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Quantitative determination for 22 synthetic pigments in medical
gelatin capsule shells by liquid chromatography—MS/MS

ZHAO Hai-yun, LI Yu-jie, ZHANG Dong—-mei, YANG Na, LING Xiao ’

( Shandong Institute for Food and Drug Control, Jinan 250101 )

Abstract Objective: To establish a quantitative analysis method for 22 synthetic pigments by liquid chromatography—
tandem mass spectrometry. Method : The sample was soaked and extracted by 60 °C water . ethanol-water
(7:3) and acetonitrile. After extraction, the solution was absorbed by polyamide powder, then purified by solid phase
chromatography, desorbed by absolute alcohol—-water (3 :7 ) . absolute alcohol-2% ammonia solution—water(7:2: 1)
and acetonitrile until the polyamide powder became colorless. The collected solution was concentrated by rotary
evaporation, diluted by 50% acetonitrile and filtrated by 0. 22 pm filter membrane, then quantified by UPLC-MS/MS.

Results : The results showed that for the 10 limited synthetic pigments, the linearity range was 5-500 mg * L™';
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For the 12 forbidden synthetic pigments, the linearity range was 0. 002-12. 5 mg * L'; 22 synthetic pigments were

all extracted effectively. The spiked recoveries ranged from 72. 1%—-100. 3%, and the detection limits ranged from

0.5-284 wg L. In 146 batches of samples, 8 of 11 kinds of synthetic pigment permitted to be used as food additives

by GB 2760-2014 were detected. They are citric yellow, bright blue, carmine, erythrosine, amaranth, temptation

red, sunset yellow and quinoline yellow, respectively. Among these pigments, lemon yellow and light blue are used

much more frequently. Fast green, a forbidden pigment was found in 15 batches. Conclusion: The method is suitable

for quantitative determination for 22 synthetic pigments in medical gelatin capsule shells. Samples from different

manufacturers were tested by established methods and abuse of synthetic pigments was found. In view of the dangers of

synthetic pigment in pharmaceutical industry, we should pay more attention to the varieties . the limit . safety evaluation

and label management of these products.

Keyword: pharmaceutic excipient; synthetic pigments assay ; medical gelatin capsule shells; citric yellow; bright blue;

carmine; erythrosine ; amaranth ; temptation red ; sunset yellow; quinoline yellow; UPLC-MS/MS
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i, FREUKZE 1.0 g, B 50 mL B.04H, Jin 60 C
K10 mL, # 7 (500 W, 40 kHz ) 10 min, 3 000 r -
min”' B0 5 min, BT E 2R KNP, $% k)7 ik
I3 KL 60 CHKOEE - K (7:3) 52
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Tab.1 Gradient elution procedure

1] (time ) T A TEhH B

/min (mobile phase A ) /% (mobile phase B) /%
0 90 10
3 85 15

15 70 30

25 20 80

25.1 5 95

32 5 95

321 90 10

40 90 10

2.4 AL

T SGIBATEA R R A, B R AR R Y T
e il MRM A Sk, EE & R
AT ET (1 HEAERE T, | A ERET)
LR AR F s, 22 s il R FEAS A B S AR A L
2,

®2 MEMBRERERRFEEH

Tab.2 The basic information of 22 synthetic pigments and mass conditions

R ARRS 437 )
: . , o N N R
(e 53Tk (theoretical [ZER SN S-S FET ( eollisi CAS N
collision 0.
( name of pigments ) ( molecular formula )  relative molecular (ion mode ) ( parent ion) ( daughter ion )
. voltage ) /kV
weight )

Fr ¥ (tartrazine ) CisH1oN,0,S, 468.00 ESI” 467.00 198.10%* 19.0 1934-21-0
423.20

BTEL (new red ) CisHsN;04,S; 544.99 ESI” 271.65 172.0%* 16.0 220658-76-4
185.0

BE3E4T (amaranth ) CyoH 4N,0,0S; 537.98 ESI” 268.10 206.05* 19.0 915-67-3
228.10

JRASZL ( carmine ) CyH 4N,0,0S5; 537.98 ESI” 268.15 206.05* 14.0 2611-82-7
222.10

1T (allura red ) CsH gN,O5S, 452.03 ESI” 225.15 207.05* 16.0 25956-17-6
214.00

H 7% (sunset yellow ) C6H;,N,0,8, 408.01 ESIT 203.10 171.05% 30.0 2783-94-0
142.10

HREELT (erythrosine ) C,oH;L,O5 835.66 ESIT 834.65 662.70* 36.0 568-63-8
536.85
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F2(48)
BL SV E DO e -
i e . g e e A LT
BRAK iV (theoretical Bt B 1 FET Ceollisi CAS N
b 1S1 .
( name of pigments ) (‘molecular formula )  relative molecular (ion mode ) (parent ion) ( daughter ion ) corsion °
. voltage ) /kV
weight )
FRMELT 73 ( carmosine 73 ) C,H ;N Na,0,S, 556.48 ESI” 511.00 302.10* 24.0 5413-75-2
222.10
25 (brilliant blue ) C5;H36N, 0,84 748.16 ESI” 747.15 170.15% 55.0 3844-45-9
561.05
e (indigo ) CH oN,OgS, 421.99 ESI* 263.10 77.0% -15.0 860-22-0
235.10
MR EL ( quinoline yellow ) CysH, NOgS, 432.99 ESI” 352.10 288.20% 30.0 8004-92-0
244.20
X722 ( fast green ) C3;H36N,0,055 764.15 ESI* 765.20 306.05* -45.0 2353-45-9
473.95
FL4 74 (malachite green CasHasCIN, 364.92 EST* 329.20 313.15% -45.0 510-13-4
oxalate ) 208.10
4} O (auramine ) C;H,, N5 - HCI 303.84 ESI 268.15 147.05* -30.0 2465-27-2
122.05
4 1 (orange 11 ) C,¢H,;N,NaO,S 350.32 ESI” 327.10 171.15% 26.0 633-96-5
156.10
% FHH B (thodamine B ) CysHy, CIN, O, 479.01 ESI* 443.20 399.20* -45.0 81-88-9
413.20
Tl 2% ( methyl violet ) C,sH4,CIN, 407.98 ESI* 372.00 356.30* -38.0 548-62-9
340.10
LR ( patent blue ) C,;,H;,N,0,S, 560.17 ESI” 559.10 435.00%* 44.0 3536-49-0
479.25
FFHL T (sudanred 1) C,sH;,N,O 248.10 ESI 249.20 93.05* -30.0 842-07-9
156.05
IPHI I (sudanred 1) C,sH,N,O 276.13 ESI* 277.20 121.05* -35.0 3118-97-6
156.00
JPFHEL ( Sudan red T ) CpoHi6N,O 352.13 ESI* 353.25 77.05% -27.0 85-86-9
156.05
IPHIV (sudan red IV ) C,,H,,N,O 380.16 ESI* 381.25 106.10* -34.0 85-83-6
225.15
* SE T ( quantitative ion )
2.5 RFHESIAMROAE ETE RS MRM (K] U Ak W WA SRy % R A YT A S T DL IR

PR B 2 € 3R (8 A A 22 5 R, MO AMRK MRM (3 (&1 L] 2.
W FEROR: , BEAMEH A M EEE o LA 254 nm
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Fig.1 The chromatogram of standard solution

A/mAU

1
20 21

27
1.5 9

19
112 3

-1 Lo

5 10 15 20 25 30 ¢/min
A/mAU

17 18

0.75 15

0.5

0.25 4

16 I\
14 N

14 15 16 17 18 19 t/min

0

11

(11 min~20 min JayEBHCRE )

L. F7 B B (tartrazine ) 2. 82T (new red ) 3. W32 41 (amaranth ) 4. AR 2T (carmine ) 5. H 7% 5 (sunset yellow ) 6. 54T (allura red ) 7. %
7243 (fast green ) 8. Z2 5 (brilliant blue ) 9: HEMKEE ( quinoline yellow ) 10. BRIELL ( carmosine 73)73 11, 4xH% O (auramine ) 12. &4 T (orange 11 )
13. LA (patent blue ) 14 #E# (indigo)  15. LA 114% ( malachite green oxalate ) 16, ZJRHEZL (erythrosine ) 17. B'FF] B (rhodamine B) 18. Bl
P2 (methyl violet ) 19. 57HL T (sudanred 1) 20. FHSFE N (sudanred 1) 21 F5PHE M (sudan red M) 22, LIV (sudan red IV )

B2 XRABEK MRM &iEE

Fig.2 The MRM spectrogram of standard solution
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2.6 DRI FHALS

Oh sk B 08 B G R, SO0 0 A 4 AR D AEC, R A
YE SRR 0 42 AR RE 5 2 DR R 0 B s U
TEAA MO RE AL E . BT K 0.22 pm
A HLUE B 5 waters Acrodisc syringe 0.22 pm Y& 5 [
W B R0 E, 2 MBS DR EE LT M 5 )
[~ IV 45 8, R J4 A A W) 72 B2 W BT, /B waters Acrodisc
syringe 0.22 pm 1§ B 9] @ A6 T HE % 0.22 pm A L
JE B, SR H waters Acrodisc syringe 0.22 pm J§ 5,
Bk R BE 21 [ 0% 92.1%, B PE 58 IR F T ~ IV
N T1%~85%, H: © % & M@ R 1Y [n] Yl 5 2 18

95%~101% ZJA],
27 JFIRAAEEE R KBRS e R

BT — XoF FR A V5 VR B2 R 6 Uk, 22 (R I
TR AR X AR A 22 4 0.1%~4.8% , BN IR ik 45
W, 1 50% 19 £ N i B B i L 10%~200% 114 A
VIR, 35 R AT, DA R N UG T AR A
I e FE R T St I A 2 B R et G R R
U O HR SHIAW, IN 50% ) 5 2 A 7 B 2206 H
WRE  ARYE HO TR A E M L, DL 3455 10 f5 5L
(S/N ) XF I e B, T3k th PR 5 0 BB, 0 e 445 SR 1
W3k 3,

K3 BAHRBRFEE.LMSHHR

Tab.3 The precision, linerity and detection limit of synthetic pigments

) . FE R
ik R EIEEY S 6 HBR (limit
BRAR ey (limit of
?%f/ (‘precision ), ~ (linearity range )/ . 2 ji*i ( regression of detection )/ 1.m1 .O
( name of pigments ) o (linear equation ) o 5 » quantitation )/
RSD/% (mg-L7") coefficient ) R (pg-L) »
(pg L)
FrEE# (tartrazine ) 15 10~155 Y=540.7X-4.054 x 10° 0.996 43.0 142.0
BT (new red ) 3.6 1~25 Y=2.557 x 10°X+1.235 x 10* 0.993 92.3 304.0
B8 3241 (amaranth ) 4.8 5.0~101 Y=5.501 x 10°X+1.633 x 10’ 0.997 96.0 288.0
BRBRLL ( carmine ) 4.6 2.5~492 ¥=3.214 x 10°X+1.163 x 10" 0.997 62.3 206.0
H 7% % (sunset yellow ) 0.5 20~384 Y=2.149 x 10°X+1.150 x 10 0.997 46.2 152.0
I EE ( quinoline yellow ) 0.2 1.0~2.0 Y=1.036 x 10°X-484.2 0.999 17.7 58.1
Z21% (brilliant blue ) 0.2 1.0~153 Y=1.268 x 10"X+1.650 x 10" 0.996 20.1 60.0
BE1E (ilndigo ) 0.4 0.4~11.94 ¥=1.631 x 10'X-6.386 x 10 0.990 28.4 63.8
R4 73 ( carmosine 73 ) 0.2 1.0~199 Y=7.365 x 10*°X-5.050 x 10’ 0.999 3.7 12.2
%41 (allura red ) 0.4 2.5~49 ¥=3.303 x 10°X+1.626 x 10" 0.991 33.9 112.0
JREELL (erythrosine ) 0.1 2.5~500 Y=2.227 x 10°X-3.397 x 10’ 0.998 23.7 78.4
4T (orange 1) 0.2 0.1~1 Y=1.723 x 10'X-309.1 0.999 6.2 18.2
4xH% O (auramine ) 0.1 0.002~0.069 Y=2.738 x 10'X-1.101 x 10* 0.999 0.2 0.5
L F) ¥ ( patent blue ) 0.1 0.5~12.5 Y=6.177 x 10*X+6.453 x 10’ 0.996 45 14.8
IR 7AZL5 ( fast green ) 0.2 0.049~0.778 ¥=4.265 x 10'’X-553.9 0.998 9.6 31.7
FL4E A1 4% (malachite green 0.1 0.002~0.08 ¥=4.716 x 10°X+1.599 x 10’ 0.998 1.0 3.0
oxalate )

%P+ B ( thodamine B ) 0.1 0.002~0.08 Y=5.355x 10'X+1.163 x 10’ 0.999 0.5 15
AL ZE ( methyl violet ) 0.2 0.02~0.816 ¥=1.017 x 10'X-2.462 x 10 0.997 0.5 15
PP 1 (sudanred 1) 0.2 0.004~0.07 Y=2.553 x 107X+1.858 x 10° 0.999 1.4 4.6
HFHL (sudanred ) 0.2 0.004~0.07 Y=4.712 x 10'X+5.428 x 10’ 0.999 1.2 3.8
IPH I (sudan red 1) 0.1 0.004~0.07 ¥=6.994 x 10°+5.087 x 10° 1.000 12 3.8
LN (sudan red IV ) 0.1 0.004~0.07 ¥=3.266 x 10°X+2.270 x 10’ 0.999 1.4 49

hhiHE i
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2.8 JrikRIMERR R

2.8.1 HRBUAR SEIET A I UE  FRBCRMAE
R MIBHREEE 1.0 g, B 50 mL B.UDEH, INAFRUE
A VS 1 mL, 430 5 SRR ORU T (43 S A4 H
60 CIK .60 CIAKLEE-K(T:3)H5LNEAS.
10,15 mL ARIRBREL 3 ¥k ) B L[] (RS 5.
10,15 min ) SERBE R (£ 5,10, 15 mL ), BET7
DERIGHOR . S48 FEMOR / R R &k
5 mL B, SR/ M WO 58 4 A o B R ASHE 5E
S PR P2 IO /A WO B R FH AR 10 mL B, £
EX O AT RN N
s $E U A R oA 15 mL B, (8 38 4R B 5E 4
VR R R R, S BUR S22 T il B ) 4 5 B
A (i) 3k Jt, A7 0 0 €0 R LR 7 B0 A5G, AN g
56 ARG HR 10 min 575 15 min, $2BOSCR Y
ACPRAR, MR 2R Al S SR IO TR R R A
Kb 1.0 g, B 50 mL & 08 L, 60 °C K 10 mL,
# (500 W, 40 kHZ ) 10 min, 3 000 r* min™" 25

O 5 min, B WEWRCEZ LN, 4% FiRrikER
FEH3W, FHLL60 CTHAKLBE-K(7:3) 52
] B B, K BRI O Alifh, B 2Rk
L, &KV B 28k 238 T, 1 . BCA PLAE $2
B A B, B 60 CKB EZEZR T, INA
2 o RWERHT 1 ZR S8 W BT R SR BERRy L [EIAHAS
BUNE, 0 BILL 1 - 7K (30270 ) TGk L —2% 2
K=K (T:2:1) CHNE R A 10 mL, H A FEHL
3K, MRUR BRI, Ve 22 SRk e A G €8 5 WA A WA, T
A, A IEARIRBU, N 50% ZBEERZE 10 mlL &
R, 28 0.22 pum JERELEE  SERE AT S

282 Jrik[mNLE FRECR AT €5 2R 132 I e 3%
1.0 g, B 50 mL B0 48 Hr, 43 5 A BR S 0.8
15 12 mL, #% 8 R Oy ghafb A7 b 3L, Rk B
17 3 B b D Jnps B M RSD. BRI P T ~ IV
LR TE 72.1%~75.2% b, Hofh 4% €6 R s B %
1E 75.9%~100.3%, RSD TE 1.4%~5.3%, M 5& 45 F 3 W
<4,

R4 2MHEMBRMIREKEK RSD
Tab.4 The recoveries and RSD of 22 synthetic pigments

X HE v

80% 100% 120%

BERAR

('name of pigments )

(' standard

concentration )

Ilies

RSD [T RSD [T RSD

/(mg17) (recovery ) /% 1% (recovery ) /% 1% (recovery ) /% 1%
FrigEH (tartrazine ) 50 84.4 45 83.2 3.9 85.1 4.1
SBLL (new red ) 10 79.2 5.0 79.7 45 825 43
BT ((amaranth ) 50 76.3 52 78.4 5.1 75.9 4.7
JHBSLL ( carmine ) 25 77.1 5.0 78.8 4.6 79.7 4.1
H 7% % ( sunset yellow ) 25 89.3 3.4 89.9 32 90.8 2.7
K E ( quinoline yellow ) 5 94.8 2.7 93.3 2.1 94.2 23
ZE#% (Dbrilliant blue ) 10 88.3 29 89.7 1.9 90.9 22
HE W (indigo ) 10 78.0 5.2 78.9 4.8 79.5 4.1
FRPELT 73 ( carmosine 73 ) 10 91.2 26 92.7 23 94.3 2.6
VEERZT (allura red ) 25 94.3 3.0 95.6 2.4 96.7 2.9
FRBEELL (erythrosine ) 25 84.2 4.4 86.5 4.8 84.1 5.3
&A% 11 (orange 11 ) 5 99.2 1.4 96.7 2.1 97.5 2.9
4:1H¢ O (auramine ) 0.25 97.2 2.0 96.1 32 95.6 2.6
LHE (patent blue ) 25 90.2 2.6 94.2 25 93.1 2.7
2725 (fast green ) 2.5 88.5 35 89.3 29 92.0 3.4
FLAE A7 4% ( malachite green oxalate ) 0.25 94.6 2.0 99.8 3.7 97.5 2.9
%P+ B ( thodamine B ) 0.25 96.7 3.0 100.3 32 97.5 2.9
P22 ( methyl violet ) 2.5 80.9 5.1 79.7 4.1 84.0 47
HFHL T (sudanred 1) 0.5 72.1 43 743 4.6 75.0 43
TP (sudan red 1) 0.5 73.6 45 75.1 3.4 74.9 5.0
SFHIN (sudan red 1) 0.5 73.1 3.9 74.8 4.8 75.2 42
HFHIN (sudan red IV ) 0.5 72.9 4.0 73.9 43 74.6 43

AR S
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2.9 FESINELE SR

i A ST B 5 T R G Y 146 LR B 25 0
AT RS O RLE W R A Rk
ROt AE R ARG
BFE (g kg )=Cx VIW

Hrp C: M BRSO RIE V. s

ﬁ?ﬁﬁi Va 1 litnnﬁ(ﬁéi
210  ZERSHY

GB 2760-2014 #L & FLV/FAE 4 £l s fin 57 45
() 11 Ff 5 B (e R, SRR 8 i, 49 il by v A
WHRGLL IREF LT 8 SRLT SRR | H Y58 bk

R5 M6 HAHERE

,—;II/‘
IR 111 AR

By, Hor Ay AGE B 5 e T T SR A s AR B A Rl
OFE 15 HERER SR IR A g, O R L A
W HAR LT REELT | H Y& GB 2760-2014 FLaE fuis
1@79%\%%‘11[1 FME RN 0.5 g- kg5 T3RLT .

A AV R 0.3 ¢ - kg™, ZHEI ™=
hﬁiﬂs@%ﬁﬂﬁﬁﬁﬂ%ﬁﬁﬁo e R Py ]
HH B PR EE AR 5 R B4 O, (RUAR B 4% €5 2 19 ADI
5 HAER, EwEHBRERN Y, ML 2 X
Bo RGBS A MR, 15 ARSI ETE
0.000 4~0.029 g - kg Z[H], PRULFE 5, % 1 Jo i &1 L
i3,

MEeRERRMERRER

Tab.5 The analysis result of the addition of synthetic pigments in 146 batches of samples

GB 2760-2014 7N

Kzt (BUEEES IINEE L (additive
R N . e acae (‘additive amount permitted by ADI/
. ( detectable ( using frequency ) amount range )/ o
( name of pigments ) B GB 2760-2014 )/ (mg-kg™)
batch ) 1% (g-keg) o
(g-keg™)
Frig 8 (tartrazine ) 74 51 0.028~1.554 0.05~0.5 0~7.5
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