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ABSTRACT 
 
 In this study simple method was validated for determination of benzoic, sorbic acids and their salts in clear 
and carbonated beverage. The method performance was tested on two varieties of samples. The average 
recovery for benzoic acid and sorbic acid from several different levels varied between 81 % and 98 %. The 
reproducibility expressed as relative standard deviation was less than 12 %. The method showed to be linear 
from 5 µg/L up to 150 µg/L standard level. The limit of quantitation was 25 µg/L. The measurement uncertainty 
in terms of expanded uncertainty and expressed as relative standard deviation (at 95 % confidence level and 
coverage factor of k = 2) is in the range of ± 31%. 
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Introduction 
 
 Preservatives are substances which prolong the shelf life of foodstuffs by protecting them against 
deterioration caused by micro-organisms; (European parliament and council directive No 95/2/EC).  
 Preservatives in foods are designed to prevent bacteria growth and spoilage, but sometimes they can also 
prevent you from enjoying good health. While the effects of food preservatives on the body can vary with age 
and health status, looking into the potential harmful effects of preservatives in foods may help you reclaim good 
health and protect your personal well-being against toxic damage. 
 In humans, the acute toxicity of benzoic acid is low; this substance is known to cause non-immunological 
contact reactions (pseudo allergy). Cases of uritcaria, asthma, rhinitis, or anaphylactic shock have been reported 
following oral, dermal, or inhalation exposure to benzoic acid and sodium benzoate. The symptoms appear 
shortly after exposure and disappear within a few hours, even at low doses (Coverly et al, 1998). 
 The use of simple methods were the most efficient to reduce analysis costs and turnaround time. Many 
methods had been developed for determination of preservatives residue in food stuff. Analytical methods for the 
determination of preservatives include spectrophotometric methods (Castro et al, 1992), which need extensive 
extraction procedures and are not very specific, Capillary Electrophoresis (Costa et al, 2008; Wei et al, 2011), 
but they have sensitivity problems as a result of small injection volume.  gas chromatographic (GC) methods 
(Dong and Wang, 2006; Sen et al, 2011), which are more sensitive and specific but need lengthy sample 
preparation and derivatization prior to determination; high-performance liquid chromatography (HPLC) 
(Ferreira et al, 2000; Tfouni and Toledo, 2003; Lozano et al, 2007; Ene and Diacu, 2009 ; Lino and Pena, 2010 ; 
Dziecio et al, 2012) , which has a high specificity, minimum sample preparation and does not require 
derivatization.  
 Benzoic, sorbic acids and their salts are permitted food additives by international Laws in processing in 
restrictive amounts, but their content must be declared and must not exceed the established limits by legislation. 
The aim of this work is to validate a method which covering the ranges according to both EU and Codex 
Alimentarius for benzoic, sorbic acids and their salts in clear and carbonated. 
 
Experimental: 
 
Apparatus: 
 
 Chromatographic analysis was carried out using high performance liquid chromatography Agilent 1200 
series equipped with , quaternary pump (G1311A), vacuum degasser (G1322), auto sampler (G1313), 
photodiode array detection agilent (G1315C), analytical column: supleco C18 5µm × 250× 4.6 mm; or similar 
quality, software: Chemistation for LC, Rev. A. 09.03 [1417], Laboratory balance, capable of weighing to 0.1 
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mg, high speed blender or homogenizer, high speed ultraturax 15,000 rpm/ min, ministart RC 15 syringe filter 
(0.45 µm) sartorius, 50 mL plastic tubes with sealing cap, volumetric flasks  25, 50,100, 250, 500 and 1000 mL 
capacity, pipettes 1, 5, 10, 20, 25, 100 mL, micropipette 1000 µL, graduated cylinder 1000 mL, ultrasonic bath, 
disposable syringe, centrifuge (Labofuge 400 function line), A pH-meter (Thermo) equipped with a combined 
glass–calomel electrode was employed for pH measurements.  
 
Reagents: 
 
 All chemicals were of high purity or HPLC grade, they include: de-ionized water generated by Milli-Q A10 
FOCN53824k, methanol, acetonitrile, ammonium acetate. 
 Ammonium acetate buffer solution– (0.05 mol / liter, pH = 4.5); dissolve 3.85 g. ammonium acetate in 800 
ml of water in a 1000 ml beaker, then add 100 ml methanol,  transfer the solutions to a 1000 ml volumetric 
flask, adjust to pH 4.5 with acetic acid and dilute to mark with de-ionized water. 
 
Preparation of standards: 
 
 Stock solution:5000 µg/ml of benzoic acid and sorbic acid were prepared by dissolving (0.5959 g and 
0.6763 g) from sodium benzoate and potassium sorbet respectively in100 ml volumetric flask by de-ionized 
water. Stock solution was kept in freezer at +4 °C. 
 Working solution (200 µg/ml) : Prepared by diluting appropriate volume from 5000 µg/ml in de-ionized 
water and store in small portions 25 volumetric flask in +4 °C. 
 Calibration solutions: 5,10,50,100 and 150 µg/ml were prepare by diluting  the benzoic acid and sorbic acid 
mixture from 200 µg/ml  standard working solution with de-ionized water to 1 ml, then the solution was shaked 
on vortex for 30 seconds.  
 
Preparation of samples, clear juice and carbonated beverage (e.g. lemonades, apple juice): 
 
 Five mL of clear liquid (or carbonated beverage after degassing) products was taken in 25 mL volumetric 
flask. Complete to mark with deionized water: methanol 1:2 (v/v). The volumetric flasks were shaking well then 
filter through a membrane of pore size 0.45 µm before injection.  
 
Chromatographic conditions: 
 
 Solvent A was 0.05 mol/l of ammonium acetate aqueous solution (pH 4.5) and solvent B was acetonitrile. 
The flow rate was set at 1 mL/min and the injection volume was 20µl. In gradient elution analysis, the initial 
mobile phase was 15% of solvent B for 15 min., and then turned to 40% for 5 min and finally goes back to 15% 
for 5 min. Photodiode array detection for Sorbic acid and benzoic acid were carried out at 260 nm and 230 nm 
respectively. 
 
Results and discussion 
 
 In-house method validation: The selected parameters for in-house validation were mainly taken from 
Eurachem guideline on method validation (Eurachem Guide, 1998). 
 
Method validation:  
 
Limit of detection (LOD) and Limit of quantitation (LOQ): 
 
 Limit of quantitation is expressed as the minimum concentration of analyte in the test sample that can be 
determined with acceptable precision (repeatability) and recovery under the stated conditions of the test. 
(Eurachem Guide, 1998). The lowest practical limit of quantitation was estimated by using six repeated spiked 
samples at about the expected lowest quantitation level that was 25 µg/ml, on clear juice and carbonated 
beverage samples. The limit of detection is estimated as three times standard deviation at lowest acceptable 
concentration (µg/ml) measured once each, this approach assumes that a signal more than 3s above the sample 
blank value could only have arisen from the blank much less than 1% of the time, and therefore is likely to have 
arisen from something else, such as the measured. The obtained results for the LOD and LOQ are shown in 
Tables 1. 
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Table 1: Limit of detection for benzoic and sorbic in different matrices. 

 Clear Juice Carbonated beverage 

 Recovery %  at 
LOQ 

Standard 
deviation 

LOD 
(µg/mL) 

Recovery %  at LOQ Standard 
deviation 

LOD 
(µg/mL) 

Sorbic Acid 89 1 3 82 2.99 8.97 
Benzoic Acid 89.1 0.24 0.72 86.8 1.77 5.31 

     
Method Linearity: 
 
 Method linearity was checked by making recovery tests at different four levels of 25, 200, 400 and 
750µg/ml on benzoic acid and sorbic acid samples. Benzoic acid and sorbic acid samples method was found to 
be linear from the limit of quantitation, 25µg/ml, up to750µg/ml. The following table 2 shows accepted recovery 
for the different three levels. 
 
Table 2: Recovery percentage and coefficient of variation (CV) at three concentration levels.    

 Clear Juice Carbonated beverage 
 200 

µg/mL 
CV% 400 

µg/mL 
CV% 750 

µg/mL 
CV% 200 

µg/mL 
CV% 400 

µg/mL 
CV% 750 

µg/mL 
CV% 

Sorbic 
Acid 

90 1.4 90 1.5 92 5.8 81 5.7 85 7.9 88 6.4 

Benzoic 
Acid 

96.8 2.5 92 1.5 98 5.7 85.6 6.6 88.5 10.5 93.3 6.3 

 
Accuracy:  
 
 Accuracy expresses the closeness of a result to a true value. Accuracy is expressed in terms of two 
components: “Trueness” and “Precision”. 
 The trueness of a method is an expression of how close the mean of a set of results (produced by the 
method) is to the true value. The method trueness was tested using FAPAS Proficiency test.  Table (3) shows 
satisfactory results for all compounds. 
 
Table 3: Accepted z-scores for benzoic and sorbic in FAPAS proficiency test (FERA, UK). 

Round No. Soft drink Assigned value (mg/L) Z-Score Found 
(mg/L) 

Remark 

391 Benzoic acid 106 0 105.5 Satisfactory 
393 Sorbic acid 135 0.8 143.6 Satisfactory 

 
 Precision is a measure of how close results are to one another. The two most common precision measures 
are (repeatability) and (reproducibility). 
 Repeatability is the closeness of agreement between successive results obtained with the same method on 
identical test material, under the same conditions (same operator, same apparatus, same laboratory and short 
intervals of time). 
 The repeatability experiments were performed with; at least ten replicates of real additive in contaminated 
samples by the same operator, same apparatus, same method and short intervals of time. Repeatability 
experiments were also done by fortification on different commodities at different levels as shown in recovery 
tests. Table 4 shows the results of repeatability experiments. 
 
Table 4: The results of the repeatability experiments. 

Replicate Number Benzoic Acid Concentration 
(µg/ml) 

1 153.515 
2 153.062 
3 151.736 
4 152.92 
5 147.133 
6 149.068 
7 154.077 
8 142.502 
9 142.179 
10 153.203 

Mean= 149.94 
Sd= 4.55 

 
 Reproducibility is the precision under reproducibility conditions, i.e. conditions where test results are 
obtained with the same method on identical test items in different laboratories with different operators using 
different equipment. In this study intra-laboratory reproducibility will only be considered, spiking additives 
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benzoic acid and Sorbic acid samples are analyzed by different analysts on several days. Reproducibility relative 
standard deviation for benzoic acid is 12 % and 10% for sorbic acid. Reproducibility experiments are shown in 
the following table 5. 
 
Table 5: The results of the reproducibility experiments. 

Replicate Number Benzoic Acid 
(µg/ml) 

Sorbic Acid 
(µg/ml) 

1 52.7 55.889 
2 54.114 52.166 
3 52.649 51.739 
5 50.701 50.002 
6 40.658 42.398 
7 46.395 47.95 
8 48.799 49.379 
9 54.239 50.911 
10 60.667 57.036 
11 55.245 54.88 
12 49.326 50.693 
13 53.443 49.121 
14 48.189 48.902 
15 36.158 37.188 

Mean 50.155 49.533 
Sd 5.979 5.14 

 
Measurement Uncertainty:  
 
 Eurachem guideline on quantifying uncertainty in analytical measurements was applied (Eurachem Guide, 
2012). 
 Uncertainty parameters associated with the result of a measurement that characteristic the dispersion of the 
values that could reasonably be attributed to the measurand. The parameter may be, for example, a standard 
deviation (or a given multiple of it), or the width of a confidence interval. In estimating the overall uncertainty, 
it may be necessary to take each source of uncertainty and treat it separately to obtain the contribution of each 
source. Each of the separate contributions to uncertainty is referred to as an uncertainty component. When 
expressed as relative standard deviation an uncertainty component is known as relative standard uncertainty. 
The total uncertainty combined standard uncertainty, equal to the positive square root of the sum of the squares 
of the individual uncertainty components. For most purposes in analytical chemistry, an expanded uncertainty 
should be used. The expanded uncertainty provides an interval within which the value of the measurand is 
believed to lie a higher level of confidence. Expanded uncertainty is obtained by multiplying the combined 
uncertainty, by a coverage factor k, for confidence level of 95% k is 2 and found to be less than 31%. 
 

Standard Preparation uncertainty = 0.7% 
Bias uncertainty = 3% 

Precision uncertainty = 11.2% 
Combined  uncertainty= 15.3% 
Expanded uncertainty = 30.6% 

 
Conclusion: 

 
 In the present study, simple and rapid method was validated for determination of sorbic acid and benzoic 
acid in juices and carbonated beverages. Satisfactory recoveries and precision were observed. The method 
accuracy was confirmed by satisfactory results obtained in two different PT rounds. The LOQ is fairly lower 
than the codex and EU maximum permissible limits, so that the proposed method could be used to control the 
levels of these preservatives in drinks 
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