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Research highlights 39 

 40 

Addition of salts to the brine can improve quality of mozzarella cheese  41 

 42 
Calcium lactate contributed to slow down Pseudomonas spp. growth preserving mozzarella texture  43 
 44 
0.6% Calcium lactate in water can improve mozzarella shelf life until 18 days  45 

 46 
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Abstract 83 

The effect of different governing liquids on qualitative parameters of lacto-fermented mozzarella 84 
cheeses (LFM) were studied. 0.6% calcium lactate (CL) solution maintained the quality of mozzarella 85 
cheese for microbial, colour and textural properties and prolonged its shelf life up to 18 days, also 86 
improving its antioxidant activity by Trolox equivalent antioxidant capacity (TEAC) and Oxygen 87 
radical absorbance capacity (ORAC) assays. 88 

 89 
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Introduction 128 

Qualitative cheese properties are generally related to manufacturing practices, local environmental 129 
and storage conditions (Piscopo et al. 2015). 130 
Lacto-fermented mozzarella (LFM) is a soft white cheese obtained after coagulation of milk by rennet 131 
and/or coagulant enzymes acidified by bacterial cultures (Faccia et al. 2013) with a shelf-life of 5 132 
days whereas only for industrial products, obtained with direct acidification, is of 20 days at 5°C.  133 

Several studies have established that fresh cheese spoilage can be attributed to a consortium of 134 
bacteria, commonly dominated by Pseudomonas spp, at different temperatures (-1 to 25 °C) 135 
producing pigments, also fluorescent, which cause colour changes (Carminati et al. 2019; Faccia et 136 
al. 2019). The relationship between microbiological growth and biochemical changes occurring 137 
during storage has been recognized as a potential indicator, useful for monitoring freshness and safety 138 

of mozzarella cheese. In fact, the contamination could occur during or after the remaining cheese-139 
making process because if pathogen bacteria are present in the milk, they are likely inactivated during 140 
the mozzarella production process due to the heat treatment applied during the spinning step (Tirioni 141 
et al. 2019).  142 

Usually LFM is stored under refrigerated conditions in a conditioning liquid (water, whey, stretching 143 
water, brine), which preserves its soft and springy texture, but its high moisture, aw and pH values are 144 
not limiting factors for the microbial growth. NaCl is widely used in dairy products because it can 145 

control the quality and texture, but high levels of sodium are not recommended for human health. 146 
Many techniques have been studied to increase LFM shelf life, such as addition of coatings on 147 

mozzarella cheese (Angiolillo et al. 2014) and calcium lactate-based governing liquids (Falcone et al. 148 
2017). According to Faccia et al. (2011), calcium chloride in the governing liquid gives a metallic 149 
and bitter off-flavour to mozzarella, so lactate can be considered as substitute, according to the 150 

research of Lawless et al. (2003). 151 
The aim of this research was to evaluate the effects of different salted governing liquids on 152 

microbiological, physico-chemical, textural properties and antioxidant activities of lacto-fermented 153 
mozzarella and to investigate possible improvement of LFM quality.  154 
 155 

Materials and methods 156 

Sample processing 157 
LFM was manufactured in a cheese factory (Delizie della Natura) located in Reggio Calabria 158 
(Southern Italy). During the cheesemaking the pasteurized cow's milk was acidified with lactic acid 159 
cultures and added with the liquid rennet. When the curd pH reached a value between 6.2-6.4., the 160 

whey was removed and the curd was cut and stretched. After the cooling in cold water, three 161 
mozzarella cheeses (55-60% of moisture,125 g) were packaged in polypropylene trays with different 162 
governing liquids: GL1 (tap water), GL2 (0.2% calcium lactate (CL) solution), GL3 (0.6% CL 163 
solution), GL4 (0.2% sodium chloride (SC) solution), GL5 (0.6% SC solution), GL6 (0.4% SC+ 0.2% 164 
CL solution). LFM were named respectively M1, M2, M3, M4, M5 and M6, stored at 5°C and 165 

monitored for qualitative parameters. 166 
 167 

Microbiological analyses 168 
Diluted samples were detected for Total bacterial count (TBC) after incubation in Plant Count Agar; 169 

Lactic acid bacteria (LAB) after anaerobic incubation in MRS Agar and Pseudomonas spp. after 170 
incubation in Pseudomonas Agar Base added of CFC Pseudomonas supplement. Results were 171 
expressed as Log10 cfu g-1 and as mean of four replicates.  172 

 173 

Physico-chemical analyses 174 
LFM were submitted to moisture (AOAC, 1990), pH (AOAC,1980a); titrable acidity (AOAC, 1980b) 175 
and chlorides (AOAC, 2016) determinations. Colour evaluation (ΔE*) was performed according to 176 
Dukalska et al. (2011) and texture profile analysis (Hardness, Adhesiveness, Springiness, 177 
Cohesiveness, Gumminess, Chewiness, Resilience) was performed by TA-XT Plus Texture Analyzer 178 
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at room temperature. Governing liquids were analyzed for total acidity, pH and chlorides. All the 179 

analyses were performed in triplicate. 180 
 181 

Antioxidant capacity  182 
About 10 g of mozzarella sample were mixed to 50 mL of methanol:water (80:20, v:v), and then 183 
centrifuged. The supernatant solution was filtered and submitted to antioxidant activity assays: Trolox 184 
equivalent antioxidant capacity (TEAC) according to Re et al. (1999) and Oxygen radical absorbance 185 
capacity assay (ORAC) assay according to Zulueta et al. (2009). All the analyses were performed in 186 
triplicate. 187 

 188 

Statistical analyses 189 
The results were expressed as mean±standard deviation. Experimental data were compared by 190 
statistical analysis of variance (one-way ANOVA and Multivariate analysis) and Tukey’s multiple 191 
range test was used to determine significant differences among samples (p < 0.05) using SPSS 192 

Statistics 15.0 software.  193 

Results and discussions 194 

Microbiological analyses 195 
At initial storage time significant (p<0.01) differences in all microbiological analyses were observed 196 
among M samples. The microbial charge generally increased during the storage. M2, M3 and M6 197 
possessed after 18 days of storage also an acceptable TBC and were within the microbiological limit 198 
(106 log cfu g-1) for Pseudomonas spp, as reported by Bishop and White (1986), denoting the positive 199 

preservation effect of calcium lactate (Table 1). 200 

Physico-chemical analyses 201 
Moisture content of M samples increased significantly during the storage time probably for a protein 202 

hydration and the water-binding capacity of the protein matrix of cheeses when salts are added: it was 203 
observed in particular with sodium chloride (M4, M5, M6), whereas calcium lactate probably 204 

controlled better the water diffusion from governing liquid to mozzarella and maintained 205 

 the initial moisture of M2 and M3. (Table 2). ΔE* values > 3 reveal that colour differences are clear 206 

for the human eye (Francis and Clydesdale,1975): the effect of different GL was so more evident in 207 
the inner layers of M4 and M5 samples (6.00 and 6.52, data not shown).  208 
Negative correlation values were found between hardness and moisture after 12 days (r = -0.921). 209 
Hardness, springiness and gumminess significantly (p < 0.01) decreased during the monitoring time 210 

and differed among the samples (Table 2): M3 possessed the highest springiness from 0 to 12 days, 211 
denoting a good effect by CL to prevent a probable proteolysis: a negative correlation between 212 
springiness and Pseudomonas spp. microorganisms was in fact found (r = -0.921). M3 possessed also 213 
the highest gumminess, correlated to hardness values after 12 days (r = 0.). Titrable acidity of M2, 214 
M3, M5 and M6 increased with a corresponding slowdown of pH (Table 1, p < 0.01). Chlorides 215 

content in M samples varied during the storage time for the movement of ions from the governing 216 
liquid into the mozzarella. The evolution of acidity, pH and NaCl % in governing liquids was 217 
significantly (p < 0.01) affected by the salt type and storage time as shown in Table 1. 218 
 219 

Antioxidant capacity  220 
TEAC increased significantly (p < 0.01) after 12 days specially in M3, M4 and M5: it is related to the 221 
hydrolysis by microbial protease as confirmed by correlation between TEAC and TBC (r = 0.820 p 222 

< 0.05). An increase of ORAC values, after 12 storage days, was shown on M2 and M5 mozzarella 223 
cheese samples (Figure 1).  224 

 225 

Conclusions 226 
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Governing liquids with calcium lactate successfully influenced the quality of LFM, in particular 227 

controlling the Pseudomonas spp. growth and promoting a better hardness up to18 days: the other 228 
samples beyond 12 days presented higher microbiological charge, a worse texture profile, visually 229 
observable as a collapse of structure. So, this suggested that CL alone or in mixture with SC in water 230 

can improve mozzarella shelf life. Mozzarella cheese samples had shown good results for TEAC 231 
when preserved in 0.6% CL and the both % of SC. 232 

 233 

Acknowledgements 234 

This research was funded by the Italian Ministry of University and Research (MIUR) within the 235 
project: PRIN 2012 - Long Life - High Sustainability, Shelf-Life Extension as a Sustainability 236 
Indicator. 237 

 238 

References 239 

Angiolillo L, Conte A, Zambrini AV, Del Nobile MA (2014) Biopreservation of Fior di Latte cheese 240 

J Dairy Sci 97:5345–5355 241 
AOAC (1980a) 14.022 Potentiometric method Official methods of analysis of AOAC International 242 

(13th ed.) (pp. 213) Washington USA: AOAC International 243 
AOAC (1980b) 16.247 Acidity method Official methods of analysis of AOAC International (13th 244 
ed.) (pp. 266) Washington USA: AOAC International 245 

AOAC (1990) 926·08 Moisture in cheese method Official methods of analysis of AOAC International 246 
(15th ed.) (pp. 841) Arlington Virginia USA: AOAC International 247 
AOAC (2016) Method 941.18 Standard solution of silver nitrate; Method 983.14, Chloride (total) in 248 

cheese Official methods of analysis of AOAC International (20th ed.). Rockville Washington USA: 249 
AOAC International 250 

Bishop JR., White CH (1986) Assessment of dairy product quality and potential shelf life: a review 251 
J Food Prot 49:739–753 252 
Carminati D, Bonvini B, Rossetti L, Zago M, Tidona F, Giraffa G (2019) Investigation on the 253 

presence of blue pigment-producing Pseudomonas strains along a production line of fresh mozzarella 254 

cheese Food Control 100:321-328 255 
Dukalska L, Muizniece-Brasava S, Murniece I, Dabina-Bicka I, Kozlinskis E, Sarvi S (2011) 256 
Influence of PLA film packaging on the shelf life of soft cheese Kleo Eng Technol 80:295-301 257 
Faccia M, Gambacorta G, Natrella G, Caponio F (2019) Shelf life extension of Italian mozzarella by 258 

use of calcium lactate buffered brine Food Control 100:287-291  259 
Faccia M, Angiolillo L, Mastromatteo M, Conte A, Del Nobile MA (2013) The effect of incorporating 260 
calcium lactate in the saline solution on improving the shelf life of Fiordilatte Cheese Int J Dairy 261 
Technol 66:373-381.  262 
Faccia M, Gambacorta G, Trani A, Loizzo P, Ruppi G, Di Luccia A (2011) Shelf life della mozzarella 263 

vaccina conservata in soluzioni saline: primi risultati Scienza Tecnica Lattiero-Casearia 62:167-171 264 
Falcone G, De Luca AI, Stillitano T, Iofrida N, Strano A, Piscopo A, Branca ML, Gulisano G (2017) 265 
Shelf life extension to reduce food losses: the case of Mozzarella cheese Chemical Engineering 266 
Transactions 57:1849-1854 267 
Francis FJ, Clydesdale FM (1975) Food Colorimetry: theory and applications. The AVI Publishing 268 

Company Inc. Westport 269 
Lawless HT, Rapacki F, Horne J, Hayes A (2003) The taste of calcium and magnesium salts and 270 

anionic modifications. Food Qual Prefer 14:319–325. 271 
Malheirosa Pda S, Sant'Anna V, de Souza Barbosa M, Brandellia A, de Melo Franco BDG (2012) 272 
Effect of liposome-encapsulated nisin and bacteriocin-like substance P34 on Listeria monocytogenes 273 
growth in Minas frescal cheese Int J Food Microbiol 156:272-277 274 
Piscopo A, Zappia A, De Bruno A, Poiana M (2015) Qualitative variations on Calabrian Provola 275 
cheeses stored under different packaging conditions J Dairy Res 82:499-505 276 



7 
 

Prior RL, Hoang H, Gu L, Wu X, Bacchiocca M, Howard L, Hampsch-Woodill M, Huang D, Ou B, 277 

Jacob R (2003) Assays for hydrophilic and lipophilic antioxidant capacity (oxygen radical absorbance 278 
capacity (ORAC(FL))) of plasma and other biological and food samples J Agric Food Chem 51:3273–279 
3279 280 

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C (1999) Antioxidant activity 281 
applying an improved ABTS radical cation decolorization assay Free Radic Biol Med 26:1231–1237 282 
Tirioni E, Bernardi C, Rosshaug PS, Stella S (2019) Potential growth of Listeria monocytogenes in 283 
Italian mozzarella cheese as affected by microbiological and chemical-physical environment J. Dairy 284 
Sci. 102:4913–4924  285 

Zulueta A, Maurizi A, Frigola A, Esteve MJ, Coli R, Burini G (2009) Antioxidant capacity of cow 286 
milk, whey and deproteinized milk Int Dairy J 19:380–385 287 
 288 
  289 
 290 

 291 

 292 

 293 
 294 
 295 
 296 

 297 
 298 
 299 

 300 
 301 

 302 
 303 
 304 

 305 

 306 
 307 
 308 

 309 
 310 

 311 
 312 
 313 

 314 
 315 

 316 
 317 
 318 

 319 
 320 
 321 
 322 

 323 
 324 
 325 
 326 
 327 



8 
 

List of figures 328 
 329 
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Table 1 Microbiological counts of different lacto-fermented mozzarella cheeses during the storage 383 

Microbiological counts of different lacto-fermented mozzarella cheeses during the storage 384 
 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 
 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

A-D Data (mean of three replicates) followed by different capital letters in a column are significantly different by Tukey’s 404 
multiple range test (p < 0.05) 405 
a-d Data (mean of three replicates) followed by different lowercase letters in a line are significantly different by Tukey’s 406 
multiple range test (p < 0.05) 407 
† p > 0.05 n.s. not significant, p < 0.05 *, p < 0.01 ** 408 
¹Samples: M1 = control mozzarella cheeses in sanitised tap water, M2 = mozzarella cheeses in 0.2% (v/v) calcium lactate 409 
(CL), M3 = mozzarella cheeses in 0.6% (v/v) CL, M4 = mozzarella cheeses in 0.2% (v/v) sodium chloride (SC), M5 = 410 
mozzarella cheeses in 0.6% (v/v) SC, M6 = mozzarella cheeses in 0.4% (v/v) SC 411 
 412 
 413 

 414 

  Storage time (days)  

Microorganisms Samples¹ 0 6 12 18 Sig.† 

Total bacterial count 

(log10 cfu g-1) 

M1  4,61bE 6,03ab 6,66aE / ** 

M2 6,03dB 6,40c 6,75bD 7,03aA ** 

M3  6,98aA 6,51d 6,92bBC 6,72cC ** 

M4  4,69cD 6,59b 6,90aC / ** 

M5 5,93cC 6,44b 7,25aA / ** 

M6  4,38dF 6,68c 6,95bB 6,97aB ** 

 Sig.† ** n.s. ** **  

Total lactic acid 

bacteria 

(log10 cfu-1) 

M1  4,21cF 5,18bC 6,34aE / ** 

M2 5,95dB 6,19cB 6,82bC 7,00aB ** 

M3  6,88dA 6,30cB 7,07bB 7,86aA ** 

M4  4,61cD 6,31bB 6,79aC / ** 

M5 5,86cC 6,14bB 6,53aD / ** 

M6  4,28dE 6,68cA 7,12aA 6,87bC ** 

 Sig.† ** ** ** **  

Pseudomonas spp. 

(log10 cfu/g) 

M1  0,00bB 4,09aA 4,11aBC / ** 

M2 0,00dB 3,64bB 4,10aC 2,46cC ** 

M3  0,01dB 3,28bE 3,70aD 3,26cB ** 

M4  0,01cB 3,32bD 4,14aB / ** 

M5 0,47cA 3,00bF 4,55aA / ** 

M6  0,00cB 3,39bC 3,39bE 3,86aA ** 

 Sig.† ** ** ** **  



11 
 

Table 2 Physico-chemical parameters of different lacto-fermented mozzarella cheeses (M) and governing liquids (GL) during the storage 
 

A-D Data (mean of three replicates) followed by different capital letters in a column are significantly different by Tukey’s multiple range test (p < 0.05) 
a-d Data (mean of three replicates) followed by different lowercase letters in a line are significantly different by Tukey’s multiple range test (p < 0.05) 
† p > 0.05 n.s. not significant, p < 0.05 *, p < 0.01 ** 

¹Samples: M1 = control mozzarella cheeses in sanitised tap water, M2 = mozzarella cheeses in 0.2% (v/v) calcium lactate (CL), M3 = mozzarella cheeses in 0.6% (v/v) CL, M4 = 

mozzarella cheeses in 0.2% (v/v) sodium chloride (SC), M5 = mozzarella cheeses in 0.6% (v/v) SC, M6 = mozzarella cheeses in 0.4% (v/v) SC; GL1 = control mozzarella 

cheeses in sanitised tap water, GL2 = mozzarella cheeses in 0.2% (v/v) calcium lactate (CL), GL3 = mozzarella cheeses in 0.6% (v/v) CL, GL4 = mozzarella cheeses in 0.2% 

(v/v) sodium chloride (SC), GL5 = mozzarella cheeses in 0.6% (v/v) SC, GL6 = mozzarella cheeses in 0.4% (v/v) SC + 0.2 % CL

 Samples¹ 0 6 12 18 Sig.†  Samples¹ 0 6 12 18 Sig.† 

Moisture  (%) M1  59bB 64aC 64aC / ** Hardness M1  6315,80aB 2687,06bC 2473,21bC / ** 
 M2 64bcAB 65bC 63cC 68aB ** (g) M2 6423,64aB 2768,80bB 2666,10cB 1978,46d ** 
 M3  64A 65C 64C 65C n.s.  M3  5309,05aD 2620,82bD 2879,39bA 2606,61b ** 
 M4  66bA 69aB 68abB / *  M4  6002,01aC 3189,14bA 2125,29cE / ** 
 M5 63bAB 74aA 71bA / **  M5 7509,55aA 1829,76bF 1562,01cF / ** 
 M6  64cA 69bB 68bB 71aA **  M6  6445,82aB 1912,83dE 2196,30bD 2106,68c ** 

 Sig.† * ** ** **   Sig. † ** ** ** n.s.  

Springiness M1  0,802bA 0,885aAB 0,790bC / ** Gumminess M1  5026,39aC 2075,07cB 2518,08bA / ** 
 (mm) M2 0,820abAB 0,861aB 0,803abB 0,768b ** (g) M2 5007,00aC 2026,38bC 1885,77cC 1304,69dC ** 
 M3  0,866bA 0,894aA 0,855cA 0,726d **  M3  4287,00aE 2006,30cD 2162,84bB 1766,73dA ** 
 M4  0,855aA 0,826bD 0,761cD / **  M4  4752,54aD 2341,42bA 1368,43cE / ** 
 M5 0,838aAB 0,830aCD 0,681bE / **  M5 6091,56aA 1364,69bF 871,75cF / ** 
 M6  0,854aA 0,858aBC 0,803abB 0,739b **  M6  5063,27aB 1462,42bE 1474,41bD 1478,30bB ** 

 Sig.† ** ** ** n.s.   Sig.† ** ** ** **  

TA(%) M1  0,17BC 0,23A 0,19AB / n.s. TA(%) GL1  0,01c 0,09bB 0,20aA / ** 
 M2 0,20aB 0,18abB 0,14bB 0,21a *  GL2  0,03d 0,12cA 0,20bAB 0,25a ** 
 M3  0,16bC 0,11cD 0,17abB 0,21a **  GL3  0,03d 0,12cA 0,21bA 0,24a ** 
 M4  0,18BC 0,14BCD 0,18AB / n.s.  GL4  0,02c 0,08bB 0,17aC / ** 
 M5 0,16bC 0,13bCD 0,23aA / **  GL5  0,02c 0,07bC 0,18aBC / ** 
 M6  0,24aA 0,19bAB 0,19bAB 0,22ab *  GL6  0,02d 0,11cA 0,18bBC 0,24a ** 

 Sig.† ** ** ** n.s.   Sig.† n.s. ** ** n.s.  

pH M1  5,98aA 5,88bBC 5,76cA / ** pH GL1  6,92aA 5,85bA 5,06cAB / ** 
 M2 5,94aA 5,94aB 5,61cD 5,78bA **  GL2  6,36aBC 5,73bBC 5,03dBC 5,19c ** 
 M3  6,01aA 5,86bC 5,63dCD 5,70cB **  GL3  6,28aC 5,72bC 5,08dA 5,20c ** 
 M4  5,90bAB 6,02aA 5,74cA / **  GL4  6,40aB 5,80bAB 5,03cBC / ** 
 M5 6,00aA 6,02aA 5,67bB / **  GL5  6,41aB 5,80bAB 5,00cC / ** 
 M6  5,75abA 5,87aC 5,65bBC 5,75abA *  GL6  6,43aB 5,70bC 5,00dC 5,21c  ** 

 Sig.† ** ** ** *   Sig.† ** ** ** n.s.  

Chlorides (%) M1  1,53aB 1,65aAB 1,16bD / ** Chlorides (%) GL1  0,15cE 0,15bE 0,42aE / ** 
 M2 1,56abB 1,73AB 1,72aC 1,66c n.s.  GL2  0,18cDE 0,30bD 0,60aD 0,54aC ** 
 M3  1,96aA 1,19cC 1,80abBC 1,51bc **  GL3  0,21cD 0,27bD 0,60aD 0,61aB ** 
 M4  1,87aA 1,56bB 1,81aBC / *  GL4  0,30cC 0,38bC 0,83aC / ** 
 M5 1,86abA 1,66bAB 2,19aA / *  GL5  0,46cA 0,52bA 1,07aA / ** 
 M6  2,13aA 1,95abA 2,11abAB 1,86b *  GL6  0,36dB 0,45cB 0,94bB 0,95aA  ** 

 Sig.† ** ** ** n.s.   Sig.† ** ** ** **  
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