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Abstract: Malachite green (MG) is well known for its strong and stable coloring properties, as
well as its effective antibacterial activity. It is a common dye for various materials and an
antibacterial in aquaculture. However, MG has been banned in the aquaculture and food industries
due to its toxic effects on humans and animals. Therefore, the development of a reliable and
efficient method for the determination of MG is necessary. In this study, the capillary
electrophoresis with capacitively coupled contactless conductivity detector (CE-C*D) method was
used to analyze MG. The analysis was performed using a fused-silica capillary with an internal
diameter of 50 um, a total length of 60 cm, and an effective length of 30 cm. The electrolyte
solution was 10 mM histidine/acetic acid buffer at pH 5.5. A hydrodynamic siphoning injection at
a height of 15 cm for 30 s was applied. The separation voltage was 20 kV. The method detection
limit of MG was 1.5 ppm. The recovery of MG at three concentration levels (i.e., 20, 50, and
100 ppm) ranged from 94.57% to 101.13% with RSD < 5% (n = 5 for each level). The recovery
and repeatability of MG obtained by our method satisfied the requirements proposed by the
Association of Official Analytical Collaboration (AOAC).
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Xac dinh malachite green bang phuong phap dién di mao quan
str dung detector do dan khong tiép xuc (CE-C*D)
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Tém tit: Malachite green (MG) dugc biét dén véi dic tinh tao mau manh va bén, ciing nhu hoat
tinh khang khuan hiéu qua. MG 14 chit tao mau pho bién cho nhiéu loai vat liéu va 1a chat khang
khuén trong nuéi trong thiy san. Tuy nhién, MG da bi cim sir dung trong nudi trong thiy san va
thuc phim do tac dong doc hai ciia nd ddi voi con nguoi va dong vat. Do d6, can phai phat trién
mot phuong phap dang tin ciy va hiéu qua dé xac dinh MG. Trong nghién ctru nay, phuong phap
dién di mao quan két hop detector do dan khong tiép xuc két ni kiéu tu dién (CE-C*D) d3 duoc st
dung dé phan tich MG. Qua trinh phan tich dugc thuc hién véi ¢6t mao quan silica c¢6 dudng kinh
trong 50 um, tong chicu dai 60 cm va chiéu dai hi¢u dung 30 cm. Dung dich dién li 1a histidine
10 mM /acid acetic, pH = 5,5. Phuong phap bom mau thiy dong hoc kiéu xiphong duoc thuc hién
& d6 cao 15 cm trong 30 gidy. Thé tach 1a 20 kV. Gi6i han phat hién cta phwong phap d6i véi MG
1a 1,5 ppm. D¢ thu hoi cia MG ¢ ba mirc ndng do (20, 50 va 100 ppm) dao dong tir 94,57% dén
101,13% vé6i RSD < 5% (n = 5 cho mdi muc). D thu hdi va d6 chum ciia phuong phap ddi véi
MG dap tmg cac yéu cau ciia Hiép hoi hop tac phan tich chinh thirc (AOAC).

Tir khéa: Malachite green, Phuong phap dién di mao quéan, Detector d6 dan khéng tiép xtic, CE-C*D.

1. Mé dau

Malachite green (MG) 1a mdt chat tao mau
manh, c¢6 d6 bén cao, thudong duge ding dé tao
mau xanh cho nhiéu loai vat liéu nhu vai, gidy,
da, chiéu va cac vat liéu khac. Pong thoi, nd
ciing 13 mot loai thudc thu y diét khuan, diét
con trung hiéu qua va kinh té cao nén ciing
dugc str dung rong rai trong nganh nudi trong
thiy hai san. Viéc tiép xac véi MG & ngudi va
dong vat ¢6 vi co thé gay ton thuong dén chure
nang gan, lam thay doi chirc nang tuyén giap,
thiéu mau, giam bach cau, dot bién gen va co
thé gay ung thu [1]. MG duoc phan loai la
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Nguy co suc khoe loai II. Khong chi giy ra
nhirng tac dong tiéu cyc dbi voi con nguoi, MG
con gay ra nhiéu anh huong xau dén moi truong
nhu 6 nhiém nguon nudce, giy chét cac loai thuy
sinh, 1am mAit can bang hé sinh thai da dang
sinh hoc. Chinh vi vdy, MG d bi cAm va han
ché sir dung & nhidu qudc gia trén thé gidi, bao
gdm ca Viét Nam. MG khong ndm trong danh
muc nhitng héa chat dugc phép sir dung cho
thue pham theo quyét dinh sb: 3742/2001/QD-BYT
ciia Bo Y té ban hanh ngay 31 thang 08 nim
2001 [2]. Mét khac, BO Nong nghiép va Phat
trién Nong thén (NN&PTNT) dd ban hanh
Thong tu s6 15/2009/TT-BNN ngay 17 thang 3
niam 2009 vé viéc cam st dung MG [3]. Tuy
nhién, vi 1 héa chét c6 hiéu qué trong viée diéu
tri cac bénh & c4, co kha ning tao mau tét va co
chi phi th?ip nén MG van bi st dung trai phép
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trong nudi trong thuy san hodc phu gia thuc
phém do d6 du lugng MG thuong duge tim
thay trong cac san pharn thyc pharn thiy san va
ton du trong cac ao, dim sau mdi vu mua giy
nguy hiém cho stc khoe con ngudi, tir d6 doi
hoi nhitng phwong phap kiém nghiém nhanh va
chinh xac MG.

Céc phuong phap thuong duoc sir dung dé
xéac dinh MG bao gém: phuong phap quang ph
[4], phuong phéap dién hoa [5], phuong phap sic
ki 16ng hiéu nang cao [6, 7], phuong phap dién
di mao quan sir dung detector quang hoc [8].
Céc phuong phap nay thuong duoc trién khai
trong cac phong thi nghiém voéi do nhay tot
nhung c6 chi phi dau tu va van hanh cao, tiéu
t6n dung méi hitu co. Hién nay, viéc phat trién
cac phuong phap phan tich don gian, than thién
v6i moi trudng, chi phi thip dang rat dugce quan
tam. Trong nghién ctru nay, phuong phap dién
di mao quan st dung detector do dan khong tlep
xtc (CE-C*D) véi cac uu dlem trang thiét bi
nho gon, chi phi thip, tiéu tén it miu va hoa
chit, thoi gian phan tich nhanh di dwoc sir dung
dé nghién ctru xac dinh MG trong céac mau
nude hd nuéi trong thuy san. Hon nira, phuong
phéap CE-C*D con c6 tiém ning trién khai tai
hién truong nhdm phan tich ham lugng MG,
g6p phan danh gia chat luong nudc tai cac h6
nudi thily san noi riéng va cac doi tuong moi
trueong khac noi chung.

2. Thwce nghiém
2.1. Hoa chat

Céc hoa chit str dung déu thudc loai tinh
khiét phan tich va duoc cung cip boi Sigma-
Adrich (M¥) hodic Merck (Puc), bao gom:
malachite green (99%), L-arginin (Arg),
L-histidine  (His), Tris  (hydroxymethyl)
aminomethane (Tris), acid acetic (Ace). Nudc
deion dugc sir dung dé pha ché cac dung dich.

2.2. Thiét bi

Hg thiét bi CE-C*D (Hinh 1) sir dung trong
nghién ciru nay dugc cung cap boi cong ty
3SAnalysis (http://www.3sanalysis.vn/).

Hinh 1. Hé thiét bi dién di mao quan CE-C*D
sir dung trong nghién ctru.

Cac thong tin vé dac diém ky thuat cia hé
thiét bj c6 thé tham khao trong cac cong bd
trudc day ctia nhom nghién ctru [9]. Mao quan
silica (BGB Analytik AG, Thuy Si) c6 duong
kinh trong 50 um, tong chiéu dai 60 cm. Trudc
khi st dung, mao quan dugc hoat hoa béng
dung dich NaOH 1M, nudc deion va dung dich
dién 1i.

2.3. Thu thdp va xit Iy mau nuéc

Ba mau nudc duoc thu thap tai mot s6 hd
nuoi tom ¢ xd Nghia Lam, huyén Nghia Hung,
tinh Nam Dinh (nay 1a xa Nghia Lam, tinh Ninh
Binh). Miu nuéc duoc ldy & d6 siu khoang
20 — 30 cm dudi mat nude. Tai mdi ho, mau
nude duoc ldy it nhit ¢ 3 diém khac nhau va
tron déu thanh mau déng nhat. Mau duge van
chuyén vé phong thi nghiém va bao quan ¢
4 °C cho dén khi phan tich. Trudc khi phan tich,
mau duge dé dén nhiét do phong va loc qua
mang loc 0,45 pum.

3. Két qua va thao luin

31 Khdo sat, lva chon diéu kién phan tich MG
bang phwong phdp CE-C*D

Céc diéu kién phén tich dugc khao sat trén
thiét bi CE-C'D véi dung dich MG 50 ppm
dugc pha tir chuan gbc bﬁng nude deion. Mau
dugc bom vio mao quan bang phuong phap
thay dong hoc kleu xiphong véi chiéu cao va
thoi gian bom miu dugc khao sat phu hop. Cac
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dung dich dién li dugc chuin bi bang cach cin
va pha cic hoa chit twong tng bang nudc
deion, diéu chinh bang acid acetic dén pH mong
mubn, pha trong binh dinh mtrc va rung siéu Am
1 phut dé dudi bot khi trude khi st dung.

3.1.1. Khao sat thanh phan va pH cta dung
dich dién li

Thanh phén cia dung dich dién li la mét
trong nhing yéu to rit quan trong, quyet dinh
tryc tiép dén su xuét hién tin hiéu ciia chit phan
tich. Khi gia tri pH va thanh phan dung dich
dién li thay ddi, anh huong dén dién tich ion, do
linh dong dién di cua chit phan tich va toc d6 di
chuyén ciia dong dién di tham thau (EOF) [9].
Vi vdy, thanh phan va pH cua dung dich dién li
can duoc khao sat lua chon phu hop va giir
khong d6i trong sudt qué trinh do. Trong nghién
ctru nay, cac dung dich dugc lya chon dé khao
sat thanh phan dung dich dién li (pH =5,0) gom:
His 8 mM/Ace 11 mM, Arg 8 mM/Ace 12 mM,
Tris 8 mM/Ace 12 mM. Két qua khao sat duoc
thé hién trong Hinh 2 cho thdy, trong ba dung
dich dién li khao sat, chi c6 His 8mM/Ace 11
mM cho tin hiéu cia MG nén s€ duogc Irra chon
cho cac khao sat tiép theo.

2 m\{

His 8 mM/ Ace 11 m

Tris 8 mM/ Ace 12 mM MG

— e —

Arg 8 mM/ Ace 12 mM

2 4 6
Théi gian (phat)
Hinh 2. Dién di ‘d(k) khao sat anh hudng ctia thanh
phan dung dich dién 1i.

Sau khi Iya chon dugc thanh phén dung
dich dién 1i His 8mM/Ace 11 mM phu hgp, pH
cling duoc khao sat & cac gia tri lan luot 1a 4,5,
5,0, 5,5, 6,0. Két qua dugc thé hién ¢ Hinh 3
cho thiy, khi pH ting, thoi gian phan tich ngin
hon, nhung tin hiéu c6 thé bi anh huong bai
dong EOF. O pH = 5,5, tin hi€u MG cao va rd
nét, duong nén 6n dinh, thoi gian phan tich phu

hop nén duoc lya chon cho cac khao sat
tiép theo.

2 mvl

pH=45
/V__
pH=5.0 MG

4Th(‘1i gian (phut) 6

Hinh 3. Dién di d6 khao sat anh hudng ciia pH.

3.1.2. Khéo sat nong d6 dung dich dién li

Trong phuong phap dién di mao quan
CE-C*D, nong do dung dich dién li phai du 16n
dé tao méi trudng cho cac ion di chuyén. Két
qua khao sat dugc thuc hién vdi ba gia tri néng
d6 His (8, 10 va 15 mM) & pH = 5,5 (diéu chinh
bang dung dich acid acetic). Két qua & Hinh 4
cho thdy, voi dung dich His 10 mM/Ace 9 mM,
tin hiéu MG thu dugc sic nét va c6 dién tich
16n hon dang ké so v6i & hai nong do con lai.
Do d6, dung dich dién li His 10 mM/Ace 9 mM
(pH = 5,5) dugc lua chon trong nghién ciru nay.

2m\{
Js,mn«_J,A._/—\rﬂ,.

Thei gian (phat)

Hinh 4. Dién di d6 khao sat anh huéng cua ndng do
dung dich dién .

3.1.3. Khao sat chiéu dai hiéu dung cua
mao quan

Chiéu dai hiéu dung ctia mao quan dugc
tinh tr ddu bom mau dén vi tri phat hién cia
detector Néu chiéu dai hiéu dung cta mao quan
qué ngin dan t6i cac chat di chuyén rit gin
nhau, 1am gidm khd ning phan tach, dic biét
khi nén miu phirc tap voi nhidu tin hiéu la co
thé anh huong dén chit phan tich. Nguoc lai,
néu chiéu dai hiéu dung qua dai thi thoi phan
tich 1au, khong can thiét. Két qua khao sat véi
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ba gia trj (25, 30, 35 cm) thé hién trong Hinh 5
da lya chon dugc chicu dai hi¢éu dung cia mao
quan phu hop trong nghién ciru nay la 30 cm.

2o

35cm

pd
MG
30 cm

pd
MG
253)\_)\\/,._.\\
pd
MG |>

2

Thfy? gian (phat)

Hinh 5. Bién di db khao sat anh hudng
cta chiéu dai hiéu dung mao quan.

3.1.4. Khao sat thé tach

Thé tach ciing 1a yéu té rat quan trong anh
huéng dén sy phan tach cac chit. Qua trinh
dién di trong mao quan chi xay ra khi c6 moét
ngudn thé cao. Thé nay tao ra dién truong E va
dong dién I trong mao quan, diéu khién va duy
tri su dién di cta cac chit. Viéc khao sat thé
tach dugc thuc hién trong khoang +15 dén +22
kV. Két qua thé hién ¢ Hinh 6 cho thiy, thé
tach +20 kV cho tin hiéu MG sic nét voi dién
tich pic 16n nhat thoi gian phan tich phu hop,
duong nen 6n dinh nén duogc lya chon cho céac
khao sat tiép theo.

2 va 15 kV
ey Vo
/
Ma 18 kV
P
v
MG 0Ky
MG 2KV
—-'V‘r'__"_/V
MG
T T T T
z 4 Thoi gian (phut) 6 8

Hinh 6. Dién di db khao sat anh huong cua thé tach.

3.1.5. Khao sat thoi gian va chiéu cao bom méiu

Trong nghién ctru nay, mau dugc bom vao
mao quan bing phuong phap thuy dong hoc
kiéu xiphong, luong mau ti 1¢ thudn voi chiéu
cao va thoi gian bom mau. Trong qua trinh bom
mau vao mao quan, lugng mau phai da 1on dé
dam bao tin hiéu tét va kha ning tach tét. Ngoai
ra, lugng mau duge bom vao ciing anh hudng

dén thoi gian phan tich. Tuy nhién néu lugng
mau duoc bom vao mao quan qua lén thi su
phan tan, m¢ rong ving mau s& xuat hién do
hién tuong khuéch tan lam giam hiéu suét tach.
Do d6 thoi gian va chiéu cao bom mau hop 1y
dugc khao sat dé dam bao thu dugc tin hiéu tot
nhét va thoi gian phan tich phu hop.

Két qua khao sat chiéu cao va thoi gian
bom mau twong tng trong khoang 10-20 cm va
20-40 s cho thiy, khi ting thoi va chidu cao
bom mau thi dién tich pic ting. Tai thoi gian
bom mau 1a 30 s va chiéu cao bom mau 15 cm,
thoi gian di chuyén phu hop, tin hiéu pic 6n
dinh, can dbi, dién tich pic 16n. Do d6, thoi gian
va chiéu cao bom miu duoc lua chon tuong
ung la 30 s va 15 cm.

Nhu vdy, sau qué trinh khao sat, cac didu
kién phéan tich MG bang phuong phap CE-C‘D
dugc lwa chon gdm: mao quan silica dudng
kinh trong (ID) 50 pum, chiéu dai 60 cm (chiéu
dai hiéu dung 30 cm), dung dich dién 1i His
10 mM/Ace 9 mM, pH = 5,5, thé tach +20 kV,
bom maiu thiy dong hoc xiphong ¢ do cao
15 cm trong 30 s.

3.2. Panh gia phuwong phap phan tich

Trén co sé cac diéu kién phan tich lwa chon,
phuong phap di dugc danh gia d6 dac hiéu, xay
dung duong chuan, xac dinh gidi han phat hién
(LOD), gi6i han dinh lugng (LOQ), danh gia do
chum thong qua d6 1éch chuan tuong ddi (RSD)
cua cac thi nghiém ldp lai & ba miic nong do
khac nhau. Viéc danh gia phuong phap duoc
thuc hién trén nén mau trang (miu nudc ho nuoi
tom khong phat hién chat phan tich: mau MI).
Két qua dugc danh gid trén co sd so sanh vai
cac quy dinh cua Hiép hoi hop tac phan tich
chinh thirc (AOAC) [10].

Trude hét, d6 dac hiéu cua phuong phap da
duoc danh gia bang cach phan tich mau trang,
dung dich chuan MG 50 ppm va mau tring
thém chuan MG 50 ppm. Két qua dénh gia do
dac hi€u cua phuong phap dugc trinh bay trong
Hinh 7 va Bang 2. Két qua cho thdy, miu trang
khong cho tin hiéu tring thoi gian di chuyén
ctia chat phan tich. Mau tring thém chuan c6 tin
hiéu tring thoi gian di chuyén ciia chat phan
tich trong dung dich chuén (v6i do 1éch chuin
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tuong dbi %RSD < 2%). Piéu ndy cho thiy
phuong phap c6 dd dac hiéu tot.

2mV|
3)

(2)

e Ny

T

MG (1)
0

Théei gian I?phl:lt) é

Hinh 7. Dién di d6 danh gla do dac hiéu. (1) Mau

trang, (2) Dung dich chuan MG 50 ppm, (3) Mau
trang thém chuan MG 50 ppm.

Puong chudn 5 diém xac dinh MG bang
phuong phap CE-C*D di duoc thiét 14p trong
khoang nong dé 5,0-100,0 ppm. Mdi diém
chudn duoc do l3p lai 3 1an, gi4 tri dién tich pic

trung binh dugc sir dung dé dung dudng chuin
biéu dién sy phu thudc vao néng do chat phéan
tich tuong ung. Gidi han phat hién (LOD) cua
MG bing phuong phap CE-C*D dugc xac dinh
bang cach pha lodng dan dung dich chuin t&i
néng d6 nho nhét cho ty 1é tin hiéu so véi nhiéu
nén (S/N) bang 3,0. Gi6i han dinh luong (LOQ)
dugc xac dinh bang 10 1an ty 18 S/N. Két qua
phuong trinh duong chuén, hé s6 twong quan va
cac gia tri LOD, LOQ duogc trinh bay trong
Béang 1.

Do chum cua phuong phap dugc danh gia
qua d¢ ldp lai cua tin hiéu MG & ba muc néng
d6 (10, 20 va 50 ppm). Két qua d6 léch chuin
tuong dbi (RSD) nam trong khoang 0,74% dén
4,63% (n = 5), dap ung yéu cau cia AOAC ddi
voi khoang ndng d6 tir 1 ppm (11%) dén 100
ppm (5,3%) [10].

Bang 1. Buong chuén, gi6i han phé‘t hién (LOD), gidi han dinh lugng (LOQ)
ctia MG xac dinh bang phuong phap CE-C*D

Phuong trinh dudng chuén (y = ax+b)

Hé s6 turong quan R?

LOD (ppm) | LOQ (ppm)

y = (0,5115 + 0,0053)x — (0,4252 + 0,2718)

0,9997 1,5 5,0

3.3. Phan tich mdu thuc 1é

Phuong phap sau khi duoc phat trién va
danh gia dap tng yéu ciu di duoc ap dung dé
phan tich ham luong MG trong ba miu nudc hd
nudi tdm. Két qua cho thidy khong phat hién
MG trong ca ba miu nuéc nay (Hinh 8).

5 mVI
M1

.

—
W

4
Thevi gian (phut)

M3

6
Hinh 8. Pién di db phén tich cac mau M1, M2, M3.

Nham minh ching kha nang phén tich trén
nén miu thyc té ciia phuong phép, cac mAu nay
dd duoc thém chuin & cac mic ndng do khac
nhau (20 ppm, 50 ppm va 100 ppm) va xac dinh
hiéu suit thu hdi bang phuong phap duong

chudn (dugc xay dung trén nén mau thuc). Két
qua thu dugc ¢ Bang 2 va dién di d6 Hinh 9.

H muI 0 ppm

2 Théigian (phat) 4

Hinh 9. Dién di d6 két qua thém chuin MG & cac
mirc nong d§ khac nhau vao mau M2.

Két qua & Bang 2 cho d6 thu hdi cia MG trén
nén mau dao dong trong khoang 94,57-101,13%,
cho thay phuong phéap c6 do ding tot [10].

So véi cac két qua nghién ciru xac dinh MG
bang cic phuong phap khac nhau (quang phd,
sic ky, dién hoa) di dugc cong bd [4-8], do thu
hoi dat dwoc ¢ nghién ctru nay cho gia tri twong
duong, tuy nhién, LOD con cao hon tur 5,7 dén
khoang 500 1an do chwa c6 su két hop cua cac
ky thuat xir Iy miu va lam giau chat phan tich
nhu trong cac cong bd. Pay 1a két qua ban dau,
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nghién clru sé tiép tuc duoc thuc hién nham
ting cuong do nhay biang cach két hop cac
phuong phap xir Iy miu, lam gidu chat phan
tich nhu chiét diém mu, chiét pha ran, si dung

25

vat lidu hap phu chon loc polyme in d4u phan tir

(MIP),...
tuong mau khac nhau (com, ca, tom,..

Bang 2. Hiéu suat thu hoi ciia MG khi thém chuan vao mau M2

nham mé rong ap dung cho cac doi

).

Miic thém chudn Miic 1 Miic 2 Miic 3

Nong d¢ thém chuan (ppm) 20,0 50,0 100,0

Nong d6 thu hoi (ppm) 19,12 47,28 101,13

Hiéu suit thu hoi (%) 95,60 94,57 101,13
Hiéu sut thu hdi trung binh (%) 97,10

4. Két luan

Nghién ctru d3 phat trién thanh cong
phuong phap dién di mao quan st dung
detector do dan khong tiép xtc (CE-C*D) dé
xac dinh MG voéi gidi han phat hién (LOD) dat
dugc 1a 1,5 ppm. Phuong phap da dugc danh
gia dap tng yéu clu cua AOAC va dp dung dé
phan tich MG trong cic miu nudc hd nudi tom.
Két qua khong phat hién MG, tuy nhién, hiéu
sudt thu hdi cia MG thém chudn trén cac miu
nay dat duogc trong khoang tir 94,57 dén
101,13% minh ching cho kha néng ap dung cua
phu:orng phap dbi v6i cac miu nude. Phuong
phap sé& tiép tuc dugc nghién clru dé xac dinh
MG dbdng thoi véi cac chat tao mau khac trong
mau nudc néi riéng va mé rong cho cac doi
tugng mau khac nhau.

Loi cam on

~Nghién ciru nay dugc tién hanh trong khuén
kho dé tai QG.24.71 cua DPai hoc Quoc gia
Ha Noi.
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