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Abstract: This study was carried out to verify and evaluate a method to quantify the relative Sudan
I color product using ultra-high performance liquid chromatography coupled with tandem
massspectrometry (UPLC/MS/MS). Sudan | was extracted through an Oasis HLB 3cc Vac Cartridge
solid phase extraction column 60 mg, after that quantified by UPLC/MS/MS. The program uses a
C18 column (2.1 x 100 mm, 1.7 um), the mobile phase is acetonitrile and water containing 0.1%
formic acid, the flow rate is 0.4 ml/min. Running conditions of MRM (Multiple Reaction
Monitoring) mode, select molecular ion fragment 249 amu. The verification results have good
linearity, the limit of detection (LOD) and the limit of quantification (LOQ) of the analytical
procedure are 1.17 and 3.72 ng/g, respectively. The Sudan | recovery efficiency ranged from
82.00-107.33% with the relative standard deviation (RSD) between 4.35-9.04%. Highly sensitive
sample extraction procedure is suitable for the determination of Sudan | in food based on 4 ionic
fragments characteristics, meeting the requirements of the decision 2002/657/EC of the common
European community. The verified analytical procedure was applied to quantitatively identify Sudan
I'in 21 chili samples. The results showed that Sudan | was not detected in all analyzed samples. The
analytical procedure of Sudan | in this study could be used for food safety testing.
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AQ dung phuong phap phan tich UPLC/MS/MS
de xac dinh ham lugng Sudan I trong twong 6t
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Tém tat: Nghién ctru nay dugc thuc hién nham thim dinh phuong phap dinh lugng phim mau
Sudan I trong tuong 6t bang sic ky 1ong siéu hiéu niang khdi phé hai 1an (UPLC/MS/MS). Sudan |
dugc tach chiét qua cot chiét pha rin Oasis HLB 3 cc Vac Cartridge 60 mg, sau d6 dinh luong bang
UPLC/MS/MS. Chuong trinh sic ky sir dung c¢ot C18 (2,1 x 100 mm; 1,7 pum), pha dong la
acetonitrile (ACN) va nu6c chira 0,1% axit formic, toc d6 dong 0,4 ml/phit. Diéu kién phan tich
khéi phd & ché d6 MRM (Multiple Reaction Monitoring), chon manh ion phan tir 249 amu. Két qua
thim dinh c6 do tuyén tinh cao, gi6i han phat hién va giéi han dinh lugng ciia quy trinh phan tich
tuong ung 1a 1,17 va 3,72 ng/g. Hiéu suét thu hdi Sudan I dao dong trong khoang 82,00-107,33%
voi do 1éch chuén turong dbi (RSD) trong khoang 4,35-9,04%, dép ung quy dinh cia AOAC. Quy
trinh chiét mau c6 d6 nhay cao, phu hop cho viée xac dinh Sudan I trong thyce pham dwa vao 4 méanh
ion dac trung, dap Umg yéu cau theo quyét dinh 2002/657/EC cua Cong ddng Chéu Au. Quy trinh
nay dugc ap dung dé phén tich ham lwong Sudan I trong 21 méu tuong 6t thyuc té trén dia ban Ha
Noi, cac mau phén tich déu khong phat hién thay Sudan I. Quy trinh nay s& tiép tuc dwoc ap dung
dé phan tich Sudan I trong cac mau tuong 6t va mot s6 ddi twong mau thyc pham tuong tu.

Tur khéa: Sudan I; UPLC/MS/MS; tuong 6t, an toan thuc phém.

47

1. Mé dau

Sudan I 12 mot loai pham mau céng nghiép,
¢ dang bot c6 mau do, dugc phép sur dung trong
mot sO nganh coéng nghiép nhu dét may, giay,
son, my pham,... nhung khong dugc phép su
dung trong thuc phim. O Viét Nam, Sudan I
khong co trong danh muc cac chat phu gia thuc
pham dugc phép s dung. Tuy nhién, do phdm
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mau thyc phdm va ty nhién c6 d6 bén kém hon,
gia thanh cao hon phdm mau coéng nghiép, nén
Sudan I van dugc st dung trai phép kha phd bién
dé nhudm mau thuc phém nhu banh keo, mut,
hat dua,... ddc biét l1a trong gia vi nhu tuong 6t,
bot ot, bot ca ri,... gly nhiéu tac hai cho con
ngudi khi sir dung nhitng loai thyc phim chira
thanh phéan nay [1].
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Viéc nghién ctru x4c dinh Sudan I trong thuc
pham da duoc nhiéu tac gia thuc hién [1-3]. Véi
muc tiéu hudng toi sy twong dong cua cac
phuong phép phan tich trén thé gidi cling nhu
trong nudc khi tham gia cac chuong trinh thir
nghiém thanh thao, bai bao nay gioi thi¢u
phuong phap phat hién, dinh lugng Sudan I trong
tuong 6t sir dung thiét bi sic ky long siéu hiéu
nang khdi pho hai lan (UPLC/MS/MS). Phuong
phap nay dang dugc cac phong thi nghiém quan
tam nghién ciru dé tan dung wu diém cua detector
MS/MS so vé6i detector UV. Trén thé gioi,
phuong phap UPLC/MS/MS di duge ap dung dé
xac dinh dong thoi 10 loai phdm mau khong
duoc phép st dung cho ga d¢ (Sudan I, Sudan II,
Sudan I, Sudan 1V, Sudan Red G, Sudan
Orange G, Sudan Red 7B, Para-Red, Toluidine
Red, Citrus mau d6). CAc mau pham mau ciing
duge chiét xuit bang phuong phap chiét long-
long véi acetonitrile voi sy ¢ mat cia sodium
sulfate khan, sau d6 dugc 1am sach bang silica
phu zirconium [4]. Phuong phap UPLC/MS/MS
con duge sit dung dé phan tich phim mau st
dung trong mot s6 loai my phém nhu son moi,
bong moéi va mau mét [5]. UPLC/MS/MS con
duge sir dung két hop véi phuong phap chiét
mang polyamide dé xac dinh nhanh phdm mau
cong nghiép st dung trong san pham ngii cdc va
thit. Polyamide duoc sir dung 1am chat hap phu
trong mang vo&i N-propyl Ethylenediamine
(PSA) dé gilr lai céc phim mau céng nghiép,
trong khi hau hét cac thanh phan khac dugc dua
qua mang. Sau d6, phdm mau cong nghiép duoc
tach ra khoi mang polyamide bang cac dung moi
khac nhau dé phén tich. Tuy nhién, do thu hoi
ctia phuong phéap bién dong trong khoang rong
tir 71 dén 126% va do chinh xac nam trong
khoang 3-13% [6]. Ngoai xac dinh phim mau,
UPLC/MS/MS con duge sir dung dé xac dinh
nhiéu nhom chit khac nhau nhu lwong vét thude
trir sdu, ham lugng vitamine, ham lugng lactose
trong sita (free lactose), saccarose trong cac san
pham khong bd sung dudng, mot s6 nhom phu
gia thuc pham: parabens, anthocyanin, steviol
glycosides,...

Phuong phap UPLC/MS/MS trong nghién
ctru nay c¢6 d6 nhay va do chon loc cao, thoi gian

phan tich nhanh, giam thiéu anh huéng dén st
khoe ctia ngudi phan tich va méi truong, dé dang
ap dung & cac co so ¢6 thiét bi phan tich UPLC.
Mau dugc chiét bang ky thuat chiét pha rin st
dung c6t Oasis HLB 3 cc Vac Cartridge, 60 mg,
sau d6 dinh luong trén UPLC/MS/MS. Phuong
phap da duoc thim dinh vé do phu hop cta hé
thong sic ky, tinh dic hiéu, do chinh xac, do
dung, gioi han phat hién, gioi han dinh luong,
dap ung yéu ciu theo quyét dinh cua Cong dong
Chau Au [7].

2. Phwong phap nghién ciru
2.1. Hod chat

Tat ca cac hoa chit dung trong nghién ctru
déu thudc loai tinh khiét phan tich. Methanol
(MeOH), Acetonitrile (ACN) cta Merck, Duc,
loai ding cho HPLC. Nuéc tinh khiét dung cho
HPLC; Chuan Sudan I 98% (Canto, Nhat);
NH,OH 25% (Trung Qudc), ethyl acetat 99,5%
(Merck, Birc), acetone 99,8% (Merck, Puc), axit
formic 98% (Ta&y Ban Nha), axit acetic 99,5%
(Trung Qudc). Dung dich chuin gbc Sudan 1 ¢c6
ndng d6 1000 pg/ml dugc pha trong MeOH, bao
quan 6 -20 °C. Dung dich chudn Sudan | 1am viéc
duogc pha tur chuén géc co néng d6 1an luot 12 10;
15; 20; 30 va 50 ng/ml bang MeOH:H0 (1:1),
chuan bi trude khi st dung. Pha dong: kénh A Ia
nude (0,1% axit formic) va kénh B la ACN.
Chuong trinh pha dong bat dau tir 40% A, giit
trong 2 phut, giam xudéng 0% A tai 4,0 phut va
két thic tai diéu kién ban dau, tong thoi gian
phan tich 1a 5 phat, tbc d6 dong 0,4 ml/phit, thé
tich mau bom 10 pl.

2.2. Thiét bi

Thiét bi sic ky 1ong siéu hiéu niang khdi phd
UPLC/MS/MS (Waters, My) gébm cac bd phan
chinh nhu bom, bd tiém mau tu dong, b diéu
nhiét cot, bo khir khi, b ghép nbi khél phd
Waters Acquity TQ Detector va phan mém xr ly
Masslynx 4.1. Cot sic ky Acquity UPLC®BEH
C18 (2,1 x 100 mm; 1,7 um). Ché d¢ phan tich
da kénh MRM, Kidu ion hoa duong, nhiét do
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nguén 1’50 °C, nhiét d¢ khir dung méi 250 °C.
Pién :ché mao quan 4,0 kV; dién thé cone 25 V;
ap suat chan khong 3,52.e*mbar [2].

2.3. Quy trinh xir Iy mau [2]

Chuéan bi mau tring: mau tring duoc chuin
bi nhu mau tha, sau do phan tich trén hé
UPLC/M/MS. Méu khéng phat hién thay Sudan
I duoc sir dung lam méu trang.

Chuan bi miu tht: can chinh xéac 2,0 g mau
phan tich da dugc dong nhét vao ong ly tim
50 ml. Thém 10 ml acetone, vortex 5 phat cho
déu mau, ly tam 4500 vong/phut trong 5 phat &
nhiét d6 phong, sau d6 gan iy phan dich trong.
Hut toan b dich trong (16p phia trén) cho vao
ong ly tam 50 ml khac di c6 10 ml NH4OH 5%,
vortex 30 gidy cho dong nhét. Lip cot chiét Oasis
HLB va hoat héa cot lan luot v6i 2 ml ethyl
acetat, 2 ml MeOH, 2 ml H;O. Nap mau: cho
toan bd mau qua cot v6i tbe dd khoang 1 ml/phut.
Rira tap: ria tap 1an lugt bang 2 ml ACN:NH,OH

1004

B (a)

5% (40:60); 2 ml H.0O; 2 ml ACN:CH3;COOH
5% (40:60). Rura gidi: rira giai bang cach thém
chinh xac 3 ml ethyl acetat, ngdm trong cot
khoang 1 phut, sau d6 rira giai cham voi tdc do
khoang 0,5 ml/phut. Thu toan bd dich rtra giai va
thdi kho dudi dong khi nito ¢ nhiét do 40 °C. Hoa
cin bang 1 ml MeOH, loc qua mang loc 0,2 pm,
cho vao lo bom mau va tién hanh do trén may
UPLC/MS/MS.

3. Két qua va thao ludn
3.1. Két qud xdc dinh diéu kién phan tich Sudan I

Ap dung céc diéu kién phén tich néu & muc
2 dé phan tich dung dich chuan Sudan I & mtc
néng d6 50 ng/ml, thu dugc tin hi€u voi thoi gian
luu cta Sudan I 1a 2,77 phat (Hinh 1). Nang
lugng phan méanh cac ion dac trung dugc trinh
bay trong Bang 1. Nang luong va sic dd ban pha
ion Sudan | duoc chi ra & Hinh 2.

MRM of 3 Channels ES+
277 249.096 > 128 011 (Sudan I)
1225
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Hinh 1. Sic ky dd cua dung digh chuén Sudan I néng d6 50 ng/ml: (a) ’Sa“’lc ‘d(‘”)’ ion xac nhan 249 > 128,011,
(b) sac do6 ion dinh lugng 249 > 155,948 va (c) sac do tong ion.

Béng 1. Nang lugng phan manh ion cia Sudan |

Ten chit Ton so cap Ton thtr cap Thoi gian Dién thé Nang lugng
(m/z) (m/z) Dwell (s) Cone (V) Cone (eV)
*)
Sudan | 249,0958 155,9848 0,106 26 18
128,0114 0,106 26 28
®Mion dinh luong
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Hinh 2. Néng luong va sdc df) bén pha ion Sudan I (m/z 249,10 — 155,95):
(a) sac do nang luong ban pha ion va (b) 1a sac d6 phan manh ion).

3.2. Danh gia tinh dac hiéu

Qué trinh phan tich bang k¥ thuat UPLC-
MS/MS gdm c6 hai giai doan cin phai t6i uu cac
diéu kién phan tich dé dat duoc do nhay cao g@)m
giai doan tach trén UPLC va giai doan xac dinh
bang MS/MS. Trong nghién ciru nay, k¥ thuat
sic ky long pha dao duoc sir dung véi cot C18,
pha dong 1a ACN va axit formic 0,1% trong
nuée. Chuong trinh gradient pha dong duogc tdi
vu dé tach Sudan I ra khoi nén mau. Ky thuat
UPLC/MS/MS nhin chung luén c6 tinh dac hiéu
cao, su ¢6 mat cta chat phan tich (dinh tinh) déu
dugc khang dinh chic chin thong qua ion phan
tt va ion san pham. Theo quyét dinh
657/2002/EC cta Cong dong chau Au [7], tinh
dac hiéu dugc danh gia thong qua s6 diém nhan

dang (IP) va ty l€ cdc ion x4c nhan va dinh lugng.
S6 diém IP can phai dat 4 diém, trong d6 mdi ion
me duoc tinh 13 1 diém, m&i manh ion con duoc
tinh 1,5 diém. Dbi v6i ky thuat MS/MS, chit
phan tich dugc ion hoa c6 thé tao thanh nhiéu
manh ion san pham khac nhau tly thudc vao k¥
thuét ion hoa am hay ion hoa dwong. Ché do ion
hoa duong thuong tao thanh ion phéan tr dang
[M+H]*, [M+CH30OH]*, [M+Na]*,... Trong
nghién ctru nay, dung dich chuan Sudan I c6
ndng d6 100 ppm duge bom vao khdi phd véi toe
d6 dong 20 pl/phat, ché do ban pha ion hoa
duong. Két qua chi ra & Bang 1 va 2 cho thdy
phuong phdp c6 tinh déc hi¢u t6t, dap ung cac
yéu cau cua Cong dong chau Au  [7] khi so sanh
ti 1& ion trén mau phan tich va mau chuan.

Bang 2. Két qua khao sat anh hudng ciia nén mau va cuong do dao dong ion

Néng do Sudan T (ng/ml) — Cuong do d?a:g dong ion = Khoang (é(e)l/;))dong ion
. z Auss 3467 5420 8767
Dung dich chuan Az 2116 3344 5493 0,49-0,74
A s X - Auss 3032 5744 8732
Thém vao mau sau xt ly Az 1843 3958 4541 0,49-0,73

3.3. Puong chudn, gi6i han phat hién (LOD) va
gi0i hgn xdc dinh (LOQ)

Buong chuin xdy dung trén nén ;nﬁu tring
thém chuén (phuong phap thém chuén) tai cac
nong d¢ 10, 15, 20, 30 va 50 ng/g. Két qua cho

thiy duong chuin Sudan I tuyén tinh trong
khoang tir 10 50 ng/g, R? > 0,998; do thu hoi &
cac diém chudn déu thoa man yéu cau (< 15%).

_ Xac dinh LOD bang cach chue}n bi 7 mau c6
nong do Sudan 1 1a 10 ng/g. Chiét mau va tinh
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ham lugng Sudan I theo phuong trinh duong
chuan (Hinh 3) dé xac dinh nong d6 ciia Sudan |
trong dung dich. Tu cac gia tri sai khac nay thu
duoc gia tri SD, va xac dinh gia tri LOD va LOQ.
Pénh gid do tin cdy LOD théng qua gid tri R
(R=Xb miu i/ LOD). Néu 4 < R <10 thi nong do
dung dich thtr 1a phu hgp va LOD tinh duogc la
dang tin cdy, néu R < 4 thi phai ding dung dich
thir dm dic hon (thém chuén), R > 10 thi phai
dung dung dich thir lodng hon (pha loang dung
dich thir). Két qua nghién ctru cho gié tri R =9,16
thoa man diéu kién 4 <R < 10 [11]. Nhu vay, tai
ndng do dung dich thir 2 ng/g 1 phu hop va gia
tri LOD tinh duogc 1a tin cdy (xem Bang 3).

= 6000 ~

D¢ m tich
=
=
A
Ay

200 e

90 50 100 150 200 250 300 BO 400 450 500
Nong d6 (ng/g)

Hinh 3. Duong chuan dinh lugng Sudan 1.

Bang 3. Gidi han phat hién Sudan [

Mau Két qua (ng/g) |
SPK 2,0-1 10,9
SPK 2,0-2 10,4 Xt 10,7
SPK 2,0-3 10,4 SD 0,37
SPK 2,0-4 10,4 LOD 1,17
SPK 2,0-5 11,3 LOQ 3,72
SPK 2,0-6 10,6 R 9,16
SPK 2,0-7 111 -

Bang 3 chi 10 gia tri LOD cua nghién cuu
nay tuong tu véi nghién ciru ciia Choon Keow
NG va cong su (2005) [2], trong d6 phuong phap
UPLC/MS/MS dugc sir dung dé xac dinh luong
vét thanh phan Sudan I, II, III va IV trong mau
ca chua va tuong 6t. Vi viée sir dung két hop
UPLC va Waters® Quattro micro™ API phuong
phap c6 nhay cao véi giéi han phat hién 0,1 dén
1,7 ng/g [2]. Tuy nhién, gidi han phat hién cua
nghién ctu nay lai thip hon déng ké so véi
nghién ctru cua Christelle Robert va cong su
(2021) [8]. Trong nghién ctru d6, 7 loai thudc
nhudm azo khac nhau gém Sudan, Rhodamine,
Dimethyl Yellow, Para Red va Orange Il trong
6t bot da duoc xac dinh khi st dung dong thoi
ACQUITY UPLC I-Class dugc ghép nbi voi hé
thong micro MS/MS Xevo TQ-S. Két qua cho
thay c6 thé phan tich dugc ¢ ngudng noéng do
thip hon nhiéu (thap nhit 13 0,125 Hg/g) so voi
gi6i han sir dung dé phan tich cdc pham mau trai
phép trong thyc pham [8].

34. [{éz qua khado sat, xac dinh do lap lai va do
thu hoi

D6 thu hdi dugc danh gia dwa vao mau thém
chuin tai 3 mtrc ndng do 20; 30 va 40 ng/g. St
dung duong chuén dé tinh toan. Tai mdi ndng do,
thuc hién chiét doc 1ap va phan tich 3 lan lap lai
trong 3 ngay khac nhau (xem Bang 4).

Két qua Bang 4 cho thiy hiéu suét thu hdi dat
kha cao, dao dong trong khoang 82,00-107,33%,
phu hop v6i yéu cau ciia Cong dong chau Au [7].
Két qua nay ciing tuong duong vé6i hiéu suit thu
hoi khi x4c dinh phdm mau Sudan I, Sudan II,
Sudan III va Sudan IV trong twong &t bang
phuong phéap sic ky dién dong mixen (micellar
electrokinetic chromatography — MEKC) ciling
dat rét cao tir 85 dén 99%. Trong diéu kién t6i vu
hoa, pham mau azo dugc tach duong nén trong
vong dudi 8 phut vai gidi han phat hién (LOD)
trong khoang 0,57-0,71 pg/ml (S/N > 3) [9].
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Bang 4. Hi¢u suat thu hi tinh trén nén mau tuong 6t

Lan do Néng d6 va hiéu suat thu hoi
Ngay1 | H% | Ngay2 | H% | Nogay3 | H%
Nong d6 C; = 20 nglg
Lan | 18,6 93,00 17,3 86,50 19,4 97,00
Lan 2 17,9 89,50 16,4 82,00 19,1 95,50
Lan 3 16,6 83,00 19,2 96,00 17,3 86,50
TB 17,70 17,63 18,60
SD 1,01 1,43 1,14
RSD% 5,73 8,11 6,11
Nong d6 Cz = 30 ng/g
Lan 1 28,3 94,33 30,2 100,67 32,2 107,33
Lan 2 27,6 92,00 27,6 92,00 28,7 95,67
Lan 3 25,2 84,00 25,2 84,00 29,5 98,33
TB 27,03 27,67 30,13
SD 1,63 2,50 1,83
RSD% 6,01 9,04 6,09
Nong d6 Cs = 40 ng/g
Lan 1 34,8 87,00 36,8 92,00 34,1 85,25
Lan 2 37,4 93,50 35,3 88,25 38,2 95,50
Lan 3 37,7 94,25 32,8 82,00 35,4 88,50
TB 36,63 34,97 35,90
SD 1,59 2,02 2,10
RSD% 4,35 5,78 5,84
MRM 0' 3 Channeis ES+
460- 284 249 006 > 155 048 (Sudan )
® 282287
¥l 0.63 i
0.00 .65 3.02 S0 478
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Hinh 4. Sic d6 phén tich Sudan I trong mau tuong 6t thuc té trén thi truong Ha Noi:
(a) 1a sac do ion dinh lugng, (b) 1a sac do ion xac nhan, (c) 1a sac do tong ion.
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3.5. Két qua phan tich Sudan I trong mét s6 mau
tuong ot trén thi truong

Quy trinh phén tich sau khi tham dinh da
dugc ap dung dé phan tich ham luong Sudan I
trong 21 mau tuong ot lay ngau nhién trén thi
truong Ha Noi. Két qua cho thay khong phat hién
thiy ham luong Sudan I trong tat ca cac mau nay
(Hinh 4). Két qua nay ciing tuong dong voi
nghién curu st dung k¥ thuat HPLC véi detector
UV-VIS dé xac dinh 4 dang Sudan (I, II, III va
V) trong my pham va thuc pham cing khong
phat hién thay Sudan trong cic mau my phdm va
thyc pham nghién ctru [10]. Nghién ciru s& tiép
tuc ap dung de khao sat cdc mau tuong &t va cac
dbi twong mau thyc pham twong ti khac nhau
trén thi truong nhdm minh chimg kha ning ap
dung cta phuong phap va dam bao chit lugng
thuc pham.

4. Két luan

Nghién ciru di tham dinh quy trinh xac dinh
Sudan I trong tuwong 6t sit dung ky thuat
UPLC/MS/MS dat d6 nhay va d6 chon loc cao,
thoi gian phan tich nhanh. Gia tri LOD va LOQ
tuong Gng 1a 1,17 va 3,72 ng/g. Hiéu suat thu hdi
Sudan I dao dong trong khoang 82,00-107,33%
v6i d6 1éch chuan tuong di (RSD) trong khoang
4,35-9,04%. Cac két qua khao sat dap ung yéu
cau theo quyét dinh 657/2002/EC cta Cong dong
Chau Au. Quy trinh sau khi thim dinh da duoc
ap dung dé phan tich 21 miu twong &t thyc té
trén dia ban Ha Noi. Cac mau thu thap déu khong
phat hién thay Sudan I. Mic du trong dot khao
sat chua phat hién mau c6 Sudan I, quy trinh
phén tich trén s& vén tiép tuc dugc ap dung dé phan
tich, kiém soat Sudan I trong cac mau tuong &t noi
riéng va mot sé mau thyc phdm noéi chung.
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