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2.2
46
pK, - - 4% o
(1) 2.0¢ 5 mL 15 mL 20 min 8000 r/min
> 1 (2) - (1:
1 v/ 10 mL ( GPQ) 1 mL
0.45 pm . (3) 20 mL 10 min 8000 r/min 25 mL
- SmL  0.45 pm i (4)
15 mL 1% 10 min 8000 r/min -
1~2 mL SmL  0.45 pm o
2.3 GPC
GPC S19 (400 mmx 25 mm) o : Bio-Beads S—X3 200 ~400 ;
- (1:1 V/V), :5 mL/min; :5 mL; 124 ~36 mino
3
3.1
4
3.2
4 - -
o 1.
B 1
B o 1 10 mL
15 mL; 5 mL 90%
5 mlL; B 1%( 2).
100p 100
80
5 -
E E 40
204
5 0 15 20 25 0= 0 15 20 25
Volume of n-hexane (mL) Volume of 1% ammonia water-methaol (mL)
1 1 2 1% - B
Fig. 1 Recoveries of sudan red 1 adding different volumes ~ Fig. 2 Recoveries of Rhodamine B Chloride adding
of n-hexane different volumes of 1% ammonia water-methanol
3.3

10 ~ 16 min
26 ~34 min o 24 ~36 min.
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Fig.3 UV chromatogram of GPC
GPC process

inset is the chromatogram of fractions between 24 min and 36 min in

1. Sudan orange G; 2. Sudan Yellow; 3. Sudan red G; 4. Sudan [; 5. Sudan II; 6. Sudan I; 7. Sudan red 7B;

8. Sudan [V.

| FRH 2.0 g #F5h Weigh 2.0 g sample |

!

[IJH?\ 5mL 7K Add 5 meater|

v

| A 15 mL E 2 Add 15 mL n-hexane |

'

fie % A2, 8000 r/min BLx 10 min
Shake and centrifuge at 8000 rpm for 10 min

'

v

b2 aE LI (15 mL)

Upper p-hexane layer (15 mL)

[ ARG (5 mL)

Lower water layer (5 mL)

'

'

Residue

4

WA G 2,08 20 / M Ot
(L1, V) SEFE%E 10 mL
Concentrate and definite to 10 mL with
ethyl acetate/Cyclohexane (1:1, /1)

v

e (O
Clean by gel permeation
chromatography

WA LNEEFEE 1 mL
Concentrate and definite to
1 mL with Acetonitrile

v

it 0.45 pm PR
Filter through a
0.45 um syringe filter

v

HPLC 4387
Analyze by HPLC

1
Scheme 1

A 20 mL ZJ5§
Add 20 mL Acetonitrile

A 15 mL YRR - SRETHE (2%)
Add 15 mL methanol with
2% ammonia water

!

3% , 8000 r/min E50r 10 min
Shake and centrifuge at
8000 r/min for 10 min

% , 8000 r/min 4 10 min
Shake and centrifuge at
8000 r/min for 10 min

. (25 mL)
pernatant

G TP RESE S A S mL
Concentrate and definite to
5 mL with methanol

Heti J R A A S mlL
Concentrate and definite to
5 mL with methanol

.

i 045 um R
Filter through a
0.45 um syringe filter

'

HPLC 447
Analyze by HPLC

.

i 0.45 pm §EE
Filter through a
0.45 um syringe filter

HPLC 434y
Analyze by HPLC

System of extraction and cleaning of synthetic pigments in cheese samples
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3.4
46
4 8 ; 18
: 12
4 8 o
DAD o
20 mmol /L (pH=4.5) .
410 507 nm; 410 507
625 nm 420 520 580 610 nm; 410 490 510 614 nm.,
1~ 4 4 46
o 4 ( 4~ 7
1~ 4 ).
1
Table 1 Parameters of LC chromatogram of the 1™ group synthetic pigments and gradient conditions
Gradient conditions
. A ma Cas A B
Retent
No. Analyte tim(; ?nnll(l):) nm) Cas. No. Time Acetonitrile A Water B Flow rate
( min) (%) (%) ( mL/min)
1 G Sudan orange G 2.000 378 842079 0.00 70 30.0 0. 800
2 Sudan Yellow 4.175 412 60417 5.00 70.0 30.0 0. 800
3 G Sudan red G 5.009 498 1229-55-6 6.00 100.0 0.0 0.800
4 1 Sudan red [ 5.382 478 842079 15.00 100.0 0.0 0.800
5 2 Sudan red I 8.265 494 3118976
6 3 Sudan red III 8.898 502 85869
7 7B Sudan red 7B 9.538 534 6368725
8 4 Sudan red IV 9.780 514 85836
2
Table 2 Parameters of LC chromatogram of the 2" group synthetic pigments and gradient conditions
Gradient conditions
. ) Cas A 20 mmol/L
§ Retention " . B
No. Analyte : : nm) Cas. No. Time Methanol A . Flow rate
time ( min) ( min) (%) Ammonium ( mL/min)
mn ¢ acetate B ( %) mbfmn
1 Tartrazine 1.914 428 1934210 0.00 10.0 90.0 0.500
2 Amaranth 6.192 525 915673 2.00 10.0 90.0 0.500
3 Ponceau 4R 7.002 507 2611827 2.10 30.0 70.0 0.500
4 Sunset Yellow FCF 8.187 483 2783940 10.00 30.0 70.0 0.500
5 1 Acid Red 1 11.665 534 3734-67-6 12.00 40.0 60.0 0.500
6 17 Aicd Yellow 17 12.069 410 6359984 25.00 80.0 20.0 0.500
7 Allura Red AC 12.519 508 25956176 30.00 80.0 20.0 0.500
8 Wool Green S 15.777 635 3087469
9 13 Acid Red 13 17.393 510 6039-95-8
10 2R Ponceau 2R 18.453 508 3761533
11 SX Ponceau SX 18.719 504 4548532
12 Azorubine 19.431 520 3567699
13 3R Ponceau 3R 20.103 512 356498
14 V Patent Blue V 22.038 635 3536-49-03
15 2 Orange [l 23.138 486 633965
16 Orange 1 24.172 420 523444
17 Erythrosine 25.996 534 16423-68-03
18 B Rhodamine B Chloride 27.385 549 81889
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3
Table 3 Parameters of LC chromatogram of the 3" group synthetic pigments and gradient conditions
Gradient conditions
R . e Cas A 20 mmol /L
etention i B
No. Analyte i i nm) Cas. No. Time Methanol A . Flow rate
time ( min) ; pe Ammonium .
( min) (%) acetate B ( %) ( mL/min)
1 R Acid Red 18 1.861 510 2611827 0.00 20.0 80.0 0.500
2 6B Acid Fuchsine 6B 6.722 528 4321-694 2.00 20.0 80.0 0.500
3 Acid Blue 93 8.403 606 28983564 2.10 40.0 60.0 0.500
4 B Acid Carmoisine B 10.571 518 3567699 15.00 60.0 40.0 0.500
5 G Acid Yellow 11 15.123 420 6359-82-6 15.10 70.0 30.0 0.500
6 1 Acid Black 1 16.437 618 1064-48-8 30.00 80.0 20.0 0.500
7 2G Acid Blue 7 20. 195 634 3486304
8 N-¥BL Acid Violet 48 22.923 594 12220-51-8
9 P2RB Acid Blue 113 23.593 578 3351-054
10 RXL Acid Orange 67 24.241 428 12220-06-3
11 P-B Acid Blue 120 25.081 586 3529019
12 P7BR Acid Black 24 26.926 582 3071936
4
Table 4 Parameters of LC chromatogram of 4" group synthetic pigments and gradient conditions
Gradient conditions
R ) s Cas A 20 mmol /L
. etention e ' B
No. Analyte i i nm) Cas. No. Time Methanol A . Flow rate
time ( min) ; pe Ammonium .
( min) (%) acetate B (%) ( mL/min)
1 B Diabase Red B 10.507 400 97529 0.00 10.0 90.0 0.500
2 X-R Basic Red 14 14.775 524 12217480 2.00 10.0 90.0 0.500
3 KN-3RL Reactive Blue 19 15.082 586 2580784 2.10 40.0 60.0 0.500
4 G Basic Orange 2 16.813 448 532824 15.00 50.0 50.0 0.500
5 X-RRL Basic Blue 41 17.637 614 12270432 20.00 70.0 30.0 0.500
6 Eosine 22.776 526 15086-94-9 25.00 70.0 30.0 0.500
7 4R Direct Yellow 12 23.369 406 2870328 25.10 80.0 20.0 0.500
8 SR Disperse Red 9 28.983 488 82382 30.00 80.0 20.0 0.500
100 6 T0r 18
60
2 <
80f | “ 13
o L
% 60 | : .
E E i
=
2
< 40} <
# a0t #
0 =
1 1 1 1 1 ] 1 ]
0 2 4 6 8 10 12 15 30
Time/min Time/min
4 5
Fig.4 LC chromatograms of the 1% group Fig.5 LC chromatograms of the 2" group
The peaks number are the same as in Table 1. The peaks number are the same as in Table 2.
3.5
46 ( 0.1 mg/L
2.0 mg/L) NN
3 (S/N=3) (5.

38
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5 46 (n=5)

Table 5 Recoveries of the 3 grade extraction of spiked samples ( n=5)

Linear Recovery of Recovery of Recovery of Limited of

Name (me/L) 1™ Grade 2" Grade 3" Grade Detection

(%) (%) (%) (mg/kg)

G Sudan orange G 0.01 ~1.0 86.4 . - 0.015

Sudan Yellow 0.005~1.0 82.9 - - 0.008

G Sudan red G 0.01~1.0 82.0 - - 0.030

1 Sudan red 1 0.01 ~1.0 83.3 - - 0.040

Analyst in 2 Sudan red I 0.01 ~1.0 82.6 - - 0.020

1* Group )

3 Sudan red I 0.01~1.0 83.4 - - 0.012

7B Sudan red 7B 0.01 ~1.0 83.1 - - 0.020

____________ ASudanxed V OO0 82 T 0020

Amaranth 0.025 ~2.5 - 99.9 8.9 0.045

Ponceau 4R 0.025 ~2.5 - 96.9 3.5 0.040

Sunset Yellow FCF 0.025 ~2.5 - 92.0 5.2 0.035

1 Acid Red 1 0.025 ~2.5 - 90.5 4.6 0.045

17 Acid Yellow 17 0.035~2.5 - 86.7 - 0.075

Allura Red AC 0.030 ~2.5 - 102.2 5.0 0.055

Wool Green S 0.010 ~2.5 - 96.0 6.5 0.015

13 Acid Red 13 0.020 ~2.5 - 89.9 6.8 0.025

2R Ponceau 2R 0.020 ~2.5 - 92.3 6.8 0.025

SX Ponceau SX 0.025 ~2.5 - 86.8 7.1 0.035

Azorubine 0.020 ~2.5 - 91.3 6.0 0.025

3R Ponceau 3R 0.020 ~2.5 - 88.6 7.5 0.020

Analyst in V Patent Blue V 0.010 ~2.5 - 92.8 6.0 0.005
2™ Group 2 Orange Il 0.010 ~2.5 - 85.2 8.9 0.020
Orange 1 0.050 ~2.5 - 66.0 16.6 0.095

6B Acid Fuchsine 6B 0.025 ~2.5 - 97.8 5.2 0.035

Acid Blue 93 0.050 ~2.5 - 94.8 - 0.110

B Acid Carmoisine B 0.050 ~2.5 - 9.1 5.3 0.135

G Acid Yellow 11 0.100 ~2.5 - 87.4 8.2 0.210

1 Acid Black 1 0.010 ~2.5 - 72.2 8.6 0.020

2G Acid Blue 7 0.010 ~2.5 - 76.2 18.9 0.020

B Diabase Red B 0.025 ~2.5 - 66.6 3.7 0.035

i KN;?RLRE@;‘:;’: :z: 0.050 ~2.5 - 75.2 7.3 0.100

41 0.010 ~2.5 - 51.9 8.5 0.020

SR Disperse Red 9 0.025 ~2.5 - 80.2 - 0.055

Tartrazine 0.025 ~2.5 - 29.0 35.8 0.055

N 18 Acid Red 18 0.075 ~2.5 - 24.7 48.5 0.120
N-FBL Acid Violet 48 0.025 ~2.5 - 38.0 33.8 0. 060

A;j}.V;lldi“ X-R Basic Red 14 0.025 ~2.5 - 48.4 24.5 0.030
3% Group Fosine 0.010 ~2.5 - 42.9 40.2 0.015
4R Direct Yellow 12 0.025 ~2.5 - 35.2 36.2 0.035

Erythrosine 0.025 ~2.5 - 13.8 57.2 0.030

B Rhodamine B Chloride 0.010 ~2.5 - 15.4 71.9 0.015

P2RB Acid Blue 113 0.025 ~2.5 - - 79.4 0.030

Analyst in RXL Acid Orange 67 0.050 ~2.5 - 13.1 59.7 0.080
3" Grou P-B Acid Blue 120 0.020 ~2.5 - - 65.7 0.025
PIBR Acid Black 24 0.050 ~2.5 - - 71.2 0.095

G Basic Orange 2 0.025~2.5 - 2.9 81.1 0.045
(25 ) (6 ) N

, (7 )

- 46 60% 46
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Fig.6 LC chromatograms of the 3™ group Fig.7 LC chromatogram of the 4" group
The peaks number are the same as in Table 3. The peaks number are the same as in Table 4.
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A Study on System of Sequential Extraction and Cleaning of 46 Forbidden
and Limited Synthetic Pigments in Food Stuff

ZHAO Yan-Sheng' > DONG Ying"' ZHANG Feng® YANG Min-Li’ FENG Feng® CHU Xiao-Gang'’
'( School of Food and Biological Engineering Jiangsu University Zhenjiang 212013)
*( In Stitute of Food Safety Chinese Academy of Inspection and Quarantine Beijing 100123)

Abstract A system of sequential extraction and cleaning coupled with high performance liquid chromatogra—
phy ( HPLC) by multi-wavelength detection applied to the analysis of 46 synthetic pigments and dyes in food
was established. The system of sequential extraction was composed of three grades. In the first grade of extrac—
tion the Sudan dyes were extracted with n-hexane and cleaned effectively by gel permeation chromatography.

The recoveries of 8 Sudan dyes were not less than 80% . In the second grade of extraction most of water-solu—
ble synthetic pigments were extracted with water assisted by acetonitrile. And the recoveries were not less than
60% . In the third grade of extraction a few of compounds were exiracted using methanol and ammonia water
whose concentration was 1.0% . And the recoveries were not less than 55% . It was unnecessary to clean up
the extract after the second and third grade of extraction. The detection results of samples from markets showed
that the system of sequential extraction and cleaning was suitable for the food stuffs contained protein and fat.

Keywords Food; Synthetic pigment; System of sequential extraction and cleaning
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