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Abstract: In this study, it was aimed at investigating benzoic acid (BA) and sorbic acid (SoA) concentrations in tomato paste, pepper 
paste, ketchup, mayonnaise, and barbeque sauce samples by a validated static headspace gas chromatography–mass spectrometry (GC-
MS) method. Salicylic acid (SalA) was used as internal standard and the measurements were conducted in the wide linear concentration 
ranges of BA and SoA which were 2.5–5000 and 12.5–5000, respectively. The limit of detections (LODs) were determined to be 1.5 
and 4.5 mg/kg while the limit of quantifications (LOQs) were 2.5 and 12.5 mg/kg for BA and SoA, respectively. The average recovery% 
values of BA and SoA were found to be 98.5% and 98.7% in an open tomato paste sample while these values were 98.7% and 100.3% in a 
mayonnaise sample, respectively. Accuracy of the proposed method was confirmed by statistically (significance test) evaluating excellent 
recovery values. In real samples, while the results of the canned tomato pastes and industrial sauce samples were found suitable, BA 
and SoA   were determined in some tomato and pepper paste products sold under the traditional or homemade name although use of 
the preservatives in the pastes were prohibited. It is vital for public health to prevent adulteration in pastes which is indispensable for 
Turkish cuisine as well as prevalently consumed in the world. Therefore, the proposed method can be used in food control laboratories 
due to its reliability and consumption of much less toxic chemical reagents.
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1. Introduction
Food preservatives are chemicals added to some foods to extend shelf life span and while maintaining the quality, freshness, 
and taste of them. Benzoic acid (benzenecarboxylic acid, BA), sorbic acid (2,4-hexanedienoic acid, SoA), and the salts 
derived from them are common and cheap food additives which effectively inhibit the proliferation of the microorganisms 
such as fungi, yeasts, moulds, and bacteria [1–8]. The ingested amount of these chemicals elevated in direct proportion to 
the increase in the use of preservatives in foods. In every country, there is an upper limit of BA and SoA concentrations 
that changes from country to country, but in general, they are between 0.15–6 g/kg, according to the type of food they are 
added to, unless their use are prohibited [9]. It is commonly admitted that the use of BA and/or SoA below the maximum 
permitted limits do not affect health, but excess intake of these chemicals can lead to metabolic acidosis, genotoxicity, 
convulsions, asthma, urticaria, and hyperpnoea [1–8].

Consumption of foods in which tomatoes and peppers are used as main ingredients, especially pastes, is quite common 
in Türkiye. The Turkish Food Codex Communiqué on Paste and Similar Products states that the use of sorbic acid (E 200) 
and potassium sorbate (E 202) in the tomato and pepper paste products is not allowed. The Turkish Food Codex Regulation 
on food additives complies with the Regulation (EC) No 1333/2008 of the European Parliament and of the Council on 
food additives [10,11]. Moreover, it is also specified by the Communiqué that the tomato/pepper-based brands that give 
the impression of tomato or pepper paste on the label of edible products, paste image, tomato/pepper image and similar 
expressions and visuals must not be used in the similar products. However, some people aimed to prevent the perception 
of tomato/pepper-based edible products as paste and caused an unfair competition. On the other hand, for the ketchup, 
mayonnaise, and barbeque sauce products consumed by people of all ages, it is allowed to use certain concentration limits 
of preservatives according to the regulation, depending on whether they are emulsified or not. The concentration levels of 
BA and SoA in these widely consumed products should be monitored strictly for food safety. Hence, there is a need for a 
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method that not only is easy and reliable, but also generates smaller amount of toxic chemical waste, which is crucial for 
environmental sustainability today.

A number of studies have been published in the literature for determination of the analytes we are interested in, 
on various types of food, by employing some analytical instruments, such as headspace solid-phase microextraction-
gas chromatography-flame ionization detector (HS-SPME-GC-FID) [12], GC-MS analysis after SPME [13], HS-GC-MS 
[3,14], high-performance liquid chromatography (HPLC) [4,8,15–22], thermal desorption gas chromatography mass 
spectrometry (TD-GC-MS) [23], capillary zone electrophoresis (CZE) [6,7,24], CE [2,25], capillary ion chromatography 
with conductivity detection (CIC-CD) [5], paper spray mass spectrometry (PS-MS) [26], and quantitative proton nuclear 
magnetic resonance (qHNMR) spectroscopy [27]. Among them, determining BA and SoA in a simultaneous manner has 
most commonly studied with HPLC, but it involves some drawbacks, for example, mobile phases need copious amounts 
of organic solvents and HPLC requires tedious processes regarding the pretreatment of the sample. Most of the foodstuff 
possess complex matrices and thus, some clean-up processes generally required prior to chromatographic analyses such 
as solid phase extraction (SPE), dispersive liquid-liquid microextraction (DLLME), liquid-liquid extraction (LLE), and 
QuEChERS methods to eliminate the coextracted matrix interferences [4,5,12,15,20,21]. 

In this work, it was aimed to simultaneously analyze BA and SoA in tomato paste, pepper paste, ketchup, mayonnaise, 
and barbeque sauce samples by a fast, easy, reliable and sensitive static HS-GC-MS method with using and wasting 
minimal volumes of chemical reagents. A static HS-GC-MS was utilized with the parameters developed in the previously 
published study [14] for nonalcoholic beverages, but merely a minor modification on sample preparation step was applied 
prior to transferring the sample to the HS vial in where the analytes and the internal standard (IS, salicylic acid, SalA) were 
simultaneously derivatized to their more volatile methyl esters. It was proven by the results obtained from the validation 
studies that the method worked successfully in this study. The remarkable advantage of the method was that even though 
a very small amount of the samples and the reagents (methanol and sulfuric acid) employed for the derivatization reaction 
were used, very sensitive and reliable analyses were achieved. 

The obtained results were evaluated according to The Turkish Food Codex Regulation on Food Additives [11] and 
the Turkish Food Codex Communiqué on Paste and Similar Products [28]. BA and SoA content in canned and known 
brands’ products have been found to comply with the regulations. Contrary to the industrial branded products, tomato 
and pepper pastes sold openly under the traditional image and home-made name were in violation of the regulation in 
that both preservatives were determined. Noteworthy is that to the best of the author’s knowledge, this is the first study 
to analyse BA and SoA in tomato paste, pepper paste, ketchup, mayonnaise, and barbeque sauce samples by performing a 
static HS-GC-MS. The author claims that the proposed method is a candidate for determination of BA and SoA in different 
kinds of sauces for both quality control analyses and finding out adulterations.

2. Experimental
2.1. Chemicals and reagents
Sorbic acid (≥ 99.0%), benzoic acid (ACS reagent, ≥ 99.5%), salicylic acid (ACS reagent, ≥  99.5%), and methanol (HPLC 
grade, ≥  99.9%) were procured from Sigma-Aldrich. Sulfuric acid (analytical reagent grade, ≥ 95.0%) was purchased from 
Fischer Scientific UK. Ultra pure water (≥ 18.2 MΩ cm resistivity) was obtained from a New Human Power I Scholar UV 
water purification system (Human Corporation, Seoul, Korea). 
2.2. Solutions
Analytes in the standard solutions and in the samples were dissolved with a solution consisting of methanol:water 65:35 
(v/v) [14,29]. Stock solutions of 1000 mg/kg were prepared for BA and SoA, by dissolving and diluting 10 mg of the 
pure reagents with the above solvent up to 10 mL. The same procedure was used to prepare the IS solution, but the only 
difference was that the standard compound was dissolved in pure methanol. The calibration solutions of BA (0.05, 0.1, 
0.5, 1, 5, 10, 25, 50, and 100 mg/L) and SoA (0.25, 0.5, 1, 5, 10, 25, 50, and 100 mg/L) were prepared by diluting the stock 
solutions at appropriate ratios in the 10 mL volumetric flasks. It should be noted that these calibration ranges were within 
the instrument ranges. The working range of the method was determined by taking the dilution factor into account.
2.3. Samples and sample preparation
Six canned tomato paste samples, 6 tomato ketchup samples, 6 mayonnaise samples, and 6 barbeque sauce samples sold 
by different national and foreign brands were procured at local supermarkets. In addition, homemade samples including 
3 tomato paste samples and 5 pepper paste samples that are sold openly were obtained from the local and open markets in 
İstanbul province, Türkiye in June 2023. The commercial samples were analyzed before the expiration dates.

A modified version of the initial sample preparation procedure was adapted from Nordic Committee on Food Analysis, 
NMKL method 124 [29]. Firstly, in order to minimize the waste volume of esterification reagents, namely sulfuric acid 
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(H2SO4) and methanol (CH3OH), the sample weighing amount and the total solution volume were reduced. 0.2 g of a 
sample, of which stock sample had been thoroughly mixed and homogenized beforehand, was weighed and transferred 
accurately into a 10-mL volumetric flask with 3 mL of methanol:water 65:35 (v/v) solution. After the flask was vigorously 
shaken for 30 s, the solution was diluted up to 10 mL with methanol:water 65:35 (v/v) solution and the flask was shaken 
again. Thus, the samples were diluted approximately 50-fold. About 2–3 mL of each sample solution was filtered through 
filter paper. 

From this point on, the HS parameters and the transferred volumes of the solutions previously optimized [14] for 
nonalcoholic beverages were utilized for incubation of the solutions in the HS vial, thereby derivatizing the analytes and the 
IS as their volatile methyl esters and subsequent on-line GC-MS analysis. Unlike this proposed study, 250 µL of the liquid 
samples examined in the previous study [14] was taken and diluted to 5 mL (DF = 20) with the same solvent mixture. In 
principle, a condensation reaction catalysed by sulfuric acid rapidly took place between the organic acids and methanol in 
a 22 mL HS vial. The reason why methanol was used in derivatization reaction was twofold; it was a low-boiling solvent in 
the preparation of solutions and also methyl esters boil at lower degrees when compared with other alcohols. What is more, 
no additional pure alcohol was not needed for the derivatization reaction. So, 50 µL of the 50-fold diluted sample solution 
(or water for blank solution), 50 µL of 10 mg/L IS, and 200 µL of 4.5 M sulfuric acid were mixed in a 22-mL HS vial. Then, 
the vials were crimped with the gas-tight Teflon-lined rubber septum caps. The frequency scanning shaker option of HS 
oven was activated during heating time, so equilibration time was reduced. After the incubation at 140 °C for 15 min, the 
samples from the gas phase were automatically injected to GC. A graphical summary of the HS-GC-MS analysis of BA and 
SoA in the samples is represented in Figure 1.
2.4. Instrumentation
Analyses were conducted by performing a Perkin Elmer Clarus 500 GC equipped with a Clarus 500 Mass Spectrometer and 
an HS40 autosampler. Perkin Elmer HS40 is a loopless headspace autosampler with an adjustable injection time. A polar 
phase (carbowax-PEG) Stabilwax-DA GC column (30 m length, 0.25 mm i.d., and 0.5 μm df.) used for chromatographic 
separations was taken from Restek.

The HS-GC-MS conditions optimized in the previous study [14] were exploited. The solutions in the 22 mL HS vials 
were heated in the HS oven at 140 °C during 15 min to complete derivatization and evaporation of the analytes and IS. The 
temperatures of the HS needle and the transfer line were adjusted to 145 and 150 °C, respectively. The vial pressurization, 
injection, and withdrawal time values were 1.00, 0.06, and 0.50 min, respectively. The flow rate of helium, employed as a 
carrier gas, was 1 mL/min and HS pressure was 30 psi. After injection, chromatographic separation was accomplished by 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Graphical representation of simultaneous determination of BA and SoA in the 

pastes and sauces by using static HS-GC-MS. 

 

Figure 1. Graphical representation of simultaneous determination of BA and SoA in the 
pastes and sauces by using static HS-GC-MS.
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setting the GC oven temperature was programmed as follows: initial, 100 °C for 6 min; ramp, 20 °C/min to 220 °C; and 
hold, at 220 °C for 3 min. GC injector temperature was 250 °C. The GC oven was equilibrated in 2 min and total analysis 
time was 15 min. 

GC Inlet Line and Ion Source Temperature values were 200 °C and 180 °C, respectively. EI+ source energy was 70 eV. 
A TurboMass (version 6.1.0.1963) software was utilized for data acquisition and instrumental control for GC and MS 
by a computer. The data were acquired in the full scan mode, mass units were between 15–250 atomic mass units (amu) 
(4.1–12.0 min) and in the selected-ion recording (SIR) mode, m/z 67 for SoA (5.5– 6.5 min), m/z 105 for BA (8.0–9.0 min), 
and m/z 120 for SaA (9.5–10.5 min) were simultaneously collected and processed by the TurboMass software. The peaks 
of the target analytes were identified and confirmed by both matching retention times of standards and performing MS 
spectral search program (NIST/EPA/NIH, ver 2.2.) on Total Ion Chromatogram (TIC) between 4.1–12.0 min. At the same 
time, BA and SoA were quantified by using SIR mode.

3. Results and discussion
In this work, a fast, accurate, and precise static headspace GC-MS method was suggested for different tomato paste, pepper 
paste, ketchup, mayonnaise, and barbecue sauce brands to determine the preservatives, namely benzoic acid (BA) and 
sorbic acid (SoA). BA and SoA were transferred from solid samples to the solutions during dilution with a 65:35 (v/v) 
solution of methanol and water. Secondly, they were derivatized by sulfuric acid/methanol in the static HS autosampler, 
in which their volatile methyl esters were formed. The last stage involved injection of the gaseous compounds into GC-
MS system for analysis. The oven temperature, thermostat time, and injection time values of HS were very critical for 
derivatizing the organic acids and for establishing vapor pressure equilibrium of the compounds. GC oven temperature 
program parameters and also SIM and SIR modes of MS are important for the selectivity and sensitivity of the method. 
Therefore, the HS-GC-MS system parameters optimized in the study [14] for the analysis of BA and SoA in nonalcoholic 
beverages was adapted to this study.
3.1. Method validation study
Since the matrices of the samples examined in this study were different from the beverages, a full validation study was 
carried out. The linearity, sensitivity, precision, accuracy, and selectivity of the method were comprehensively investigated. 
All validation parameters are summarized in Table 1. 

Linearity was assessed by internal standard calibration methods by using SalA as IS. The calibration curve of each 
analyte was constructed as a plot of the concentration of analyte (x axis) versus the ratio of area of analyte to IS (y axis). 
The calibration curves of BA and SoA which are shown in Figure 2 revealed that the measurements were conducted in the 
wide concentration ranges with very good linearities and correlations coefficients (r2 = 0.9998). The analytes and IS were 
successfully separated by using polar phase PEG column under the temperature program of the GC oven. The TurboMass 
software allowed processing SIR mode and full scan mode simultaneously. Thus, SIR mode was utilized for quantification 
while full scan mode was employed for the positive findings by scanning MS spectra in the NIST library. There was no 
interference observed at all, even with the samples with complex matrices, therefore one concludes that the proposed 
method is selective for the analytes in this study.

According to the Eurachem Guide [30], LODs and LOQs were calculated by 3 × SD and 10 × SD, respectively, of 
the average measurements (N = 10) of BA and SoA at low concentrations (S/N = 3). The sensitivity of this method was 
especially important for the paste samples, in which the use of preservatives is prohibited.

Precision was evaluated with RSD%intraday (N = 6 injections) and RSD%interday (N = 3 × 6 injections) values by analyzing 
the unbranded tomato paste sample No.1 (see also Table 2). The RSD% values that were found lower than 5 confirmed the 
method precision.

The accuracy was established by spiking an unbranded tomato paste sample and a mayonnaise sample containing 73% 
fat at three concentration levels. The recovery% values, which were in the range of 95%–105% for BA and 97%–104% for 
SoA (Table 1), were statistically evaluated by exerting the significance test at the 95% confidence level. According to Table 
1, tcalculated < tcritical (2.57) was found for each result, which is indicative of the fact that the analytes were measured by the 
static HS-GC-MS method in the complex-matrixed samples with good accuracy that was statistically proven.

Since the vapor pressures of the volatile components are important in static HS studies, the matrices of the standards 
and samples in the HS vial should be similar. Before the optimized in-vial esterification reaction, the solid samples were 
sufficiently diluted in order to provide matrix matching with standard solutions. The successful results obtained from the 
method, which was fully validated after diluting liquid beverage samples 20-fold in the previous study [14], were achieved 
by diluting the samples 50-fold in this study.  Accordingly, the working range and detection limit of the method, not the 
instrument, are presented in Table 1. Unlike GC or LC methods where injection is applied in liquid phase, in HS-GC 
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Table 1. Validation parameters of the proposed method.

Parameter BA SoA

Linearity Calibration range (mg/L) 2.5–5000 12.5–5000
Correlation coefficient (R2) 0.9998 0.9998
Regression equation y = 2.0602x – 0.4273 y = 0.2060x – 0.0258

Selectivity

Selected ion (m/z) 105 67

Retention time (min) 8.39 5.89
No interference No interference
(Verified with the measurements of all real samples)

Sensitivity
(in the sample)

LOD (mg/kg) 1.5 4.5

LOQ (mg/kg) 2.5 12.5

Intra-day Precision 
(RSD%)

(N = 6 measurements of unbranded 
open tomato paste sample (No 1)) 2.8 4.1

Interday Precision 
(RSD%)

(N = 3 × 6 measurements of 
unbranded open tomato paste 
sample (No 1))

4.3 4.7

Accuracy Open tomato paste sample (No 1) 

Initial (mg/kg) (N = 6) 1551 ± 31 606 ± 15
Added (mg/kg) 750 1500 3000 300 600 1200
Found (mg/kg) (N = 6) 2326 ± 102 2996 ± 87 4712 ± 198 916 ± 33 1213 ± 55 1803 ± 88
Recovery% 96.7 ± 4.4 103.8 ± 2.9 94.9 ± 4.2 96.9 ± 3.6 98.8 ± 4.5 100.3 ± 4.9

tcal 1.30 2.27 2.10 1.49 0.46 0.11

Mayonnaise sample (No 2)

Initial (mg/kg) (N = 6) 345 ± 10 485 ± 23
Added (mg/kg) 150 300 600 250 500 1000
Found (mg/kg) (N = 6) 503 ± 20 630 ± 26 970 ± 43 725 ± 27 988 ± 26 1515 ± 50
Recovery% 94.8 ± 3.9 105.4 ± 4.1 96.0 ± 4.4 104.2 ± 3.7 99.5 ± 2.6 97.1 ± 3.3

tcal 2.31 2.28 1.57 1.97 0.33 1.52

 

Figure 2. Calibration curves of BA (I) and SoA (II) provided by the TurboMass software in the 

report. 

 

Figure 2. Calibration curves of BA (I) and SoA (II) provided 
by the TurboMass software in the report.
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methods, all matrix components except the VOCs could not reach the analytical column since injection is applied in the 
gas phase after heating in HS oven. At this point, it should be taken into consideration during heating in HS, which has a 
significant advantage in terms of eliminating the matrix effect, is that the partial vapor pressures of the analytes in the HS 
vial should be same for both standards and samples. Table 1 proves that in this study, by diluting the samples 50-fold, the 
partial vapor pressures of the analytes were compared to those of standard solutions and accordingly successful results 
were obtained. Consequently, very good precision and accuracy results were achieved. 

Table 2. The results of SoA and BA concentrations in tomato pastes, pepper pastes, ketchups, mayonnaises and barbeques determined 
by the proposed HS-GC-MS method (N = 6).

No Sample
SoA BA

mg/kg Declared on the 
label mg/kg Declared on the 

label

1 Industrial canned tomato paste 1 < LOQ not contain < LOQ not contain
2 Industrial canned tomato paste 2 < LOQ not contain < LOQ not contain
3 Industrial canned tomato paste 3 < LOQ not contain < LOQ not contain
4 Industrial canned tomato paste 4 < LOQ not contain < LOQ not contain

5 Industrial canned tomato paste 5 < LOQ not contain < LOQ not contain

6 Industrial canned tomato paste 6 < LOQ not contain < LOQ not contain

7 Unbranded tomato paste (open) 1 1551 ± 31 no label 606 ± 15 no label
8 Unbranded tomato paste (open) 2 1378 ± 54 no label 637 ± 32 no label
9 Unbranded tomato paste (open) 3 1412 ± 40 no label 562 ± 21 no label
10 Unbranded plain pepper paste (open) 1 906 ± 32 no label 638 ± 26 no label
11 Unbranded plain pepper paste (open) 2 505 ± 11 no label 258 ± 14 no label
12 Unbranded plain pepper paste (open) 3 1095 ± 16 no label 1472 ± 37 no label
13 Unbranded hot pepper paste (open) 1 1144 ± 37 no label 135 ± 8 no label
14 Unbranded hot pepper paste (open) 2 1318 ± 26 no label 1827 ± 46 no label
15 Industrial tomato ketchup 1 < LOQ not contain < LOQ not contain
16 Industrial tomato ketchup 2 < LOQ not contain < LOQ not contain
17 Industrial tomato ketchup 3 < LOQ not contain < LOQ not contain
18 Industrial tomato ketchup 4 137 ± 5 contains 195 ± 11 contains 
19 Industrial tomato ketchup 5 < LOQ not contain < LOQ not contain
20 Industrial tomato ketchup 6 221 ± 9 contains 253 ± 6 contains
21 Industrial mayonnaise 1 < LOQ undeclared < LOQ undeclared 

22 Industrial mayonnaise 2 345 ± 10 contains 485 ± 23 contains

23 Industrial mayonnaise 3 < LOQ undeclared < LOQ undeclared 
24 Industrial mayonnaise 4 993 ± 29 contains 137 ± 5 contains
25 Industrial mayonnaise 5 < LOQ undeclared 774 ± 23 contains
26 Industrial mayonnaise 6 < LOQ not contain < LOQ not contain
27 Industrial barbeque sauce 1 595 ± 16 contains 110 ± 6 contains
28 Industrial barbeque sauce 2 148 ± 4 undeclared 146 ± 8 undeclared 
29 Industrial barbeque sauce 3 347 ± 13 contains 188 ± 4 contains
30 Industrial barbeque sauce 4 < LOQ undeclared 430 ± 19 contains
31 Industrial barbeque sauce 5 < LOQ not contain < LOQ not contain
32 Industrial barbeque sauce 6 < LOQ not contain < LOQ not contain
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3.2. Sample analysis
The author devised a sensitive, precise, and accurate HS-GC-MS method that was utilized for determination of BA and 
SoA in commercial branded samples consisting of 6 industrial canned tomato paste samples, 6 branded tomato ketchup 
samples, 6 branded barbeque sauce samples, and 6 branded mayonnaise samples, and also in unbranded, openly sold 
samples with traditional impression including 3 unbranded tomato paste samples and 5 unbranded pepper paste samples. 
Analyses were performed (N = 6) and the results were expressed as average ± standard deviation (mg/kg) in Table 2. 
Suitability of the results given in Table 2 were evaluated according to Turkish Food Codex Regulation on Food Additives 
[11] and Turkish Food Codex Communique on Tomato Paste and Similar Products [28]. 

As seen in Table 2, BA and SoA were not detected in any industrial canned tomato paste. Industrially known brands 
were found to comply with the regulations in tomato paste production, but unfortunately it was critical in unbranded 
products that were sold openly with a traditional impression. After the entry into force of this Turkish Food Codex 
Communiqué on Tomato Paste and Similar Products [28], the use of preservatives in pastes was prohibited. Previously, 
it had been stated in the Turkish Food Codex Regulation on Food Additives that only sorbic acid could be used in pastes 
and the maximum amount was 1000 mg/kg. Moreover, after the Communiqué came into force, products that were given 
a name or appearance similar to commercial pastes began to be seen, which could mislead the consumer. According to 
the communiqué, the labelling of food should not be misleading in terms of the qualities of the food. Accordingly, the 
brand, the name of the food, the expression, terms and visuals on the label of the food should not evoke another product 
group, especially in terms of the nature, identity, properties, composition, quantity, durability, country of origin and 
production method of the food. However, BA and SoA were determined both in the tomato pastes and in the plain and hot 
pepper pastes sold openly. Although these products must not contain any preservatives, the average total concentrations 
of preservatives were found to be quite high with > 2000 mg/kg in open tomato pastes, 764–2567 mg/kg in plain pepper 
pastes and even 1280 and 3145 mg/kg in a hot pepper paste samples (Table 2). The representative SIR chromatograms 
of an unbranded tomato paste sample (no. 1 in the 7th row of Table 2) is given in Figure 3. Even before the addition of 
preservatives in paste products was banned by the communique, only SoA had been allowed to be used, and the fact that 
even 500–1500 mg/kg BA was determined also in the samples analyzed in this study showed how risky the uncontrolled 
products sold openly.

Mayonnaise is an emulsified sauce and is at least partially based on an oil-in-water or a water-in-oil emulsion. According 
to Turkish Food Codex Regulation on Food Additives, BA and/or SoA can be added to mayonnaise alone or together. The 
maximum amount applies to the sum of these substances and these amounts are expressed in terms of free acid. If the fat 
content of a mayonnaise sample is 60% or more, the total concentration of BA and/or SoA must not exceed 1000 mg/kg, 
and if it is below 60%, the total concentration must not exceed 2000 mg/kg. In Table 2, the total preservative concentrations 
in mayonnaise sample no. 2 (73% fat) and sample no. 5 (68% fat) were found to be 831 and 774 mg/kg, respectively, while 
it was 1129.27 mg/kg for sample no. 4 (30% fat). On the other hand, neither BA nor SoA was detected in the mayonnaise 
samples with no. 1, 3, and 6. As a result, the information of preservative content declared on the labels of industrial well-
known brand mayonnaise samples was verified and no mayonnaise product was found to be contrary to the regulation or 
misleading information on the label.

Tomato ketchup products are in the category of nonemulsified sauces. Thus, the maximum concentration limit of BA 
and/or SoA is 1000 mg/kg. Both preservatives were determined in ketchup samples numbered 4 and 6, which declared 
that they contain BA and SoA on their labels, and total preservative concentrations were found to be 332 and 475 mg/kg 
in two samples, respectively. BA and SoA were not detected in ketchup samples with no. 1, 2, 3, and 5 claiming to contain 
no preservatives on the label. In industrial ketchup samples, there was no violation of the regulations and communiqués 
in terms of preservatives. All of the barbeque sauce samples, which are another nonemulsified product type, included in 
this study were found to be suitable in terms of both the accuracy of the information declared on label and the BA and 
SoA concentrations. 
3.3. Comparison of the proposed HS-GC-MS method with the other methods
Table 3 summarizes the comparison of the method proposed in this study with other methods selected from the literature. 
Noteworthy that Table 1 and Table 3 give the proposed method’s detection and quantification limits, but these values of the 
instrument were 0.03 and 0.09 mg/L for BA and 0.05 and 0.25 mg/L for SoA, respectively.  In the study where BA and SoA 
determinations were carried out with CZE in mustard, ketchup, and tomato sauce samples [7], the important advantages 
are I) the sample preparation procedure does not contain solvents, ii) easy, and iii) the analysis is completed within 30 
s. As seen in Table 2, chromatographic analyzes of BA and SoA take between 10–13 min. The proposed method can 
compete with other chromatographic methods in the literature in that its analysis time takes 11 min. However, the need 
to derivatize the analytes in this method is a disadvantage compared to other methods. On the other hand, the ability to 
perform quantitation in SIR mode and peak identification in TIC mode simultaneously is a great advantage and provides 
confidence by increasing the sensitivity and selectivity of the method.
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Table 3. Comparison of the proposed HS-GC-MS method with the other methods selected in the literature.

Matrix Sample Preparation Analytical 
Instrument

Analysis 
time a Analyte LOD 

(mg/L) LOQ (mg/L) Reference

Mustard, Ketchup, 
Tomato Sauce

Aqueous dilution, 
centrifugation, filtration CZE 30 s

BA 0.9 1.3 
[7]

SoA 0.3 1.1

Foodstuffs aqueous dilution, DLLME HPLC-UV 10 min
BA 0.1 0.5

[31]
SoA 0.08 0.3

beverages and soy 
sauce

air-assisted DLLME 
procedure with organic 
phase solidification

HPLC-UV 13 min
BA 0.03 0.1

[8]
SoA 0.02 0.5

Soy sauce Off-line liquid-phase 
extraction (LPE) FESI-CE-C4Db 10 min

BA 0.01
0.03c [32]

SoA 0.006

Fermented shrimp 
paste, pickled 
vegetable, soy sauce, 
fish sauce. 

HS-SPME GC-FID 12 min

BA 1.4 4.2

[33]
SoA 1.1 3.2

tomato paste, pepper 
paste, ketchup, 
mayonnaise, and 
barbeque sauce

dilution, filtration, in-vial 
derivatization in HS HS-GC-MS 11 min

BA 1.5 4.5
This study

SoA 2.5 12.5

a Total analysis times declared in the study or read from chromatograms and electropherograms.
b CE using field-amplified sample injection with capacitively coupled contactless conductivity detection.
c LOQ values   are not given, the lowest concentrations of the calibration range for the two analytes are presented as the same. 

 

Figure 3. A representative SIR chromatograms of SoA (m/z 67), BA (m/z 105), and SalA (IS, 

m/z 120) obtained from HS-GC-MS analysis of the unbranded tomato paste sample (no 1). 

 

Figure 3. A representative SIR chromatogram of SoA (m/z 67), BA (m/z 105), 
and SalA (IS, m/z 120) obtained from HS-GC-MS analysis of the unbranded 
tomato paste sample (no 1).
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4. Conclusion 
In this study, BA and SoA contents of 32 samples including tomato paste, pepper paste, ketchup, mayonnaise, and barbeque 
sauce samples were examined by performing a validated static Headspace-GC-MS method. The solid sample could be 
analyzed directly with the HS, but by diluting the samples approximately 50 times with methanol:water 65:35 (v/v), both 
the methanol in the solvent was utilized in the in-vial derivatization reaction as alcohol at same time and the analyses 
were successfully conducted in the linear ranges. So, the most obvious advantages of the proposed method were I) sample 
preparation and derivatization were easy, fast, selective, not requiring costly clean-up procedure, producing minimal toxic 
chemical waste, which is a very important issue today, and II) the results are very reliable. In addition, the sensitivity of 
the proposed method was also an important parameter because the samples were diluted and detection of BA and SoA 
was important especially in tomato and pepper pastes in which the preservatives were prohibited. The results obtained 
from the real samples revealed that the known branded commercial samples obeyed the legal limits whereas BA and SoA 
were determined in the tomato and pepper pastes sold openly. Unfortunately, some additives and many substances for 
fraudulent purposes can be put into tomato and pepper pastes unconsciously and disproportionately, which are usually 
produced in unhygienic conditions and sold openly under the traditional or homemade name, accordingly public health 
is endangered. In addition to the use of additives, the other paste-based products should be in such a way that they do not 
create the impression of tomato or pepper paste on the consumer. Noteworthy is that the pastes that are regularly inspected 
and produced in a controlled manner in hygienic conditions should be preferred instead of the open products. Therefore, 
the control of counterfeiting and adulteration in unbranded tomato and pepper pastes, which are widely consumed across 
the globe, and also the reliability of the methods used for analysis are of great importance. Consequently, the proposed 
HS-GC-MS method can be applied to any type of sauce sample for food quality control.
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