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This paper describes the use of a multiple-injection capillary electrophoresis method as a 
fast strategy to determine the antinitrosating capacity of nine commercial teas through nitrite 
quantification. The method consists of the injection of the sample followed by the injection of 
the control solution, employing a fused-silica capillary of 32.0 cm total length (23.5 cm effective 
length, 50 µm internal diameter) with background electrolyte composed of 4.0 g L-1 β-alanine 
and 1.5 g L-1 perchloric acid (pH 3.79) and sodium thiocyanate was used as the internal standard. 
Before the injections the tea samples were maintained by 1 h of incubation, at 37 °C, with sodium 
nitrite in perchloric acid medium (pH 2.3). In order to avoid nitrite oxidation and nitrate formation, 
ultra-pure nearly oxygen-free water was used to prepare the solutions. Black tea, green tea and 
white tea, obtained from Camellia sinensis, showed greater antinitrosating capacity (96, 93 and 
89%, respectively).
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Introduction

Nitrite is an important food additive, improving the color 
and flavor of meat products1,2 and suppressing the growth of 
microorganisms.3 However, under acid conditions, nitrite 
can be converted to nitrous acid, generating N2O3, which 
reacts with secondary amines to produce carcinogenic 
nitrosamines.4,5 We also highlight that dietary nitrite, as 
also nitrate, can be positively associated to type 1 diabetes 
and cancer risk,6,7 specifically to adult glioma and thyroid 
cancer risk. Xie et al.7 highlight that animal products are 
the main sources of dietary nitrite when compared with 
plant source products. Honikel8 reported, based in the 
European Parliament and Council Directive 95/2/EC,9 a 
range of added nitrite in meat products of 80-100 mg kg-1 
and a range of 27-115 mg kg-1 residual amounts of nitrite 
(expressed as NO2

–). A study conducted by Lee10 pointed 
out the dietary exposures of nitrite for the U.S. population 
aged 2 years and older, and children aged 2 to 5 years, 
ranging 0.001-1.23 and 0.001-0.96 mg per person per day, 
respectively. Since animal products also contain amines and 
amides, known as nitrosamines precursors, they may result 
in more substantial exposure to carcinogenic N-nitroso 
compounds. According to DellaValle et al.,11 vitamin C 

and other antioxidants can inhibit N-nitroso compounds 
formation associated to nitrosation reactions.

The generation of nitrosating species from nitrous 
acid has been described by several authors.2,12,13 Positively 
charged nitrogen oxide is the most powerful nitrosating 
species, found at acidic pH in nitrosonium (NO+) and 
nitrous acidium (H2ONO+) forms (equations 1 and 2).

 (1)

 (2)

However, dinitrogen trioxide (N2O3), generated from 
nitrous acid in equilibrium (equation 3), is also a powerful 
nitrosating species and is the major reactive species at 
higher pH (5.5-6.5).12,14

 (3)

Based on previous studies,15,16 Sebranek and Fox Jr.12 
and Williams14 listed NOCl and N2O4 as nitrosating species 
under specific conditions, such as medium composition and 
temperature. Dinitrogen tetroxide (N2O4) is a gas formed 
by nitrogen dioxide dimerization (equation 4), which 
promotes nitrosation or nitration of amides, depending on 
the tautomers formed.15,17
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 (4)

Dinitrogen trioxide dissociates into nitric oxide and 
nitrogen dioxide (equation 5),14,18 which is relevant to the 
formation of dinitrogen tetroxide and the oxidation of nitric 
oxide to nitrous acid (equation 6).19 Nitrous acid can also 
be restored by N2O4 hydrolysis (equation 7).2,20

 (5)

 (6)

 (7)

Dietary constituents, including flavonoids,21,22 proteins 
and amino acids,23 caffeic acid and derivatives,24 green tea 
polyphenols and α-tocopherol,25 as well as strawberries, 
garlic juice and kale juice,26 exhibit antinitrosating capacity 
(AC), which can prevent nitrosamine formation and reduce 
the risk of cancer and chronic diseases.21

AC is mostly determined by the Griess reaction,27 through 
the addition of sulfanilic acid and naphthylethylenediamine 
to a nitrite solution under acid conditions, generating an azo 
dye. The reaction requires a 15 min incubation time and the 
spectrophotometric measurements are taken at 520 nm.21,27 
Nitrite determination through Griess reagent requires 
an additional reaction step to generate the azo dye,27 as 
mentioned, although requires a simple spectrophotometric 
equipment and presents good sensitivity. This procedure 
can be adapted to different available equipment, such 
as microfluidic paper-based analytical devices as 
studied by Bhakta et al.28 Electrochemical detection and 
chromatographic methods can also be applied to quantify 
nitrite.29 Merino et al.2 describe that characteristics as 
selectivity, limit of detection (LOD), precision and costs 
can be considered to choose the most suitable method for 
the nitrite determination. Available capillary electrophoresis 
equipment allows the direct nitrite quantification with 
several advantages, including fully automation, fast analysis 
and small samples requirement, avoiding the Griess reaction 
step.30 Through the multiple-injection strategy, samples are 
consecutively injected into the capillary and analyzed in 
a single run, reducing the analysis time per sample.31,32 
Amini et al.33 described four modes of multiple-injection 
capillary zone electrophoresis (MICZE), whereas the 
methods used by our group involve two injection modes, 
MICZE mode I and MICZE mode II. These modes are 
referred to as the MISER (multiple-injection in a single 
experimental run) mode and the multiplex MISER 
(MP-MISER) mode, respectively. The first MISER mode 
allows the analysis of each injected sample in different 

regions of the electropherogram. In the MP-MISER mode, 
the electropherogram shows the intercalation of peaks.

Commercial teas are widely consumed and present 
several beneficial effects, including antioxidant properties.34,35 
We studied the AC of several commercial teas by MISER 
monitoring the magnitude of the nitrite peak. Nitrate was 
also monitored in the method because it is a product of the 
antinitrosating reactions (more details in the Results and 
Discussion section, Antinitrosating capacity sub-section). 
This approach involves fast analysis and provides useful 
information about the health benefits of teas.

Experimental

Chemicals and reagents

Perchloric acid (65%) and β-alanine (99%) were 
purchased from Sigma Chemical Co. (St. Louis, MO, USA). 
Sodium nitrite, sodium nitrate and sodium thiocyanate 
were purchased from Merck (Darmstadt, Germany). 
All solutions were prepared daily using deionized water 
(Milli-Q, Millipore, Bedford, MA, USA). Tea samples were 
commercially obtained. Green tea was obtained from leaves 
and shoots of Camellia sinensis (lot No. 11/16), black tea 
was obtained from leaves and stems of Camellia sinensis 
(lot No. 667) and white tea was obtained from leaves and 
stems of Camellia sinensis (lot No. 735357). Strawberry 
tea was obtained from fruits of Fragaria spp., fruits of 
Pyrus malus, flowers of Hibiscus sabdariffa, fruits and 
flowers of Rosa canina and leaves of Stevia rebaudiana 
(lot No. 658). Detox tea was obtained from leaves of 
Baccharis genistelloides, fruits of Prunus domestica, fruits 
of Rubus spp., flowers of Hibiscus sabdariffa and flowers 
of Matricaria recutita (lot No. 04/17). Chamomile tea was 
obtained from flowers of Matricaria recutita (lot No. 03/17), 
fennel tea was obtained from fruits of Foeniculum vulgare 
(lot No. 01/17), mint tea was obtained from leaves and stems 
of Mentha piperita (lot No. 707) and boldo tea was obtained 
from leaves of Peumus boldus (lot No. 1409).

Electrophoretic conditions

Electrophoretic analyses were carried out on an Agilent 
HP 3D Capillary Electrophoresis system with a UV-Vis 
diode-array detector set at 200 nm. Separations were 
performed in a fused-silica capillary of 32.0 cm (50 µm 
i.d.) with an effective length of 23.5 cm and set at 25 °C. 
Electrophoretic separation was conducted using 4.0 g L-1 
β-alanine and 1.5 g L-1 perchloric acid (pH 3.79) as the 
background electrolyte (BGE) and a separation voltage 
of –30 kV.
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Initially, the capillary was flushed with 40.0 g L-1 of 
sodium hydroxide (30 min), deionized water (30 min) and 
BGE (20 min). At the beginning of each day, the capillary 
was rinsed with 40.0 g L-1 NaOH (5 min), water (5 min) 
and BGE (10 min). Between runs the capillary was flushed 
with BGE for 0.5 min. At the end of each day, it was flushed 
with 40.0 g L-1 NaOH (5 min) and water (5 min).

Samples were introduced applying the following 
hydrodynamic pressures: 50 mbar/5 s (sample solution), 
50 mbar/26 s (BGE plug) and 50 mbar/5 s (control solution).

Sample preparation

The samples of green, black, white, strawberry, detox, 
chamomile, fennel, mint and boldo teas analyzed in this 
study were obtained commercially. Two samples were 
prepared for each type of tea by the infusion of 25 g of 
dried material in 200 mL of boiling deionized water for 
5 min (according to the manufacturer’s instructions). Each 
sample was diluted by factors of 1:1 and 1:3 in deionized 
water. Sodium nitrite and perchloric acid solutions were 
prepared with almost oxygen-free water. The dissolved 
oxygen was partially removed by boiling deionized water 
for 15 min and purging this water with nitrogen for 15 min.

Antinitrosating capacity

The AC of the commercial teas was determined based 
on the work of Liu et al.21 and Choi et al.22 Briefly, 350 µL 
of the tea samples, in three different dilutions (1:0; 1:1 and 
1:3), was added to 350 µL of 1.5 g L-1 perchloric acid and 
350 µL of 100 mg L-1 sodium nitrite (final concentration of 
33.0 mg L-1). To obtain the control solution, the sodium nitrite 
solution was substituted by 350 µL of nearly oxygen-free 
water. All samples were incubated for 1 h (pH 2.3), in amber 
vials, at 37 °C. After the incubation period, 100 µL of 8.0 g L-1 
β-alanine was added to 300 µL of the sample and control 
reaction solutions. Sodium thiocyanate (final concentration 
of 12.0 mg L-1) was used as the internal standard (IS). The AC 
(in percentage) was calculated from the following equation:

 (8)

where Ps is the corrected peak area for nitrite (sample) and 
Pc is the corrected peak area for nitrite (control).

Statistical analysis

All results are expressed as the mean ± standard 
deviation of four samples that were analyzed in triplicate.

Results and Discussion

Method development

The method was developed as described by 
Spudeit et al.,36 following four steps. Firstly, a curve of the 
effective mobility as a function of the pH was constructed 
for each analyte (nitrite and nitrate) and the IS (thiocyanate). 
Secondly, the optimal pH value was determined according 
to the maximum separation and it was found to be in the 
range of 3.5-4.0. At this pH, nitrite is not fully dissociated 
and its mobility is reduced.37,38 According to Vitali et al.,39 
in this pH range, the electroosmotic flow (EOF) mobility 
is low and a counter-electroosmotic mode can be used 
since the mobilities of the analytes are higher than the EOF 
mobility. Thirdly, an appropriate background electrolyte 
was selected based on the work of Della Betta et al.,37 
using perchlorate as the co-ion since its mobility is similar 
to those of the analytes, minimizing the peak asymmetry. 
According to Spudeit et al.,36 co-ion parameter is the first 
procedure in BGE selection. β-Alanine was chosen as 
the counter-ion due to its pKa value (3.43) and buffering 
capacity. The separation conditions were predicted using 
the PeakMaster 5.3 software,40 which allowed the definition 
of the electrolyte composition as 4.0 g L-1 β-alanine and 
1.5 g L-1 perchloric acid at pH 3.79. The mobility value of 
thiocyanate is close to that of the mobilities of the analytes 
and this was employed as the IS.

In order to decrease the total analysis time (TAT), the 
multiple-injection mode was used, allowing the injection 
of two different samples within a single run. Based on 
single injection parameters (migration time of the analytes 
and migration time difference), two multiple-injection 
modes were applied; firstly, a multiplexed MISER 
(MP-MISER) injection provided an improvement in the 
analysis, decreasing the total time per sample by 31.1%. 
However, the results also showed an expected decrease 
in the performance after a few injections (normally after 
8 injections). Secondly, the MISER injection mode was 
more reproducible than MP-MISER mode and it was 
chosen, in this study, to analyze sample and control 
solutions on the same electropherogram, which allowed the 
determination of the AC in a single run (Figure 1).

Parameters of merit

In order to evaluate the method performance for nitrite 
determination, the parameters linearity, precision, LOD, 
limit of quantification (LOQ), repeatability (instrumental, 
intra-day and inter-day precision) and selectivity were 
analyzed and the results are given in Table 1. The calibration 



Ruani et al. 2153Vol. 29, No. 10, 2018

curve for nitrite showed a coefficient of determination 
higher than 0.99. The precision results were better than 
2.21% (intra-day) for peak area and 0.71% (inter-day) for 
peak corrected migration time.

Antinitrosating capacity

Previous reports have shown that AC is the greatest 
at acidic pH values, such as pH 2.5 and 3.0.21,41 Mirvish42 
reported that the optimum pH for the nitrosation reaction 
is between 2.0 and 3.4, where nitrite is converted to nitrous 
acid and subsequently to active nitrosating species, as 
highlighted below.

The AC of nine commercial teas was determined at 
pH 2.3. At this pH value, nitrite is mostly converted (88%, 
according to PeakMaster 5.3 software) to nitrous acid 
(pKa 3.22), considering the following equilibrium:

 (9)

Perchloric acid was used to adjust the pH of test 
solutions, in order to obtain nitrosation reaction at pH 2.3, 
and ensure the presence of BGE anion in the sample.43 
According to Whatley,43 the presence of BGE ions in the 
sample solution avoids high resistance across a plug of 
nearly pure water, avoiding localized heating. Despites 
perchloric acid being reactive and dangerously corrosive, 

we used a highly diluted solution (concentration of 
0.1% v/v). After incubation, β-alanine was added to 
increase the pH and ensure the presence of nitrite in ionic 
form (88%, calculated by PeakMaster 5.3).

According to Williams,14 nitrous acid decomposes to 
nitric oxide, nitric acid and water (equation 10), which was 
first elucidated by Abel and Schmidtz44 in 1928 (equations 
11 and 12).

 (10)

 (11)

 (12)

The experiments showed the presence of a nitrate peak, 
mainly in the control analysis, generated from nitrous 
acid decomposition. Chacuk et al. also highlighted,20 as 
described by Damschen and Martin,45 that nitrous acid is 
oxidized to nitric acid in the presence of O2 (equation 13), 
leading us to partially remove dissolved oxygen from the 
water to ensure the highest concentration of nitrous acid 
in solution.

 (13)

In previous studies, including the work by Cox,46 it 

Figure 1. Comparison of single injection (a) and MISER injection (b) for a standard solution (final concentration 20.0 mg L-1). Peaks: 1: nitrate; 
2: thiocyanate (IS); 3: nitrite; A and B represent the first (sample) and second (control) injections, respectively. Experimental conditions: capillary 32.0 cm 
(effective length 23.5 cm) × 50 µm; BGE 4.0 g L-1 β-alanine and 1.5 g L-1 perchloric acid, at pH 3.79, voltage –30 kV, 25 °C.
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was found that the photolysis of nitrous acid results in 
hydroxyl radicals.47 Thus, the reactions were carried out 
in amber vials to ensure the absence of light and prevent 
the photolysis of nitrous acid, increasing the concentration 
of nitrite.

DNA bases, such as adenine, cytosine, 5-methylcytosine 
and guanine, are susceptible to damage by nitrosative 
deamination attributed to N2O3, which can lead to 
mutagenesis.48-52 A study conducted by Oldreive et al.53 

demonstrated the inhibition of base deamination by plant 
phenolics, particularly epigallocatechin gallate.

Sample analysis

In order to demonstrate that tea solutions are interference-
free, tea analysis was carried out. Figure 2 shows black tea 
sample electropherogram (plus internal standard) and black 
tea sample added to nitrite and internal standard, before and 
after incubation period. In the presence of black tea, nitrite 
peak decreases significantly after 60 min of incubation.

Figures 3 and 4 illustrate boldo tea and chamomile tea 
electropherograms, respectively.

The samples with the strongest AC were black tea, 
green tea and white tea (Table 2), which are produced 
from leaves of Camellia sinensis.54 Boldo, mint and 
strawberry teas showed moderate antinitrosating capacity. 
A concentration-response trend was observed, since the 
AC increased with increasing concentrations of tea. An 
antinitrosating effect can be useful to avoid nitrosamine 
health risks, especially considering the favorable formation 
of nitrosamines in the stomach (under acidic conditions).55 
According to Carloni et al.,56 green tea, black tea and white 
tea contain phenolic compounds, including catechins, such 
as (+)-catechin, (–)-epigallocatechin, (–)-epigallocatechin 
gallate and (–)‐epicatechin gallate. Jeszka-Skowron and 
Zgoła-Grześkowiak57 also noted the presence of rutin, 
quercetin, gallic acid, chlorogenic acid, protocatechuic 
acid, p-coumaric acid, caffeic acid, ferulic acid and syringic 
acid.

The AC of these samples may be associated with 
the presence of (+)-catechin and (–)-epicatechin, as 
reported by Choi et al.,22 who also noted the potent 
AC of caffeic acid and quercetin. Studies conducted by 
Masuda et al.58 and Tanaka et al.59 showed a significant 
inhibition of the formation of nitrosamines in the presence 
of highly concentrated green tea containing catechins. A 
correlation between green tea and black tea as inhibitors of 
N-nitrosation and their phenolic contents was demonstrated 
by Wu et al.60

Conclusions

MISER presents several advantages, including the 
decreasing of total time and allowing the direct detection 
of nitrite, which eliminates the need for the Griess reaction 
step. In the results obtained in this study, the most potent 
AC of the teas was observed when catechins are present. 
This study highlights the importance of these herbal teas 
as sources of antinitrosating substances and their potential 
health benefits.

Table 1. Parameters of merit of the optimized method for the quantification 
of nitrite to determine the AC of commercial teas using MISER

Parameter of merit Nitrite

Linearity, calibration range / (mg L-1) 5.0-35.0

Linearity, slopea / (L mg-1) 0.11825

Slope standard deviationa 0.00064

Linearity, intercepta 0.0686

Intercept standard deviationa 0.0116

Linearity, coefficient of determination (R2)a 0.9991

Limit of detection (LOD)b / (mg L-1) 0.324

Limit of quantification (LOQ)b / (mg L-1) 0.981

Instrumental precision, RSD, peak areac / % 0.78

Instrumental precision, RSD, migration timec / % 1.59

Instrumental precision, RSD, corrected migration 
timec / %

0.58

Intra-day precision, RSD, peak areac / % 2.21

Intra-day precision, RSD, migration timec / % 0.94

Intra-day precision, RSD, corrected migration 
timec / %

0.32

Inter-day precision, RSD, peak areac / % 1.98

Inter-day precision, RSD, migration timec / % 3.06

Inter-day precision, RSD, corrected migration 
timec / %

0.71

Number of platesd / (N m-1) 82,000-136,000

Resolution (analyte:internal standard)e 1.30-1.67

aCurve for seven levels of nitrite, prepared in two genuine replicates and 
injected in duplicate; bLOD and LOQ calculated using the equations 
LOD = (3.3 × s)/S and LOQ = (10 × s)/S, where s is the intercept standard 
deviation and S is the slope of the external analytical curve equation; 
cthe relative standard deviation (RSD), calculated using the equation 
RSD = (P/ū) × 100, is the absolute standard deviation and ū is the 
arithmetic mean of the area ratio of the analyte to the internal standard, 
arithmetic mean of the migration time or corrected migration time of the 
analyte as a function of the internal standard migration time. RSD values 
of instrumental precision measured in the same solution (n = 8); intra-
day precision: 8 preparations at the same concentration (n = 8); inter-day 
precision: 8 preparations on one day and 8 preparations the next day 
(n = 16); dnumber of plates calculated with the equation N = 16(ti/wb)2,  
where ti is the migration time of the analyte (in min) and wb is the peak 
width at the baseline (in min). Number of plates per meter was calculated 
by dividing the number of plates (N) by 0.235 m (Ldet); eresolution was 
calculated through Rs = 2(tn – tn-1)/(wn + wn-1), where t is the peak migration 
time and w is the width of the base (n = 3).
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Figure 2. Comparison of MISER injection for black tea (plus IS) (a) and black tea and nitrite (plus IS) before incubation (b) and after incubation time (c). 
Peaks: 1: nitrate; 2: thiocyanate (IS); 3: nitrite; A, A’ and B represent the first sample injection, second sample injection and control injection, respectively. 
Experimental conditions: capillary 32.0 cm (effective length 23.5 cm) × 50 µm; BGE 4.0 g L-1 β-alanine and 1.5 g L-1 perchloric acid, at pH 3.79, voltage 
–30 kV, 25 °C.

Figure 3. Comparison of MISER injection for boldo tea (plus IS) (a) and boldo tea and nitrite (plus IS) before incubation (b) and after incubation time (c). 
Peaks: 1: nitrate; 2: thiocyanate (IS); 3: nitrite; A, A’ and B represent the first sample injection, second sample injection and control injection, respectively. 
Experimental conditions: capillary 32.0 cm (effective length 23.5 cm) × 50 µm; BGE 4.0 g L-1 β-alanine and 1.5 g L-1 perchloric acid, at pH 3.79, voltage 
–30 kV, 25 °C.
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