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Abstract
Herein, ultra-performance liquid chromatography-tandem four-stage mass spectrometry (UPLC–MS/MS)
combined with a novel polyamide membrane extraction was used to rapidly determine industrial dyes in
grain and meat products. Polyamide was used as an adsorbent in the membrane. When the sample was
treated by the polyamide membrane, the industrial dyes were absorbed by the N-propyl Ethylenediamine
(PSA) into the polyamide membrane, while most other ingredients were passed through the membrane.
Then, the industrial dyes were eluted from the polyamide membrane by different solvents to be analyzed
by UPLC–MS/MS. The novel pretreat method will reduce the time of the whole process to less than 30
minutes. The recovery of the dye was between 71% and 126%, and the precision was between 3 and 13.
The results showed that the polyamide membrane can be used as a pretreatment method for detecting
multicomponent industrial dyes in grain and meat products, which is rapid, simple, reliable and accurate.

1. Introduction
Pigments are often used as an indispensable additive to improve the sensory properties of foods in the
food industry. Sometimes industrial dyes would been added to food by some illegal traders instead of
food pigments for their low price, intense coloring, high stability and ease of avoiding supervision. Many
industrial dyes contain aromatic structures, which can be metabolized in the human body to produce
carcinogenic aromatic amines (Yildirim and Yasar 2018; Morosanova et al. 2018), which have high
toxicity, high residue, and side effects, such as "teratogenicity, carcinogenicity, and mutagenicity". As the
illegal additive, industrial dyes are strictly prohibited to be added to food.

In recent years, the illegal use of industrial dyes in food had occurred frequently. After more than 350
kinds of food were contaminated by "Sudan I" in the UK in February 2005, the British Food Standards
Agency announced that "para red" was found in 35 kinds of food. This kind of additive had brought
substantial hidden dangers to food safety. For example, Sudan Red, classi�ed as category 3 carcinogen
by the International Agency for Research on Cancer, had been banned as additives in the European Union
and many other countrie for they may cause human bladder and liver cancer (Sun et al. 2021; Yang et al.
2019). Acid orange II had been found in fumigated food dye while excessive intaking, inhalation and skin
contacting would cause acute and chronic poisoning (Hu et al. 2017). In addition, Rose Red dye may be
added in sausage to make color brighter, Auramine O may illegally be added in legume products to
change the color. White �our would often be dyed illegally substituted for corn �our steamed bread, black
rice steamed bread and so on. The illegal use of these industrial dyes has brought great hidden dangers
to people's healthy.

At present, there are many methods to detect illegally industrial dyes in food, including immunoassay
(Guzel and Karadag 2021), capillary electrophoresis (Zhao et al. 2021), electrochemical analysis
(Munaretto Durigon et al. 2020; Alshik and Sulaiman 2020), thin layer chromatography (Yuan et al. 2020;
Dai et al. 2020), spectrophotometry (Bisgin et al. 2020) and different pulse polarography. The main
advantages of these rapid methods are that they do not require expensive instruments while they cannot
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be applied for the determination of different industrial dyes simultaneously. High-performance liquid
chromatography and liquid chromatography–mass spectrometry are the most popular methods for their
good resolution, sensitivity, and selectivity (Khosrowshahi and Razmi 2018; Guo et al. 2020; Bazregar et
al. 2017; AlMasoud et al. 2020). Zhong et al. (2016) determined 16 different types of illegally industrial
dyes in food simultaneously by high-performance liquid chromatography combined with the diode array
detection method. The recovery of these 16 kinds of dyes was range from 81.0–110.3%, and the relative
standard deviation (RSD) was 0.3%-7.5%. The results showed that the method is reliable and stable and
can be used for determination and screening of different illegally added dyes. Kim et al. (2018) used
liquid chromatography-electrospray tandem mass spectrometry to determine industrial dyes and other
food additives simultaneously in kimchi.

However, the pretreatment of these methods was complex and time-consuming. Furthermore, it would
in�uence the measuring accuracy of the determination. So it is necessary to establish a rapid, effective,
sensitive and precise pretreatment method combined with UPLC–MS/MS for the determination of
different industrial dyes simultaneously to ensure food safety.

This study established a novel, rapid and effective pretreat method combined with high-performance
liquid chromatography-polyamide to determine 15 industrial dyes simultaneously.

2. Experimental
2.1. Preparation of standard solution

Fifteen industrial dye standards, including Rhodamine B, Disperse Brown 1, Disperse Blue 124, Disperse
Blue 106, Disperse Red 1, Disperse Yellow 3, Acid violet 9, Disperse Blue 3, Disperse Orange 3, Disperse
Orange 37, Disperse Orange 1, Sudan Red G, Sudan Red I, Acid Yellow 36, and Acid Orange II with purity
>99%, were procured from Dr. Ehrenstorfer GmbH, Germany. The mixed standard stock solution was
prepared in methanol at the concentration of 200 mg/L.

2.2. Sample pretreatment methods

2.2.1. Preparation of polyamide composite membrane

The polyamide membrane was made by phase inversion. The casting solution was polyamide,
polyethylene glycol 400, N-dimethylformamide and N-propyl Ethylenediamine (PSA). The solution was
continuously stirred at 60°C for 3 hours until a homogeneous �lm casting solution was obtained. The �lm
was left for 12 hours, scraped on the nonwoven fabric, evaporated for 60 s, and then immersed in distilled
water. The morphology of the polyamide membrane was observed using a �eld-emission scanning
electron microscope (FE-SEM, TESCAN MIRA4, Czech Republic).

2.2.2. Extraction of samples

2.2.2.1 Extraction of grain products
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Weigh 2.5 g of evenly mixed grain sample into a centrifuge tube, add 5 ml methanol for extraction twice,
vibrate with ultrasonic for 10 min, centrifuge at 8000 rpm for 3 min, combine the two supernatant. The
residue was extracted twice with 5 ml acetonitrile, and the above supernatant was combined after
centrifugation. The volume was �xed to 25 ml with secondary distilled water for puri�cation.

2.2.2.2 Extraction of meat product

Weigh 2.5 g of evenly mixed meat products in a centrifuge tube, add 2 g of anhydrous sodium sulfate,
and the rest of the extraction method is the same as grain products.

2.2.2.3 Puri�cation of the sample with the polyamide membrane

The sample extract (5 mL) was �ltered using the polyamide membrane and then eluted with different
suitable solvent. Methanol, acetonitrile, ammoniated methanol, ammoniated acetonitrile, acetone, n-
hexane, isopropanol, dichloromethane: methanol = 9:1, and isopropanol: dichloromethane = 9:1 were
tested as the elution solvents to obtain the best elution conditions. The eluate was blown with liquid
nitrogen, �xed with methanol: water = 2:1 to 1 ml, and �ltered for detection by UPLC-MS/MS, as shown in
Fig.1.

2.2.3 Instrumental conditions

2.2.3.1 UPLC conditions

The puri�ed sample was analyzed by ultrahigh-performance liquid chromatography (ACQUITY UPLC,
Waters) and quadrupole tandem mass spectrometry (Xevo TO-S, Waters). The chromatographic column
was an ACQUITY UPLC BEH C18 (1.7 µm, 2.1x50 mm). Gradient elution was performed with a �ow rate of
0.3 mL/min. Mobile phase A was methanol-acetonitrile = 7:3; mobile phase B was 10 mM ammonium
acetate with 0.2% formic acid aqueous solution. Different ratios of mobile phases A and B were used as
the gradient elution conditions, which were 10:90 from beginning to 1 min, then changed to 30:70 from 1
to 3 min, 55:45 from 3 to 7 min, 70:30 from 7 to 10 min, 90:10 from 10 to 13 min and 10:90 from 13 to 16
min. The temperatures of the column and sample chamber were 30°C and 15°C, respectively. The
injection volume was 10 µL.

2.2.3.2 Mass spectrometry conditions

The mass spectrometer was operated in multireaction monitoring (MRM) mode with an electrospray ion
source. The capillary voltage was 3.9 kV, the gas �ow rate was 1000 L/h, and the ion source and
desolvent temperatures were 150°C and 500°C, respectively. The quantitative and qualitative ions of each
industrial dye analyzed by UPLC/MS/MS are shown in Table 2.

3. Results And Discussion
3.1. Optimization of UPLC conditions
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The peak time of 15 dyes was controlled from 2 to 16 mins to balance the chromatographic column. A
mixture of acetonitrile and methanol was used as mobile phase A to increase elution capacity. The
solution of ammonium acetate and formic acid was used as mobile phase B uses to ionize both positive
and negative ions. The result of the UPLC conditions was shown in Table 1.

3.2. Optimization of MS conditions

In this experiment, the standard solution of a single dye was diluted to 500 ug/L, and the data were
collected in the mass spectrometer. The result of the MS conditions was shown in Table 2. First, the
positive ion mode was adjusted to �nd the parent ion of the standard in this scanning mode. Then, the
corresponding daughter ions were found by gradually increasing the collision voltage. After that, the 15
dyes were divided into �ve different channels to enter the mass spectrometer to improve the sensitivity of
the instrument.

3.3. Optimization of the polyamide membrane puri�cation method

3.3.1. SEM of the membrane

Fig.1 (a) showed the surface electron micrograph of the polyamide membrane, and it can be seen that the
surface is smooth. The picture of cross-section showed that many "�nger" pores were existing in the
membrane, which is bene�cial to the puri�cation of the sample, as shown in Fig.1 (b). PSA as the
adsorbent existing in the surface and pores of membrane will adsorb the illegally industrial dyes. So the
process of pretreatment with the membrane need two procedure, adsorption the illegally industrial dyes to
the membrane and then elution them from the membrane. The schematic of puri�cation by the
polyamide membrane was shown in Fig.2.

3.3.2. Optimization of polyamide addition in the membrane

A series of membranes were made to investigate the in�uence of PSA content to the puri�cation and
extraction effect, the PSA content of them were 30 wt%, 40 wt%, 50 wt%, 60 wt%, 70 wt% and 80 wt%
respectively. 

The results were shown in Fig.3. It can be seen that the recovery of the illegally industrial dyes enhanced
with the increase of PSA content. It may be caused by the more complete adsorption of the membrane to
illegally industrial dyes. When the content of PSA content increased to 80%, the recovery can meet the
determination requirements. For the consideration of much PSA may bring some defect to the
performance of membrane, so the optimal PSA content was set as 80%.

3.3.3. Optimization of elution solvent

Different elution solvent in the pretreatment of millet were tested to seek the suitable condition for the
fully elution. First 5 mL extract solution was taken to be absorbed by the polyamide membrane, then
eluted with different elution solvents to investigate the elution effect. Methanol, acetonitrile, ammoniated
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methanol, acetone, n-hexane, isopropanol, dichloromethane:methanol = 9:1 and
isopropanol:dichloromethane = 9:1 were tested.

It can be found that three of them can be used as effect elution solvents with the recovery of the method
between 70%-120% to meet the detecting requirements. Acid violet 9, acid yellow 36 and acid orange II
were eluted by ammoniated acetonitrile (5 ml) successively. Sudan Red G and Sudan Red I were eluted by
N-hexane of 5 ml successively. The other 10 industrial dyes were eluted with 5 ml of acetonitrile.

3.4. Linear equation and linear range of the method

Under the optimal pretreatment and instrument conditions, a mixed standard solution of 15 kinds of dyes
was added to the blank millet sample. Linear equation and linear range of the method were investigated.
The results are shown in Table 3. R2 of standard curve were all greater than 0.99.

3.5. Liquid chromatography-tandem mass spectrometry

Fig.4 showed UPLC-MS/MS chromatograms of the 15 industrial dyes. The ionization of 15 industrial
dyes in the positive mode electrospray ion source was examined. The method of UPLC-MS/MS was
highly selective for monitoring speci�c MRM and was effective in reducing the risk of false positives. The
15 industrial dyes were separated completely by UPLC-MS/MS.

3.6. Precision and detection limit of the method

The mixed standard solution of 15 dyes were add to millet and sausage samples and then be pretreated
by the membrane as optimized previously. Six needles of each puri�cation were repeated in the UPLC-
MS/MS to obtain the instrument's precision (RSD). The detection limit of each industrial dyes was
calculated according to 3 times S/N, and the quantitative limit was 5 times S/N. The results were shown
in Table 4. The LOD and LOQ of these industrial dyes were ranged from 0.0003 to 0.70 and from 0.0017
to 3.35 respectively.

3.7. Results of recovery and precision of polyamide membrane extraction

Sausage, bacon, millet and corn �our were chosen as meat and grain matrix to investigate the recovery of
the 15 industrial dyes. These samples were pretreated by polyamide membranes and analyzed by UPLC-
MS/MS. The results were shown in Table 5. The recovery of the dyes was between 71% and 126%, and
the precision was between 3 and 13. The method of polyamide membrane as pretreatment combined
with UPLC–MS/MS was con�rmed reliable and effective in the determination of industrial dyes for grain
and meat products.

3.8. Detection of actual samples

Three kinds of grain products (purple rice, soba noodles, mung bean) and three kinds of meat products
(sausage, pig head meat, ham sausage) were randomly selected from the market to detect the 15 illegal
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industrial dyes. The samples were pretreated by polyamide membrane made by ourselves and then
analyzed with UPLC–MS/MS. No illegal industrial dyes were found in the actual samples.

4. Conclusion
A novel method was developed in the research with the polyamide membrane made by ourselves used in
the pretreatment as the clean-up process. The industrial dyes were �rst absorbed to the membrane and
then eluted separately. When industrial dyes absorbed by the membrane, other interfering components in
matrix passed through the membrane to be removed. The whole process of the pretreatment was within
30 min. The recovery of the method was between 71% and 126%, and the precision was between 3 and
13. The membrane combined with UPLC-MS/MS would be used as a simple, rapid and effective method
in the determination of the illegal addition industrial dyes in food.
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Tables
Table 1 

Mass spectrometry conditions for UPLC conditions

Time(min) Flow rate mL/min Mobile phase A(%) Mobile phase B(%)

0 0.3 10 90

1.00 0.3 30 70

3.00 0.3 55 45

7.00 0.3 70 30

10.00 0.3 90 10

13.00 0.3 90 10

13.50 0.3 10 90

16.00 0.3 10 90

 

Table 2

Mass spectrometry conditions for 15 illegal industrial dyes
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Serial

number

Compound Scan

Mode

Parent ion Sub-ion Tapered hole

Voltage(v)

Collision

Energy

(v)

1. Rhodamine B ES+ 443.5 282.3 80 78

355.3* 80 58

2. Disperse Brown 1 ES+ 433.2 152.9* 44 42

197.0 44 28

3. Disperse Blue 124 ES+ 378.2 86.90 30 26

220.2* 30 18

4. Disperse Blue 106 ES+ 336.2 118.0 30 46

178.1* 30 16

5. Disperse Red 1 ES+ 315.3 134.1* 42 22

147.1 42 30

6.  Disperse Yellow 3 ES+ 270.2 107.3* 28 26

149.9 28 16

7. Acid violet 9 ES+ 591.5 468.0 100 60

511.5* 100 54

8. Disperse Blue 3 ES+ 297.3 235.1 34 34

252.0* 34 20

9. Disperse Orange 3 ES+ 243.2 92.09 32 24

121.9* 32 18

10. Disperse Orange 37 ES+ 392.2 133.1 38 36

351.2* 38 20

11. Disperse Orange 1 ES+ 319.3 122.0 38 22

169.1* 38 22

12. Sudan Red G ES+ 279.3 108.0* 24 34

123 24 20

13. Sudan Red I ES+ 249.1 92.20 24 26

156.0* 46 28
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14. Acid Yellow 36 ES- 352.3 156.0* 44 34

260.2 46 26

15. Acid Orange II ES- 327.2 170.9* 44 24

288.0 50 34

  

Table 3 

Linear equation and linear range of the method

Number Dye name Linear Range (ng/mL) Standard Curve R2

1 Rhodamine B 0.1-10 y=20317.4x+957.68 0.9992

2 Disperse Brown 1 1-100 y=1690.63x+656.423 0.9975

3 Disperse Blue 124 0.1-10 y=8215.34x+256.26 0.9997

4 Disperse Blue 106 0.1-10 y=11050.10x+97.23 0.9956

5 Disperse Red 1 0.1-10 y = 41101x - 247.42 0.9998

6 Disperse Yellow 3 0.1-10 y=9731.97x+1726.32 0.9996

7 Acid violet 9 2-200 y=1337.29x+549.88 0.9966

8 Disperse Blue 3 1-100 y=892.61x+90.48 0.9974

9 Disperse Orange 3 0.1-10 y=15108.5x+927.906 0.9998

10 Disperse Orange 37 0.1-10 y=10649.70x+7.05 0.9981

11 Disperse Orange 1 2-200 y=6362.05x-1881.60 0.9982

12 Sudan Red G 1-100 y=25514.20x+4449.47 0.9998

13 Sudan Red I 1-100 y=3167.27x+889.315 0.9993

14 Acid Yellow 36 1-100 y=260.14x-85.22 0.9953

15 Acid Orange II 1-100 y=415.94x-164.89 1.0000

  

Table 4 

Precision, the limit of detection (LOD) and limit of quantitative (LOQ) of the method
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Number Dye name Concentration of standard liquid
ng/mL

RSD

(%,
n=6)

LOD

(ng/g)

LOQ

(ng/g)

1 Rhodamine B 20 5 0.001 0.005

2 Disperse Brown 1 20 8 0.1 0.5

3 Disperse Blue
124

1 9 0.001 0.005

4 Disperse Blue
106

10 5 0.025 0.1

5 Disperse Red 1 1 8 0.0003 0.0017

6 Disperse Yellow 3 1 7 0.01 0.05

7 Acid violet 9 1 7 0.01 0.05

8 Disperse Blue 3 1 10 0.02 0.10

9 Disperse Orange
3

1 8 0.01 0.05

10 Disperse Orange
37

10 8 0.03 0.17

11 Disperse Orange
1

10 7 0.03 0.17

12 Sudan Red G 20 8 0.05 0.20

13 Sudan Red I 10 6 0.70 3.35

14 Acid Yellow 36 1 6 0.01 0.03

15 Acid Orange II 10 5 0.01 0.05

 

Table 5

 Recovery rate and precision of 15 illegal industrial dyes
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Name Sausage Bacon Millet Corn �our

Rhodamine B 86(3) 84(6) 94(5) 112(9)

Disperse Brown 1 103(7) 97(6) 93(8) 102(13)

Disperse Blue 124 87(9) 100(7) 95(9) 104(11)

Disperse Blue 106 108(5) 109(8) 72(5) 84(13)

Disperse Red 1 95(11) 106(10) 97(8) 108(12)

Disperse Yellow 3 107(10) 119(9) 88(7) 93(9)

Acid violet 9 126(6) 110(8) 101(7) 113(8)

Disperse Blue 3 86(12) 117(11 96(10) 113(10)

Disperse Orange 3 106(10) 94(9) 90(8) 107(11)

Disperse Orange 37 93(9) 99(10) 77(8) 100(8)

Disperse Orange 1 116(6) 73(8) 74(7) 73(9)

Sudan Red G 116(8) 117(9) 93(8) 87(10)

Sudan Red I 111(9) 110(10) 91(6) 84(7)

Acid Yellow 36 90(8) 98(9) 71(6) 95(9)

Acid Orange II 101(7) 81(6) 75(5) 76(8)

Figures
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Figure 1

The SEM of (a) surface images and (b) cross-sectional images

Figure 2
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The schematic of puri�cation by the polyamide membrane

Figure 3

Effect of polyamide addition on recovery
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Figure 4

Selective ion �ow mass spectrum of millet with standard addition treated by polyamide membrane


