qua bang 5 cho thiy, trong 57 bénh nhan nghién ctru,
59,7% khong co tén thuong mach mau, con lai 40,3% c6 tén
thuong mach mau (seo rd + loét + hoai tir dau ngon), trong
do6 ton thuong seo o dau ngén thuong gap nhat (22,8%),
loét dau ngon (12,3%), hoai tir dau ngoén it gdp nhét (5,2%).
Ty 18 bénh nhan loét dau ngén ciia nhom bénh nhan thé da
lan toa (15%), cao hon nhém da khu trt (5,9%) véip co ¥
nghia théng ké. Ty 18 bénh nhéan hoai tr d4u ngén cia nhoém
bénh nhén thé da lan toa (5%) thip hon nhém da khu tra
(5,9%) v&i p c6 ¥ nghia thong ké.

Bang 5. Tén thwong mach mau trong bénh xo’ cieng bi hé théng.

2 Khéng ton Seo rf dhu Loét dAu Hoai tir
Ton thwong , 7 A
thuong (%) ngon (%) ngon (%) dau ngon (%)
Chung (n=57) 59,7 22,8 12,3 52
Thé da khu tri (n=17) 58,8 294 59 59
Thé da lan toa (n=40) 60 20 15 5
P p=0,21 p=0,45 p=0,03 p=0,03

Két qua bang 6 cho thdy, ap luc dong mach phdi trung
binh (PAP) 12 33,8+10,1, & nhom thé da khu trii (34,7£11,6)
cao hon so voi thé da lan toa (31,5+5,1) véi p<0,05 c6 ¥
nghia théng ké. Ty 18 viém xo phdi k& & nhom bénh nhan
nghién ctru 1 70,2%, ty 18 nay & thé da lan toa (75%) cao
hon so véi thé da khu tra (58,8%) véi su khac biét co ¥
nghia thong ké (p<0,05).

Bang 6. Tén thwong phdi ctia bénh xo cirng bi hé théng.

R . R 2
Tt Chung Thé da khu tri  The da lan téa

®@=57)  (@=17) (n=40)
Ap lue dong mach phéi (mmHg) ~ 33,8£10,1  34,7+11,6 31,545,1 p=0,02
Viém xo phi k& (%) 702%  588% 75% p<0,05

Két qua bang 7 cho thdy, trong 57 bénh nhin nghién
clru, ton thuong tiéu hoa thuong gip nhat 1a trao nguoc da
day thuc quan (86%), kho nudt gip véi ty 18 42%, tao bon
(3,5%), su khac biét khong c6 ¥ nghia thong ké giita nhom
bénh nhan thé da lan téa so voi thé da khu tru.

Bang 7. Tén thwong tiéu héa trong bénh xo' cieng bi hé théng.

Tén thirong Khong ton Trao ngwrge Khonudt Taobén Tiéu chiy
thuong (%) (%) (%) (%) (%)

Chung (n=57) 14 86 Y] 35 0

Thé da khu tr (n=17) 12 88 294 0 0

Thé da lan téa (n=40) 15 85 475 % 0

P p>0,05
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Két qua bang 8 cho thiy, anh huong dén toan trang theo
thang diém Mesdger trung binh la: 6,6+4,8, & nhom bénh
nhan thé da lan téa (7,6+5,2) cao hon so véi thé da khu tri
(4,3+2,8), v6i p=0,01 c6 y nghia théng keé.

Bang 8. Anh hwéng dén toan trang clia bénh xo’ cleng bi hé théng.

Chung (1=57)  Thé da khu tri (n=17) Thé da lan t6a (1=40)
Diém Mesdger (diém)  6,6+4,8 434828 7,6£5,2
p p=0,01

Trong 57 bénh nhan nghién curu, tri¢u chimg Raynaud la
thuong gip nhét (98,2%), sau do 1a triéu chimg trao nguoc
da day thuc quan (86%), ton thuong than va tim it gap nhat
Vi ty 18 1an Tuot 5,3 va 15,8% (biéu do 2).

mchung mkhutrd mlantoa
%

~
1
®
=]
8

Nudt khé Raynaud

98.2
100
97.9

17.5
17.6

11.7
15.8

" o
I B8
[} |

Trao nguoc Loét dau ngon Xo phdi Ténthuong tim  Tén thuong than

Biéu dd 2. Ty 1& xuét hién ton thwong mét sé co quan & bénh nhan xo
ctrng bi hé théng.
3.3. Ty I¢ cdc khdng thé trong bénh xo cieng bi hé

thé'ng

Ty 1é dwong tinh ciia cdc khang thé: Khang thé khang
Scl-70 va khang thé khang DsDNA thuong gap nhat véi ty
1¢ 1an lugt 12 63,2 va 49,1% (biéu d6 3). Cac khang thé SSB,
Ku, Mi, PmScl gip véi ty 1¢ thip (<10%).

‘ N
ROS

SCL70 DSADN  SSA

m Ty lé duong tinh

%

63.2

49.1

21.1

12.3

n n
~ ~
)
%
~ I I
I wn wn
Mi

CENP  SMRNP RNAP PMSCL SSB KU

Biéu dd 3. Ty 1& dwong tinh clia cac khang thé trong bénh xo cieng bi hé
théng.
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Phdn bo mét s6 tw khdng thé theo thé lam sang: Khang
thé Scl-70 cha yéu gip ¢ thé da lan téa (91,7%), khang
thé CENP cha yéu gip & thé da khu tra (90%) véi p<0,05,
khang thé RNAP III cha yéu gip o thé da lan toa (85,7%)
v6i p>0,05 (biéu do 4).

mThédakhutrd ®Thé dalan toa

CENP 90% 10%

LOECRITEN 14,30% 85,70%

Scl-70 B 91,70%

II

Biéu do 4. Phan bé mot s6 tw khang thé theo thé Iam sang.
4. Ban luan

Chung t61 thuc hién nghién ctru trén 57 bénh nhan
XCBHT duoc chan doan theo tiéu chdn ACR/EULAR nim
2013. Trong do, phén 16n bénh nhan XCBHT (84%) 1a nt, ty
1¢ nit/nam 1a 5/1. Tudi khoi phat bénh trung binh & ca hai giéi
1a 49,3+13,3 tudi. Nhom tudi mic bénh hay gap nhét 1a trén
50 tudi (57,9%). Khong c6 su khac biét co y nghia thong ke
vé do tudi, gidi tinh va thoi gian méc bénh giita the da khu
tra va thé da lan toa. Két qua nay twong ty vi mot sd nghién
clru trude day ¢ Viét Nam va cac nude khac. S bénh nhan nir
vuot trdi cling dugc thé hién qua nghién ctru cua D.T. Diep
(2007) [7]14 4,9/1, J.H. Korn va cs (2004) [8] 1a 3,8/1. Theo
P.T. Tuyen (2012) [9], nhom tudi thuong gip nhat 1a 30-60
tudi (86,6%); nghién ctru cia A.J. Greirsson va cs (2001) [10]
ciing cho thdy tudi trung binh khoi phat bénh 1a 42,4 con tudi
kham bénh trung binh 1a 47,2.

Nghién ctru ciia ching t6i cho thdy, XCBHT thé da lan
toa thudng gap nhat (70%), XCBHT thé khu tr chiém 30%.
Két qua nay tuong tu v6i nghién ciru ciia U.A. Walker va cs
(2007) [11], trong do ty 1¢ cia XCBHT thé da lan téa va khu
tra 1an luot 13 60,9 va 39,1%.

XCBHT la bénh c6 tén thuong da co quan. Trong nghién
clru ciia chiing toi, hoi chimg Raynaud (98,2%) va trao nguoc
da day thuc quan (86%), xo phéi (70, 2%) 1a céc triéu ching
thuong gap nhat, ton thuong than it gap nhat (5,3%). Theo cac
nghién ciru nudce ngoai hién tuong Raynaud déu gip ¢ ca hai
thé véi ty 18 cao: U.A. Walker va cs (2007) [11]95,9 va 96,1%
hay S.K. Ghosh va cs (2012) [12] 89,5 va 88,9%. Trong nghién
ctru ciia chiing t6i, ton thuong viém xo phdi k& dugc x4c dinh
dua vao phim chyp HrCT nguc véi ty 1¢ 70,2%, & thé da lan
toa cao hon so voi thé khu tra vai ty 16 1an lugt 13 75 va 58,8%.
Ty 1& viém xo phdi k& trong nghién ciru cua chiing t6i cao hon
mot sd nghién ctru trong nude va ngodi nude nhu: U.A. Walker
va cs (2007) [11] xo phdi gap 53,4% & thé lan toa va 34,7%
thé khu tra; T.T. Tuy (2014) [13] ty 1& twong Gng 1a 49,1 va

61



15,4%. Trong cac nghién ctru cua A. Perera va cs (2007) [14]
trén 212 bénh nhan, A. Hashimoto va cs (2012) [15] trén 405
bénh nhan, V.D. Steen va cs (2000) [16] trén 953 bénh nhan
déu ghi nhan bénh nhén c6 ton thuong than vai ty 18 13,2, 14,8
va 19% tuong (g, ton thuong nay chi yéu gip & bénh nhan
thé da lan toa v6i su khac biét co y nghia thong ké. Tuy nhién,
trong nghién ciru cta ching toi ton thuong than xuat hién véi
ty 1 thap 1a 5,3% va khong c6 su khéc biét co ¥ nghia thong ké
gitta 2 thé 1am sang. Nghién ctru trong nudc khac nhu ciia T.T.
Tuy (2014) [13], N.T. Hoa (2015) [17] cling ghi nhan khong c6
ton thuong than. Sy khac biét nay c6 thé do ¢& mau nghién ctru
ctia chung t6i chua dii 10n va can c6 nhimg nghién ctru 16n hon
dé xac dinh ty 18 ton thuong than ¢ bénh nhan XCBHT va mdi
lién quan gifra ton thwong than véi thé 1am sang.

Theo nghién ctru nay, khang thé khang Scl-70 dwong tinh voi
ty 18 63,2% va thuong gip hon & XCBHT thé da lan téa. Két qua
nay tuong ty voi két qua trong cac nghién ctru cua K. Hanke va
¢s (2009) [18] va M. Hasegawa va cs (2013) [19] voi ty 1¢ khang
thé khang Scl-70 duong tinh 1an luot 1a 60,4 va 40%.

Khang thé khang Centromerase co ty 1& dwong tinh 1a
17,5% va thuong gip 6 XCBHT thé da khu tri. Theo céc
nghién ctru khac, ACA duong tinh & 20-30% bénh nhan SSc
va cling dugc quan sat phé bién & SSc & da khu tra [4].

Nghién ctru ctia chiing t6i cho thy, khang thé khing RNAP
I duong tinh véi ty 1€ 12,3% va gap & 85,7% bénh nhan
XCBHT thé da lan téa so v6i 14,3% thé da khu tra, nhung sy
khéc biét khong co ¥ nghia théng ké. Trong cac nghién ciru
khac, ty 18 khang thé khang RNAP III ¢ bénh nhan SSc thay doi
tir 4 dén 22% tly theo khu vyc dia 1y. Tan suat cao hon duoc
bao cdo & Hoa Ky (8,3%), Anh (11,7%) va tan suat thip hon
duoc tim thiy ¢ bénh nhan Nhat Ban (5%) va Phap (4%) [20].

£ ~
9. Ket luan

XCBHT la bénh thuong gip & nguoi trén 50 tudi, nit
nhiéu hon nam, thé da lan toa (70%) chiém wu thé, hoi
chung Raynaud (98,2%) va trao nguoc da day thuc quan
(86%), xo phdi (70,2%) 14 cac triéu chimg thudng gip nhat,
tén thuong than it gip nhit (5,3%), Két qua xét nghiém
ANA 23 Profile trén bénh nhan XCBHT cho thay, khang
thé Scl-70, CENP, RNAP III hay gip hon ca véi ty 1¢ duong
tinh lan luot 13 63,2; 17,5 va 12,3%. C6 mébi lién quan c6 ¥
nghia thong ké gitra thé 1am sang va ty 1¢ phat hién khang
thé, trong d6 khang thé Scl-70 chii yéu gip ¢ thé da lan toa,
khang thé CENP chu yéu gip & thé da khu tri.
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Mo lién quan giita dot bién gen BRAF V6OOE voi mit 50 dic diém tién trién
trong ung thu biéu mo tuyen oiap thé nhd <15 em
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Tom tit:

Muc tiéu: Xac dinh moi llen quan giira dot bién BRAF V600E trong vi ung thu biéu mé tuyén giap thé nhua (PTMC)
va ung thw biéu md tuyén giap thé nha (PTC) kich thuéc nhé 1-1,5 em (PTC 1-1,5 cm) véi cac dic diém tién trién
ciia khoi u. Pdi twgng va phwong phap nghién ciru: Nghién ciru mé ta hoi ciru 104 bénh nhan PTMC dwgc chin doan
xic dinh biing méd bénh hoc va c¢6 két qua xét nghi¢m dot bién gen BRAF V600E dwgc chia thanh 2 nhém PTMC (cé
kich thuée <1,0 cm) va PTC (1-1,5 cm), dwge danh gia cac yéu t6 tién trién (tinh trang xam l4n ngoai tuyén giap trén
dai thé, di cin hach, bién thé nguy co cao). Két qua: Dot bién gen BRAF V600E dwgc phat hi¢n trong 72,8% PTMC
va76,5% PTC 1-1,5 cm. T¥ 18 khoi u c6 dic diém tién trién trong PTMC c6 dot bién va khong c6 dot bién 1an lwgt 1a
66,7 va 52,63% (p=0,28). Ty 1¢ khdi u c6 dic diém tién trién trong PTC 1-1,5 cm c6 dot bién va khong cé dot bién lan
Iwgt 1a 80,7 va 100% (p=0,309). Trong nhém PTMC ty 1€ xam lan ngoai tuyén giap cao hon & nhirng Kkhoi u ¢é dot
bién BRAF V600E (p<0,05). Khong nhan thay ¢6 moi lién quan giira tinh trang dot bién gen BRAF V600E va di ciin
hach, bién thé té bao cao, >1 yeu td tién trién ¢ ca 2 nh6ém bénh nhan PTMC va PTC 1-1,5 cm. Két luin: Trong nhom
PTMG, ty 1¢ xAm ldn ngoai tuyén gidp cao hon ¢ nhitng bénh nhén c6 ddt bién BRAF V600E. Khong thiay méi lién
quan giira tinh trang dot bién gen BRAF V600E va dic diém tién trién khic & bénh nhan PTMC va PTC 1-1,5 cm.

Tir khod: dic diém tién trién, dot bién BRAF V600E, ung thw biéu mé tuyén giap thé nhi, vi ung thw biéu mé tuyén
giap thé nhu.

Chi sé phdn logi: 2.6, 3.1

tién trién, dac biét1a ¢ giai doan trudc phau thuat, rat hiru ich
trong viéc huéng dan diéu trj 1am sang PTC. BRAF V600E
1a d6t bién duoc bao cdo phd bién nhit & bénh nhan PTC va
PTMC. Ty 1& dot bién BRAF V60OE thay doi dang ké tuy
theo bién thé mo hoc ciia PTC (30-90%), cao nhat trong bién
thé té bao cao cua PTC (1én t&i 95%) - 1a bién thé tién trién
phé bién nhét cia PTC [3]. Mic du van con nhiéu tranh cai
vé mdi lién quan giita dot bién BRAF V60OE va dic diém tién

1. Dt van de

Ung thu biéu mé tuyén giap 1a bénh 1y ac tinh phd bién
nhét ctia cac co quan ndi tiét. Trong d6, PTC 1a tip mé bénh
hoc thuong gip nhat, chiém dén 80-85% céc trudong hop ung
thu cua tuyén giap [1].

Nho ¢6 nhiing cai tién 1on trong siéu am tuyén giap va
choc hut t€ bao bang kim nho tuyén giap dudi hudng dan cua

siéu am, PTC ngay cang dugc phat hién sém, tir d6 din dén
sy gia ting cia PTMC. PTMC nguy co thip dugc xem nhu
1a cac khdi u cham tién trién c6 thé duoc didu tri bang phau
thuat hodc theo doi tlch cuc [2]. Tuy nhién, c6 mot ty 1& nho
PTMC c6 dic diém tién trién, xAm l4n ra ngoai tuyén giap,
di can hach va di can xa. Vi vay, xac dinh cac bénh nhan c6
nguy co tién trién cao 1a rat quan trong dé dua ra huéng theo
ddi, diéu tri hop 1y. Nhiéu yéu td du bao da duoc dua ra, tuy
nhién phﬁn 16n chi ¢6 thé xac dinh duoc sau phau thuat.

Gan day, cac diu an phan tir dé du doan PTC da duoc
nghién ciru rong rii nham cai thién viéc phan tang rai ro cua
PTC. Xac dinh cac d4u 4n phén tir ¢6 thé nhan biét cac khdi u

“Tac gia lién hé: Email: bienvanhoan@gmail.com
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trién bénh ciing nhu tién lugng xau cua PTC, nhiéu nghién
ctru di béo céo rang, PTC v6i BRAF V60OE dot bién c6 lién
quan dén tién luong x4u hon. Mot sé nghién ctru trén thé gidi
trén ddi tugng PTMC va PTC 1-1,5 cm ghi nhan mbi lién
quan giita tinh trang dot bién va cac dic diém tién trién ciia
khoi u, tir d6 dé xuat sir dung xét nghiém phan tir danh gi
dot bién BRAF V600E nhu mot yéu to doc lap giup xdc dinh
PTMC, PTC nh6 c6 nguy co cao can can thiép phau thuat
hon la theo doi 1am sang [4]. Vi vay, chung t6i tién hanh
nghién ctru nay nham muc tidu xac dinh mdi lién quan giita
dot bién BRAF V600E trong PTMC, PTC 1-1,5 cm va cac
dic diém tién trién cua khéi u trén d6i tuong nguoi Viét Nam.
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Abstract:

Objectives: Determine the association between BRAF V600E
mutation in papillary thyroid microcarcinoma (PTMC), small
papillary thyroid carcinoma (PTC 1-1.5 cm), with tumour-
aggressive characteristics. Subjects and methods: Retrospective
descriptive study of 104 patients with PTMC diagnosed by
histopathology and with BRAF V600E gene mutation testing
results. Study subjects were divided into 2 groups: PTMC
(tumour size <1.0 cm) and PTC 1-1.5 ¢cm (tumour size 1-1.5 cm)
and evaluated aggressive features (macroscopic extrathyroidal
invasion, lymph node metastasis, high-risk variants). Results:
BRAF V600E gene mutation was detected in 72.8% of PTMC
and 76.5% of PTC 1-1.5 cm. The proportion of tumours with
aggressive features in PTMC with and without mutations was
66.7 and 52.63%, respectively (p=0.28). The proportion of
tumours with aggressive features in PTC 1-1.5 cm with and
without mutations was 80.7 and 100%, respectively (p=0.309).
In the PTMC group, the rate of extrathyroidal invasion was
higher in tumours with BRAF V600E mutation (p<0.05). No
association was found between BRAF V600E gene mutation
and lymph node metastasis, high cell variation, and more
than one aggressive feature in both PTMC and PTC 1-1.5 cm
patient groups. Conclusions: In the PTMC group, the rate of
extrathyroidal invasion was higher in patients with the BRAF
V600E mutation. No association was found between BRAF
V600E gene mutation and other aggressive features in patients
with PTMC and PTC 1-1.5 cm.

Keywords: aggressive features, BRAF V600E mutation, papillary
thyroid carcinoma, papillary thyroid microcarcinoma.

Classification numbers: 2.6, 3.1
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2. Déi tuong va phuong phap nghién ciiu
2.1. Déi twong

104 bénh nhan dugc chan doan xic dinh PTC bang
mo bénh hoc va co két qua xét nghiém dot bién gen BRAF
V600E tai Trung tam Y hoc Hat nhan va Ung budu, Bénh
vién Bach Mai tir thang 8/2021 dén thang 3/2022.

Péi tugng nghién ctru chia thanh 2 nhém dwa vao kich
thu6e khéi u sau phau thuat: Nhom PTMC (<1,0 cm) gom 70
bénh nhan va nhom PTC nho (1-1,5 cm) gém 34 bénh nhan.

2.2. Phwong phap nghién ciru

Thiét ké nghién ciru: Nghién ciru mo ta cit ngang, hoi
ctu dir lidu.

C& mau va chon mdu: Chon mau thuan tién.

Cong cu nghién curu va ky thudt thu thdp thong tin: Cac
bénh nhan duoc thu thap cac thong tin bao gom tudi, gidi,
kich thudc khdi u, tinh trang xam 14n ngoai tuyén giap trén
dai thé, tinh trang di can hach, dac diém mo hoc co nguy co
cao (té bao cao, té bao cot, hobnail, rin/trabecular, xo cung
lan toa) va két qua xét nghiém dot bién gen BRAF V60OE
bang phuong phap PCR két hop lai ddu do phan tir dic hiéu
(b0 kit BRAF 600/601 StripAssay® cuia Hang Vieannalab)
(xét nghiém thuc hién tai Pon vi Gen - Té bao gbc, Trung
tam Y hoc Hat nhan va Ung budu, Bénh vién Bach Mai).

Quy trinh xét nghiém dot bién gen BRAF V600E gom 4
bude: (1) Tach DNA tir mé c¢b dinh formalin - vii paraffin;
(2) Khuéch dai doan gen muc tiéu bang phan tmg PCR theo
kit BRAF 600/601 StripAssay®; (3) Lai san phim khuéch
dai v6i dau do dic hiéu duoc phan bd trén Test strip theo
kit BRAF 600/601 StripAssay®; (4) Phan tich két qua bang
cach so sanh cac vach trén teststrip voi thang chuén.

2.3. Xir Iy 56 ligu

S lidu duoc xir Iy bang phan mém STATA 15.0.

2.4. Dao dvrc nghién ciru

Nghién ctru tién hanh hdi ciru thong tin bénh an voi su
tudn thu vé mat y dire. Cac thong tin thu thap chi phuc vu
cho muc dich nghién ctru, khong su dung cho muc dich khac
va hoan toan dugc giit bi mat, khong anh huéng dén suc
khoe va loi ich ciia ddi twong nghién ctru.
3. Két qua

Trong 70 truong hgp PTMC c6 51 truong hop (72,8%)
¢ dot bién BRAF V60OE va trong 34 trudng hop PTC kich
thudc nho, 26 truong hop c6 dot bién gen BRAF V600E
chiém 76,5%.
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Két qua bang 1 cho thay, trong PTMC va PTC 1-1,5 cm,
tudi trung binh ctia cac bénh nhan mang dot bién gen BRAF
V600E cao hon so véi cac truong hop khong mang gen dot
bién. Sy khac biét nay co y nghia thong ké & nhoém PTC
1-1,5 cm (p=0,043). Ty I¢ mac ¢ nitr cao hon nam trong ca
PTMC va PTC 1-1,5 cm, tuy nhién khong c6 su khac biét
¢6 v nghia thong ké vé gidi giita nhom mang gen dot bién
va nhom khong mang gen dot bién.

Bang 1. Dic diém tudi, gi®i ctia doi twong nghién ciru.

BRAF V600E, Tudi trung binh ~ Nit/nam

C6 dot bién 50,67 4,10
PTMC (n=70) -

Khong co dot bien 47,84 3,75

C6 dot bién 44,88* 1,67
PTC 1-1,5 cm (n=34) ;

Khong c6 dotbién 31,75 2,71

*: gia tri p c6 y nghta thdng ké <0,05.

Két qua biéu do 1 cho thy, khong ghi nhan mi lién
quan gitra tinh trang dot bién gen BRAF V60OE va yéu to
tién trién trong cd 2 nhém bénh nhan PTMC va PTC 1-1,5
cm (p=0,309).

% bénh nhan co it nhat 1 dic diém tién trién

120,00% 100%
100,00% .
80,77%
80,00% 66,67%
60,00% 52,63%
40,00%
20,00%
0,00%
PTMC PTC 1-1,5 cm
B Codotbién  ®Khong co dot bién

Biéu do 1. Tinh trang dot bién gen BRAF V600E va yéu to tién trién & 2
nhém bénh nhan PTMC va PTC 1-1,5 cm.

Két qua bang 2 cho thay, trong PTMC, ty 1& xam lan
ngoai tuyén giap cao hon & nhimg bénh nhan c6 dot bién
BRAF V600E (p=0,01); khong nhan thay c6 mdi lién quan
giita tinh trang dot bién gen BRAF V60OE va tinh trang di
cin hach (p=0,313), bién thé té bao cao (p=1,00), c6 >1 yéu

Bang 2. Méi lién quan giira tinh trang dot bién BRAF V600E va céac dic
diém tién trién trong PTMC va PTC 1-1,5 cm.

PTMC PTC 1-1,5 cm
Dic diém Co dptbién  Khong c6 dptbién Cé dgtbien — Khong cé dpt
(n=51) (n=19) (n=26) bién (n=8)
Xamlanngodl )y o o 2(10.53%) 9(3462%)  1(12,50%)
tuyen giap
Di cin hach 20(39,22%)  10(52,63%) 18(69,23%) 8 (100,00%)
Bién thé té bao cao 1 (1,96%) 0(0,00%) 0(0,00%) 2(25,00%)
>1 dic diém 10 (19,61%) 2 (10,53%) 6(23,08%)  2(25,00%)

*. gid tri p c6 y nghia thng ké <0,05.
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t6 tién trién (p=0,491). Trong nhém PTC 1-1,5 cm, khong
c6 su khac biét gitra tinh trang dot bién gen BRAF V60OE va
dic diém xam lan ngoai tuyén giap (p=0,385), di can hach
(p=0,152), bién thé té bao cao (p=0,05), c6 >1 yéu t) tién
trién (p=1,00).

4. Ban luan

Dot bién gen BRAF V60OE c6 vai trd nhu mot gen sinh
ung thu trong ung thu biéu mo tuyén gidp. Dot bién BRAF
V600E lam ting hoat tinh enzyme kinase 1én gap 10 lan
va hoat hdéa manh con dudng tin hi¢u MAPK, lam cho té
bao c6 téc do tang truong nhanh hon nhiéu 1an so véi dong
té bao tuyén giap khong mang dot bién. C6 thé ndi BRAF
V600E 1a mot mat xich phan tir quan trong trong co ché
phan tir cia PTC. Nhiéu nghién ctru duge tién hanh ¢ trong
nude va trén thé gisi cho thay, ty 1¢ dot bién gen BRAF
V600E khong dong nhit giira cac quoc gia va ving lanh thd
[5, 6]. Cac nudc phuong Tay co nhiéu bao céo chi ra ty 18
lwu hanh dot bién BRAF V60OE 1a 35-60% [5]; nghién ctru
ctia cac nha khoa hoc trong nuée cho thiy ty 1& dot bién
trong khodng 46,2-77,6% [6].

Nghién ctru cua chiing t6i ghi nhan ty 1& dot bién gen
BRAF V600E cao ¢ nhém bénh nhan PTMC va PTC 1-1,5
cm lan luot 14 72,8 va 76,5%. Khong thay c6 su khac biét vé
ty 1& dot bién giita nhom PTMC va nhém u kich thudc nho.
Tudi trung binh cua cac truong hop cb dot bién gen cao hon
s0 v6i nhom khong c6 dot bién gen, tuy nhién khéc biét nay
chi ¢6 y nghia thong ké & nhoém bénh nhan PTC 1-1,5 cm.
Khong c6 sy khac biét vé ty 16 nam/nir gitta 2 nhom. Két qua
nay tuong dong vai két qua ctia mot s6 nghién ctru trén thé
gidi va tai Viét Nam cho thay khong c6 su khac biét vé tudi,
gidi, kich thudc u & nhom bénh nhan cé dot bién va nhém
bénh nhan khong co dot bién [4, 6].

Vai tro yéu td tién luong tién trién cua dot bién BRAF
V600E da duogc nghién cuu rong rai trong cac nghién clru
trude ddy nhung dén thoi diém hién tai, luan diém nay van
con nhiéu tranh cdi. Nhiéu nghién ctru ¢ mé ta mdi lién
quan giita dot bién BRAF V600E véi cac dic diém tién trién
clia PTC, bao gdbm xam lan ngoai tuyén giap trén dai thé, di
can hach, giai doan mudn va tai phat bénh [1]. Trong céac
nghién ctru trén dbi tugng PTMC va PTC 1-1,5 cm ciing
ghi nhan thdy mdi lién quan giira tinh trang dot bién va cac
dic diém tién trién cua khdi u. Tir d6, cac nha nghién ciru
dé xudt sir dung xét nghiém phan tir danh gia dot bién BRAF
V600E nhu mot yéu té doc 1ap gitip huéng dan viée ra quyét
dinh diéu tri va xac dinh PTMC, PTC 1-1,5 cm nhé c6 nguy
co cao cin can thiép phau thuat hon 1a theo doi 14m sang
[4]. Tuy nhién, mot s nghién ctru cho thdy chwa c6 mdi lién
quan giira dot bién gen BRAF V600E va yéu t6 tién luong
xau trong PTC [7]. Hién nay, xét nghiém phén tir van chua
dugc dua vao trong phdn ting nguy co va quyét dinh diéu
tri & cac bénh nhan PTC.



Trong nghién ctru nay, ching t6i phan tich dir li¢u tir 2
nhém ndt tuyén gidp nho: PTMC (<1,0 cm) va PTC 1-1,5
cm dya theo cach phan nhom dugc lya chon trong nghién
ctru cia J.A. Silver va cs (2021) [4]. Két qua nghién cuu
chi ghi nhéan thay & nhém PTMC, ty 1¢ xdm lan ngoai tuyén
giap cao hon & nhitng bénh nhén c¢6 dot bién BRAF V600E
s0 voi nhom khong ¢ dot bién. Chua thay c6 mdi lién quan
¢6 y nghia thng ké gitra tinh trang dot bién gen BRAF
V600E va cac yéu td: di can hach, bién thé t& bao cao ¢ ca 2
nhém PTMC va PTC 1-1,5 em. Két qua nay twong dong véi
nghién ctru cia I. Sugitani va cs (2021) [8] khi kiém tra cac
mau bénh phém PTMC duoc cit bo sau theo ddi tich cuc
cho thay ty 1& dot bién gen BRAF V60OE khong khac biét
dang ké gitra cac nhém bénh 6n dinh, nhom ting kich thudc
khdi u va nhém biéu hién di can hach. Nghién ctru cua C.
Yan va cs (2019) [7] trén 2048 bénh nhan PTC ciling khong
tim thdy méi lién quan giita dot bién BRAF V600E va su
xam 14n ngoai tuyén giap, di cin xa va tinh trang khang tri
hoic tai phat. Nghién ctru ciia chiing t6i van con mot s6 han
ché: tinh chét don trung tdm, phuong phap chon miu thuan
tién, chua theo ddi duoc hiéu qua diéu tri. Do dé, can thém
nhiéu nghién ctru trén nhém déi twong PTMC va PTC 1-1,5
cm nhiam danh gia kha ning sir dung dot bién gen BRAF
V600E nhu mét yéu té tién luong trude phau thuat cho bénh
nhéan u tuyén giap nho.

£ ~
9. Ket luan

Ty 1€ dot bién gen BRAF V600E ¢ nhém bénh nhan
PTMC va PTC 1-1,5 cm lan luot 1a 72,8 va 76,5%. Tudi
trung binh ctia nhém c6 dot bién gen cao hon so voi nhom
khong c6 dot bién gen. O bénh nhan PTMC, ty 1€ xam lan
ngoai tuyén giap cao hon & nhitng bénh nhan c6 dot bién
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BRAF V600E so v6i nhom khong cé dot bién. Khong thay
mdi lién quan giita tinh trang dot bién gen BRAF V600E
va tinh trang di cin hach, bién thé té bao cao ¢ ca 2 nhém
PTMC va PTC 1-1,5 cm.
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Panh gi4 6 nhiém méi truong tir hoat dong nudi tom
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Tém tit:

Nghién ciru nhim danh gia mirc 49 6 nhiém m01 truong tir hoat dong nudi tom tai cac huyén ven bién tinh Séc Trang. Tong cong
10 h¢ nudi tom va 50 hg lan cin dwgc phong vén vé tinh hinh phat thai va cac diéu kién vé sinh méi i truong. O thoi diém cudi vu
nudi, miu nwéc trong ao nudi duwge thu tir 05 ao ban thaim canh (BTC) va 05 ao thaim canh (TC), miu trim tich thu tir 5 a0 BTC
dé danh gia mirc do 6 nhiém. Két qua phéng vin ghi nhin nwéc thai va bin thai tir nudi tom 12 nguyén nhén chii yéu 1am suy
giam chit lwgng nwée mat, giam so lwgng thity san trong tw nhién; mirc d6 6 nhiém cé chiéu huwdng gia tang trong twong lai. Gia
tri pH, TSS, BOD, va COD ciia miu nuée a0 phu hop cho nudi tom (ngoai trir TSS cua mau nude & Cu Lao Dung va Long Phu),
tong nito trong cac chit hiru co (TKN) va tong phot pho blen dong 16n gitra cac ao thu miu. Ham lwong cac kim loai trong trAm
tich thip hon ngudng giéi han cho phép ciia Tiéu chuin quoc gia vé chit lrgng tram tich. Cht thai rin (CTR) phat sinh tai cac
ving nudi chua dwgc quan tim thu gom va xir Iy phu hop. pé nganh tom phat trién bén vitng, cic co' quan chuyén nganh cin

khuyén khich h§ nuéi tom ap dung cac cong nghé xir Iy chét thai bén canh cac giai phap quan Iy nha nuéc.

Tir khéa: nudi tom ban thAm canh, nudi tom thAm canh, tinh Séc Tring, tom thé chan tra“'lng.

Chi 56 phin logi: 2.7,4.5

1. Dt van de

Soc Trang nim ¢ clra nam song Hau c6 diéu kién tu nhién
thuan loi dé canh tac thlly san ¢ ca 3 vung sinh thai nudc man, 1o,
ngot. Nam 2023, dién tich tha nudi tom nudc lg 18 hon 53.000 ha,
vuot 0,14% cing ky, trong d6 75% dién tich 14 tom thé chan tring
(TCT). San lugng nudi trong thuy san dat hon 300.000 tén, trong
d6 tom nude lg hon 206.000 tin [1]. Dic biét, dién tich nudi tom
TC, BTC chiém gén 95% dién tich tha nuoi tap trung tai cac huyén
Cu Lao Dung, My Xuyén, Long Pha, Tran D& va thi xa Vinh Chéu.
Hoat dong nudi tom dem lai nguon thu nhdp cao va thu hit nhiéu
lao dong tryc tiép va gian tiép. Kim ngach xuét khau tom nudi
nudce lo cua tinh dat 905 triéu USD, chiém 95,62% kim ngach Xuét
khau ciia tinh [2].

Nhimg nim gan day, viéc gia tang dién tich nudi tom TC va
BTC ¢ Séc Trang da phat sinh mdt lugng 16n nudce thai va bun
thai chira thire an du thira, phan tom, cac hoa chat va thube khang
sinh, x4c tao chét, phu sa ling dong... D6 véi cac ao nudi TC ¢b
16t bat, viéc hit bun day ao (con goi la xi phong day ao) dién ra
trung binh 1-2 lan/ngay; nhung & ao dat nudi BTC, lugng chat thai
s& lang xudng day ao va duoc vé sinh vao cudi vu nudi sau khi thu
hoach tom. Mot nghién ctru 6 tinh Soc Trang di tinh todn dé san
xuat 1 tan tom TCT can c6 6.644-8.289 m’ nude thai, 27,9-29,9 m’
nude xi phong, 145-179 kg COD, 12,5-16,3 kg P va 57,6-77,5 kg
TKN thai vao mdi trudong qua qua trinh thay nudc va xi phong [3].
Nghién ctru mau bun thai ao tom TCT & tinh Nghé An ghi nhan gia
tri pH trung tinh 7,4-7,8, chua c6 déu hiéu 6 nhiém kim loai nang

“Tac gia lién hé: Email: thly@blu.edu.vn
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ctia Pb va Cd [4]. Nghién ctru sw chuyén hoa vat chat hitu co trong
a0 nudi tom TCT & Bac Liéu ghi nhén tai luong cac thanh phin 6
nhiém gia tang & nhitng ao nudi véi mat do cao hon va ao nudi co
tudi tom cao hon [5]. Thong thuong ving nudi tém TCT phét sinh
chét thai ¢6 tai lugng 6 nhiém cao, tuy nhién mot khao sat d6i voi
30 ho nuoi tom TCT & Soc Trang chi ghi nhan 8/30 ho xur ly nude
ao nuoi trudc khi thai ra moi truong va 6/30 ho cho bun sau vu
nudi vao khu chira bun dé xur 1y [6]. Nudc thai va bun thai khong
chi phat sinh tir qua trinh v¢ sinh va thay nudc hang ngady ma con
tap trung vao cubi vu nudi sau khi thu hoach tom. Néu khong dugc
thu gom xtr 1y phu hop, nguon thai ndy dua ra moi truong s¢ gy 0
nhiém ngudn nude mat, phan hiry yém khi trong kénh rach tao cac
khi nha kinh NH,, H,S, CH,... gy tac dong xau dén hé sinh thai
trong khu vuc [7].

Nhim phat trién nganh tom cia dia phuong theo huéng bén
vitng, Uy ban nhan dan tinh Séc Tring da ban hanh Cong vin s6
1345/UBND-KT ngay 12/7/2021 vé tang cudng cong tic quan 1y
h nudi, co s0, trang trai nudi tom nude lg trén dia ban tinh Soc
Trang [8]. Pong thoi, Hoi dong nhan dan tinh Séc Tring (2023)
da ban hanh Nghi quyét s6 55/NQ-HPND ngay 6/10/2023 thong
qua Dé 4n Phét trién nudi tém nudc lg tinh Séc Trang giai doan
2023-2025, tim nhin dén nim 2030 [9]. Nhiing vin ban trén di thé
hién mbi quan tAm cuia chinh quyén ddi v6i vide bao vé méi truong
ving nudi tom va phat trién bén viing nganh tom. Nghién ctru nay
dugc thyc hién nham khao sat va danh gia tong quan hién trang 0
nhiém méi trudng tai cac viing nuéi tom, dinh huéng cho viée trién
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Abstract:

The study aimed to evaluate the level of environmental pollution from
shrimp farming in coastal areas of Soc Trang province. A total of 10
shrimp farming households and 50 neighbouring households were
interviewed about emissions and environmental sanitation conditions.
At the end of the shrimp season, pond water samples were collected
from 5 semi-intensive ponds and 5 intensive ponds, bottom sediment
samples were collected from 5 semi-intensive ponds to evaluate the
level of pollution. Interview results indicated that wastewater and
bottom sediment from shrimp farming are the main causes of declining
surface water quality and reducing the number of wild fish; pollution
levels are likely to increase in the future. The pH, total suspended solid
(TSS), BOD,, and chemical oxygen demand (COD) values of pond water
samples are suitable for shrimp farming (except TSS of water samples
in Cu Lao Dung and Long Phu); total Kjeldahl nitrogen (TKN) and
total phosphorus (TP) contents fluctuate widely between sampling
ponds. The metal content in the bottom sediment is lower than the
allowable discharge threshold of sediment quality standards. Solid waste
generated in farming areas has not been properly collected and treated.
To sustainably develop the shrimp industry, local authorities need to
encourage shrimp farmers to apply proper waste treatment technologies
in addition to state management solutions.

Keywords: intensive shrimp farming, semi-intensive shrimp farming,
Soc Trang province, white leg shrimp.

Classification numbers: 2.7,4.5

khai cac giai phap bao vé moi truong viung nudi, nang cao gia tri
thuong hi¢u nganh tom cula tinh Séc Trang.

2. Phuang phap nghién cuiu
2.1. Pham vi, thoi gian thuc hién

Nghién ctru thuc hién trén 2 loai ao nudi tom tai cac huyén My
Xuyén, Cu Lao Dung, Long Phu, Tran D& va thi xa Vinh Chéu -
nhitng dia phuong dan diu vé hoat dong nudi tom cua tinh Soc
Trang (bang 1, hinh 1). Tai mdi huyén thi chon dai dién 1 ho nudi
a0 TC va 1 ho nudi ao BTC dé thu mau nudce ao va mu tram tich.
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Bang 1. Vi tri cac ao nudi thu mau nwéc ao va mau tram tich.

Thi  Toa df . ) Ky higu Ky hi¢u mu
Huyén Loai ao X . 5
tw X Y mau nwde tram tich
1 1059172565 9.4005514 AoBTC NI Tl
My Xuyén
2 105.9163812  9.4009736 Ao TC N2
3 106.1498946  9.6100332 Ao TC N3
Long Phi
4 106.1500545  9.6102511 AoBTC N4 T5
5 106.2287434  9.5831526  Cu Lao AoBTC N5 T2
6 106.1527312  9.6669451 ~ Dung Ao TC N6
7 106.0996236  9.4413272 o AoBTC N7 T3
Tran Bé
8 106.0989857  9.4419157 Ao TC N8
9 1059230725 9.3955981 AoBTC N9 T4
Vinh Chau
10 106.0382897  9.4188725 Ao TC N10
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Hinh 1. Ban d6 vj tri cac ao nudi tom thu mau.

< 1\/\\J\
" CHU THiICH
RANH HANH CHINH HUYEN
© VITRI LAY MAU TAM TiCH (T) + NUGC AO (N)
® VITRI LAY MAU NUGC AO (N)

- Ao nudi tom TC: Nhitng ao nudi dugc 16t bat xung quanh
thanh vach ao va day ao, mat do tha nuoi cao tir 120 dén 140
con/m?.

- Ao nudi toém BTC: Nhiing ao nuéi hoan toan khong 16t bat
(ao dat) hodc chi 16t bat xung quanh thanh vach ao, riéng day ao
van la nén dat; mat do tha nudi 60-80 con/m?>.

Thoi gian thyc hién: thang 4-6 nam 2022.

2.2. Phwong phdp thuc hi¢n

Trong khuén khd nghién ciru nay, bén canh ké thira cac dir
liéu, thong tin tir nhitng nghién ctru, cc bao cdo trudce day, cac
phuong phép sau dugc trién khai:

- Phuong phép khao sat thuc dia va phong van:

+ Khao sét thyc té vé cong tac quan Iy moi truong trong thu
gom, quan ly va xtr [y nude thai, bun thai, CTR va tinh hinh dich
bénh tai cac ao nudi tom.

+ Soan 2 bang cau hoi phong van (i) ho dan nuéi tom va (ii)
nguoi dan 1an can vé cac tac dong dén moi truong tir hoat dong
nuoi tom; dnh hudng cia nudi tom dén doi song cua ngudi dan
tai7 dia phuong. Phong van thtr 2 h nu6i tom va 6 ho lan can dé
kiém tra bang héi vao ngay 25/4/2022. Thyc hién nhling hi¢u
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chinh, cap nhat can thiét cho bang hoi. Sau d6 tién hanh phong
vén chinh thirc trong hai ngay 10-11/6/2022: Phong van 10 ho
dan ¢6 a0 nudi ldy mau quan tric (5 hd nudi ao TC va 5 ho nudi
ao BTC) vé viéc phét sinh nudc thai, bun thai, cach quan 1y va
xir Iy cac nguon thai; hong van 50 ho dan sinh séng gan 10 ho
ldy miu vé cac anh hudng tir viéc nudi tom dén tai luong va
chét lwgng ngudn nude mit; cong tac quan 1y tir chinh quyén dia
phuong trong viéc han ché cac ngudn xa thai chua xu Iy.

- Phuong phép thu thap va phan tich mau: thu thap mau nudc
a0 va mau trim tich tir ao tom, bao quan va van chuyén vé phong
thi nghiém phan tich tuan tha céc tiéu chuan k¥ thut hién hanh.

+ Mau nude ao: Puge thu tir 10 ao (5 a0 BTC + 5 ao TC)
tudn thu theo TCVN 6663-4:2020 [10]; qua trinh luu gitt van
chuyén vé phong thi nghi¢ém tuan theo TCVN 6663-3:2016 [11].

+ Mau trim tich: Puoc thu tir 5 a0 BTC (tring v6i 5 ao BTC
thu nudc thai) tuan thi TCVN 6663-13:2015 [12]; viéc luu giir
van chuyén vé phong thi nghiém tuan thu theo TCVN 6663-
15:2004 [13]. B6i v6i 5 a0 muéi TC khong thu méau tram tich vi
nhitng ao nay da 16t bat xung quanh va day ao, khong phat sinh
trdm tich trong qua trinh nudi.

Thoi gian thu miu duoc thye hién vao cudi vu (ngdy 76-88)
do day 1a thoi diém t1ch lay tai lugng 6 nhiém cao nhit [5]. Chi
tiéu phan tich gom mau nuée ao gom pH, TSS, BOD,, COD,
TKN, tong phét pho (TP); miu tram tich gom nito tong (Nt),
phét pho tong (Pt), kim loai nang Cu, Zn, Cd, Pb.

2.3. Xit Iy 56 liéu

S6 lidu phan tich miu dwoc tinh toan gia tri trung binh theo
timg nhém nudc ao va trim tich, so sanh danh gia chat luong
nudc ao va tram tich gitra cac loai ao nudi trong ciing mot dot
lidy mau. Cac thong s6 chat lugng clia miu nude ao so sanh véi
QCVN 02-19:2014/BNNPTNT [14]. Két qua phan tich cac miu
trAm tich so sanh véi QCVN 43:2017/BTNMT [15].

S6 liéu phong van ho dan dwge nhap liéu, xir 1y, phan tich va
danh gia hién trang 6 nhiém moi truong ving nudi tom.
Trong nghlen cu’u niy, phan mém Mlcrosoft Excel 2021

duoc st dung dé tong hop va xit Iy cac s6 liéu nhu trinh bay
o trén.

san (9,4%) lai chiém da s & huyén Tran D&. Cac loai hinh canh

thc néng nghiép (20,3%) nhu tréng laa, hoa mau tip trung chu

yéu tai huyén Long Phu, trf”)ng mia va cay an trai la loai hinh déc
trung tai huyén Cu Lao Dung (hinh 2).

Chén nudi |

Sén xuét néng - 14m - thiy két hop ]

Lam viée nha nwde 1 %

Neghé khic 0000

Lam thué 1

Dénh bit / khai thie thiy sin 7

Tréng trot (lia, rau mav), Lam thué 777

Dich vu, buén ban, nghé phu, ..

Nubi tréng thiy san

0 10 2 30
Hinh 2. Céc loai hinh sinh ké chinh cta ngwoi dan.

Ty 1 (%)

3.2. Chit lwgng nwéc

Chét luong nguon nude mit hién tai dugc da s6 nhiing ngudi
dan tham gia phong van (chiém 51%) danh gia kém hon cac nim
trude phu hop voi thuc té tinh hinh mo rong dién tich nudi tom
trén dia ban, cung voi lugng nude thai tir ao nudi gia tang lam 6
nhiém nguon nudce, ké do 1a cac hoat dong sinh hoat xa thai truc
tiép ra kénh rach (chlém 19%). Mot s6 ho dan cho ring, chét luong
nude khong thay d6i (chiém 24%) 14 do ho khong tryc tiép st dyng
nguon nuge mat cho cac hoat dong san xuat hogc dang sinh song
gan cdc song lon, c6 diéu kién tiép can ngudn nude doi dao. Co 6%
cac hg dan cho rang, nguon nu6e miat dugce cai thién tai mot s khu
vye 6 huyén Long Phu, Ci Lao Dung. Tuy nhién, nguyén nhan cua
sy thay ddi tich cuc nay 1a do viéc ning cap hé thong cong trinh
thity loi trong khu vuce (xdy dung cac hé thong cdng va dé bao).

pH: gia tri pH tai cac ao nudi TC tir 6,6 dén 7,7 thap hon ao
nudi BTC tir 7,2 dén 7,9 (hinh 3). Ngudng pH nay phu hop véi ghi
nhan pH 7,6+0,8 [3]; nhung kha thép so0 vdi bao cao pH 8,1+0,2
(budi sang) va 8,60,1 (budi chidu) [5]. Gia tri pH & ca 2 loai a0
nudi déu nam trong giéi han cho phép ciia QCVN 02-19:2014/
BNNPTNN, tuy nhién bién dong pH trong cac ao TC thp hon
a0 BTC cho thay chét lwgng nudc trong ao nudi TC on dinh hon.

TSS: gia tri TSS ¢ mﬁn nudc ao bat (91,3-101,2 mg/l) it bién
dong va dat gidi han yéu cau cia QCVN 02-19:2014/BNNPTNT
doi véi nude nuoi tom trir mau nude ao ¢ Tran BE vuot 1,01 lan

3. Két qua va ban luan " 180 1
1 160 -
3.1. Thong tin vé hj din  * A 0 ]
» £ q U vk a
phong vian ; | y/ 7 ;:;:; 'gouo ]
Céc h9 dan dugc phong van £ * % % . = 2 g
da dang vé nganh nghé sinh ké. 3 5] % % :;:;: g 50
S6 ho dan tham gia nudi trong 2] % % :;:;: Z 40
thay san (29,7%) phan bd nhiéu 14 %/ %/ :_:_: S
tai khu vyc huyén My Xuyén, " Mi'uyén ‘ Lon Phi CiLsoDusg TrinDé  VinhChiu b M§Xuyén LongPhi CiiLaoDung TrinBé  Vinh Chiu
thi x4 Vinh Chau, trong khi d0  zzz@acmeiBTe == A0mai TC ----- QCVN02-19:2014/BNNPINT 222 Ao mui BTC T Ao mugi TC ===+ QCVN 02-19:2014/BNNPTNT

nghé danh bat, khai thac thiy
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Hinh 3. Gia tri pH va TSS trong nwéc ao nubi.
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60 160 BTC ¢ huyén Long Pha va

5 140 1 Cu Lao Dung ghi nhan ham
_ _m lugng TKN va TP cao nhét
g “1 % FRUR do day 1a khu vue méi phat
g 30 % g 80 1 trién nuoi tf”)m, nguoi dan
§ 20 | % 3 én 60 1 chua C(')Nnhiélf kinhﬂ pghiém
Z . % 8 Z 07 trgng ky thua,}t nudli, trong
E // _ Bo20 kiém soat chat lugng nudc

v My Xuyén I Long Phit ICilLo Dlmgl TrinDé  Vinh Chiu ° My Xuyén I Long Phit ‘CilLauDung‘ Trinbé  Vinh Chin a0 nudi. Ham lugng v6 co
ZzzZZ Ao nudl BTC A0 nudi TC ===== QCVN 02-19:2014/BNNPTNT ezzzza Ao nudi BTC T Ao nudi TC ====- QCVN 02-19:2014/BNNPTNT ghl nhan tal ao nuéi Chi

Hinh 4. Ham lwgng BOD, va COD trong nwéc ao nubi.

(hinh 3). Di v6i ao dét, ham lugng TSS bién dong 1on (75,5-145,9
mg/1) va vugt quy chuan cho phép vé nudc ao nudi & Cti Lao Dung
(1,46 1an), Long Phu (1,08 lan). Mac du ao nudi BTC c6 mat do
thap, luong thirc an cung cap va chat thai tom thap hon ao bat, tuy
nhién ham lugng TSS tai ao nu6i 6 Long Phi va Cu Lao Dung lai
cao hon so vai ao 16t bat ¢ cung dia ban chiing t6 qua trinh nu6i
tom s& c6 nhitng chit rin tir bo dit va nén day ao dua vao. Nguoi
nudi can chi y xi phong thuong xuyén dé vé sinh ao, tao moi
truong nude sach va phit hop cho tom phat trién.

Chat hiru co: Chét lugng nudce ao ¢o ham luong BOD; bién
dong nhiéu hon COD, dic biét & ao nuéi BTC vai 16,2- 38 1 mg
BOD//I va 67,8-92,9 mg COD/, trong khi ¢ ao nu6i TC thip hon
21,3- 33 1 mg BOD/Iva 60,4-91,5 mg COD/1 (hinh 4). Ham lugng
hitu co ctia nude trong héu hét ao TC déu cao hon ao BTC, trir cic
a0 nudi huyén Cu Lao Dung va Tran D&. Ham luong hitu co nim
trong ngudng cho phép cia QCVN 02-19:2014/BNNPTNT cho
thdy, ngudi nudi da co ban p dung céc k¥ thudt vé sinh ao nhur xi
phong déy, sir dung men vi sinh h trg xtr 1y nu6c trong qua trinh
nudi. Khao sat ¢ ao nudi tdom TCT co 16t bat quanh bd ao nhung
khong 16t day ghi nhan ham Iugng COD la 12,9+6,0 mg/l (nudi
mat do thip) va 11,7+6,7 mg/ (nudi mat do cao) [3] thip hon nhiéu
50 voi két qua cuia ao nudi TC trong nghién ctru nay.

TKN, TP: Tén tai trong nudc ao da phan 1a do thic in ton
du, tich llly tr qua trinh dao thai cia tom va qua trinh phan huy
Xéc tom, vo tom trong giai doan sinh trudng va phat trién... Ham
luong TKN va TP trong cac ao nudi bién dong 16n, dic bit 6 ao
BTC véi 2,8-6,3 mg TKN/I va 1,4-2,9 mg TP/1, trong khi ¢ ao TC
thap hon dat 2,4-4,1 mg TKN/I va 1,2-2,3 mg TP/l (hinh 5). Céc ao
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TKN/1 va 0,8-1,2 mg TP/l

[3]; a0 TC 1a 2,19-6,78
mg TKN/I va 0,29-0,78 mg TP/l [5] twong dong voi gia tri TKN,
nhung thép hon gia trj TP ciia nghién ctru nay.

C6 59,3% sb ho phong van dong y nude thai tir nuéi tom anh
huong dén nguon nude, lam giam s lwong cac loai c4 ty nhién
trong kénh rach. Dac biét, tai huyén My Xuyén, nguén thdi nay
anh hudng dén mot s6 ho dan nuéi tom quing canh do ho sir dung
truc tiép nguf”)n nudce mat cho nudi tom, va dé han ché anh huong
ngudi dan phai bom trit nude trong ao ling trude khi dua vao ao
nudi. Nhitng khu vue duge nguoi dan danh gia nude thai tir ao tom
khong anh huong tap trung ¢ huyén Tran Dé 1a noi cac ho dan ¢6
thu nhap chu yéu tir kinh doanh bu6n ban; mot s6 ho dén tai thi xa
Vinh Chau cho biét, cac ho nudi tdm c6 ao chira nudc thai trude
khi dua ra kénh rach nén it anh huong dén chét lugng moi truong.
Ciing c6 mot s6 it ho dan cho ring lugng nude thai cua céc ao nuoi
rat nho so voi luong nude song nén khong gy anh hudng nhiéu
dén moi truong. Tai huyén Long Phu c6 hé thong dé bao ngin cach
gilta viing nudi tom va canh tac nong nghiép nen nguoi dan canh
tac nong nghiép khong bi anh hudng boi ngudn nude tiép nhan
nudc thai tr nuoi tom.

3.3. O nhiém chit thdi rin

CTR phat sinh tir viing nudi gdbm CTR sinh hoat ctia cong nhan
va CTR tur hoat dong san xuét. CTR tir sinh hoat gém thuc phém,
gi?iy, boc nilon, nhya... trong khi CTR tir sén Xuat g6m bun day ao,
phu ting thay thé tir qua trinh sira chita, bao tri hé théng cung cip
oxy (gian quat, canh quat hu), bao bi dung thtrc an... C6 71,1%
ho dan phong van phan hoi
CTR phat sinh it anh huong
dén moi truong. Khao sat
tai thi x& Vinh Chau va
huyén Trin Pé ghi nhan
CTR duogc thu gom va ban
cho céc co so thu mua nén
it giy anh huong dén moi
truong xung quanh. Mot
s khu vuc c6 ¥ kién bj anh

Ao nudi BTC
B Ao nudi TC

: : ; :
My Xuyén LongPhi CiiLaoDung TrinDé  Vinh Chiu

Hinh 5. Ham lwong TKN va TP trong nwéc ao nubi.
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nhu khu vue An Thanh 3, huyén Ct Lao Dung va Hoa Tu 2, huyén
M§ Xuyén. Khoi lugng CTR phat sinh tir cac co s nudi tom phu
thudc vao hinh thirc nudi (TC, BTC), loai tom nudi (tom su, TCT),
muc d§ ing dung khoa hoc va cong nghé... Thong thuong nudi
tom theo hinh thitc BTC phat sinh lugng CTR thap hon nudi TC
do c6 mat do nudi thép, luong thuce an cung cép it hon. Bén canh
d6, qua trinh nudi tom con phét sinh lwgng chat thai nguy hai, bao
gf”)m bao bi dung hoa chét - chat khang sinh céc loai, dau nhét can,
bong dén huynh quang hu, gié lau dinh dau thai... ciing cin duoc
quan tdm thu gom va xu Iy dung theo quy dinh.

Luong CTR phat sinh tir qué trinh san xuét dang quan tim nhét
12 bun thai ao nudi néu khong thu gom va xtr Iy phu hop khi thai
vao moi trudng s& gy stre ép khong nho déi véi méi trudng nude
va dit xung quanh cac ving nudi. Bun phét sinh tir a0 nudi bao
gdm lugng bun xi phong hang ngay tir céc ao TC, va bun thai cudi
vu tir ao nudi BTC. Viéc thai bun truc tiép ra moi truong ciing gay
nhiéu tac dong dén nguoi dan xung quanh nhu lam ting do duc
ctia nude, boi ling mot s6 kénh cap nude ndi dong gay kho khin
trong van chuyén dudng thuy va cp nude. Bén canh do, céc thanh
phan hitu co s& phan huy yém khi trong nudc tao ra cac khi thai
CH,NH,, H,S... 1a cac khi‘ nha kinh, df”)ng thoi gdy doc cho cac
loai thily san. Nghién ctru vé quan ly ao tdm ¢ Séc Trang ghi nhan
chi ¢6 26,7% h¢ dan cé danh dat lam khu chira bun dé xir 1y [6].
Viée cai tao céc tuyén kénh cép va kénh thoat nudc ¢ nhimg ving
nuéi tom theo phan hoi ciia nguoi dan 13 kha thuong xuyén, thong
thuong khoang 1-2 nim s& nao vét mot lan (chiém 67%).

Trim tich & day ao nu6i BTC gdm c6 bun nhéo tir 16p dat
nén tu nhién, cac chit can léng, luong chét hitu co do thuc
an du thira bi phan huy, phan tom, du luong khoang chit bd
sung nudi tom va hoa chat xir 1y nude. Trong nghién ctru
nay, két qua phan tich mau tram tich ghi nhan gia tri Nt dao
dong tir 0,78 dén 0,89% va Pt tir 0,65 dén 0,75% (hinh 6).
Két qua nay cao hon nghién ctru trén mau bun thai ao nudi
tom & Nghé An c¢6 ham lugng Nt dat murc trung binh tr 0,58
dén 0,79% [4], va mau bun thai ctia ao tom & Bén Tre ¢6 Nt
dat 0,13% [16].

104 BNt Pt
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M§ Xuyén CuLaoDung TrinPé Vinh Chiu  Long Phi

Hinh 6. Ham lwong Nt va Pt trong mau tram tich ao ban tham canh.
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Ham luong kim loai trong mau trim tich kha thap, Zn ¢6 gia tri
quan sat 1n nhat tir 31,8 dén 35,5 mg/kg, tiép theo la Cu tir 27,6
dén 33,5 mg/kg, Pb tir 10,2 dén 14,4 mg/kg, thap nhit 1a Cd véi
0,13 dén 0,23 mg/kg (hinh 7). Két qua ciia nghién ciru nay thap
hon gia tri 26,8-39,1 mg Pb/kg va 0,29-0,96 mg Cd/kg cla tram
tich ao nudi tom ¢ tinh Nghé An [4]; tuy nhién cao hon nhiéu so
v6i két qua 0,09 mg Cu/kg, 0,07 mg Zn/kg ghi nhan ¢ a0 nudi tom
cua Bén Tre [16]. Su khéc biét v& ham luong kim loai trong trim
tich d4y ao 1a do su khac biét vé cac loai hoa chat, khoang cht,
thubc khang sinh sir dung trong canh tac, loai thirc in, vé khu vire
dia Iy cta ving thu mau. ..

40 -
acd @Pb oCu OZn
R 35 1 5 ” _?ﬁ- -
Lanl F !
3] HE -:
g B - ;
= 51 s
3 :
£ |
g 201 %
3 |
Eﬂ 15 ?
= 10 E‘::: :
g st
‘ [24¢4:
= s
5 1 Rl
[oesd: ¢
it :: et
[ - : Lo
0 : L — \
My Xuyén CuLaoDung TranPe Vinh Chiu Long Phu

Hinh 7. Ham lwgng kim loai nang trong mau tram tich ao ban tham canh.

Gié tri céc kim loai ghi nhan déu ndm trong gidi han cho phép
ctia QCVN 43:2017/ BTNMT Quy chuén k¥ thudt qudc gia vé chat
luong tram tich (Cu 108 mg/kg, Pb 112 mg/kg, Zn 271 mg/kg, Cd
4,2 mg/kg). Két qua phan tich cho thay, ham luong kim loai ning
duoc kiém soét tdt trong ao nuéi, tuy nhién khong dugc chii quan
ma can bom rat dinh ky, xir Iy nhanh chong sau mdi vy, danh thoi
gian dé dat hoi phuc, tranh dé lugng chat 6 nhiém nay tich tu siu
vio dit gay thoai hoa chat luong dit va anh huong dén chit luong
nudc ciing nhu nang suét tom.

3.4. Viin dé sinh ké va qudn Iy

S ho cho rang ving nudi tom lan can anh huong truc tiép
dén sinh ké cua gia dinh minh chiém 17%, trong d6 6% h¢ b anh
huong dén san lugng trong trot do do man trong dét gia ting lam
giam nang sudt cdy trong, 5% ho dan NTTS bi anh huong dén
nang suét do dich bénh, 4% ho dan danh bét va khai thac thay san
tu nhién bi anh hudng do nguén loi thily san trong kénh rach gidm
sut, 2% ho con lai 1a nhitng hd kinh doanh dich vu bi anh hudng
lién déi.

Tuy nhién, cac hd dan lan can viung nudi tom déu ¢6 nhan
dinh viéc nuéi tom trong thoi gian t6i s& anh huong nhiéu dén
moi truong, cu thé ngu?)n nude mat 39,8%, moi truong dat 26,1%.
Tai huyén My Xuyén va thi xa Vinh Chau, cac hd dan nudi tom
quang canh va danh bét thuy hai san cho ring, trong thoi gian t6i
s€ c6 dich bénh xdy ra trén dién rong va s0 1an xdy ra dich bénh s&
nhiéu hon do 6 nhiém moi truong. C6 44,4% ho dan cho biét tai
dia phuong ¢6 cac quy dinh vé xir I chét thai tir ao nudi, tuy nhién
viéc quan 1y va xu phat chua thuc hi¢n thuong xuyén.
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C6 58,5% ho dan dugc phong van dé nghi nén dé cho co quan
nha nu6e phu trach tai nguyén va moi truong truc tiép quan ly va
nén c6 quy dinh xir phat di v6i cac hanh vi xa thai chat thai chua
xir Iy ra moi truong. SO khac cho ring cac ho dan va doanh nghiép
nuéi tom phai tw ¢6 trach nhiém va quan ly cac ngudn thai, trong
d6 12% nguoi dan mong mubn viée quan 1y moi truong ao nudi
can su két hop giita co quan chuyén trach, ho dan/doanh nghiép
nudi tom va ca ngudi dan dia phuong, dam bao quyén loi cia cic
bén lién quan.

4. Két luan

Trong nhing ndm qua, tinh Séc Trang ghi nhan bude phat
trién vuot bic trong san xut san phdm t6m. Tuy nhién, nudc thai
va bun thai tir nudi tom dang anh hudng tiéu cuc dén chit luong
nguén nude tai cac ving nudi. Hau hét nguoi dan duoc phong van
cho rang, nu6c thai tir ao nudi tdm la nguyén nhan chu yéu lam 6
nhiém chét lugng nguon nude mit, giam s6 lugng céc loai ca tu
nhién trong kénh rach. CTR, ddc biét bun thai phat sinh cudi vu
nudi can dugc quan tim xt 1y tranh gy bdi ling. Mic d 6 nhiém
tir hoat dong nudi tom cd xu hudng tang trong thoi gian toi.

Gia tri pH, tai luong BOD, va COD cua cac mau nudc a0 nudi
déu nam trong ngudng gidi han ciia quy chudn QCVN 02-19:2014/
BNNPTNT. Tuy nhién, lugng TSS trong nudc ao nudi BTC cula
huyén Cu Lao Dung va Long Phu vugt gidi han cho phép. Céc
thong sd 6 nhiém cta nude ao nudi BTC cd xu hudng cao hon
nude ao nudi TC, tuy nhién khong c6 sy khéac biét ¢ ¥ nghia.

D6i v6i mau trdm tich, ham luong Nt va Pt ghi nhan 0,78-
0,89% va 0,65-0,75% cao hon mdt s nghién ciru trude day. Kim
loai ning tich tu trong cac mau trAm tich & muc 33,4+1,6 mg
Zn/kg, 30,44+2,2 mg Cu/kg, 12,6+1,7 mg Pb/kg va 0,16+0,04 mg
Cd/kg déu thap hon ngudng gia tri gii han cia QCVN 43:2017/
BTNMT.

Dé nganh tom phat trién bén vimg, bén canh cac giai phap
quan 1y nha nuéc nhw cai thién mi truong du tu nudi tom; quy
hoach céac vung nudi chuyén canh; ting cuong quan 1y ving nudi;
ting cuong thanh tra, kiém tra, xtr Iy céc vi pham trong hoat dong
nudi tom..., cdc co quan dia phuong can hd tro nghién ciru img
dung tién bo khoa hoc k¥ thudt bao gém cac cong ngh¢ nudi moi,
cac k¥ thudt xtr Iy nudc va bun thai phu hop véi ting loai hinh
nudi tom.

Nghién ctru dugce thuc hién trong khudn khé nhiém vy “Xay
dyng s6 tay Hudng dan chi tiét cac quy dinh vé bio vé méi truong
d6i v6i hoat dong nudi trong thity san trén dia ban tinh Soc Tring
(linh vyc nudi tom)” do So Tai nguyén va Moi truong tinh Soc
Trang chu tri. Céc tac gia xin chan thanh cam on.
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Thir nghiém danh gia an toan v tac dung ciia san pham
bao tir loi khuan Bacillus trén tré em tieu chay kéo dai

Ping Thuy Ha", Trin Minh Pién’, Phing Thi Bich Thu§', Nguyén Thi Viét Ha', Bii Thi Phwong Anh?, Vii Hai Yén!,
Lwong Thi Minh', Nguyén Thi Thu Trang', Pham Thj Thanh Nga', Nguyén Thi Ngoc Hong', Lé Thi Hwong', Nguyén Vin Ngoan',
Nguyén Minh Hing', Trinh Thi Hwong', Bui Thi HuyénZ, V& Thi Ngoc Hao?, Nguyén Thi Van Anh?, Nguyén Hoa Anh>3
IBénh vién Nhi Trung wong, 8/879 La Thanh, phuong Ling Thiwong, quin Pong Pa, Ha Ngi, Viét Nam
2Cong ty TNHH ANABIO R&D, 22 L6 7+8 Khu dé thi Van Khé, phuong La Khé, qudn Ha Pong, Ha Ngi, Viét Nam
3Céng ty TNHH LiveSpo Pharma, NO3 T5 Ngoai Giao Poan, phwong Xudn Téo, qudn Bdc Tir Liém, Ha Ngi, Viét Nam
T4 t‘:t Ngay nhan bai 7/9/2023; ngay chuyén phan bién 10/9/2023; ngay nhan phan bién 25/9/2023; ngay chdp nhan dang 29/9/2023
om tat:
Tiéu chay kéo dai (TCKD) ¢ tré dwéi 24 thang tudi cho dén nay vin dang 12 mét vin dé sic khoe cong dong toan ciu, trong d6 c6
Viét Nam. Vi viy, ching téi da tién hanh mét thir nghiém lam sang ngiu nhién, mu ddi, c6 ddi chirng, dé danh gia hiéu qua cia 2 loai
probiotic dang bao tir lgi khuén Bacillus, gfﬁm LiveSpo CLAUSY chira B. clausii 2 ty CFU/éng 5 ml; LiveSpo DIA30 chira B. subtilis,
B. clausii va B. coagulans 5 ty CFU/ dng 5 ml, trong hd trg diéu tri cho tré em bi TCKD. Tré dwoc phin nhém ngiu nhién vao nhém
chitng (sir dung nwdc RO) va 2 nhom thi nghlem la Clausy (st dung LiveSpo CLAUSY) va Dia30 (st dung LiveSpo DIA30), n=30/
nhém. Ci 3 nhém déu duge diéu trj theo phac o thwong quy tai bénh vién bo sung gia dwoc hay probiotic & lidu cao 1én t6i 4-6 ong/
ngay. Két qua cho thay, bao tir lgi khudn Bacillus gitp rat ngan thoi gian diéu tri khodng 1-3 ngay va ting hi¢u qua diéu tri 1,3-2,4 lin
$0 v6i nhom chirng trong viée gidm ba triéu chimg dién hinh ciia tiéu chéy, gdm: di ngoai >3 lan/ngay, phin ¢6 nhiy va phén long - toé
nwdre, trong d6 LiveSpo DIA30 c6 hi¢u qua tot hon so v6i LiveSpo CLAUSY 10-50%. Péy la nghién ciru diu tién trén thé giéi chimg

minh hiéu qua hd trg diéu tri triéu chimg ciia bao tir loi khuin Bacillus 6 liéu cao trén tré em bi TCKD.

Tir khod: Bacillus, bao tir loi khuén, probiotic, tiéu chay kéo dai.
Chi 56 phin logi: 3.2,3.3
1. Dat van de

TCKD la tinh trang di ngoai phan long hodc nudc bat thuong
xdy ra it nhat 3 1an/ngay, kéo dai tir 2-4 tun. Dinh nghia nay loai
trir cac bénh tiéu chdy do nguyén nhan khac nhu tiéu chay do di ing
thirc n, céc bénh 1y dudng rudt bam sinh va bénh Celiac [1]. Pay 1a
mdt van dé sie khoe cong déng nghiém trong, dac biét anh hudng
dén tré nho, gay ra ty 1é tir vong cao va anh huong dén sy phat trién
cua tre. Tiéu chay la nguyén nhan gay tir vong thir 3 trén toan cu &
tré du’m 5 tudi, voi khoang 443,832 ca tir vong mdi nam. Tong cong
c6 gan 1,7 ty ca bénh tiéu chay & tré em hang nim, dong thoi ciing
la mot trong nhimg nguyén nhan hang dau gay suy dinh dudng o
nhom tudi nay [2]. Ty 1€ mic TCKD c6 su khic biét dang ké giira
cac khu vuc. O céc nude ¢o ngudn thu nhap thap va trung binh, ty
16 mic TCKD thuong dudi 10%, dao dong 1,4-28,4%. Trong khi
do, ¢ cac nudc phat trién, thong tin vé ty 1€ méc bénh con han ché.
Tuy nhién, nghién ctru tai Hoa Ky cho thdy, khoang 8% cac truong
hop tidu chay cép tién trién thanh TCKD [3, 4].

Céc nghién ciru cho thiy, TCKD 14 hdu qua cta nhiéu tic nhan
gy bénh khéc nhau. Diéu nay phi hop v6i quan sat TCKD pho bién
hon 6 nhimg khu vire ¢6 diéu kién vé sinh kém, noi méi truong chira
nhidu tic nhan gdy bénh duong rudt. Nhiéu loai vi khuan, virus, ky
sinh tring déu c6 thé dan dén TCKD ¢ tré em. Mot s6 mam bénh dic
biét lién quan dén TCKD bao gdm E. coli bam dinh (EAEC), E.
coli gay bénh duong rudt (EPEC), Shigella spp., Campylobacter
Jejuni, Yersinia spp. hay Cryptosporidium spp. va Giardia lamblia.
Ngoai ra, cac mam bénh do virus nhu Rotavirus, Adenovirus va

“Tac gia lién hé: Email: dr.dangthuyha@gmail.com
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Norovirus 1a nguyén nhan chinh gdy tiéu chay cap tinh, nhung
ciing ¢6 thé dan dén TCKD sau nhing dot bung phat nghiém trong
[5]. Tleu chay sau viém ruot: la tinh trang ton thuong niém mac
rudt van ton tai sau cac dot nhiém tring cap tinh, va sw thiéu hut
men disaccharidase thtr phat 1am tang tinh nhay cam véi thiic an,
cling nhu sy thay doi hé vi sinh duong rut, gop phan din dén bénh
TCKD [6]. Tiéu chay lién quan dén khang sinh 13 tinh trang di
ngoai phan 16ng hodc nudc bt thudng tir 3 1an/ngay sau khi dung
khéng sinh, c6 thé xay ra trong vong vai gid dén 8 tuin sau khi bat
dau udng khang sinh [7].

Pé diéu tri TCKD hiéu qua, bén canh bu nudc dién giai, bd
sung kém, sir dung khang sinh hop 1y va ché do an theo khuyén
cdo. Ngay nay, voi muyc tiéu khoi phuc hé vi sinh duong rudt
vé trang thai “eubiotic-can bang” va khoe manh, viéc sir dung
probiotics dong vai tro quan trong [8]. Nhiéu thir nghiém 1dm sang
ngau nhién 6 dbi chimg (Randomized Controled Trials, RCTs)
da chimg minh tac dung cua probiotic trong hd trg diéu tri bénh
ly duong rudt. Vi du, Lactobacillus rhamnosus GG (LGG) va
Saccharomyces boulardii c6 hi¢u qua trong diéu tri bénh viém da
day rudt cap tinh (AGE) 6 tré em lam giam déng ké thoi gian tiéu
chay. Nhiéu nghién ciru da chi ra ring, probiotic thuc céc loai nhur
L. rhamnosus, S. boulardii va B. bifidum c6 thé giam tan sudt va
muc do nang cua bénh do cac tdc nhan gy bénh khac nhau, bao
gbdm Rotavirus, C. difficile va céc ching cia E. coli [9, 10].

So vo6i nhitng loai vi khuan va nam men probiotic da dugc
deé cap, cac chung vi khuan thudc chi Bacillus c6 uu diém la co
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Abstract:

Persistent diarrhea in children under 24 months old has been a
global public health concern, including in Vietnam. Therefore,
the authors conducted a randomised, double-blind, placebo-
controlled clinical trial to evaluate the effectiveness of two
Bacillus spore probiotic suspensions, namely LiveSpo CLAUSY
containing B. clausii at 2 billion CFU/5 ml ampoule; and LiveSpo
DIA30 containing B. subtilis, B. clausii, and B. coagulans at 5
billion CFU/5 ml ampoule, as a supportive treatment for children
with persistent diarrhea. Children were randomly allocated into
the control (using RO water) and two experimental groups,
Clausy (using LiveSpo CLAUSY) and Dia30 (using LiveSpo
DIA30), n=30/group. All three groups were treated following
the standard protocol at the hospital, supplemented with either
placebo or high-dose probiotics up to 4-6 ampoules/day. The
results showed that Bacillus spore probiotics helped to shorten
the treatment duration by approximately 1-3 days and enhanced
treatment effectiveness by 1.3-2.4 folds compared to the control
group in reducing the typical diarrhea symptoms, including
bowel movements >3 times/day, presence of mucus, and diaper
stool. Notably, LiveSpo DIA30 exhibited a better efficacy of
10-50% compared to LiveSpo CLAUSY. This is the world’s
first clinical study demonstrating the effectiveness of high-dose
Bacillus spore probiotics in supporting the treatment of diarrhea
symptoms in children with persistent diarrhea.

Keywords: Bacillus, persistent diarrhea, probiotic, spore.
Classification numbers: 3.2, 3.3

kh ning hinh thanh bao tir khéng lai nhitng yéu t6 bt loi tir méi
treong nhu nhiét do cao acid da day va mat. biéu nay gitp céc bao
tir 1oi khuan Bacillus c6 kha ning song sot va phat huy tac dung co
loi cho strc khoe con ngudi khi di qua da day va toi rudt non. Trong
s0 céc loai Bacillus an toan, B. subtilis, B. clausii va B. coagulans
duoc sir dung pho bién nhét dé lam probiotic. Dac biét, B. clausii
da dugc chimg minh giam nong d9 Rotavirus/Adenovirus va giam
tAn suat di ngoai ¢ tré em mic tidu chay cp tinh, giam sd luong
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trung binh cac truong hop tiéu chay trong thoi gian diéu tri, khi
str dung voi liéu hang ngay 1a 2 éng x 2 ty CFU/Gng [11, 12]. Tuy
nhién, hau hét cac thir nghi¢m lam sang vé B. subtilis, B. clausii
va B. coagulans trén thé gioi va tai Viét Nam mdi dugce thyc hién
trén tré em mdc tiéu chdy cap tinh va thoi gian dat dugc hiéu qua
thuong mat toi 5-7 ngay, trong khi d6 chua c6 nghién ciru nao
thyc hién trén tré em mac TCKD. Trong nghién ctru nay, ching
t0i dé xudt st dung 2 loai bao tir lgi khuén Bacillus, gém LiveSpo
DIA30 chira B. subtilis, B. clausii va B. coagulans 5 ty CFU/ong 5
ml; LiveSpo CLAUSY chita B. clausii 2 ty CFU/ong 5 ml, ¢ liéu
cao 4-6 ong/ngay gép 2-3 1an so v6i lidu thong thuong, nhw mot
giai phap tiém ning dé hd tro giam nhanh chong cdc triéu chimg
TCKD trén ddi tuong tré em tir 3 dén 24 thang tudi. Trong qua
trinh nghién ciru, chiing i theo ddi cac triéu chimg 1dm sang dién
hinh ctia bénh TCKD, bao gdm tan suat di ngoai >3 lan/ngay, phan
¢d nhay, va phan long - toé nudc (type 4-5B), & nhom thir nghiém
va so sanh v6i nhom chimg dé danh gia hiéu qua rit ngan thoi gian
diéu tri va ting hiéu qua diéu trj cta cic probiotic nay.

2. Boi tugng va phuong phap nghién ciiu
2.1. Péi twong nghién ciru

Thuc phim bao vé sic khoé LiveSpo CLAUSY (B. clausii
nong d 2 ty CFU/5 ml éng) va LiveSpo DIA30 (B. subilis, B.
clausii va B. coagulans nong d¢ 5 ty CFU/5 ml bng), do Cong
ty LiveSpo Pharma san xudt tai Ha Noi. San phdm duoc san xuat
theo tiéu chuin GMP duge Bo Y té (so chung nhén 18/2021/ATTP/
CNG-GMP) va HACCP (s6 chimg nhan VICB 7831.6-A) va co
s dang ky luu hanh 1an luot 1a 4071/2021/DKSP va 6547/2019/
DKSP. San phim da duoc nghién ciru ching minh khong gay doc
tinh cép tinh hay ban truong dién khi tién hanh thir nghiém trén
chudt va tho tai Vién Kiém nghiém thudc Trung wong. Cac san
phim LiveSpo CLAUSY va LiveSpo DIA30 khong phan biét
dugc vé& mui, vi, mau sic v6i gia duge (nude RO) do hon dich
bao tir duoc bao ché dudi dang tinh khiét trong nudc RO, va dugc
dung trong dng nhya duc. Cac san pham dbi chimg va thir nghiém
LiveSpo DIA30, LiveSpo CLAUSY duoc dan nhan twong ing voi
mi A, B va C, thong tin ndy dugc bao mét véi hau hét cac thanh
vién ctia nhom nghién ciru (trir chi nhiém dé tai va nguoi phén tich
dir lidu) ciing nhu tit ca phy huynh cua tré em va tré em.

2.2. Phwong phdp nghién ciru

Thiét ké nghién ciru va thu thip bénh nhan: Pay 1a mot thir
nghiém mi, ngiu nhién, ¢6 déi chimg, voi nhém chimg sir dung
nudc RO va 2 nhom thu nghiém dugc dat tén 1a “Clausy” va
“Dia30” su dung probiotics twong tmg 1a LiveSpo CLAUSY va
LiveSpo DIA30. Nghién ctu kéo dai trong 12 thang, tr thang
7/2022 dén thang 7/2023, va bao gdm cac bénh nhan nhi (ca nam
va nit) ¢o triéu chung TCKD diéu tri tai Khoa Tiéu hoa, Bénh
vién Nhi Trung vong. Kich thuéc mau dugc tinh toan dua trén gia
thuyét r?mg LiveSpo CLAUSY va LiveSpo DIA30 lam giam tri¢u
chung TCKD hi¢u qua hon khodng 30%, dugc biéu thi boi 90%
bénh nhan trong nhom Clausy/Dia30 khong c6 triéu chung vao
ngay 5-9 cua can thi¢p, so voi 60% bénh nhan trong nhom ching.
Kich thude miu can thiét udce tinh cho mdi nhom 13 31 bénh nhan
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Tigu chay kéo dai du tiéu chudn
n=163

Bénh nhan déng y va ngéu nhign
n=105

Loaivong1 (n = 58)
- Bénh nhan miac bét ky bénh khac
ngoai tiéu chay khi nhap vién (n = 15)
- Ngoai dé tudi nghién ctru (n = 25)
- Khéng déngy (n=18)

Péichirng (RO) + didu tri thwong quy
n=35

LiveSpo DIA30 + diéu tri thuweng quy
n=35

LiveSpo CLAUSY + diéu tri thuéng quy
n=35

Loaivong2 (h = 5)
= Rut khéi th& nghiém (n = 2)
= Mt theo dsi (n = 1)

= Xuét vién trudc ngay thir 3 (n = 2)
= Bién chirng trong qua trinh diéu tri (n=0)

Loaivong2 (n=5)
= Rat khéi thir nghiém (n=1)
= Mét theo d5i (n = 2)
= Xuét vién trudc ngay thir 3 (n 2)
= Bién chirng trong qua trinh diéu tri (n=0)

Loaivong2 (n=5)
= Rut khdi thir nghiém (n = 0)
* Mt theo dBi (n = 3)
= Xu?t vién trwdc ngay thor 3 (n_= 2)
= Bién chirng trong qua trinh diéu tri (n=0)

Phan tich (n = 30) ‘ ‘

Két thiic can thiép ‘

Phan tich (n = 30) ‘ ‘ Phan tich (n = 30)

Hinh 1. Cac bwéc thwe hién trong nghién ctvu cho thir nghiém 1am sang danh gia an toan va tac dung clia cac san pham bao tir Igi khuan Bacillus trén
tré bi tiéu chay kéo dai. Thu thap va phan tich di¥ liéu dwgc thye hién tlr ngay 0 dén khi xuét vién. Nghién ctru dwoc thue hién tir thang 7/2022 dén thang 7/2023.

vao cudi can thiép (0=0,05; power=0,8). Do ty I¢ tré¢ em nhap vién
voi triéu chitng TCKD trong tat ca cac bénh da day/rudt ¢ tré em
duge nhap vién tai Khoa Tiéu hoa, Bénh vién Nhi Trung uong, du
kién c6 khoang 150-200 bénh nhan tham gia khao sat dé thu dugrc
105 bénh nhan du diéu kién tham gia nghién ctru (n=35 cho mdi
nhém x 3 nhom). Cac bénh nhan dugc gan ngiu nhién bing cch
rat tham vao cdc nhom dwoc ma hoa ngu nhién: nhoém chimg
(nhém A), Dia30 (nhém B) va Clausy (nhom C). S6 bénh nhan
dugce tinh du khodng 10% dé dam bao sb luong bénh nhan khi két
thiic nghién ctru dat duge nhu ky vong, ¢6 tinh toan téi rui ro cha
me bénh nhén rat khoi nghién ciru trong qué trinh theo dai diéu tri.
So db cua nghién ctu dugc hién thi trong hinh 1.

Cdc tiéu chi wa chon bao gom: Bénh nhan 3-24 thang tudi b
di ngoai phan long hodc nudc bat thuong xay ra it nhét 3 lan/ngay
kéo dai tir 14 ngay tr6 1én (tdi da 29 ngay) ma khong thdy thuyén
giam, nhap vién diéu tri tai Khoa Tiéu hoa, Bénh vién Nhi Trung
uong. Cha me tryc tiép chim séc tré khoe manh, hiéu ndi dung cau
hoi phong van, dong ¥ tham gia va tuan thii quy trinh nghién ctru.

Cdc tiéu chi logi trir bao gom. (1) Bénh nhan ¢6 bat ky bénh
ly toan than nao khac ngoai tiéu chay khi nhap vién nhu di tat tim
bam sinh, khe h vom, sit moi, hoi chung Down, bai ndo (do cac
bénh nay co thé gay ra cac vén dé lién quan dén duong tiéu hoa va
anh huong dén tang truong cua tré); (2) Tré chan dodn méic bénh
lao, HIV hodc bénh ly rudt viém man tinh (b¢nh Crohn, viém loét
dai tryc trang chay mau), bénh Celiac; (3) Tré nhap vién trong tinh
trang ning nhu soc, co git, kho tha, suy ho hap... (4) Tré dé non,
suy dinh dudng véi chiéu cao, can nang lic nhap vién <-3SD (chi
s do can nang theo tudi (Z-score)) hodc phu.

JHOAHOC . -

Bang cau hoi, quy trmh diéu tri va quan sat lam sang Cha me
cia bénh nhan dugc yéu cau cung cp cac thong tin sau vé con cdi
cua ho: ho va tén day du, gidi tinh, tudi, hoi ctru thong tin vé thai
san clia me, tiém chung cua tré, st dung khang sinh va bénh nén...
Y td va hg 1y duogc dao tao dé cho tré uéng theo liéu 2 dng (gia
dugc hodc probiotics) mi lan, ba lan mdi ngay (tong cong 6 ong
moi ngay - “lleu tin 1 cOng”) trong 3 ngay dau va hai lan moi ngdy
(tong cong 4 dng mdi ngay - “lidu duy tri”) trong nhimg ngdy diéu
tri tiép theo. Bao tir loi khudn Bacillus duoc st dung két hop véi
phac o diéu tri bénh thong thuong tai bénh vién, nhu dung dich
bu dién giai (Oremut), gluconate kém va khang sinh trong truong
hop nhiém vi khuan. Thir nghiém d¢ nhay v6i khang sinh va diéu
tri khang sinh thich hop da dugc cung cép cho tit ca bénh nhan co
két qua dwong tinh cho cac ching vi khudn gay bénh tiéu hoa. Céc
khang sinh dung dé diéu tri c6 thé 1a khang sinh duong ubng (vi du
Zithromax hodc Ciprofloxacin) va/hodc khang sinh duong tiém (vi
du Ceftriaxone, Ciprofloxacin, Metronidazole, hogc Vancomycin).
Trong qué trinh diéu tri, bénh nhan duoc theo ddi hang ngay de
theo doi cdc triéu ching thong thuong cua tiéu chay, bao gom 56
lan di ngoai >3 lan/ngay, phan co nhiy, phan long - toé nudc theo
thang phan loai phan cta tré nho (thang phan loai gom cac type 1,
2,3, 4, 5A va 5B, trong d6 phan 1ong - toé nudc thudc type 4, SA
va 5B) cho dén khi xuat vién. Tinh trang strc khoe ctia bénh nhan
duoc quan sat va ghi chép trong hd so bénh 4n boi bac sy va y ta.

Quan st hién vi va do dp pH ciia phan: Céc xét nghiém nay
da duoc tién hanh vao ngay 0, 3 va 5 cho tit ca bénh nhan tham
gia theo quy trinh thong thudng tai Khoa Vi khuan - Virus, Bénh
vién Nhi Trung wong. Cac xét nghiém bao gém: (1) Xac dinh su co
mit cla tiéu ciu va bach cau trong phan, dugc phan loai thanh cac

[£]
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mirc d6 khéc nhau bao gdm am tinh (-), ¢ vét (+), nhe (++), trung
binh (+++) va nang (++++); (ii) Do d§ pH cua phan, vdi khoang
5,5-6,5 dugc xem la binh thuong, trong khi cac gia tri nam ngoai
khoang nay dugc phan loai la bat thuong. Pay ciing 1a mot tiéu
chi sang loc dé dam bao céc tiéu chi lya chon va can béng dau vao
cho mdi nhom.

Phuwong phdp xét nghiém real time RT-PCR da moi: Bo xét
nghiém Cartridge QIAstat-Dx Gastrointestinal Panel (Qiagen,
Hoa Ky) duoc str dung cho xét nghiém vao ngay 0 tai Khoa Sinh
hoc phén tir cdc bénh truyén nhiém, Bénh vién Nhi Trung wong
theo tiéu chuan ISO 15189:2012, bang hé thong phén tich ty dong
hoan toan theo hudng dan cta nha san xuat dé phat hién 24 chung
vi sinh vat duong rudt trong miu phan véi muc dich tw vin vé
phuong phap diéu tri thich hop. Céc ching vi sinh vat dugc phét
hién bao gdm: Entamoeba histolytica, Cryptosporidium spp.,
Giardia lamblia, Cyclospora cayetanensis, Vibrio vulnificus, V.
parahaemolyticus, V. cholerae, Campylobacter spp. (C. jejuni, C.
upsaliensis, C. coli), Salmonella spp., Clostridium difficile (tcdA/
tedB), Yersinia enterocolitica, Enterotoxigenic E. coli (ETEC),
Enteropathogenic E. coli (EPEC), Enteroaggregative E. coli
(EAEC), Shiga-like toxin-producing E. coli (STEC), Shiga toxin-
producing E. coli (STEC) serotype O157:H7, Enteroinvasive
E. coli (EIEC), Shigella, Plesiomonas shigelloides, Human
adenovirus F40/F41, Norovirus GI, Norovirus GII, Rotavirus A,
Astrovirus va Sapovirus GI/GII/ GIV/GV. Quy trinh bao gom viéc
str dung 25-100 mg phan trén mdi ml chat mang Cary-Blair, sau do
chuyén 200 pl mau vao ong Cartridge QIAstat-Dx Gastrointestinal
Panel. Tiép theo, mi vach ctia miu va dng Cartridge QIAstat-Dx
Gastrointestinal Panel dugc quét bang thiét bi phan tich QIAstat-
Dx Analyzer 1.0, va qua trinh phan tich duoc khdi dong. Phan (ing
real time RT-PCR dugc thyc hién ¢ chu trinh nhiét: 50°C trong
20 phut, 95°C trong 15 phut, tiép theo 1a 45 chu ky khuéch dai va
phat hi¢n ¢ 95°C trong 10 gidy, 60°C trong 1 phut, 72°C trong 30
gidy. Sau 70 phut, két qua dugc phan tich bang thiét bj phan tich
QIAstat-Dx Analyzer 1.0.

Pong thoi, xét nghiém real time PCR SYBR Green sir dung
moi dic hiéu ciing dugc thyc hién trén mau phan nhung ¢ 3 mdc
thoi gian ngay 0, 5 va ngay xuét vién (néu sau ngay 5) dé phat hién
su hién dién cta B. subtilis, B. clausii va B. coagulans nham kiém
tra viéc s dung probiotics hodc gia dugc ding cach trong cac
nhom thi nghiém va kiém soat twong tmg [13]. Diéu kién real time
PCR SYBR Green dugc thiét 1ap nhu sau: 95°C trong 10 phut,
khuéch dai trong 40 chu ky tai 95°C trong 15 gidy, 60°C trong
20 gidy, 72°C trong 30 gidy. Mau phan dugc coi 14 chita Bacillus
thudc mot trong ba loai B. subtilis, B. clausii, B. coagulans khi gia
tr1 C, ciia mOi phan (g ddc hi¢u 1 <35. Quy trinh “in-house” duge
toi 1ru va thyc hién phuc vy cho myc dich nghién ciru tai Khoa Sinh
hoc phan tir cac bénh truyén nhidm, Bénh vién Nhi Trung wong.

2.3. Phén tich thong ké
Phan tich bang dugc thuc hién trén bién phan loai bé'lng cach sur

dung kiém dinh 2 hogc Fisher's exact test khi gia tri ky vong cua
bat ky 6 nao dudi ndm. Céc bién lién tuc hodc ddc lap dugc so sanh
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béng cach su dung kiém dinh Wilcoxon hodc kiém dinh Mann-
Whitney test khi dit liéu khong tuan theo phan phdi chuén. Phan
tich théng ké va db hoa duogc thuc hién bang phin mém GraphPad
Prism v8.4.3 (GraphPad Software, California, Hoa Ky).

2.4. Dao dirc nghién ciru

Nghién ctru ndy da duogc Hoi dong dao dirc trong nghién ctru
y hoc ciia Bénh vién Nhi Trung wong chap thuén theo Quyét dinh
1077/BVNTU-HDDD ngay 1/6/2022 va da duge thuc hién tudn
thi cac nguyén tic dao dtrc dugc néu ra trong tuyén bd Helsinki,
huéng dan ICH GCP va céc quy dinh va tiéu chudn cia By Y té
Viét Nam vé nghién ciru dbi twong nguoi. Tt ca phu huynh cua
cac bénh nhan nhi tham gia nghién ctru da dugc thong bao day du
vé nghién ctru va dong ¥ tham gia nghién ctru. Nguoi tham gia co
quyén rat khoi nghién ctru bt ¢t e ndo theo yéu cau.

< .
3. Ketqua

3.1. Thiét ké thir nghiém va dic diém lim sang, cdn lim sang
cia tré ¢ thoi diem dau vao tham gia nghién ciru

Tu thang 7/2022 dén thang 7/2023, téng cong 163 tré da dugc
sang loc dé du diéu kién tham gia nghién ctru. Trong s6 d6, 105
tré tham gia bi TCKD d4 dugc ngau nhién chia thanh 3 nhom,
mdi nhém 35 bénh nhéan, bao gf“)m nhom ching, nhom Dia30
stt dung LiveSpo DIA30 va nhom Clausy su dung LiveSpo
CLAUSY. Trong thoi gian theo ddi binh thuong 5-9 ngay sau
diéu tri, 5 ngudi nhom chimg, 5 ngudi nhom Clausy va 5 nguoi
nhoém Dia30 di bi loai trir, dan dén s ngudi tham gia vao phan
tich cudi cting ctia nhém Chimng, Clausy va Dia30 tuong img con
30 bénh nhan (hinh 1).

Bing 1 cho thdy, tré em mac ching TCKD tham gia vao nghién
ciru ndy co do tudi tir 3 dén 24 thang, va khong co su khac biét
dang ké vé tudi tac hay phan bd gidi tinh gitta nhom Clausy so v6i
nhém Chimg (p=0,49 va 0,79) hay gita nhom Dia30 véi nhom
Chimg (p=0,19 va 0,59). Trudc khi diéu tri, cac dac diém 1am sang
co ban, bao gdm tan suat di ngoai hang ngay >3 lan/ngay, phan
cd nhay, va phan 16ng - toé nude phan loai thude céc type 4-5B,
khong co su khac biét dang ké giita nhom Clausy so véi nhom
Chung (gia tri p twong tng cho 3 triéu ching la: 0,12; 1 va 0,24)
hay gitta nhom Dia30 v6i nhom Chung (gia tri p twong ung cho 3
triéu ching 1a: 0,08; 0,19 va 0,4).

Hon nita, chiing toi cling thay khong c6 sw khéac biét dang ké vé
cac dic diém can 1am sang lién quan tdi tinh chat phan, bao gém
sy hién dién cua té bao bach cdu (leukocytes) va té bao héng ciu
(erythrocytes) trong phan gitta nhom Clausy so voi nhom Chimg
(p=0,57 va 1) hay gilta nhom Dia30 so voi nhom Chung (p=0,08
va 0,69); ciing khong co sy khdc biét dang ké vé cac gi4 tri pH bét
thuong cua phan ndm ngoai khoang pH binh thuong tir 5,5 dén 6,5
gilta nhom Clausy so voi nhom Ching (p=1) hay gitta nhém Dia30
so voi nhom Chung (p=0,79).

Nhu duoc thé hién & bang 1, c6 mot ty 1¢ nhat dinh gﬁn 30%,
bao gdm 26,67% trong nhom chimg, 26,67% trong nhom Clausy
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Bang 1. Dac diém Iam sang va can 1am sang cla tré em bi tiéu chay kéo dai trwéc va trong qua trinh diéu tri.

. Nhém chiing Nhém Clausy Nhom DIA30 Gidtrp
Céc chi so Clausy - chimg DIA30 - chirng
Ngay 0 Ngay 3 Negay § Ngay0  Ngay3  Ngap5  Ngay0 Ngay3  Ngap5  Ngay0 Ngay3  Ngay5 Ngay0 Ngay3 Ngay s
Tudi (thing)
3x<12,n (%) 29(96,67) 30(100,0) 26 (86,67)
12<x<24, 1 (%) 1(333) 0(0,00) 4(1333) e .
Gioi tinh
Nam, n (%) 18 (60,00) 19(63,33) 20 (66,67)
Nir, n (%) 12 (40,00) 11 (36,67) 10(33,33) o b
Dic diém lam sang
SO lan dingodi (>3 linngay), n %  29(96.67) 19(6333) 14(46,67) 25(83,33) 17(56,67) 6(20,00) 24(80.00)  15(50,00) 3(10,00) 0,12 06 003 008 03 0,0037
Nhay trong phn n % 29(96,67)  27(90,00)  21(70,00)  29(96,67) 21(70,00) 12(40,00) 26(86,67)  22(73,33) 8(26,67) | 0,06 002 019 011 0,0012
Phan loai phan (Type 4-5B) n % 28(93,33)  23(76,67) 15(50,00) 25(83,33) 15(50,00) 8(26,67) 26(86,67) 12(40,00) 7(2333) 024 0035 0067 04 0,005 0,035
Két qua soi phin
Hong ciu (>24) n % 10(3333)  3(10,000 1(3,33)  8(26,67) 3(10,000 0(0,000 4(1333)  2(667) 0(000) 057 1 049 008 0,64 049
Bach ciu (>24) 1% 27(90,00)  15(50,00) 5(16,67)  27(90,000 5(16,67) 1(333)  26(86,67)  3(10,00) 0(0,00) I 0,008 012 069 0002 009
ChisopH (pH<5,5+pH>65)n%  19(63,33) 17(36,67) 13(4333) 19(63,33) 16(53,33) 12(40,00) 18(60.00) 18(60.00) 9(30,0) 1 038 079 079 079 0,29
Campylobacter spp. 1(3,33) 2(6,67) 2(6,67)
Clostridium difficile 1(3,33) 3(10,00) 1(333)
Enteroaggregative E. coli 2(6,67) 1(3,33)
Enteropathogenic E. coli 1(3,33) 1(3,33)
Enterotoxigenic E. coli 1(3,33)
Plesiomonas shigelloides 1(3,33)
Salmonella spp. 3(10,0) 1(333) 1(333)
Astrovirus 2(6,67)
Norovirus (GI, GII) 2(6,67) 2(6,67) 5(16,67)
Rotavirus A 1(3,33)
$6 bénh nhan 8(26,67) 8(26,67) 9(30,0) 1 0,77

vi 30% nhém Dia30 dugc phat hién nhiém cac vi sinh vat giy
bénh dudng rugt. Trong cling mot mau phan, ¢6 thé ¢o don I¢ 1 tac
nhan hay ¢6 t6i 2, 3, dén 4 tic nhan nhiém ddng thoi sau khi sang
loc 24 vi sinh vat pho bién nhat giy tidu chay bang k¥ thuat real
time RT-PCR nhw di mo ta ¢ phan phwong phap. Trong céc tac
nhan sang loc dugc, phat hién théy téng cong co 11 loai vi sinh vat
gy bénh, bao gdm 7 loai vi khuan va 4 loai virus dugc phét hién
trong cdc mau phéan cuia tré tham gia nghién ctru. Trong d6, cac
vi sinh vat gy bénh ph bién nhat trong ca 3 nhém 1a Norovirus
(GI, GII) (n=5 trong nhom Dia30, ty I¢ chiém 6,67-16,67%). Tiép
theo 1a C. difficile san sinh doc to A/B (n=3 trong nhém Clausy, ty
18 chiém 3,33-10%), Salmonella spp. (n=3 trong nhom chimg, ty
1¢ 3,33-10%) va Campylobacter spp. (n=2 trong nhom Clausy va
Dia30, ty 1¢ chiém 3,33-6,67%).

Két ludn lai, cac bénh nhan nhi dugc phan nhom ngﬁu nhién
v ¢6 tinh chat tuong dong nhau vé cc chi s6 14m sang va can 1am
sang 6 thoi diém dau vao nghién ctru, vi vay thoa man dicu kién
dé tién hanh thir nghiém can thiép v6i phac do thuong quy két hop
Vo1 probiotic cho nhom thir nghiém va gid dugce cho nhom ching.

JHOAHOC . -

3.2. An toan ciia bao tir lpi khudn Bacillus khi ding ¢ liéu
cao

Trong thoi gian diéu tri, chuing ti khong ghi nhan bat ky truong
hop phan tmg phy nao ddi v6i san pham LiveSpo CLAUSY va
LiveSpo DIA30 ¢ liéu cao, 1én ti 8-12 ty CFU hang ngay dbi v6i
san pham LiveSpo CLAUSY va Ién t¢i 20-30 ty hang ngay déi voi
san pham LiveSpo DIA30, nhu mé ta & phan phuong phap. Dic
biét, khong c6 truong hop non mira hay thay doi nhiét do qua 1°C
ndo dugc quan sat & bat ky tré nao ¢ 2 nhom sir dung san pham nay.

3.3. Hiéu qud gidm s6 ldn di ngodi ¢ bénh nhan tiéu chdy kéo
dai khi uong bao ti lgi khudn Bacillus

Pau tién, chung toi danh gia thoi gian diéu tri can thiét dé
lam giam triéu chimg 1dm sang dién hinh nhét cua tiéu chay la “di
ngoai >3 lan/ngay”. Thudt ngir “ngdy diéu tri” duoc dinh nghia 1a
ngay dau tién (trong qua trinh diéu tri) khi bénh nhan khong con
biéu hién triéu chung do. Két qua, duogc thé hién & bang 1 cho
thiy, s6 luong bénh nhan biéu hién triéu chimg nay ¢ ngy 5 cua
nhom Clausy (20%) va Dia30 (10%) da it hon nhiéu so véi nhém
chimg (46,67%) va su khac biét nay ¢6 y nghia thong ké, voi gia

n
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1¢ nay. Xu hudng khoi tri¢u
chimng ting dan theo ngay diéu
tri va dén ngay thtr 7, hau hét
100% tré em trong nhém Dia30
da hdi phuc khoi triéu chimg
nay, trong khi nhom Clausy va
nhom chimg can 9 va 10 ngay
twong mg dé kiém soat hoan
toan 100% tré¢ khong con triéu
ching. Dua trén dir lidu vé ty
1¢ bénh nhan khong con tri¢u

O Nhém Chiing
4 Nhém Clausy

@ Nhom DIA30
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Hinh 2. S6 ngay diéu tri triéu chirng di ngoai hon 3 Ian/ngay (A) va ty I1é phan tram (%) bénh nhan khéng con
triéu chirng quan sat theo th&i gian diéu tri (B) & nhém chirng, Clausy, va Dia30. Phuong phap phan tich Mann-
Whitney test dwoc st dung dé danh gia sw khac biét cé tinh thong ké gitra cac nhém.

tri p=0,03 & nhom Clausy va p=0,0037 & nhom Dia30. Két qua
nay thong nhat voi két qua ¢ hinh 2 vé sb ngay diéu tri tridu
chimng di ngoai >3 lan/ngay & 3 nhom tham gia thir nghiém. Cu
thé, két qua & hinh 2A cho thiy, s ngay diéu trj cho triéu chimg
di ngoai >3 lan/ngay khoi nhanh nhat 6 nhom Dia30 (trung vi:
3 ngay), tiép theo 1a nhém Clausy (trung vi: 4 ngay), so véi
nhom chimg (trung vi: 5 ngay). Viée rat ngén thoi gian diéu tri
2 ngay & nhom Dia30 so v6i nhém chimg 1a c6 ¥ nghia thong
ké, v6i gia tri p=0,0001. Tuy sy khac biét giita thoi gian diéu
tri cia nhom Clausy vdi nhém ching som hon 1 ngay chua co
¥ nghia thong k&, nhung véi | gid tri p=0,0637 nho hon 0,1 cing
chi ra dugc xu huéng rat ngén thoi gian diéu tri triéu ching nay
khi bénh nhén st dung LiveSpo CLAUSY. Két qua & hinh 2A
ciing chi ra sy khac biét trong thoi gian diéu tri cia nhom Dia30
s0 v6i Clausy 1a c¢6 ¥ nghia thong ké v6i p=0,0215, chimg to
LiveSpo DIA30 c6 tac dung rat ngin thdi gian tiéu chay nhanh
hon so véi LiveSpo CLAUSY.

Nhu dugc thé hién ¢ hinh 2B, trong vong 1 ngay dau sau
khi bat dau diéu tri, khong c6 sy khac biét dang ké vé sb luong
bénh nhan khoi triéu chimg di ngoai hon 3 lan/ngay gitra nhom
chtiing va nhom Clausy, voi ty 1€ dat dugc khoang dudi 5%.
Dang chu y, nhom Dia30 dat ty 1€ bénh nhan khai triéu chung
nay lén toi khoang 25% trong
ngay ngay dau tién didu tri. Bit  (A)

3 4 5 6 7 8 9 10
Ngay diéu tri

chiig di ngoai >3 1an/ngay theo
thoi gian duoc thé hién ¢ hinh
2B, c6 thé thdy nhom Dia30,
Clausy va nhém ching co6 thoi
gian didu tri khi 50% bénh nhan
khong con tri¢u cht’mg (Days of
treatment, DT, ) tuong ung 132,2; 3,2 va 4,3 ngay. Két qua cho
thay, liéu phap hd tro bang bao tir lgi khuan Clausy va Dia30
hiéu qua hon tuong ung gap 1,3 va 2,0 lan so véi lidu phap
thuong quy khi cai thién tin sut di ngoai & bénh nhan.

3.4. Hiéu qua giam phdn nhdy khi uéng bao tir lgi khudn
Bacillus

Tuong ty v6i viée danh gid tic dung giam triéu chimg tan
suat di ngoai >3 lan/trong ngay, chung t6i cling quan sét thay
¢6 su khéc biét dang ké giita 2 nhom st dung bao tir loi khudn
Bacillus so voi nhom chirng trong giam tri¢u chitng phén c6
nhdy. Cu thé, nhém Clausy va Dia30 da rat ngin duoc thoi
gian didu tr1 twong Ung 14 2 va 2,5 ngay, thé hién qua gia tri
trung vi vé thoi gian diéu trj triéu chimg phan co nhay (hinh
3A) cho cdc nhom chimg, Clausy va Dia30 1an luot 13 6, 4 ngay
(p=0 002) va 3,5 ngay (p=0 0001) Su chénh [éch nay la co y
nghia thng ké khi gia tri p déu nho hon 0,05, va dugc cung c6
b6i s6 lidu thé hién & bang 1 cho thay tai ngay 5, s6 bénh nhan
con triéu ching phan nhay & nhém Clausy (40%) va Dia30
(26,67%) da it hon nhiéu so véi nhém chimg (70%), véi gia tri
p=0,02 ¢ nhom Clausy va p=0,0012 & nhém Dia30.

(B)

dau tr ngay thu 2, c6 su tang 124 | p = 0.0001 100~
dang ké va lién tuc trong ty 1¢ . p=0002 .
A A ve A , X 104 [cee) 5 804
bénh nhan khdi triéu chung nay 5 N 2
trong ca 3 nhém nghién clu, . # 0000 Adaa ° g ]
v6i ty 1¢ khoi bénh dat nhanh 2 ] @% e
nhat & nhém Dia30, sau do la 2 AkkkhAd eosce & 40
r A+ N N , 44 000 AAAAA _E
nhom Clausy, cuoi cung 1a nhém 0000 N D 5 © Nnom Ching
ching. Dén ngay thtr 3 va 4, hon 2 oo AAAAAA ovoe = 207 o & Nhom Clausy
2 . AAA [ J @ Nhom DIA30
50% tré em tuong Ung trong o & 7
Nhom chiing Nhém Clausy Nhom DIA30 0o 1 2 3 4 5 6 7 8 9 10

nhom Dia30 va Clausy da khong
con triéu ching di ngoai >3 1an/
ngay, trong khi nhom chimg phéi
to1 ngay ther 5 moi dat dugc ty
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Ngay diéu tri

Hinh 3. S8 ngay diéu trj triéu chirng phan nhay (A) va ty Ié phan trdm (%) bénh nhan khéng con triéu chirng
quan sat theo thei gian diéu tri (B) & nhém chirng, Clausy va Dia30. Phwong phap phan tich Mann-Whitney test
duwoc st dung dé danh gia sw khac biét cd tinh thdng ké gitra cac nhom.
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Dua trén dit liéu vé ty 1€ bénh nhan khong c6 triéu chirng phan
nhéy theo thoi gian dugc thé hién trong hinh 3B, chung tdi tinh
toan va nhan thay rang, ca 2 nhom Clausy va Dia30 c6 gi4 tri DT,
cho triéu chimg phan nhay thép hon so véi nhom chimg. Cu the
DT, & nhom chimg, Clausy va Dia30, Clausy c6 gid tri twong tng
la 5 3 3,4 va 3,1 ngay. Két qua cho thdy, liéu phap hd tro bang bao
tir loi khuan LiveSpo CLAUSY va LiveSpo DIA30 hiéu qua hon
gép 1,6 va 1,7 1an so véi liéu phap thuong quy khi céi thién triéu
chtmg phan ¢6 nhay 6 tré bj TCKD.

3.5. Hiéu qud giam phin long - toé nwdc khi uong bao ti lpi
khudn Bacillus

Cudi cung, chiing t6i danh gia hiéu qua cai thién tinh chit cia
phan bang cach quan sat triéu chimg phan 16ng - toé nudc ¢ bénh
nhan gitra cac nhom. Két qua cho thy, khi udng bao tir loi khudn
Bacillus, c6 su khac biét dang ké gilra 2 nhom su dung bao tur 1gi
khuén Bacillus so v6i nhom chung vé 6 luong bénh nhan c6 tinh
chat phan 1ong - toé nudc thudc type 4, SA va 5B theo thang phan
loai phan cho tré nhé. Két qua (bang 1) cho thiy ngay tai ngay thir
3, s6 luong bénh nhan biéu hién tridu chimg nay ¢ nhom Clausy
(26,67%) va Dia30 (23,33%) da it hon dang ké so voi nhom chung
(50%), su khéc biét nay co y nghia thong ké véi gia tri p=0,035
cho nhom Clausy va p=0,005 cho nhém Dia30. O ngay thir 5, co
su khac biét rd hon ¢ nhém Dia30 so voi nhom ching vai gia tri
p=0,035.

Ket qua ndy cting tuong thich vdi két qua ¢ hinh 4 lién quan
dén s6 ngay diéu tri trigu chtmg phén 16ng - toé nude trong 3 nhom
tham gia thir nghiém. Cy thé, nhom Clausy va Dia30 déu da rat
ngin thoi gian diéu trj 1an luot 12 1a 2 va 3 ngay, duoc thé hién qua
gi4 tri trung vi cta thoi gian diéu trj tridu chimg phan long - toé
nude (hinh 4A) ¢ nhom chung 1a 5 ngay con ¢ nhom Clausy (3
ngay) va Dia30 (2 ngay). Su chénh léch ndy c6 ¥ nghia thong ké so
v6i nhom chimg khi tt ca gi4 tri p déu nho hon 0,05, véi p=0,0322
¢ nhom Clausy va p=0,0009 6 nhom Dia30.

Dya trén két qua & hinh 4B v ty 1¢ bénh nhan khong c6 trigu
chimg phan long - toé nude theo thoi gian, ching t6i nhan thay,
nhom Clausy va Dia30 co gia tri DT, cho tri¢u chimg nay thap

(A) (B)
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hon déng ké so voi nhom chimg, véi gia tri DT,, la 4,5 ngay cho
nhém chimg, 2,5 ngay cho nhom Clausy va chi con 1,9 ngay cho
nhom Dia30. Két qua cho thiy, lidu phap hd trg bing bao ti loi
khuan Clausy va Dia30 hidu qua hon gép 1,8 1an va 2,4 lan so v6i
liéu phap thuong quy khi cai thién triéu chimg phan long - toé
nudce & tré bi TCKD.

4. Ban luan

St dung vi sinh vat c6 lich sir an toan va dem lai tac dung
loi cho strc khoé ctia con nguoi dudi dang thuc pham b sung
probiotic cho duong tiéu hoa la xu hudng dugce cac nha khoa
hoc va céc nha san xut probiotic quan tam tir trude tdi nay. Céc
nghién ctru trude di chimg minh duoc khd ning hd trg diéu tri
tiéu chay cap cua bao tir loi khuan B. subtilis va B. clausi & céc
liéu sir dung thong thuong trong khoang 4-5 ty CFU/ngdy va
hiéu qua r0 rét dem lai thuong sau téi 5-7 ngay su dung [12, 14].
Pay 1a nghién ctru thir nghiém 1dm sang mau mu c6 déi chimg
dau tién trén thé gioi danh gia vé mat an toan va hiéu qua cua
bao tir loi khuan Bacillus thudc 3 loai B. subtilis, B. clausii va B.
coagulans & liéu st dung hang ngay khé cao, 1én t6i khoang 8-12
ty di voi san phim LiveSpo CLAUSY va 20-30 ty dbi voi san
phim LiveSpo DIA30 & didu tri TCKD 6 tré em 3-24 thang tudi.
Cac lidu cao nay dugc chon dya trén liéu lugng vi sinh vat co thé
str dung cho muc dich hd trg diéu tri, dugc khuyén cdo boi To
chirc Tiéu hoa Gan mat Thé gioi (WGO) [15]. Két qua v& an toan
cua nghién ciru cho thy, liéu phap diéu tri véi bao tir loi khuan
Bacillus & nhitng lidu cao nay da duoc dung nap t6t va khong ¢o
bién cd bét loi nao dugc ghi nhan. Két qua nay cang khing dinh
thém lich sir an toan cua bao tir loi khuén thudc 3 loai B. subtilis,
B. clausii va B. coagulans.

Sir dung men vi sinh trong diéu tri tiéu chay ¢ tré em da dugc
ching minh 1a ¢6 hiéu qua trong viéc giam thoi gian tiéu chay va
giam tin sudt di ngoai nho' qué trinh diéu chinh chimg rdi loan
tiéu hoa va phuc hoi hé vi sinh duong rudt. Dac biét, cac dang
men vi sinh bang duong udng gitip cai thién sy mat cén bang
vi khuan cia co thé con ngudi va ¢6 kha ning chdng lai nhiém
tring dudng rudt. Lién quan dén hidu qua cta bao tir loi khuan
Bacillus trong giam tri¢u ching
cta bénh Iy duong tiéu hoa, két
qua nghién clu cla ching toi
cho thay co sy giam thiéu dang
ké vé& thoi gian didu tri ca ba
triéu chimg dién hinh cho tré em
bi TCKD, thé hién qua gia trj
trung vi dugc quan sat & nhom
Dia30 va Clausy luon thap hon
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10 1¢) 5 80
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>
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<@ ©
° 6 AA ® <
) [ 3
S £ 0]
4 [ J <
&
a , © Nhém Ching
III:::!::III < .
2 o0 B o 4 Nhom Clausy
(ee] AAA [ . @ Nhém DIA30
T T T 0- T T T T T T T T J
Nhém chiing Nhom Clausy Nhém DIA30 0 1 2 3 4 5 6 7 8 9 10

Ngay diéu tri
Hinh 4. S6 ngay diéu tri triéu chirng phan 1ng - toé nwéc thudc type 4-5B theo thang phan loai phan cia tré
nho (A) va ty 1é phan tram (%) bénh nhan khong con triéu chirng quan sat theo thoi gian diéu tri (B) & nhém
chirng, Clausy va Dia30. Phwong phap phan tich Mann-Whitney test dwoc st dung dé danh gia sw khac biét c6 tinh
thdng ké gitra cac nhom.
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0 vOi gid tri nay ¢ nhom chung
khoang 1-3 ngay, tuy tung tri¢u
ching. Nhém st dung LiveSpo
DIA30 va LiveSpo CLAUSY da
cho thdy su giam déng ké ca 3
triéu chimg dién hinh lién quan
dén TCKD tai hai thoi diém quan
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sat, cu thé 1a s6 bénh nhan thé hién ca 3 triéu chling déu giam c6
¥ nghia thong ké ¢ ngay 5 so voi nhom chimg (bang 1). Cac hinh
d0 thi thé hién s bénh nhan khong con tridu chimg tiéu chay ciia
cac nhom Clausy va Dia30 ciing ¢6 toe do bénh nhan khoi bénh
nhanh hon so v6i nhom chimg, va sy khac biét nay bat ddu quan
sat thiy & ngay ngay thir 1-2 sau khi st dung probiotic. Trong do,
nhém Dia30 co tde do khoi bénh nhanh nhét va vuot tri so véi
ca nhom Clausy. Diéu nay co thé 1a do cac bao tir loi khudn B.
subtilis, B. clausii va B. coagulans & san pham LiveSpo DIA30
co nf”)ng do rét cao, 1én t6i 5 t}“//éng, cao hon 2,5 1an so véi bao tir
loi khuan B. clausii & san pham LiveSpo CLAUSY, nén bam dinh
trén niém mac rudt nhiéu hon, tic dung hi¢p dong dé nay mam
thanh té bao sinh truong va phat trién dé can bang hé vi sinh vat
duong rudt nhanh va hi¢u qua hon. Mot s0 nghién ctru lam sang
khéac st dung cac chung Lactobacillus sp. va Saccharomyces
boulardii [16] hay ching L. rhamnosus GG [17] cling da cho
thay hidu qua cua viéc diéu tri bing men vi sinh, nhung véi tdc
d6 cham hon so véi LiveSpo DIA30 vi viéc giam s6 lan di ngoai
dat dugc vao ngay tha 5 ¢ tré em TCKD. Nghién ctru cua S.
Basu va cs (2007) [17] sir dung liéu cao cta men vi sinh chira
Lactobacillus rhamnosus GG ndng do trong khoang 10'°-10'2
CFU lai déu cho hiéu qua nhu nhau & ci hai liéu lugng trong
viéc giam tan suat va thoi gian tiéu chdy ciing nhu giam thoi gian
nim vién & ngay tht 6, rat ngin 2 ngay diéu tri so voi nhom doi
chirg khong su dung probiotic 1a 8 ngay. Nghién ctru ching t6i
str dung bao tir loi khuan Bacillus c6 kha ning tao bao tir va song
st cao trong moi truong acid tai da day gitip tac dung nhanh va
hiéu qua hon khi so sanh véi hai nghién ciru nay. Két qua nghién
ciru dung liéu cao cia LiveSpo DIA30 va LiveSpo CLAUSY
da chimg minh kha ning rt ngan thoi gian diéu tri cho 3 triéu
chimg dién hinh ciia tiéu chay, gom s lan di ngoai >3 lan/ngay,
phan c6 nhdy, va phan long - toé nudc khoang 2-3 ngay, giup
cdi thién hi¢u qua 1én dén 1,3-2,4 1an. Khi so sanh giita 2 loai
probiotic sir dung, ching t6i nhan thdy LiveSpo DIA30 thé hién
kha ndng vuot troi hon so véi LiveSpo CLAUSY khi rit ngén
nhanh thoi gian diéu tri 1 ngay va ting hiéu qua diéu tri tot hon
so vdi LiveSpo CLAUSY khoang 10-50% cho ca 3 tri¢u chiing.

Toém lai, hi¢u qua dem lai khi st dung 2 loai bao tur lgi khuén
LiveSpo CLAUSY va LiveSpo DIA30 khong chi ¢6 loi rd rét cho
stic khoe duong tiéu hod cua tré em ma con giam lo au cua phy
huynh va giam thoi gian chim soc, dong thoi giam chi phi diéu
tri trong bénh vién. Liéu phap probiotic bao tir loi khuan Bacillus
dang nudc n6ng do cao co thé mang lai 1gi ich dang ké vé ca mat
xa hoi va kinh té trong viéc diéu trj tiéu chay, dac biét 1a ¢ cac
nudc thu nhap th?ip va trung binh, noi TCKD van 1a mot cin bénh
nghiém trong.

5. Két luan
Sir dung probiotic bao tir loi khuan Bacillus (LiveSpo) dang

nude, nong do cao giup ho trg diéu tri va giam cac triéu chimg tiéu
chdy & tré em bi tiéu chay kéo dai.
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