
INTRODUCTION

Processing of pickled vegetables is popular and the pickled

vegetables have been one of the traditional dishes in Chinese

families from ancient times. During the pickles processing,

however, not only various nutrients including vitamin C and

vitamin B1 were lost, but also nitrite is produced. Nitrite has

been assigned as a carcinogen to human by the International

Agency for Research on Cancer (IARC). The acceptable daily

intake recommended by the World Health Organization is less

than 8 mg nitrite for an adult of 60 kg. Consequently, detection

of nitrite in foods is of great importance. Various analytical

methods including spectrophotometry1,2, fluorimetry3,4, chemi-

luminescence5, electrochemistry6,7, gas chromatography8,

liquid chromatography9 and capillary electrophoresis10 have

been used to determine the nitrite ions in foods and other

samples. However, these methods usually need some specia-

lized analytical instruments and professional personnel, which

make the nitrite detection for household use impossible.

Recently, Microfluidic chips or lab on a chip are emerging

as a robust platform for performing micro chemical and biolo-

gical experiments11-14. Microfluidic chips, owing to the advan-

tages of low consumption, fast analysis speed and portability,

is recognized as one of the most potential analytical tools for

household use. However, to the best of our knowledge, few

microfluidic analytical products have been really developed

and applied to the real samples especially for household use.

This may be partially due to the time/cost-consuming

fabrication process of microanalytical systems on the materials

of silicon, glass and polymers15-17. Recent developed paper-
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based microfluidics was provided as a low cost and effective

alternative, which make use of simple techniques such as the

photolithography18, wax printing19, inkjet printing20 and wax

drawing21 to pattern the microfluidic design on a tiny piece of

filter paper. The paper-based microfluidic devices are featured

as easy fabrication, low reagent/sample consumption, low cost

and ease of use. These features may make the paper-based

microfluidic analytical devices suitable for household use.

In this work, we presented a simple method for determi-

nation of nitrite in foods by paper-based microfluidic analytical

devices. The paper-based microfluidic devices were fabricated

by inkjet printing followed by wax drawing. The determination

of nitrite was based on the chromogenic reaction between the

nitrite and the mixed chromogenic reagent. The images of colori-

metric assay could be captured by a digital camera or mobile

phone, the gray intensity was obtained by the Image J software

and was used to calculate the nitrite contents in food. All of

the operations are simple and cost effective, which could be

applied to the determination of nitrite in foods such as pickled

vegetables by the common families without professional skills

in analytical chemistry.

EXPERIMENTAL

All chemicals used were of analytical grade unless men-

tioned otherwise. Doubly deionized water was used through-

out. 4 g/L sulfanilic acid solution was prepared by dissolving

0.4 g of sulfanilic acid and diluted to 100 mL with 20 %

hydrochloric acid. 0.4 g/L N-(1-naphthyl) ethylenediamine

was prepared by dissolving 0.1 g of N-(1-naphthyl) ethylene-
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diamine and diluted to 250 mL with water. The mixed chromo-

genic reagent was prepared by mixing the 4 g/L sulfanilic acid

solution and 0.4 g/L N-(1-naphthyl) ethylenediamine with a

ratio of 7:3. The mixed solution contains 2.8 g/L sulfanilic

acid and 0.12 g/L N-(1-naphthyl) ethylenediamine. A stock

standard NO2
– solution of 1 mg/mL was prepared by dissolving

0.1500 g of sodium nitrite and diluted to 100 mL with water.

The working standard NO2
– solutions were prepared by

appropriate dilution of the stock solution.

An inkjet printer (Canon Pixma ip1000) was used to

transfer the channel design to the filter paper (102, Hangzhou

Xinhua Paper Limited, Hangzhou, China). A wax pen was

used to pattern the microfluidic channels on the filter paper. A

micro heating plate (YH-946B, Guangzhou Yihua Electronic

Equipment Co., Ltd., Guangzhou, China) was used to heat the

wax patterned in the paper. A digital camera (Canon IXUS9515,

Japan) or a mobile phone was used to capture the images of

colorimetric assay performed on the paper-based microfluidic

device. The Image J software was used to calculate the gray

intensity in each detection unit.

Fabrication of the paper-based microfluidic device: The

paper-based microfluidic device was fabricated as described

elsewhere21. Briefly, the channel configuration was designed

by the Corel DRAW X3 software and was printed on a A4

sized filter paper, then the pattern was painted along the printed

configuration with a wax pen by hand (Fig. 1). The patterned

device was then put on a heating plate (135 °C) for 1 min,

such that the wax was melt and penetrate into the paper to

form a hydrophobic wax wall22. This allowed the liquids flow

inside the edges of the wax walls.

Analytical procedure: 20 µL of mixed chromogenic

reagent was first spotted on the central unit and allowed to dry

for 10 min. Because the six distribution channels have the same

length and width and the six detection units have the same

diameter, the mixed chromogenic reagents on the central unit

would flow equally along the six channels into the detection

units. Thus, the six detection units would contain the same

amounts of chromogenic reagents. Then, 1 µL of five standard

solutions containing different concentrations of nitrite as well

as the sample solution were spotted onto the detection units

(one solution for each unit). The device was allowed to dry for

10 min such that the nitrite reacts with the mixed chromogenic

reagent, forming a red-colored chemical in the detection units.

The images in the detection units were captured and the gray

intensity was calculated with the Image J software for quanti-

tative analysis of nitrite content.

RESULTS AND DISCUSSION

We determined the volume of reagents and sample required

for analysis. Although the smaller channel and detection units

may be beneficial to reduce the sample and reagent consump-

tions, relatively large channels (2 mm wide and 5 mm long)

and detection units (6 mm diameter) were designed such that

the chip configuration could be readily painted using a wax

pen by hand along the printed pattern. Furthermore, dispensing

less than 0.2 µL is difficult with a standard micropipette. The

reagent and sample volume required to wet the entire detection

units were determined by spotting 0.4-1.5 µL of blue food

dye solution onto the detection units. As shown in Fig. 2a,

0.4-0.8 µL of reagent solution cannot completely wet the entire

detection units, whereas 1.2 µL would spread out of the detec-

tion unit. 1 µL reagent or sample solution was thus selected to

spot onto the detection units in the recommended procedure.

The volume of mixed solution required to wet the entire chip

Fig. 1. Fabrication of paper-based microfluidic chip, (a) Filter paper before the pattern was printed, (b) Filter paper with a pattern printed by an inkjet

printer, (c) Filter paper after the pattern was painted by a wax pen along the pattern printed in (b)

  

Fig. 2. (a) Paper-based microfluidic device with 0.4-1.5 µL food dye solution spotted onto the detection units, (b-e) Paper-based microfluidic device with

10 (b), 15 (c), 20 (d) and 25 µL (e) of blue food dye solution spotted onto the central unit
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channel and detection units was determined by dropping 10-

25 µL of the same dye solution into the central unit. As shown

in Fig. 2b-e, 20 µL of dye solution is required to wet the entire

device, thus 20 µL mixed chromogenic solution was spotted

onto the central unit in the recommended procedure.

Spotting of reagents: In our preliminary experiment, the

two chromogenic reagents, sulfanilic acid solution and N-(1-

naphthyl) ethylenediamine solution were not mixed before

being spotted onto the central unit. In other words, sulfanilic

acid solution and N-(1-naphthyl) ethylenediamine solution

were spotted onto the central units sequentially. As shown in

Fig. 3a, the chromogenic reactions were not occurred at the

whole detection units. This may be attributed to the fact that

the chromogenic reagents were added respectively rather than

spotted together onto the central unit. As the N-(1-naphthyl)

ethylenediamine was added onto the central unit, it will flow

along the channel into the detection units, thus the dried

sulfanilic acid spotted previously on the device was dissolved

and flow to the detection units. Consequently, the chromogenic

reactions were occurred at the interface between sulfanilic acid

and N-(1-naphthyl) ethylenediamine in the detection units after

the nitrite solution was spotted onto the detection units. The

non-uniform distribution of the reaction product in the

detection units offers difficulties in selection of measured area

when using the Image J software to measure the gray inten-

sities. To address this issue, the sulfanilic acid solution and N-

(1-naphthyl) ethylenediamine solution were mixed prior to

spotting onto the central unit. By spotting the mixed solution

onto the central unit followed by spotting the nitrite solution

onto the detection units, the red-colored reaction product was

distributed uniformly in the detection units (Fig. 3b).

Effect of chromogenic reagents concentration on the

chromogenic reaction: The effects of sulfanilic acid concen-

tration and N-(1-naphthyl) ethylenediamine in the mixed

solution on the chromogenic reaction were investigated. To

optimize the sulfanilic acid concentration, 0.4-3.2 g/L sulfanilic

acid were prepared in the mixed solution with the N-(1-naphthyl)

ethylenediamine concentration maintaining constant as 0.12

g/L. As shown in Fig. 4a, the colour intensity increased with

the sulfanilic acid concentrations in the range of 0.4-2.8 g/L,

whereas the color intensity maintain constant with the increased

sulfanilic concentrations when the sulfanilic acid concentration

is higher than 2.8 g/L. Therefore, 2.8 g/L sulfanilic acid was

selected in the recommended procedure.

The effect of N-(1-naphthyl) ethylenediamine concen-

tration in the range of 0.04-0.24 g/L on the color intensity was

studied by maintaining the sulfanilic acid concentration

constant as 2.8 g/L. As shown in Fig. 4b, the colour intensity

maintains constant in the range of 0.04-0.24 g/L N-(1-naphthyl)

ethylenediamine. In this work, 0.12 g/L N-(1-naphthyl)

ethylenediamine was selected in the recommended procedure.

Effect of reaction time: The effect of reaction time in the

range of 1-20 min on the chromogenic reaction was investi-

gated. The colour intensity in the reaction unit increased with

the time in the range of 1-15 min, whereas the colour intensity

maintains constant with a reaction time higher than 15 min.

Thus 15 min was selected as the reaction time in the recom-

mended procedure.

Fig. 3 (a) Colorimetric assay by spotting sulfanilic acid and N-(1-naphthyl)

ethylenediamine onto the central unit, respectively, (b) Colorimetric

assay by spotting the mixed reagents (sulfanilic acid and N-(1-

naphthyl) ethylenediamine) onto the central unit. 0 (1), 10 (2), 20

(3), 30 (4), 40 (5) and 50 (6) µg/mL nitrite solution were added

onto the detection units, respectively

Sample analysis: A suitable amount of pickled vegetables

about 10 g was accurately weighed and smashed in a mortar.

The smashed pickled vegetable was transferred into a beaker

and then 100 mL water was added to extract the nitrite for 3 h.

The extracts were filtered and diluted to 100 mL in a volumetric

flask. The extracts was then determined as the analytical proce-

dure described above. The image of the colorimetric assay

was captured with a camera or mobile phone and stored in

JPEG format (Fig. 5a). The image was then inverted and

the mean gray values in the detection units were obtained by

subtracting the blank value. Data were imported into origin
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(version 7.5) to obtain a linear correlation between gray

intensity, GI and nitrite concentration, CNO2
–. The linear

correlation between the gray value and nitrite concentration

GI = 0.3813CNO
2
– – 0.22 (1)

was obtained with a correlation coefficient of 0.979 (Fig. 5b).

The relative standard deviation of this method was 2.9 % by

determining 60 µg/mL nitrite solution six times. The concen-

tration of nitrite in the extract of pickled vegetable was 11.6

µg/mL calculated from the gray value in the sample detection

unit and linear equation above. The content of nitrite in pickled

vegetable was 1.16 ×102 µg/g according to the following

equation:

m

CV
w = (2)

where w (µg/g) is the content of nitrite in pickled vegetable, C

(µg/mL) is the concentration of nitrite in the extract of pickled

vegetable, V (mL) is the volume of extract and m (g) is the

weighed mass of pickled vegetable. The nitrite content (1.16

×102 µg/g) in pickled vegetables determined by this method

compared favorably with that (1.25 × 102 µg/g) measured by

a standard method23, demonstrating that this paper-based

microfluidic analytical method is reliable for the determination

of nitrite in pickled vegetables.

Conclusion

We described a method for determination of nitrite content

in pickled vegetables by paper-based microfluidic devices. This

method has advantages of simplicity, fast analysis speed and

low cost, which could be operated easily by common person

even those who haven't professional skills in analytical chemis-

try. Although the pickled vegetables were selected as sample

in this work, this method could also be used to determine the

nitrite contents in other foods. The disadvantage of this work

is the limited sensitivity, which may pose difficulties in a wide

range of applications especially when the nitrite content is at

low level. The low sensitivity is the common disadvantage

that the paper-based microfluidic devices shared when the

determination is based on the chromogenic reactions. This

limitation could be addressed by development of the pre-

concentration strategies on the paper-based microfluidic

Fig. 4 (a) Photograph of colorimetric assay obtained with 0.4 (a), 0.8 (b), 1.2 (c), 1.6 (d), 2.0 (e), 2.4 (f), 2.8 (g) and 3.2 g/L (h) sulfanilic acid in the mixed

chromogenic reagents, (b) Photograph of colorimetric assay obtained with 0.04 (1), 0.08 (2), 0.12 (3), 0.16 (4), 0.20 (5) and 0.24 g/L (6) N-(1-

naphthyl) ethylenediamine in the mixed chromogenic reagents. The diameter of the microreactor unit: 6 mm; Volume of mixed chromogenic

reagents and nitrite solution: 1.0 µL; CNO2
-: 50 µg/mL
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Fig. 5. (a) Image showing results of nitrite assay on a paper-based

microfluidic device. Nitrite standard solutions spotted onto detection

units of no. 1-5 are 0, 15, 30, 45 and 60 µg/mL, respectively. Sample

solution was spotted onto the remaining detection unit, (b) Gray

intensity varies as a function of nitrite concentration obtained from

data of (a)

analytical devices, or by developing other sensitive detection

methods for paper-based microfluidic devices, for example

the fluorescence detection. These strategies and methods for

enhancing the sensitivity of paper-based microfluidic analytical

method are ongoing in our research group.
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