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Cai thién hé s6 cong suat nhiét dién trong hop chat Mg Sh, pha tap Si
cho tmg dung chuyén doi nhiét dién cila vt liéu
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Tom tit:

Mg3Sb dugc biét dén la vat liéu ban din viing cim hep ¢6 d dan dién va dic tinh nhiét dién phu thudc nhiéu vao ciu
tric va ham lugng tap chit. Trong nghién ciru nay, dé cai thién tinh chit chuyen doi nhiét dién cua Mgssb cac tac gia
tién hanh pha tap Si theo ty 1¢ khac nhau (x=0,05; 0, 15 0,15; 0,25 va 0,3) vao vi tri cia Sb trong hop chat Mg,Sb, Si
nham nang cao d6 din dién ma khong lam glam hé s0 Seebeck ciia vit liéu nén. Két qua cho thay, cac hgp chat nén
Mg3Sb va hop chit lai hoa Mg,Sb, Si ché tao bang phwong phap phan dng pha rin (nghlen nang lwgng cao ket
hop véi ép nong va nung thiéu két) deu thu dwgre cau truc tinh thé luc giac (hexagonal) Do din dién cua cac mau
pha tap Si ting lén dang ké so vm maiu Mg.Sb, khong pha tap, trong khi hé so Seebeck giam nhe & cac miu cé nong

do Si thip va ting cao nhat & mau Mg3Sb Si

375 0,25°

mAu khéong pha tap. Gia tri hé s6 cong suat tai 673K ciia cac miu Mg,Sb, ,Si

khoang 1,7 lan so véi Mg.Sb,.

Két qua hé so cong suit ciia cic mau pha tap Si déu tang so véi

ting

0,1°

MgssbmsSlm25 va Mg‘,)Sb”Slo’3

Tir khda: hi¢u irng Seebeck, Mg, Sb,, nhi¢t di¢n, vat li¢u ban din.

Chi sé phén loai: 1.3
1. Md dau

Nghién ciru phat trién cic ngudn ning lugng méi, ning
luong tai tao dé thay thé cic ngudn ning lugng héa thach trong
tu nhién 1 mot trong nhing van d& cap thiét dang dwoc thé gioi
quan tam [1]. Mot trong nhiing giai phéap aé giai quyét van dé
trén 1a viéc nghién ctu va ung dung vat liéu nhiét dién - loai
vt liéu co thé chuyén dbi truc tiép nhiét nang du thura tir cac
nguén nhiét nhu 10 nhiét, dong co nhiét... thanh dién nang nho
cac hiu ing nhiét dién [2]. Dic tinh hay hiéu suat chuyén dbi
nhiét dién cia vat liéu dugc danh gia thong qua gia tri cia do
pham chat nhi¢t dién (Thermoelectric figure of merit ZT) va
dugc xac dinh thong qua mbi quan hé giira hé sd Seebeck (S),
din dién (o), dan nhiét («) va nhiét do tuyét déi T.

7T=S°cT/x

trong do: S%o dic trung cho hiéu suat chuyen nang lugng cua
mot thiét bi nhiét dién dugc goi 1a hé s cong sudt (power
factor) cua vét liéu [3]. bé dat duoc gid tri ZT cao thi can tao
ra cac vat liéu c6 hé sb cong sut cao va do dan nhiét thfip [4].

Nhiéu loai vét lidu c6 hé sb cong suét cling nhu gia tri ZT
cao dd dwoc nghién ciru ché tao thanh cong va dua vao tng
dung trong cac thiét bi, linh kién Chuyén d6i nhiét dién nhu
Bi,Te,, Sb,Te, va cac hop chét cdu tric nano ctia ching cho gia

“Tac gia lién hé: Email: tuan.duonganh@phenikaa-uni.edu.vn
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tri ZT trong khoang 1-1,6 & vung nhi¢t do 300-600K [5-10].
SnSe céu tric 16p & trang thai don tinh thé cho gi4 tri ZT=2,6
dbi voi vat licu loai p va 2,2 d6i véi vat liéu loai n [11]. Cac
hop chat trén nén vat lidu Cu,Se, half-Heusler hay vét li¢u oxit
cling cho gia tri ZT trong khoang 1,5-2,5 ¢ viung nhiét do cao
[12-20]. Céc didc diém chung & cac vat liéu cho ZT cao hdu hét
1a cac ban din c6 ving cim ning luong hep, ¢ cdu tric nano
hodc duoc lai hoa gitta cac vat li¢u khac nhau dé t6i wu hoa dic
tinh nhiét dién.

Mot loai vat liéu ban dan ving cAm hep chu tric 16p, dé ché
tao, cho hé s6 cong sudt va ZT trong ving c6 thé Gmg dung gan
day dugc nghién ciru nhiéu la Mg,Sb, [21]. D¢ cai thién gia tri
ZT cua loai vat liéu nay viéc pha tap cac nguyén t6 khac vao
vt lidu nén MgSSb dang 1a phuong phap st dung chu yeu aé
tao nhitng khuyét tat trong cdu triic tinh thé, didu khién ndng
do hat tai, ting d6 dan dién va giam d6 dan nhiét [22]. Nhiing
bao céo gan ddy ctia mot sé nhom nghién ciru di bude dau dat
duoc nhirng thanh cong trong viéce tang gid tri ZT, nhu J. Zhang
va cs (2017) [23], H. Tamaki va cs (2016) [24] pha tap Bi véi
ZT=1,51-1,65, Y. Wang va cs (2019) [25] thanh cong pha tap
Te v6i ZT=0,78. Ngoai ra, con nhidu két qua cong bd khac
cling dat dugc nhiing thanh cong véi gia tri ZT trong khoang
1-1,6 [26-30].



memssssmsm Khoa hoc Tu nhién | Vat ly
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Abstract:

Mg Sb, is a narrow band gap semiconductor with electrical
conductivity and thermoelectric properties dependent on
structure and doping elements. In this study, to improve the
thermoelectric properties of Mg Sb,, the authors doped Si at
different ratios (x=0.05, 0.1, 0.15, 0.25, and 0.3) into Sb sites as
the formula Mg Sb, Si_to improve the electrical conductivity of
doping samples while maintaining a high value of the Seebeck
coefficient. The results exhibited that Mg Sb, and Mg Sb, Si
compounds prepared by solid phase reaction method (high
energy grinding combined with hot pressing and sintering)
showed hexagonal structure. The electrical conductivity of the Si-
doped samples increased significantly compared to the undoped
Mg, Sh, sample, while the Seebeck coefficient slightly decreased
in the low doping contents samples and highest increase in the
Mg Sb, . Si ,. sample. The power factor of all doping samples
increased compared to undoped samples. The power factor
values at 673K of Mg.Sb, Si , Mg.Sb, .Si ., and Mg Sb, _Si

A 3 1.9~70.1° 1.75770.2 177703
increased around 1.7 times compared to the Mg Sb,.

Keywords: Mg Sb,, Seebeck effect, semiconductor, thermoelectric.
Classification number: 1.3

Vige khao sat va tim ra mot nguyén t6 phu hop aé pha tap
vao Mg3Sb va toi wu hoa ham lugng pha tap la diéu can thiét
dé cai thién tinh chat nhiét dién cua vat lidu nén.

0 nghién ctru nay, chiing t6i lya chon Si lam nguyén td pha
tap vi ddy 1a vat liéu pho bién, than thién voi méi truong va co
gia thanh thip. Vi 'viéc pha tap Si vao vat liéu nén Mg3Sb
chling t61 mong muon lam giam khdi luong hidu dung cua vat
liéu (lam tang hé s0 Seebeck) va lai hoa hai hop chit cung
cau trac 1a vat liéu nén Mg,Sb, v6i pha SiSb, hinh thanh bén
trong vét licu. Hon nira, pha cau trac SiSb, co6 dic tinh dan
dién tot khi dwoc hinh thanh trong hop chat c6 thé cai thién
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tinh chét dan dién cta hon hop. Hién nay, chua ghi nhéan cac
két qua nghién ciru vé tinh chat nhi¢t dién cta pha tap Si vao
vat lién nén Mg Sb,. V6i vi€e tao ra pha SiSb, trong va giam
thiéu luong Sb du thira da lam tang gid tri h¢ so cong suét 1én
khoang 1,7 lan so v6i mau khong pha tap (PF=1,35 pWem 'K
trong khoang 600-673K ¢ mau Mg,Sb, . Si ,., trong khi gid tri
PF ¢ mau khong pha tap 1a 0,81 pWenr K2 trong cung khoang
nhiét d khao sat). Két qua nghién ctru 1a tién dé cho cac khao
sat vé thay ddi didu kién ché tao dé tang hiéu tng nhiét di¢n
trong vat liéu Mg Sb,.

2. Thuc nghiém

Vit ligu c6 do tinh khiét cao (bot Mg 99%, Sb 99% va Si
99%) dugc cén theo ty 1€ Mg,Sb, Si (x=0; 0,05; 0,1; 0,15;
0,25 va 0,3) lan lugt véi tong kh01 lu(mg 10 g. Sau d6, mau
dugc nghién trong may nghién bi nang lugng cao (FRITSCH
pulverisette 7, Germany) véi cdi va bi Tungsten carbide trong
2 gio, toe d 700 vong/phit. Hon hop sau khi nghién dugc cho
vao khudn ép duong kinh 12 mm va ép nong & ap suit 50 MPa,
nhiét do 250°C trong 1 gid. Hop kim dang khéi tru sau khi ép
nong dugc nung ¢ nhiét do 600°C trong moi truong Ar trong
60 phut. Hinh thai va chu trac cua vat lidu dugc khao sat béng
phd nhiéu xa tia X (XRD) va kinh hién vi dién tir quét do phan
giai cao (FE-SEM). Tinh chét nhiét dién cua vat liéu dugc khao
sat thong qua hé do dic trung Seebeck (s) va d¢ dan nhiét (o)

theo nhiét do.

3. Két qua va ban luan

Hinh 1A 1a anh chup thuc té mau Mg,Sb, sau khi ép vién
0 ap suit nén 50 MPa ¢ 250°C va nung thicu két & 600°C. Cac
mau déu thé hién dic tinh lién két co hoc tdt, khong co cac biéu
hi¢n nat gdy sau khi nung. Cac thanh vat liéu dugc cét thanh
hinh hp chir nhat co chiéu dai 10 mm, tiét dién vudng 2x2 mm
dé khao sat do dan dién va hé sé Seebeck trong khoang tir nhiét
d6 phong dén 673K. Hinh anh chup bé mit sau khi dép v& cua
cac mau Mg Sb, (B), Mg3Sbl%Sl005 (C) va Mg,Sb, . Si . (D)
bang FE-SEM cho thdy, cac tam mong c6 do day khoang vai
chuc nanomet hinh lyc giac dugc moc xen k& nhau giup xac dinh
duoc cac mau déu ¢ cau truc tinh thé hexagonal. Bén canh cac
phién dang dia, cling quan sat thdy mot luong bot dur thira con
ton tai duoc cho 1a ciia Sb khong phan tmg hét. Bang chimg cho
thay, khi giam nong do Sb va thay thé bang Si thi & anh FE-SEM
clia cac mau Mg,Sb,, Mg,Sb, ,Si o va Mg,Sb, .Si ., luong
bot du thira da giam di dang ké. Tuy nhién, khi phan tich XRD
van ghi nhan sy xuét hién ciia Sb chua phan (g hét trong tat
ca cac mau. Nguyén nhan lugng Sb con du trong vt liéu dén
tir ban chit ctia hé vat liéu Mg, Sb, v6i dac tinh khi hinh thanh
cu tric pha Mgasb cu trac tmh thé bi khuyet thiéu cac vi tri
Mg2+ dicu nay tao nén ban chit ban dan loai p ctia ho vat lidu

g,Sb, [31]. Pé triét tiéu hét lugng Sb du thira, cac nghién
cu’u tmoc d6 da cong bd tang ty 1¢ tién chat ban dau Mg:Sb tir
3:21én 3,2:2 hodc cao hon. Khi do, khuyet thiu Mg?* duoc lip
day va vat liéu chuyén sang thanh ban déan loai n [24]. O day
v6i mong mudn khao sat sy thay doi tinh chat nhiét dién cua



ban dan loai i p- Mg3Sb khi dua thém Si vao trong hop chat nén
ching toi van giir ty 1 tién chit Mg:Sb 1a 3:2 cho tt ca cac
mau pha tap va khong pha tap.

(A)

Hinh 1. Anh mau Mg Sb, sau khi dwoc nung & 600°C. (A) Thanh
tru ch@ nhat dworc cat de do tinh chét nhiét dién; (B-D) Anh FE-SEM
chup bé mat clia cac mau Mg,Sb,, Mg,Sb, ¢S, ., va Mg,Sb, ,Si, ..
sau khi dwoc dap vo.

XRD ctia mau MgSSb Si_ (x 0; 0,05; 0,1; 0,15; 0,25 va
0,3) dugc the hi¢n ¢ hinh 2. Két qué phan tich XRD cho thay,
tit ca cac mau MgSSb va MgSSb pha tap Si ¢6 cac dinh nhiéu
xa phu hop véi cau tric luc gidc (Mg,Sb, #mp-2646). Tuy
nhién, & mau Mg, Sb, khong pha tap xuat hi¢n thém dinh Sb ¢
vi tri 20=28,9°. Khi dua Si vao trong hop chat lugng Sb con du
s€ phan ng voi Si tao ra pha SiSb, cung cu tric hexagonal
xen k& vao Mg.Sb,. Dinh SiSb, (301) dugc quan sat thay o vi
tri goc 26=51,7° (dau * trén h1nh 2) va duoc phong to dé thiy rd
hon xu huéng tang dan cua cuong d6 theo ham lugng Si tang.
Pha SiSb, xuat hién trong mau pha tap Si dugc cho 1a mot trong
nhiing yeu t6 1am thay doi dic tinh dan dién va hiéu img nhiét
dién trong vat li¢u s€ dugc thdo ludn chi tiét & phan sau.

| Mg_Sb, ,Si, e
7 Ll : e
3 L — Mg;Sb, ,;Si; ,s W
‘% B, J\J 'LJ’L_,\. NN R e i
[ o Mgssb1 Sig 4 -
oy o e
2 w
g At
o g
LA e

70 505152

Hinh 2. XRD cuia cac mau Mg,Sb, Si_(x=0; 0,05; 0,1; 0,15; 0,25
va 0,3).

Sy phu thudc cia do dan dién va hé 30 Seebeck theo nhiét
d6 trong khoang 300-673K duoc thé hién ¢ hinh 3(A, B). Cac
mau déu thé hién dic tinh ban din voi do din dién tang dan khi
tang nhiét do cua phép do. Piém dang luu ¥ 13 gid tri cia do
dan dién trong toan dai do & cac mau pha tap Si déu ting déng
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ké so v6i mau khong pha tap. Tuy nhién, quy ludt ting d6 dan
dién khong ty 1¢ v6i nong do pha tap Si. Cu thé, & mau pha tap
vai ty 1¢ Si thap nhét (x=0,05) cho d9 dan dién cao nhat trong
viing nhiét ¢ duéi 550K. Cac mau pha tap véi ty 1¢ Si cao hon
(x=0,1; 0,15 va 0,25) d6 dan dién trong ving nhiét do dudi
550K ty 1¢ véi do tang ciia ndng do Si. Mau pha tap vdi nong
d0 Si cao nhit (x=0,3), d6 dan lai c6 xu huéng giam di. Bé ly
giai cho sy thay doi khong theo quy luét cia ddc tinh dan dién
trén cac mau, ching ta cin ¢ cac phép phan tich vé nng do,
d0 linh dong ctia hat tai cling nhu xac dinh chinh xac ty 1¢ thanh
phan ciia cac pha cau tric trong hop chat, tir d6 danh gia dugc
anh huong cta cac pha tap chat 1én dic tinh dan dién cua vat
liéu. Trong khuon kho ctia nghién ciru nay, ching t6i chi budc
dAu két luan rang, sy thay 1 thé mot phan Si vao vi tri Sb trong
hop chét Mg, Sb, va su Xuat hién cua pha SiSb, gop phan lam
tang do dan dién ciia vat liéu nén Mg,Sb,.

Hinh 3B biéu dién gia trj hé sé Seebeck cua cic mau
Mg,Sb, Si (x=0; 0,05; 0,1; 0,15; 0,25 va 0,3) khao st trong
dai nhlet do 323-673K. Chuing t6i quan sat thdy ring, cic mau
pha tap Si & nong do x=0,05, 0,1 va 0,3 co gia tri Seebeck
thap hon méiu khong pha tap trong toan dai nhiét do khao sat,
trong khi cic mau pha tap Si voi ndng do x=0,15 va 0,25 cho
gi4 tri Seebeck cao hon mau khong pha tap ¢ ving nhiét do
dudi 550K. Su giam gid tri Seebeck cua ban dan khi d6 dan
dién tang la hoan toan de hiéu. Tuy nhién, sy thing giang cta
Seebeck ¢ cac mau ¢6 nong d¢ pha tap x=0,15 va 0,25 dugc
cho 1a do sy canh tranh giira nong do va d9 linh dong cuia hat
tai va su toi vu hoa khdi lugng hidu dung cua vat liéu ¢ cac mau
nay. Két qua khi pha tap Si vao vat liéu nén Mg, Sb, da cai thign
dang ké d6 dan dién nhung khong lam giam qua nhleu gia tri
hé s6 Seebeck. Pay la diém quan trong ciia nghién ciru nay va
thuc su co y nghia trong viéc cai thién hé s cong sut ctia vat
ligu loai p-Mg,Sb,.

(A) [~
—h MgSSb‘ qssln 05
——Mg;Sb, Si, ,

150

—9—Mg,Sb,
—A—Mg;Sby 55Sinos
—&—Mg,Sb, Siy ,
—O—Mg;Sby 45Sip 15
8= Mg;Sb, 75Sip 25
—>—Mg;Sb, ;Sig

-
z 100
(2]

50

gOO 400 500 600 700 300 400 500 600 700
T (K) T(K)
Hinh 3. Sy phu thudc cua dd dan dién (A), hé s6 Seebeck theo
nhiét dé cua Mg,Sb, _Si (x=0; 0,05; 0,1; 0,15; 0,25 va 0,3) (B).

Hé s6 cong suat cia vat ligu nhiét dién dugc xac dinh thong
qua do dan dién va hé s0 Seebeck theo cong thuc: PF=S%, vdi
S 1a hé sb Seebeck, o 1a do dan dién dic trung cho kha ning
chuyén dbi nhiét dién trong vét liéu. Hinh 4 biéu dién két qua
tinh toan hé so cong sudt chuyén doi nhiét dién theo nhiét do.
Mic du hé s Seebeck gidm nhe ¢ mot 6 mau nhung do d¢ dan
dién tang manh nén hé $0 cong suét thu duge ¢ cac mau pha tap
déu tang 1én dang ké so v6i mau khong pha tap. Dién hinh la cac
mau Mg,Sb, ,Si |, Mg,Sb, . Si,; va Mg;Sb, _Si , ¢6 hé s cong

0,1° 17577025

sudt tang khoang 1,7 1an so v6i mau Mg, Sb, khong pha tap.
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Hinh 4. Sw phu thudc cta hé s6 cong suét theo nhiét d6 cua
Mg,Sb,_Si_(x=0; 0,05; 0,1; 0,15; 0,25 va 0,3).

4. Két luan

Béng phuong phéap phan tmg pha ran (két hop giira nghién
nang lugng cao, ép néng va nung thiéu két) chiing t6i da ché tao
thanh cong hop chat Mg3Sb va hop chit lai hoa gitra Mg3Sb
va SiSb, khi pha tap Si nong d¢ tur 0,05 dén 0,3. Két qua thu
duoc tat ca cac mau déu cho cau trac luc giac, dong thoi cac
mau pha tap déu Xuat hién pha cau tric SiSb.. Do dan dién tang
1én d4ang ké & cdc mau pha tap trong khi h¢ so Seebeck van duy
tri & mirc cao dd diy hé sd cong suat tang khoang 1,7 lan so
v6i mau khong pha tap. Két qua nay 1a tién dé cho cac nghién
ctru tinh chét nhiét dién cua Mg,Sb, thong qua viéc tdi wu hoa
nong do pha tap va quy trinh che tao dé nang cao dic tinh nhiét
dién cua vat liéu.

Nghién ctru’duqc tai tro boi Quy Phat trién Klloa hoc Vf}
Cong nghé¢ Quoc gia (NAFOSTED) thong qua dé tai ma so
103.02-2019.354. Céac tac gia xin tran trong cam on.
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Nghién ctru mot so dic tinh vat liéu mang lgc
ché tao twr cellulose acetate va polyguanidine
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Tom tit:

Trong nghién ciru nay, mang loc dwgc ché tao tlr cac vat liéu cellulose acetate (CA) ua nwéc va polyhexamethylene
guanidine hydrochloride (PHMG) khang khuin bang phuong phap dio pha nhiam tang cwong tinh nang tach lgc va
kha nang khang tic. Anh hwéng cia cac diéu kién ché tao dén dac tinh cau tric va tinh niang tach lgc ciia mang da
dwogc khao sat va danh gia. Két qua thwe nghiém cho thay, mang loc CA ché tao bing phwong phap dio pha ¢é ciu
tric bAt dbi xing voi 16p bé mit chit sit & trén 16p dé x6p. Nong do CA trong dung dich tao mang c6 anh hwéng
manh dén céu tric va tinh ning loc tach ciia mang. Khi nong dd CA ting tir 12,2 dén 18,2%, & 4p suét loc 5 bar, ning
suét loc trung binh ciia mang giam dén tir 46,47 xudng 38,72 /m*h do 16p bé mit ciia mang hinh thanh day hon. So
v6i mang CA thuin, mang CA/PHMG cé ning suit loc trung binh cao hon dén 1,6 1an, mirc dd tic mang thap hon

va kha ning khang tic tot hon ré rét.
Tir khoa: cellulose acetate, mang loc, polyguanidine.

Chi s6 phén loai: 1.4

1. Md dau

Mang loc la vat liéu duogc sir dung trong qua trinh tach
mot hdn hop dong thé hodc di thé. Uu diém cua phuong
phéap loc mang 14 c6 thé phan tach dugc cac cau tir c¢6 kich
thude tir & hat toi ion ma khong can sir dung thém hoa chat,
céc cau tir can tach khong phai chuyén pha, 1a phuong phap
tach hién dai, tiét kiém nang lugng va than thién vdi moi
truong [1]. Hiéu qua cua mét qua trinh loc mang dugc danh
gia thong qua kha nang luu gilr cac cAu tir can tach va ning
suét loc trung binh ciia mang, trong d6 do Iuu gitr phu thude
chi yéu vao ciu triic mang, trong khi nang suat loc chiu anh
huong manh boi ban chét cua vét liéu tao mang.

Trong linh vye xir Iy nude, phuong phap loc mang c6
nhiéu vu diém vé& mit ky thuét, quy mé san xuat cting nhu
gia thanh [2, 3]. Qua trinh tach qua mang c6 thé loai bo
dugc hau hét cac tap chat trong nuéc nhu kim loai ning,
chét hitu co hoa tan, cac ion ¢6 kich thude nho, vi sinh vat. ..
Tuy nhién, mot trong nhitng thach thirc da va dang datra la
hién tuong tic mang (fouling), gdy ra boi su tich luy cac
tiéu phan bi luu gitt trén bé mat va bén trong cac 16 xop
ctia mang trong qua trinh loc tach [4, 5]. Tuy thudc vao ban
chat ctia cac tiéu phan gay tic mang, c6 thé phan biét mot
vai kiéu tic mang nhu: v6 co, keo, hitu co hay sinh hoc
(biofouling) [6-8], trong d6 biofouling thudng gay ra sy tic
mang kha nghiém trong va rat kho xtr ly. Biofouling dugc
khoi méao béi sy ¢6 mat cua mot sé vi khudn trén bé mat
mang, sau d6 phat trién va dugc nhan 1én nhanh chong vai
su cb mit ctia cac chat dinh dudng co trong nude [9]. Cac
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vi khuén bai tiét ra hop chat polyme ngoai bao (EPS) c6
kha nang lién két cac té bao lai v6i nhau, tao thanh 16p chét
nhon. Tap hop cac té bao, EPS va vat chét bi tich Iy trén bé
mat mang hinh thanh 16p mang sinh hoc, goi 1a “biofilm”.

Hau hét cic nd luc dé giam thiéu hién tuong tic mang
do biofouling déu khéng mang lai hiéu qua, do 16p biofilm
bam chit rat kho tach rira ra khoi bé mit. Viéc sir dung chat
khir trung (nudc Javen) c6 thé xir 1y duge biofilm nhung
mat khac lai gay ton hai hodc pha v& cAu triic bé mat mang
polyme. Véi mang loc nano (NF), cac nghién ctru da chi ra
rang, hon 50% (w/w) 16p cin ban bam trén mang c6 ngudn
gbc 1a cac vi sinh vat ¢6 trong nude. Cac mang NF thuong
mai dung cho xir Iy nuéc hién nay dugc lam chu yéu tir cac
vét liéu CA va polyamide (PA). Kha ning khang khuin kém
cua vat liéu CA cling nhu sy han ché cua vat liéu PA trong
mai truong khir tring [10] di dit ra yéu cau hét st can thiét
trong viéc nghién ctru phat trién vét liéu mang loc ¢6 tinh
khang khuan, nhim nang cao kha nang khang tac sinh hoc
cho mang.

Mot sé cong trinh nghién ctru ché tao mang loc ¢o tinh
khang khuén d3 duge cong b, st dung cac hat nano v6 co
nhu nano dong, nano bac rap 1én bé mit mang [11-14]. Gan
day, viéc st dyng cac PHMG bat dau duoc quan tam do
kha ning khang khuén tét va tinh chit khong doc hai cua
vat li¢u nay. Hién nay, da c6 mot ) nghién citu dua PHMG
1én bé mat mang polyamide nham nang cao kha ning tng
dung mang nay trong thyuc t& [15-17]. Tinh khang khudn
cua polyguanidine dugc cho la do tuong tac gitta 16p lipid
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Abstract:

In this study, membranes were prepared from
hydrophilic cellulose acetate (CA) and antibacterial
polyhexamethylene guanidine hydrochloride (PHMG)
by phase inversion method to improve membrane
separation and antifouling capacities. The influence
of preparation conditions on membrane structure and
separation performance has been investigated and
evaluated. The experimental results indicated that the
CA membranes prepared by the phase inversion method
have an asymmetric structure with a dense top layer
located onto a porous supporting layer. The concentration
of CA in casting solution highly influences membrane
structure and its separation capacity. When the CA
concentration increased from 12.2 to 18.2%, at a filter
pressure of S bar, the prepared membrane flux gradually
decreased from 46.47 to 38.72 1/m*.h due to the increase
in membrane surface thickness. In comparison with the
pure CA membrane, the CA/PHMG membranes have
higher average filtration yield (1.6 times), lower degree
of membrane fouling, and much better antifouling
properties.

Keywords: cellulose acetate, membrane, polyguanidine.
Classification number: 1.4

kép ciia mang té bao vi khudn va cac nhom guanidine, 1am
cho 16p lipid kép mét tinh linh dong hoac bi hoa tan, tic ché
sy phat trién cia té bao va cudi cing dan dén su chét cua
vi khuén [18-20]. Tuy nhién, cho dén nay, hau nhu chwa c6
nghién ctru nao dua PHMG bién tinh mang CA - loai mang
rat d& bi vi khuan tan cong dé tang cuong kha ning khang
tac sinh hoc. Bai bao trinh bay mot sé két qua nghién ctru
ché tao mang loc tir cac vat ligu CA ua nuéc va PHMG
nhidm ting cudng tinh ning tach loc va kha nang khang tic
trong qua trinh tach loc. Anh huéng ctia mot s6 didu kién
ché tao dén dac trung cAu trac va tinh nang loc tach cua
mang duoc khdo sat va danh gia.
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2. Vat liéu va phuony phap nghién ciiu
2.1. Héa chit, vit liéu

CA (Sigma-Aldrich, 99%), acetone (Xilong, 99%),
PHMG (Sigma-Aldrich, 98%), formamide (Xilong, 98%),
ethanol (Cong ty C6 phan tap doan hoa chat Dirc Giang,
96%), mdi truong TSB, TSA (Xilong), nudc khir ion.

2.2. Ché tao mang

Hoa tan bot CA trong hdn hop dung moi acetone va
formamide vo&i cac néng dd khac nhau (12,2-18,2%) thu
duogc dung dich dong nhét. Dung dich PHMG dugc chuén bi
(voi néng dd 3%) trong etanol dugc thém vao dung dich tao
mang v6i lugng xac dinh. Trai dung dich thanh 16p mong
¢6 chiéu day 300 pm, cho bay hoi dung méi va dua vao
moi truong dong ty. Hinh 1 va 2 1a cong thirc cu tao ciia
CA va PHMG. Khi cho thém PHMG vao dung dich CA xay
ra phan rng hda hoc gitra nhém guanidine NHC(NH ) cua
PHMG va nhom hydroxyl ciia CA tao lién két cAu hydro.
Mang sau khi hinh thanh dugc ngdm rira k§ bang nudc khu
ion dé loai bé hoan toan dung moi va PHMG chwa tham gia
phan tmg ra khoi mang.

O

*mw

0=< H3c

L 0 n
Hinh 1. CA.
N W N jfz N W
- A o R
NN T
NH, NH,
_* PHMG - CI _*
cl cl
Hinh 2. PHMG.

2.3. Pdnh gid dic trung céu tric mang

CAu tric hinh thai vat liéu mang (mit cét, bé mit) dugc
quan sat qua anh chup kinh hién vi dién tor quét (SEM,
Hitachi 48008, dién thé 5 kV), do tai Vién Khoa hoc Vit
liéu, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam. Cac
mau vat liéu mang déu duge phu Pt véi chidu day khoang
3 nm trude khi tién hanh chup. Pac trung hoa hoc bé mat
mang dugc danh gid qua phd hong ngoai phan xa (FTIR-
ATR, Affinity 1S), do tai Khoa Hoéa hoc, Truong Pai hoc
Khoa hoc Ty nhién, Pai hoc Qubc gia Ha Noi. Céc phép
do duoc thuc hién ¢ goc t6i 45°, 100 vong quét & sd song
400-4.000 cm!.



2.4. Pdnh gid tinh khdang khudn ciia mang
~ Céy vikhuan E. Coli vao moi truong TSB va dit vao ti
am ¢ nhiét d 37°C trong 24 gio¢. Pha loang dung dich nay
bang nude muodi sinh ly da tiét trang. Nhung mau mang vao
dung dich E. Coli trong thoi gian 20 giay, l1ay mang ra va
de€ kho tu nhién trén dia petri trong 3 gio. Ngam mang tr¢
lai vao dung dich nudc muoi sinh ly, 1ay 100 pl dung dich
nay cay vao dia t}lach’TSA va dat VélO’tlil am ¢ nhiét @6 37°C
trong 48 gid. Dém s6 khuén lac xuat hién trén dia thach,
mang c6 kha nang khang khuan cang cao thi s6 lugng khuan
lac xuat hién s€ cang it va nguoc lai.

2.5. Danh gia tinh nang loc tach ciia mang

Kha nang luu gir cua mang duoc danh gia thong qua
hi¢u suat xu ly COD (H,,,, %) cua nudc song.
=[(1-COD /COD )x100]

COD dich loc nudc song

Ning suét loc trung binh (J, I/m?h) tai 4p sudt xac dinh
duoc tinh theo biéu thuc:

J=V/(Axt)
véi V 1a thé tich dich loc (1); A 1a dién tich mang loc (m?);
t la thoi gian loc (gio).

Mirc d6 duy tri ning suit loc theo thoi gian dwoc biéu
dién qua cong thirc sau:

FM (%)=(J/J )x100
voiJ la nang suat loc trung binh cua mang sau 10 phut loc
dau tlen J nang suét loc trung binh ctia mang tai thoi diém
t trong qua trinh loc tach.

Mic do fouling (DF, %) duoc biéu dién qua do giam luu
luong nudc tinh khiét thim qua mang.

DF=(J_,-J ,)x100
trong do: J Va J, 1a luu lugng nudc tinh khiét tham qua
mang ban c’[au va mang sau khi da sir dung dé loc dung dich.

Kha ning khang tic sinh hoc ciia mang dugc danh gia
biang cach ngdm mang trong nudc bi 6 nhiém boi cac chat
hitu co va vi sinh vat trong khoang thoi gian xéac dinh (72
gi0), sau do tién hanh qué trinh Igc tach va xac dinh do
suy giam ning suét loc theo thoi gian. Céc thi nghiém loc
tach duoc thuc hién trén thiét bi thu mang phong thi nghiém
(Osmonic, MY).

3. Két qua va ban luan
3.1. Anh chup SEM

Hinh 3 va 4 1a anh chup SEM c?iu trac hinh thai mang ché
tao tir cac dung dich tao mang c6 nong do CA khac nhau.

IMS-NKL 2.0kV 4.6mm x5.00k SE(M)

Hinh 3. Anh SEM mit cat mang ché tao tir dung dich CA néng
d6 12,2% (trai) va 18,2% (phai).

TAP CHI

HOA HOC

ONG NGHE I} Nam 64(11) 11.2022

Khoa hoc Tu nhién | Héa hoc s

IMS-NKL 2.0V 4 3mm x30.0 SEQW) 1.00um [l IMS-NKL 2.0kv

Hinh 4. Anh SEM mat trén (trai) va mat dwéi (phai) mang ché
tao tir dung dich CA néng d6 18,2%.

Két qua cho thiy, mang hinh thanh c6 cau trac bat dbi
xtmg voi 16p bé mit chit sit ¢ trén 16p d5. Khi ting ndng do
CA trong dung dich tao mang, mang hinh thanh s¢ c6 l6p bé
mdt day hon. Be mat trén (toplayer) cua mang kha nhan voi
kich thuéc 13 rit nho khong quan sat rd, bé mit dudi cua lop
d& thé nham hon va c¢6 thé quan sat thay cac 15 x6p.

3.2. Pho hong ngoai phin xa

Hinh 5 [a phé hong ngoai phan xa bé mat cac mang CA
va CA/PHMG. Két qua cho thay su xuét hién cac pic hap thu
dic trung cho cac lién két trong vat liéu CA tai cic s6 song

= —1217.08

o (A)

00

Hinh 5. Phd hdng ngoai phan xa bé mit mang CA (A), mang
CA/PHMG véi ty 16 PHMG/CA 13 15 mg/g (B) va 75 mglg (C).
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3502 cm! (nhém O-H); 2983 va 2902 cm (lién két C-H);
1730 cm™ (lién ket C=0 cua nhém acetyl (CH,C(0)O-);
1431 va 1367 em’! (lién két C-H ciia nhém CH) 1217 va
1031 em™ (lién két C-O-C). Céc pic hap thy dac trung nay
cling Xudt hién tuong tng vdi nghién clru cia nhom tac gia
T. Sudiarti va cs (2017) [21]. So v6i phd hong ngoai ciia
mang CA, phd hong ngoai cua mang CA/PHMG co su
chuyén dich va ting cufmg d6 pic hap thy trong khoang
s6 song 3400-3500 cm. Diéu nay c6 thé do sy hinh thanh
lién két cau hydro giita nhom NHC(NH ,)-Cl cia PHMG va
nhoém OH cua CA lam tang cudng do pic hap thy, dong thoi
chuyén dich pic vé s6 song ngin hon (3421 va 3394 cm),
tuong tng véi khi ting ty 18 PHMG/CA (tir 15 dén 75 mg/g).

3.3. Khd nang khdng khudn ciia mang

‘Trong thi nghiém nay, mang duoc ché tao véi cac ty 18
khoi lwgng thanh phan PHMG/CA khac nhau 1a 0, 15 va 45
(mg/g).

Hinh 6. So sanh khuan lac xuét hién trén cac dia thach cay
dich ngam cac mang CA (trai) va CA/PHMG véi ty 1é thanh
phan PHMG/CA Ia 15 mg/g (gitra) va 45 mg/g (phai).

Két qua thi nghiém (hinh 6) cho thy, s luong khuén lac
xuét hién trén dia thach duoc céy dich ngdm cac mau mang
CA/PHMG giam manh so véi s6 khuén lac xuét hién trén
dia thach dugc cdy dich ngdm miu mang CA thuan. Diéu
d6 chung t6 mang CA/PHMG c6 khé nang khang khuén t6t.
Tinh khang khuan ctia mang CA/PHMG c6 tac dung ngin
chéan hodc giam bdt sy hinh thanh 16p biofilm tao béi vi sinh
vat trén bé mat mang va do d6 1am tang kha ning khang tic
cho mang trong qua trinh loc tach.

3.4. Tinh nang lgc tach ciia mang

Trong nghién clru nay, nudc song chua qua xu ly dugce
sir dung lam ddi tuong loc. Két qua danh gia tinh ning loc
tach ctia mang ché tao tir cac dung dich ¢6 nong do CA khac
nhau duoc dua ra ¢ bang 1.

Bang 1. Nang suét lgc trung binh, mirc d6 tdc mang va higu
suat xtv ly COD (mau nwéc séng cé6 COD=136 mgO,/I, ap suat
loc 5 bar).
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Hinh 7. So sanh dé duy tri nidng suéat loc theo thoi gian cla
mang ché tao tir cac dung dich c6 ndng dé CA khac nhau.

Két qua thuc nghiém cho thiy, ning suét loc trung binh
clia mang giam dan tir M1 d&én M4. Diéu nay co thé do do
chat sit cua mang tang dan (kich thudc 16 bé mat va do xop
giam) khi nong do CA trong dung dich tao mang tang dan
tir M1 (12,2%) dén M4 (18,2%). Véi ciing ap suat dong luc,
mang cang chat sit thi luu luong loc qua mang cang thap do
su tang tro luc chuyén khdi. Két qua thyc nghiém ciing cho
thdy, hiéu suét xir Iy COD trong nude séng cua ca 4 mau
mang déu dat trén 80%. Két qua danh gia mirc do duy tri
ning suat loc ciia mang theo thdi gian dugc dua ra & hinh 7
cho thay, ning suat loc trung binh ctia tat ca cac mang déu
giam dan theo thoi gian, tuy nhién dé giam ning suat loc
cua cac mang la khac nhau. Khi nbng do CA trong dung
dich tao mang tang tur 12,2 (M1) dén 18,2% (M4), dg giam
nang suét loc theo thoi gian ciia mang chdm dan. Piéu nay
¢6 thé do do chat sit va chiéu day 16p bé mat mang tang lén
khi tang nong d6 CA trong dung dich tao mang, lam cho bé
mit mang co thé trd nén tron nhan hon, céc tiéu phan luu
giit bi lot vao bén trong 16p d& xp va/hodc bam trén bé mat
mang it hon, tré luc tic mang giam, nang suit loc theo thoi
gian cua mang do d6 dugc duy tri & mtic cao hon. Tu céac
Kkét qua thyc nghiém thu dugce co6 thé nhan théy, mau mang
M3 (ché tao tir dung dich CA ndng d6 16,3%) c6 tinh ning
loc tach tot voi nang suat loc trung binh cao hon M4, trong
khi mirc d6 tdc mang thdp hon dang ké so véi M1 va M2.

Trong thi nghiém tiép theo, mang dugc ché tao tir dung
dich c6 ndng do CA 16,3% va c6 thém thanh phan PHMG
vai ty 18 PHMG/CA 1a 30 mg/3,5 g. Két qua danh gia ning
suat loc trung binh, mirc d6 tic mang va d¢ duy tri ning
suét loc ctia cac mang theo thoi gian dwoc dua ra ¢ bang 2
va hinh 8.

Miumang  Noéngdd CA(%) J(@Umeh) H., (%) DF(%) Bang 2. Ning suét loc trung binh va mirc do tdc mang (mau
Mi 122 46.47 80.65 76.9 nwéc séng c6 COD=160 mgO,/l, ap suat loc 10 bar).
M2 14,3 45,94 83,87 60,8 Théng sb Maing CA Mang CA/PHMG
M3 16,3 43,27 87,09 36,8 J (/m*.h) 36,32 60,49
M4 18,2 38,72 83,87 20,6 DF (%) 69,58 53,94
TAP CHI
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Hinh 8. So sanh dd duy tri niang suét loc theo th&i gian cla cac
mang CA va CA/PHMG.

Két qua thyc nghiém cho thay, mang CA/PHMG ¢ tinh
nang loc tach tét hon rd rét so véi mang CA. Ning suat loc
trung binh ctia mang CA/PHMG la 60,49 1/m*h, cao hon
nhiéu so voi ning suét loc ctia mang CA 1a 36,32 1/m*h. Mirc
d6 tic cuia mang CA/PHMG thap hon (53,94%) so v&i mang
CA (69,58%). Dac biét, d6 duy tri nang sut loc cua mang
CA/PHMG cao hon 16 rét. Sau 120 phut loc, nang suét loc
cua mang CA/PHMG gidm con 59,31%, trong khi mang CA
nang sudt loc giam con 30,73% so véi ban dau. Dé danh gia
kha nang khang tic sinh hoc ctia mang, thi nghiém dugc tién
hanh nhu sau: ngdm mang vao nudc song chua qua xu 1y
trong 72 gio, sau do tién hanh qué trinh loc va so sanh mtrc
d6 duy tri nang suat loc ciia mang theo thoi gian.
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Hinh 9. So sanh dd duy tri nang suét loc theo thoi gian cua
mang sau khi ngam trong nwéc séng 72 gio.

Két qua hinh 9 cho thiy, do duy tri ning sut loc cua
mang CA/PHMG cao hon nhi€u so véi mang CA. Sau 120
phut loc, nang suat loc cua mang CA/PHMG duy tri & murc
86,3%, trong khi nang suat loc cua mang CA chi con khoang
50,0% so v&i ban dau. Ket qua so sanh muire do tac gitia cac
mang trong thi nghiém nay dugc thé hién ¢ bang 3.

Bang 3. Mrc d6 tic ciia cac mang da ngam 72 gi®» trong nwéc
song.

Mang CA CA/PHMG
DF (%) 58,05 16,70
TAP CHI
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C6 thé nhan thdy, mang CA/PHMG c6 mirc d¢ tic mang
thfip hon (16,70%) so voi mang CA (58,05%). S¢ di nhu
vay la do sy c6 mit cua thanh phﬁn PHMG d3 han ché su
hinh thanh 16p biofilm trén bé mat mang, kha ning khang
tac ciia mang CA/PHMG do d6 t6t hon.

4. Két luan

Nghién ciru da ché tao dugc cac mang bat ddi xtng tir
CA va CA/PHMG bang phuong phap dao pha. Nong do
CA trong dung dich tao mang c6 anh huéng manh dén cau
tric va tinh ning loc tach cia mang. Khi ndng do CA ting
tir 12,2 dén 18,2%, & ap suét loc 5 bar, nang suét loc trung
binh ciia mang giam dan tir 46,47 xudng 38,72 1/m?h, hiéu
suat xtr Iy COD trong nudc song cia cac mang déu dat trén
80%. So véi mang CA thuan, mang composit CA/PHMG c6
tinh niang loc tach tot hon véi ning suat loc trung binh cao
hon, mirc d§ tic mang thap hon va kha ning khang tic sinh
hoc tot hon.
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Tong hop trong mgt bwdc cac ligand bisphosphin monoxid
bing phwong phap 0xy hoa véi xiic tac Pdl,

Nguyén Qui Hién"

B6 mén Héa Hitu co, Khoa Dugc, Pai hoc Y Dugc TP Ho Chi Minh, 41 Dinh Tién Hoang, phuong Bén Nghé, qudan 1, TP H6 Chi Minh, Viét Nam
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Tom tit:

Bisphosphin monoxid la mdt phéin h¢ ligand monophosphin méi dang dwgc ng dung trong nhiéu quy trinh t6ng
hop chon loc dong phan quang hoc, dac biét 1a linh vye chirc héa lién két C-H bat doi xting, nhung quy trinh tong
hgp ra ching thwong gom nhiéu budc va gay lang phi. Nghlen ctru nay trinh bay mgt quy trinh cai tién tir qua trinh
mono-6xy héa cia Grushin, bién cac ligand bisphosphin débi quang thanh bisphosphin monoxid débi quang, chira cac
khung biphenyl va 1,1’-binaphthyl, nho' thay doi dleu kién phan ing va theo ddi chat ché tién trinh phan Gng bang
pho NMR. Quy trinh nay cung cap mét huwéng tong hgp ngian hon daé tao ra phan ho ligand bisphosphin monoxid
bat dbi xung truc, dung daé sang loc ligand trong cac nghién ciru phéan rng bat dbi xirng méi.

Tir khéa: ligand bisphosphin monoxid, ligand don nha, xtc tac.

Chi s6 phén loai: 1.4

1. Ddt van de

Hoéa hoc hitu co hién dai da c6 mot budc tién rat dai
trong 3 thap nién gn ddy sau khi cdc nha khoa hoc thanh
thuc hon trong viéc ap dung cac xuc tac kim loai chuyén
tiép vao phan tig hoa hoc hitu co nham thyuc hién cic phan
ung cap doi cheo (cross-coupling) va phan Gmg chirc hoa
nbi C-H dé tao cac ndi carbon-carbon va carbon-di té c6 do
kho cao [1, 2]. Tur d6, phan nganh nghién ctru cac phan tmg
bét dbi xing di dugc phat trién dé tao nén nhiing cdu trac
3 chiéu phtic tap tir nhitng nguyén liéu dau vao don gian
hon [3, 4]. Bén canh tim kiém va lya chon xuc tac kim loai
chuyén tiép, viéc thiét ké va téng hop nén ligand (phdi tir)
bat d6i xtng t6i wu ciing 13 mot van dé quyét dinh su thanh
cong cua nhitng phan tng loai nay [5].

Ho ligand chtta phosphor 1a mot trong nhitng ho duoc
nghi€n ctru k¥ ludng va ¢ tinh ing dung cao nhit trong tong
hop bt ddi ximg, vi chiing c6 thé dwoc dé& dang tinh chinh
vé cac tinh chat khong gian va dién tir bang cach thay thé
cac nhom thé quanh nguyén tir phosphor [6]. Trong ho néy,
cac phosphin don nha (monodentate phosphines - R R R.P)
(hinh 1A) da va dang cho thay tinh hiéu qua cao trong viéc
ding 1am xuc tac két hop véi Pd(0) trong cac phan tmg chirc
hoa nbi C-H. Cu thé, trong nhitng phan tng xay ra theo
co ché kim loai hoa-deproton héa dong thoi (Concerted
metalation-deprotonation - CMD), cac phosphin don nha
chi tao mot lién két phdi tri voi taim Pd, do d6 dé ngé mot
vi tri phéi tri tréng, tao diéu kién thuan loi cho budc hoat
hoa ndi C-H dugce dién ra d& dang [7]. Mot chién luge méi,
dang duoc 4p dung gin diy 1a bién cac bisphosphin ludng
nha (R,R,P-Y-PR,R ) thanh cac bisphosphin don nha bang
cach mono-0xy hoa chon loc mgt nhdm chire phosphine tré
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thanh phosphin oxid, giam ai lyc 1&n tam kim loai ciia nhom
chire nay [6]. Nhitng phosphin dang nay c6 thé dugc tap hop
vao mot nhém goi la phén ho ligand bisphosphin monoxid,
Vi cu triic chung 1a R R,P-Y-P(O)R,R, (hinh 1B)‘ [8]. Cac
bisphosphin monoxid don nha nay da dugc nhiéu nhom
nghién ciru 4p dung thanh céng vao mot sé phan tmg chirc

hoa ndi C-H [9-13].
PCyZ
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triphenylphosphin

Vidu:
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Bisphosphin Bisphosphin monoxid
lwdng nha don nha

Hinh 1. Phosphin do'n nha va céac vi du (A) va 6xy héa ligand
bisphosphin lwé'ng nha tré thanh bisphosphin monoxid don
nha (B).

Nam 1999, V.V. Grushin [14] dua ra quy trinh mono-6xy
héa mot budc mot sd bisphosphin thanh bisphosphin
monoxid bang xuc tac Pdl,, trong diéu kién ludng pha,
kiém hoa. Theo quy trinh cua V.V. Grushin, BINAPO (2a)
¢6 thé duoc tong hop thanh cong tir nguyén liéu dau vao la
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Abstract:

Bisphosphine monoxides are an emerging class of
monophosphine ligands that have found their use in
many enantioselective protocols, especially in the field of
asymmetric C-H functionalization, yet their synthesis is
usually multistep and chemically-wasteful. This report
shows a one-step modified protocol based on Grushin’s
mono-oxidation of axially chiral bisphosphine ligands to
form axially chiral bisphosphine monoxide ligands with
biphenyl and 1,1’-binaphthyl scaffolds, by changing the
reaction conditions as well as careful monitoring of the
reaction progress by NMR spectroscopy. The modified
protocol provides a quick way to prepare a series of chiral
bisphosphine monoxide ligands for ligand screening in
asymmetric methodological researches.

Keywords: bisphosphine monoxide ligands, catalysis,
monodentate ligands.

Classification number: 1.4

ligand BINAP (1a) - mdt ligand da duogc thu’orng mai hoa
(hinh 2). BINAP (1a) la mét hgand ¢6 truc bat ddi ximg
va c6 nhiéu ung dung trong tong hop bit ddi xing [15]
do d6 BINAPO (2a) ciing 1a mét ligand bat dbi xing tiém
nang. Tuy nhién, phdn tng nay doi hoi thoi gian phan ing
qua 1au (4 ngay). Cac bisphosphin c6 khung dan xudt tir
biphenyl, hay 1,1’-bisnapthyl tuong tw BINAP phén tng rat
cham trong diéu kién V.V. Grushin dua ra. Nhiéu nghién
ctru khac ciing dé ra cac quy trinh nham tong hop céc ligand
bisphosphin monoxid, nhung day deu la cac quy trinh nhiéu
budc va phirc tap, gdy ton kém réat nhidu vé thoi gian, hoa
chat va dung méi [10-12].

Trong qué trinh nghién ctru cac hé phan tmg bat dbi
xtng nham chirc héa nhém C-H, chon loc ddng phan quang
hoc (enantioselectively functionalization of C-H bonds)
dung xtc tac Pd(0), ching t6i can phat trién mot phan ho
ligand bisphosphin monoxid mang bd khung blphenyl va
1,1’-binaphthyl [13]. Vi muc dich mudn rat ngan thoi gian
tong hop ra cac ligand, giam thleu hoa chat, dung méi sir
dung, ching t6i da thyc hién cai tién quy trinh cua Grushin,
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bang cach thay d6i diéu kién phan Gng, dong thoi theo doi
chat ché tién trinh phan tmg bang phuong phap phd 'H va
3P NMR, tan dung dugc uu diém phan tng mdt budce cla
quy trinh Grushin, nhanh chéng tao ra ngudn ligand bat dbi
xtmg c6 cau triic phirc tap dwa vao quy trinh sang loc ligand

cho cac phan ung bat doi xtng.
PPh2
PPh,

2a: 57%
Nghién ctru nay

I

Ly
PPh, PPh2
PPh, oo o PPh,

Hinh 2. Téng hop ligand bisphosphin monoxid cé khung
biphenol va 1,1’-naphthyl (2) tir bisphosphin (1) theo quy trinh
Grushin va quy trinh cai tién cta nghién ctu nay.

Grushin (1999)
Pdl, 10 mol%
DBE (5 dwong lwong)
PPh; NaOH (4 M)
PPh2 pewm, 25 c, 4ngay

Pdl, 10 mol%
DBE (5 dwong lvong)
NaOH (10 M)

DCM, 25 °C,
8-48 gio
theo doi chat ché
phan ting bang *'p NMR

2. Boi tugng va phuong phap nghién ciiu
2.1. Déi twong nghién citu

Déi twong nghién ctru 1a phan tmg tong hop cac ligand
bisphosphin monoxid thong qua con duong 6xy hoa cac
ligand bisphosphin bing xtic tac Pdl,. Céc ligand, hoa chit
va dung moéi dugc mua tir Hang Takasago, Sigma-Aldrich,
Merck, Acros va TCI. Cac dung méi dicloromethan (DCM)
va nude duge loai 6xy bang cach cho syc manh khi N, kho
trong it nhat 30 phut. Sac ky ban mong duoc thuc hién trén
ban thuy tinh pha 0,25 mm silica gel (E. Merck, Kieselgel
60 F254). Sic ky cot duoc thyc hién véi silica gel Silicycle
60 (0,040-0,063 um). Ph6 'H NMR, *C NMR, "°F NMR va
3IPNMR dugc do bang may cong hudng tir hat nhan Bruker
AVANCEIII-400 tai Vién Cong nghé Lién bang Thuy Sy
tai Lausanne. Phd IR dugc do béng may Alpha-P Bruker
FT-IR.

2.2. Quy trinh oxy hoa b(ing xuc tic Pdl, ligand
bisphosphin déi véi (R)-SEGPHOS

Trong mdt binh cau day tron, dudi méi trudng N,, hoa
tan hdn hop gdm (R)-SEGPHOS (0,33 g, 0,54 mmol, 1,0
duong lugng) va Pdl, (0,019 g, 0,054 mmol, 0,1 duong
luong) trong 1,2-dibromoethan (0,23 ml, 2,69 mmol, 5,0
duong lugng) va DCM (3 ml) da duoc loai 6xy. Sau do,
dung dich NaOH 10 M (5 ml) (d2 duoc loai 6xy) dugc
thém vao va hdn hop phan tmg dugc khudy manh trong méi
truong N,. Phan ing duoc theo doi bang 'H, 3'P NMR va
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duoc cho ngung lai khi sy hinh thanh monoxid dugc danh
gi4 1a dién ra cham hon so véi cac bién d6i hoa hoc khac.
Dbi voi san pham (R)-SEGPHOSO, phan tmg dugc ngimg
sau 48 giod. Hon hop sau d6 duoc chiét bang DCM (3x15
ml). Pha hitu co dugc lam kho bang MgSO, khan va ¢6 dac
& 4p suat thap. Dung dich san pham tho dwoc khudy voi
0,2 duong lugng 1,2-bis(diphenylphosphino)ethan trong 15
phat dé tao phuc véi PA(IT). Hon hop thdé duge tinh ché
bang sic ky cot dé thu lai nguyén liéu dau chua phan tng
(pentan/Et,0 10/1) va san phém tinh khiét (pentan/EtOAc 6/4).

3. Ket qua
e Pdl, 10 mol%
L DBE (5 dwong lwong) L Q
e PPh, NaOH (10M) _ 7 PP
o PPh, DCM, 25 °C, - PP
. . 8-48 givv
<O E > O
F
o POPh, POPh, o POPh,
o PPh, PPh, £ O PPh,
o] F o C
2b 36% (45% brsm) 2c 21% (21% brsm)  2d 41% (65% brsm)
MeO POPh, POPh,
MeO PPh, PPh,

2e 49% (59% brsm) 2f 55% (73% brsm)

Hinh 3. Két qua tong hop céc ligand bisphosphin monoxid
bang xuc tac Pdl,.

(R)-SEGPHOSO (2b): resin khong mau. Thoi gian
phan tng: 48 gio. Hiéu suat: 36%, 45% brsm (0,12 g, 0,19
mmol). R 0,35 (pentan/EtOAc 5/5). 'H NMR (400 MHz,
Cloroform-d) 6 7,69 (ddt, J=11,7, 6,9, 1,4 Hz, 2H), 7,61
(ddt, /~=12,0, 6,9, 1,4 Hz, 2H), 7,47-7,43 (m, 2H), 7,39-7,32
(m, 4H), 7,29-7,19 (m, 10H), 6,98 (dd, J=14,1, 8,1 Hz, 1H),
6,76 (dd, J=8,0, 2,0 Hz, 1H), 6,62 (d, J=8,0 Hz, 1H), 6,55
(dd, J=8.,0, 3,5 Hz, 1H), 5,71 (d, J=1,7 Hz, 1H), 5,66 (d,
J=1,5 Hz, 1H), 5,23 (d, J=1,7 Hz, 1H), 4,83 (d, J=1,5 Hz,
1H). “C NMR (101 MHz, Cloroform-d) 6 150,0-107,5 (36
C, carbon thom, quan st thiy co su ché tin hiéu phic tap
do tuong tac C-P), 101,5 (s), 101,1 (s).*'P{'H} NMR (162
MHz, Cloroform-d) & 26,91-14,87. HRMS (ESI/QTOF):
tinh cho [C,H, OP +H]", [M+H]": 627,1485; tim thay:
627,1496. IR (ATR): $=3053, 3007, 2962, 2896, 1437,
1244, 1176, 1114, 1056, 745, 715, 695, 529 cm™. [a] >
+51,5 (c=1,0, CHCL,).
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Céc ligand khac tong hop twong tu quy trinh d6i voi (R)-
SEGPHOS.

(R)-SYNPHOSO (2¢): bot tréng. Thoi gian phan ung:
8 gio. Hiéu suét: 21%, 21% brsm (15 mg, 0,023 mmol). R,
0,25 (pentan/EtOAc 5/1). 'HNMR (500 MHz, Cloroform-d)
0 7,62 (ddd, J=11,9, 8,3, 1,4 Hz, 2H), 7,54-7,25 (m, 13H),
7,24-7,12 (m, SH), 6,78 (ddd, J=26.3, 8.4, 5,1 Hz, 3H), 6,59
(dd, J=8.,4, 3,5 Hz, 1H), 4,04 (dtd, J=11,3, 6,6, 2,4 Hz, 2H),
3,83 (ddd, J=11,3, 5,2, 2,3 Hz, 1H), 3,78-3,65 (m, 3H),
3,44 (ddd, J=11,4, 6,7, 2,3 Hz, 1H), 3,12 (ddd, J=11,7, 7,1,
2,2 Hz, 1H). *C NMR (126 MHz, Cloroform-d) 6 146,2-
115,8 (36 C, carbon thom, quan sat théy ¢6 su ché tin hiéu
phtre tap do tuong tac C-P), 64,0 (s), 63,9 (s), 63,5 (s), 60,4
(s). *'P{'H} NMR (162 MHz, Cloroform-d) 6 28,32 (s),
-15,98 (s). HRMS (ESI): tinh cho [C 40H3205P2] [M+H]":
655,1798; tim thay: 655,1807. IR (ATR): #=3052, 2926,
2357, 1588, 1470, 1435, 1290, 1194, 1154, 1090, 876, 783,
748, 712 em™. [a] 2 -53,2 (c=1,0, CHCL,).

(R)-DIFLUORPHOSO (2d): bot trang. Thoi gian phan
ing: 19 gio. Hidu suat: 41%, 65% brsm (0,08 g,0,11 mmol). R,
0,35 (pentan/EtOAc 4/1). '"HNMR (400 MHz, Cloroform-d)
67,59-7,53 (m, 2H), 7,53-7,26 (m, 12H), 7,25-7,02 (m, 8H),
6,96 (d, J=8,2 Hz, 1H), 6,87 (dd, J=8,2; 3,1 Hz; 1H). *C
NMR (101 MHz, Cloroform-d) & 145,6-109,1 (38 C, quan
sat thiy co sy ché tin hiéu phiic tap do twong tac C-P va
C-F). 'P{'H} NMR (162 MHz, Cloroform-d) & 27,83 (s),
-15,03 (s). “F{'H} NMR (377 MHz, Cloroform-d) 6 -48,2
(d, J.,=94,1 Hz, 1F), -49,2 (d, J, ,=90,0 Hz, 1F), -49,6

(d, J, ,=90,4 Hz, 1F), -50,1 (d, J, ,=94,1 Hz, 1F). HRMS
(ESUQTOF): tinh cho [C,H,F,0.P+H]", [M+H]"
699,1108; tim thdy: 699,1118. IR (ATR): #=3055,

2974, 2926, 1453, 1436, 1237, 1197, 1169, 1119, 1035,
746, 722, 695, 536 cm’. [0] X -1.2 (c=1,0, CHCL).
Mp: 219,5-220,5°C.

(R)-MeO-BIPHEPO (2¢): bot tréng. Thoi gian phan
ung: 42 gio. Hiéu sut: 49%, 59% brsm (0,08 g, 0,13
mmol). R, 0,35 (pentan/EtOAc 1/1). '"H NMR (400 MHz,
Cloroform-d) 6 7,56 (tdt, J=10,2, 6,9, 1,4 Hz, 4H), 7,42
(tdd, J=7,0, 5.1, 1,5 Hz, 2H), 7,38-7,27 (m, 7H), 7,26-7,19
(m, 8H) 7,16 (t, J/=7,9 Hz, 1H), 6,95 (ddd, J=13,3, 7,7, 1,0
Hz; 1H), 6,88 (dt, J=8,3, 1,0 Hz, 1H), 6,73 (ddd, J=7.7, 3.4,
0,9 Hz, 1H), 6,57 (dd, J=8,3, 1,0 Hz, 1H), 3,16 (s, 3H), 3,04
(s, 3H). C NMR (101 MHz, Cloroform-d) 6 158,2-110,3
(36 C, carbon thom, quan sat thiy ¢ su ché tin hiéu phirc
tap do tuong tac C-P), 54,8 (s), 54,6 (s).*'P{'H} NMR (162
MHz, Cloroform-d) 6 27,63 (s), -15,31 (s). HRMS (ESI):
calculated for [C, _H. O.P.]", [M+H]": 599,1899; tim théy:

3877327372
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599,1910. IR (ATR): #=3052, 2933, 2364, 1566, 1434,
1258, 1191, 1114, 1049, 998, 860, 697 cm. [0] : -87,0
(c=1,0, CHCL,).

(R)-H-BINAPO (2f): bot trang. Thoi gian phan tmg;
14 gio. Hiéu suat: 55%, 73% brsm (0,11g, 0,17 mmol).
'"H NMR (400 MHz, Cloroform-d) 6 7,71-7,54 (m, 4H),
7,49-7,20 (m, 13H), 7,20-7,08 (m, 4H), 7,06-6,93 (m, 3H),
2,76-2,61 (m, 4H), 1,90-1,66 (m, 3H), 1,54-1,06 (m, 8H),
0,80-0,67 (m, 1H). *'P{'H} NMR (162 MHz, Cloroform-d)
826,70 (s), -16,15 (s). Hop chét dd duogc biét dén tir trude,
cac dir liéu trung véi tai liéu khoa hoc da cong bd [12].

Biang cach can than loai O, trong dung m@i, st dung
moi trué{rng phén tng la khi N, va dung dich k’iém dam dac
10 M, dong thoi voi d6 la theo ddi chat ché tién trinh phan
mg bang phuong phap phd 'H va 3'P NMR, chung t6i da
c6 thé day nhanh toc d9 cuia phan g mono-6xy hoa. Cac
phan tng déu dién ra trong thdi gian ngan hon nhiéu (8-48
gi®) néu so v6i quy trinh Grushin (4 ngay cho BINAPO 2a),
va hau hét déu c6 hiéu suét tinh theo khdi luong thu hdi cta
nguyén liéu ban dau (brsm) twong dbi tot.

S di cac thi nghiém khong duoc cho phan tng dén khi
hoan thanh 14 vi c¢6 phan ung dioxy hoa dién ra canh tranh
(quan sat duoc br?lng phé NRM); thi nghiém can dugc ngung
tai thoi diém thich hop (vi du: su tao thanh phosphin dioxid
bat dau xay ra nhanh hon su tao thanh monoxid) dé co thé
thu hoi nguyén liéu bisphosphin ban déu, tranh viéc oxy
hoa qua mirc cac nguyén liéu dat tién nay. Trong sb cac
ligand dugc téng hop, (R)-SYNPHOSO (2¢) 1a san phim
duy nhét duoc tao ra voi hiéu suét thép (21%), vi qua trinh
mono-6xy héa cua ligand dau vao (R)-SYNPHOS khong
chon loc. Pinh tm hiéu cta phosphin (PR ) trén phd dd 3'P
NMR thudng nim trong khoang dich chuyen hoa hoc tir +50
dén -50 ppm. Khi phosphin bi 6xy héa tr¢ thanh phosphin
oxid (POR,), tin hi¢u NMR cua nguyén tir P bi gidi che chin
bdi nguyén tir O ¢6 do am dién cao, dan dén do dich chuyén
hoa hoc ciia n6 ting 1én [16]. Vi thé, sir dung pho *'P NMR,
c6 thé d& dang theo dai tién trinh phan tmg 6xy hoa nay, phd
'H duoce str dung song song dé bd tro cho viée xac dinh thém
thong tin cau tric.

Dé hiéu rd hon sy tac dong cua diéu kién phan tmg 1én
ting tac chat va trung gian phan tng, chu trinh co ché xtic
tac ciia phan (mg 6xy hoa nay di duoc dé xuit nhu & hinh 4
[8, 14]. Xtc tac PdX, dau tién duoc phdi tri béi bisphosphin
ludng nha tao phuc chelate dang [(n*-P-P),Pd]X, (i). Phirc
Pd(II)/P(1I1) nay thuc hién mét phan tmg 6xy hoa-khir ndi
phan tir, xuc tién boi base, xay ra & mat phan cach cia 2 pha
vo co/hitu co (nude/DCM) dé tao thanh phirc Pd(0)/P(V) (ii),
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chtra mét ligand bisphosphin monoxid. Sau d6, nhiéu kha
nang ligand bisphosphin monoxid don nha nay duoc trdo
d6i bang mot ligand bisphosphin ludng nha khéc trong
hé, do ai luc cua ligand ludng nha véi tam kim loai manh
hon, tao mdt phirc Pd(0) méi (iii) phéi tri voi 4 nhém chue
phosphin. Phirc (iii) nay duoc dé dang oxy hoa trd lai thanh
Pd(IT) béi dibromoethan dong lai chu trinh xtc tac. Tac chét
oxy héa dibromoethan dugc lya chon vi c6 kha niang dé
dang thyuc hién budc cong 6xy hoa vao cac phirc chit dang
[(1-P-P),Pd].

P
C + PdX,
P

Pd(ll)x2

Csch,
H,0 +2 X©
X Br

C ) ) C SPd() )
P/ \P P/ \P
i i

‘0\7(
A\ P

P) CP

Hinh 4. Co ché dé xuat cho phan (rng tao bisphosphin
monoxid, xuc tac Pdl,.

Budc quan trong nhat ctia chu trinh trén 1a sy 6xy hoa-
khur ndi phan to cua phuc (i) dé tao ra san phém chinh
(bisphosphin monoxid). Budc nay dugc cho la xay ra & mat
phan cach 2 pha v6 co/hitu co va duoc xuc tién boi moi
truong kiém. Dé budc 6xy hoa-khir nay xay ra dé dang, cin
dam bao nong d6 OH" cao dé dé dang khuéch tan vao pha
hiru co, dong thoi sy khudy tron hdn hop phai nhanh va
manh vi dung dich NaOH 10 M c6 d¢ nhét lon. Bén canh
d6, phan tmg duoc tién hanh trong méi truong N, dé han
ché toi da viéc san pham bisphosphin monoxid bi 6xy hoa
qué muc, tr¢ thanh phosphin dioxid.

5 ligand bisphosphin monoxid bat dbi xung 2b-f moi
néu trén duoc tong hop theo quy trinh cai tién, cung véi
ligand BINAPO (2a) tong hop bang quy trinh Grushin cii
da dugc ing dung vao phan mg aryl hoa lién két C-H ciia
cac di vong thom, chon loc atropisomer, vdi hé¢ xuc tac
Pd(dba),. Trong do, ligand H,-BINAPO (2f) 1a ligand cho
ty 1€ chon loc 2 dong phéan doi quang atropisomer toi vu (1€n
t61 97,5:2,5% er) (hinh 5) [13]. Quy trinh tong hop ligand
bisphosphin monoxid nay van dang duoc cai tién thém nita
dé co thé ap dung cho nhidu khung ciu trac bisphosphin,
hay thdm chi phosphin da nha, nhim tao ra mot ngan hang
ligand phosphin 16n, nhanh chong, gop phan rit ngin thoi
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gian cho budc sang loc ligand trong viéc phat trién cac hé
phan tng bat dbi xtimg st dung xtc tac Pd noi riéng va cac
xuc tac kim loai chuyén tiép khéc, kinh té hon va than thién
v6i moi treong hon noéi chung.

0L,

~ POPh,
1 -~
L, S

g R3 of

L Br - Sy R® hiéu suét én t6i 97%

H Pd(dba), R AR chon loc [én téi 97,5:2,5 er
4 2 Cs,CO3, MeCN N
RXNR 80-90°C Y=z

Y=2

Hinh 5. 'ng dung cua ligand 2f trong mét phan ng aryl hoa
néi C-H cua di vong thom da dwoc cong bé [13].

Nghién ctru di thanh cong trong viée cai tién quy trinh
mono-0xy hoa ligand bisphosphin ctia Grushin, thiét 1ap
dugc mot quy trinh nhanh chéng va tiét hiém hon dé tong
hop dugc mdt phan ho ligand bisphosphin monoxid chua
khung biphenyl va 1,1’-binaphthyl bat ddi xtmg, véi hi¢u
suat tir kha dén cao. Day la nhitng ligand bat dbi xtg m&i
co céu trac phue tap, néu di theo con duong tong hop khac
thi can trai qua nhiéu budc, gay ton kém vé thoi gian va hoa
chat. Céc ligand nay c6 tiém ning ing dung trong cac hé
phan tng xic tac Pd bat ddi xtng dé chon loc dong phan
dbi quang. Song song v6i d6, quy trinh phan ing nay van
dang tlep tuc duoc cai tién nhim tao ra mot thu vién ligand
bisphosphin monoxid bit dbi ximg 16n hon nita, ¢6 nhiéu
ung dung hon nita trong tuong lai.

Nghién ctru nay dugc thyc hién ¢ Phong Thi nghiém
tong hop va xtic tic bt ddi ximg, v6i sy hudng dan va hd
tro ctia GS.TS Nicolai Cramer - Vién Cong ngh¢ Lién bang
Thuy Sy ¢ Lausanne (EPFL), cung vi su cong tac vo cung
quy gid cua GS.TS Olivier Baudoin va TS Shu-Min Guo
(Pai hoc Basel, Thuy S¥). Nghién ctru dugc tai trg boi Quy
Khoa hoc Qudc gia Thuy S§ (SNF). T4c gia xin chan thanh
cam on.
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Diic diém sinh hoc va hoat tinh khang vi khuan gram dwong
cua Microbacterium sp. C21 phan lap tur dat
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Tém tit:

Phin 16n khang sinh thlr()’ng mai c6 nguon goc tir Streptomyces. Viéce tim kiém cac nguon gen tlem nang moi (khong
thudc Streptomyces) san sinh hoat chét khang khuin dugc datra nhim ngan chin sy khang thude béi cac vi khuin
gay bénh hién nay. Chiing C21 dwgc phan lap tir dit, khuén lac nhé (kich thwée 0,8-1,2 mm) trén moi trudong
Intensive soil extract medium (ISEM). Phan tich trinh tw gen 16S rRNA cho thiy, chiing C21 thudc vi khuin khé
nudi ciy va dworc coi la irng vién loai méi thude chi Microbacterium. Ngoai trir mdi trwong R2A, chiing C21 chi c6 kha
ning sinh truwéng trong moi trwong nghéo dinh dwéng nhw NB/3, TSB/10 va R4/10. N-acetylglucosamine, maltose,
D-glucose, L-proline, L-rhamnose, inositol, sodium acetate va axit 3-hydroxybutyric 1a nhirng nguf)n cacbon phu
hop cho ching C21 sinh trwéng. Hoat chit khang khuin tich chiét tir dich 1én men cua ching C21 ¢6 kha néng trc
ché & nong do 16 pg/ml dbi voi Enterococcus Jaecalis CCARM 5168, 8 ng/ml dbi voi E. Jaecalis CCARM 5171, 32
ng/ml @6i véi E. faecalis CCARM 5024, 64 pg/ml ddi véi E. faecium CCARM 5025, 32 pg/ml ddi véi Streptococcus
agalactiae CCARM 4504 va 8 ng/ml df)i v6i S. pyogenes CCARM 4520. Két qua ciia nghién ctru la co sé cho nhirng

nghién ciru tiép theo vé tim kiém céc hoat chit khang khuin tiém ning tir vi khuén khé nudi ciy.

Tir khéa: hoat tinh khang khuén, Microbacterium, nong dd trc ché t6i thiéu.

Chi sé phén loai: 1.6

1. Dt van de

Penicillin 1a khang sinh dau tién dugc phat hién tir nAm
mdc Penicillium rubrum boi Fleming nim 1929 [1] va mé
ra thoi ky vang cho phat hién khdng sinh méi tur ty nhién
vao gitra nhitng nam 1950 [2], trong d6 c¢6 hon 80% cac loai
khang sinh c6 ngudn gdc tir Streptomyces [2, 3]. Tuy nhién,
sau nhitng nam 1965 sb luong khang sinh méi dugc phat
hién c6 xu hudng gidm manh [2, 4]. Trong khi céac loai vi
khuan giy bénh da khang khang sinh xuat hién ngay cang
nhiéu, trong d6 c6 Enterococci khang thude vancomycin
(VRE - Vancomycin resistant Enterococcus) va Streptococci
duogc biét dén 1a mot trong nhitng ngudn bénh truyén nhidm
nguy hiém cho nguoi [5, 6].

Theo bao c4o cia M.E. De Kraker va cs (2016) [7] hau
qué ctia vi khuan gay bénh da khang khang thudc thuong rat
nghiém trong, gdy tir vong khoang 8,6 tri¢u nguoi hang nam
trén toan thé gioi va du doan den nam 2050 c6 khoang hon
10 triéu nguoi chét mdi ndm néu khong co giai phap kip thoi
nhdm ngan chan tinh trang da khang thu6c nhu hién nay.

Céc nghién ctru gan diy cho thay, Van dé da khang
thude ctia vi khuan gdy bénh ¢ nudc ta xuat hién ¢ tat ca
cac bénh vién 1on trén ca nudce [8-10]. Co to1 48% cac loai
E. faecalis dugc phan lap tir bénh nhan tai cac bénh vién
khang lai gentamicin [8]; 22-57% cac loai E. faecium

“Tac gia lién hé: Email: nguyenmanhtuan@tuaf-edu.vn
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khang lai vancomycin va gentamicin; 25-85% céc loai S.
pneumoniae khang ceftriaxone va erythromycin [9].

Cho dén nay, c6 khoang 1% cong dong vi khuan dat co
thé duoc phan 1ap va xac dinh dic diém kiéu hinh trong
diéu kién phong thi nghiém [11, 12]. Trong khi hon 99% vi
khuan dat 1a chua duogc nudi ciy (hay con goi 1a vi khuan
kho nudi cdy) va day duoc coi 1a ngudn gen tiém ning cho
phat hién cac hoat chat khang khuan méi nham ngan chin
van dé khang thudc [13, 14]. Nghién ctru vé céc vi khuan
kho nudi cdy san sinh hoat chat khang khuan gan nhu chua
dugc trién khai ¢ nuge ta. Do vay, nghién ctru s& bé sung
thém phuong phap tlep can vi khuén khé nubi cay trong
phong thi nghiém nham tuyén chon ngudn gen vi khuén méi
phuc vu cho phat hién cac hoat chét khéang khuén.

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

Dit bé mat (3 mau) thu thap tai M6 sét Trai Cau, Pong
Hy, Thai Nguyén. Dat duoc loai bo dat da, sinh khdi thuc
vat bang rdy voi duong kinh 15 0,2 mm va lam kho ¢ nhiét
do phong trong 24 gio.

Céc chung vi khuén kiém dinh gom E. faecalis CCARM
5168 (khang tetracycline va gentamicin), E. faecalis
CCARM 5171, E. faecalis CCARM 5025 (khang oxacillin
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Abstract:

Most commercial antibiotics are derived from
Streptomyces. The search for new potential microbial
sources (non-Streptomyces) for antibacterial activity
is proposed to prevent drug resistance by current
pathogenic microbes. Strain C21 was isolated from soil,
with small colonies (0.8-1.2 mm in size) on an intensive
soil extract medium (ISEM). Sequence analysis of
the 16S rRNA gene revealed strain C21 belongs to the
group of bacteria that are difficult to cultivate, and
is considered a candidate for novel species of genus
Microbacterium. Except for R2A medium, strain C21
was only able to grow in nutrient-poor media such as
NB/3, TSB/10, and R4/10. N-acetylglucosamine, maltose,
D-glucose, L-proline, L-rhamnose, inositol, sodium
acetate and 3-hydroxybutyric acid were suitable carbon
sources for the growth of strain C21. Crude extract
from fermentation liquid of strain C21 can inhibit
Enterococcus faecalis CCARM 5168 at a concentration of
16 ng/ml, 8 pg/ml for E. faecalis CCARM 5171, 32 png/ml
for E. faecalis CCARM 5024, 64 pg/ml for E. faecium
CCARM 5025, 32 pg/ml for Streptococcus agalactiae
CCARM 4504, and 8 pg/ml for S. pyogenes CCARM
4520. Results of this study established a basis for future
studies on finding potential antibacterial compounds
from difficult-to-culture bacteria.

Keywords: antibacterial activity, Microbacterium,

minimum inhibitory concentration.

Classification number: 1.6
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va quinupristin/dalfopristin), E. faecium CCARM 5024
(khang ampicillin, oxacillin, teicoplanin va tetracycline),
S. agalactiae CCARM 4504 (khang clindamycin,
clarithromycin va tetracycline) va S. pyogenes CCARM
4520. Céac ching vi khuan kiém dinh dugc cung cip boi
CCARM (Culture collection of antimirobial resistant
microorganisms), Han Quéc.

2.2. Phwong phdp nghién ciru

Mbi trwong va phan lap vi khudan khé nuéi cdy: Mbi
truong ISEM gbém dich chiét dat (200 ml), mudi khoang
(thanh phan co s6), axit amin (2 ml), vitamin B (1 ml), mudi
vi lugng (2 ml), agar (15 g), pH 6,8+0,2. Thanh phan co so
(g/795 ml nudc cat) gdbm: KH ,PO, (0,23), K,HPO, (0,23),
MgSO,.7H,0 (0,23), NH NO (0, 33) va NaHCO (0,25).
Phuong phép chuan bi méi truc‘mg ISEM duoc thu’c hién
theo mo ta cua T.M. Nguyen va cs (2018) [15]. Hoa 25 g
dat trong 250 ml nuéc mudi smh 1y, pha lodng dén nong
d6 107 va cdy trai 100 ul mdi nong do pha lodng dat 1én
mdi truong ISEM va Nutrient (HiMedia, An D9, d6i ching)
nuoi ¢ 25°C trong 2 tuan. Chi thu nhan, tinh sach cac khuan
lac xuét hién sau 7 ngay nudi cy trén moi truong ISEM va
luu gitt ¢ -86°C trong 10% glycerol [16].

Tuyén chon vi khudn khé nudi cdy san sinh hoat chat
khang khudn: Céc ching phan lap dugc nuéi lic trong binh
tam giac chira dung 30 ml méi truong dich thé ISEM c¢6 bd
sung 0,1% (w/v) cao ndm men & 28°C trong 10 ngay. Hoat
chat sinh hoc téng s trong dich nudi cdy dwoc tach chiét
voi ethyl acetate theo ty 1€ 1:1 (v/v). Hoa can sau khi bay
hoi ethyl acetate trong 300 pl dung moi dimethyl sulfoxide
(DMSO). 10 ul hoat chit tach chiét dugc nho vao khoanh
gidy duong kinh 6 mm (Whatman, Merck) va dat 1én moi
truong Mueller Hinton Agar (BD DIFCO) chua E. faecium
CCARM 5024 va S. agalactiee CCARM 4504. Kiém tra
vong khang khuan sau 24 gio 6 37°C [17].

DPinh danh phan tr va xdy dyng so do pha hé:
DNA tong sb6 cua ching phan lap duogc tach chiét theo
md ta boi J. Sambrook va D.W. Russell (2001) [18].
Cip mdi 27F-AGAGTTTGATCMTGGCTCAG  va
1492R-TACGGYTACCTTGTTACGACTT [19] duoc s
dung cho khuéch dai trinh ty gen 16S rRNA bing PCR.
Phan ting PCR duoc tién hanh trong 25 chu ky, bién tinh
DNA mau & 95°C trong 5 phut, 25 chu ky & 95°C trong
40 gidy, gdn mdi 55°C va kéo dai 72°C trong 1 phut; chu
ky cudi duoc kéo dai & 72°C trong 7 phat. San pham PCR
dugc doc trinh tu thong qua hé thong Applied Biosystems
3730 xI DNA analyzer su dung Big Dye terminator cycle
sequencing kit v.3.1 (Macrogen, Han Qudc). Nhan dién
trinh tu gen 16S rRNA thong qua dit liéu NCBI Blast va
Eztaxon Server. Quan hé di truyén cua chung phén 1ap dugc
thiét 1ap bang phan mém MEGA 7 st dung phuong phap
Neighbor-Joining [20].
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Xdc dinh ddc diém nuéi cdy: Ching phan lap duoc hoat
hoéa trong moi tru’ong ISEM léng, 3% (V/V) dich huyén phu
dugc cdy chuyén dén cac méi truong gdm R2A (HiMedia,
An D9g), Nutrient Broth - NB (HiMedia, An bo), TSB
(ATCC medium 18: Trypticase Soy) va R4 (g/l): glucose
(10), cao ndm men (1), axit casamino (0,1), proline (3),
MgClL,.6H,O (10), K,SO, (0,2), CaCl,.2H,0 (4) va axit
N-[Tris(hydroxymethyl)methyl]-2-aminoethanesulfonic
(5,6). Béng thoi, cac chung phan 1ép cling duoc ca?iy chuyén
dén moi trudng nghéo dinh dudng hon, twong tng R2A/3
(ham luong dinh dudng giam di 3 1an so v&i méi trudng
day du), NB/3, TSB/10 va R4/10. Kha ning sinh truéng cia
chung phan lap trén céc loai mdi truong duge xac dinh &
5 ngay, 28°C, 130 vong/phut thong qua xac dinh mat do vi
khuin & OD 500" Anh huéng cua cac ngudn cacbon dén sinh
truong cua chung phan 1dp dugc xac dinh boi APTID 32 GN
Kit (BioMerieux, Phap). Sir dung kinh hién vi dién tir quét
SEM (Scanning Electron Microscope, Hitachi S-4800, Nhat
Ban) dé xac dinh hinh thai té bao ctia chiing phan 1ap.

Lén men va tach chiét hoat chat khang khuan tong so:
Ching phan lap dugc hoat hoa trong moi truong R2A/3
nudi lic ¢ 28°C, 150 vong/phut trong 3 ngay. Cay chuyén
3% dich nuéi ciy dén méi truong R4/10, nudi lic 10 ngay.
Hoat chat khang khuan tong s6 co trong dich 1én men dugc
tach chiét 2 1an véi ethyl acetate (1 1, v/v). Bay hoi dung
moi & 40°C, can hoat chit tong s6 duoc hoa trong 10 ml
nudce cat va loc qua mang loc 0,22 pm (Millipore, M) truc
khi dong kho ¢ -54°C [21].

Xac dinh nong dé irc ché toi thiéu (MIC) ciia hoat chit
sinh hoc tong s6 tach chiét tir dich Ién men: Quy trinh xéac
dinh MIC dugc tién hanh theo phuong phép pha lodng cia
CLSI (2012) [17]. Cac ching vi khuan kiém dinh dugc
chuan bi & mat do 10° CFU/ml. Khang sinh cephalothin va
norfloxacin dugc str dung 1a d6i chimg duong. Bot hoat chit
tach chiét tong sb cua ching phan lap va khang sinh thuong
mai duoc chuin bi ¢ ndng do 128, 64, 32, 16, 8 va 4 pug/ml.

Xir Iy s6 liéu: Két qua cua cac thi nghiém dugc xu ly
bang Student’s t-test dé xac dinh y nghia thong ké. Gia tri
p=<0,05 1a gi6i han sai khac c6 y nghia thong ké.

£ 2 < < ~
3. Ket qua va ban luan

3.1. Phén lip va tuyén chon vi khuén khé nuéi cdy
tong hop hoat chat khang khudn

Thanh phan dinh dudng co trong méi trudng phan lap co
anh 16n dén su sinh trudng (khuén lac) cua vi sinh vat. Sau
2 tudn nudi céy sb luong khuén lac xuét hién & néng do pha
lodng mau dat 10~ trén moi truong ISEM va Nutrient lan
luot 1a 132418 va 1043 (hinh 1). O ciing ndng d6 pha lodng
mau dét, khudn lac xuét hién trén moi truong ISEM nhidu
hon gan 14 14n so véi Nutrient (p=0,009).
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Nutrient

Hinh 1. Khuan lac xuét hién trén méi trwong thach dia sau 2 tuan.

Su thiéu cac yéu té tir moi truong sdng ty nhién (noi ma
c4c vi sinh vat sinh sdng) trong cic moi truong thuong mai
(nhu Nutrient) 1a mot trong nhitng nguyén nhan dan téi phan
16n céc loai vi sinh vat khong thé sinh truong trong phong
thi nghiém [11, 15, 22]. Bén cach 49, néng d6 dinh dudng
cao trong mdi trudng nudi cdy cling 1a nguyén nhan gay e
ché sinh truong cua cac loai [11, 23]. Viéc bd sung thanh
phan tach chiét tir dat va vitamin vao méi truong ISEM sau
khi khir tring & 121°C ¢6 tac dong hd trg cho céc loai sinh
trudng tot hon trong diéu kién phong thi nghiém.

Nghién ctru nay tuyén chon dugc 7 ching vi khuan san
sinh hoat chit khang khuan tir 145 ching phén 1ap, trong
d6 ching C21 c6 kha ning (rc ché ca 2 vi khuan kiém dinh
E. faecium CCARM 5024 va S. agalactiae CCARM 4504
v6i duong kinh vong khang khuan lan luot 14 12,5 va 12
mm (hinh 2).

Hinh 2. Hoat tinh khang khuan cta chiing vi khuan khé nubi cay.

3.2. Dinh danh va so do pha hé ciia chiing C21

Kich thudc chidu dai gen 16S rRNA cia chung C21 1a
1454 bp, véi mi s6 truy nhap MT756048. Két qua so sanh
trinh ty gen ctia ching C21 cho thiy gan nhét véi hai trinh
tu gen duoc xac dinh truc tiép tir DNA tach chiét trong moi
truong ma khong thong qua con dudng nudi cdy thuan khiét,
bao gém uncultured bacterium (LR639600) va uncultured
bacterium clone 1-11D (EU289474) véi d6 twong ddng
lan luot 1a 98,96 va 98,90%. Trong khi so sanh véi dit lidu
ching chuén cong bd trén dit liéu Eztaxon Server, trinh tu
gen 16S rRNA ciia chung C21 thé hién muc twong dong
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cao nhat (98,54%) voi ching chudn Microbacterium
ginsengisoli DSM 18659T (JYIY01000074). Bén canh do,
so d6 pha hé ciing cho thiy ching C21 duoc sip xép thudce
chi Microbacterium, nhung & mot vi tri doc 1lap véi cac thanh
vién khac cua chi Microbacterium da cong bd (hinh 3).
Nghién ctru ciia H.P. Browne va cs (2016) [23] chi ra ring,
dwa vao két qua so sanh trinh gen 16S rRNA giita cac loai
c6 gia tri tuong dong dudi 98,7% thi c6 thé dugc coi la
loai méi. Do vay, ching C21 ¢6 thé 1a loai mai thude chi

Microbacterium.
80 MicrobacteriuminvictumDC-00° (AMI49677)
6 L’l[icmbaczeriumlucasASE-SZT (AB26030)
Microbacterium aurumDSM 860" (Y17229)

— Microbacteriumaoyamense KV-492" (AB234028)
Microbacterium pygmaeum KV-490T (AB24S7)
Microbacterium ferregens TFQ 12961 (ABO0AT1)
Microbacterium saccharophilum K-1" (ABT36273)
Microbacterium pumilim KV-488" (AB234027)

68 — Microhacterium demimutum KV-483T (AB234026)

—— Microbacterium flavim YM18-098" (AB286029)
Microbacterium diaminobutyricum RZG3" (KUS43348)
Microbacterium endophyticum PALS" (K1920264)

99 Microbacterium halimioriae PA36" (KI920278)

Uneutured bacterium clone 1-11D (EU289474)

Uncultured bacterium (LR639600)

Microbacteriumsp. C21 (MI756045)

Microbacterium hushaniae L0317 (MG234281)
Microbacterium horti THG-SLIT (RMS76853)
Micrabacterium ginsengisoli Gsoll 259" (AB271048)
Microbacteriumsediminicola YM10-847" (AB286021)
Microbacterium imperiale DSM 2053(0" (X77442)
Microbacteium arborescens DSM 20754" (XT7443)
Microbacteriumradiodurans GIMN 100" (GQ329713)
Microbacteriwmulni XILO2T (AY062021)
licus DSM 13454F {AJG16763)

Arthrabacter psychroph

001

d

Hinh 3. Cay pha hé chi ra méi quan hé di truyén caa ching
C21 v&i cac loai gan nhat cua Microbacterium dwa trén trinh
tw gen 16S rRNA. Cac gia tri & cac vi tri phan nhanh voi tan sé
xuat hién (bootstrap) 1000 phép so sanh (chi gilr lai gia tri 250%);
Arthrobacter psychrophenolicus DSM 154547 (AJ616763) la ngoai chi
Microbacterium.

3.3. Pdc diém nuéi cdy ciia chiing C21

Khuén lac cia ching C21 trén moéi trudng ISEM &
28°C, 6 ngdy c6 mau tring sita, tron 161, bong, duong kinh
khoang 0,8-1,2 mm. Té bao co dang que dai, kich thudc
0,20-0,22x1,0-1,2 um (hinh 4).
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Hinh 4. Hinh thai khuan lac va té bao ctia chung C21.

Ngoai trir méi truong R2A, chung C21 khong sinh
truong trong moi truong dinh dudng hoan chinh nhu NB,
TSB va R4 (p>0,05). Nguoc lai, khi st dung méi truong
nghéo dinh dudng hon thong thudong cho thiy chung C21
sinh trudng tét trong tit ca cac moi trudng sir dung (hinh 5).
Mat d6 vi khuan ciia chung C21 trong mdi trudong hoan
chinh (R2A) va nghéo dinh dudng (R2A/3) 1an luot 14 0,39
va 0,95 (p=0,008). Khi giam ham luong dinh dudng di 3 1an
(NB/3), mat do té bao chung C21 dat 0,44 so v6i 0,03 ddi
vo1 moéi truong hoan chinh NB (p=0,02). Chung C21 sinh
truong tot trong moi trudng nghéo dinh dudng (TSB/10 va
R4/10), nhung khong sinh truong trong moi truong TSB va
R4 hoan chinh (p>0,05). Nhu vdy, vi khuan kho nudi cay
C21 sinh truong tot trong moi truong nghéo dinh dudng.
Bao cao cua V.H.T. Pham va J. Kim (2012) [11], A.A.
Pulschen va cs (2017) [24] cho thdy, sir dung mdi trudng cd
ham luong dinh dudng thap hon so véi thong thuong duge
coi 1a giai phap hiéu qua cho tuyén chon céc vi sinh sinh vét
kho nubi cay.

12 4

1

"] I I ' I I
0

MBBD R2A  R2A/3 NB/3  TSB TSB/10 R4 R4/10

=3 =)
> %

Mat d§ quang

=3
~

Hinh 5. Anh hwéng ciia méi trwdng dén sinh trwdng chiing
C21. MPBD: mat dd t& bao cla ching C21 ban diu; méi trudng
hoan chinh: R2A, NB, TSB va R4; moi trwdng nghéo dinh dwdng:
R2A/3, NB/3, TSB/10 va R4/10.

Két qua nghién ctru kha nang su dung cac nguon
cacbon cho thay, chung C21 sinh truéng tdt & cac ngudn
cacbon gdm N-acetylglucosamine, maltose, D-glucose,

L-proline, L-rhamnose, inositol, sodium acetate va axit
3-hydroxybutyric; khong phat hién sinh trudng cua chung
C21 ddi véi cac ngudn D-ribose, sucrose, axit itaconic, axit
suberic, sodium malonate, axit lactic, L-alanine, potassium
2-ketogluconate, potassium 5-ketogluconate glycogen,
L-serine, D-mannitol, salicin, D-melibiose, L-fucose,
D-sorbitol, L-arabinose, axit propionic, axit capric, axit
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valeric, trisodium citrate, L-histidine, axit 3-hydroxybenzoic
va axit 4-hydroxybenzoic. Nhu véy, chung C21 ¢6 kha nang
su dung 8/32 (25%) nguon cacbon cua API ID 32 GN Kit.

3.4. MIC ciia chung C21

Két qua xé&c dinh MIC cuda hoat chét sinh hoc téng sb
tach chiét tir dich 1én men cua ching C21 duogc thé hién &
bang 1. Hoat chit sinh hoc tong s6 cia chung C21 ¢6 kha
nang te ché sinh trudng ciia cac vi khuan kiém dinh tir 8 &én
64 pg/ml, cu thé E. faecalis CCARM 5171 va S. Pyogenes
CCARM4520 ¢ néng do6 8 pg/ml; E. faecalis CCARM
5168 & 16 pg/ml; 32 pg/ml ddi vé6i E. faecalis CCARM
5024 va S. agalactiae CCARM 4504; E. faecium CCARM
5025 & 64 pg/ml. Hoat tinh ctia khang sinh c¢6 thé duoc
tang cuong dua trén phuong phép chinh stra ban téng hop,
khang sinh méi iboxamycin duoc tgo ra theo phuong phap
trén tir clindamycin 1a mot trong sd bang chung tiéu biéu
(clindamycin 1a mot trong nhiing khang sinh bi cac vi khuin
gy bénh gram am va dwong khang lai). Trong khi khang
sinh iboxamycin nhay cam trc ché ph rong ca vi khuan gay
bénh gram am va duong [25].

Bang 1. Gia tri MIC cta hoat chat khang khuan tach chiét tip
chang C21.

Chiing vi khuén MIC (ug/ml)
Cc21 Cep Nor

E. faecalis CCARM 5168 16 16 4
E. faecalis CCARM 5171 8 8 8
E. faecalis CCARM 5024 32 32 4
E. faecium CCARM 5025 64 8 8
S. agalactiae CCARM 4504 32 0,25 4
S. pyogenes CCARM 4520 8 0,25 1

Ghi chu: Cep: cephalothin; Nor: norfloxacin.

Nhitng nim gan day, tim kiém cac ngudn gen méi (khong
thudc Streptomyces) tong hop hoat chat khang khuan dugc
cac nha khoa hoc quan tam. Chi Microbacterium dugc
coi 1a ngudn gen tiém ning cho phat hién hoat chit khang
khuan [26-30]. Béo cdo cia D.W. Kim va cs (2011) [26]
phat hién 4 loai khéng sinh thuoc nhém norfloxacin do
M. sp. strain 4N2-2 tong hop, bao gdm 8-hydroxynorfloxacin,
6-defluoro-6-hydroxynorfloxacin, desethylene norfloxacin
va N-acetylnorfloxacin. P. Ghulster va cs (2018) [28] cong
b dich chiét tong sd tir loai m&i M. arborescens CIP55.817
trc ché S. aureus ATCC 13709 va S. aureus MRSA ATCC
1683 6 ham lugng 12,5 va 22,5 pg/ml theo tha tu. Ching M.
arborescens 5913 tong hop microvionin (khang sinh thudc
nhom lipopeptide), nhay cam tc ché vi khuan gram duong
gf”)m S. aureus ATCC 13709, S. aureus ATCC 1683 va
S. pneumoniae ATCC 33400 ¢ ham luong lan luot 1a 0,1,
0,46 va 0,15 pg/ml [27]. Gan day, N.E. Suzina va cs (2022)
[30] cong bb M. lacticum Str. F2E c6 kha nang ung ché sinh
truong pho rong cac chung gram duong gdm B. megaterium
VKM B-512, B. cereus GAS5, B. subtilis ATCC 6633,
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B. thuringiensis ATCC 35646, B. wehnestephanensis
KBAB4, L. sphaericus VKM B-509, M. liquefaciens
Ash10-2, M. luteus VKM Ac-2230, M. roseus VKM B-1236,
R. erythropolis ShS, S. aureus 209-P va S. salivarius M15.

4. Két luan

Ching C21 thugc ching vi khudn kho nudi céy, c6 thé
1a mot loai m&i thude chi Microbacterium. Khuén lac ¢
mau tréng sira, tron 161, kich thudc 0,8-1,2 mm trén moi
truong ISEM, té bao hinh que dai (0,20-0,22x1,0-1,2 pm).
Chung C21 khong sinh truong trong moi truong dinh dudng
ddy du (ngoai trir R2A), nhung sinh trudng tot trong moi
truong ngheo dinh dudng. N-acetylglucosamine, maltose,
D-glucose, L-proline, L-rhamnose, inositol, sodium acetate
va axit 3-hydroxybutyric 1a cdc ngudn cacbon cho chiing
C21 sinh trudng. Hoat chit khang khuan tong sb tach chiét
tir dich 1én men ching C21 ¢6 kha ning trc ché E. faecalis
CCARM 5168, E. faecalis CCARM 5171, E. faecalis
CCARM 5024, E. faecium CCARM 5025, S. agalactiae
CCARM 4504 va S. pyogenes CCARM 4520 ¢ nong do
twrong ung 13 16, 8, 32, 64, 32 va 8 pg/ml. Pay 1a ngudn gen
mo&i cho tim kiém hoat chit khang khuan ty nhién. Chinh vi
vay, can ¢ nhiing nghién ctru tiép theo vé x4c dinh cu trac
va tang hoat tinh khang khuan bang cach bién d6i cdu tric
hoéa hoc cta hoat chét khang Kkhuén sinh ra béi chung C21.
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Nghién ciru tao cu truc mang promoter rphl nhiim tang cwong
biéu hién protein tii to hop & nam dwoe liéu Cordyceps militaris
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Tém tit:

Cordyceps militaris 1a loai nim dwgc liéu chira nhiéu hoat chit cé loi cho strc khée nhw cordycepln, adenosine,
pentostatin, polysaccharlde, carotenoid. Tuy nhién, ham lwgng ciia cac hgp chit nay 6 cac ching nam tw nhién t1r0’ng
dm thap Gan day, hé gen cua C. militaris da dugc glal trinh tu hoan toan va cac gen lién quan dén sinh tong hop cac
chit cé lgi da dwgrce xac dinh. Do d6, viéc nghién ciru ting cudng sinh tong hgp cac hoat chit quy o C. militaris nho
cong nghé DNA tai to hop co nhiéu thuin lgi. Trong nghién ciru nay, cac tac gia da tao thanh cong vector nhi thé véi
vung T-DNA mang cAu tric ting cuong biéu hién gen dwéi sy diéu hoa béoi promoter rpbI tix chinh loai C. militaris.
Ciu triic T-DNA tir vector nhi thé dugc chuyen vao hé genr nim nho phuong phap chnyen gen thong qua vi khuén
Agrobacterium tumefaciens. Phan tich ngau nhién mot so thé chuyen gen bang PCR véi cac cap moi dic hi¢u chirng
minh cau tric T-DNA da dugc tich hgp thanh cong vao h¢ gen C. militaris. Quan sit cac thé chuyén gen dudi kinh
hién vi huynh quang x4c nhin sw biéu hi¢n manh ciia gen ma héa protein huynh quang do6 DsRed dudi sy dleu hoa
caa promoter rpbl. Vector nhi thé mang promoter rpbl tao dwgc trong nghién ctru nay c6 thé dwgc sir dung aé tang
cuong sw biéu hién cuia cac gen mong muon ¢ nam dwgec li€u C. militaris.

Tir khoa: chuyen gen nho vi khuin Agrobacterium tumefaciens, Cordyceps militaris, protein huynh quang DsRed,

vector nhi thé mang promoter rpb1.

Chi sb phdn loai: 1.6

1. Dt van de

Udc tinh, ¢6 hon 500 loai thudc chi Cordyceps da dugc
thu thap va phan loai. Trong do, C. militaris 1a loai duoc
sir dung phd bién trong y hoc ¢b truyén & cac nudc chau
A. Hién nay, loai nAm nay dang duoc nudi trong dang qua
thé ¢ quy md cong nghlep Nam C. militaris chira nhiéu
hoat chit c6 kha ning chdng lai té bao ung thu, khang viém
va diéu hoa tang cuong mién dich [1-3]. Tuy nhién, ham
lugng thanh phan c6 hoat tinh sinh hoc nhu cordycepin,
adenosine, pentostatin, polysaccharide va carotenoid ¢ cac
chung tu nhién thuong twong dbi thip. Vi véy, nghién ctru
tang cudng su biéu hién cua cac gen lién quan nho cong
nghé DNA tai t6 hop c¢6 thé gitp taing ham lugng hoat chat
¢6 loi & ndm C. militaris [4].

H¢ gen cua loai C. militaris da dugc gidi trinh ty hoan
toan va cac gen/nhom gen lién quan dén qua trinh sinh
téng hop cac chét ¢6 loi da co ban dugc xac dinh. Co s&
dit liéu hé gen ndm C. militaris (https://mycocosm.jgi.doe.
gov/Cormil/Cormil.home.html) c6 thé duoc khai thac cho
cac nghién ciru biéu hién gen tai t6 hop nhiam ting cuong
su biéu hién cua cac gen mong mudn [4, 5]. Nhiéu loai
promoter manh da dugc img dung rdng réi trong nghién ciru
biéu hién tai t6 hop ¢ ndm soi. Tuy nhién, viéc sir dung cac
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promoter dé diéu hoa biéu hién gen & C. militaris van con
twong dbi han ché [4-6]. Nam 2014, T. Lian va cs [7] su
dung ky thuat real-time PCR da chi ra mot s6 gen biéu hién
manh & cac giai doan phat trién khac nhau cua C. militaris.
Trong s6 d6, gen rpb1 lién quan dén sinh tong hop enzyme
RNA polymerase II dugc ddc biét cht y, vi gen nay biéu
hién manh va 6n dinh qua cac giai doan phat trién cua
C. militaris. Ving trinh tu 5° ctia gen rpb! ¢ thé dugc khai
thac lam promoter cho nghién ctru diéu hoa biéu hién gen tai
t6 hop & nam C. militaris.

Dé chuyén gen vao nam, nhiéu phuong phap chuyen gen
da duoc phat trién. Tuy nhién, phuong phap chuyén thong
qua vi khuan 4. tumefaciens dugc chimg minh 1a ¢ hiéu
quéa ddi véi nhiéu loai ndm soi khac nhau, trong d6 ¢6 ca C.
militaris [8-10]. Dén nay, viéc chuyén gen vao C. militaris
van chu yéu sir dung gen khang khang sinh hoic gen khang
chat diét co [4]. Viéc sir dung cac vector mang gen khang
thudc dé tao chung chuyén gen thuong khong dap tmg dugc
c4c tiéu chudn vé an toan trong linh vire san xuat thie pham.
Do do, chung tai to hop dugc tao ra nho st dung vector
mang marker tro dudng pyrG s& co tiém ning cao dé img
dung vio thyc tién, dong thoi gitp loai bo viéc st dung cac
gen khang thudc.
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Abstract:

Cordyceps militaris is a valuable medicinal mushroom
that contains numerous bioactive ingredients such as
cordycepin, adenosine, pentostatin, polysaccharides, and
carotenoids. However, the contents of these substances
in wild-type strains of C. militaris are relatively low.
Recently, the genome of C. militaris has been fully
sequenced, and genes involved in the biosynthesis of
beneficial constituents have been identified. Therefore,
research on enhancing the biosynthesis of the bioactive
compounds in this fungus by recombinant DNA
technology has advantages. In the present study, the
authors have successfully generated a binary vector with
a T-DNA region carrying a construct regulated by the
native rpb1 promoter that can enhance gene expression in
C. militaris. The T-DNA structure from the binary vector
was then transferred into the C. militaris genome by
Agrobacterium tumefaciens-mediated transformation.
Analysis of some fungal transformants by PCR using the
specific primer pairs indicated that the T-DNA structure
was successfully integrated into the fungal genome.
Observation of the transformants under fluorescence
microscopy confirmed the overexpression of the DsRed
fluorescent protein under the regulation of the rpbl
promoter. The binary vector carrying the rpb1 promoter
constructed in this study can be employed to promote the
expression of target genes in the medicinal mushroom
C. militaris.

Keywords: Agrobacterium tumefaciens-mediated
transformation, binary vector carrying promoter rpbl,
Cordyceps militaris, DsRed fluorescent protein.
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2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

Céc chung vi sinh vat, gém C. militaris G12, C. militaris
ApyrG, A. tumefaciens AGL1 va Escherichia coli DH5a do
Phong Genomic, Phong Thi nghi¢ém trong diém cong nghé
Enzym va Protein, Truong Pai hoc Khoa hoc Ty nhién, Pai
hoc Qudc gia Ha Noi cung cip. Vector nhi thé nguyén ban
pEX2 dung trong nghién ctru dugce tao ra boi K.T. Nguyen
vacs (2016) [9]. Moi truong dich chiét khoai tay (PDA hodc
PDB) va Czapek-Dox (CD) duoc st dung cho nudi nim
C. militaris. M0i truong Luria Bertani (LB) duoc st dung
dé nudi cac chung vi khuan. Ching nam C. militaris ApyrG
dugc nuoi trén moi truong dia thach PDA c6 bo sung 0,1%
uridine va 0,1% uracil trong 8-10 ngay, ¢ 25°C dudi diéu
kién chicu sang nham kich thich sy hinh thanh cua bao tu.
Bao tir nAm dugc thu hdi theo mo ta cua K.T. Nguyen va cs
(2016) [9]. Dich bao tir dugc dicu chinh vé nong dd 10° bao
tir/ml va dugce giit & 4°C cho céc thi nghiém tiép theo.

Cac cap mdi sir dung trong nghién ctru nay dugc liét ké
& bang 1. Cap mdi CMrpbl1-F2/CMrpbl-R2 dic hiéu cho
viing promoter ctia gen rpbl (mi s6 GenBank: KC242729)
dugc thiét ké bang phan mém Primer3 (https://bioinfo.ut.ce/
primer3-0.4.0). Trinh tu vung promoter cua rpb ! duogc trich
xuét tir dit liéu hé gen ndm C. militaris tai https://mycocosm.
jgi.doe.gov/Cormil/Cormil.home.html. Hai cip mdi con
lai do Phong Genomic, Phong Thi nghiém trong diém cong
nghé Enzym va Protein, Truong Pai hoc Khoa hoc Tu
nhién, Pai hoc Qudc gia Ha Noi cung cap.

Bang 1. Cac cdp méi dung cho PCR.

Kich thuwéc
STT Tén mdi Trinh tw mbi (5°-3°) sén phim
PCR (bp)
GGGACTAGTGTCGAGGCTGTACC
1 CMpbl-F2 ) oA (Spel) oss
GGGCTCGAGGATATGGCGATGAC
2 CMipbl-R2 GG ATT (hol)
3 DeRedp  AACTCGAGCACGTGCTTAAGGAT
ATC ATGGCCTCCTCCGAGG o
4 DeRedr  AAGGATCCCCGCGGGAGCTCGAT
AT CCTACAGGAACAGGTGGTGGC
5  pyrG-orftF  ATGTCTTCCAAGTCGCAATT w0
6  pyrG-or:R  TATTGCGCACCAACACG

2.2. Tdch chiét DNA tong sé tiv hé soi ndm C. militaris

Céc chung C. militaris dugc nudi trong moéi truong dich
chiét khoai tay PDB (Potato dextrose broth). Riéng dbi véi
chung C. militaris khuyét dudng uridine/uracil (ApyrG) thi
mbi truong PDB can bo sung thém 0,1% uridine va 0,1%
uracil. NAm duoc nudi trén may l4c 6n nhiét & 25°C, tde do
200 vong/phut trong 3 ngay. Hé soi ndm duoc thu lai bang
cach loc dich nu6i qua mang Miracloth dé phuc vu tach
chiét DNA téng s6. Viéc tach chiét DNA téng sb duoc thuc
hién theo quy trinh di cong bé trude diy véi mot sb diéu
chinh phu hop [9]. M6t lugng 0,15 g hé sgi nim dugc chia
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vao ong eppendorf v6 trung va dugc gid nat bang diia thuy
tinh vo tring trong khoang 1 phut. B6 sung 600 pul dém chiét
(2,5% SDS, 200 mM Tris-HCl1 pH 8, 250 mM NacCl, 25 mM
EDTA 0, 2% B- mercaptoethanol) va 3 ul proteinase K Vao
dng chira mau. Mau duoc tron déu bang may vortex. U mau
& 60°C trong 30 phut. B6 sung 300 pl 3 M sodium acetate
(pH 5,2) va dao déu 6ng. Mau duoc ly tim & 4°C, toc do
12.000 vong/phit trong 20 phat. Hat dich ndi chuyén sang
ong eppendorf mdi va bd sung thém 1 the tich isopropanol
lanh d¢ két tia DNA. Pao nhe 6ng va tién hanh ly tim lanh
& toe d6 12.000 vong/phut trong 10 phit. Bé phan dich noi
va thu két tia. B6 sung 700 pl ethanol 70% vao dng dé rira
két tia. Ly tam ong & 12.000 vong/phit trong 5 phat. Két
tia dwoc lam kho bang may SpeedVac cua Hiang Thermo
Scientific (M¥). B6 sung 50 pl TE (Tris- EDTA, pH 8) va
3 ul RNase A (10 mg/ml) dé hoa tan miu va mau duoc u &
60°C trong 30 phut dé loai bd RNA. Mau DNA tong s6 dugc
kiém tra trén gel agarose 0,7% bang phuong phap dién di.
Mau duogc bao quan & 4°C cho cac thi nghiém tiép theo.

2.3. Tao vector nhij thé pEX2-rpb1

Vungtrinh typromoter (940 bp) cuia gen rpb I dugckhuéch
dai bang PCR sir dung khuon 1a DNA tong s tach chiét tir
C. militaris va cap mdi dic hiéu CMrpb1-F2/CMrpbl-R2
(bang 1). Bé dam béo tinh chinh x4c cia qua trinh sao chép
DNA, enzyme Phusion™ high-fidelity DNA polymerase
cua Hang Thermo Scientific (My) da dugc st dung. Quy
trinh PCR gdm 94°C (6 phiit); 35 chu ky lip ciia 94°C (30
gidy), 58°C (30 gidy), 72°C (1 phut) va 72°C (10 phut). San
pham PCR duoc kiém tra trén gen agarose 0,7% va duoc
cit véi _enzyme gi6i han Spel va Xhol. San pham duoc tinh
sach bang MEGAquick-spin™ Plus Total Fragment DNA
Purification Kit cua Hang INtRON Biotechnology (Han
Quédc) theo huéng dan cua nha san xuit. San pham tinh
sach dugc nbi vao vector nhi thé pEX2 ciing da dugc cit
bang cting 2 enzyme Spel va Xhol. Viéc ghép ndi dugc thuc
hién voi enzyme T4 DNA ligase (Thermo Scientific, M¥).
Hdn hop lai duoc bién nap vao vi khuén E. coli DH50 bang
phuong phap sb¢ nhiét. Cac khuan lac xuét hién trén dia moi
treong chon loc (méi truong LB chira 100 mg/l khang sinh
kanamycin) dugc kiém tra bang k¥ thuat PCR khuan lac
(colony PCR) sir dung cip mdi dic hiéu (bang 1). GoTaq®
Green Master Mix cua Hang Promega (M¥y) dugc st dung
cho colony PCR. Nhiing khuan lac véi két qua PCR xac
nhan sy c6 mit cua doan chén dugce nudi dé tach plasmid.
Plasmid téi t6 hop dugc xac nhan bang cit véi enzyme gidi
han BamHI va giai trinh ty mot phén plasmid.

2.4. Chuyén gen vao nim C. militaris théng qua vi
khuan A. tumefaciens

Quy trinh chuyén gen vao nim C. militaris nho vi khuan
A. tumefaciens dugc tién hanh dya theo quy trinh ciia K.T.
Nguyen va cs (2016) [9] va Z. Zheng va cs (2011) [10].
Vector nhi thé duoc bién nap vao vi khuén A. tumefaciens
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AGLI1 nho hé théng chuyén gen bang xung dién Gene Pulse
Xcell™ Electroporation System cua Hang Bio-Rad (MY).
Céc khuan lac vi khuén mang vector nhi thé dugc xac nhan
bang PCR v&i cip mdi dic hiéu CMrpbl -F2/CMrpb1-R2.
Vi khuan duoc nudi trong méi truong LB 1ong ¢b bd sung
kanamycin (100 mg/l) & 28°C, 200 vong/phut, khoang 18
dén 20 gio. Hut 0,5 ml dich nuéi cho vao 6ng falcon chira
4,5 ml mdi truong cam tmg IM c6 b sung acetosyringone
(AS) [9]. Nudi lic trong tbi & 28°C, 200 vong/phut, cho t&i
khi dich nu6i c6 OD dat 0,6 dén 0,8 (khoang 5-6 gi(‘r). Tron
100 pl dich nuoi da cam tng véi 100 pl bao ti nam (ndng
d6 10°bao tir/ml). Hon hop dugce trai déu 1én mang cellulose
da dat san trén moi truong IM (c6 b sung 0 ,01% uridine,
0,01% uracil, 200 uM AS). Bia dugc U trong hop t6i & 22°C
trong 2,5 ngay. Dé chon loc thé chuyén gen, mang cellulose
dugc chuyén sang dia moi truong thach Czapek Dox (CD)
co bd sung khang sinh cefotaxime (600 mg/l) dé diét vi
khudn A. tumefaciens. U dia ¢ nhiét do 25°C trong 5 ngay.

2.5. Xdc nhdn cdc thé chuyén gen

Céc khuén lac nAm xut hién trén dia chuyén gen duogc
céy chuyén sang dia méi trudng CD mdéi va dugce tinh sach
bang phuorng phap phan lap bao tir don. Cac thé chuyen
dugc nudi cay trong mdi truong PDB dé thu sinh khéi hé
soi cho tach chiét DNA tong s6. Cau trac biéu hién gen
DsRed trong hé gen céc thé chuyén gen dugc xac nhan bang
PCR su dung cap mdi dic hiéu DsRed-F/DsRed-R (bang
1). Kha nang biéu hién cua protein DsRed ¢ cac thé chuyén
gen dugc kiém tra du6i kinh hién vi huynh quang Axioplan
fluorescence microscope (Carl Zeiss, Puc). Cac thé chuyén
gen di duge xac nhan bang PCR duogc nudi trén moi truong
thach CD ¢ nhiét d¢ 25°C, trong 3 ngay. Dung kep v0 trung
lay mot phan hé soi nam tu dia nudi cay va chuyen lén lam
kinh. Nho mot giot nude cét v0 trung 1én gilra phan hé soi
nam. Pat lamen I€n phia trén mAu cin quan sat va ép nhe dé
dan mong mau. Tiéu ban dugc quan sat dudi kinh hién vi
huynh quang ¢ vat kinh 20X.

3. Két qua va ban luan

3.1. Tao vector nhi thé pEX2-rpbl mang promoter
rpbl cua C. militaris

Promoter rpbl c6 kich thude 940 bp duoc khuéch dai
tir hé gen ndm C. militaris bang PCR sir dung cap mdi dic
hiéu CMrpbl-F2/CMrpbl-R2 (bang 1). San pham dugc
nbi thanh cong vao vector nhi thé pEX2 [9] tai vi tri Xhol
va Spel dé thay thé promoter gpdA c6 nguon gbc tir nAm
soi Aspergillus nidulans. Vector nhi thé thu dugc dat tén
la pEX2-rpbl (hinh 1A). Vector pEX2 -rpb1 dugc xac nhan
bang cat kiém tra v0i enzyme gi6i han BamHL Enzyme
BamHI ¢6 2 vi tri cit trong vector pEX2-rpbl, gom 1 vi tri
cit trong trinh ty promoter rpbl (Prbpl) va 1 vi tri trong
khung vector. Phan tich san phdm cit enzyme gidi han trén
gel agarose 0,7% cho thiy 1 bang DNA c6 kich thudc tuong
tmg v&i 1,49 kb, twong dwong véi kich thude tinh toan
dya trén trinh tu (hinh 1B). Két qua thu dugc khang dinh
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promoter rpbl da dugce tich hop ding vi tri trong vector tai
t0 hop pEX2-rpbl.

(A) ot e bt
N > .

940 bp BamHi

PEX2-rpb1
11,05 kb

10,96 kb

M pEX2-rpb1

9,68 kb
6 kb

3 kb

LB PpyrG marker Prpb1  DsRed TtrpC RB

T mn]

BamHI BamHI

1,49 kb

Hinh 1. Vector nhj thé pEX2-rpb1 mang céu tric biéu hién
protein DsRed dw&i sw diéu hoa ctia promoter rpb1. (A) So dd
tao vector pEX2-rpb1, trong d6 promoter rpb1 tir C. militaris dwoc
st dung dé thay thé promoter gpdA tir A. nidulans; (B) So db cét
vector pEX2-rpb1 v&i enzyme gidi han BamHI va két qua phan tich
san pham twong (rng trén gel agrose; M 1a thang DNA chuan 1 kb.

3.2. Tich hop cdu triic biéu hién protein huynh quang
DsRed vao hé gen cia C. militaris

Dé danh gia hiéu qua diéu hoa biéu hién gen cua promoter
rpbl, chu triic T-DNA ciia vector pEX2-rpb1 dwoc chuyén vao
ching C. militaris ApyrG khuyét dudng uridine/uracil st dung
phuong phép chuyén gen thong qua vi khuan A. tumefaciens.
Phuong phéap chuyén gen nay di dugc chimg minh 1 hi¢u
qua cao & nhiéu loai nim khac nhau [8, 9], bao gdm ca
C. militaris [10]. Hiéu qua chuyén gen & C. militaris véi
marker trg dudng pyrG st dung vi khuan 4. tumefaciens
dat 150-210 thé chuyén gen cho 10° bao tir nAm. Chon ngiu
nhién 4 thé chuyén gen doc 1ap (ky hiéu C1-C4) va ciy
ddng thoi 1én moi trudng t6i thiéu CD va méi trudng CD ¢
b6 sung uridine va uracil (CD+uridine+uracil). Két qua thu
duoc cho thy, ca 4 thé chuyén gen déu sinh truong duoc trén
moi truong t6i thiéu CD, trong khi ching ddi ching ApyrG
chi sinh truong duoc khi méi truong CD ¢6 bd sung uridine
va uracil (hinh 2A). Piéu nay ching to, ca 4 thé chuyén
gen déu da nhan duoc gen pyrG va ¢ kha ning ty tong hop
uridine va uracil dé dap tmg nhu cau sinh trudng cua té bao.

Pékhangdinh chinhxac khaning phuc hdisinh truong cua
cac thé chuyén gen trén moi truong khuyét uridine va uracil,
DNA téng sé tir cac ching nay dugc kiém tra bang PCR sir
dung cap moi pyrG-orf- F/pyrG orf-R va DsRed-F/DsRed-R
(bang 1) Phan tich san pham PCR trén gel agrose cho thay,
ca 4 thé chuyén gen déu xuét hién 2 bang DNA dic trung
v6i kich thude 730 va 899 bp, tuong ung vai kich thude cua
gen DsRed va gen pyrG (hinh 2B). Két qua nay chung minh
céu trac T-DNA cua vector nhi thé pEX2-rpbl dd dugc
chuyén gen thanh cong vao hé gen ndm C. militaris.
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Két qua chuyén gen cD CD + uridine + uracil

(A)

c2

®c:

ApyrG

ST

Hinh 2. Xac nhan cac thé chuyén gen & C. militaris. (A) Cac thé
chuyén gen dwoc nudi trén moi trwdng chon loc CD va CD + uridine
+ uracil. Chiing C. militaris khuyét duwéng uridine/uracil dwoc st
dung dé danh gia kha nang sinh trwdng cla cac thé chuyén gen;
(B) Cap moi pyrG-orf-F/pyrG-orf-R dac hiéu cho marker chon loc
pyrG va DsRed-F/DsRed-F ddc hiéu cho gen huynh quang dé DsRed
duoc str dung dé xac nhan sw tich hop clia ciu tric T-DNA vao hé
gen clia cac thé chuyén gen; M: thang DNA chuén 1 kb; (-): dbi chirng
am st dung nwéc cat vo tring; (+): déi chirng dwong st dung vector
pPEX2-rpb1.

3.3. Xdc nhin sw biéu hién ciia gen DsRed duwéi sw
diéu hoa cua promoter rpbl

Gen chi thi huynh quang d6 DsRed dugc st dung rat
phé bién trong chuyén gen vao nim soi dé chung minh vai
trd cla cac promoter, cling nhu tao ra chung nam bleu hién
protein DsRed cho cac muc dich nghién cttu cy thé [9, 11].
Trong nghién ctru nay, cau triic biéu hién gen DsRed duoc
chuyén thanh céng vao nim duoc li¢u C. militaris. Két qua
phéan tich dinh tinh duéi kinh hién vi huynh quang cho thiy
hé soi ctia cac thé chuyén gen déu c6 tin hiéu huynh quang
do rat rd nét (hinh 3). Két qua thu dugc ciing khéng dinh
gen DsRed c6 thé st ‘dung 1am gen m6 hinh dé danh gla
kha niang diéu hoa biéu hién gen ciia cac promoter & nim
C. militaris.

Hinh 3. Quan sat sy biéu hién cta protein DsRed trong hé sgi
nam C.) militaris chuyén gen. Hé sgi nam dwgc quan sat dudi
kinh hién vi huynh quang Axioplan fluorescence microscope. Tin
hiéu huynh quang dé DsRed & 4 th& chuyé&n gen ddc lap (C1-C4)

du6i sy didu hda ctia promoter rpb1. Chiing C1, C2 va C4 cho mirc
do tin hiéu manh hon ching C3.

Mot nghién ctru g?m day cua T. Lian va cs (2014) [7] chi
ra rang, genrpbl biéu manh va on dinh ¢ cac giai doan khac
nhau trong qua trinh phat trién ciia nAm C. militaris. Piéu
ndy goi y rang, promoter clia gen rphl co thé giir vai tro
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quan trong trong diéu hoa biéu hién gen & C. militaris. Gen
rpbI ma hoa tiéu phan 16n (large subunit) ciia enzyme RNA
polymerase II va c6 murc do bao thu cao ¢ dong vat, thuc vat
va ndm. Do d6 trinh tu gen nay dugc sir dung pho bién trong
phan loai sinh vat [12]. Tuy nhién, vai tro cua promoter rpb/
trong diéu hoa biéu hién gen & ndm van chua duge diéu tra.
Céc két qua thu dugce tir nghién ctru nay chi ra rang, su biéu
hién cia gen huynh quang DsRed dugc kich hoat manh ¢ C.
militaris nho promoter 7pb1 (hinh 3). Day la nghién ctru dau
tién chirg minh promoter rpb1 cé thé duoc st dung dé diéu
hoa biéu hién gen tai to hop & nam dugc liéu C. militaris.
Nghién ctru ciing bude dau cho thy, viéc chuyén gen vao
C. militaris st dung marker trg dudng pyrG va vi khuin
A. tumefaciens 13 hoan toan kha thi va bo trg cho phwong
phap chuyén gen st dung gen khang hygromycin B lam
marker chon loc [11].

4. Két luan

Nghién ctru ndy da tao thanh céng vector nhi thé pEX2-
rpbl mang promoter #pb/ nhim ting cudng su biéu hién
ctia gen mong mudn & C. militaris. Két qua nghién ctru da
chtng minh rang promoter rpbl c6 kha ning kich hoat su
biéu hién manh cua gen ma hoa protein DsRed tir san ho do
Discosoma sp. & nam duoc liéu C. militaris. Vector pEX2-
pbl tao dwoc tir nghién ctru nay c6 thé duge sir dung dé
tang cuong su biéu hién cia cac gen lién quan dén sinh tong
hop cac chat c6 loi & C. militaris.

Cac tac gia xin tran trong cam on Dai hoc Qubc gia Ha
Noi da cip kinh phi cho nghién ctru nay thong qua dé tai
“Nghién ctru phat trién hé thong bleu hién gen mdi ¢ nam
duoc liéu C. militaris phuc vu san xuét enzym tai to hop va
céc chat c6 hoat tinh sinh hoc” (ma s KLEPT.20.03).
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Nghién ctru phan lap chiing vi khuan bién
¢0 kha nang phan huy polyvinyl chloride

Kiéu Thi Quynh Hoa", Tran Hitu Trung?, Mai Dirc Huynh?, Nguyén Hiru Pat?, Nguyén Vii Giang®
Vién Céng nghé Sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 18 Hoang Quéc Viét, phuong Nghia Pé, qudan Cau Gidy, Ha Néi, Viét Nam
2Vién Ky thudt Nhiét doi, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 18 Hoang Qué'c Viét, phuong Nghia Do, qudn Cau Gid'y, Ha Noi, Viét Nam

Ngay nhan bai 12/1/2022; ngdy giri phan bién 18/1/2022; ngay nhan phan bién 16/2/2022; ngay chip nhan dang 22/2/2022

Tom tiit:

Do c6 tinh bén nhiét va co hoc, nhwra polyvinyl chloride (PVC) dwoc ing dung rong rii trong doi sdng ciia con nguoi.
Tuy nhlen, bén canh lgi ich mang lai, nhuya PVC phé thai cung gay anh hlr('rng dén sirc khoe ciia con ngum va moi
truong song Nhirng nghién ctru gan day cho thay, vi sinh vat bién nhw vi nam, vi khuén, xa khuén c6 tiém ning phan
hiy rac thii nhya va sit dung ching nhw nguon carbon duy nhit. Trong nghlen clru nay, vi Khuin phan huy nhua
PVC dwoc lam giau va phan lap tir cac ving 6 nhiém rac thai nhyua ven bién Viét Nam. Tir 18 chiing vi khuin phan
lap, cac tac gia da lua chon dugc chung vi khuan VK3 ¢6 kha nang phan huy nhwa PVC va s dung vat liéu nay nhw
ngudn carbon duy nhit sau 8 tuin thir nghiém. Két qua phan tich trinh tu gen 16S rRNA cho thiy, chiing vi khuin
nay c6 do twong dong 99% véi Alcanivorax sp. Sw bién ddi cAu triic bé mit va nhém chire ciia nhwa PVC béi chiing
vi khudn VK3 ciing dwgc minh chimg bing phu’(rng phap phén tich hinh inh kinh hién vi dién tir quét (SEM) va
pho hong ngoai (FTIR). Nghién ctru nay cho thay tiém nang ung dung xir ly nhwa PVC phe thai ciia vi khuén bién.

Tir khéa: 1am giau, phan hity PVC, phén 1ap, PVC, vi khuan bién.

Chi s6 phin logi: 1.6

1. Dt van de

Theo s liéu thong ké, 4 loai nhya 1a polyethylene (PE),
polypropylene (PP), PVC va polystyrene (PS) chiém t&i
68% luong nhya san xudt trén thé giéi hang nam. Vi dic
tinh bén, dé ché tao, cac loai nhya nay dugc ing dung rong
rii dé san xudt cic mat hang tiéu dung nhu dong gbi, do
choi, d6 noi that, 6ng nudc, van san va vat liéu xay dung...
Trong cac loai nhya néu trén, PVC duoc san xuat véi sb
luong twong dbi 16n (dimg thr 3). Do nhu cau st dung cac
san pham 1am tir nhwa ngay cang gia ting nén rac thai nhwa
n6i chung, rac thai PVC néi riéng dang 1a mdi lo ngai, gay
anh huong tiéu cuc dén moi truong sdng va sirc khoe con
nguoi [1, 2].

Mic du, cac nha quan 1y va san xuét di c6 gang tang kha
nang tai ché rac thai nhya, tuy nhién phuong phap xir Iy phd
bién hién nay van la thiéu dot va chén lap. Nhuge diém cua
2 phu’ong phap nay la ton kém do tiéu ton ning lugng va giy
6 nhidm thtr cap t6i moi truong. Cac khi doc thai ra trong
qué trinh thidu dt rac thai nhwa phai ké dén 1a CO,, CFC
(chlorofuorocarbon), vinyl monome va dioxin lam 6 nhiém
khi quyén va méi trudng. Dioxin khong chi anh huéng dén
hé théng mién dich va noi tiét ma con gy ra cac bénh ung
thu & nguoi. Phuong phap chén 1ap ciing anh huong khong
nhd té1 moi truong, dac biét 1a moéi truong nudce. Nhua sau
thoi gian dai chon lap co thé bi phan hity mot phan, tao

“Tac gia lién hé: Emai: vugiang.lit@gmail.com
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thanh cac manh nhua ¢c6 kich thude vira va nho (V1 nhya).
Vi nhya c6 the ngam tir bii chon lap xuong nude ngdm gy
6 nhim ngudn nudc va mdi truong bién. Ngoai ra, chon lap
lau ngay ciing tao ra khi doc lam 6 nhiém moéi truong [3, 4].

Do d6, viéc lya chon cac phuong phép xtr 1y rac thai
nhya phu hop, an toan va than thién véi moi truong la
can thiét. Theo cac nha khoa hoc, giai phap tot nhat dé xur
ly réc thai nhya hién nay 1a viéc két hop tai ché nhya va
xur ly rac thai nhya bé’lng phuong phap phan huy sinh hoc
(bioremediation). Phan hity sinh hoc 1a phwong phap bé sung
vi sinh vat phan huy rac thai nhya va dinh dudng vao méi
truong 6 nhiém nham thuc ddy qué trinh phan hity sinh hoc
réc thai nhya. Trong qua trinh nay, cac vi sinh vat s& dong
hoa rac thai nhwa doc hai thanh sinh khéi té bao, giai phong
ra cac san phdm khong doc hai nhu CO,vaH,0O [, 3]. Véi
uu diém an toan va than thién voi moi truorng, phuong phap
nay hién dang thu hiit dugc sy quan tdm nghién ctru cua cac
nha khoa hoc trén thé gidi. Tuy nhién, viéc lya chon cac vi
sinh vat c6 kha nang phan huy rac thai nhya, tor d6 nhan
gidng trén quy mé 16n va ung dung xur 1y trén quy cong
nghiép 1a diéu kién tién quyét.

Muc tiéu cta nghién ctu nay la phan lap va lya chon
dugc chung vi khuan phan hity nhya PVC tiém ning tir cac
mau bun va nude 6 nhidm rac thai nhua & ven bién Viét
Nam.
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Abstract:

Polyvinyl chloride (PVC) is a widely used plastic due to
its good mechanical properties and thermal resistance.
However, despite of its advantages, the persistent nature
of PVC makes it challenging to dispose when released into
the environment, thereby causing harm to human health
and the environment. Recent research has revealed that
specialised marine microbes (such as bacteria, fungi,
and actinomycetes) have the potential to biodegrade
plastics and utilise many of them as the sole source of
carbon. In this study, PVC degrading bacteria were
enriched and isolated from plastic waste contaminated
coastal areas in Vietnam. From 18 isolates of bacteria,
the authors selected the VK3 strain capable of degrading
PVC and used this material as the sole carbon source
after 8 weeks of testing. The results of 16S rRNA gene
sequence analysis showed that this bacterial strain has
99% similarity with Alcanivorax sp. The changes in
surface structure and functional groups of PVC was also
demonstrated by Scanning electron microscopy (SEM)
and Fourier-transform infrared spectroscopy (FTIR).
These results revealed promising evidences of PVC
degradation by marine bacteria.

Keywords: enrichment, isolation, marine bacteria, PVC,
PVC degradation.

Classification number: 1.6

2. Dol tuong va phuong phap nghién ciiu
2.1. Chiing vi khudén bién phin hiiy nhwa PVC

Chung vi khuén phan hiy nhya PVC duoc lam giau va
phan 13p tir cic miu bun, nudc 6 nhiém rac thai nhwa & cac
vung ven bién Viét Nam. Cac miu nudc va bun 6 nhidém
dugc liy bang dung cu chuyén dung dwoc vo tring. Miu
duogc git lanh va dugc phan tich trong vong 24 gio.
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2.2. Méi trwong nudi cdy

Moi truong khoang (MSM) ¢6 bd sung nhya PVC (g/):
NH,NO, 1, KH,PO, 0,5, K,HPO, 0,5, MgSO,.7H,0 0,5,
NaCl 20, ZnSO,.7H,0 0,002, FeSO,.H,0 0,002, pH 7.

Moi truong dinh dudng hiéu khi (HKTS) (g/1): NH,NO,
2, KH,PO, 1, NaCl 20, KCI 0,25, MgCl, 1,2, glucose 1,
pepton 5, cao men 0,2, cao thit 3, thach 20, pH 7.

2.3. Vit liéu PVC

Bot nhya PVC PM-66R 1a san phém thuong mai cia
Cong ty TNHH hoa chit AGC Viét Nam, khoi lugng riéng
1,35 g/em’, ham luong PVC t6i thiéu 99,7%, ham luong
chat bay hoi t6i da 13 0,3%.

2.4. Phwong phdp lam giau vi khudn phén hity PVC

Mau nudc va bun thu duoc tir khu vuc 6 nhiém rac thai
nhya ven bién dugc sir dung dé 1am giau vi khudn phan hay
PVC trén moi truong MSM bod sung 0,2% (w/v) bot nhya
PVC (mdi truong PVC-MSM). 1 ml mau nuéc hoic 1 g
mau bin duoc pha lodng vao 9 ml mudi sinh 1y. Sau d6 3 ml
dich mau pha lodng dugc bd sung vao 100 ml mdi trudong
PVC-MSM, pH 7 va duogc nudi lic 180  vong/phut ¢ nhiét
d6 30°C. Sau 3 tuan nudi lic, tlep tuc cdy chuyén vao moi
truong PVC-MSM méi thém 2 1an [5].

2.5. Phwong phdp phén lgp vi khuéin phén hiiy PVC

Dich nuéi cdy sau 9 tuan lam giau dwoc pha lodng t6i
ndng d6 phu hop va gat trén mdi truong thach HKTS va
duogc nudi ciy ¢ 30°C trong thoi gian tir 1-2 ngay. Cac ching
vi khuan thuan khiét c6 khudn lac riéng vé6i céc hinh thai
khéac nhau trén moi truong thach HKTS dugc gilt ¢ nhiét
d6 -80°C trong dich glycerol cho céc nghién ctru tiép theo.

2.6. Phwong phdp sang loc chiing vi khudn phén hity PVC

Céac ching vi khuan thuan khiét thu duoc trén méi
truong thach HKTS sau khi lam giau tiép tuc duoc nudi cdy
trén moéi trudng thach khoang MSM bé sung 0,2% (w/v)
bot nhya PVC. Céc chung c6 kha nang sinh trudng va phat
trién trén moi truong thach PVC-MSM dugc lya chon cho
nghién ctru tiép theo.

Dé danh gi4 kha ning sinh truéng va phan hiy PVC cua
céc chung vi khuan sau khi sang loc trén méi truong thach
PVC-MSM, tién hanh nudi lic cac chung vi khuan thu dugc
trong binh tam gidc 500 ml chra 100 ml moéi truong PVC-
MSM bb sung 2% (v/v) dich nudi cay (18-24 gio) véi mat
d6 10° CFU/ml sau khi ly tim thu hdi sinh khéi va rira 2 1an
bang moi truong MSM khong bd sung nhya PVC. Mau dbi
ching khong nubi cdy vi khuén ciing duoc chuan bi ¢ cing
diéu kién. Thi nghiém sang loc dugc tién hanh ¢ 30°C, 180
vong/phut trong 8 tuan. Kha ning sinh truong cua cdc chung
vi khuin nghién ctu dwoc xac dinh hang tudn trén moi
truong thach HKTS. Ching vi khuén nao c6 kha nang sinh
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trudng va phat trién tot nhét s& duge lwa chon dé xac dinh
dac diém phan loai va danh gia kha nang phan hay PVC [5].

. 2.7. Phén logi ching vi khudn phan hiiy PVC lwa chon
bang phdn tich trinh tw gen 16S rRNA

Gen mé hoa 16S-rRNA cua chung vi khudn nghién ctru
dugc khuéch dai bang phan Gmg PCR tir DNA tong sb st
dung cap moéi 27F (5° AGA GTT TAG TCC TGG CTC AG
3%) va 1492R (5 GGT TAC CTT GTT ACG ACT T 3°)
theo chu trinh nhiét: 94°C trong 5 phut, 30 chu trinh (94°C
trong 60 gidy, 55°C trong 60 gidy, 72°C trong 90 gidy), 72°C
trong 10 phut, gitr mau & 4°C [6]. San pham cua phan (g
PCR duoc phan tich trén may doc trinh tw ABI PRISM
3100-Avant Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). Két qua giai trinh ty gen hai chidu dugc
kiém tra bang phan mén phan tich DNA STAR. Mirc do
trong dong gen 16S rRNA cua ching nghién ctru dugc so
sanh voi cac trinh ty gen 16S rRNA trong Genbank bang
cong cu BLAST trén NCBL

2.8. Xdc dinh sw bién doi hinh thi cu triic ciia vt
liéu PVC bing kinh hién vi SEM

Hinh thai cdu trac vat liéu PVC duogc phan tich trén thiét
bi kinh hién vi SEM, JEOL JMS63660LV ctia Nhat Ban tai
Vién Ky thuat Nhiét déi, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam.

. 2.9. Dinh gia kha nang phdn hiy cia vit liéu PVC
bang phéan tich quang phé hong ngoai (FTIR)

FTIR dugc phan tich bang may hong ngoai bién ddi
Fourier NEXUS 670 (My) tai Vién K thuat nhiét déi, Vién
Han 1am Khoa hoc va Cong ngh¢ Viét Nam voi cac diéu
kién sau: do phan giai 4 cm!, mdi mau dugc quét 32 lan
trong giai budc song tir 4000 dén 400 cm!, cac mau dugc do
bang phuong phéap truyén qua mau ép vién KBr.

3. Két qua va ban luan
3.1. Lam giau va phén lgp vi khudn phén hity PVC

Vi khuan phéan hiy nhya PVC duoc lam giau va phan
lap tir cac mau bun va nudc 6 nhiém rac thai nhya & ven
bién Viét Nam. Céc mau bun va mau nuédc duge bd sung
vao MSM chtra 0,2% (w/v) bot nhya PVC. Sau 3 tuan,
3 ml dich lam giau tiép tuc dwoc cay chuyén 2 lan vao 100
ml méi truong PVC-MSM méi. Sau 9 tuan lam gidu trén
moéi trudong PVC-MSM, dich nuéi cdy dugc pha lodng toi
nong d6 phu hop rdi gat trén méi trudng thach dinh dudng.
Tir cac mau lam giau trong moi trudng PVC-MSM, thu dugc
18 khuén lac riéng 1€ c6 hinh thai khac nhau (c6 thé tuong
mg véi 18 chung vi khuan khac nhau). Cac ching vi khudn
nay duoc bao quan trong dich glycerol ¢ nhiét do -80°C.

3.2. Lwa chon chiing vi khuén c6 khd néing phén hity PVC

Céc chung vi khuan da phan lap tiép tuc dugc sang loc
trén moi truong thach PVC-MSM. Trong 18 ching phan 1ap
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dugc, chi co 5 ching c6 thé sinh truong va phat trién dugc
trén moi truong thach PVC-MSM dugc ky hiéu lan luot 1a
VK1, VK2, VK3, VK4 va VKS5. Hinh th4i khuén lac cua ca
5 chung trén moéi trudng thach PVC-MSM déu nho, tron va
¢6 mau trang (hinh 1).

BREY 5 < N <
Hinh 1. Hinh thai cta ching vi khuan VK3 trén méi trwong
thach PVC-MSM sau 14 ngay nudi céy.

Cac chung vi khuan VK1, VK2, VK3, VK4 va VK5 lai tiép
tuc dugc sang loc dua vao kha ning sinh truong va phat trién
cua timg ching trong méi truong dich MSM bd sung 0,2%
(w/v) bot nhya PVC nhu ngudn carbon duy nhat sau 8 tudn
nudi cdy. Kha nang sinh truong ctia 5 ching vi khuan lya chon
sau 8 tudn nudi cdy dwoc xac dinh bing s luong vi khudn
trong moi truong HKTS, két qua dwoc thé hién ¢ bang 1.
Bang 1. Kha ning sinh trwdng va phat trién cta 5 ching vi
kl)uén Iwa chon trén méi trweong PVC-MSM sau 8 tudn nudi
cay.

Ky hiéu  $6 lwgng vi khuén trong mbi trwimg PVC-MSM (CFU/ml)

chiing vi ) ; ; ; ; ; . ;
khuén Tuan1 Tuian2 Tuian3 Tuan4 Tuian5 Tuan6  Tuan 7 Tuin 8
VK1 1,5x10*  9,0x10°  43x10* 3,0x10° 4,0x10° 52x10°  1,6x10° 7,5x10*
VK2 12x10°  8,0x10*> 16x10* 1,1x10' 0 0 0 0

VK3 LIx10* 1,5x10°  1,6x10° 2,1x10* 4,6x10* 82x10°  83x10° 9,0x10°
VK4 1,3x10°  14x10°  1,6x10° 2,3x10°  1,0x10* 9,6x10*  83x10* 9,0x10°
VK5 1,5x10° 2,0x10°  2,7x10° 4,1x10° 94x10°  1,18x10* 9,6x10* 5,2x10*

Két qua ¢ bang 1 cho thay, chung VK1 va VK3 ¢6 kha
nang sinh trudng va phat trién tot nhat trong méi trudng
MSM b6 sung bot nhya PVC nhu ngudn carbon duy nhat.
Trong do, chung VK1 dat ) luong cao nhét tir tudn tha 4
toi tudn thir 6 12 3,0x10° dén 5,2x10° CFU/ml va ching VK3
dat s6 lugng cao nhat tir tudn thir 6 dén tuan tha 8 1a 8,2x10°
dén 9,0x10° CFU/ml. Kha ning sinh trudng trén moi truong
PVC-MSM ctia cac ching VK2 (1,1x10'-1,2x10° CFU/ml),
VK4 (1,3x10%-9,6x10* CFU/ml) va VK5 (1,5x10°-9,6x10*
CFU/ml) déu yéu hon so véi ching VK1 va VK3.
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S6 lugng cua ching VK2 giam tir 1,2x10° CFU/ml tai
thoi diém ban dau xudng 1,1x10' CFU/ml sau 4 tuan nudi
ciy va khong dugc phat hién trén méi truong HKTS tir tudn
thr 5 tré di, chung to6 ching nay khong c6 kha nang sinh
truong va phat trién trén moi trudong PVC-MSM (khong ¢
kha ning st dung PVC nhu ngudn carbon duy nhit). Sau 8
tudn nuoi céy, ) luong khuén lac cta cac ching VK1, VK2,
VK3, VK4 va VK5 lan luot 1a 7,5x10%, 0, 9,0x10%, 9,0x10°
va 5,2x10* CFU/ml, trong dé chimg VK3 c6 s luong cao
nhit sau 8 tudn nudi céy. Do d6, chung VK3 duogc lya chon
dé xac dinh dic diém phan loai va danh gia kha ning phan
hiy PVC bang phuong phap SEM va FITR.

3.3. Dic diém hinh thdi khudn lac ciia chiing vi khudn VK3

Dic diém hinh thai khudn lac ctia ching vi khuan VK3
trén moi truong dinh dudng HKTS sau 24 gid nudi cdy
dugc thé hién ¢ hinh 2. Ching VK3 1a vi khuan hiéu khi,
gram am, khong sinh bao tir, trén moéi truong HKTS, ching
VK3 c6 mép gon, oval 16i, bong, nhiy, trang duc hoi nga
vang, kich thudc 3-4 mm.

Hinh 2. Hinh thai khuan lac ching VK3 trén méi trwong dinh
dwéng HKTS sau 2 ngay nuéi cay.

SEl = 5kV WD15mm  SS23 x10,000

ITT- VKTND - %

1pm —
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Hinh 3. Anh SEM mau nhwa PVC déi chirng (A) va mau xi ly v&i chiing Alcanivorax sp. VK3 (B) sau 8 tuan.

3.4. Phén logi chiing vi khuin VK3 bang phin tich
trinh tw gen 16S rRNA

Trong sb 18 ching vi khuén phan lap dugc ban dau,
ching VK3 duoc lya chon dé phan loai va danh gia kha
nang phan huy nhya PVC do c6 kha nang sinh truong va
phat trién tét nhét trong méi trudng PVC-MSM. Két qua
phan tich trinh ty gen 16S rRNA cho thiy, ching VK3 tuong
ddng 99% v&i loai Alcanivorax sp. Vi vy trong nghién ciru
nay, chung VK3 dugc ky hi¢u 1a Alcanivorax sp. VK3.

3.5. Danh gia kha nang phdn hiy nhuwa PVC cua
chiing Alcanivorax sp. VK3

Hinh thai cdu triic ctia nhya PVC dudi kinh hién vi SEM:
kha nang phan hiy PVC cta ching Alcanivorax sp. VK3 da
duogc nghién ctru sau 8 tuan nudi lic trén moi trudng PVC-
MSM duogc thé hién ¢ hinh 3. Két qua cho thay, & do phong
dai 10.000 lan, bé mat vat lieu PVC ciia mau dbi ching
(khong xir Iy v6i chung VK3) gan nhu con nguyén ven, hinh
thai hoc bé mat ciia mau kha phang (hinh 3A). Trong khi dé,
mau thir nghiém xur 1y boi chung VK3 ¢6 su bién doi rd rét,
trén bé mat mau xuét hién rat nhiéu cac hdc rd va xép vat
liéu nhu thé hién & hinh 3B sau 8 tuan thir nghiém. Két qua
nay chung to chung vi khuén Alcanivorax sp. VK3 ¢6 kha
nang phan hiy nhya PVC.

3.6. Pdnh gid khi nang phin hiiy nhwa PVC biang
phén tich FTIR

Hinh 4 trinh bay két qua nghién ctru phd FTIR ciia mau
nhya PVC d6i chimg va miu thir nghiém duoc xtr 1y boi
chung vi khuan Alcanivorax sp. VK3 sau 8 tuan. Trén phd
ciia mau ddi chimg xuét hién cac pic dic trung cua nhya
PVC nhu: cac dinh ¢ ving 2362-2333 cm’! (twong tng véi
dao dong ciia nhom HC-CI) [5], cac pic dac trung ciia nhom
CH, ¢ 2972 cm™ va 2910 cm’, nhém CH,-Cl bién dang &
1431 cm’!, CH-CI bién dang goc & 1252 cm’!, C-H ¢ 960
em va lién két C-Cl dic trung boi cac dinh 831, 691 va 615
cm! [7-9].

SEI 5kV x10,000 - .1k

WD15mm SS20 ¢
ITT- VKTND 5 %o,
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Cong trinh nay duoc thuc hién véi su
hd trg kinh phi ciia Chuong trinh hd trg
nghién ciru vién cao cap ctia Vién Han 1am
Khoa hoc va Cong ngh¢ Viét Nam (ma so:
NCVCC. 13.09/21-21). Cac tac gia xin
chén thanh cam on.
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Anh hwong cita ki thudt trich ly dén hoat tinh sinh hoc cao nam Linh chi
(Ganoderma lucidum) giau polysaccharide
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Tom tit:

Trong nghién ciru nay, cao nim Linh chi giau polysaccharide (PS) dwgc thu nhan bang nhiéu ky thuit trich ly khac
nhau nhu: nuéc néng (hot water extraction - HWE), nwéc néng c6 hd trg siéu am (ultrasonic-assisted hot water
extraction - UHWE), enzyme (enzyme-assisted extraction - EAE) va enzyme c6 hd tro siéu am (ultrasonic-assisted
enzyme extraction - UAEE). Tong ham hrgng PS cao nhit 1a 3,721:+0,134% dbi véi UAEE, cao hon so véi HWE
(1,783+0,156%), UHWE (1,886+0,148%) va EAE (2,133+0,139%). Cao nim Linh chi dugc thir nghiém hoat tinh
khang oxy hoa véi goc tu do 2,2-diphenyl-1-1picrylhydrazyl (DPPH) va nang luc khir sat Hoat tinh khang khuan
cua cao trich dugc dianh gia qua théng so nong do e ché 50% (IC s)- Kha niing bat goc tw do DPPH ciia cao nim
trich bang ky thuit UAEE dat 42,334%, dong thoi két qua khéo sat ning luc khir sit cho thay, kha nang khir cia
cao trich bing UAEE t6t hon so véi 3 ky thuit trich ly HWE, UHWE va EAE. Ngoai ra, cao nim Linh chi trich ly
b%ng UAEE thé hién hoat tinh khang khuin di véi Bacillus cereus, Bacillus subtilis va Staphylococcus aureus voi

IC_, trong khodng 0,069-0,096 g/ml.

Tir khod: khang khuin, khang 6xy hoéa, nam Linh chi, polysaccharide.

Chi s6 phén loai: 2.4

1. Dt van de

Nam Linh chi ¢6 tén khoa hoc 1a Ganoderma lucidum
thugc ho Ganodermataceae, 1a mot trong nhiing loai nam
duoc liéu duge biét dén rong rai, tng dung nhiéu trong cac
loai thudc thao duogc va thuc phérn churc nang ¢ cac nudc
chau A nhu Trung Qudc, Nhat Ban, Han Qudc, Viét Nam.
Nam Linh chi 1a mot loai ndm 16n, sim mau, c6 bé ngoai
bong va két cau dang g6 [1, 2]. Loai ndm nay chtra cac hop
chit ¢ hoat tinh sinh hoc nhu PS, triterpenoid, alkaloid,
flavonoid, streroid, protein, acid amin, enzyme, vitamin va
khoang chat [3]. Trong d6, PS va triterpenoid trong niam
Linh chi dang dugc nghién clru rong rai vi cac hoat tinh sinh
hoc nhu diéu hoa mién dich, ha dudong huyét, khang khuan,
khang 6xy hoa, cac hoat dong chéng ldo hoa, ngian ngira
hinh thanh khéi u, tc ché enzyme a-glucosidase, khang
viém va bao v¢€ gan [2, 4]. Chinh vi vay, viéc thu nhan cao
nam Linh chi giau hoat tinh sinh hoc 1a can thiét.

Céc k¥ thuat trich ly thu nhan cac hop chit chuyén hoa
thir cdp cua thyc vat da va dang thu hat nhidu sy quan tim
trong sudt cac thap ky qua. Hau hét, qua trinh trich ly déu
t6n thoi gian, cong sirc, st dung lugng 16n dung moi va sy
phéan hity ctia cac hop chit mong mudn do qua trinh trich
ly can nhiét do cao lién tyuc [5]. Vi vay, viéc tim ra k¥ thuat

‘Tac gia lién hé: Email: nhhieu@hcmus.edu.vn
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trich ly pht hop nham gitp nang cao hiéu suat trich ly 1a can
thiét. K¥ thuét trich ly c¢6 thé duoc phéan thanh loai thong
thuong va hién dai. Cac k¥ thuat thong thuong nhu HWE,
chung cat thuy phan va Soxhlet c6 thé thu nhan cao trich
v6i ndng d6 va hoat tinh thip do dich chiét d& bi 16i kéo
va bay hoi cung voi dung moi [6]. Cac k¥ thuat nay yéu
céu nhiét d6 cao hon, thoi gian xir Iy 1au, thé tich dung moi
16m, ¢6 thé din dén viéc chiét xuat nhiéu thanh phan khong
mong mudn gy anh huéng xau dén hop chit. Mic du HWE
dugc st dung kha phé bién, nhung HWE chi c6 thé chiét
xuat PS tir thanh té bao do dic tinh thanh té bao cia nim
Linh chi, ddn dén viéc trich ly PS v&i ham luong thap [7].
Bén canh do, trich ly béng Soxhlet dugc st dung véi mot
s6 dung moi, k¥ thuat nay mat vai gio tham chi hon 24 gio
dé trich ly va sir dung luong 16n dung mai [8]. Nguoc lai,
cac k¥ thuat trich ly hién dai nhu ky thuat luu chat siéu
té1 han (Supercritical fluid extraction - SFE), EAE, vi song
(Microwave-assisted extraction - MAE), c6 hd tro cua siéu
am (Ultrasonic-assisted extraction - UAE) va UAEE co6
hiéu suét trich ly cao va khéc phuc dugc nhiing nhuoc diém
clia cac ky thuat thong thuong. Uu diém cia cac ky thuat
hién dai so v6i cac ky thuat thong thuong la han ché st
dung dung méi hitu co va giam thiéu sy phan huy cua cac
hop chat [9]. K¥ thuat EAE duya trén nguyén tic enzyme
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Abstract:

In this study, the polysaccharide-riched extract
from Ganoderma lucidum was obtained by different
extraction methods including hot water extraction
(HWE), ultrasonic-assisted hot water extraction
(UHWE), enzyme-assisted extraction (EAE), and
ultrasonic-assisted enzyme extraction (UAEE). The
total polysaccharide content in UAEE (3.721%0.134%)
was higher than HWE (1.783+0.156%), UHWE
(1.886+0.148%), and EAE (2.133+£0.139%). The
G. lucidum extract was then evaluated for antioxidant
activity by 2,2-diphenyl-1-1picrylhydrazyl (DPPH)
and ferric reducing antioxidant power (FRAP)
methods. The antibacterial activity was assessed via
half-maximal inhibitory concentration (IC,). The
DPPH radical scavenging activity of extract from
UAEE was 42.334%, while the result obtained from
FRAP shows much better than HWE, UHWE, and
EAE methods. Furthermore, G. lucidum extracted
by UAEE showed antibacterial activity against
Bacillus cereus, Bacillus subtilis, and Staphylococcus
aureus with 1C, in the range of 0.069-0.096 g/ml.

Keywords: antibacteria,
lucidum, polysaccharide.
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lién két v6i co chat, cau trac va hinh thai ciia enzyme thay
d6i dé phu hop voi su tuong tac giita enzyme va co chat,
lam pha v& thanh té bao thyc vat, giai phong thanh phin
ndi bao [10]. Béi véi ki thuat UAEE dugc phat trién thém
nhdm rat ngan thoi gian va tang nang suat trich ly cac hop
chat chuyén hoa thir cip, nang cao chit luong cuia cac hop
chat [11]. Theo cac nghién ctru trude day, ham lugng PS khi
trich ly bang UAE véi cong suat 210 W, nhiét do 80°C sau
100 phut cho hiéu suat dat 0,63% [12], UAEE thu nhan ham
luong PS dat 3,21% voi diéu kién nhiét do trich ly 45°C,
trong 30 phut, ndng do enzyme 3% [13]. K thuat trich ly
két hop song siéu am va enzyme Pectinex (Pectinex ultra
SP-L 1a h¢ enzyme gom pectinase, cellulase, hemicellulase,
B-glucanase, xylanase va o-amylase) [14] giup déy nhanh
qua trinh trich ly, vi enzyme c¢6 tinh chon loc co chét va dic
hi€u cao, tuy vao loai co chét, thi vi tri phan cit tuong ung
voi tung loai enzyme s€ khac nhau [15].

Muc dich cua nghién ctu nay la khao sat anh huong cua
cac k¥ thuat trich ly HWE, UHWE, EAE, UAEE lén ham
lugng PS, d@)ng thoi thir nghiém céc hoat tinh sinh hoc nhu
khéng 6xy hoa va khang khuan.

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

N4m Linh chi duoc nudi tréng 0 huyén Cu Chi, TP Hb
Chi Minh. Nguyén liéu duoc sdy va nghién thanh dang bot.
Ethanol (C,H,OH) 95%, axit sunfuric (H,SO,) 98%, axit
ascorbic, axit acetic (CH,COOH), phenol (C,H,O), kali
ferricyanid (C N FeK,), axit cloacetic (CICH,CO H) duogc
thu mua tir Cong ty TNHH khoa hoc X1long (Trung Qude).
Enzyme Pectinex Ultra SP-L dugc cung cap boi Cong ty
TNHH Brentag Vi¢t Nam. D-glucose, DPPH dugc mua tir
Sigma-Aldrich Chemcal Co., Ltd (MY).

2.2. Phwong phap thi nghiém

HWE: Nim Linh chi (2 g) sau khi nghién duoc bé sung
vao erlen 250 ml chita 100 ml nudc ct, dun sbi trong ndi
cach thity & 90°C trong khodng thoi gian x4c dinh. Hon hop
huyén phu dugc loc b'fmg thiét bi loc chan khong. Dich loc
duogc c6 quay bang thiét bj ¢c6 quay chan khong & nhiét do
50°C cho dén khi thu nhan cao ndm Linh chi vé&i khdi luong
khong d6i. Trit mau & nhiét do 4°C dé tién hanh phan tich
mau tiép theo [16].

UHWE: Nam Linh chi (2 g) sau khi nghién duoc bd sung
vao erlen 250 ml chira 100 ml nudc cét, trich ly voi didu
kién nhiét d6 siéu am & 90°C, cong suét 240 W trong cac
khoang thoi gian xac dinh. Sau d6, hdn hop huyén phu dugc
loc bang thiét bi loc chan khong. Dich loc dwoc ¢6 quay
bang thiét bi ¢6 quay chan khong & nhiét 6 50°C cho dén
khi thu nhan cao ndm v&i khdi lwong khong doi. Trit mau &
nhiét d6 4°C dé tién hanh phan tich mau.
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EAE: Nam Linh chi (2 g) dwoc bd sung vao binh tam
giac 250 ml chtra 100 ml nudc cét, dung dich dém acetate
(pH 7,9). Hon hop huyén phi dwoc bd sung hé enzyme
Pectinex Ultra SP-L (3% khdi lugng), khudy tir tir & 50°C
trong cac khoang thoi gian xac dinh. Két thiic qua trinh phan
tg, hdn hop dugc dun sbi t6i 80°C trong 30 phut nham bat
hoat enzyme. Sau d6, hdn hop dugc loai bé dung moi bé‘mg
thiét bi ¢6 quay chan khong dén khi thu duoc cao nim Linh
chi voi khéi luong khong doi. Trit mau & nhiét o 4°C [16].

UAEE: Nam Linh chi (2 g) sau khi say kho, dugc bd
sung thém 100 ml nudce cét, dung dich dém, chinh dén
pH 7,9, enzyme Pectinex Ultra SP-L (3% khéi luong) va
trich ly véi diéu kién nhiét do siéu 4m ¢ 50°C, cong suét
240 W trong khoang thoi gian xac dinh. Tién hanh loc loai
ba bang thiét bi loc chan khong, dich loc dwoc gia nhiét dén
80°C trong 30 phut dé bat hoat enzyme. Sau d6, dich loc
duogc ¢ quay chan khong dé loai bo dung méi. Pem siy kho
dén khéi luong khong ddi, thu dugc mau cao ndm. Trir lanh
mau & nhiét 6 4°C.

Xac dinh ham luong PS: Ham luong PS dugc xac dinh
bang phuong phap phenol - axit sunfuric [17]. Pha dung
dich D-glucose 1000 dugc chuén bi bang cach can 100 mg
D-glucose cho vao 100 ml nudc cat, sau d6 pha lodng 10 lan
thu dugc dung dich D-glucose ¢ céac néng do 20, 40, 60, 80
va 100 pg/ml. Hat 2 ml dung dich chuan D-glucose & cac
ndng d6 khac nhau vao éng nghiém, sau d6 thém vao mdi dng
nghiém 1 ml phenol 5%, 5 ml H,SO, (98%), lic déu dé phan
(g xay ra nhanh va déng nhat. Thyc hién twong ty vi mau
cao trich thu dugc tir nAm Linh chi. Him luong PS xac dinh
bang phuong phap do mat d6 quang tai budc song 488 nm
va dya trén dudng chuan D-glucose theo cong thirc sau:

Cps XV Xn
H=-28"""" (1)
m

trong do: C, . (mg/l) la nong do PS trong cao trich; V (ml) 1a
thé tich cao tr1ch dem phan tich; n 1a h¢ s6 pha lodng; m (g)
1a khéi lugng nguyén liu thd ban dau.

2.3. Hoat tinh khang oxy hoa

Kha nang bdt goc tw do DPPH: Panh gia kha néng
khéng 6xy hoa dugc thuc hlen bang phuong phap bét gbc
tu do DPPH. DPPH 1a mot gdc ty do nhén tao, 6n dinh, co
mau tim, do hap thu cuc dai ¢ budc song 517 nm va khong
thé tham gia phan g vdi cac chat c6 kha nang cho nguyén
tr hydro, sau phan ung s€ lam gidm cuong d¢ mau tim cua
dung dich va chuyén sang mau vang. Tt d6, co the danh gia
kha ning khang 6xy hoa cua hop chit. Cao ndm Linh chi
duoc hoa tan trong methanol dé thu duoc cac néng do khac
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nhau, axit ascorbic 1a d6i chimg duong. Hon hop phan tmg
bao gdm 2 ml dich chiét tvong tmg véi ndng do da chuan bi
trude d6 va 4 ml dung dich DPPH. Léc déu hdn hop va dé
yén 30 phut trong tdi ¢ nhiét do phong. Phan tram bt gbc tur
do DPPH dugc tinh bang cong thirc sau:

Ap — (As —Ac)

o] =
% Ap

X 100% )
trong d6: I 1a phan trim bat gbc DPPH; A lado hap thu cia
mau tréng; A la do hép thu cta mau; va A lado hép thu
clla mau mau.

Kha nang khir sat: Cac hop chit ¢6 kha niang khang
o0xy hoa phan Umg voi kali ferricyanide tao thanh kali
ferrocyanide. Sau do, hop chit nay phan tng véi ferric
trichloride tao ra ferrocyanide ferric 1a mét phirc mau xanh
lam véi d¢ hap thu t6i da & 700 nm. Chuan bi 1 ml mau cao
ndm Linh chi & céc nf”)ng d6 khao sat khac nhau duoc bd
sung thém 2,5 ml dung dich dém phosphate 0,2 M (pH 6,6)
va 2,5 ml kali ferricyanid, lac va i & nhiét d6 50°C trong 20
phut. Sau d6, mdi dng nghiém dugc bd sung thém 2,5 ml
dung dich axit tricloacetic 10%. Hon hop duoc ly tim &
5000 vong/phut trong 10 phut. Dung pitpet hit 2,5 ml dung
dich mau vao 2,5 ml nudc cit va 0,5 ml dung dich FeCl,
0,1%. Do d6 hap thu & budc séng 700 nm, gié tri do hap thu
phan 4nh kha ning khir ciia mau. Gid tri mat do quang cang
cao chimg t6 nang lyc khir sit cia mau cang cao. Mdi nong
do lap lai 3 l4n, axit ascorbic dugc sit dung lam dbi chung.
Ning lyc khir st dugc tinh theo cong thirc sau:

Q=As-Asp 3)

trong do: Q l1a nang luc khi sét; Agva A, lan luot 1a do hép
thu ciia mau va méu tring.

Hoat tinh khang khuan: Kha nang khang khuan cua cao
nam Linh chi duoc danh gia qua thong sd IC,, trén cac chung
vi khuan kiém dinh: B. cereus, B. subtilis va S. aureus. Mau
vi khuan dugc hoat hoa trén méi trudng nudi ciy dinh
dudng, sau d6 mau cao trich duoc bd sung vao méi trudng
nudi cdy, u & 37°C trong 24 gid. Té bao vi khuén co thé tao
hé huyén phu trong nudc tao do duc cho moi truong. Tién
hanh xac dinh mat do té bao vi sinh thong qua do d¢ hap thu
cua dung dich ¢ budc song 550-610 nm. Gentamicin dugc
sir dung 1am mau ddi chimg. Phan trim wc ché vi khuén
dugc tinh theo cong thirc sau:

Ap — A

Iyc =

4
i “)

LIV 100%
+)

trong do: [ 1a phén trim e ché vi khuén; A lado hap thu
ctia mau chira vat liéu can tho nghiém; A(ﬂ la do hép thu
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clia mau chira chat khang khuan biét trudc nong do trc ché
t6i thiéu; A 14 d6 hép thu ctia mu khong chira chét khang
Kkhuén.

3. Két qua va ban luan
3.1. Anh hwéng ciia kj thudt trich ly dém ham lwong PS

Két qua khao sat anh huong ciia cac ki thuat trich ly
dén ham luong PS duoc thé hién & hinh 1. Két qua cho
thiy, PS dugc trich bang 3 ky thuat HWE, UHWE va EAE
tang khi kéo dai thoi gian trich ly. Déi vi EAE, ham luong
PS cao nhit dat 3,104+0,126%, voi thoi gian phan ung
240 phat, sau d6 giam xudng khi kéo dai thoi gian phan
ung téi 360 phut. Bén canh d6, UHWE cho ham lugng PS
(2,321+0,135%) cao hon so véi HWE (1,962+0,142%)
trong 180 phut [16]. Tuy nhién, ham lugng PS thu duogc
tir 2 ky thudt nay van thap hon khi so voi EAE & cing thoi
gian phan tmg. Mat khac, ham luong PS dugc trich ly bang
UAEE (3,721+0,142%) cao hon so véi 3 ky thuat HWE,
UHWE va EAE lan luot 1a 1,78340,142, 1,886+0,148 va
2,133+0,126% trong cung diéu kién trich ly 2 g ndm Linh
chi véi thoi gian 120 phuat. Do d6, ky thuat UAEE gitip nang
cao ham lugng PS, rat ngén thoi gian trich ly.

4.5

4.0

3.5 4
3,0 1
2.5 1

2,0 4

Ham luwgng PS (%)

1.5 1
1.0

0,5 4

0.0 4

60 120 180 240 300
Thoi gian (phut)

Hinh 1. Anh hwéng ctia phwong phap trich ly 1én ham lwong
PS.

Két qua c6 thé giai thich 1a do ciu trac dic biét cua thanh
té bao nam Linh chi chi yéu duoc ciu tao boi cac PS trong
luong phan tir khac nhau nhu chitin, cellulose va -glucan.
Trong d6, chitin va cellulose hau nhu khong tan trong nudc
[18]. Piéu nay dan dén, HWE khong trich ly dugc nhiéu
PS khi so sanh véi EAE cung thoi gian trich ly. Vi k§ thuat
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EAE dya trén kha ning enzyme thiy phan va pha v ciu
triac thanh té bao thanh nhiing phan tir ¢6 khéi lugng thap
gitp cac phan tir d& dang hoa tan trong dung méi. Ngoai ra,
su hd tro clia song siéu am tir ki thuat UAEE co thé cai thién
hoat tinh ctia enzyme va khuéch téan vao trong dung méi lam
tang hiéu qua trich ly [11]. Bén canh do, yéu t6 thoi gian
ciing anh huéng dén ham lugng PS, khi kéo dai thoi gian
s€ lam giam ham luong cao trich ly. Voi qua trinh siéu am
& nhiét do cao thi viéc kéo dai thoi gian co thé lam bién doi
cac phan tir trong cao trich ly, do d6 s& anh huong dén chét
luwong va lam giam ham lugng PS trong cao trich [19, 20].

3.2. Hoat tinh khang oxy hoa

Kha nang bdt géc tir do DPPH: Kha ning cac bit tu do
DPPH cua axit ascorbic va cao ndm Linh chi dugc trich ly
bing HWE, UHWE, EAE va UAEE dugc thé hién ¢ hinh
2. Dbi v6i axit ascorbic cho thay, kha ning bat gbc tu do
DPPH ting tir 24,929 1én 89,091% khi ting nong do tir 0,2
dén 1 mg/ml. Tuy nhién, khi ndng d6 cua axit ascorbic tiép
tuc ting trén 1 mg/ml, kha ning bt gbc tu do twong ddi 6n
dinh. Cao ndm Linh chi thu dugc béng cac k¥ thuat HWE,
UHWE, EAE va UAEE cho kha ning bt gbc tu do thdp
hon so véi axit ascorbic. D6i véi ky thuat UAEE va EAE,
kha ning bat gbc tu do ting khi nong do twong ung ting
tir 0,2 dén 1 mg/ml, UAEE cho thiy kha ning bét gbc tu
do (42,338%) cao hon EAE (35,756%) & cung nong do
1 mg/ml. Khi tiép tuc ting ndng do PS, kha ning bit gbc
tw do clia cao nidm Linh chi dugc trich bing UAEE bat
dau giam nhe, tuy nhién van cao hon so véi k¥ thuat EAE.
Tuong tu, voi ky thuat HWE va UHWE, cao nam Linh chi
cho kha nang bét géc tu do cao nhat, 1an luot 1a 40,015 va
42,123% & ndng d6 2 mg/ml.
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Hinh 2. Kha nang bat géc tw do DPPH cuia axit ascorbic va cao
nam Linh chi thu dwoc bang cac ky thuat HWE, UHWE, EAE

va UAEE.
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Két qua c6 thé giai thich 1a do kha ning bat gdc tu do
DPPH tuong quan véi lién két glucose- (1-6) glycosyl [21].
Lién két glucose-(1-6) va arabinose-(1-4) duoc cho 13 2 lién
két chu yéu c6 kha nang bit gbc ty do DPPH [22]. Ngoai
ra, PS thu dugc tir UAEE cho nhiéu lién két B-glycoside
hon HWE nén c6 kha ning bét gbc tu do t6t hon [16]. Két
quéa nghién ctru ndy chimg minh ndm Linh chi dugc trich
ly bang UAEE c¢6 kha ning bét gbc tu do cao hon cao nim
gidu PS tir cac loai nAm Auricularia cornea, Auricularia
auricula va Mulberry fungus thé hién hoat tinh 6xy hoa toi
da khi nong do PS 1a 1,2 mg/ml co thé bat 37,8, 40,3 va
31,1% DPPH [23]; Porphyra haitanensis véi ndng do PS 2
mg/ml bit 34,63% DPPH [24].

Kha nang khir Fe**(PFRAP): Kha nang tao phtc voi
kim loai 1a mot tinh chat quan trong cuia chit khang oxy
hoéa vi lam giam ndng do cua cac kim loai chuyén tiép, dong
thoi 14 xuc tac cho phan tmg tao gbc tu do trong hé thong
sinh hoc. Hinh 3 thé hién su twong quan giita d6 hap thu cua
phirc sit (IIT) ferrocyanide va chat khang 6xy hoa.
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Hinh 3. Kha nang khir sat cta axit ascorbic va cao ndm Linh
chi thu dwoc béng cac ky thuat HWE, UHWE, EAE, UAEE.

Khi so véi axit ascorbic, cao nim Linh chi dugc trich ly
bang k¥ thuat HWE, UHWE, EAE va UAEE déu cho kha
nang khir st thap hon. Di voi UAEE, khi ndng d6 tang tir
0,2 dén 2,8 mg/ml thi ning lyc khir sét ting (46 hap thu ting
tir 0,020 dén 0,232), cao hon so v6i EAE (d6 hap thu ting
tir 0,026 dén 0,195). Tuong ty, cao ndm Linh chi thu dugc
tir ky thuat HWE (d6 hap thu tir 0 dén 0,059) va UHWE (d6
hép thu tir 0 dén 0,065) cho thay nang luc khtr sit thdp hon so
v6i UAEE. Két qua nghién ctru trude day cho thay, cao ndm
Linh chi thu dugc bang HWE c¢6 nang lyc khir 1an luot 1a
0,118, 0,138, 0,101 va 0,007 [25]. Cac két qua nay déu thap
hon so véi cao ndm Linh chi dugc thu bang ky thuat UAEE.
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3.3. Hoat tinh khdng khudén ciia cao ndm Linh chi

Két qua thir nghiém hoat tinh khang khuan ciia cao ndm
Linh chi tur cac k¥ thuat UAEE va HWE thong qua gid tri
IC,, dugc thé hién & hinh 4.

Néng do (mg/ml)

B. subtilis

B. cereus 8. aureus

Hinh 4. Két qua thir nghiém khang khuan ctia cao ndm Linh
chi thu dwoc béng cac ky thuat HWE, UHWE, EAE va UAEE.

Caonam giau PS dugc trich bfing k¥ thuat HWE, UHWE,
EAE va UAEE duoc khao sat hoat tinh voi 3 chung vi khuén
kiém dinh B. cereus, B. subtilis va S. aureus duoc thé hién
& hinh 4. Két qua cho thdy, cao ndm Linh chi thu dugc bang
UAEE (IC; trong khoang 0,069-0,096 mg/ml) thé hién hoat
tinh khang khuan t6t hon so voi EAE (0,589-0,973 mg/ml),
UHWE (0,623-1,011 mg/ml) va HWE (0,664-1,063 mg/ml).
Két qua nay c6 thé giai thich 13 do cao nim thu duogc tir
UAEE c¢6 cac don vi glucose va galactose 1a nhiing yéu t6
tuong tac voi lop vo vi khuén, tham chi ky thuat UAEE
con cho thiy sy xuat hién cta PS sunfat, 1a mot chat c6 kha
nang khang khuan cao [26]. Ngoai ra, mot trong nhitng co
ché diét khuén cua PS 1a pha v& thanh té bao va mang té
bao chit, din dén giai phong protein va cic phén tir thiét
yéu trong té bao, ddng thoi DNA c6 thé bi phan hily sau khi
PS x4m nhap vao té bao dan dén vi khuan khong thé phat
trién va bj tiéu diét [27]. Két qua hoat tinh khang khuén cua
cao ndm Linh chi trong nghién ctru nay cho thiy hoat tinh
t6t hon d6i véi ham lugng PS thu nhédn tir Malva sylvestris
bang ky thuat EAE véi enzyme cellulase, trong khodng
ndng d6 3-15 mg/ml ddi voi chung vi khuan B. cereus va
S. aureus [28].

4. Két luan

Ham lugng PS trong nim Linh chi chiu dnh huong boi
céc ky thuat trich ly khac nhau. Két qua cua nghién ctru cho
thdy, ham luong PS cao nhét (3,721+0,134%) thu dugc bang
phuong phap UAEE. Bén canh d6, k thuat UAEE ciing thé

36



hién kha nang khang 6xy hda cao hon so véi cac ky thuat
khac thong qua phuong phap thir nghiém kha ning bat gdc
tw do DPPH va nang lyc khir sat. Ngoai ra, cao nam Linh
chi con thé hién kha niang khang khuan cao véi 3 chung vi
khuén B. cereus, B. subtilis va S. aureus.

LO1 CAM ON

Nghién ctru duogc tai trg boi Dai hoc Quéc gia TP Hb Chi
Minh trong khuon kho d¢ tai ma s6 B2019-20-02. Céac tac
gia xin chan thanh cam on.
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Téng hop va thir hoat tinh in vifro khang nam, khng khudn |
cia hop cht dong (IT) xitrat, dinh hwgng lam ché pham phong hénh trén cay trong

Lé Thé Tam', Nguyén Hoa Du', Bii Thu Trang?, Hoang Pirc Nghia*3, H6 Pinh Quang', Tran Quang P&, Lé Ping Quang>**
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Tém tiit:

Trong bai bao nay, dong (II) xitrat Cu J(CH0,), da dugc tong hgp thanh cong trong dung méi nude. Cic yéu
to cho qua trinh tong hop la nhiét d§ va ty le mol ciia cac chat phan ung da dugc nghlen ciru. Pac diém ciu tric,
tinh chat, thanh phan clia cac nguyén to duwgc khdo sat va danh gia bang mau nhiéu xa tia X (XRD), quang
phé h(“)ng ngoai bién ddi Fourier (FTIR), kinh hién vi dién tir quét (SEM), Kkét h()’p dau do tan xa niang lugng tia X
(EDX) va phn hép thu phén tir UV-Vis. Hi¢u suit ciia df)ng (II) xitrat trong phén ung la 82,46% voi ty 1€ s0 mol ciia
CuSO,/CHNa,0, 12 1,5/1 tai 70°C. Két qua thir nghiém in vitro cho thay, hop chit dong (IT) xitrat tai nong dd 1000 ppm
uc che suw phat trlen clia sgi nam Sclerotium rolfsu va Fusarium oxysporum v6i hi¢u lye 19-53% sau 2 ngay nudi ciy. Bén
canh dé, hqp chit nay con uc ché manh cac mam bénh vi khuin thwe vat nhw Xanthomonas axonopodis (gay bénh théi
nhiin trén ciy ¢6 mii), Ralstonia solanacearum (giy bénh héo ca chua) va Clavibacter michiganensis subsp. michiganensis
(gy bénh héo xanh va thoi nhiin trén ca chua). Nhirng két qua nay cho thay, dong (IT) xitrat ¢6 thé dwge sir dung nhu
mot loai thube diét nam/dlet Kkhuén c6 trién vong dé kiém soat cac bénh do nam va vi Kkhuén trén ciy c6 mui va ca chua.

Tir khéa: cdy ¢6 mii, dong cacboxylat, ddng (II) xitrat, thudc diét khuin, thudc diét nim.

Chi s6 phén loai: 2.4

1. Md dau

Thubc bao vé thyc vat (BVTV) doéng vai tro quan trong
trong viéc ngan chin, khong ché sy phat sinh, phat trién
ctia cac ddi twong gay hai, gop phan tang nang sudt va chét
luong néng san. Tuy nhién, lugng thuéc BVTV héa hoc du
thura trong qua trinh canh tac chinh 1a nguyén nhén gdy ra
nhiéu tac hai nghiém trong khac nhu: 6 nhiém moéi trudng
dét, dac biét 1a moi truong nudc do sy rua tréi. Du luong cta
thubc BVTV con gy doc cho ngudi va gia sic, anh hudng
tryc tiép dén strc khoe nguoi tiéu ding. Tac dong tiéu cuc
ctia thuéc BVTV cang tré nén nghiém trong khi con nguoi
sir dung khong dung cach va qua lam dyng. Didu nay khong
chi lam suy giam tinh da dang sinh hoc, gay t6n hai dén
quén thé thién dich ma con 1am phat sinh tinh khang thudc
cua sinh vat hai, tang chi phi phong trtr, gy anh huong 16n
dén con ngudi va moi truong. Chinh vi thé, tim kiém mot
loai thudc BVTV hiéu qua va an toan hon cho nguoi va moi
truong sinh thai 1a van dé hét sirc cip thiét nham xay dung
nén ndéng nghiép bén ving.

O nudc ta cling nhu trén thé gisi, thude trir bénh gbc
ddng dang dugc st dung rong rdi trong san xuat nong
nghiép, voi phd tac dung rong, c6 thé phong trir duoc nhidu
loai cay tréng khac nhau [1-5]. Co ché tac dong cua thudc

“Tac gia lién hé: Email: ledangquang2011@gmail.com
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gbc dong 1a kha ning xam nhap vao té bao vi sinh vat, tc
ché cac phan ung sinh hoc trong té bao, 1am chét vi sinh vat
[6, 7]. Hién nay, thuc BVTV hoat chit gdc dong chii yéu 1a
cac hop chat vo co, da duoc dang ky sir dung trén nhiéu loai
cay tré)ng [1, 2, 6], chu yéu gém 4 nhom chinh: (i) Copper
Oxychloride (m6t s6 san pham: COC 85WP, dong cloruloxi
30WP, Epolists 85WP, Vidoc 30WP, 50SC, 80WP...);
(i) Copper hydroxide (Map - Jaho 77WP, Champion
37.5FL, 57.6DP, 77WP, Ajily 77WP, Funguran - OH
50WP...); (iii) Copper sulfate (Tribasic) (d6ng Hocmon
24,5% crystal, BordoCop Super 12,5WP, 25WP, Cuproxat
345SC...); va (iv) Copper sulfate nguyén chat hay Sulfat
dong (thuoc Bodc-do 1a Ca(OH) va CuSO) Tuy nhién,
céc thude BVTV chira hoat cht goc ddng hién nay hau hét
1a cac loai hop chit vo co, thuoc nhom doc I, mot s6 thude
nhém nay cham phan huy trong méi trudng; twong dbi doc,
dic biét dé bi rira troi sau khi phun nén lidu lugng dung
lon [1, 7]. Trong xu thé huong téi nén nong nghlep hitu co,
nong nghiép bén vimng, mot s6 nude phat trién ¢ chau Au sé
cam cac thude vo co goc dong va thay thé bang cac thude
gbc dong dang hitu co [8, 9]. O Viét Nam cac ché pham
BVTV dang ddng hitu co phong trir mot s6 bénh trén cay
trong hau nhu 1a chua c6 va chua duge dé cap téi.
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. . Trong nghién ctru nay, chiing t6i str dung phan ung trao

SyntheSlS of copper (II) citrate d(f)i ion dé tong hop mudi ddng (II) xitrat.’B?mg cach thay

. og e . . d6i nhiét do va ty 1€ phan Gng cta cac chat tham gia phan

and eValuatlon Of its in vitro antlfllngal g da tim ra diéu kién t6i wu dé dat hiéu qua téng hop cao

and antibacterial activities , nhit. Hoat tinh khéng nam va khang khuan trén mot s6 nAm

an d the Slli tabili ty 0 f llSing thiS Chemical va vi khuan da dugc nghién ctru dé danh gia hoat luc cta no.
as a plant protection agent

The Tam Le', Hoa Du Nguyen!, Thu Trang Bui?,

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

Duc Nghia Hoang?3, Dinh Quang Ho', Céc hoa chat dugce st dung trong thi nghiém dé téng hop
Quang De Tran*, Dang Quang Le** muoi dong (II) xitrat cia Hang Sigma-Aldrich bao gom:
A N . ..
"Vinh University, 182 Le Duan Street, Ben Thuy Ward, Vinh City, Nghe An Province, Vietnam df)l’lg sunfat pentahydrat (CU’SO4'5H20” 99 A)’ t.rlnatr} Xitrat
’Faculty of Chemical Technology, Hanoi University of Industry, dihydrat (C6H5N33O7-2H20, 95%). Nudc khtr ion da duoc
298 Cau Dien Street, Cau Dien Ward, Bac Tu Liem District, Hanoi, Vietnam s dung trong tat ca cac thi nghlém
*Institute for Tropical Technology, Vietnam Academy of Science and Technology, . .
18 Hoang Quoc Viet Street, Nghia Do Ward, Cau Giay District, Hanoi, Vietnam 2.2. Téng h0’p déng 1) xitrat Cu3(C6H507)2
“‘College of Natural Sciences, Can Tho University, 2 N B 2.
Area II, 3/2 Street, Xuan Khanh Ward, Ninh Kieu District, Can Tho City, Vietnam Cu3(C6H507)2 duQC tong hO‘p bang phuong phap trao doi

SGraduate University of Science and Technology, Vietnam Academy of Science and Technology, ion gilia df)ng (I) sunfat pentahydrat va natri xitrat (hinh 1).
18 Hoang Quoc Viet Street, Nghia Do Ward, Cau Giay District, Hanoi, Vietam

3CuSO,(aq) + 2Na,(C,H,0,)(aq) — Cu,(CH,0O,)(s) +
3Na,SO,(aq)

Received 25 November 2021; revised 27 December 2021; accepted 30 December 2021

Abstract:

In this paper, copper (II) citrate Cu,(CH,0,), was 2 (2) CuSO, SH,0 + b (2) CHNa,0, 21,0
successfully synthesised in an aqueous solution. The +20ml dung méi H,0
factors for the synthesis process such as temperature
and molar ratio of the reactants were investigated. The 1
structural, properties and composition characteristics Dung dich chuyén mau xanh
of the elements were investigated and evaluated by dam (t5i hon)
X-ray diffraction pattern (XRD), Fourier-transform

Khudy bang diia thity tinh/siéu am

cho dung dich phan irmg hoan toan

infrared spectroscopy (FTIR), energy-dispersive X-ray Sau 48 gio
spectroscopy (EDX), and UV-Vis spectroscopy. The yield Lop chit rén mong xudt hién
of the copper (II) citrate in the reaction was 82.46% & day cbc

at the molar ratio of the CuSO,/C HNa O, of 1.5/1 at

70°C. The in vitro results showed that copper (II) citrate Sau 7 ngay
at a concentration of 1,000 ppm inhibits the mycelial v

Chit ran két tinh miic ti da

rowth of Sclerotium rolfsii and Fusarium oxysporum ¢
g f ysp bam chat va day coc

with control values ranging from 19 to 53% after 2 days

Rira san pham bang

of incubation. Besides, it strongly suppressed the plant Gan bo phanmese| 1 03 180)
bacterial pathogens Xanthomonas axonopodis (bacterial
strain causing citrus canker), Ralstonia solanacearum Chat ran két tinh

(bacterial wilt of tomato), and Clavibacter michiganensis mau xanh lwe

subsp. michiganensis (cause of bacterial wilt and canker
of tomato). These results suggested that copper (II)
citrate can be used as a promising fungicide/bactericide Tinh thé mau
to control fungal and bacterial diseases on citrus and xanh duong
tomato plants.

Say chan khong 6 70°C

Hinh 1. Quy trinh tdng hep va tinh ché déng (1l) xitrat.
Keywords: bactericide, citrus, copper carboxylate,

copper (II) citrate, fungicide. Trong nghién ctru nay, yéu to nhiét do va ty 1€ mol cua

céc tién chat di dugc nghién ciru. Cu thé, nhiét do phan tng
Ulassification number: 2.4 duoc khao sat & 50, 70 va 90°C véi ky hiéu miu twong tng
la TN1, TN2 va TN3, trong khi d6 cac tién chat dugc dung
voi cac ty 1€ mol tuong ing ¢ bang 1.
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Bang 1. Ty Ié mol cac tién chat tham gia phan ng.

Ky hi¢u miu CuSO, (mmol) CH/Na,O, (mmol) CuSO,/CHNNa,0,
TN-1/1 9 9 1/1

TN-1,5/1 9 6 1,5/1

TN-1,25/1 13,5 6 2,25/1

2.3. Phwong phap phdn tich dic trung cdu tric va
thanh phan

Hop chét dong (IT) xitrat sau khi tong hop duoc phan
tich dac trung cAu trac bang phép do phd hong ngoai FT-
IR trén thiét bi Nicolet iS10 (Thermo Scientific - M¥), phd
UV-Vis ctia cac mau duge ghi trén may quang phd Libra S80
Libra (Biochrom - Anh). Hinh thai va thanh phan nguyén
t trong san pham dugc xac dinh biang phuong phap hién
vi dién tir quét (SEM) va dau do tan xa ning lugng tia X
(EDX, Oxford Instruments - Anh) trén thiét bi JSM-6510LV
(Jeol - Nhat Ban).

2.4. Phwong phap danh gia hoat tinh sinh hoc

Hoat tinh khang nam: Phuong phap kiém tra kha ning
rc ché mycelia dugc st dung trong nghién ciru véi cac
chung ndm Sclerotium rolfsii (SR-BV) gy bénh héo rii gbc
mdc tring va Fusarium oxysporum (FOAH) gy bénh héo
vang, héo ri, chét vang, thdi kho cu. Hoat tinh khang nam
duoc tht trén cac dia thach petri véi moéi truong PDA tai
pH 6,8-7,0.

Nam duge phan 1ap va lam thuan, dung dung cu duc 15
¢6 dudng kinh 4 mm tién hanh duc vanh ngoai dudng kinh
tan ndm sau d6 dat 1én moi truong PDA da tron véi mau
thir. MAu thtr hop chéat ddng (II) xitrat hoa tan bang Tween
80 v&i nong d 0,05% va dimethyl sulfoxide (DMSO) 2% &
céc ndng khac nhau (1000 va 500 ppm), sau d6 tron vao moi
truong PDA noéng chay ¢ 50°C da khir tring va dé ngudi.
Moi néng d6 khac nhau dugc thi 1dp lai 3 lan. Theo ddi su
phat trién ctia ndm va xac dinh tinh hiéu luc cua ting loai
dwa vao viéc do dudng kinh tan nim sau cac thoi gian khac
nhau tuy theo tung loai nam. Hiéu qua uc ché duoc tinh theo
cong thic sau [10]:

DKdéi chimg ~

(PK

dbi chimg ~ 4)

mau

Hiéu qua trc ché = x 100%

trong d6: DK 1a duong kinh.

Hoat tinh khang khuan: Vi khuan X. axopopdis st dung
trong nghién ctru nay dugc phan 1ap tir qua cam bi bénh loét
trén gidng cam Vinh trong & Nghé An. Ngoai ra, con co cac
vi khuan R. solanacearum va C. michiganensis giy bénh
cy trong khéc.

Hoat tinh khang vi khuan dugc thir trong moi trudong
Tryptic soy agar (TSA), Tryptic soy broth (TSB) pH 6,8-7,0.
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Vi khuén duge hoat héa lai trén moi truong TSA trong 24
gid dé quan sat khuan lac nham phat hién tap nhiém trong
qué trinh giir gidng va nudi cdy. Ly mot khuan lac cay
chuyén sang cac binh TSB nuéi lic & nhiét do 37°C cho
dén khi dat gia tri OD=0,5. Phuong phap xac dinh hoat tinh
khang khuan bang vong vo khuan dugc sir dung nhu sau:

- Str dung dia petri da chtra 15 ml moi trudong TSA vo
trung da kho 6n dinh. Ldy 1 ml dich vi khuan c6 gia tri
OD=0,5 tring déu 1én bé mit moi truong, dé yén khoang
1-2 gio cho dich vi khuan dwoc 6n dinh trén bé mat. Moi
dia petri dugc duc 5 16 thach, trong d6 gﬁ”)m: 416 thach chura
35 ul dich chira chat pha ¢ nong d¢ 1.000 ppm trong dung
méi DMSO. DBbi v6i mdi mét 16 thach dbi ching chira 35 pl
dung dich DMSO v6 trung.

- Céc dia dugc u ¢ 37°C trong vong 24-36 gio. Buong
kinh vung trc ché duoc do bang thudc do don vi mm.

" s -
3. Ket qua va ban luan

3.1. Anh hwéng ciia ty Ié tién chét va nhigt @ dén toc
do va hiéu sudt phan irng

Khao sat so bd cho théy phéan ung xay ra cham, sy tao
thanh tinh thé san phdm dién ra trong thoi gian dai. Trong cac
thi nghiém tiép theo, phan tng s& dugc tién hanh ¢ khoang
nhiét d6 50, 70 va 90°C, ty 1& mol céc tién chat Cu(Il)/xitrat
la 1/1, 1,5/1 va 2,25/1. Trong phan ung tuong tac véi kim
loai, phdi tir xitrat ¢6 kha nang thé hién cac dung luong phdi
tri khac nhau, c6 thé tao ciu ndi dé tao thanh phuc da nhan.
Mat khac, du dong 1a diéu khéng mong mudn, ngoai anh
huong xau dén moéi truong va cay trong thi co thé tao ra san
pham két tia dong dang bazo cacbonat, xitrat khéng mong
mudn. Do d6 trong nghién ctru ndy, chiing t6i ciing chon cac
diém thyc nghiém voi ty 18 tién chat khac nhau, xung quanh
ty 18 ing v6i hé sé cia phan tng thé phdi tir (1) 6 trén, trong
do ty 1¢ tién chat Cu(Il)/xitrat (9:4) 1a 16n nhat. O nhiét do
50°C véi ty 18 mol cac tién chat 1/1 thi sau khi phdi tron hai
dung dich, hdn hop dung dich chuyén mau sang xanh t6i
nhanh hon so véi ¢ nhiét do phong, tuy nhién két tia chi
bét dau hinh thanh sau 7 gio. Sau 60 gid lwong chit ran két
tinh dat muc tdi da, dung dich nhat mau. Tién hanh rira mau
thu duoc san phém tinh thé mau xanh luc, it tan trong nudc.
San pham tiép tuc duoc loc chan khong va siy kho ¢ 40°C
thu dugc tinh thé mudi dong (I1) xitrat & dang ngdm nudc cd
mau xanh 14. Tiép tuc sdy kho trong diéu kién chan khong &
70°C tinh thé dong (II) xitrat mat nudc thanh nhing tinh thé
ddng (IT) xitrat khan c6 mau xanh nudc bién (hinh 2D). Khi
tang ty 1 mol phan tmg 1én 1,5/1 va 2,25/1 thi thoi gian bat
dau két tinh va thoi gian két tinh hoan toan dugc rut ngin
hon déng ké (hinh 2A).
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cua phan ng khong anh huong Hinh 3. Phd FTIR déng (1l) xitrat (A) va phé UV-Vis ctia dung dich cia muéi CuSO4 va déng

nhiéu dén hiéu suat. Ty 1& Cu?* (Il) xitrat (B).

va nhiét d6 cang cao thi thoi gian

két tinh ctia san phdm cang ngin hay mudi dong (II) xitrat
nhanh két tinh hon. Tur cac két qua nghién ctru trén, chung
t6i dura ra diéu kién t6i wu dé tong hop mudi dong (II) xitrat
1a & 70°C va ty 1¢ mol phan tmg 14 1,5/1, san pham thu duoc
s& duoc phan tich didc trung cdu trac, thanh phan va tinh chat
cua vat liéu.

3.2. Dic trung cdu tric va thanh phéan hop chit

San pham tinh thé thu dugc sau khi két tinh hoan toan
¢6 mau xanh luc, it tan trong nudc, siy chan khong & 40°C
thu duoc tinh thé & dang ngdm nudc c6 mau xanh la. Tiép
tuc sdy chan khong & 70°C tinh thé ddng (I1) xitrat mét nudc
thanh nhiing tinh thé dong (II) xitrat khan c6 mau xanh nudc
bién (hinh 2D).
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Hinh 3A chi ra phd hdng ngoai ciia mau mubi dong (II)
xitrat téng hop tai diéu kién ty 1€ mol 1,5/1. Két qua cho
thy, pho hong ngoai ¢ cac dai hap thy dic trung cua cac
dao ddng hoa tri ctia cac nhoém: -OH ¢ 3433,76 cm!, nhém
ete -O- ¢ 1088,04 cm!, C=0 & 1582,09 cm!. M6t dinh &
1690,08 cm™ da dugc quan sat trén phé IR cua chit tao
thanh dugc gan cho dao dong hoa tri ctia carboxylate (COO")
trong natri xitrat. Cac dao dong hoa tri khong déi ximg va
dbi xtrng cua cac nhom carboxylate (VCOO’ L Va Veoo, ) lan
luot xuat hién ¢ 1582 va 1429 cm™.

Mot sé nghién ctru cho thdy, cac vi tri cua dao dong
héa tri khong dbi xtmg (v,) va ddi ximg (v) cua cac

nhom carboxylat (Avi,, = Voo o = Voo, o) €0 thé duoc st

M
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dung dé phan biét kiéu cu tric phirc carboxylat-kim loai
dong (II) [12, 13]. Gia tri cua AVCOO trong pham vi 150-
180 cm! twong tng véi mot cau phodi tri bidentat Cu(Il),
trong khi Av.,>200 cm” duoc cho la cdc phirc chat voi
nhom carboxyhc monodentat. Trong phd IR 6 hinh 3A,
Voo, s 1582 cm® !trong khi Veoo.s =1429 cm™, cho gia tri cua

~153 cm’'. Gia tri ndy tuong ung voi kleu phdi tri cau

AVCOO
nbi bidentat trong mubi dong (II) xitrat.

Nhing s6 liéu phd IR néu trén chimg to san phim déng
(IT) xitrat 3 duoc tao thanh, phu hop véi xac nhan tir phd
hap thu UV-Vis. Tir hinh 3B cho thdy, dinh hp thu cuc dai
da co sy dich chuyén tr bude song 818 nm dbi voi dung
dich mudi dong vo co vé 675 nm ddi voi dung dich dong
xitrat, img véi bude chuyén d- d tr °E —°T, , twong tmg vdi
su dich chuyén mau xanh lam vé dung d1ch mau xanh luc do
su twong tac cua nhom xitrat véi ion Cu®* [14-16].

60000 q (A)

50000 4

40000

o

10 2‘0 3‘0 4‘0 50
2theta (dé)

30000 q

20000

Cwong do (d.v.t.y)

10000

Hinh 4. Gian db nhiéu xa tia X cia mau dai dién TN2-1,5/1 (A)
va phd EDX tai vuing lwa chon (B).

Nhleu xa tia X duoc thuc hién voi mau dong (IT) xitrat
sau khi tong hop dugc dé so sanh véi co sé dir lidu cdu trac
chuan cua hop chat. Hinh 4A la gian dd nhidu xa tia X cua
cac mau nghién ctru va dit liéu cau tric chuan (hinh nho).
Két qua cho thiy, co su tuong ddng vé céu trac cia hop
chat khao sat véi phd chuan cua copper (IT) xitrat hydroxide
sesquihydrate. Dang tinh thé cua hop chat tong hop duoc
1a tinh thé don ta (monoclinic) [17]. Nhu vy, c6 thé khing
dinh rang hop chat dong (II) xitrat da duoc tong hop thanh
cong. Phan tich phé EDX da dugc thuc hién dé xac dinh
su phan bd cta cac nguyén t trén bé mat ciia miu phic.
Hinh 4B la phé EDX ctia mau dai dién TN2-1,5/1, cho théy
cacbon, 6xy va dong chiém thanh phin chu yéu trong vat
lidu, trong d6 2 nguyén tir cacbon va 6xy la thanh phan
chinh ctia gbc mudi hiru co xitrat. Sy c6 mit cia nguyén tir
dong voi ham lugng cao cho thdy phan Umg trao doi da xay
ra, hop chat dong da duoc tao thanh. Ket qua nay phu hop
voi phan tram khéi lugng cic nguyén t trong cong thirc
muoi thu duogc.

3.3. Thir hoat tinh khdng ndm va vi khuin

Hoat tinh khding ndam: Pdng (II) xitrat thé hién kha
ning trc ché dbi v6i ca 2 chung nim Sclerotium rolfsii va
Fusarium oxysporum tai ndng do 1.000 ppm. Day 1a 2 loai
nam kho bi trc ché, vi vay kha nang phong trir trén thyc té
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ton nhiéu cong stc va cac loai thuéc manh dé kiém soat
bénh trén cdy. Sau thoi gian nudi cdy 1-2 ngay ddi véi nim
Sclerotium rolfsii ddng (I1) xitrat e ché lan luot 58 va 53%
Ongay 1 va 2, day cling la hi¢u lyc manh nhit dugc quan sat
khi so sanh gitra 2 nam (bang 2 va hinh 5). Qua thi nghi¢m
in vitro, nAm Fusarium oxysporum co dé khang t6t hon véi
dong (I1) xitrat, hi¢u lyc khang nam giadm manh con 9% sau
4 ngay nubi céy. Hién tugng giam hiéu lyc theo thoi gian cho
thdy kha nang khang lai hoat cht thir nghiém cta nam nay.

Bang 2. Hoat tinh khang nam Sclerotium rolfsii va Fusarium
oxysporum cua dong (ll) xitrat: nuéi cay 1, 2 va 4 ngay.

Hiéu qua trc ché & ndng do 1000 ppm (%)

Tén chit S. rolfsii FE oxysporum
1 ngay 2 ngay 2 ngay 4 ngay
Ddng (II) xitrat (%) 58 53 19 9

Fusarium oxy sporum

N2-1000ppm

N2-1000ppm Control Control

Hinh 5. Kha nang trc ché ctia ddng (Il) xitrat déi véi Sclerotium
rolfsii ya‘ Fusarium oxysporum tai th&i diém 1, 2 va 4 ngay
nudi cay.

Hoat tinh khdng khudn gdy bénh hai cdy trong: Cac hop
chit chtra dong (IT) dugc biét t6i co kha ning tre ché va giy
doc véi té bao vi khuan do twong tac tinh dién ciia ion Cu?" trén
bé mit té bao tich dién tich (-) tir nhom carboxylic ciia cac 16p
lipoprotein trén bé mat vi khuan va cua 16p peptidoglycans
trong thanh té bao. Trong té bao, Cu?* bi khir thanh Cu* gy doc
vai té bao bang cach lién két vi cac enzyme chira cac nhom
sulhydryl, hydroxyl, amino va carboxyl thanh céc phirc va lam
bat hoat cic enzyme niy trong qua trinh trao ddi chat trong
té bao dan dén gy chét té bao vi sinh vat. Ngoai ra, Cu’ ciing
1am té bao vi khuén sinh ra céc gdc tu do bén trong té bao dan
t6i gy chét té bao. Trong nghién ciru nay, cic quan sat tir két
qua thir nghiém v6i vi khuén trén dia thach cho thdy, dong (IT)
xitrat ¢ hoat tinh khang lai cd 3 loai vi khuén X. axonopodis,
Ralstonia solanacearum va Clavibacter michiganensis
subsp. michiganensis véi hoat lyc kha manh tai 1000 ppm.
X, axonopodis va Clavibacter. michiganensis subsp.
michiganensis 14 cac vi khuan gram dwong, do vdy kha ning
khang vi khuan manh nhat 1a véi vi khuan C. michiganensis
subsp. michiganensis, voi duong kinh khang khuén 1én ti 20
mm (bang 3 va hinh 6).
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Bang 3. Kha ning trc ché cia dong (Il) xitrat doi v&i cac vikhuan
X. axopopdis, R. solanacearum va C. michiganensis subsp.
michiganensis (quan sat vong vo khuan sau 1 ngay nudi cay).

Loai vi khuén Nongdomgml  Dudng kinh vong khang khuin (mm)
X_ axonopodis 1 7

R. solanacearum 1 15

C. michiganensis subsp. michi s 1 20

2012-003

1000 ppm-———

N2 - 1000 ppm 2012-001 | N2 - 1000 ppm 2012-002 |N2 -

Hinh 6. Vong khang khudn véi vi khudn X. axonopodis (A),
R. solanacearum (B) va C. michiganensis subsp. michiganensis (C).

Hoat tinh khang nam va vi khudn cia dong (II) xitrat
quan sat dugc kha an tuong do pho tac dung rong cua chat.
Dic biét, mau chat c6 tac dong manh 1én cac vi khuan gay
bénh cay nhu R. solanacearum va C. michiganensis subsp.
michiganensis; ddy 1a nhitng loai vi khuan giy bénh héo
xanh va thdi loét qua rat kho chira trén cdy ca chua.

4. Két luan

Trong nghién ctru nay, phan ung tong hop dong (1)
xitrat tir cac chét dau dong (I1) sulfate va natri xitrat & diéu
kién t6i wu v6i nhiét d6 70°C va ty 1¢ mol 1,5/1 thu dugce san
pham Cu J(CH,0,), v6i higu sudt phan mg dat 81,3%. St
dung cac phuong phap phén tich xac dinh duoc hop chét tao
thanh la hop chat dong (IT) xitrat. Két qua thir hoat tinh sinh
hoc cho thay, ddng (IT) xitrat c6 hoat tinh trc ché dbi voi ca2
chung nam Sclerotium rolfsii (SR-BV) gy bénh heo ru gbe
mdc tring va Fusarium oxysporum (FOAH) gy bénh héo
vang, héo rii, chét vang, thdi kho cu va 3 ching vi khuén:
X. axonopodis, R. solanacearum va C. michiganensis subsp.
michiganensis. Vi hoat tinh ndy, c6 thé nghién ciru sir dung
ddng (IT) xitrat & 1am hoat chit BVTV chéng mot sé bénh
kho chira trén cdy ca chua gy ra do cac chung ndm va vi
khuan da khao st & trén.
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Nghlen cifu ché tao hé vat liéu don 16p phan tir diazonium
trén nén sraphite bang phuwong phap cay ghép dién hoa

Phan Thanh Hai*, L& Canh Dinh, Hoang Nhat Hiéu, Ng‘uyén Thi Xuan Huynh, Huynh Thi Mién Trung,
Lé Thi Ngoc Loan, Tran Nam Trung

Khoa Khoa hoc T nhién, Trirong Pai hoc Quy Nhon, 170 An Duong Vieong, phuong Nguyén Vian Cir, TP Quy Nhon, tinh Binh Binh, Viét Nam
Ngay nhan bai 22/12/2021; ngay chuyén phan bién 27/12/2021; ngay nhan phan bién 17/1/2022; ngay chip nhan dang 21/1/2022

Tom tit:

Bién tinh bé mit bing mang don 16p phan tir hitu co dwgc xem 1a mdt trong nhirng phwong phap hiéu qua dé mé
rong kha ning ing dung cia vat li¢u carbon trong linh vyc cim bién dién héa. Cac phan tir diazonium thuong duge
stt dung dé bién tinh bé mat vat liéu nhw ' graphite va graphene thong qua su hinh thanh lién két hoa hoc C-C giira
chung. Tuy nhién, kh6 khan trong viéc kiém soat sw h1nh thanh mang don 16p duwgc xem la mot trong nhirng han ché
cia phwong phap nay vi kha nang hoat dong hoa hoc rit manh ctia diazonium. Trong bai bao nay, cac tac gia trinh
bay phuong phap bién tinh bé mat vit li€u graphite nhiét phan dinh hwéng (HOPG) - mét loai vat liéu da 16p cia
graphene bang phan tir 3,5-bis-tert-butylbenzenediazonium (3,5-TBD). Céc nhém chitc tert-butyl gin trén cac vi tri
3,5 ciia vong benzen 1am cho céc gdc aryl tw do sau khi hinh thanh khéng twong tic véi nhirng phan tir di ciy ghép
ma wu tién tao lién két véi bé mit dién cwe HOPG dé tao thanh mang don 16p phén tir. Tinh chit dién héa va hinh
thai hoc bé miit ciia hé mang don 16p 3,5-TBD duwoc khio sat bing phwong phap quét thé vong tuin hoan (CV), hién

vi lwe nguyén tir (AFM) va hién vi xuyén him lwgng tir (STM).

Tir khéa: bién tinh bé mit, cAy ghép dién héa, don 16p phén tir, graphene, HOPG, phin tir diazonium.

Chi s6 phén logi: 2.5

1. Dt van de

Vit liéu carbon, dic biét 1a dan xuét dang 16p cua chung -
graphene da va dang dugc ing dung mot cach hiéu qua trong
viée ché tao vat lidu dién cuc cta céac thiét bi cam bién dién hoa
[1, 2]. Bién tinh b& mat dién cuc carbon 14 cong doan rat quan
trong trong qua trinh ché tao cac 16p cam bién [3]. Tuy nhién,
cac cam bién dién hoa ludn lam viéc trong moi truong dung
dich, vi vay doi hoi cac 16p mang két dinh trung gian khong bi
hoa tan trong khi cam bién hoat dong. Dé thoa man diéu kién
nay, cac phuong phap bién tinh hoa hoc duoc ap dung dam bao
hinh thanh duoc céc lién két bén viing, nghia 1a tao thanh cac
lién két hoa hoc gitra vat lidu bién tinh véi bé mat graphene.
Cac phén tir diazonium thudng dugc sir dung dé bién tinh hoa
hoc bé mit graphite va graphene vi quy trinh bién tinh don gian
va hiéu qua cao [4, 5]. Ban chét cia phuong phap nay 1a cac
géc tu do dugc hinh thanh nho qua trinh khu dién hoa c6 thé
tao lién két hoa hoc C-C véi C lai hoa sp® dé tao thanh C lai hoa
sp® trén bé mit graphite va graphene [6-8]. Tuy nhién, cc gdc
diazonium c6 dic tinh hoat hoa rét cao, vi viy ching khong chi
phan g voi bé mit graphene ma con tao lién két cong hoa tri
véi cac phan tu diazonium trén bé mat, tir do hinh thanh mang
da 16p. Dicu nay lam giam cht lugng va do dan dién ciia mang
diazonium. Pé khac phuc nhimg han ché nay, viéc kiém soét
duoc sy hinh thanh mang don 16p cua cac phan tir diazonium
trén bé mat dién cuc graphene nhim ting cuong qué trinh trao
d6i dién tich trén bé mit cam bién duge xem 1a mot giai phap

‘Tac gia lién hé: Email: phanthanhhai@gnu.edu.vn
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t6i wu. Pa ¢6 nhidu giai phap dwoc dé xuat nhim han ché qua
trinh hinh thanh mang da 16p ctia cac phan tr diazonium nhu:
(i) Str dung céc chat (rc ché dé ngan can cac gbc diazonium tur
do phan tmg v6i cac phan tir da cay ghép trén bé mit [9, 10];

(ii) Kiém soat qua trinh trao d6i dién tich tai giao dién rén -
long trong qué trinh ciy ghép [11]; (iii) Sir dung cac phan tir
diazonium c6 gin cic nhom chirc tai vi tri 3 va 5 ciia vong aryl.
Day 14 phuong phép s& dwgc nhom nghién ctru dp dung dé ché
tao mang diazonium don 16p trén bé mat vat liéu graphite nhiét
phan dinh huéng (HOPG), mét loai graphene da 16p.

Trong khuon khé bai bio nay, ching toi trinh bay nhiling
két qua nghién ctru vé bién tinh hoa hoc bé mit HOPG béng
phuong phéap dién héa sir dung cac phén tir 3,5-TBD. Tinh chét
dién hoa va hinh thai hoc bé mit vat lieu HOPG sau khi bién
tinh dugc khao sat bang phuong phap CV, AFM va STM. Két
qua thu dwoc cho thiy, bang cach gan cac nhom chuec tai vi tri
3,5 ctiia vong aryl cac cau tir 3,5-TBD chi tao mang hitu co don
16p trén bé mit dién cyc HOPG. H¢ vat li¢u 3,5-TBD/HOPG
ché tao dugc bang phuong phap cay ghép dién hoa hoan toan
¢6 thé str dung lam dién cuc dé ché tao cac cam bién dién hoa.

2. Thuc nghiém va phuong phap nghién ciiu

Céc hoa chat gom: K Fe(CN),, NaNO, (Sigma Aldrich),
HCI (Merck); 3,5-TBD (97%, Sigma-Aldrich); nudc siéu sach
(nu6e Milli-Q, dién trd suat >18 MQ.cm, TOC<4 ppb) dugc st
dung dé pha cac dung dich dién ly; khi N, (d¢ tinh khict 99%)

a4
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Study on the fabrication of diazonium
molecular monolayer material
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Abstract:

Surface denaturation of carbon surfaces with molecular
monolayer is appointed as one of the most effective bottom-
up techniques to enlarge the applicability of the carbon-
based electrodes in the electrochemical sensor field.
Diazonium molecules have been often employed to denature
the surface of materials such as graphite and graphene
through the formation of C-C chemical bonds between
them. However, the layered formation of these molecules is
not well controlled yet due to their intrinsic high reactivity.
This report demonstrated a practical approach for covalent
functionalisation of the highly oriented pyrolytic graphite
(HOPG) surface, a model system of multilayered graphene,
by using 3,5-bis-tert-butylbenzenediazonium molecules.
Due to the substituents at the 3,5 positions the aryl radicals
prefer bonding directly to the HOPG surface than attacking
the grafted aryls towards the monolayered formation. The
efficiency of this approach was determined by the combined
cyclic voltammetry, atomic force microscopy and scanning
tunnelling microscopy.

Keywords: diazonium molecules, electrochemical grafting,
graphene, HOPG, monolayer, surface functionalisation.

Classification number: 2.5

ding dé loai bo khi 6xy trong dung dich dién ly va lam kho bé
mat vat liéu sau khi ché tao.

Pon tinh thé HOPG (loai ZYB) do Cong ty Advanced
Ceramics Inc. (Cleveland, Hoa Ky) san xuét. Trude mdi thi
nghiém, dién cuc HOPG duoc 1am sach bang cach boc tach cac
16p bé mit ngoai cung bing bing keo.

Phuong phap CV duogc sir dung dé bién tinh bé mat HOPG
v6i hé dién hoa 3 dién cuc tu ché, dién tich bé mit dién cuc
hiéu dyng 1a 38,5 mm?. H¢ vat li¢u sau khi ché tao duoc rua
bang dung dich toluene néng (90°C) va nude Milli-Q dé loai bo
cac phan tir 3,5-TBD va san pham phu hap phu vat Iy trén bé
mit ran, cudi cing vat liéu dugce sdy kho bang khi N,.
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Cac phép do CV duoc thuc hién trén thiét bi Potentiostat
DY2300 véi hé binh do dién hoa gém 3 dién cuc: dién cuc lam
vigc HOPG, dién cuc so sanh Ag/AgCl (C, =3 M) (Metrohm)
va dién cuc doi Pt.

Cac phép do STM va AFM duogc thuc hién trén hé¢ STM-
AFM da ning ¢ diéu kién thuong (T=20-30°C, d6 4m khoang
50%) trén thiét bi PicoLE sir dung hé diéu khién Nanoscope
IV (Veeco/Digital Instruments); STM hoat dong & ché do dong
khong d6i. Pau do STM dugc cit co hoc tir ddy hop kim Pt/Ir
(80-20%, ®=0,25 mm). Phan mém WSxM 5.0 dugc sir dung dé
phan tich hinh anh AFM [12].

KCl

3. Két qua va ban luan
3.1. Bién tinh bé mit HOPG

Trong khudn khd bai bao nay, phuong phap CV da duoc
str dung dé cdy ghép dién hoa cac phan tir 3,5-TBD 1én bé mit
dién cuc HOPG. Vi phan tir 3,5-TBD khong bén nén ching
duoc tong hop ngay trudc khi thuc hién phép do CV bang cach
cho tién chat 3,5-TBA (3,5-bis-tert-butylbenzen aniline) tac
dung v6i HCI va NaNO, bao hoa.

Hinh 1A mb ta thé quét vong tuan hoan cta dién cuc HOPG
trong dung dich 1 mM 3,5-TBD + 10 mM KCI + 5 mM H_SO,
+ NaNO, (bao hoa). Két qua cho thay, & ‘vong quét thir nhat
ghi nhan mot dinh khir chinh tai ving thé E =-0,08 V so voi
Ag/AgCl kém theo mét dinh khir phy tai E —-0 21 V so voi
Ag/AgCl(duong mauden). Cac dinhnay duorc quy chola kétqua
cta qua trinh khir cc cation 3,5-TBD thanh céc gdc aryl trong
tg [13]. Tuy nhién, dinh khir thi nhat khong con xut hién &
vong quét thir hai va ba (duorng mau do va xanh). Trong khi do,
dinh khtr thtr hai giam dan theo timg vong quét. Piéu nay cho
thay, trong vong quét thir hai, qué trinh trao ddi electron giita
bé mat dién cuc HOPG va cac phan tr 3,5-TBD da xay ra cham
lai va gan nhu két thuc trong vong quét thi 3, nghia 13 toan b
bé mit dién cuc HOPG gan nhu di dugc cdy ghép boi cac goc
tu do sau 3 vong quét du tién. Hé vat liéu dugc tinh boi gdc
3,5-TBD dugc dit tén 1 3,5-TBD/HOPG. Co ché khir va hinh
thanh mang don 16p 3,5-TBD duoc mé ta chi tiét & hinh 1B.

(A} —— Vong thi nhat (B)
Vong thir hai
0,0 4 Vong thir ba j\Qk
NH»
l +NaNoO,
0,21
5
23 0,4 N3
- 1 Khr dién héa
-0,6 1

06 04 -02 00 02 04 HOBG

E(V)
Hinh 1. Cac dwéng CV thé hién qua trinh khir dién hoa cua cac
phan tir 3,5-TBD trén bé mat HOPG (A) va co ché khir dign hoa
va hinh thanh mang don I&p 3,5-TBD trén nen HOPG (B).



3.2. Tinh chit di¢n héa ciia mang 3,5-TBD

DPic trung dién hoa ctia hé vat liéu 3,5-TBD/HOPG duoc
khao sat bang phép do CV sir dung dung dich dién ly 1 mM
K, [Fe(CN),] + 0,2 M Na,SO, (hinh 2). Dbi véi dién cuc
HOPG chu’a bién tinh, cip dlnh oxy hoa khtr thuan nghich
ghi nhén tai E =+0,16 V va E_=+0,24 V so v&i Ag/AgCl
(dudng mau den) twong ung voi qua trinh 6xy hoa khir thuan
nghich cua ion [Fe(CN)]*". Nguoc lai, cac dinh 6xy hoa
khtr cua ion [Fe(CN) J** hau nhu khong xuit hién trong CV
cua dién cuc st dung vét liéu 3,5-TBD/HOPG (duong mau
d6). Biéu nay ching to, mang phan tir 3,5-TBD da dugc cay
ghép thanh cong trén toan bd bé mat gay can trd sy trao doi
electron giira ion [Fe(CN),]** va di¢n cuc HOPG.

—HOPG
~———3,5-TBD/HOPG

J (WA/cm?)

-0,2 0,0 0,2 0,4 0,6
E(V)

Hinh 2. So sanh kha nang trao ddi electron gitva dién cuwc
HOPG va 3,5-TBD/HOPG.

3.3. Tinh chit lién két ciia mang 3,5-TBD

Ban chit cua lién két hinh thanh giita cac phan tir
3,5-TBD va bé mat HOPG duoc khao sat bing phuong phép
ph6 Raman. Pinh D trong phé Raman ctia HOPG chi xuit
hién khi h¢ vat li¢u nay c6 cac sai hong mang tinh thé do su
hinh thanh cta carbon lai hoa sp® sau khi tao thanh lién két
C-C v6i phan tir hiru co [14]. Diéu nay cho phép xac dinh
ban chét lién két gitra cac phan tir 3,5-TBD va HOPG thong
qua sy xuat hién ctia dinh D trong phd Raman. Ngoai ra, ty
1€ gilra cuong do dinh D va G (I /1)) cho phép xac dinh mat
d6 cua cac sai hong va 1a co so dé khao sat mirc do bién tinh
bé mit hé vat liéu [15]. Hinh 3 mé ta pho Raman cuta h¢ vat
liéu HOPG (duong mau den) va 3,5-TBD/HOPG (duong
mau do).

——HOPG

~—TBD/HOPG Pinh D 1336 cm™

Cwrerng d6 (a.u)

M

1200 1250 1300 1350 1400 1450
Dich chuy&n Raman {cmY)

Cuwong do (a.u)

—
—

1000 2000 3000 4000
Dich chuy&n Raman (cm™)

Hinh 3. Phé Raman cta cac hé vat lieu HOPG va 3,5-TBD/HOPG.
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Hai dinh phé tai 1576 va 2679 cm’' dugc ghi nhén trén
ca 2 h¢ vat ligu la cac dinh G (G band) va 2D (2D band) dac
trung cua vat liéu carbon. So sanh véi phé cua HOPG, trén
phé Raman cua hé vat liéu 3,5-TBD/HOPG con c¢6 thém
mot dinh phé) tai 1336 cm™ (khung mau vang). Dinh phé
nay duoc goi 1 dinh D (D band) va chi xuét hién khi cdu
tric mang carbon sp? bi bién dang (so sanh chi tiét dugc
thé hién & hinh chén). Két qua thu duoc cho thay, cuong do
dinh D cua h¢ vt ligu 3,5-TBD/HOPG tuong dbi 16n. Cu
the, ty 18 1/1 cta 3,5-TBD/HOPG 14 0,07. Nhu vy, mic
do sai hong sp trén bé mat HOPG do sy ciy ghép tryc tiép
cua cac goc tu do 3,5-TBD Ién trén bé mat HOPG 1a rit cao
néu so sanh voi cac din xuat diazonium c6 xu huéng hinh
thanh mang da 16p trén bé mat nhu 4-NBD [11]. Piéu nay
chimg t6, cac phan g phu nham hinh thanh cau tric da 16p
da khong xay ra v6i phan tir 3,5-TBD. Két qua 13, bé mat
vat lieu HOPG duoc cdy ghép boi mang don 16p 3,5-TBD
thong qua lién két cong hoa trj C-C. Chu y rang, dinh D
khong xuat hién trén dé HOPG chua bién tinh (dudng mau
den), nghia 1a bé mit hé vat lieu HOPG duoc st dung kha
hoan hao va khong bi hu hai khi str dung tia laser trong qua
trinh do Raman.

3.4. Hinh thai hoc bé mdt cua cdc hé vit liéu

Théng qua két qua dic trung dién héa va Raman, c6 thé
thy rang, cac phan tir 3,5-TBD d lién két hoa hoc dé hinh
thanh mang don 16p voi bé mat HOPG. Tiép theo, chung t6i
sir dung két hop hai phuong phap AFM va STM dé khao sat
hinh thai hoc bé mit cta ching & cdp d6 phén tir (hinh 4).
Két qua do phuong phap AFM cho thay, bé mat dién cuc
HOPG sau cdy ghép dugc phi mot 16p mang cua phan tir
hitu co (hinh 4A va B). Dé xac dinh chinh x4c d6 day cua
cac mang 3,5-TBD, chung t6i da loai bo cuc bd cac phan
ttr hitu co trén HOPG bang ddu do AFM nham xac dinh sy
chénh 1éch vé& do cao gilta vung bé mit HOPG khong bién
tinh va bién tinh. Két qua cho thay, mang 3,5-TBD c6 do
day khoang 0,7+0,2 nm (hinh 4C va D), gia tri ndy tuong
duong voi chiéu day ciia mang don 16p [16]. Két qua nay
dugc cho la do hiéu tmg khong gian gy ra boi 2 nhom chire
-C(CH,), gan két trén cac vi tri meta cua vong benzen. Do
do, cac goc aryl tu do sau khi hinh thanh tir qua trinh khur
dién hoa khong thé twong tac véi cac phan tir da duoc ciy
ghép trén bé mat HOPG.

Tuy nhién, phuong phap AFM khong thé cung cép thong
tin vé mat do cac goc tu do lién ket true tiép v6i bé mit
HOPG vi chiing chi cho thong tin vé cau hinh cia 16p bé
mit. STM 1a phuong phap co thé do duge mat do trang thai
cuc bo (LDOS) vé6i d6 phan giai dén cip d6 phan tir [17].
Khi bé mit xuét hién cac sai hong thi LDOS ciing thay d6i
theo. Vi vy, phuong phap nay rat hiru ich dé xac dinh mat
do sai hong trén bé mat gy ra boi cac gbc aryl ty do. Hinh
4E va F mo ta mat d trang thai cuc b cia hé vat liéu 3,5-
TBD/HOPG. Két qua cho thdy, mat do cac gbc 3,5-TBD
lién két v6i bé mat HOPG la rit cao. Piéu nay hoan toan
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phit hop voi két qua trén phd Raman cho thay cuong do dinh
D ciia HOPG ting dot bién sau khi cdy ghép. Vi vay, chiing
ta co thé két luan réng, mang 3,5-TBD céy ghép dién hoa
trén bé mat HOPG la mang don 16p voi d gb ghé trung binh
ctia bé mat hé vat liéu 3,5-TBD/HOPG tinh theo ph?m mém
WSxM c6 gia tri khoang 0,38 nm.

AFM

STM. (A, B) Hinh anh AFM mé ta hinh thai hoc bé mét cta hé vat
litu HOPG sau khi dwoc cay ghép dién hoa béi phan tir 3,5-TBD;
(C, D) Bo day clia mang phan tir 3,5-TBD c&y ghép dién hoa trén
bé& mat HOPG do bang phwong phap AFM ¢ gié tri khoang 0,7+0,2
nm, twong rng véi chiéu day clia mang don I6p; (E, F) Hinh &nh
STM mo ta mat dé lién két cong hoa tri trén bé mat HOPG sau bién
tinh. Théng s6 do: 1=0,12 nA; V,=-0,5 V.

4. Két luan

B& mit HOPG da duoc cdy ghép thanh cong béi cac
phan tir 3,5-TBD thong qua lién két cong héa tri C-C tao
thanh h¢ vat liéu mang don 16p phan tir 3,5-TBD/HOPG.
Tinh chét dién héa, ban chat lién két va hinh thai hoc bé mt
cua hé vat liéu 3,5-TBD/HOPG duoc khao sat 3,5-TBD/
HOPG bing cic phép do CV, Raman, AFM va STM. Hé vat
liéu 3,5-TBD/HOPG c6 d bén cao trong cac moi truong
do lién két cong héa tri C-C giita cac phan tir 3,5-TBD va
bé mit HOPG, vi vay c6 kha nang g dung lam dién cuc
trong cac thiét bi cam bién dién hoa. Két qua thu duoc nay
cho phép nhom tac gia tiép tuc 4p dung quy trinh bién tinh
cho cac hé vat liéu khac nhu kim loai va cac loai vat liéu 2
chiéu tién tién nhu MoS,, WS,... nham mo rong kha nang
ung dung cua ching trong linh vuc cam bién.

LO1 CAM ON

Nghién ctru nay dugc tai tro boi Dé tai cip Bo ma sd
B2020-DQN-04. Nhém nghién ctru cam on GS. Steven De
Feyter da hd tro cac phép do khao sat bé mat vat liéu.
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Riii ro sinh thai mot so kim loai ning trong tram tich
tai khu vuc ha luu song Hong

Trinh Thi Thfim*, Lé Thi Trinh, Trinh Thi Thiy
Triong Pai hoc Tai nguyén va Méi treong Ha Ngi, 414 Phii Dién, phieong Phii Dién, qudn Bdc Tir Liém, Ha Ngi, Viét Nam
Ngay nhén bai 14/2/2022; ngay chuyén phan bién 17/2/2022; ngay nhan phan bién 15/3/2022; ngay chap nhan ding 21/3/2022

Tom tiit:

Nghién ciru nay danh gia sy tich liy mot s6 kim loai gom Cu, Pb, Cd, Cr trong tram tich tai khu vue ha luu song
Hong doan chay tir phia nam Ha Noi dén huyén Nam Truye, tinh Nam Dinh. Bong thoi, chi so tich liy dia chét (I )
va chi sb riii ro sinh thai tiém 4n (E ) dwgre tinh toan dé danh gia mirc d anh huwéng cia ham luwgng kim loai nang
(KLN) trong trim tich dén hé sinh thai. Két “qua xac dinh ham luwgng kim loai trong 20 miu trim tich cho thay, tai
khu vuc nghién ctru chua c6 diu hiéu 6 nhiém Cu, Pb, Cd, Cr cin cir theo quy dinh chit lwgng trim tich (QCVN
43:2017/BTNMT). Tuy nhién, 50% s6 diém c6 ham hrong kim loai & mirc giy anh hwéng thip theo hwéong din cia
Canada. Gia tri chi s0 rii ro toan dién (RI) cia Cu, Pb, Cd va Cr nim trong khoang 1,8-11,6 cho th?'ly mirc df rii ro
sinh thai thép d6i véi tram tich tai khu vue nghién ciru. Két qué danh gid mirc d§ rii ro 1a nhirng can cir khoa hgc
ban dau dé dé xuit cac bién phap kiém soat ngu(“)n thai ciing nhu han ché sy lan truyén ciia cac kim loai vao moi

trudng nudc.

Tir khéa: kim loai nang, rui ro sinh thai, song Hong, tram tich.

Chi s6 phén loai: 2.7
1. Mé dau

S6ng Hong 1a con song 16n nhét khu vuc phia Béc va
16n thtr 2 ctia Viét Nam sau song Mekong. Song Hong bit
ngudn tir tinh Van Nam ctia Trung Quéc va chay vao dia
phan Viét Nam tai tinh Lao Cai. Tai dia phan Viét Nam,
song Hong chay qua 7 tinh, thanh phé gdm Lao Cai, Yén
Bai, Pha Tho, Vinh Phuc, Ha N6i, Ha Nam va Nam Dinh.
Séng Hong do ra bién Dong tai ctra Ba Lat voi tong chiéu
dai trén dat Viét Nam 1a 328 km. Séng Hong c6 luu luong
nuée 16n nhung phan bd khong déu giita cac mua trong
nam. Vao mua mua, luu lugng nude song 16n nhit c6 thé
lén dén 30.000 m*/s nhung vao mua kho, luu lwong thap
nhét 1a 700 m¥s. Do chiy qua nhiéu dia phan mién nui va
dic diém dia chit - thily van khac nhau & cac khu vuc, dac
diém dong chay cua song Hong ciing kha khac nhau giira
cac khu vuc. Luong phu sa ctia song Hong 16n da gop phan
quan trong trong phat trién kinh t& nong nghiép tai cac tinh
ddng bang song Hong. Tuy nhién, hoat dong phat trién ndng
nghiép ciing nhu nhitng khai thac ngudn loi tir song ciing
da va dang gy nén nhimng hé luy vé moi truong, anh huong
dén hé sinh thai quanh khu vuc song Hong chay qua. Bén
canh d0, hoat dong khai thac cat va khoang san phat trién
tai nhidu khu vyc ciing 1a mot trong nhirng nguyén nhan gay
suy giam chat lugng méi truong nude mit song Hong. Theo
Béo cdo hién trang moi truong Qubc gia nam 2018, chat
luong nude song Hong ¢ xu hudng giam trong nhirng nam
gin ddy [1]. Ngoai ra, mot s6 nghién ctru gan déy ciing cho
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TAP CHI

HOA HOC

ONG NGHE /It Nam 64(11) 11.2022

thdy, mot s6 khu vuc song Hong c6 diu hiéu 6 nhiém KLN
trong nudc, bun cat lo ling, tram tich [2, 3].

Su can bang phan b cua kim loai trong nudc, cac hat lo
limg va tram tich c¢6 thé phan anh chat lugng moi trudng tai
khu vyc [4]. Cac dic tinh bén viing cia KLN nhu d¢ doc
cao, khong phan hiy sinh hoc va c6 kha nang tich tu da thu
hat sy quan tdm cua cac nha khoa hoc cling nhu cdc nha
quan ly mdi truong trong viéc danh gid ham luong KLN
trong moi truong [5]. Cac tac dong ciia kim loai dén hé sinh
thai dudi nudc duge danh gia khong chi dua trén ham lugng
cua chung trong nudc ma con can cur vao ham lugng cua
n6 trong tram tich vi cac chat 6 nhiém tir tram tich ciing 1a
mot ngudn phoi nhiém quan trong. Qué trinh can bang vat
chat ciia cac chét 6 nhidm trong d6 c6 KLN giira mdi truong
nudc, cac hat lo ling va tram tich day dién ra lién tuc. Chinh
vi vay, danh gia 6 nhidm tram tich ciing phan anh dwoc mirc
d6 6 nhidm cua cac chét trong moi truong nude.

Dé xem xét mirc d6 6 nhidm cua kim loai trong tram tich
O cé hai phuong dién la néng do va tinh doc hai, cac nha
khoa hoc thuong sir dung I, va EL Vi dy, d4nh gi4 rui ro
sinh thai ctia kim loai trong tram tich song Chau Giang, tram
tich tir ho va trim tich bién & Chennai da duoc cac nha khoa
hoc tLr Trung Qubc, An D6 va Nigeria cong b6 [6-9].1 - cua
mot sb kim loai ciing dugc tinh toan dbi vai tram tich tal khu
vuce cira bién Linggi, Malaysia [10]. Két qua chi ra khu vuc
nghién ctru bi 6 nhiém boi cac kim loai nhu As, Pb va Sb.
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Abstract:

This study aimed to assess the accumulation of some
heavy metals such as Cu, Pb, Cd, and Cr in the sediments
collected from downstream of the Red river from the
south of Hanoi city to Nam Truc district, Nam Dinh
province. Besides, the geological accumulation index (Igeo)
and the potential ecological risk index were calculated
to understand the impact of heavy metal content in the
sediments on the ecosystem. The results showed that the
concentration of several metals (Cu, Pb, Cd, Cr) in 20
sediment samples was lower than the permitted values
specified in Technical Regulations on sediment quality
(QCVN 43:2017/BTNMT). However, according to the
Canadian guidelines, the concentrations of metals in
50% of samples had a low level of effect. The potential
ecological risk index of metals ranges from 1.8 to 11.6,
revealing that the study area has a low-level metal risk.
This data can clarify the area’s potential risk level and
provide the scientific basis for recommending measures
to control and reduce sources of metal pollution into the
aquatic environment.

Keywords: ecological risks, heavy metals, Red river,
sediment.

Classification number: 2.7

Tai Viét Nam, hau hét cac nghién ctru tap trung vao danh gia
nguy co tiém 4n mot sé KLN tai Dong bang song Ctru Long
[11], song Hong [12], rimg ngdp man nhiét d6i & Can Gio
[13], va ving ven bién & mién Nam [14]. Hé s lam giau
(enrichment factors - EF) ciia mét s6 kim loai gém Cu, Cd,
Pb, Ni va Zn di chi ra sy 6 nhiém dang ké ctia cac kim loai
Cd, Cu va Pb ¢ khu vuyc thugng ngudn séng Hong [12]. Bén
canh d6, tinh trang 6 nhiém cta mot s6 kim loai trong cac
mau tram tich 1ay tai Ctra Ong, Vinh Ha Long (Viét Nam)
dugc khang dinh khi gia tri L., duong cao cua As [15].

Nghién ctru nay dugc thuc hién nham xéc dinh mac do 6
nhiém cta mot sé kim loai gém Cu, Pb, Cd va Cr trong tram
tich song Hong doan chay tir dia phan phia Nam cua Ha Noi
dén huyén Nam Truc, tinh Nam Dinh. Déng thoi, viéc tinh

TAP CHI

HOA HOC

NG NGHE | el Nam 64(11) 11.2022

Khoa hoc Ky thuat va Céng nghé | Ky thuat méi truong mesmmms

toan E cuia cac kim loai nghién ciru s& cung cép céc dit lidu
khoa hoc gitp cho viéc hoach dinh céac chinh sach va xay
dung céc bién phap k¥ thuat nham giam thiéu 6 nhidm kim
loai trén cac luu vuc song.

2. Phuong phap nghién ciiu
2.1. Ldy mdu va xir Iy so bé

Trude khi tién hanh 14y mau, nhém nghién ciru da thyuc
hién khao sat thuc dia dé xay dung chuong trinh quan tric,
lya chon diém lay mau va phuong an ldy mau. 20 diém lay
mau tram tich duoc iy doc theo song Hong tir dia phan
Thanh Tri, Ha No6i dén hét dia phén huyén Nam Tryc, tinh
Nam Dinh vao thang 10/2019. Trong qua trinh 1ay miu, cac
Vi tri léy mau duoc danh dau toa do va md ta chi tiét cac dic
diém xung quanh (hinh 1).
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Hinh 1. Ban dé vi tri cac diém lay mau.

Mau tram tich mit & d¢ sau khoang 5-10 cm duoc lay
bang gau ldy mau tram tich Peterson (Wildco 1750-G30).
Mau tram tich duoc tron déu trén khay nhya, sau d6 léy
khoang 500 g mau dung vao binh thuy tinh t6i mau. Toan bd
mau dugc dung trong hop bao quan mau chuyén dung. Céc
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mau tram tich duogc bao quan lanh bang da gel theo TCVN
6663-15:2008 (ISO 5667-15:1999) va van chuyén vé phong
thi nghiém.

Céc mau tram tich dugc xtr 1y so bo tai phong thi nghiém
bang phuong phap hong khé tu nhién. Trong qua trinh hong
kho, nhit bo cac thanh phan tap. Mau tram tich kho dwoc xtr
1y so bd va nghién nho theo TCVN 6647:2007. Cac mau c6
kich thuéc hat nho hon 63 um dugc sir dung dé phan tich
cac chi tiéu kim loai va xac dinh hé s6 kho kiét theo TCVN
4080:2011.

2.2. Phédn tich ham lwong cac KLN

Mbét sb kim loai duge lua chon trong nghién ctru nay
gém Cr, Cu, Cd, Pb. Mau trAm tich dugc xur Iy heo hudng
dan cta EPA 3050B (1996) dé xac dinh ham luong kim loai.
Mau tram tich dwoc xtr 1y bang phuong phap vo co héa miu
udt véi axit manh HNO, ty 1€ 1:1 trong khoang 15 phut &
95°C. Tiép theo, st dung axit HNO, dac dé phan huy miu
cho dén khi hét khi mau ndu thoat ra, mdi 1an st dung 5 ml
HNO, dac. bé nguodi mau dén nhiét do phong 1ol tiép tuc tién
hanh xir Iy mau véi 2,0 ml nude cit hai 1an va 3,0 ml dung
dich H,0, 30%. Binh méu tiép tuc duoc dun sbi dén khi
giam bot khi. Thém chinh xéac 5,0 ml dung dich H,0, 30%
va dun tiép & 95°C cho dén khi dung dich trong va hét khoi
trang thoat ra. HOn hop sau khi ngudi dugc hoa tan bang
dung dich HNO, 2%, loc dé loai bo cdn. Sau do, dich loc
mau dugc chuyén vao binh dinh mic 50 ml, dinh mac dén
vach bang dung dich HNO, 2%. Tién hanh do ham luong
cac kim loai trong dich mau bang ky thuat quang pho hap
thu nguyén tir ngon lira (F-AAS) str dung thiét bi Thermo
Fisher M6 véi cac didu kién dugce tdi vu trude khi do.

2.3. Danh gid rii ro sinh thai

Paénh gia rui ro sinh thai ciia mot s6 KLN trong tram tich
thong qua I va chi sb rii ro sinh thai tiém an Er. T 14 chi
s0 duogc tinh toan dya trén sy so sdnh ham lugng tong kim
loai trong tram tich véi gia tri nén cua kim loai d6. Chi s6
nay dugc dua ra bdi E. Suess va cs (1979) [16] va co cong
thtre tinh nhu sau:

Cn
1,5¥Bp

Igeo = log, )

trong do: C : ham lugng kim loai trong mau; B, : gia tri nén
cua kim loai trong vo trai dat [16]; 1,5: hé sb dugc dua ra dé
giam thiéu tic dong cua nhiing thay ddi c6 thé xay ra déi voi
gié tri nén do nhiing bién d6i vé thach hoc trong tram tich.
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Gia tri B, duoc coi la gid tri trung binh ctia ham luong mdi
kim loai trong vo tréi dat. Gid tri B, dugc cho la rét khéc nhau
& céc dia diém khac nhau do déc diém dia chat ctia timg khu vuc.
Do vay, viéc danh gid muc dq@ 6‘nhif:,:m dua trén gia tri Igeo cling chi
mang tinh chat tham khao dé dé xuat nhiing giai phap bao v¢ moi
trudng phit hop. Mtre d6 6 nhidm trdm tich dya theo L., dugc
phan loai trong bang 1.

Bang 1. Danh gia mirc dd 6 nhiém KLN gia tri Igeo [17].

Phinloai  Gidtril,, Mite d 6 nhiém

0 I, <0 Khong 6 nhidm

1 0< Igen <l Tir khong & nhiém dén 6 nhidm trung binh

2 1<I,, <2 Trung binh

3 2<1, <3 Tir 6 nhiém trung binh dén 6 nhiém ning

4 IS 4 Néng

5 4<I, <5 Tir 6 nhiém ning dén 6 nhiém rat nghiém trong
6 5<1 Rét nghiém trong

Chi s6 riii ro sinh thai tiém ning RI duogc dé xuét boi
L. Hakanson (1980) [18] dé danh gia nguy co sinh thai tiém
nang cia KLN. H¢ sb RI dugc xac dinh dua trén 3 yéu tb co
ban dé danh gia mac do rui ro: murc do 6 nhiém (C > muc
d6 doc tinh cia KLN (T}) va Ej.
Theo phwong phap nay, cac hé s rii ro sinh thai tiém an
don cua cac kim loai va RI duoc tinh nhu sau:

RI= YM EL (2)

El = Cix T} 3)
i_ G

G=a (4)

trong do: C;: ham luong KLN trung binh trong mau trAm
tich (mg/kg); Ck: yéu té 6 nhidm cua timg kim loai; ci,: ham
lwong tham chiéu cua KLN thoi ky tién cong nghiép; Ei:
yéu t6 rui ro sinh théi ctia tmg KLN; Tl hé sé doc tinh cia
KLN.

Mtre d6 rui ro sinh thai cua mot sé kim loai duoc danh
gia theo L. Hakanson (1980) [19], v&i cac muc rui ro thép (
E}<40, RI<110); rui ro vira phai (40<EL<80, 110<RI<220),
rui ro dang quan tdm (80<Ei<160, 220<RI1<440); rui ro cao
(160<E}<320, RI>440) va rui ro rat cao (E;>320).

3. Két qua va ban luan

3.1. Ham lwgng KLN trong tram tich

Ham luong mot sé KLN gdm Cr, Cu, Cd va Pb trong
tram tich khu vuc ha luu song H6ng duoc thé hién tai bang 2
cho thiy trdm tich tai ddy chua c6 dau hiéu 6 nhiém KLN.



Ham lugng céc kim loai Cr, Cu, Cd va Pb trong tram tich déu
nho hon gia tri giéi han theo QCVN 43:2012/BTNMT. Tuy
nhién, ham lugng trung binh cta Cr, Cu va Pb déu cao hon
gia tri thip nhit c6 anh huong theo hudng dan chit luong
tram tich tinh Ontario, Canada (1993) - cac gia tri quy dinh
dé bao vé hé thily sinh nham danh gid mirc d 6 nhiém ciing
nhu tich liy KLN tai khu vuc nghién ctru. S6 mau trim tich
¢6 ham lugng Cr, Cu va Pb 16n hon gia tri mirc do thap nhat
¢6 anh huong (LEL) twong tmg 13 13, 15 va 7 mau. Nhu vay,
c6 trén 50% s6 lugng mau tram tich dugc 1y tir ha luu song
Hong c6 thé c6 nhitng anh hudng nhat dinh dén hé sinh thai
dudi nuoc. Khoang néng do cua cac kim loai Cr, Cu, Cd va
Pbla 21,0-55,4; 7,97-104; 0,005-0,429 va 13,2-73,5 mg/kg,
déu nho hon mic do gy anh huong nghiém trong dén hé
sinh thai theo huéng dan chét lugng trim tich ciia Canada.
Diéu nay cho thay, van dé 6 nhiém KLN trong tram tich khu
vuc chua ¢ mirc d§ canh bdo nghiém trong.

Bang 2. Ham lwong KLN trong mau tram tich.

Bon vi: mg/kg trong lwong khd

Song Hong (n=20) Cr Cu cd Pb
Trung binh 34,6 36,8 0,243 31,2
Nho nhét 21,0 797 0,005 13,2
Lén nhét 55,4 104,0 0,429 73,5
SD 10,5 26,2 0,111 152
Gii han anh huong* 90 197 35 913
Mitc d6 thap nhét c6 anh huong? 26 16 0,6 31
Mic d9 gay anh hudng nghiém trong? 110 110 10 250

Ghi cha: * QCVN 43:2012/BTNMT - Quy chuén ky thuat qudc gia vé
chat lwgng tram tich (gia tri gi¢i han cac thong sf) chét Iu’gng tram t{ch
nwéce ngot, nwéc man va nwéece lo); °: hwdng dé}n vé chat lwong tram
tich tinh Ontario, Canada - cac gia tri quy dinh dé bao vé hé thay sinh.

Bén canh d6, muc do tich lily kim loai trong trAm tich
song Hong & nghién ctru nay thap hon so v6i ham lwong kim
loai trong tram tich tai song Han, Pa Nang (ham luong Cu
23-65,01; Pb 31,1-76,1; Cd 0,038-0,156; Cr 43,1-58 mg/kg
trong lugng kho) [20] va tram tich tai khu vuc ha luu song
Day [21] (bang 3). Trong khi d6, ham lugng KLN trong trim
tich song Hong c6 khoang ndng do twong duong voi song
Céu va séng Sai Gon, dic biét 1a Pb [22, 23]. Tét ca cac ham
lwong déu dat yéu cau quy dinh tai QCVN 43:2017/BTNMT.
Su khac biét vé ham luong KLN & mdi song c6 thé phu
thudc vao diéu kién phat trién kinh té, dac diém nguon thai
cling nhu cac bién phap xt 1y, quan ly cua cac co quan chirc
ning & mdi khu vuc khac nhau.
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Bang 3. So sanh nong dé cac kim loai trong trdm tich v&i mot
s0 khu vwc tai Viét Nam.

Lo Gidtr Kim loai .
Nghién ciru (mg/ké) 7 . = p Nguon
Cao nhit 0426 440 55,0 481

SongHong  Thipnhdt 0,005 104 797 209  Nghién ciru ndy
Trung binh 0,218 28,7 322 340
Cao nhat 243 72,1 82,6 973
SongDdy  Thipnhdt 0,189 13,1 158 161 [21]
Trungbinh 1,0 39,7 39,4 52,4
Cao nhét 0,156 6501 76,1 58,0
SongHan  Thipnhdt 0,038 230 31,1 431 [20]
Trungbinh 0,830 28,0 454 52,5
— Ca(’) nh?ity 5,62 571 430 2 -
Thapnhat 1,97 176 116 :
Cao nhat 0240 588 63,1 415
Song Sai Gon  Thipnhdt 0,030 143 331 195 [22]
Trungbinh 0,100 31,6 238 28,0

3.2. Danh gia rui ro sinh thai

L., cua cac mau trdm tich khu vuc ha luu séng Hong
tuong ddi thdp, hau hét cac L. ,nho hon 0, voi khodang dao
dong cua Cr, Cu, Cd va Pb lan luot la: -2,7+-1,3; -3,1+0,62;
-6,6+-0,07 va -1,2+1,3.

Chi s lgeo
R e
2,00
1,00
0,00
-1,00
-2,00
-3,00
-4,00
-5,00
-6,00
7,00 ECr mCu mCd mPb
Hinh 1. Chi s6 |__ trong tram tich ctia cac kim loai.

Cin ctr vao két qua I , va tiéu chuan danh gia muc do
tich lily dia chat, mirc do 6 nhiém ctia Cr va Cd ¢ cac dia
diém déu & muc thap. DPéi véi Pb va Cu, hau hét cac dia
diém ciing cho thay khu vuc nghién ctru khong bi 6 nhidm
boi kim loai nay. Mot s6 vi tri nhu SHO7, SHO8 va SH09,
L., cho thiy mirc d6 6 nhiém nhe cua Cu,Va Pb. Riéng diém
SHO09 c6 mtc do 6 nhiem trung binh doi véi kim loai Pb.
Theo két qua khao sat, cac vi tri iy miu nay déu co hoat
dong khai thac cat, nuoi trong thity san va canh tac nong
nghiép phat trién.
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Bang 4. Chi s6 rui ro sinh thai KLN trong tram tich.

TT Ky hiéu b RI
Cr Cu cd Pb

1 SHO1 0,667 0,572 1,59 135 417
2 SHO02 0,553 0,326 1,71 1,04 3,63
3 SH03 0,638 0,724 1,54 1,29 419
4 SHO4 1,07 0,935 2,61 1,56 6,18
5 SHOS 0,528 0,696 1,58 1,29 410
6 SH06 0,491 0,481 1,50 123 3,70
7 SHO7 0,953 2,14 3,57 2,96 9,62
8 SHO8 0,988 1,94 3,35 2,87 9,14
9 SH09 123 2,64 3,67 403 11,6
10 SH10 1,07 0,731 1,82 1,75 537
11 SH11 0,867 1,381 2,53 2,34 7,12
12 SHI2 0,466 0,202 0,04 1,05 1,75
13 SHI13 0,995 1,04 2,04 1,51 5,59
14 SH14 0,569 0,259 1,40 1,02 325
15 SHI5 0,815 1,28 2,60 2,16 6,85
16 SH16 0,744 0,840 1,66 1,54 478
17 SH17 0,516 0,306 098 0,72 2,52
18 SHI8 0,551 0,376 1,65 0,77 3,35
19 SH19 0,695 0,624 2,20 1,47 499
20 SH20 0,991 1,18 3,65 2,20 8,03
Trung binh 0,769 0,933 2,08 1,71 5,50

Céc két qua tinh toan yéu t& rui ro sinh thai (ED)
trong bang 4 cho thiy mirc d6 riii ro thip cta cac KLN trong
tram tich ha luu song Héng. Bén canh d6, mirc do rui ro
sinh thai cua ting kim loai nghién ctru giam dan tir Cd dén
Pb, dén Cu va Cr v6i gia tri EX nhu sau: EX(Cd)=2,08>E!
(Pb)=1,71>EL(Cu)=0,933>Ei(Cr)=0,769. Nhu viy, ciing
gidng nhu mot s6 khu vuc da nghién ctu trude do, Cd 1a
yéu t6 rui ro sinh thai chinh. Tuy nhién, két qua danh gia
riii ro sinh thai theo L. Hakanson (1980) [18] cho thay, tram
tich tai song Hong c6 mirc do rui ro thap dbi véi cac kim
loai Pb, Cu, Cd, Cr.

Ngoai ra, nhom nghién ctru ciing di tién hanh danh gia
rti ro ctia mot s6 kim loai trong trdm tich song Han, séng
Day [20, 21]. Mirc do rui ro ciia cac kim loai trong trim tich
cac song nay cao hon so véi nghién ctru ndy nhung cling
déu ¢ muc thip. Didu nay mot lan nira khang dinh cac khu
vure nghién ctru chua bi 6 nhiém KLN va cac bién phap
quéan 1y moi truong ciing dang duoc trién khai dé kiém soat
6 nhiém ngudn nudc.
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4. Két luan

Theo QCVN 43:2012/BTNMT vé chit luong trim tich,
tram tich song Hong doan chay tir phia Nam ctia Ha Noi
dén huyén Nam Tryc, tinh Nam Dinh chua bi 6 nhiém maot
s6 kim loai gém Cu, Pb, Cd, Cr. Tuy nhién, theo hudng dan
chét lugng trdm tich tinh Ontario, Canada (1993), hon 50%
s6 mau 6 nhim Cr va Cu va 30% sb miu 6 nhiém Pb do
ham lugng cao hon mirc do thip nhit c6 anh huong. Két qua
nay chi ra nguy co 6 nhiém KLN trong trdm tich tai séng
Hong boi dic tinh bén ving va tich liy lau dai cua cac kim
loai. Bén canh d6, chi sb rai ro sinh thai cia cac KLN thép
nhit 12 1,80 va cao nhit 13 11,6 ciing cho thiy mirc d6 rui ro
sinh thai thép cua tat ca cac kim loai tai khu vue nghién curu.
Dic biét, tai mot sb diém l1dy mu, kim loai Cd c6 chi sb rai
ro & muc d§ vira phai.

Trong nghién ctru nay, tuy cac kim loai déu chua bi 6
nhiém va mirc d9 rui ro khong cao, nhung do dic tinh kho
phan hay va kha nang tich lily cao nén van ludn ton tai cac
nguy co rui ro tiém an tac dong tiéu cuc dén hé sinh thai.
Khu vuc ha luu song Hong chay qua cac tinh nim trong
ving kinh té trong diém cuia khu vuc phia bic Viét Nam nén
dang chiu stc ép nang né tir hoat dong kinh té, xa hoi. Cac
nguon thai tir hoat dong san xuat cong nghiép, nong nghiép
s& mang theo cac chét 6 nhidm vao ngudn nudc va tich lity
trong tram tich gay anh huong dén hé sinh thai. Do vay, két
qua nay 1a co s& khoa hoc dé cac nha quan 1y dwa ra nhirng
chinh sach va giai phap phu hop giam thiéu cac ngudn thai
noi dia, quan 1y tét cic ngudn nudc thai tir hoat dong cong
nghiép, khai khoang va lang nghé tai luu vuc Pong bing
song Héng.
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Tom tit:

Nghién ctru dwgce thue hién nhiam xac dinh dnh hudéng cia cac yeu to (pH, nhiét do va thoi gian 1én men) trong qua
trinh 1én men diu nanh béi vi khuan Bacillus subtilis téi sw 6xy hoa lipid. Pdu nanh dugc 1én men & cac diéu kién
khac nhau: pH (6,0, 6,3 - pH tw nhién ctiia nguyén li¢u, 7,0 va 8,0), nhiét do (28, 33, 35 - nhiét d¢ phong va 38°C) va
thoi gian 1én men (24, 36, 48 va 60 gid). Pé xac dinh mirc dd 6xy hoa lipid, cac thong so lién quan dén sy 6xy hoa nhuw
DPPH, IC50, ham lugng lipid tdng, peroxyt, TBARs, ham lugng acid béo tw do da dwoc xac dinh. Sw éxy hoa lipid
xdy ra manh nhét & pH 6,0, nhiét d 35°C va thoi gian 1én men 60 gio; sy 6xy hoa xiy ra thip nhat & pH 7,0, nhiét

do 28°C va thoi gian 1én men 24 gio.

Tir khéa: Bacillus subtilis, ddu nanh, 1én men, lipid, 6xy hoa.

Chi s6 phén logi: 2.10

1. M6 dau

Dau nanh (Glycine max) dugc trong dau tién & Dong A
cach day hang nghin nam, tir 1u da tré thanh ngudn protein
quan trong, bd sung cho protein ngii cdc & cac nudc chau A
[1]. Lipid dai dién cho mot trong nhing 16p thanh phan quan
trong nhét trong dau nanh. V& mat kinh té, dau dau nanh
chiém khoang 29% san lugng dau va mé trén thé gisi. Lipid
dau nanh chu yéu nam trong 14 mam dau nanh va chiém
khoang 20% trong lugng cua nd. V& mit sinh 1y hoc, lipid
dau nanh ¢ nhiéu chirc ning, bao gdm vai trd 1a mot phin
ctia mang, hoat dong nhu mot ngudn du trir ning luong va
lam méi truong dung modi cho nhidu chat hoa tan trong lipid
[2]. Pau nanh khéng chi rat giau protein ma con chira cac
axit béo khong bao hoa, dac biét 1a axit linoleic - mdt axit
béo khong bao hoa da 6 duogc cho 1a c6 191 cho stic khoe
con ngu’ol [3]. Trong s6 cac loai dau, dau nanh 1a cay ho dau
duy nhét cung cap mot lwong dang ké axit o-linolenic - mot
axit béo w3 thiét yéu [4]. Viéc thay thé thuc pham giau axit
béo bao hoa bé'mg thuc phﬁm dau nanh cho théy su cai thién
ndng do cholesterol va giam nguy co bénh tim mach vanh
[5, 6]. Nguy co méc bénh tim mach 6 thé duoc giam bot
nhd mot ché do an uong cung cap nhiéu nguon protein thuc
vat hon so v6i ché do an udng dién hinh cia nguoi My gom
cac loai thyc pham protein tir dong vat chua qua ché bién
va it chit béo bio hoa [7]. Thanh phin d4u nanh da kich
thich sy quan tdm nghién cttu cua cac nha khoa hoc, nhat 1a
isoflavone - mot polyphenol cé dic tinh estrogen chira nhidu
trong dau nanh [8]. Ngoal isoflavone va protein, dau nanh
1a mot ngudn cung cip axit béo khong bdo hoa, vitamin B,

‘Tac gia lién hé: Email: thamnguyentvu@gmail.com
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chét xo, sit, canxi, k&m va cac hop chét hoat tinh sinh hoc
khac giap chung tré thanh mdt ung cu vién sang gia cho mot
loai thyc pham chirc ning. Ham lugng chét xo trong déu
nanh chu yéu 1a polysaccharides pectic, mot loai chat xo
thuc vat ¢ thé 1én men tot nho hé vi sinh vat dudng rudt [9].

Dau nanh c6 thé dugc pha tron va dun nong dé chiét xuat
sita d4u nanh, ciing c6 thé duogc xir ly bang magie clorua
hodc canxi sunphat sira dong dé lay dau phu. Ngoai ra, cac
phuong phap xtr 1y 1én men khac nhau rat hiru ich dé cé
dugc natto, tempeh, nudc tuong va sufu [10]. Qua trinh 1é€n
men cua thyc pham d4u nanh khong chi anh huong dén tinh
chat cam quan va thoi han st dung ma con c6 thé xay ra
nhing thay doi vé gia tri dinh dudng va kha ning tiéu hoa
[11]. Ngoai ra, vi sinh vat dugc st dung dé 1én men c6 thé
cung cap thém cac dic tinh c6 lgi cho stc khoe con ngudi
nhu cac chiic nang cua probiotic [12]. Mac du dau nanh
duogc biét 1a c6 chtra cac yéu t6 chéng dinh dudng, ching
han nhu phytates, chét e ché trypsin va lectin [13], hau
hét cac san pham d4u nanh 1én men di duoc phén tich chira
mot luong rit nho cac yéu t6 nay, khi so sanh v&i dau nanh
tho [14].

Qua trinh 6xy hoa lipid 1a nguyén nhan chinh lam giam
chét lugng cta thyc pham va san pham. Qua trinh 6xy hoa
c6 thé xay ra ¢ ca triglycerid va phospholipid ctia thuc
phém vi lipid dugc chia thanh hai 16p chinh: lipid phan cuc
(phospholipid) va lipid trung tinh (triglycerid). Qua trinh
oxy hoa lipid tir lau da dwoc cong nhan 1a mot van dé 16n
trong viéc luu trir cc axit béo trong thuc pham. Qua trinh
oxy hoa xay ra boi mot sb co ché phan tir nhu tao ra cic
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Abstract:

The study aimed to determine lipid oxidation affected by
factors (pH, fermentation temperature, fermentation time)
during soybean fermentation by Bacillus subtilis. Soybean
is fermented at different fermentation conditions: pH (6.0,
6.3 - natural pH of raw materials, 7.0, 8.0), temperature (28,
33, 35 - room temperature, and 38°C), and fermentation time
(24, 36, 48, and 60 hours). To determine the degree of lipid
oxidation, the parameters related to oxidation such as DPPH,
1C50, total lipid content, peroxide, TBARs, and free fatty acid
content were determined. The most intense lipid oxidation
occur at pH 6.0, 35°C, and 60 hours of fermentation time.
The lowest lipid oxidation occurred at pH 7.0, temperature
28°C, and fermentation time of 24 hours.

Keywords: Bacillus subtilis, fermentation, lipid, oxidation,
soybean.

Classification number: 2.10

tién chat oxy phan tng va cac gbc tu do. Qua trinh 6xy
hoa anh huéng dén nhidu twong tac giita cac thanh phan
thyc pham, dan dén tao cac san pham mong mudn va khong
mong mudn. Lipid thuc pham 14 thanh phan d& bi 6xy hoa
nhét, do d6 phan ting 6xy hoa 1a mot trong nhirg ngudn gay
hu hong chinh xay ra trong qué trinh san xuat, bao quan,
phan phdi thuc pham. Céc san phdm 6xy hoéa lipid c6 mat
khép noi trong thuc phém, mic du c6 nhiéu sy khac biét vé
ching loai va mirc d6 hién tai cua ching. Mac du mie do
clia cic hop chat nay n6i chung 1a thap, van dé 6xy hoa lipid
lam anh huong nghiém trong dén chét luong ctia mot so san
pham thuc pham va han ché thoi han st dung ctia mot sb san
pham khac. Sy thay d6i mirc d6 6xy hoa c6 thé gay 6i thiu
nhu mat mui vi, mt mau, thay d6i gia tri dinh dudng va co
thé tao ra cac hop chit doc hai, co thé gay hai cho stic khoe
clia nguoi tiéu dung. Chat chéng 6xy héa va chét chelat 1a
nhing chét e ché hiru ich nhét ctia qua trinh 6xy hoa lipid.
Tbe do 0xy hoéa phuy thudc vao muc do khong bao hoa va
tang khi tang lién két d6i ctia axit béo. Khi 6xy phan tmg véi
lipid khong bao hoa, nhiéu loai san phém oxy hoa dugc tao
ra boi qua trinh peroxy hoa lipid [15].
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Hién nay, cac peroxit lipid khac nhau duoc tao ra béi qua
trinh peroxy hoa lipid nhu véy. Tuy nhién, trong s6 cac loai
thuc pham truyén thong lau doi, c6 nhimg loai thue pham c6
huong vi tot dugc tao ra bang qua trinh peroxy hoéa lipid. Vi
vay, cac peroxit lipid dugc tao ra bdi qua trinh peroxy hoa
lipid cling ¢o thé ¢o loi. Céc dic tinh cua thuc phém 6 thé
duoc cai thién béng cach st dung tdt hon céac dic tinh cua
peroxit lipid. Nghién ctru hién tai da cung cdp mot phat hién
tht vi: khi lipoxygenase dugc thém vao trong qua trinh 1é€n
men bot banh mi, qua trinh Ién men cua bdt nhao da dugc
thiic day [16].

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

Vi khuan Bacillus subtilis duoc phan lap tir Phong thi
nghiém sinh hoc cua Khoa Nong nghiép Thuy san, Truong
bPai hoc Tra Vinh); ddu nanh mua tr Truong Nong nghiép,
Truong Pai hoc Can Tho.

Hoa chit: mua ciia Cong ty TNHH thiét bi - hoa chat
khoa hoc ky thudt An Khanh (Can Tho) va Cong ty TNHH
cong nghé¢ dong hanh phat (TP H6 Chi Minh).

Qua trinh 1én men dau nanh: Pau nanh dugc ngam qua
dém cho 16p vo truong nd tao diéu kién cho viéc tach vo dé
dang hon dong thoi tao diéu kién cho qua trinh hép chin dau
nhanh, dong déu. Sau khi tach vo, dau nanh duoc rira lai
nhiéu 1an cho dén khi khong con mui ciia nude ngam va cho
vao noi hép 45 phut dén khi hat dau nanh chin mém, 1am
ngudi va cho vao binh tam giac (50 g dau nanh/binh). Céac
chung Bacillus spp. dwoc nudi trén hat dau nanh da hap chin
Vi ty 18 gidng 1% (mat s6 vi khuan 1a 10* CFU/g), chiéu
day moi truong 2 cm, nudi u & nhiét d6 37°C, thoi gian 1én
men 24 git dé thu enzyme protease va nattokinase [17]. San
pham enzyme tho thu dugc cho vao tai ép chan khong va
bao quan lanh.

C6 3 thi nghiém gém: xac dinh pH, nhiét d¢ va thorl gian
1én men. O timg thi nghiém s& thay dbi cac thong sé twong
g, cac thong sé con lai duge ¢ dinh.

2.2. Phwong phap

TBARs (Thiobarbituric acid reactive substances) dugc
phan tich theo phuong phap cta P.J. Ke va A.D. Woyewoda
(1979) [18]: chuin bi dung dich mau bing cach cén 2 g dau
nanh 1én men (dugc nghién min) va trich ly 2 1an véi 10 ml
dung dich TCA 5%, mbi lan vortex 1 phut, thu dich chiét.
Phan tich mau dugc thuc hién béng cach léy 1 ml mauvas
ml dung dich TBA (180 ml TBA chuan, 120 ml chloroform,
15 ml Na,SO, 0 3 M) cho vao ong nghiém, dem di vortex
khoang 15 glay r0i dun cach thuy trong 45 phut lam lanh
nhanh 6ng nghiém bang nudc da, cho vao mdi dng nghiém
2,5 ml dung dich TCA 0,28 M va vortex 15 gidy. Sau do,
dung dich dugc ly tim véi toe d6 2500 vong/phut & 25°C



trong 5 phut; sau khi ly tm hut 16p dung dich phia trén dem
so mau trén may so mau quang phd & budc séong 538 nm.
Mit khac, chuan bi thém céc 6ng chira mau dau nanh lén
men twong Gng nhu trén rdi cho vao 1 ml TEP 200 uM va
tién hanh chiét tich tuong tu dé tinh hiéu suat thu hdi. Ham
luong TBARs dugc tinh thong qua duong chuan TEP.

Kha nang khi géc tw do DPPH cua dich chiét duoc xéc
dinh theo H.Y. Fu va D.E. Shieh (2001) [19] v6i mot vai
hiéu chinh nhé. 3 g mau duoc trich ly qua dém & -18°C
v6i 27 ml methanol. Cac hdn hop duoc ly tim bing may
Hermle Labotechnik Z323K ¢ 6.000 g trong 10 phut. Hut 3
ml chit ndi phia trén vao dng nghiém. Sau d6 thém vao 1 ml
dung dich DPPH 0,1 mM (pha trong methanol 99,5%), lic
déu va dé yén trong bong tdi 30 phut. Mau luén dugc gitr
tranh anh sang truc tiép trong sudt qua trinh phan tich. Do
hép thu quang hoc duogc do & bude song 517 nm. Kha ning
khtr géc tu do DPPH duogc xac dinh theo cong thirc sau:

DPPH (%) = 100 x (ACT - ASP)/ACT

trong d6: ACT 1a do hép thu quang hoc ctia mau tring khong
chtra dich chiét; ASP 13 d6 hap thu quang hoc ctia miu c6
chtra dich chiét.

Két qua bao cao boi gia tri IC50 1a ndng do dich chiét
cho kha ning khir goc tu do DPPH 14 50%. T ty 18 % hoat
tinh bat gdc ty do DPPH, phuong trinh twong quan tuyén
tinh dugc xay dung, tor d6 xac dinh gia tri IC50 dé 1am co
so so sanh kha niang khang 6xy hoa gilta cac mau. Mau c6
gia tri IC50 cang thap thi hoat tinh khang 6xy héa cang cao.

Phan tich peroxit theo TCVN 6121:2010. Phan méu thtr
dugc hoa tan trong isooctan va axit axetic r0i bo sung kali
iodua. 16t dugc giai phong bdi cac peroxit dugc xac dinh
bang chudn d6 i6t (quan sat bang mat thudng) véi chat chi
thi 1 hd tinh bot va dung dich chuin natri thiosulfat. Diém
két thiic chuan do dugc xac dinh bang phuong phap chuin
d6 16t (quan sat bang mét thuong).

Phan tich lipid tong: can khoang 3 g mau dau nanh lén
men (di dugc nghién min) di sdy am dén khdi lugng khong
dbi, gbi lai bang gidy loc (d4 say va can khéi luong), cho goi
mau vao ong chiét (Soxhlet). Sau d6 cho dung mai (ether
60-90) vao khoang 2/3 binh cau va bat hé thong Soxhlet,
thoi gian chiét béo khoang 24 giv. Kiém tra xem di trich
ly hét chit béo chua bing cach ding diia thiy tinh lay 1
giot dau tir hé thong Soxhlet thir trén mat kinh dong hd, néu
khong thay vét loang xem nhu qué trinh trich ly da hoan
toan. Sau khi qué trinh cit béo két thuc, cac goi mau dugc
sdy ¢ nhiét d6 105°C dén khéi luong khong ddi va dem cén
khdi luong.
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Ham lugng lipid tong dugc tinh theo cong thirc:
% lipid = (m, - m,) x 100/m,

trong do: m: khéi luong mau can phan tich (g); m,: khéi
luong mau sau khi trich béo duge say & 105°C.

Phan tich acid béo tu do FFA theo TCVN 6127:2010:
mau thir duge hoa tan trong hdn hgp dung mdi thich hop
va cac axit ¢6 mat duge chuan do béng dung dich kali hoac
natri hydroxit trong etanol hodc trong metanol.

2.3. Xur Iy thong ké

Str dung phuong phap phan tich phuong sai ANOVA
nham kiém dinh d6 tin cdy v6i mic y nghia 5% dé danh gia
su khéc biét cua cac két qua trong cac thi nghiém, su dung
phan mém thdng ké Statgraphics Centurion XVI.

3. Két qua va ban luan

Trong qua trinh 1én men, mdi truong lén men cd anh
huong rat 16n dén chat lugong san phém, dac biét 1a cac san
pham chira nhidu chat béo d& bi 6xy hoa nén cin kiém soat
qué trinh 1én men dé han ché thap nhét sy 6xy hoa lipid.
Trong pham vi bai bao nay, chung t6i tap trung vao cac yéu
t6 pH, nhiét d va thoi gian 1én men anh hudng dén sy 6xy
hoa lipid. Bé xac dinh mirc d6 oxy ho4 lipid nhu thé nao thi
cac thong s6 lién quan dén su 0xy hoa nhu DPPH, 1C50,
ham lugng lipid tong, peroxyt, TBARs, ham luong acid béo
tu do da duoc xac dinh.

Theo P. Kulkarni va cs (2020) [20], cac thong sb
khac nhau nhu gid tri Peroxide (PV), Anisidine (AV),
Thiobarbituric acid (TBARs) va Iodine (IV) 1a nhitng chi s6
¢6 thé danh gia chét luong cta dau.

3.1. Anh hwéng ciia pH dén sw éxy hod lipid trong qud
trinh lén men ddu nanh

pH c¢6 y nghia quan trong trong qua trinh 1én men, d¢ pH
anh huong nhiéu dén ning suat ciing nhu sy hinh thanh san
pham, qua trinh 1én men t6t khi cac diéu kién 1én men thich
hop, trong d6 ¢6 pH, khi d6 cac san pham chinh 1a chii yéu,
céc san pham phu va qua trinh 6xy hoa bi han ché.
Bang 1. Anh hwéng cta pH dén sw 6xy hoa lipid trong qua
trinh Ién men dau nanh.

DPPH Ic Hamlwgng  Peroxyt TBARs Ham lwgng acid
pH %) (mf“/ CKML) lipid tong (mEq/kg lipid), ~ (umol TBARsfg) hodc ~ béo tw do

’ v (%) CBK MDA (mgkg), CBK (%, aid oleic), CBK
6,0 44004049 0,52+0,52 24,5204 180,14  30,59°£0,06 1,88°10,33
6,3 52,0:40,68 043043 26224233 121°4023  49,15+0,22 3,01°40,33
70 51644041 0,389+038 27,1190+1,1 0,81£0,09  35,29°+0,53 3,38240,56
8,0 47,7°4332 049°:049 287418 1,78%0,09  35.85°0,2 3,76%+0,33

Ghi ch: CKNL: chat khé nguyén liéu; CBK: c&n ban kho; cac chiv cai
khac nhau trong cung mét cét (hodc mét hang) thé hién sy khac biét
gilra cac nghiém thirc & mirc y nghia 5% theo phép thtr LSD.
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Két qua bang 1 cho thiy, & pH 6,0 sy oxy hoa lipid xay
ra rit manh, & diéu kién nay DPPH thip nhét (44%), hétm
lwong lipid tong, acid béo ty do, TBARs thép nhung IC,,
ham lugng peroxyt cao nhat (lan luot 1 0,52 mg/g CKNL
va 1,8 mEq/kg lipid). O pH 6,3, DPPH cao nhét 52% nhung
khac biét khong c6 y nghia théng ké so voi ¢ pH 7,0 (DPPH
51,6%), trong khi d6 cac théng sb IC,,, peroxyt, TBARs
thip hon & pH 6,0 va ham lugng lipid tong, acid béo ty do
cao hon, diéu dé cho thay tai pH 6,3 su 6xy ho lipid xay ra
manh hon & pH 7,0. Két qua bang 1 con cho thay su 6xy hoa
lipid giam tir pH 6,0 dén 7,0, nhung dén pH 8,0 thi su 6xy
ho4 lipid tang trd lai. Dé han ché sy oxy hoa lipid nén déu
chinh pH moi truong 1én men vé 7,0. Piéu nay tuong tu khi
khao sat sy 6xy hoa lipid trong thit c4 16¢ nudi, két qua su
oxy hoéa lipid va protein cua co thit ca 16c duoc han ché khi
pH cua dung dich mudi ¢ khoang trung tinh [21].

3.2. Anh hwéng ciia nhiét d 1én men dén sw dxy hod lipid

Nhiét do 1én men tdi thich s& cho san phém ¢ chat
luwong tdt, Bacillus subtilis 1a vi khuan chiu nhiét, theo céc
tai liéu nghién ctru trén thé gidi va tai Viét Nam, trong diéu
kién nhiét d6 30-37°C, loai vi khuan nay sinh truong va phat
trién t6t nhat [22]. Do d6, mdi qua trinh 1én men c6 nhiét
d6 1én men t6i wu, khi nhiét d6 vuot qua mot gidi han nhat
dinh thi qua trinh 1én men s& giam, cac san pham phu sinh ra
nhiéu va dic biét la su 0xy hoa xay ra manh mé.

Bang 2. Anh hwéng cda nhiét do 1én men dén sw dxy hoa lipid
trong qua trinh Ién men dau nanh.

e . Peroxyt ~ TBARs Ham lwgng
i::‘f;e:"’ DPPH L(r:f“/ }?"l';‘t':l‘lmg (mEq/  (umol TBARs/g) ~acid béo t do
L) CKgl\fL) (05) ®  kglipid)  hoic MDA (%, acid oleic),

’ CBK (mglkg), CBK  CBK
2 4615031 0626062 24564067 134005 13834002 376086
3 G266 09624096 2904054 38047 19,1820,13  414033
35 B9 10510 30864082 3179031 31554021 324033
38 U518l 0ATH04T 37047 31034 2219002 4144086

Ghi chu: cac chir cai khac nhau trong cung mét cét (hoac mét hang)
thé hién sy khac biét gitra cac nghiém thirc & mirc y nghia 5% theo
phép tht LSD.

Két qua bang 2 cho thiy, su 6xy hoa xay ra manh nhat
& nhiét d6 35°C va yéu nhat & 28°C. Tuy nhién, sy 6xy hoa
lipid lai xay ra manh nhat & ca 2 nhiét do nay (chi sé peroxyt
& 2 nhiét d6 33 va 35°C lan luot 1a 3,28 va 3,17 mEq/kg
lipid, khong c6 su khac biét y nghia & muac p=0,05), nhung
néu xét thém chi s6 TBARs thi rd rang sy 6xy hod lipid
xay ra manh nhat & 35°C (TBARs cao nhét 31,55 pmol
TBARs/g) va thip nhat & 28°C (peroxyt 1,34 mEq/kg lipid
va TBARs 13,83 pmol TBARs/g, ca 2 chi s6 ny c6 gia tri
thip nhét & nhiét d6 nay). Ham luong acid béo ty do khong
co sy khac biét y nghia gitra cac nhi¢t do 1én men khac nhau.
O nhiét d¢ 38°C, su 6xy hod lipid giam nhung khong déng

TAP CHI

HOA HOC

ONG NGHE I(} Nam 64(11) 11.2022

ké. Qua dé cho thiy, sy 6xy hod lipid tang khi nhiét 6 1én
men tang tur 28 dén35°C va giam khi nhiét d¢ 1én men vuot
qua 35°C, diéu nay twong tu cac nghién ctru cua K. Liu va
cs (2019) [23] 1a nhiét d6 cao dan dén mirc d6 6xy hoa lipid
cao va mét chat dinh dudng; M. Sajib va cs (2020) [24] 1a
khi ting nhiét do va thoi gian 0 cé trich tir 17 dén 37°C sy
oxy hoa lipid cling tang.

3.3. Anh hwéng ciia thoi gian lén men dén sw oxy hod lipid

MJ&i mot qué trinh 1én men c6 thoi gian 1én men thich
hop, khi d6 lwong san phim hinh thanh cao nhit va néu kéo
dai thoi gian 1én men thi san pham ciing khong duoc tao ra
thém, khi dé cac co chat gén nhu can kiét va qua trinh Ién
men két thuc.

Bang 3. Anh hwéng cuta thei gian 1én men dén sw 6xy hoa lipid
trong qua trinh 1én men dau nanh.

Thii o b TBARS Ham Iugng
gianléen DPPH 1C50 linid tfml ¢ (mE/)i( (nmol TBARs/g)  acid béo tw do
men (%) (mglg CKNL) (,3) g i id‘)‘ chK hodc MDA (%, acid

(gi0) s P (mgkg), CBK  oleic), CBK
U 546 0784078 2550100 2154009 6174012 3,950,56
36 459081 0394039 327425 236009 59594033 2,26%40,56
48 443 077077 3319096 251009 75954036 157033
60 4204138 0344034 30434055 341005 69144032 1324033

Ghi cha: cac chi cai khac nhau trong cung mét cét (hoac mét hang)
thé hién sy khac biét gira cac nghiém thirc & mirc y nghia 5% theo
phép thtr LSD.

Két qua bang 3 cho thdy, qué trinh 6xy hoa ting dan khi
thoi gian 1én men kéo dai tir 24 dén 60 gio, 48 gid 1én men
su 6xy hoa di bat dau xay ra manh, IC50 0,77 mg/g CKNL
va chi s6 TBARs 75,95 pmol TBARs/g dat gia tri cao nhat
so voi cac thoi gian 1én men khac. Tuy nhién, su 6xy hoa
lipid thi xay ra manh nhét & 60 gid, chi sb peroxyt cao nhat
& thoi gian nay (3,41 mEq/kg lipid), trong khi chi s6 TBARs
bét dau giam.

4. Két luan

Qua khao sat cac diéu kién 1én men d4u nanh béi vi
khuén Bacillus subtilis, sy oxy hoa lipid xay ra manh mé
0 pH 6,0, nhiét d6 cang cao va thoi gian 1€n men cang dai
su O0xy hod lipid cang tang va sy 6xy hoa lipid xay ra manh
nhit ¢ nhiét d6 35°C va thoi gian 1én men 60 gio. Sy oxy
ho4 lipid xay ra thip nhit & pH 7,0, nhiét d6 28°C va thoi
gian 1én men 24 gid. Can c6 cac nghién ciru tc ché sy 6xy
hod trong qua trinh 1én men dé han ché su thit thoat cac chat
dinh dudng.

LO1 CAM ON

Nghién ctru ndy dugc tai trg boi Dy an phat trién Trudng
Pai hoc Can Tho VN14-P6 tur nguon von vay ODA cua
Nhét Ban. Céc tac gia xin chan thanh cam on.
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Cai thién kha nang song sot ciia Lactobacillus plantarum VAL
bang dap ing thich nghi voi soc moi trwong

Nguyén Hiru Thanh", Nguyén Thanh Diing%, Nguyén Phi Tho' Nguyén Thi Té Uyén®,
Bui Nhi Binh’, Pham Thiy Vy3, Nguyén Hoang Tinh?, Pang Chi Thién?, Nguyén Thi Bich Nhu®
"Truong Pai hoc An Giang, Pai hoc Quéc gia TP Ho Chi Minh, 18 Ung Van Khiém, phuong Pong Xuyén, TP Long Xuyén, tinh An Giang, Viét Nam
Truong THPT Nguyén Trung Truec - Kién Giang, 393 Nguyén Binh Khiém, phirong Vinh Thanh, TP Rach Gid, tinh Kién Giang, Viét Nam
STrung tam Ung dung tién b Khoa hoc va Cong nghé, Sé Khoa hoc va Cong nghé Can Tho, 166 Nguyén Vin Cir, phiwong An Binh, qudn Ninh Kiéu, TP Can Tho, Viét Nam

Ngay nhan bai 8/9/2021; ngay chuyén phan bién 13/9/2021; ngay nhan phan bién 1/10/2021; ngay chép nhan dang 14/10/2021

Tom tit:

Pé chirng minh sw thich nghi ciia vi khuén lactic (LAB) v6i séc mdi truomg cé thé cai thién kha ning sdng sot ciia té
bao trong qua trinh sdy dong khd, chiing vi khuén Lactobacillus plantarum VAL6 duwgc nudi ca?'ly dudi cac didu kién
gay soc khac nhau nhw nhiét d¢, pH va sy tang nong do CO,. Két qua phan tich mat s6 cho thay, Vl khuin nay cé
kha ning song sét & cac dleu Kién méi trwdng khic nghlet nhu’ pH 2,5, nhiét do 47°C va diéu Kién yém khi do CoO,
tao ra. Pic biét, viéc nudi ciy ting cuong CO, co thé kich thich 1am ting mat so ciia L. plantarum VALG (dat 9,4 so
v0i 9 LogCFU/ml & diéu kién nudi cdy binh thu’(rng) Sau khi té bao dwgc thich nghi véi soc mdi truwong & pH 3,5,
ty 1¢ song sot sau sdy dong cia L. plantarum VALG6 dat cao nhit 12 28% (cao hon khoing 2.500 lin so véi ddi chirng
khong giy soc). Két qua nghién ciru cho thay tién} niing sir dung sé¢ mdi truwong dé cai thién ty 18 sdng sot ciia chiing

giong LAB khéi dong cho cac irng dung thwe pham.

Tir khéa: Lactobacillus plantarum, soc mdi truwdng, vi khuén lactic.

Chi sé phén loai: 2.10

1. Dat van de

Trong nhitng nim gan day, probiotic di dugc mg dung
rong rii trong nganh cong nghé thuc pham va dugc pham
nhd nhing loi ich strc khoe ma né mang lai. Nhiéu ché pham
probiotic thuong mai hién nay la thanh vién cua LAB [1, 2].
Nhiéu LAB quen thudc va dugc cong nhan an toan thudc
chi Lactobacillus, thuong dugce sir dung trong qua trinh 1én
men rau, trai cdy va sita [3]. Lactobacillus cling c6 mat nhu
mot hé vi sinh vat niém mac binh thuong ctia nguoi va dong
vat. Chiing cha yéu 1a ua hodc ky khi, khong gay bénh va
thich diéu kién co tinh axit ciia dudng tiéu hoa. Cac nghién
ctru cho thy tiéu thu loi khuan Lactobacillus giup duy tri
stc khode va ngan ngira nhiém tring dudng rudt [4]. Do do,
cac loai Lactobacillus dugc sir dung pho bién nhat trong cac
ché phdm probiotic bao gdm: Lactobacillus acidophilus,
Lactobacillus plantarum, Lactobacillus casei, Lactobacillus
paracasei, Lactobacillus johnsonii, Lactobacillus reuteri va
Lactobacillus rhamnosus [5, 6].

Trong cac tmg dung thyc phdm va dugc pham, ché phdm
prob10t1c dang bot vi khudn s& thuan tién hon trong van
chuyen va két hop vao cac hoat dong ché bién khac nhu
phdi tron va déng vién [7, 8]. So v6i san pham dang long,
ché pham dang bot ¢6 1oi thé trong viée duy tri hoat dong
clia cac thanh phan c6 hoat tinh sinh hoc, gitip keo dai thoi
han str dung cua san pham [9]. Tuy nhién, hiéu sudt san xudt

“Tac gia lién hé: Email: nhuuthanh@agu.edu.vn
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va mat sb song sot cia LAB trong qué trinh sdy kho bao
quan thudng khong cao nén gia thanh san xuét cao va thoi
gian bao quan ngin. Mot nghién ctru da chimg minh kha
nang sdng sot cua L. plantarum sau khi siy phun chi khoang
0,85% [10]. Ty 18 sdng sot sau sdy thap, thoi gian bao quan
ngin nén s& day gia thanh 1én rat cao, 1am han ché kha ning
sir dung cua ché pham probiotic.

Su song s6t ciia vi khudn probiotic trong qua trinh san
Xuét va sir dung phu thudc vao nhiéu yéu td khac nhau,
ché‘ing han nhu lga viéc chon chung, diéu kién nudi céy, moi
truong 1én men, diéu kién séy kho va lua chon chit nén
thyc pham dé dam bao vi khudn séng sot di dén duong ruét.
Trang thai sinh 1y thich nghi v&i méi truong nudi cy ciing
¢6 thé 1a mot yéu td chinh anh huong dén kha ning ton tai
ctia vi khuan probiotic. Chang han nhu cam tng thich nghi
v6i cac sbc moi truong c6 thé cai thién kha nang chéng lai
qua trinh lanh dong Va lam kho ¢ vi khuan De tao ra phan
tmg thich nghi cua té bao, ngudi ta di ¢ ging nudi cay
Lactobacillus trong cac diéu kién dudi ngudng giy chét,
bao gom sir dung nhiét do cao va thip, thay déi pH, 6xy va
ap suat tham thau, cling nhu bd sung cac chét tc ché nhu
mudi mat [11-13].

Trong nghién ctru nay, dé chirmg minh su thich nghi ctia
LAB v6i sbc moi truong cod thé cai thién kha nang séng sot
ctia té bao trong qué trinh sdy dong kho, chung vi khuan
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Abstract:

To demonstrate the adaptation of lactic acid bacteria to
environmental stresses can improve cell viability during
freeze-drying, the Lactobacillus plantarum VALG6 strain
was cultured under different stress conditions, including
temperature, pH, and increase in CO, concentration. The
results of densitometry analysis showed that the strain
was able to survive in harsh environmental conditions
such as at pH 2.5, the temperature at 47°C, and in
anaerobic conditions created by CO,. In particular, the
CO, intensification culture could stimulate an increase in
the density of L. plantarum VALG, reaching 9.4 compared
to 9 LogCFU/ml under normal culture conditions.
After cells were adapted to environmental stress at pH
3.5, the highest survival rate after freeze-drying of L.
plantarum VALG6 was 28% (2,500 times higher than that
of the control). The results showed the potential to use
environmental stresses to increase the survival rate of
starter lactic acid bacteria strains for food applications.

Keywords: environmental stress, lactic acid bacteria,
Lactobacillus plantarum.

Classification number: 2.10

L. plantarum VAL6 da dwoc nuoi cdy trong cac diéu kién
gay séc mai trudng khac nhau bao gdm nhiét do, pH va su
tang ndng do CO,. Su cai thi¢n kha nang song sot dugc danh
gia thong qua sy thay 601 mat sd cia vi khuan trong sudt qua
trinh gay sdc va ty 18 séng sot sau khi siy dong kho.

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

Chung vi khuan L. plantarum VAL6 dugc cung cép tir
Bd mon Cong nghé sinh hoc, Khoa Nong nghiép va Tai
nguyén thién nhién, Truong Dai hoc An Giang, Dai hoc
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Qudc gia TP H6 Chi Minh. Thanh phan méi truong Man
Rogosa Sharpe (MRS) nudi cdy vi khuén [14]: Yeast extract
2%; Peptone 1%; Glucose 2%; NaCl 0,5%; K, HPO, 0,2%;
MgSO, 0,02%; MnSO, 0,004%; Tween 80 0,1%.

2.2. Phwong phap nghién ciru

Thi nghiém gdy séc méi trwong: Cac thi nghiém giy
sbc moi truong dugc thyc hién doc 1ap trong Bioreactor 5
1 (BIOSTAT, Sartorius Stedim, Germany). Cu thé, 5 1 moi
truong MRS duoc cdy voi 100 ml dich gidng vi khuan
(OD,,=1,5). Thyc hién nudi cdy ¢ diu kién binh thuong
(pH=6,8, nhiét do 37°C va toc do khuay duoc dat ¢ 250

vong/phit) khoang 24 gio. Viéc nudi cay thich nghi voi sdc
moi truong duge thuc hién nhu mo ta ¢ hinh 1.

L. plantarum VAL6

| Nuoi céy thich nghi véi séc méi trudng |

[ I
| Sée pH | | Sbe nhiét | |Nu6icéyténgcu6ngCOz

Séy dong kho

| Dénh gia kha niang séng sot |

Hinh 1. So’ d6 bd tri thi nghiém gay séc mai trwong.

Dé danh gia anh hudng cia séc pH 1én kha ning sdng sot
ctia vi khuan, sau 24 gio nudi ciy ¢ diéu kién binh thuong,
cac nuoi céy duoc xu 1y 6 cac pH bé'mg 2,5;3;3,5;8;85va
9. Cac mdc thoi gian xir Iy 1a 1, 3, 5 va 7 gio.

Dé danh gia anh huong cta soc nhiét 1én kha ning song
sot ctia vi khuan, sau 24 gio nudi cay ¢ diéu kién binh
thuong, cac nudi céy dugc xtr ly & cac nhiét do 15, 25, 42
va 47°C. Cac mbe thoi gian xir Iy 1a 1, 3, 5 va 7 gio.

Thi‘nghiém téng’néng d¢ CO, duoc thuc’hién o giai
doan dau cua nuoi cay. Ngay sau khi chung giong dau tién
dua vao nudi céy, CO, dugc cung cép lién tuc voi tde d6 50
cm?/lit méi truomg/phit. Cac nghiém thirc vé thoi gian ting
cuong CO, dugc trinh bay ¢ bang 1.

Bang 1. Bé tri thi nghiém nuéi cdy tang cwéng CO,.

Nghiém Thoi gian suc CO, Thoi gian khong Téng tho’l gian
thire (gio) suc CO, (gi0) nudi cay (gio)
DPbichimg 0 24 24

Xuly 1 gio 1 23 24

Xuly2gio 2 22 24

Xuly4gio 4 20 24

Xurly 24 gioc 24 0 24
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Chudn bi huyén phii vi khudn dé say déng khé: Qua trinh
dong kho dugc thuc hién bang cach ly tam 10 ml dung dich
huyén phu té bao & téc d6 6.000 vong/phut trong 15 phut
& 4°C dé thu sinh khéi té bao. Té bao duoc rira 3 1dn bang
nude mudi sinh 1y da khir triung dé loai cac thanh phan moi
truong. Tat ca cac té bao tiép tuc duoc 1am dong lanh dén
-20°C trude khi dong kho. Kha ning sdng sot sau dong kho
(%) duoc tinh bang cach 1y mat s6 vi khuin con séng sau
sdy dong kho chia cho mat sé vi khuan trudc khi siy dong
kho (tirc sau khi gay séc mdi trudng) roi nhan véi 100.

Pém mdt s6 vi khudn: Vi khuan duge dém mat sb trén
mdi truong MRS agar sau 48 gid nudi cdy & 37°C tir 3 ndng
d6 pha lodng lién tiép. Sau khi 1, chon dia c6 sd luong
khuén lac 25-300 khuén lac va dém s6 khuén lac 6 trén dia.
S6 khuén lac ¢6 trong mau dugc tinh dua theo cong thirc:

N

A (CFUmD = S v

trong do: A 1a s6 té bao (don vi hinh thanh khuan lac) vi
khuén trong 1 ml mau; N 1a téng s6 khuan lac dém duoc trén
cac dia da chon; ni 1a s lugng dia cdy tai do pha lodng thtr i;
V la thé tich dich mau (ml) cdy vao trong mdi dia; fi 1a do
pha loang tuong ung.

Xir Iy thong ké: Céc thi nghiém xir Iy gdy séc moi truong
va séy dong kho dugc thuc hién doc lap ba lan 1ap lai. Cac
phan tich thong ké duoc thuc hién bang phép thir Student’s t
véi khodng tin cay 95%.

3. Két qua va ban luan

3.1. Thay d@éi mdt sé vi khudn dudi tic dong ciia soc
moi truong

Céc didu kién séc mdi truong dwoc chimg minh anh
huong dang ké dén su sdng sot, sy ting truong, kha ning
lén men va kha nang tdn tai cua vi khudn [15]. Do do,
nghién ctru di danh gia su thay doi mat so L. plantarum
VALG6 trong sudt thoi gian gay sdc. Nhin chung, cac sbc moi
truong dugc kiém tra c6 thé anh huong dén sy phat trién
nhung khong gy chét hoan toan ddi vai vi khuan.

Mat sb L. plantarum VAL6 tuong dbi on dinh dudi tac
dong cuia séc ¢ pH 3,5 va ¢ pH kiém. Tuy nhién, dudi tac
dong cua pH thép 2,5-3, mat sb vi khuan giam manh. O
pH 2,5 va 3, mat s6 giam nhanh sau 1 gio gdy sdc con 6 va
6,8 LogCFU/ml va sau d6 giam nhe trong sudt thoi gian xir
ly. Nguoc lai, séc & pH cao (pH 8-9) va & pH 3,5, mat sb
L. plantarum VALG it thay ddi trong sudt thoi gian gy soc
(hinh 2).
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——Ddi chimg —=pH 2,5
—¥—pH 38

pH3
pH9

pH3,5
—8—pH 3,5

¢
|

Mat so (LogCFU/ml)
-
<

Thoi gian gy sbc (gio)
Hinh 2. Anh hwéng ctia séc pH 1én mat s6 L. plantarum VALS.

bé xac dinh kha nang chiu dung sb¢ nhiét cua vi khuan,
nghién ctru da danh gia su thay doi mat s6 dudi tac dong
ciia cdc nhiét do khac nhau. Két qua cho théy mat sb
L. plantarum VALG it thay d6i dudi didu kién soc nhiét (hinh
3). O diéu kién sbc 42°C, mat sb L. plantarum VAL6 dao
dong khoang 9,2 LogCFU/ml, khac biét khong c6 y nghia
(p>0.05) khi so sanh voi d6i chimg khong gay sdc. Tuy
nhién, & 47°C, mat sb L. plantarum VALG6 giam nhe va con
khoang 8,38 LogCFU/ml sau 7 gid gy soc. O cac diéu kién
xtr Iy nhiét d¢ thap (15 va 25°C), mét sb L. plantarum VAL6
bét dau giam sau 1 gio xir 1y va dao dong trong khoang 8,5-
8,7 LogCFU/ml trong sudt qua trinh xir 1y.
——15C =25

DGi chimg 4°C —=¥47C

Mait s (LogCFU/ml)
o
ﬁ

Thoi gian gy sbe (gio)
Hinh 3. Anh hwéng cia séc nhiét Ién mat sé L. plantarum
VALSG.

Khéng giéng v6i nhitng yéu t gay sdc, su ting nong
d¢ CO, lai kich thich 1am tang mat s6 L. plantarum VALG6
(hinh 4). Dudi diéu kién nudi cdy ting cudng CO,, mat s6
vi khuan dao dong trong khoang 9,2-9,4 LogCFU/ml, so
v6i diéu kién khong gay sdc chi dat khoang 9 LogCFU/ml.
Ngoai ra, két qua nghién ciru khong tim thdy sy khac biét
(p>0,05) vé mat sb ¢ hai didu kién xirly CO, trong 4 va 24 gio.
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Hinh 4. Mat sé L. plantarum VAL6 dw&i diéu kién nuéi cay ting
cwong CO,.

Nhiéu nghién ctru di ching minh ring cac chung
probiotic Lactobacillus ¢6 kha nang di qua da day dén khu
trii vao hé duong rudt nguoi va dong vat, giup tang cuong
strc khoe cho vat chi [16]. Dé ¢o hiéu qua trong sir dung,
vi khuan probiotic phai séng sot qua dudng tiéu hoa va dén
rudt non [17]. Céac vi khudn probiotic phai di ph6 véi moi
truong thu dich trong sudt qua trinh chung di qua duong
tiéu hoa [18]. Do d6, viéc xac dinh kha nang chiu dung cua
chung probiotic ddi véi cac sdc mdi truong 1a hét sic cin
thiét. Trong nghién ciru hién tai, két qua da chimg minh
L. plantarum VAL6 c6 kha ning sng sot & cac diéu kién
mdi trudng khic nghiét nhu pH axit rat thap (pH 2,5), nhiét
d6 cao 47°C va diéu kién yém khi do CO, tao ra. biéu nay
cho thy tiém ning st dung L. plantarum VAL6 nhu mot vi
khuén probiotic.

Mot didu kha tha vi duge phat hién trong nghién cuu
nay la viéc nudi cdy ting cuong CO, lai kich thich lam
ting mat sb ctia L. plantarum VAL6. CO, thudng duge sir
dung dé khir 6xy mdi truong trude khi nudi cdy vi khuin
probiotic [19]. Mot sé bang ching da chimg minh ring
CO, c6 thé diéu hoa sinh 1y va qua trinh chuyén hoa nang
luong cua té bao bang cach diéu tiét hoat dong cua cac
enzyme lién quan dén qua trinh glycolysis. Ngoai ra, cac
enzyme phosphoenolpyruvate carboxylase va carbamoyl-
phosphate synthase trén vi khun probiotic ¢ vai tro xuc
tac su ¢ dinh CO, dé sinh tong hop aspartate, arginine va
uracil [20]. P4y 1a nhiing yéu t6 giup kich thich su phat
trién cua vi khudn 1am ting mat s6. Mot s6 két qua nghién
curu trude day cling da ching minh vai tro cua CO, dbi voi
su phat trién cta vi khudn probiotics. Cac ngudn cacbon
v6 co nhu HCO, hodc CO, ¢6 lién quan dén cac dic diém
sinh 1y va kich thich sy phat trién cta L. plantarum [21].
Tuong tu, ching L. plantarum VALG, tc d6 phat trién ctia
L. plantarum WCFS1 theo thoi gian c6 thé duoc kich thich
bang cach ting mirc d6 cung cap CO, [22].
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3.2. Khi néng séng sét sau sdy dong kho ciia L.
plantarum VALG6

Pé chimg minh vi khuén sau khi thich nghi v6i séc moi
truong c6 kha ning song sot tot hon trong qua trinh sy
dong kho, nghién ciru dd so sanh ty 18 % song sot sau sdy
ddng kho cua vi khuan dugc gy séc va khong gay sdc.

Két qua cho thiy séc pH cai thién dang ké ty 1& song
sot cta L. plantarum VALG trong qua trinh sdy déng kho
(hinh 5). Ty 1& sdng sot sau dong kho cua té bao vi khuan
dugc gay sdc ting dan theo thoi gian xir Iy thich nghi va dat
cao nhat gan 28% dbi véi té bao dugc thich nghi khoang 7
gi0 0 pH 3,5. Trong khi dd, ty 1€ nay chi dat khoang 0,01%
& té bao vi khuén khong dugc gay sdc.

——Dbi chimg —8—pH 2,5  —A—pH3
—¥—pH 8 —8—pH 8,5 pH9

pH35

t (%)

€ song s

TV 1

0 = ‘ <+ ‘
1 2 3 4

= ¢
o0

6

w ¢

Thoi gian thich nghi véi sdc pH (gid)

Hinh 5. Ty 1é séng sét sau déng khé cua L. plantarum VAL6
sau khi thich nghi v&i séc¢ pH.

Twong ty nhu sdc pH, sy thich nghi véi sdc nhiét cling
gitip ting cudng dang ké kha ning sdng st sau sy dong
khé cua L. plantarum VALG6 (hinh 6). Nhin chung, thoi gian
thich nghi voi sdc nhiét do cang lau thi kha ning song sot
cang tang. Ty 1& sdng sot cao hon khi té bao duoc xir 1y thich
nghi véi sde nhiét  47°C, dao dong khoang 8-10% sau 3-7
gio xu ly.

——15°C -#-25°C

Di chimg 42°C —=47°C

]

& sdng sot (%)
=

Ty 1
(=T S = e ]

Théi gian thich nghi véi séc nhiét (gid)

Hinh 6. Ty lé séng sé6t sau dong khé cua L. plantarum VALG
sau khi thich nghi vé&i s6c nhiét.
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Cung véi sy gia ting mat s, sy song sot sau sdy dong
khd cua L. plantarum VAL6 duge xit ly CO, ting dan theo
thoi gian suc khi (hinh 7). O diéu kién 1 gio suc CO,, ty I¢
song sot ciia vi khuan 1a 4,97%. Ty 1¢ nay tiép tuc ting va
dat hon 25% ¢ diéu kién xtt ly CO, 24 gio (suc CO, lién tyc).

30
& 25
S 20 -
=
< 15 4
<
N ]0
=
] ]
0 —
0 1 4 8 24

Thoi gian thich nghi véi CO, (giv)

Hinh 7. Ty lé séng sé6t sau déng khé cua L. plantarum VAL6
sau khi thich nghi véi CO,.

Su séng sOt va phat trién cua vi sinh vat phu thudc vao
kha ning cam nhan va phan g cua ching véi cac diéu kién
moi truong nhu nhiét do, pH, kha ning cung cap chat dinh
dudng va mat sb té bao [23]. Cac diéu kién sdc moi truong
c6 thé kich thich vi khuan tong hop nén nhing yéu t6 khang
lai diéu kién moi truong bat lgi. Nghién ctru vé& phan tng
ctia vi khuan véi nhiét do cao da dan dén viéc phat hién ra
mot tdp hop cac protein cam tng nhiét dugc goi 1a protein
sbc nhiét. Tuong tu, sbc lanh dan dén su cam tng cua mot
tap hop cac protein duoc goi 1a protein soc lanh. Céc protein
nay gitp vi khuan chdng lai cac tac dong da hudng ciia soc
nhiét. Cac phan tmg cua vi khuin véi séc méi trudng ciing
lién quan dén viéc thay d6i bén ngoai vach té bao ching han
nhu ndng do CO, cao c6 thé lam thay d6i hinh thai va tinh
chat cia mang t€ bao [20]. Ngoai ra, dudi tdc dong cua soc
moi truong co thé kich thich tao ra exopolysacchride (EPS)
[24, 25] nhu mdt rao can bao v¢ lam tang kha nang chiu
dung va cai thién kha ning séng sot ctia vi khudn. Nhu vay,
viéc ting cudng san xuit cac yéu td khang bén trong va sy
kich thich san xuat EPS bén ngoai dudi tic dong cia sdc
moi truong cé thé 1a nguyén nhan chinh giup L. plantarum
khang t6t hon vé6i diéu kién méi truong bit loi, ma trong
truong hop nay 1a sy mat nuée do qué trinh siy dong kho.
Thuc té nghién ctru hién tai da chimg minh ty 16 song sot sau
say dong kho cua L. plantarum VALG6 dugc thich nghi voi
s6¢ moi truong cao hon 2500 1an so véi vi khudn khong duoc
thich nghi. Mot nghién ctu trude day trén Bifidobacterium
bifidum ciing d4 chimg minh mbi tuong quan gitra san xudt
EPS, sc mdi truong va cai thién kha ning sdng sot trong
qué trinh siy déng kho [26]. Trong sudt qua trinh déng kho,
cac EPS duoc téng hop hoat dong nhu mot chét bao vé lanh
bao vé té bao khoi bi dong bang va cac anh hudng séc do
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khi bi mat nudc. Ngoai ra, qua trinh 6xy hoa lipid mang
trong qua trinh sy ciing lam hu hong cau trac mang té bao
ctia LAB [27]. Duéi cac diéu kién sdc méi truong, cac EPS
duogc tong hop v6i hoat tinh chdng 6xy hoa cao c¢6 thé tc
ché hiéu qua qua trinh 6xy hoa mang dan dén ting kha ning
sdng sot cta vi khuan.

4. Két luan

Két qua nghién ctru da chimg minh viéc s dung sbc
moi truémg dé kich thich tao phén g thich nghi cua té bélo
trudce khi sdy dong kho c6 thé g1up cdi thién kha nang song
sot cia vi khuan. Diéu nay cho thay tiém nang st dung soc
moi truong dé lam ting ty 16 sdng sot ciia cac chung giéng
LAB khdi dong cho cac ing dung thyc pham.

Tiém ning probiotic cua L. plantarum VAL6 dugc thé
hién qua khd nang séng sot & cac didu kién moi truong khic
nghlet nhu pH axit rat thap (pH 2,5), nhiét d6 cao (47"C)
va diéu kién yém khi do CO, tao ra. Dat biét, nudi cdy ting
cuong CO, kich thich 1am tang mat sd cta L. plantarum
VALG. Su thich nghi voi cac soc moi truong nhu nhiét do,
pH va sy ting nong do CO, ¢co thé cai thién kha ning song
cua L. plantarum VAL6. Ty 1¢ song dat cao nhat (28%)
dbi voi cac té bao duoc thich nghi & diéu kién sbc pH 3,5
khoang 7 gid (cao hon khoang 2.500 1an so v&i dbi ching).
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QUY DINH VE BAI B DANG Til TREN TAP CHi

Yéu cdu chung

Bai bo gUi dang trén Tap chi phai la bai béo nguyén thuy (chua dugc cong bo trude do). Tac gia khong dugc gli dang bai béo trén céc
tap chi khac cho dén khi cé quyét dinh xét duyet clia Ban Bién tap.

Bai bao dai khong qua 10 trang (bao gom céa béang biéu, ghi chd, tai liéu tham khéo va phu luc); font chii: Times New Roman; ¢& chii 13;
khé gidy A4, 18 trén 2 cm, 1& dui 2 cm, 18 trai 3 cm, 1& phai 2 cm.

Bai béo gli qua Hé thong gUi bai truc tuyén tai dia chi https:/b.vjst.yn/index.php/ban_b/about/submissions hodc c6 thé glii truc
ti€p dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan Cau Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién t:
khoahocvacongnghevietnam @most.gov.vn.

Céu triic clia céc loai bai bao khac nhau c6 thé thay déi tly theo loai hinh nghién ctiu va ni dung clia bai bao. Sau day Ia chi tiét cac
thanh phan chinh clia bai béo.
Ténhaibao

- Tén bai béo dudgc viét béng tiéng Viét va tiéng Anh, trén trang dau cla bai bao, in dam, khong gach chan hay viét nghiéng.

- Tén bai béo phai ngén gon, rd rang va phu hgp véi ndi dung bai béo.

- Phia dudi tén bai bao la tén tac gid khong viét chic danh va hoc ham, hoc vi. N&u ¢6 nhiéu tac gi& lam viéc & cac co quan khéc nhau thi
tén tac gia dugc danh s (*2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét & cudi trang dAu tién clia bai béo.

Khi liét ké co quan cong tac clia tac gid, cAn néu rd tén cd quan va dia chi cd quan (s6 nha, tén dudng, phudng, quan, thanh phé, quéc
gia) bang tiéng Viét va tiéng Anh.

Tom tat

Tom tat bang tiéng Viét va tiéng Anh (khoang 160-250 tlr). Néu dugc myc dich, phuang phap nghién ctu chinh, két qua nghién cuu va két
luan chli yéu. Tu khoa bang ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhét 3 ti khoa). Chi s6 phan loai (theo hudng dan).

1.Datvan d6/Dan nhap/Ma ddu

_ Dinh nghia van dé; tom Iugc van dé nghién clu da dugc cong b trong va ngodi nudc, néu myc tiéu nghién ciu va gidi thich sy la chon
dé tai va myc tiéu nghién ctu dé thay dugc tinh thai sy, tinh khoa hoc va su cén thiét clia van dé nghién ciu.

2.6 tuong/Vat ligu va phuong phap nghién ciu

Dai tugng nghién ctiu can trinh bay tiéu chuén Iya chon, dic diém déi tugng nghién ctu. )

Phuang phap nghién ctu can néu rd cach tiép can nghién ctiu, loai hinh nghién ctu, phuong phép do ludng, cong thtic tinh ¢ mau, phuang
phap x{i Iy s6 lidu, mo ta ki céc kj thuat tién hanh trong nghién cliu; cac quan diém, Iap luén, y kién tranh luan, cac dan ching...

3.Ketqud

Trinh bay ddy dd, khach quan céc két qua thu dugc sau nghién ciu, cac két qua nay phdi phuc vu cho myc tiéu nghién ctiu. Cac s6 liéu
phéi chinh xéac va khdp véi nhau. )

Phan két qua nghién ctiu chi trinh bay céc két qua nghién cuiu clia dé tai, khong gidi thich, so sanh va ban luan.
A4.Ban luan (phan nay c6 thé gop véi phan két qua)

ChU y€u ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhén xét, danh gia mot céach khach quan céc két qua nghlen cliu, ¢6 so sanh véi céc tac gid khac dé khang dinh hoac phli dinh nhiing hiéu

biét da co, qua d6 néu dugc nhiing diém mdi va déng gép clia dé tai. B

Dy béo hudng nghién cu tiép va kha nang ting dung cac két qua nghién ciu vao thyc tién.
5. Ketluan

Néu két qua nghién ctiu chii y&u clia dé tai c6 tinh khai quat lién quan dén muc tiéu nghién ctiu, dé xuét cac van dé tiép tuc nghién ctu.
L0 CAiM ON (néu co)

Téc gia cdm on céc t6 chiic/ca nhan da tai trg kinh phi hodc hd trg cho nghién ciu.
Phu lue (néu co)

Diéng tai bang sd liéu, thong tin dé hd trg thém cho ndi dung bai bao.
Chii thich v tai ligu tham khdo

Chi thich dugc dénh so theo thii tu xuét hién (2%~ ) va dugc trinh bay ngay 6 cudi trang viét (footnote).

Céc tai liéu tham khao dugdc danh sé theo thi tu xuat hién dé’_chi dan ching dugc trich dan 6 dau trong bai béo. S6 thi ty dugc danh trong
ngoac vu()ng, vi du: [3] v6i mét hoac [2, 5, 7-9] véi nhiéu s6 chi dan.

Luuy:

- DGi véi trich d&n trong bai bao: tai liéu tham khao c6 nhiéu hon mét tac gia chi dé tén tac gia dau tién va cong su, viét tat Ia cs, vi du: T.V.

Nguyen va cs (ndm xuét ban) [thd tu trong danh muyc tai liéu tham khao].

- DGi v6i danh myc tai liéu tham khéo cudi bai: tai liéu tham khéo béng ti€ng Anh, cac tai liéu khong phai tiéng Anh cén dugc dich sang tiéng
Anh va chu thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai liéu tham khao 1a cac dudng link can b3 sung ngay truy cap.

Téc gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén ngudn, tap(so) trang/so trang/trang dau-trang cudi (néu o), s6 DOI (néu co),

URL (néu c6), ngay truy cap (ghi ré ngon ngi nao néu khong phai tai liéu béng tiéng Anh).

Téc gia: |3 tac gid/cac téc gia clia tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gia (chi viét tat dua Ién trudc) vai nhiing tai lieu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tii 4 tAc gia trg 1én.

Nam xu&t ban: nam xudt ban cla tai liéu dugc tham khao, trich dan.

Tén tai liéu dugc trich dan: 1a tén bai béo, chudng/phén séch.. (chi viét hoa chii cai ddu, tru tén riéng va sau ddu hai chdm), viét trong
ngoac kép. . ) )

Tén ngué‘n c6 thé 1a tén tap chi, tén sach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc in nghiéng), viét hoa chii cai dau
tién cla moi tii chinh.

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

Trang/so trang/trang d4u-trang cudi phan anh nai cu trd cla tai liu dugc trich dan trong tai liéu nguén. \

Neq ¢6 22 tai liéu tham khéo do cung tac gid dau tién va cung ndm cong bd, thi cac tai liéu tham khao nay can dugc dénh du a, b.. sau
ném xuét ban (vi dy: 1986a, 1986b...). ) ] ) ) )

NEu c6 mot s6 tai liéu tham khao o cling 1 bai béo dugc trich dan c6 s6 trang khac nhau thi can trich dan thém s6 trang, vi du: A. Amber
(1982, p.39).

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

Céc yéu cau khic
- Bai viét khong dat yéu ciu, Toa soan khong tra lai ban thao.

- Bai viét ch| dugc dang khi phan bién nhan xét vé chat lugng bai bao déng y y cho dang.
- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gém ca phan tém tat) cho Ban Bién tap Tap chi.
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