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An analytical method was developed for the accurate determination of benzoic acid in commercial quasi-drug

drinks using isotope dilution liquid chromatography mass spectrometry (ID-LC/MS). Sample drinks were

spiked with 13C6-benzoic acid and these mixtures were cleaned by a nylon membrane filter. The sample

mixtures were then analyzed using LC/Tandem MS in the negative ion mode without further clean-up or

extraction steps. For the chromatographic separation, a C18 column with isocratic mobile phase of 50:50 (v/v)

ammonium acetate buffer at pH 4.5 and methanol mixture was used. MS was operated with electrospray

ionization in the negative mode. Benzoic acid and its isotope analogue were detected by selectively monitoring

the collisionally-induced dissociation channels of [M-H]− → [M-CO2H]− at m/z 121 → 77 and m/z 127 → 83,

respectively. Repeatability and reproducibility studies showed that the ID-LC/MS/MS method is a reliable and

reproducible method which can provide less than 0.3% of relative standard deviation (RSTD) of method

precision for analysis of benzoic acid.
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Introduction

Food preservation has been of great importance nowadays

with the increase in production of processed and convenience

foods. Preservatives inhibit yeast, microbial and molds growth

in foods and beverages. Various classes of preservatives are

used, depending on the food products and the expected

microorganisms. Benzoic acid is one of the most commonly

used preservatives in numerous foodstuffs such as soft drink,

fruit juice, margarine, yoghurt, fruit jams and cheeses.1-3 

Despite of the widespread use and effectiveness of ben-

zoic acid, it has been reported that metabolic acidosis,

convulsions, and hyperpnoea were observed in experimental

animals and human given very high doses.4,5 In other studies,

allergic reactions of benzoate were observed in human.6

Additionally, it was issued that benzene which has been

known as a carcinogenic compound7 was detected in vitamin

C drinks containing benzoic acid. It was reported that

benzene was produced by decarboxylation of benzoic acid in

the presence of ascorbic acid.8 Therefore, it has been re-

commended not to add benzoic acid in vitamin C drinks.

These preservatives are allowed by legislation that esta-

blishes the maximum permitted concentrations in each type

of food. For example, in soft drinks, European Union

legislation establishes the limit of 150 mg/kg, Australia, 400

mg/kg, and Korea, 600 mg/kg, respectively.3 The acceptable

daily intake (ADI) for benzoic acid is 5 mg/kg body weight.2

It is, therefore, important to develop a method for the

accurate determination of benzoic acid in foodstuffs. 

There are a variety of analytical methods for the analysis

of benzoic acid in food stuffs. The majority of these are

separation methods such as thin-layer chromatography (TLC),9,10

high performance liquid chromatography (HPLC),10-15 gas

chromatography (GC) or gas chromatography mass spectro-

metry (GC/MS)16-18 and capillary electrophoresis (CE).19-22

However, these methods used complicated and labor inten-

sive pre-treatment procedures such as steam distillation

steps, solid phase extraction and derivatization steps. HPLC

with an UV detector has been most widely used for the

analysis of benzoic acid due to its high sensitivity. However,

UV detection can be easily interfered by sample matrices or

contaminants, causing biases in the measurement results. In

this respect, ID-LC/MS is a promising candidate as a refer-

ence method23-26 for the accurate determination of benzoic

acid as the mass spectrometric detection providing one or

two more stages of selectivity for the analyte and the intro-

duction of the isotope analogue as an internal standard

overcomes difficulty of correcting recovery yield in sample

preparation and separation. 

The objective of this work is to develop a definitive refer-

ence method for the determination of benzoic acid using iso-

tope dilution liquid chromatography mass spectrometry (ID-

LC/MS). The conditions of separation and electrospray ioni-

zation efficiency had to be optimized considering the pKa of

benzoic acid (pKa: 4.2). Additionally, sample preparation

processes were simplified to a single stage of membrane

filtering without further procedures. Using ID-LC/MS method,

commercial drinks were analyzed. The accuracy, repeatabi-

lity, and reproducibility of the method were also evaluated if

the method provides adequate metrological quality.

Experimental

Materials. Benzoic acid (99.999%) was purchased from

the National Institute of Standard and Technology (Gaithers-

burg, MD, USA) and used without any further purification.
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Purity assay was carried out by a manufacturer and that

result indicates a purity of 0.999996 mol/mol by mass

spectrometric and coulometric measurements. 13C6-benzoic

acid (98%) was purchased from Cambridge Isotope Labo-

ratories (Andover, MA, USA). HPLC grade methanol was

obtained from Burdick and Jackson (Muskegon, MI, USA)

and pure water was prepared by using a membrane-filtering

system and further purified by passing through a Millipore

Corp. Milli-Q RG purification system. Ammonium acetate

was from Aldrich (Milwaukee, WI, USA) and formic acid

was from Fluka (Steinheim, Germany). 

Standard solution. Standard solutions were prepared and

verified in our laboratory. The procedure for preparation and

verification was described elsewhere.26-28 Briefly, four ben-

zoic acid standard solutions were gravimetrically prepared in

water at the level of 100 mg/kg. A 13C6-benzoic acid stand-

ard solution was prepared in the same way. For each of four

benzoic acid standard solutions, two isotope ratio standards

with 1:1 isotope ratio were prepared by gravimetrically

mixing the standard solution with the 13C6-benzoic acid

standard solution. We tested self-consistency within and

among the standard solutions by inter-comparing the eight

isotope ratio standards by LC/MS. Based on the inter-com-

paring results, repeatability and reproducibility of preparing

standard solutions and isotope ratio standards were evaluat-

ed and one isotope ratio standard was selected and used for

further sample analysis. 

Sample preparation. Quasi-drug drinks were obtained

from a local market. 1 g of subsample was spiked with an

appropriate amount of the 13C6-benzoic acid standard solu-

tion to make 1:1 isotope ratio and then filtered by using a

nylon membrane filter (Waters Corp. Clifton, NJ, USA). The

sample was then analyzed by LC/MS without further clean-

up or extraction procedures. For the validation of our method,

we prepared samples with known levels of benzoic acid by

fortifying blank samples, which were also obtained from

local markets and tested that their benzoic acid levels were

below the detection limit of this method, by gravimetrically

adding a stock solution of benzoic acid. 

LC/MS Analysis. API 2000 mass spectrometer from Ap-

plied Biosystems (Forster City, CA, USA) which is inter-

faced with an 1100 Series LC system from Agilent Techno-

logies (Palo Alto, CA, USA) was used in this study. Samples

prepared as described above and the isotope ratio standard

were injected onto a Waters Corp. (Milford, MA, USA)

Symmetry C18 (150 mm length, 2.1 mm i.d., 3.5 µm particle

size) with a guard column. Analytical separation was per-

formed using an isocratic 50:50 mixture of 5 mM ammo-

nium acetate buffer (pH 4.5) and methanol at the flow rate of

0.2 mL/min. The mass spectrum was obtained with the

negative ion mode at the optimized spray conditions. For the

IDMS analysis, MS was operated on both a selected ion

monitoring (SIM) mode and a selected reaction monitoring

(SRM) mode. The SIM mode monitored the [M-H]− ions of

benzoic acid and 13C6-benzoic acid at m/z 121 and 127,

respectively. On the other hand, the SRM mode used the

collision induced dissociation (CID) channels providing [M-

CO2H]− ions of benzoic acid and its isotope analogue at m/z

121 → 77 and m/z 127 → 83, respectively. For the SRM

mode, the collision cell, the second quadrupole of the mass

spectrometer, was filled with nitrogen gas at a pressure of

~0.2 Pa (~0.2 × 10−3 mbar) and the collision energy was −16 eV.

Results

LC/MS of benzoic acid. The mass spectra of benzoic acid

and 13C6-benzoic acid in water were obtained using the

negative ionization mode of electrospray as shown in Figure

1 (a) and (b). [M-H]− peaks of benzoic acid at m/z 120.9 and
13C6-benzoic acid at m/z 126.9 were dominant in the

corresponding spectra. Weak [M-CO2H]− ion peaks at m/z

77 and 83, which were due to the post source decay of [M-

H]− ions, were also observed. The tandem mass spectra by

collisionally induced dissociation (CID) of [M-H]− ions of

benzoic acid and 13C6-benzoic acid are shown in Figure 1(c)

and (d). In both spectra, [M-CO2H]− ions were observed at

m/z 77 for benzoic acid and at m/z 83 for 13C6-benzoic acid.

Because no other fragment ions were observed in the CID

spectrum, [M-H]− → [M-CO2H]− ions were selected as CID

channels for the detection of both benzoic acid and 13C6-

benzoic acid in the SRM mode.

LC separation conditions were optimized considering the

pKa of benzoic acid. As the pKa of benzoic acid is 4.2, the

retention time and separation efficiency were observed at the

various pH levels of the mobile phase and the flow rate. The

isocratic 1:1 mixture of ammonium acetate buffer (pH 4.5)

and methanol was chosen as it provides an appropriate

retention time and separation performance without losing

ionization efficiency of the analyte in the negative ion mode.

Figure 2 shows that the chromatogram of the isotope ratio

standard (a) and a drink sample (b) in the SIM mode (i) and

the SRM mode (ii). The chromatograms were dominated by

the peaks of the target analytes and showed low background

Figure 1. MS spectra of 5 ppm benzoic acid (a) and 13C6-benzoic
acid (b) in water and MS/MS spectra by collisionally induced dis-
sociation of benzoic acid (c) and 13C6-benzoic acid (d). All spectra
were obtained in negative ionization mode.
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noise and no significantly interfering peaks from sample

matrix. With those LC/MS conditions, the limits of detection

for a signal-to-noise ratio of 3 were 0.05 ppm for SIM mode

and 1.0 ppm for SRM mode, respectively. Even though the

recovery results of the SIM mode are not much different

from those of the SRM mode (data not shown), the SRM

mode was operated for the quantitative analysis of IDMS

measurement. Because only the filtration step was perform-

ed for sample preparation, it is possible for the SIM mode to

be interfered by sample matrix. 

Validation of method. There are a number of ingredients,

such as carbohydrates and minerals, in commercial quasi-

drug drinks which might interfere with the detection of

benzoic acid; therefore the recoveries of benzoic acid from

variously fortified samples were investigated. The blank

drink has similar ingredients as those of the sample drink but

does not include benzoic acid. The blank drink was confirm-

ed by mass spectrometry that the level of benzoic acid was

below the detection limit of the LC/MS method. Samples

with various levels of benzoic acid were prepared by fortify-

ing the blank drink by gravimetrically spiking a benzoic acid

stock solution and analyzed by the ID-LC/MS method. Table

1 shows that the recovery of fortified benzoic acid was over

99% through the benzoic acid level tested, indicating that

matrix in commercial drinks do not seriously affect on the

determination of benzoic acid by the ID-LC/MS.

To test repeatability and reproducibility of the analytical

method, it is necessary to perform experiments with highly

homogenized reference materials. Our laboratory as the

metrology institute of Korea has experiences in producing

several classes of certified reference materials and applied

these techniques for preparing a homogenized reference

material for the validation of this method. The procedure of

preparation for the reference material is briefly described

here.26-28 More than 6,000 mL of drinks were collected in

one big bottle, and then homogenized using a shaker for

hours and bottled into a 200 mL-polyethylene jar. The jar

was purged with argon, tightly sealed with a Teflon lined cap

and stored at 4 oC. Repeatability was tested that multiple

bottles were taken and analyzed by the LC/MS/MS. Repro-

ducibility was tested by carrying out the same repeatability

test after a reasonable time interval of weeks to months - for

this study, the experiments have been performed after 5

months. The results are listed in the Table 2. The relative

standard deviation of the results obtained from the ID-LC/

Figure 2. Typical LC/MS of single ion monitoring mode (SIM) (i)
and LC/MS/MS of selected reaction monitoring mode (SRM) (ii)
chromatogram of benzoic acid and 13C6-benzoic acid for the
standard mixture solution (a) and the quasi-drug drink (b), respec-
tively. The concentration of the standard mixture solution was 80
ppm and that of the quasi-drug drink solution was 50 ppm. For SIM
mode, m/z 121 for benzoic acid and m/z 127 for 13C6-benzoic acid
were detected and for SRM mode, m/z 121 → 77 [M-CO2H]− for
benzoic acid and m/z 127 → 83 [13C6-M-CO2H]− was selected for
CID channels, respectively. 

Table 1. Recovery test results with gravimetrically fortified samples

Fortified 

concentration

(mg/kg)

Experiment 

concentration

(mg/kg)

Recovery

(%)

Sample #1 48.83 49.25 100.85

Sample #2 132.41 131.99 99.68

Sample #3 201.59 199.94 99.18

Sample #4 376.25 375.33 99.76

Sample #5 668.59 671.04 100.37

Sample #6 751.86 746.40 99.27

Table 2. Results of benzoic acid in quasi-drug drink by ID-LC/MS/
MS in the SRM mode in two different time periods within 5 months

Results of ID-LC/MS/MS (mg/kg)

Period 1

Subsample #1-1 247.02

Subsample #1-2 248.23

Subsample #1-3 248.53

Subsample #1-4 248.96

Subsample #1-5 248.21

Average 248.14

RSTD 0.69 (0.30%)

Expanded uncertaintya 2.98 (1.2%)

Period 2

Subsample #2-1 251.30

Subsample #2-2 253.06

Subsample #2-3 255.16

Average 253.18

RSTD 1.93 (0.76%)

Expanded uncertaintya 12.15 (4.8%)

aThe expanded uncertainties are with a level of confidence of 95%.
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MS method with the SRM mode within a time period ranges

between 0.30% and 0.76%, indicating that the method has

an excellent repeatability. The measurement values from the

two period agree to each other within their uncertainties,

indicating that the method provide a good reproducibility.

Sources of uncertainty. Uncertainty sources of results

from the ID-LC/MS/MS method are listed in the Table 3.

Purity of the reference material provided from its certificate

works as a systematic uncertainty throughout this study.

Standard deviation of measurement results of multiple sub-

samples within a time period in this case represents the

random uncertainty due to the uncertainties in weighing

sample taken for analysis, weighing the amount of the 13C6-

benzoic acid solution spiked to the sample, and the LC/MS/

MS measurements of the isotope ratio standards and sample

extracts. The uncertainties in the standard solution and the

isotope ratio standard mixture do not involve in the variation

of results of subsamples within a period and give systematic

effects on the results. The reproducibility also includes the

uncertainties in the gravimetric preparation of the standard

solution and the isotope ratio standards as well as the

random uncertainty sources of the repeatability test in a

single period. Therefore, all the uncertainty sources but the

uncertainty of the purity of the benzoic acid reference

material is included in the reproducibility as random effects.

All combined uncertainty using ID-LC/MS/MS for benzoic

acid analysis is 1.2% with 95% confidence level.

Conclusions

The LC/tandem-MS based on the isotope dilution mass

spectrometric method has been developed for the determin-

ation of benzoic acid in quasi-drug drink. For the validation

of the method, gravimetrically fortified samples were analy-

zed by ID-LC/MS/MS. The analytical results agree with the

gravimetrically prepared values within their uncertainties.

Repeatability and reproducibility test was also carried out.

The test results proved that ID-LC/MS/MS using the

negative ion mode for determination of benzoic acid has a

metrological quality less than 1.2% with 95% confidence.
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Table 3. Uncertainty sources in the ID-LC/MS/MS for the determination of benzoic acid in quasi-drug drinks

Sources

(Evaluation Methods)

Typical value

(Relative %)

Benzoic acid standard solution Purity of the reference material (from the certificate) 0.0001%

Gravimetric preparation (from cross-check of independent 

sets of calibration solutions)

0.32%

Calibration standard mixture Gravimetric mixing (from cross-check of independent 

sets of calibration standard mixtures)

0.35%

Weights of sample taken for analysis Readability and linearity of the balance used 

(from the certificate of the balance)

< 0.01%

Weights of 13C6-benzoic acid solution spiked 

into sample taken for analysis

Readability and linearity of the balance used 

(from the certificate of the balance)

< 0.01%

Peak area ratio of benzoic acid and 13C6-benzoic acid from 

LC/MS/MS measurements of calibration standard solution

Standard deviation of multiple measurements 0.10%

Peak area ratio of benzoic acid and 13C6-benzoic acid 

from LC/MS/MS measurements of sample extract

Standard deviation of multiple measurements 0.30%


