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Establishment of Inspection Method for Ten Illegal Dyes in the Dyed Aquilariae Lignum Resinatum
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(1. Nantong Food and Drug Control Center,Nantong ., Jiangsu,China 226006; 2. Nantong Sanyue Prepared Slices of Chinese Crude Drugs Co. .Lid.
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Abstract: Objective To establish a method for the inspection of illegal dyes (orange G,orange I, methyl orange, methyl yellow,
basic orange 21, auramine O, brilliant yellow, lemon yellow, sunset yellow and metanil yellow) in the dyed Aquilariae Lignum
Resinatum. Methods Thin — layer chromatography (TLC) method was used to screen the above 10 illegal dyes in 46 batches of
samples. Ultra — high performance liquid chromatography — diode array detector (UPLC — DAD) method was used for verification,
and the chromatographic column was Waters Acquity UPLC® BEH C column (100 mm X 2.1 mm, 1.7 pm),the mobile phase was
methanol — 0.2 mol / . ammonium acetate solution (gradient elution),and the detection wavelength was 420 nm. High — performance
liquid chromatography tandem mass spectrometry (HPLC — MS/ MS) was used to confirm. Electrospray ion (ESI) was adopted as
the ion source with positive and negative ion scanning mode. Results Five batches of suspected lemon yellow and sunset yellow
samples were screened. The retention time and the UV spectra of the tested components in the test solution were consistent with
those of the reference solution. The characteristics of related material ion peaks and fragments of the the test solution were
consistent with those of two kinds of reference solution. Conclusion The established method can be used for the inspection of

these ten illegal dyes in the dyed Aquilariae Lignum Resinatum.
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DU AGE B G R 44 51 2581, i 2 R s )
Fokk At A OB, TR SR AR, B IR R K, 3
N7 U 29 B A% TG Bk, BT AL, AB L LAY
UG A ™ o U 10 N Ry SRR R 5 B AR
TR AL, LAFEAEAE AN B IR A 5 5 5 A0 A g 19 1
AT LB VR IR 1 WDk AR A 00, Bt s 1 1% S
63 IZRIG s/ D1 AR kA HE R R &
B, B3 UCA 20 FE S T 5 A A% i LU €50 2, P
BEAFAENS 2 ik Tl e s e fo 5 B s ais A
PR R A L2 -7 ok b, A BF 5T v R )2 3
(TLC)¥: JH S SORA (% — — B RS A % (UPLC -
DAD) AR A, JFJ T U 250 10 Rk 4L 5]
for s 5 VA BIBIESE , R i RO (5 ER B B3 (HPLC -
MS / MS) LXK A HEA TR AL 8 -9 IR E LN T .

1 UFE5KH

1.1 {4z8

H - Class 78 55 2500 A €035 13 ( € [F Waters 2
7)) ; Thermo LCQ Fleet I T %4 (2 [E Thermo Fisher 2
AL BT BEREAL) ; CPA225D J T4 i K AF (FE L]
iRk AR <k > ARAR L KE R T2 —);
KQ - 500DB AVE I e (R I A AR A TR A F]D .
1.2 X%

B G XTI (BTRL Tl < g > A BR A A it
5 C1608071) ; 16 ¥ 1 XJ & i (k5 RH100041) , H
FEAE X R S (45 4 €00001424 ) , 280 R 5 (4L 5 A
€00001408) , #40 { % B <At 50> A FR S | 5 LB
X B i (454 J6180005 ) |, Bl 4 45 21 X B & (It 5K
2168K050) , 42 8} Bt 5 (L5 B0410005) , ¥4 H I
T 42 7% Bl 22 A A8 A BR 2 A 5 4 B O X BB 5 (Jit 5 2R
111770 - 201603) , #7458 X B i (4t %5 4 510004 -
201401, &1 91. 0%) , H #& 855 B (41524 510005 -
201602, 75 i 86. 9%) , UL A X MR 25 44 (L5 Ry 121222 -
201203) , 10 F v [ i 24 ke 9T B s I G 2
M (P2 Merck 28 7)) s UUEFE fh AL 464tk , o H 5 il ok
WMWK 5 NG R g al, Al 4 8 44 g, K
AR ERFEEWE L,

2 HEEHER
2.1 TLC k.35

YT UM RE S R 2 o KB B FRE , B HEHIE
L, A 70% <020 mL, A (T 500 W, 4 3%
40 kHz, T[] Ab B 20 min, B, 504, B8, HUEEDE I,
RVASH AL 3t VA VA 1 T 10 o 62 2R ) IR 453 &, N 70%
ORI A 1 mLA&A 25 0. 1 mg RS X EEW T .
HUG BE 25 81, I 70% £ 1% 20 mL, #7540 P 20 min, B
O UL B R, RIVASBF AT R VT R
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Tab.1 The information of illegal dyes
&x fog X, asFRE CASF

#EG C,H,,N,Na,0.S, 452.37 1936 -15-38
iox 3l C,H,,N,Na0,S 350. 32 523 -44-4
AR ¢, H,,N;Na0,S 327.32 547 -58 -0
FRE C,H, N, 225.30 60-11-7
AR 21 C,,H,,CIN, 350. 88 3056 - 93 - 7
Z 40 C,,H, N;-HCl 303. 83 2465-27-2
¥ CH (N, Na,0,S, 624. 55 3051-11-4
AR E C,H,,N,0,5,+3Na 534.36 1934-21-0
B % C,H,N,0.8,+2Na 451.97 2783-94-0
2% C,sH,,N,NaO,S 375.38 587-98 -4

W B F 3R 3 R4S 10 pL, 4390 5 T R — RIS G )2
M b LA e - BB - AFR TR - JK(6:2:4:
0.5, V/VIVIV)RH—KEIF,IETE - N - 2R
W - K - &K (6:6:2:2:0.5,V/VIVIVIV)H K
JETER, Tt B i, HOE MR GREE 12 ¢, A
MR 45%) 101 A6 AL A TR G D, AT S AL EE
K H RIS R P B BEOE T4E  TE LR 1,

123 45 6 7 8 91011
LoReREER D 2. MER&EEZ 3 - 11 KSR
(7 - 118 B %k Avdi)

E1 #EReEE

1. Mixed reference solution I 2. Negative reference solution

3 — 11. Test solution (sunset yellow and lemon yellow are suspected in
Test solution 7 - 11)

Fig.1 TLC chromatograms

RGN R < 5 HC 10 A 68,22 %8 Bt &3 6, T 70%
SRR 1 mL AP 29750. 01 mg BTRA XS BRI .
(] a0, LA TR BT T S 0 198 Jo o VA A S A D B . 45
RAE BTG R 1 e T GRS 21 i 0 e
BB H YR B2 Y e I FR 43 0 oy 0. 013,
0.016, 0.010, 0.011, 0.010, 0.010, 0.010, 0.010,
0.009,0.011 mg/ g
2.2 UPLC - DAD ZIHE
2.2.1 @BEEH

A% FE . Waters Acquity UPLC®BEH C x££ (100 mm x
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2.1mm, 1.7 pm) ; G AH: HEE(A) = 0.2 mol / L &R
VST (B) B BE VYRR (0 ~ 2 min B 10%A—17%A ,2 ~
3 min B} 17%A—20%A , 3 ~ 6 min Bf 20%A—40%A , 6 ~
16 min I 40%A—45%A , 16 ~ 20 min I} 45%A—46%A ,
20 ~ 22 min i} 46%A—70%A , 22 ~ 23 min i} 70%A—
100%A) ;i34 :0. 2 mL/ mins Kzl K :420 nm; L35 Co
2.2.2 BERHEE

eI 10 68,3 X0) RS 45 3 oL I 70% B AR
1 mL 42555 0. 04 mg YIRS X IR .
2.2.3 FERFEER

F e HPE S L R - BUR A 0 IS s
2. VIO GEARL & G (500 (9 A3 S T U L 2. 1 300 B X

AU o 108U 474.9
0.032 "| 13.975 :
0.024 || 0.075 \‘
0.016 [\ 0.050 2‘” 2 /
0. 008 | \ 0.025 / \
0 T [/ min — A /nm
12,0 12.8 13.6 14.4 152 16.0 240 320 400 480
a b
A
AU AU 459. 1
0.048 17. 602 0.060{ \
0.036 || | 0.045 / \
1 )\
0.024 0.0301 )75 ¢ / \\
0.012 | 0.025 _/\/
0 ' . N
e v el 2t/ min 01 ===\ /nm
15 16 17 20 240 320 400 480 560
a b
AU AU 409. 4
0.32 26. 001 0.32 /\
0.24 0.24
0.16 0. 161 256. s \
0.08 0. le’/ \
01 e /mm 0| —A/nm
240 320 400
b
E
AU AU
20 006 0.004 8 428.8
0.012 0.0024249.4 366. 0
0.009 511.4  616.6

438.5

0. 006 15 193 ‘ 0. 014 £
0. 003 \ 372.0
0. 007 250 6 \/\
o) -/ / min 316" 524.8_616.6,

120 14.4 16.8 19.2 21.6 24.0 320 400 480 560
a b
G
AU AU 490.7
0.015 0.024 \
0.010 0.018 /|
0.005 22,744 0.012 Il,
0F—— 0.006{ 283.9 \
ooosl Nt O \s78.6628.9
16.8 21.6 26.4 31.2 36.0 240 320 400 480 560
a b
1

RE VS MR A5 18 i, FR BT (A5 S R A I | e s i
P 25 S B AR e A A5 B AR T 3 000112140 ]
PEXT BB 7E 510 (0 28 X6 BE A A [R] 4% B Asf 1) Ak 6 3
W, AL T8 P R AF . 16 230 ~ 630 nm I KT [ AY 48
Hb — AT WSO, IE R AT I Al B R A, 25 AL Al Y
FFA SR P UL IR 2 (R R e T B, AT Bt R ) o

R BIR % 5% - U & % IR v v I, 3% LU B, OF
F2. 2. 10T IS5 SEED E , LUME MR LR 30 TIFAY
o VA R R N PR & SRR G R L LA
BOBMERE 21 2O S P H TS B R A
I BR 43 5114 0. 39, 0. 32,0. 31,0.22,0.31,0. 50, 0. 29,
0.39,0.35,0.34 pg/ g

a. BHHRAMEZE b I - TR ER

A BET B Av#Eh C TAE

D. B%% E ¥A%Z F %% G £2K0 H BEG

AU AU 427.6
257.8 .
0,180 1.228 0.20 £2
0.135 010 590.9
0
0. 090 430.
0. 090 0.20 257.8 30.0
0. 045 2.111 o1 /
L ) ’ 590.9
[ ==t = e e R 0 A/ nm
0 2 4 6 8 10 240 320 400 480 560
a b
B
AU AU
0.056 7.233
0. 18012352
0.042 0.135 || 483. 4
. 02
0.028 0.0901 % 313 g
0.014 0. 045 N
0 t/ min 0 ===\ /om
5 6 7 8 9 10 240 320 400 480 560
a b
D
AU 405 8
0.056 15,585 0. 060
0. 042 0. 045
0.028 0.0301253.0
0.014 J\ 0.015 \
628.9
0 et | min -——)‘/nm
10 12 14 16 18 20 240 400
a
F
AU 7.501 AU_248. 3
0.036 0. 1401 /! 49,8
0.027 0.105] l' X
04018 oA 070‘I ll' 3305 ,f/ \
. . 1
! L /\ y
0. 009 0.035 \_ =
O/ min ol |
2.4 40 56 7.2 88 240 320 400 480 560
a b
H
AU 24.675 AU 420.3
0. 100 0. 100 \
0.075
0.075{ 170 g \
0.050 0. 050 \
0.025 0.025 /
01 b 628.9
BAlitiisii Lo soar s L ¢/ min 0 = /nm
20 22 24 26 28 30 240 320 400 480 560
a b
J
L #Es2] ] 2%

2 BRIMREEE - ZWEFEIRNEEL

a. HPLC — DAD chromatograms

A. Orange I B.Lemon yellow C. Methyl orange

H. Orange G

D. Sunset yellow

I. Basic orange 21

b. UV spectrograms
E. Methyl yellow F. Brilliant yellow G. Auramine O

J. Metanil yellow

Fig.2 UPLC - DAD chromatograms
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2.2.4 BRI

WUIR A %o B S i T T, 46 IR S i) ALt v v K
2. VIR B T At V8 W, Fe AL T 0 03 5 1 R R 2
gE LA A6 HLRE S A S HEBE AR H Fr g R H 9%
H SRR B 1 240 — AT LA 6iE # 58 4 — 2
2.3 HPLC - MS/MS %k
2.3.1 RBAH

s S A 2. 20 1300 B3 25 1 B IR R
350 °C, BN EE M 350 °C, P HLE A 4 000 V, 8550
K 35 arb, HBIS AL N 10 arb, B 115 8 HLE 55 5 1
U s RO I 8 T, R B T — RS e A
TSRS A, IS m /2 50 ~ 60013 - 15)
FREWE?2,

2 REBEFEE

Tab.2 The information of mass spectrum ion

et BT FXN HBT TET siEwEeV)
#EG nBT 407 302 30
Gion | 0BT 327 171,247 30
WA EHT 306 121,357 35
Wk EBT 226 120,148 35
AR 21 iEHF 315 300 30
20 i 269 147 35
B BT 579 301 35
AP nBF 407 77,121 30
B %% = 407 327 30
2% = 352 156,260 30

2.3.2 F&EAN
BT %) B A T T, 46 AR 5 B Bt v v R
2. LTG0 B X R V0, 42 2. 3. 1 300 6 S R R R
D7 o FESE U I S s b, SAvies  H g i
XoF HEL it A 7 €7 7 0 5 A ) ) BT T AR AR L 45 SR R L 46 4t
FEA R SHERE AP R B Y58
3 Tt
2 JH 8 v A e O S 1) 4D RS 36 U vk (LA 4
57 2007007 ) £1 Ak H 22 F 68 3R A A 1) R b 0 A 59 7 1
(HEAELESR5 M 2013006,2014016) , JH 70% 2T 2544
FE AT BRI, 7 ik T LA
s R TR R, S e - HEE -
LR OTE - EK(6:2:4:0.5,V/V/IV/IV)FIE TR - N
il — 2B L1 - 7K - B/K(6:6:2:2:0.5,V/VIVIVIV)
AT, ZFh A
hiEEH EN = € N
ERERAIAEREERT i w7
il 48— B I,
SR U s
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YR T, FT 45 38 2 €0 33 B0 07 Y75 AT , 0 5 B A o X ViR

TR XoF Wk B2 45 52 i PR 3R R AT 1 5 4%, 495 SR B RRR X6

T B XT3 25 0 1 S 0 45 SR TG B W s
ABEFE 46 HETTH 27 FE 5L A S HEA A7 A5 2 N

H 7% 8 YR T U0 Gy 6 L™ 8, A R b i o

I H T 80X 2 Fh e (550 1 oK WA IE o WG 27 348 G g £

FR R R BRI SRR A S5 ) B 4 5 T, 7E— s SRR

AT AR A 20 Z R AT BUR R Y FRE Y T, &%

SO R AR S T 5 B0 A8 G R A SO g A5 1o
g5 LTIk ARG b T S T UL

X 10 Fh RV Gy A0 ARG A

5% 3 Hk
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