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Abstract: Mozzarella is an unripened cheese widely consumed worldwide. Due to short shelf-life of these products, the 

addition of few food additives, such as citric acid and lactic acid is allowed by the actual Legislation. However, these two 

compounds are present in the aqueous phase of milk, making difficult a correct discrimination between products with added food 

additives from those declared as “with no added food additives”. This work is collocated in this contest. It may be considered as 

a contribution for a correct food additives determination in mozzarella cheese. 14 samples (7 with citric acid declared on the label 

and 7 without declared food additives) were analysed, by using a reliable analytical method by ion chromatography with 

conductivity detection, for the quantification citric acid. The results were compared in order to verify a statistically significant 

difference between two data populations. The same samples were analysed, by using a validated ion chromatography with 

conductivity detection method, for the determination of lactic acid, and the results were evaluated in order to give a contribution 

to the determination of a maximum natural level of lactic acid in mozzarella cheese, in products without added food additives. 

Regarding citric acid, a cut-off value, equal to 0.65 g kg
-1

 was suggested as maximum admissible level in products without added 

food additives; while, as it concerns lactic acid, a maximum level corresponding to 4.0 g kg
-1

 was suggested. 
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1. Introduction 

Mozzarella is an unripened cheese widely consumed 

worldwide. As defined in Codex Standard for Mozzarella 

(CODEX STAN 262-2006), and in conformity with General 

Standard for Cheese (CODEX STAN 283-1978) and Codex 

Standard for Unripened Cheese Including Fresh Cheese 

(CODEX STAN 221-2001), it is a cheese characterised by a 

smooth elastic fibrous protein structure without defects. 

Mozzarella is produced by “pasta filata” processing, which 

consists in a curd heating at an appropriate pH and a 

consequent stretching. Mozzarella is a soft cheese, 

characterised by a near white colour, which may be packed 

with or without the liquid [1]. Due to short shelf-life of these 

products, the addition of food preservatives is not allowed by 

the actual Legislation. However, some other food additives, 

with different function, such as citric acid, lactic acid (Figure 

1), acetic acid and glucono-delta-lattone, are admitted by the 

actual European Legislation, with no established maximum 

admissible levels (the Regulation reports the indication 

“quantum satis”) [2]. Among others, citric acid is the most 

used in mozzarella as acidity regulator; however, it is an 

organic acid present in the aqueous phase of milk, where it 

influences coagulation, aromatic flavour and fermentation of 

dairy products, by interacting with other milk constituents 

[3-7]. A recent study [8] has underlined that the citric acid 

levels seem higher in mozzarella cheese and in cheese spread, 

in comparison to semi-hard and hard cheese samples. This 

difference was justified considering citric acid metabolism, 

carried out by citrate positive (Cit
+
) lactococci (i.e. 

Streptococcus diacetylactis and Lactococcus lactis ssp. lactis 

biovar diacetylactis), Leuconostoc mesenteroides ssp. 

cremoris and Leuconostoc lactis [9]. Non Starter Lactic Acid 

Bacteria (NSLAB) and molds may be also involved in citrate 

metabolism [10-11]. Lactic acid is also a natural constituent 

of milk, since it is the final product of lactic fermentation, 

carried out by lactic acid bacteria (LAB). The most 

representative LAB in mozzarella are Lactobacillus spp., 

Lactococcus spp. and Streptococcus thermophilus [12]. The 
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lactic acid levels result very variable in these products, in 

relationship to raw material characteristics (endogenous 

microflora, total carbohydrates, etc.), production 

technologies and storage/packaging conditions. 

The question is simple, how can we verify if a mozzarella 

cheese has been made without added food additives? 

Quantifiable amounts of citric acid and lactic acid will be 

often detected also in products without added food additives, 

and the food inspections, carried out on these types of matrix, 

could give a not-correctly formulated response 

(“not-compliant” not corresponding to  a real food additives 

addition) [13]. 

This work is collocated in this contest. It may be 

considered as a contribution for a correct food additives 

determination in mozzarella cheese. 14 samples (7 with citric 

acid declared on the label and 7 without declared food 

additives) were analysed, by using a reliable analytical 

method by ion chromatography with conductivity detection, 

for the determination of citric acid. The results were 

compared in order to verify a statistically significant 

difference between two data populations. 

Regarding lactic acid, 14 samples without this food 

additive declared on the label were analysed, by using a 

validated ion chromatography with conductivity detection 

method, in order to statistically analyse the obtained data and 

then to elaborate a “maximum admissible level” to suggest 

for lactic acid in mozzarella cheese without added food 

additives. 

 

Figure 1. Compounds analysed in this study 

2. Materials and Methods 

Lactic acid solution (≥85%) and citric acid (≥99.5%) 

were purchased from Sigma-Aldrich (Stenheim, Germany). 

Sodium hydroxide (50% w/w) and sodium carbonate 

(99.5%) were supplied by J.T. Baker (Deventer, 

Netherlands). All solutions used for ion-exchange 

chromatography were prepared with ultrapure water 

(minimal resistance 18.2 MΩ-cm), supplied by Milli-Q RG 

unit from Millipore (Bedford, MA, USA). Sodium 

carbonate and sodium hydroxide solutions, used as eluents, 

were prepared by dilution in ultrapure water, degassing with 

nitrogen. The analytical determinations were carried out by 

using a Dionex system (Dionex Corporation, Sunnyvale, CA) 

composed of a GP50 quaternary gradient pump, a Rheodyne 

injection valve (model RH9125, Cotati, CA, USA) with a 25 

µL injection loop, an electrochemical detector (model ED40) 

set to conductivity mode equipped with a temperature 

compensated conductivity cell and a Dionex anion 

self-regenerating suppressor (ASRS II, 4 mm), used for the 

electrochemical suppression at an operative current of 50 

mA. The plastic reservoir bottles (DX500 2L bottles, Dionex) 

were closed and pressurized with pure nitrogen to 0.8 MPa. 

The system was interfaced via proprietary network 

chromatographic software (PeakNet
®

, Dionex Corporation, 

Sunnyvale, CA) to a personal computer for instrumentation 

control, data acquisition and processing. 

2.1. Citric Acid Determinations 

A 4-g portion of the sample, homogenised by a blade 

homogeniser, was placed in a 50 mL polypropylene tube and 

mixed with 40mL of deionised water. The analyte extraction 

was obtained by vortexing (Digital vortex mixer, VWR Int., 

Milan, Italy) for 1 minute. The sample purification was 

carried out through a centrifugation (Jouan BR4i centrifuge, 

Thermo Fisher, Milan, Italy; 1500 x g, 10 minutes at room 

temperature) and a subsequent filtration of supernatant 

through Whatman No.40 filters (Whatman, Springfield Mill, 

UK). Finally, 1.5 mL of filtrate were filtered again by using 

Anotop 10 LC filters (0.2 µm, 10 mm, Whatman, Springfield 

Mill, UK) prior to chromatographic analysis. The 

chromatographic separations, related to citric acid 

determinations, were performed using an IonPac AS11-HC 

column (250mm × 4mm i.d., particle size: 13 µm, Dionex 

Corporation, Sunnyvale, CA), by following and modifying 

properly an Application Note proposed by Dionex 

Corporation for the determination of organic acids [14]. The 

gradient elution was set at a flow rate of 1.0 mL min
-1

. The 

mobile phase consisted of 38.25 mM NaOH (A) and 0.5 mM 

NaOH (B). The solvent program started with a linear 

gradient from 0% to 10% A in 12 minutes, isocratic for 5 

minutes and then up to 100% A in 1 minute. The mobile 

phase composition remained constant for a further 3 minutes 

and, finally, the system was re-equilibrated for 4 minutes at 

100% A. The instrumental calibration was obtained by 

analyzing four citric acid standard solutions at 

concentrations equal to 6.25, 12.5, 25 and 50 mg L
-1

. The 

determination coefficient (r
2
) obtained was equal to 0.998. 

2.2. Lactic Acid Determinations 

A 4-g portion of the sample, homogenised by a blade 

homogeniser, was placed in a 50 mL polypropylene tube and 

mixed with 40mL of 8.5 · 10
-3

 M NaOH. This particular 

solution allows an optimal analytes extraction from matrix 

and an increment of method sensibility (by increasing 

organic acids dissociation). The analyte extraction was 

obtained by placing the tube in ultrasonic bath (Transsonic 

Digitals, Elma Instruments, Singen, Germany. Ultrasound 

power: 80%; Heating: 40°C) for 10 minutes and then 

vortexing for 1 minute. The sample purification was carried 

out through a centrifugation (1500 x g, 10 minutes at room 

temperature) and a consequent filtration of ~ 5 mL of 

supernatant by using Minisart
®

 GF syringe filters (0.2 µm, 

Sartorius AG, Goettingen, Germany). A final removing of 
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excess chlorides was obtained by using OnGuard II Ag 

chromatography filters (Dionex Corporation, Sunnyvale, 

CA), previously activated with 1 mL of deionised water. 

About 1 mL of filtrate was purified and then injected into 

HPIC system. 

The chromatographic separations were obtained by using 

an anion exchange column IonPac AS9-HC (250mm × 4mm 

i.d., particle size: 9 µm, Dionex Corporation, Sunnyvale, CA) 

eluted in gradient mode at a flow rate of 1.0 mL min
-1

. The 

mobile phase consisted of 0.9 mM Na2CO3 (A) and 28.5 mM 

Na2CO3 (B). The multilinear gradient, at room temperature, 

consisted of a linear gradient from 0.9 mM to 3.7 mM in 5 

minutes, from 3.7mM to 9.2 mM in 1 min, an isocratic step 

for 19 minutes, then a linear gradient from 9.2 mM to 28.5 

mM in 1 minute and 4 minutes at this eluent concentration. 

The system was finally re-equilibrated for 10 min at 0.9 mM 

Na2CO3. This analytical procedure was submitted to a 

validation procedure, by following the most important 

European Directive and Guidelines [15-18]. The entire 

procedure of validation was fully described elsewhere [19]. 

Briefly, the analytical method was characterised by high 

specificity and ruggedness (ascertained for dairy products), 

suitable linearity (r
2
 = 0.992), good precision (expressed as 

CV%, equal to 9.4%, n = 6), optimal recovery percentage 

(92.3%), low limits of determination (LOD) and 

quantification (LOQ), equal to 0.6 and 1.9 mg kg
-1

, 

respectively, and measurement uncertainty equal to 12.7%. 

3. Results and Discussion 

3.1. Citric Acid 

All data obtained by analyzing 14 mozzarella cheese 

samples (7 with citric acid declared on the label and 7 

without declared food additives) are reported in table 1. As 

expected, a quantifiable amount of citric acid was detected in 

all analysed samples at concentrations levels higher than 

0.101 g kg
-1

. A high data variability was verified both in 

samples with added citric acid (in the range 0.705 – 1.676 g 

kg
-1

) and in samples with no added food additives (in the 

range 0.101 – 0.608 g kg
-1

). However, as shown in Figure 2, 

the two categories of samples were characterised by not 

overlapped concentrations. Moreover, ANOVA one-way test 

confirmed a significant difference between two data 

populations. This is in agreement with those already reported 

in a recent study [8]. In particular, the samples with added 

citric acid showed concentrations higher than 0.705 g kg
-1

; 

while the samples with no added food additives showed 

concentrations lower than 0.608 g kg
-1

. As a result, a citric 

acid level equal to 0.650 g kg
-1

 was suggested, in this 

preliminary study, as “cut-off” value, useful to discriminate 

samples with added citric acid from those not added. In 

Figure 3, two chromatograms (a standard solution and a 

mozzarella sample) are shown. 

 

Figure 2. Distribution of citric acid concentrations detected in mozzarella 

samples  

 

Figure 3. Chromatograms of a citric acid standard solution at a 

concentration of 25 mg L-1 (A) and a mozzarella sample with a quantified 

citric acid level equal to 0.558 g kg-1 (B) 

3.2. Lactic Acid 

All data obtained by analyzing 14 mozzarella cheese 

samples are reported in table 1. As expected, a quantifiable 

amount of lactic acid was detected in all analysed samples, at 

concentrations higher than 0.022 g kg
-1

. The concentration 

range obtained corresponded to 0.022 – 3.688 g kg
-1

, with a 

mean level equal to 1.406 g kg
-1

. In Figure 4, a graphical 

elaboration of these data is shown. Due to wide range of 

obtained concentrations, it was not possible to adopt a similar 

approach to those already proposed in another similar study 

[20], to estimate a maximum “natural” level for lactic acid in 

mozzarella samples. However, the levels registered in this 

study were all lower than 4.0 g kg
-1

; therefore, this 

concentration may be proposed, as a first step, as reference 

value. Below this level, the lactic acid concentrations may be 

attributed to LAB metabolism and not to food additives 

addition. In Figure 5, two chromatograms (a standard 
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solution and a mozzarella sample) are shown. 

Table 1. Results obtained by analyzing 14 mozzarella samples 

Food Additive Number of samples analysed 
Lowest concentration 

detected (g kg-1) 

Highest concentration 

detected (g kg-1) 

Mean concentration detected 

(g kg-1) 

Citric Acid 
7 (without declared food additives) 0.101 0.608 0.409 

7 (with declared citric acid) 0.705 1.676 0.990 

Lactic acid 14 (without declared lactic acid) 0.022 3.688 1.406 

 

Figure 4. Distribution of lactic acid concentrations detected by analyzing 14 mozzarella samples 

 

Figure 5. Chromatograms of a lactic acid standard solution at a 

concentration of 50.0 mg L-1 (A) and a mozzarella sample with a quantified 

lactic acid level equal to 2.014 g kg-1 (B) 

4. Conclusion 

In this work, 14 mozzarella samples (7 with declared citric 

acid and 7 without declared food additives) were analysed, in 

order to quantify the levels of citric acid and lactic acid. Two 

reliable analytical methods, which employ ion 

chromatography with conductivity detection, were used to 

carry out the quantification of these two food additives. The 

analytical methods, fully described in this work, allowed a 

precise and specific quantification of citric acid and lactic 

acid in mozzarella samples. Citric acid was quantified both in 

samples with added citric acid and in samples without added 

food additives. However, the two categories of samples were 

characterised by not overlapped concentrations. 

Consequently, a citric acid level equal to 0.65 g kg
-1

 was 

suggested, in this preliminary study, as “cut-off” value, useful 

to discriminate samples with added citric acid from those not 

added. Regarding lactic acid, this compound was quantified 

in all analysed samples and, as a first step, a “natural” 

maximum level of lactic acid equal to 4.0 g kg
-1

 was 
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suggested as reference value, useful to discriminate samples 

with added lactic acid from those not added. 
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