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Abstract 8 

 9 

Pink discoloration in cheese has been the subject of wide research, but the basis for this phenomenon still 10 

remain elusive. This defect impacts a wide range of ripened cheeses, resulting in the rejection of cheese and 11 

a consequent economic loss for dairy industries. As multiple causes for pink discoloration have been 12 

reported for different cheeses in the literature, the aim of this research was to investigate the cause of a pink 13 

discoloration found on Pecorino Toscano cheese rind. The results of microbiological analysis revealed the 14 

presence of high microbial counts associated to the rind and the nearest inner part. Strains isolated from the 15 

colored part were mainly identified as Serratia liquefaciens, suggesting that an environmental contamination 16 

of the cheese rind by this species could be the cause of the observed defect and expanding the knowledge 17 

related to pink discoloration in cheeses. 18 

 19 
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 21 

1. Introduction 22 

 23 

The occurrence of defect in cheeses is of great concern for the dairy industry as it could lead to products 24 

recall and thus representing a significant economic loss for dairy companies (Carminati et al., 2019). 25 

Defects may have different origin and may occur in diverse step of cheese making process. They can be 26 

related to variations in milk quality, milk treatment, hygiene practices and cheese processing parameters 27 

(manufacture technology and/or ripening). Defects can also be linked to differences in the starter cultures 28 

activity and acidity profiles, as well as to the nature and number of the non-starter microorganisms which 29 

come from raw milk or other environmental sources (O’Sullivan et al.,2013).   30 

To date, several studies have been focused on the understanding of cheese discoloration’ causes. In 31 

particular, the reason for the formation of pink defect in cheeses without colorant addition, in some cases still 32 

remains unknown (Quigley et al., 2016).  To date, it has been mainly attributed to the metabolism of certain 33 

strains of thermophilic lactobacilli, propionic acid bacteria, Thermus spp., or Glutamicibacter arilaitensis as 34 

well as the activity of residual microbial enzymes or to Maillard reactions, particularly related to the 35 

presence of unfermented galactose (Cleary et al., 2018; Daly et al., 2012).  36 

During summer 2018, a Tuscan dairy producing Pecorino Toscano, a PDO pasteurized sheep’s milk medium 37 

ripened Italian cheese, observed an unusual pink discoloration on the rind of several cheese wheels (Personal 38 

communication; Figure 1). With the aim of determining the cause of discoloration, microbiological analysis 39 

followed by molecular identification of the species recovered in the pink area, were carried out.  40 

2.Materials and Methods  41 

2.1 Sampling 42 

In order to identify the bacteria species potentially responsible for the alteration, the crust and the closer 43 

inner part of six representative cheeses were sampled and homogenized 1:10 with sterile Ringer’s solution, 44 
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by means of a blender (STOMACHER, 400 circulator, UK) (Oxoid, Basingstoke, UK) for 2.30 min at 230 45 

rpm. Each cheese was analyzed separately. The samples dilutions were then plated in triplicated on different 46 

growth media. Pseudomonas CFC agar (PS) (Oxoid, UK) was used in order to count Pseudomonadaceae, 47 

incubating plates at 25°C for 48 hours. Plate Count Agar (PCA) (Oxoid, UK) was used for the determination 48 

of total microbial count by incubating the plates at 30°C for 24hours. Yeast and molds were counted on 49 

Yeast extract dextrose Chloramphenicol Agar (YEDC). For the determination of aerobic spore-forming 50 

bacteria, the homogenized samples were heated to 80°C for 10 min and then cooled before analysis and then 51 

plated on Tryptone Soy Agar (TSA, Merck KGaA, Darmstadt, Germany), followed by incubation for 24 h at 52 

30 °C under aerobic condition (Abdelmassih et al., 2011).  53 

2.2 Microbial isolation from pink areas 54 

Fourteen colonies with pinkish or reddish color present only on PS plates were selected and isolated through 55 

three purification steps on the same medium. The purity of the strains was checked by verifying the 56 

morphology by means of  optical microscope Olympus BX51 (Olympus, Waltham, United States) then 57 

stored at – 80° C in Tryptic Soy Broth (TSB) (Oxoid, Basingstoke, UK) added with 20% (v/v) glycerol.   58 

2.3. Genotypic identification of isolated strains 59 

The isolated strains were cultured twice at 30 °C for 18 h in TSB (Oxoid) in aerobic conditions and then the 60 

DNA was extracted and purified by using DNeasy and Blood Tissue (Qiagen, Germany) and checked on 61 

agarose gel with TAE 1X running buffer (1% w/v). Then, the 16S rRNA gene was amplified by PCR 62 

(Takahashi et al., 2014).  63 

Primers based on conserved regions of the 16S rRNA gene, 16S 46Fw: CAG GCC TAA CAC ATG CAA 64 

GTC and 16S 536Rv: GGG CGG WGT CAA GGC (Marchesi et al., 1998), were used for direct PCR 65 

amplification of a 1300-bp portion of the 16S rRNA gene. In brief, samples underwent an initial denaturation 66 

of 2 min at 94°C and 30sec at 94°C, then 30 cycles of 30 sec at 55°C, 30 sec at 72°C, followed by 10 min at 67 

72°C. Reaction products were separated by electrophoresis in 1.0% (w/v) agarose gels and the amplification 68 

products were sequenced (Macrogen Europe Inc.). Sequences comparison was performed against NCBI 69 

database using BLASTN  (Basic Local Alignment Tool, BLAST, p://www. ncbi.nlm.nih.gov/blast.cgi). 70 

Criteria for identification at the species level were defined as a 16S rDNA sequence similarity of ≥98% 71 

(Drancourt et al., 2000) with that of the type strains sequences in GenBank.  72 

3 Results and discussion 73 

3.1 Microbial counts 74 

In the present study, the total microbial counts was of 7.82 Log CFU/g  (mean value of the samples) (fig.2), 75 

which corresponds to the results found by Proroga and colleagues (2009) on Pecorino. Yeast and moulds 76 

count was 3 Log CFU/g, which is typical for ripened cheeses such as Pecorino Toscano PDO (Todaro et al., 77 

2011). The presence of spore forming microorganisms was lower than 3 Log CFU/g (Fig. 2), confirming 78 

what has been observed in the literature for similar cheeses (Palmas et al., 1999). Microbial counts on 79 

Pseudomonas agar were 1 log unit higher than the average data available in literature, reporting counts of no 80 

more than 5 Log CFU/g in the same medium (Todaro et al., 2011). In all the analyzed cheese samples, pink 81 

colonies were present on PS plates.  82 

 83 

3.2 Genotypic identification of isolated strains 84 

Fourteen isolated strains were identified at species level as follows: 10 strains belonging to Serratia 85 

liquefaciens, 2 Enterobacter cloacae, 2 Enterobacter hormaechei (Table 1). 86 



The presence of Enterobacteriaceae is not surprising as, despite they are considered as indicative of a poor 87 

microbiological quality of cheese, they are also recognized as part of the natural microbiota of many dairy 88 

products (Chaves-Lopez et al., 2006). 89 

S. liquefaciens is a psychrotrophic and highly motile organism commonly found in water, soil, plants and 90 
more specifically in dairies environment and raw milk (Ikumapayi et al., 2015; Machado et al., 2015) S. 91 
liquefaciens is a pathogenic microorganism able to cause infections in humans, especially in 92 
immunocompromised hosts (Momose et al.,2018; Caneschi et al., 2019). A possible role of this species in 93 
discoloration defects had been previously observed, but mainly related to the presence of its hydrolytic heat 94 
resistant enzymes, rather that the viable cells (Decimo et al., 2014). In the present study, viable S. 95 
liquefaciens cells were isolated from the rind and the nearest inner part, where the pink discoloration was 96 
present. Furthermore, as no discoloration was found in the deep inner part of the cheeses, despite the species 97 
is able to grow both under aerobic and anaerobic conditions (Bergey et al.,2000), an environmental 98 
contamination of the rind was hypothesized. Pecorino Toscano is ripened between 5 and 15°C with a relative 99 
humidity ranging between 75 and 95%. Such conditions could encourage the growth of S.liquefaciens on 100 
cheese rind and the production of a red pigment in the later stages of bacterial growth. The production of red 101 
pigments such as prodigiosin has in fact been reported to be regulated by a quorum sensing mechanism, by 102 
which, the increasing number of cells is the signal to start the production of the pigment (Thomson et al., 103 
2000). 104 
 105 
 106 

4. Conclusion 107 

 108 

The microbial analysis of each sample from the six Pecorino Toscano cheese revealed the presence of S. 109 

liquefaciens, suggesting that an environmental contamination of the cheese rind could be the cause of the 110 

observed defect. In particular, it seems of central importance, when studying this kind of defect, the 111 

evaluation of brine and ripening chambers hygiene as well as the overall hygiene of the working areas.  112 

Another important aspect is the control of rind humidity, which may promote the development of alterative 113 

microorganisms coming from the environment. The result of our study could expand the knowledge related 114 

to pink discoloration in cheese, which is still ambiguous in the literature.  115 

 116 

 117 

 118 

References 119 

Abdelmassih, M., Planchon, V., Anceau, C., & Mahillon, J. (2011). Development and validation of stable 120 

reference materials for food microbiology using Bacillus cereus and Clostridium perfringens spores: 121 

Spores as stable reference material. Journal of Applied Microbiology, 110(6), 1524–1530. 122 

https://doi.org/10.1111/j.1365-2672.2011.05007.x 123 

Bergey, D. H.Holt, John G., eds. Bergey's Manual Of Determinative Bacteriology. Philadelphia : Lippincott 124 

Williams & Wilkins, 2000. Print. (9th Edition,p.217,Table 5.2) 125 

 126 



Carminati, D., Bonvini, B., Rossetti, L., Zago, M., Tidona, F., & Giraffa, G. (2019). Investigation on the 127 

presence of blue pigment-producing Pseudomonas strains along a production line of fresh 128 

mozzarella cheese. Food Control, 100, 321–328. https://doi.org/10.1016/j.foodcont.2019.02.009 129 

Chaves-Lopez, C., De Angelis, M., Martuscelli, M., Serio, A., Paparella, A., & Suzzi, G. (2006). 130 

Characterization of the Enterobacteriaceae isolated from an artisanal Italian ewe’s cheese 131 

(Pecorino Abruzzese). Journal of Applied Microbiology, 101(2), 353–360. 132 

https://doi.org/10.1111/j.1365-2672.2006.02941.x 133 

Cleary, J. L., Kolachina, S., Wolfe, B. E., & Sanchez, L. M. (2018). Coproporphyrin III Produced by the 134 

Bacterium Glutamicibacter arilaitensis Binds Zinc and Is Upregulated by Fungi in Cheese Rinds. 135 

MSystems, 3(4), e00036-18, /msystems/3/4/msys.00036-18.atom. 136 

https://doi.org/10.1128/mSystems.00036-18 137 

Daly, D. F. M., McSweeney, P. L. H., & Sheehan, J. J. (2012). Pink discolouration defect in commercial 138 

cheese: a review. Dairy Science & Technology, 92(5), 439–453. https://doi.org/10.1007/s13594-139 

012-0079-0 140 

Decimo, M., Morandi, S., Silvetti, T., & Brasca, M. (2014). Characterization of Gram-Negative Psychrotrophic 141 

Bacteria isolated from Italian Bulk Tank Milk: Gram-negative psychrotrophs in milk…. Journal of 142 

Food Science, 79(10), M2081–M2090. https://doi.org/10.1111/1750-3841.12645 143 

Drancourt, M., Bollet, C., Carlioz, A., Martelin, R., Gayral, J.-P., & Raoult, D. (2000). 16S Ribosomal DNA 144 

Sequence Analysis of a Large Collection of Environmental and Clinical Unidentifiable Bacterial 145 

Isolates. Journal of Clinical Microbiology, 38(10), 3623–3630. 146 

https://doi.org/10.1128/JCM.38.10.3623-3630.2000 147 

Ikumapayi, U. N., Kanteh, A., Manneh, J., Lamin, M., & Mackenzie, G. A. (2016). An outbreak of Serratia 148 

liquefaciens at a rural health center in The Gambia. The Journal of Infection in Developing Countries, 149 

10(08), 791–798. https://doi.org/10.3855/jidc.7184 150 

Machado, S. G., da Silva, F. L., Bazzolli, D. M. S., Heyndrickx, M., Costa, P. M. de A., & Vanetti, M. C. D. 151 

(2015). Pseudomonas spp. and Serratia liquefaciens as Predominant Spoilers in Cold Raw Milk: 152 



Predominant spoilers in cold raw milk. Journal of Food Science, 80(8), M1842–M1849. 153 

https://doi.org/10.1111/1750-3841.12957 154 

Marchesi, J. R., Sato, T., Weightman, A. J., Martin, T. A., Fry, J. C., Hiom, S. J., & Wade, W. G. (1998). Design 155 

and Evaluation of Useful Bacterium-Specific PCR Primers That Amplify Genes Coding for Bacterial 156 

16S rRNA. 64, 7. 157 

Momose, T., Masutani, S., Oshima, A., Kawasaki, H., Tanaka, R., Iwamoto, Y., Ishido, H., & Senzaki, H. 158 

(2018). First Pediatric Case of Infective Endocarditis Caused by Serratia Liquefaciens. International 159 

Heart Journal, 59(6), 1485–1487. https://doi.org/10.1536/ihj.17-595 160 

O’Sullivan, J.D., Giblin, L., PaulL.H. Mc Sweeney P.L.H.,  Sheehan, J.J., & Cotter, P.D. (2013).  Nucleicacid-161 

based approaches to investigate microbial-related cheese quality defects. Review article  doi: 162 

10.3389/fmicb.2013.00001 163 

Palmas, F., Cosentino, S., Fadda, M. E., Deplano, M., & Mascia, V. (1999). Microbial characteristics of 164 

Pecorino processed cheese spreads. Le Lait, 79(6), 607–613. https://doi.org/10.1051/lait:1999650 165 

Proroga, Y. T. R., Cerrone, A., Valvini, O., Castellano, S., Carullo, M. R., Bove, D., Guarino, A., & Iovane, G. 166 

(2009). MICROBIOLOGICAL CHARACTERIZAION OF A TYPICAL ITALIAN CHEESE: PECORINO DI 167 

LATICAUDA (PART I). Italian Journal of Food Safety, 1(5), 55. https://doi.org/10.4081/ijfs.2009.5.55 168 

Quigley, L., O’Sullivan, D. J., Daly, D., O’Sullivan, O., Burdikova, Z., Vana, R., Beresford, T. P., Ross, R. P., 169 

Fitzgerald, G. F., McSweeney, P. L. H., Giblin, L., Sheehan, J. J., & Cotter, P. D. (2016). Thermus and 170 

the Pink Discoloration Defect in Cheese. MSystems, 1(3), mSystems.00023-16, e00023-16. 171 

https://doi.org/10.1128/mSystems.00023-16 172 

Takahashi, S., Tomita, J., Nishioka, K., Hisada, T., & Nishijima, M. (2014). Development of a Prokaryotic 173 

Universal Primer for Simultaneous Analysis of Bacteria and Archaea Using Next-Generation 174 

Sequencing. PLoS ONE, 9(8), 9. https://doi.org/10.1371/journal.pone.0105592 175 

Thomson, N. R., Crow, M. A., McGowan, S. J., Cox, A., & Salmond, G. P. C. (2000). Biosynthesis of 176 

carbapenem antibiotic and prodigiosin pigment in Serratia is under quorum sensing control: 177 

Production of antibiotic and pigment by Serratia. Molecular Microbiology, 36(3), 539–556. 178 

https://doi.org/10.1046/j.1365-2958.2000.01872.x 179 

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1051%2Flait%3A1999650&data=02%7C01%7Celena.bancalari%40unipr.it%7C67dda16aca9c4111633308d81e66f502%7Cbb064bc5b7a841ecbabed7beb3faeb1c%7C0%7C0%7C637292774835297324&sdata=wZNqeIzehkPnFx9DB2QMZdKo0PjrBKQAENSvVVrW9Ho%3D&reserved=0


Todaro, M., Francesca, N., Reale, S., Moschetti, G., Vitale, F., & Settanni, L. (2011). Effect of different salting 180 

technologies on the chemical and microbiological characteristics of PDO Pecorino Siciliano cheese. 181 

European Food Research and Technology, 233(6), 931–940. https://doi.org/10.1007/s00217-011-182 

1593-7 183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

 193 

 194 

 195 

 196 

 197 

 198 

Figure captions 199 

Figure 1. Example of pink discoloration on Pecorino Toscano cheese 200 

Figure 2. Box plot of microbial counts, reported as mean value for each media 201 

Table 1. Identification of isolated strains. 202 

 203 

Strain number Bacterial Genus 

and Species 

Score   Query 

cover        

Accession 

number 

5006 Serratia 

liquefaciens 

730  98% MH669247.1 

5007 Serratia 

liquefaciens 

819 98%  MT279350.1 



5008 Serratia 

liquefaciens 

1099 99% MH669144.1 

5009 Serratia 

liquefaciens 

 926 98% MH669139.1 

5010 Serratia 

liquefaciens 

1003 98%  MH668086.1 

5011 Serratia 

liquefaciens 

1120  99%  MT279350.1 

5012 Enterobacter 

hormaechei 

1051  98%  KC154051.1 

5013 Enterobacter 

cloacae 

1280 99% MT145960.1 

5014 Enterobacter 

hormaechei 

1253 98%  MT258990.1 

5015 Serratia 

liquefaciens 

1375 99%  MH668086.1 

5016 Serratia 

liquefaciens 

1375  99%  MT279350.1 

5017 Enterobacter 

cloacae 

1373  99%  MT145960.1 

5018 Serratia 

liquefaciens  

1282  99%  MT279350.1 

5019 Serratia 

liquefaciens 

1554  99%  MH669139.1 
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