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Tom tat

K¥ thuat sic ky 1ong khdi phd ba tir cue (LC-MS/MS) véi ngudn ion hoa phun dién tir
duong (ESI+), ché d6 theo dbi da phan tmg (MRM) da duoc sir dung dé phat hién va dinh luong
dong thoi 16 chat mau tron trai phép trong cac nhom thuc pham khac nhau. Phuong phap dua
trén co so chiét cac chit mau ra khoi nén mau bang k¥ thuat QuEChERS. Dich chiét sau khi
lam sach qua d-SPE vé&i hdn hgp MgSO,4, PSA va C18 s& dugc phan tich trén thiét bi
LC-MS/MS. Mbi chat mau duogc dic trung boi 1 ion me va 2 ion con. Phuong phap cho phep
sang loc sy c6 mat dong thoi cua 16 chat mau & mirc nong do t6i thiéu 14 5 pg/kg véi rhodamin
B, crystal violet, chrysoidin G, auramin O, sudan black B, pararosanilin va 50 pg/kg véi oil
orange SS, canthaxanthin, malachite green, leucomalachite green, sudan I, sudan 11, sudan III,
sudan IV, sudan red B, para red. B¢ dic hiéu dat yéu cau theo EC 657/2002, khoang tuyén tinh
tir 1 - 1000 pg/L, d thu hoi tir 73 - 104%, do lap lai t6t véi RSD % thap hon 16,4%. Phuong
phép da duoc ap dung dé phan tich 30 mau thit bo kho, thit ga kho, tuong 6t, 6t bot, chat phy
gia tao mau. Két qua phan tich di phat hién 02 mau ot bot va 04 mau phu gia tao mau cé chira
rhodamin B, sudan I va auramin O.

Tir khéa: LC-MS/MS, chat mau, tron trdi phép, thuc pham, thit bo kho, thit ga khé, twong ot.
1. PAT VAN PE

Theo xu hudng phat trién ctia nganh cong nghiép thuc pham thi viée str dung pham mau
thuc pham ngay cang pho bién va duoc tng dung rong rai. Tuy nhién, viéc sir dung pham mau
dang bi lam dung, dac bi¢t la viéc dung cac pham mau khong nam trong danh muc duoc phep
st dung trong thuc pham nhd nhitng vu diém vé da dang mau séc, de mua, dé st dung, bén mau
va hiéu qua kinh té cao. Thong tu 24/2019/TT-BYT quy dinh vé quéan 1y va st dung phu gia
thuc pham véi 57 pham mau dugc phép sur dung trong thuc pharn Viéc st dung céc loai pham
mau thyc pham khong nam trong danh muc cho phepcuaBOY té c6 thé gay ra nhimg anh hudng
xau dén strc khoe nguoi str dung. Néu co thé hap thu lau ngay cac chat mau ¢ thé dugc tich tu
lai va gay ra cac bénh man tinh, ung thu [1].

Trén thé gidi da ghi nhan mot sb su vu lién quan dén viéc sir dung cac chit mau tron trai
phép trong thuc pham. Nam 2006 tai Trung Qudc phat hién du luong sudan IV trong trimg, ham
luong sudan IV dugc phat hién ¢ ga mai, ga va trimg Ieén t61 300 pg/kg [2]. Tai Viét Nam, van
dé su dung pham mau tron trai phép trong thuc pham cling rat dang quan ngai. Nam 2007, thanh
phd H6 Chi Minh phat hién mau trimg tai mot s6 cho truyén thong chira sudan véi ty 18 khoang
50%. Mot sb bao cao khac ciing phat hién chat mau rhodamin B trong mét loat cic san pham
hat dua, 6t bot, chit mau auramin O trong ming tuoi va mang kho, cac chit malachite green va
leucomalachite green trong banh cdm [3].
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Hién nay, c6 mot s6 phuong phéap thuong dugc sir dung dé xac dinh chat mau nhu HPLC-
UV, HPLC-FLD va LC-MS/MS. Phuong phap HPLC v6i detector UV-VIS duoc Xiran He va
cong su [4] st dung dé phan tich cac chat sudan trong thuc pham Gioi han phat hién c6 thé dat
duoc khoang 1,5 pg/kg nhung tinh dic hiéu khong tbt trén cic nén mau phirc tap va chi ap dung
cho mot vai chat mau cing nhom. Ky thuat LC-MS/MS dang dugc str dung dé xac dinh dong
thoi cac chat mau tron trai phép trong thuc pham do tinh dic hiéu va do nhay tot, thiét bi khoi
phé ba t&r cuc duoc nhiéu tac gid sir dung. Li va cong su [5] x4c dinh déng thoi 08 chét mau tron
trai phép trong 6t véi LOD khoang 0,05 pg/kg, do thu hoi tir 70 - 119%. Feng va cong su [6]
xac dinh déng thoi 40 phadm mau tron sir dung tréi phép trong mau nudc giai khat véi LOD tir
0,125 mg/L, hiéu suét thu hoi tir 91 - 105%. Liu va cong su [7] xac dinh dong thoi 15 pham
mau tron trai phép trong thirc an chan nudi voi d thu hoi trong khoang 60 - 140% va LOD tur
0,01 - 5,61 ng/kg. Ngoai ra, mot s6 nghién ctru str dung thiét bi sic ky 1ong khéi pho phén giai
cao dé sang loc cac chat mau [8-10]. Nhuge diém cta phuong phap nay la thiét bi dit tién nén
chua pho bién. Tai Viét Nam, di c6 mot s tiéu chuan dé xac dinh cac chat mau, nhung chua co
phuong phap chinh thirc dé xac dinh dong thoi nhiéu chit mau tron trai phép trong thuc pham.

Trong bao cdo ndy, 16 chit mau khong nam trong danh muc duoc phép st dung trong thuc
phém bao gém malachite green, leucomalachite green, chrysodine G, thodamine B, auramin O, sudan
I, sudan II, sudan III, sudan IV, sudan red B, sudan black B, para red, oil orange SS, pararosanilin,
crystal violet, canthaxanthin da duoc khao sat dé xay dung va tham dinh phuong phép, dong thoi so
b x4c dinh ham luong cac chat mau ndy trong cac mau thuc pham duoc lay tai Ha Noi.
2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat ligu va héa chat

Céc chét chuan malachite green, leucomalachite green, chrysodine G, rhodamine B, auramin
O, sudan I, sudan II, sudan III, sudan IV, sudan red B, sudan black B, para red, oil orange SS,
pararosanilin, crystal violet, canthaxanthin dugc mua tr hang Sigma Aldrich. Acetonitril va acid
formic loai dung cho LC-MS va cic dung méi, hoa chat tinh khiét phan tich gdm methanol,
ethanol, amoni acetate ctia Merck. Bot lam sach gé)m c6 C18, PSA, GCB cua Agilent (Hoa Ky),
cot HLB (60 mg/3 ml) ciia Waters va ¢t Alumina-N phase (500 mg/3 ml) cia Phenomenex.

Péi trong mau nghién ctru gdm 50 mau thit bo kho, ga kho, twong 6t, ot bot duogc ldy
ngau nhién trén thi truong Ha Noi.
2.2. Thiét bi

Hé théng sac ky 1ong khoi pho hai 1an gom sac ky long siéu hiéu nang (U-HPLC) gom:
LC 1295, khéi phd ba tir cuc QQQ 6460 (Agilent, Hoa Ky) va cac thiét bi thong thuong cua
phong thi nghiém gdm can phan tich (d6 chinh xac 0,1 mg), may lic xoay, may ly tdm (toc do
t6i da 18000 vong/phut), thiét bi dong nhat mau.

2.3. Phuwong phap nghién ctru
2.3.1. T6i wu phwong phdp
- Cac diéu kién phén manh ion me dé thu duoc cac ion con va nang lugng va cham duoc

t01 uu tu dong bang cach tiém tryc tiép cac dung dich chuén pham mau vao khoi phd voi ngudn

ion hoa ESI, ché do ion duong. Sac ky long st dung cot C18, pha dong gom 2 kéqh AvaB

tuong tng la acetonitril va acid formic 0,1% vai céc ty I¢ khac nhau dugc khao sat dé toi uu.
Diéu kién xir Iy mau dugce t6i wu thong qua viée khao sat mot s6 quy trinh xir Iy mau sau:
Quy trinh 1 [7]: Can2 g mau, thém 10 mL ACN : H,O (8 : 2), lac vortex 1 phit, lac ngang

30 phut. Ly tam, lay dich qua cot Alumina-N phase (500 mg, 3 mL). Cot dugc hoat hoa bang 3

mL ACN. Nap mau qua cdt. Rua giai chét phan tich bang 3 mL MeOH : acid acetic (95 : 5). Loc
dich qua mang, rdi phan tich bang LC-MS/MS.
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Quy trinh 2 [6]: Can 2 g méu, thém 10 mL ACN : H,O (8 : 2), lic vortex 1 phit, léc‘ ngang
30 phat. Chinh pH v€ 3 - 3,5 bang acid formic. Ly tdm, lay dich thém 10 mL nude, lac déu, cho
dich ‘gr(;f)n qua cot HLB (60 mg, 3 mL). Cot dugc hoat hoa bang 5 mL Mf:OH, 5SmL ngé’c. Rura
tap bang 5 ml MeOH : H,O chtra acid formic 0,1% (15 : 85). Rura giai chat phan tich bang 2 mL
H,O : MeOH (9 : 1). Loc dich qua mang va phan tich bang LC-MS/MS.

Quy trinh 3 [4]: Can 2 g mau, thém 10 mL ACN : H,O (8 : 2), lic vortex 1 phut, lé‘c ngang
30 phut. Thém 4 g MgSOy, 1 g NaCl, lac vortex 1 phut. Ly tdm, loc dich va phan tich bang LC-
MS/MS.

Sau khi lya chon duogc quy trinh xur ly mau phu hop, mot s6 yéu t6 anh huong dén quy
trinh di dugc khao sat tdi uu bao gdm: dung méi chiét, mudi chiét va budc 1am sach.
2.4.2. Tham dinh phirong phdp

Phuong phap dugc tham dinh tinh dc hiéu, gidi han phat hién, gi6i han dinh lugng, do
13p lai, do thu hoi theo huéng dan ctia AOAC.
3. KET QUA VA BAN LUAN
3.1. Xay dung phwong phap
3.1.1. Khao sat diéu kién khoi pho

7 Thiét bi }(héi phé ba tir cuc voi nguén ion hée} phun di’én ti, ché do ion duong duogc st dung

de khao sat diéu kién lya chon ion me va ion con to1 uu. Két qua dugce trinh bay trong bang 1.
Bing 1. Két qua khao sat diéu kién khéi phé va thoi gian liew, ty 1é ion ciia cdc chdt phan tich

T Chit phén tich Ion me Ion con CE (eV) Ty (l;‘o)ion Thl}z’ghi:;z laeu
1 | Oil orange SS 263,0 245*/203 20/20 5,0 14,1
2 | Rhodamin B 4435 399*/355 30/30 12,5 7,8
3 | Canthanxanthin 565,0 203*/156 30/30 20 15,1
4 | Crystal violet 3723 356*/251 42/36 4,0 11,1
5 | Malachite green 329,3 313*/208 49/38 70 9,4
6 | Leucomalachite green 331,0 316/239%* 35/45 20 14,2
7 | Chrysoidin G 213,2 196/121* 20/20 8,5 7,9
8 | Auramin O 268,3 147*/107 28/34 30 7,3
9 | SudanlI 249.0 128/93* 26/25 60 12,4
10 | Sudan I 277,0 121*/106 14/50 60 15
11 | Sudan III 353,0 128/77* 38/30 60 16,6
12 | Sudan IV 381,0 106/91%* 42/30 40 14,7
13 | Sudan red B 381,2 115*/106 42/42 10 14,6
14 | Sudan black B 457,0 194%/142 35/20 2,5 16,4
15 | Parared 294,1 156/128* 14/30 80 11,3
16 | Pararosanilin 288,2 195*/151 30/58 14 5,6

* Jon dinh luong
Céc thong s phan tich khéi phd khac duoc tdi uu dé thu duoc tin hiéu tét nhat bao gom:
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Dién thé ddu phun: 4000 V; nhiét d6 dau phun: 350°C; ap suét khi bo trg 1a 30 psi.

V6i céc diu kién khéi ph da khao sat, mdi chat déu xéc dinh dugc 02 manh ion con véi
ty 1€ ion xac dinh duoc, dap ing yéu cau theo EC 657/2002.
3.1.2. Khdo sat diéu kién sdc ky

Céc cot C18 cua Waters gdm cot Symmestry (3,0 mm x 150 mm x 3,5 pm) va cot Acquity
C18 (100 mm x 2,1 mm x 1,7 um) dé duoc khao sat d€ danh gia kha nang tach cac chat mau. Pha
dong dugc sir dung la ACN va acid formic 0,1%. Két qua cho thay, st dung cot Acquity C18 (100
mm X 2,1 mm X 1,7 um) cho pic tach tot hon, c& hat nho phu hgp cho h¢ U-HPLC cua
Agilent. Do do, cot Acquity C18 (100 mm % 2,1 mm X 1,7 um) dugc st dung trong nghién ctru nay.

~ Gradient pha dong g&p 2 kénh acetonitril va acid formic 0,1% duoc khao sat dé téi uu,

toc do dong 0,4 mL/phut, thé tich tiém 10 pL. K&t qua diéu kién gradient t6i uu dugc thé hién
trong bang 2.

Bing 2. Piéu kién gradient pha dong dé phan tich cdc chdt mau trong nghién ciru

Thoi gian (phut) ACN (%) Acid formic 0,1%
1 20 80
8 70 30
12 70 30
12 90 10
15 90 10
15,01 20 80
20 20 80

Véi diéu kién LC da khdo sat, cac pic sic ky duge phan tich khéi nén mau va phan tach
v6i nhau do sy khac nhau vé manh phd. Hinh 1 gidi thi€u sac do hon hop chuan cac chat mau
c6 nong do 100 ng/mL.

Sudan 11
Para Red

Pararosanilin
Sudan IT
Auramin O

Sudan 1
Sudan Black B

Rhodamin B
Sudan Red B
Crystal violet

Leucomalachite green
Oil Orange SS
Malachite green

Canthanxanthin
Sudan IV
Chrysoidin G

Hinh 1. Sic do hon hop chudn cac chdt mau ¢é nong dé 100 ng/mL
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3.1.3. Khdo sat quy trinh xir Iy mau
Cac thl:l’ nghiém duogc ghuc hién trén mau tgéng da du’qg thém chuén sau khi cAn mau. Néng
dd thém chuan trén dich cudi la 100 pg/L cho tat ca cac chat.
3.1.3.1. Lwa chon quy trinh xit [y mdu
N Tién hanh phan tich trén thiét bi LC-MS/MS cac rr~15u dich thu dugc tir 03 quy trinh xu ly
mau ¢ myc 2.3.1. Danh gia do thu hoi cua cac chat 6 mo1 quy trinh xur Iy mau. Két qua nghién
ctru cac phuong phap xtr Iy mau phan tich dugc trinh bay & hinh 2.

100%
80%
60%

40%

Do thu hdi (%)

20%
¥
¥
Sudan = Sudan = Sudan = Sudan = Para  Pararos
111 v Red B Black B Red anilin

b
L AT ]

EA A A ]

o
b
Ao,
EArrrr]

R
S
A o
o o A A A s
b
s
o o o o o o G e o

0%

© A

Rhoda Canthax Crystal Malachi Leucgm Chrysoi = Aurami
te alachite

min B anthin = violet Green | Green dineG ne
% Quy trinh 1 60% 88% 78% 28% 39% 52% 74% 19% 38% 54% 61% 93% 13% 45% 84% 78%
Quy trinh 2 19% 76% 59% 58% 32% 51% 48% 76% 04% 26% 41% 58% 28% 33% 101% = 25%
Quy trinh 3 = 92% 90% 95% 87% 98% 96% 98% 98% 99% 88% 90% 92% 19% 78% 84% 98%

Chét phan tich

Sudan 1 °~

w
=
=&

B

2 Quy trinh 1 Quy trinh 2 Quy trinh 3

Hinh 2. So sanh d5 thu hoi chd'tphdn tich ciia 3 phwong phdp xir Iy mau

Két qua phan tich cho thay, quy trinh 3 (QUEChERS) cho tin hi¢u chét phan tich cia
16 chat déu cao hon so Vo1 quy trinh 1 va 2. Diéu nay dong nghia véi viéc phuong phap
QuEChERS cho hiéu suit cao hon so v&i phuong phap sir dung cot SPE va cot SPE HLB.
Nguyén nhéan cé thé do tinh chon loc cuia cac cot chiét pha ran da rira mot s6 chat phan
tich c6 ai luc kém va luu gitt qua chat véi cac chit c6 ai luc manh. Céc chat phan tich co
tinh chat hoa Iy kha da dang: Rhodamine B, sudan black, para red, pararosanilin,... tan tot
trong methanol; sudan I, sudan II, sudan III, sudan IV tan tot trong aceton; crystal violet
tan tot trong nudc, din dén kho khan trong viéc xay dung quy trinh phan tich chung cho
céc chat. Cot Alumina-N phase tng dung t6t cho phan tich nhom cac chét tan trong dau,
do d6 hiéu suat thu hdi cua cic chat oil orange SS, sudan I, sudan II, sudan III, sudan IV
cao nhung voi cac chat con lai s& kém. Do d6, quy trinh xtr 1y mau duoc lva chon du kién
nhu sau:

- Can 2 g mau vao ong ly tim 50 mL.
- Thém 10 mL dung moi chiét, lic ngang 30 phut (khao sat loai dung méi chiét).
- Thém hdn hop mudi chiét. Lic vortex. Ly tam 6000 vong/phut (khao sat loai mudi
chiét).
- Lay 1 mL dich vao dng lam sach d-SPE. Lic vortex. Ly tim 12.000 vong/phut (khao sat
chat hap phu su dung trong budc d-SPE).
- Lay dich chiét phan tich trén LC-MS/MS.
3.1.3.2. Khdo sat dung méi chiét

Ba hé dung mdi sau dé khao sat, bao gdm: ACN : H,0 (8 : 2), ACN : acid acetic 1%,
MeOH : ACN (1 : 1). Mau sau khi can dugc thém chuan, dé ti lanh qua dém, sau d6 dugc chiét
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v6i1 03 hé dung mai trén. Ly tdm, loc dich qua mang loc mau 0,2 um va phan tich béng thiét bi
LC-MS/MS. Két qua phén tich duoc trinh bay & hinh 3.
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Hinh 3. Dé thu hoi cdc chdt phan tich cia cdc hé dung moi

Tu két qua thue nghiém cho thiy, dung méi chiét ACN : H,O (8 : 2) cho dich chiét trong
nhit. Két qua phan tich trén thiét bi cho tin hi¢u ctia cic chat phan tich khi s dung dung moi
chiét nay ciing 14 cao nha‘g. Viée st dung ACN dé lam dung moi chiét ciing réat tot khi nd vura co
kha nang hoa tan cac chat wa dau va cac chat uva nugc dong thoi giip loai bé6 mot phéan cac
protein va duong thuong co trong cac mau thuc phdm. Do d6, dung méi chiét ACN : H,O
(8 : 2) da dugc lya chon cho cac khao sat tiép theo.

3.1.3.3. Khdo sat mudi chiét
Hai hé mubi chiét da duoc khao sat bao gom:
- Hon hop mubi chiét 1: 4 g MgSO,, 1 g NaCl
- Hon hop mudi chiét 2 : 4 ¢ MgSOy, 1 g CH;COONa
Mau sau khi can va thém chuan, duogc chiét v6i 10 mL ACN : HZO (8 :2). Lac ngang 30

phut. Thém hon hop mudi chiét 1 va 2. Lac vortex. Ly tam, loc dich va phan tich trén thiét b
LC-MS/MS. Két qua dugc trinh bay ¢ hinh 4.
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x4 g MgS04, 1 g WaCl 95% 87% 86% 92% 85% 53% | 100% @ 84% 92% 90% 82% 84% 94% 88% 96% 80%
4gMgS04. 1 g CH3ICOONa | 96% | 93% | 93% | 97% | 94% | 92% | 92% | 93% & 95% | 93% 91%  86% | 95% | 97% 99%  89%
4 .g MgS04, 1 g NacCl 4 g MgS04, 1 g CH3COONa

Hinh 4. Dé thu hoi cdc chdt phan tich khi sir dung cdc mudi chiét khéac nhau

Két qua cho thiy viéc dung hdn “hop mudi MgSO, va CH3COONa cho két qua thu hoi
ctia chat rhodamine B, sudan black B t6t hon trong khi @6 thu hdi ctia cac chat khac ciing khong
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bi anh hudng dang ké, do d6 hdn hop mudi chiét nay duoc chon dé khao sat tiép theo.
3.1.3.4. Khao sat qua trinh lam sach dich chiét d-SPE
Qua trinh lam sach dich chiét béng d-SPE da duoc khao sat sir dung céac hon hop bot lam

sach sau:

- Mix 1: 0,12 g MgSOy, 0,1 g C18

- Mix 2: 0,12 g MgSQOy, 0,1 g PSA

- Mix 3: 0,12 g MgS0Oy, 0,1 g GCB

- Mix 4: 0,12 g MgSOy,, 0,05g PSA, 0,05 g C18

Két qua khao sat duoc trinh bay trong hinh 5.
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Hinh 5. Do thu hoi cac chdt phan tich khi swr dung cac bot lam sach khac nhau
Khi str dung GCB lam sach dich chiét, d thu hoi cua hau hét cac chat bi thap dang ke,
dac bi¢t 1a malachite green, sudan I, sudan 2, sudan 4, sudan red B, oil orange SS, sudan black
B va para red. Trong khi d6, viéc sir dung két hop PSA va C18 cho hi¢u suat cua cac chat cao
hon ca. PSA gitp loai bo dudng va cdc acid hitu co con lai trong mau. Viée str dung chat hap
phu C18 giir lai mot lugng nhé lipid tranh cho mau bi nhiém ban. Do d6, hdn hop 0,12 g MgSOy,
0,05 g PSA, 0,05 g C18 da duoc lya chon dé lam sach dich chiét.

Quy trinh xur ly mau tdi wu dugc Iya chon nhu sau: Céan chinh xac khoang 2 g mau da
dugc dong nhat vao ong ly tam 15 mL. Thém 10 mL ACN : H,O (8 : 2), lic vortex 1 phut, lic
ngang 30 phut. Thu iy dich sau ly tAm. Thém 4 g MgSO4, lg CH3COONa lic vortex 1 phut,
ly tam lanh 6000 vong/phit trong 5 phut. Lay 1 ml dich vao ong d-SPE c¢6 chira 0,12 MgSO4,
0,05g PSA va 0,05 g C18, lic vortex 1 phut, ly tim 12.000 vong/phut. Loc qua mang loc mau
¢ 0,2 pm roi khi tién hanh phan tich trén LC-MS/MS.

3.2. ThAm dinh phwong phap phén tich
3.2.1. Tinh dac hiéu

Tién hanh phéan tich mau trdng (mau thit bo kho da duoc xac 1a khong chira cac chit mau
nghién ctru), mau chuan va mau trang thém chuan hdn hop cac chat mau véi nong do 100 pg/ke.

Trén sac ky dd o hinh 6, mau trang khong c6 tin hiéu cac chat mau trong nghién ciru, mau
trang thém chuan co cac pic hoan toan phu hop vé thoi gian luu so vai cac pic tuong Gng trén
sac ky d6 mau chudn cac chat mau. C6 t6i thiéu 4 diém nhan dang, tvong duong véi 1 ion me
va 2 ion con, ngoai ra, ty 1& ion ctia mau thém chuan phu hop véi ty 18 ion trén sic ky d6 mau
chuan twong tmg théa man céc tiéu chi theo tiéu chuan EC 657/2002 cuia chau Au. Céc két qua
cho thay phuong phép dap tng yéu cau vé tinh dic hiéu, c6 thé xac dinh duoc sy c6 mit cac
chat mau tron trai phép trong mau thyc pham.
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3.2.2. Két qud tham dinh phwong phdp
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Counts vs. Acquisition Time (min)

Hinh 6. Scc dé mau trcfng, mau chuan, mau thém chudn Rhodamin B ciia thit bo kho

Tién hanh tham dinh phuong phap theo AOAC cac tiéu chi: Gidi han phat hién va gidi

han dinh lugng, dudng chuan, khoang tuyén tinh, d¢ dung. Két qua duoc thé hién ¢ bang 3.

Bing 3. Tong hop két qua tham dinh phwong phdp

rr| ot | SR ko | g | w | s
1. | Oil Orange SS 10 - 1000 50 150 80-92 2,5-15

2. | Rhodamin B 1,0 - 500 5,0 15 85-90 2,4-10,1
3. | Canthaxanthin 10 - 1000 50 150 84 -101 3,5-11,0
4. | Crystal violet 1,0 - 500 5,0 15 73 - 104 0,4-11,9
5. | Malachite green 10 - 1000 50 150 90 -103 32-12,2
6. | Leucomalachite green 10 - 1000 50 150 87-95 0,7-11

7. | Chrysoidin G 1,0 - 500 5,0 15 86 - 98 2,4-104
8. | Auramin O 1,0 - 500 5,0 15 83 -104 2,3-11,1
9. | Sudanl 10 - 1000 50 150 87-103 3,7-11,3
10. | Sudan II 10 - 1000 50 150 91-103 4,6-164
11. | Sudan IIT 10 - 1000 50 150 77 - 90 3,1-10,3
12. | Sudan IV 10 - 1000 50 150 82 -98 2,6-11,1
13. | Sudan Red B 10 - 1000 50 150 76 - 100 3,5-11,3
14. | Sudan Black B 10 - 1000 5,0 15 78 - 96 29-11,5
15. | Para Red 1,0 - 500 50 150 86 - 98 3,3-10,3
16. | Pararosanilin 1,0 - 500 5,0 15 97 - 98 6,3-10,8
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Theo két qua trén, khoang tuyén tinh ciia cac chat kha rong, dao dong trong khoang tir 1
- 500 pg/L d6i v6i rhodamin B, crystal violet, chrysoidin G, auramin O, para red, pararosanilin
va 10 - 1000 pg/L v&i cac pham mau con lai. Gidi han phat hién LOD tir 5,0 - 50 pg/kg, d6 thu
hoi tdt tir 73 - 104% nam trong khoang cho phép (70 - 110%), d6 1ap lai RSD < 16,4% dat yéu
theo yéu cau ciia AOAC vé danh gia tidu chi do lap (< 21%).
3.3. Ung dung phwong phap xac dinh cac chit mau trén trai phép trong thue phim

Ap dung quy trinh xir Iy mau va phan tich bang LC-MS/MS d3 duoc khao sat va thim
dinh dé phan tich sang loc mot s mau dugc 1y ngiu nhién trén thi trudng. Nhom nghién ctru
d3 4p dung phuong phap trén dé phén tich 30 mau thit bo khé, thit ga kho, twong 6t, 6t bot, chat
phu gia tao mau. Phat hién 02 mau gom 6t bot va 04 mau phy gia tao mau chira phim mau khong
trong danh muc cho phép ctia BO Y té rhodamin B véi mirc ham luong 1a 215 pg/kg, 6112 pg/kg,
1010 pg/kg, 480 ng/kg, 12,5 mg/kg, 150 mg/kg, sudan I véi ham lugng 420 pg/kg va auramin
O 1a 5 mg/kg.
4. KET LUAN

Quy trinh xac dinh 16 chat mau khong nam trong danh muc cho phép cua BO Y te quy
dinh bang phuong phap sdc ky 1ong khoi pho hai lan da dugc xay dung va thim dinh. Két qua
tham dinh cho thiy phuong phap c6 do dac hiu dat yeu cau, LOD du thap dé phat hién cac chat
mau tron 1an trong thuc pham do lap lai va d6 thu hoi dap ung yéu cau theo AOAC. Két qua
mg dung phuong phap dé xac dinh 16 chat mau trén cac nén mau thit bo kho, thit ga kho, tuong
Gt, 6t bot cho thay phuong phap da budce dau phat hién dong thoi cac chat mau tron trai phép
trong thuc pham.,
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Summary

SIMULTANEOUS DETERMINATION OF SIXTEEN ILLEGAL DYES IN FOODSTUFFS BY
LIQUID CHROMATOGRAPHY TANDEM MASS SPECTROMETRY

Vu Lan Phuong', Nguyen Thi Ha Binh? Doan Thu Huyen'
Le Thi Kim Van?, Tran Cao Son?, Le Thi Hong Hao?

! Hanoi University of Pharmacy
? National Institute for Food Control
3 National Institute of Medicinal Materials

A liquid chromatography tandem mass spectrometry method using positive electrospray
ionization source (ESI+), multiple reaction monitoring (MRM) mode has been developed and
validated to simultaneously determine 16 illegal dyes in different food groups. The method
was based on the extraction of analytes from samples using QUEChERS technique. After being
cleaned up d-SPE tube with mixture of MgSO,4, PSA and C18 sorbent, the extract was
analyzed by LC-MS/MS. Each illegal dye was characterized by a precursor ion and two
product ions. The method allows the screening of the simultaneous presence of 16 illegal
substances at the lowest concentration of 5 pg/kg for rhodamin B, crystal violet, chrysoidine
G, auramine O, sudan black B, pararosanilin and of 50 pg/kg for remaining substances. The
specificity of the method met 657/2002/EC requirements. The method was linear in the range
from 1 - 1000 pg/L and the method detection limit was from 5 - 50 pg/kg, the recovery ranged
from 73 - 104% and the relative standard deviations were lower than 16.4%. The method has
been applied to analyze 30 samples of dried beef, dry chicken, chutney, chili powder and food
coloring samples. Rhodamine B, sudan I and auramine O were detected in two chili powder
and 04 food coloring samples.

Keywords: LC-MS/MS, illegal dyes, foodstuffs, dried beef, dried chicken, food colour.
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