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Abstract: The evolution of volatile organic compounds during the production process of Mozzarella di Gioia del Colle
(traditional type) was investigated in comparison with citric mozzarella (industrial type). The total volatile concentra-
tion in the traditional curd was ten times higher than milk, versus only twice as much in the industrial type. In both
technologies, the concentrations decreased from curd to mozzarella at the same rate, due to losses during the stretching
phase. The higher microbial activity in the traditional product was responsible for a much more complex profile, cha-
racterised by 2- and 3-methylbutanal, acetoin, ethanol, 3-methyl-1-butanol, acetic acid and ethyl-acetate. In contrast,
the industrial mozzarella had a very simple profile, with the most important compounds being directly derived from
the milk, the oxidation reactions, or the activity of the adventitious microflora such as acetone, hexanal, nonanal, and
hexanoic acid. According to the discriminant analysis, Mozzarella di Gioia del Colle had a very different profile than

the milk used, whereas the industrial mozzarella was more similar to the milk.
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Mozzarella is a fresh cheese that originated
in Southern Italy several centuries ago. It is a “pasta
filata” cheese, obtained by stretching the acidified
curd with hot water, giving it a shape, then cooling
it in a pot of water. In 1993, high-moisture buffalo
mozzarella became an EU “Protected Designation
of Origin” (PDO) cheese. Nevertheless, the most
widely produced mozzarella is made from cow’s
milk, due to the wide availability of the raw matter
that allows manufacturing all over the world, also
on an industrial level (Faccia et al. 2019). Recently,
the traditional bovine type is also going to be ac-
knowledged with the EU PDO label “Mozzarella di
Gioia del Colle”, the name of the town worldwide
known for its production [EU Commission (2019/C
356/09), Publication of an application for registration

of a name pursuant to Article 50(2)(a) of Regulation
(EU) No. 1151/2012 of the European Parliament and
of the Council on quality schemes for agricultural
products and foodstuffs]. According to the official
PDO protocol, the curd acidification can be made
exclusively by using an autochthonous natural whey
starter (NWS). It is an acidified whey obtained by
a “backslopping” procedure (Demarigny et al. 2011),
involving the incubation of fresh cheesemaking whey
for about 12 h at 30-35 °C, until the pH reaches a val-
ue of 3.4—3.8. The backslopping procedure gives com-
plex and specific flavour characteristics to the cheese
(Parente 2006; Guidone et al. 2016). The microbiolog-
ical profile of the NWS used in mozzarella has been
deepened by several researchers (Ercolini et al. 2012;
Pisano et al. 2016). Unfortunately, the volatile organic
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compounds (VOC), which are highly connected to
the flavour of the product, have been poorly studied
(Moio et al. 1993; Natrella et al. 2020). In particular,
no information is available on the kinetics of their
formation throughout the manufacturing process.
The aim of the present research was to monitor
the evolution of the VOC from the milk to the cheese
during the production process of Mozzarella of Gioia
del Colle, in comparison with the industrial type
made by direct acidification.

MATERIAL AND METHODS

Samples. The study was conducted on milk, curd
and mozzarella samples (22 for each type, 66 samples
in total) taken from several dairies located in the geo-
graphical area of PDO Mozzarella di Gioia del Colle

Traditional

https://doi.org/10.17221/129/2020-CJES

(province of Bari, Apulia, Southern Italy). One half
of them were manufactured by the NWS method as
contemplated by the PDO official protocol (the addi-
tion of about a 5% starter to the milk 15 min before
coagulation), the other half was made by the indus-
trial technology (direct acidification with citric acid).
The manufacturing protocols are reported in Figure 1.
The curd and mozzarella samples were coded as DA-C
and DA-M (direct acidification) and as NWS-C and
NWS-M (NWS method) respectively. All the samples
were cooled to 6 °C in chilled water, packaged in plas-
tic trays containing cold diluted brine and immediately
transported under refrigeration to the laboratory for
the analyses. The milk was analysed for its protein
(Kjeldahl-method; ISO 17997-1|IDF 29:2004), fat
(Gerber method, ISO 488|IDF 105:2008), and pH (pH-
meter HANNA Instrument Inc, United Kingdom); all
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Figure 1. Technological scheme of manufacturing mozzarella
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the samples were subjected to an analysis of the vola-
tile organic compounds.

VOC analysis. The VOC were extracted by sol-
id-phase microextraction (SPME) and analysed by
Gas Chromatography Mass Spectrometry (GC-MS).
For the milk, mozzarella and curd, a 1 + 0.05 g sam-
ple was weighed into a 20 mL vial, with the addition
of an internal standard (81.3 ng of 3-pentanone) and
closed by a rubber septum and an aluminium cap.
The samples were then loaded into a Triplus RSH
autosampler (ThermoFisher Scientific, Italy) for ex-
traction at 37 °C for 15 min, using a divinylbenzene/
carboxen/polydimethylsiloxane 50/30 mm SPME fibre
assembly (Supelco, USA). The fibre was desorbed at
220 °C for 2 min in the injection port of the gas chro-
matograph, operating in the splitless mode. The GC-
MS analyses were performed using a Tracel300 gas
chromatograph equipped with an ISQ Series 3.2 SP1
mass spectrometer (ThermoFisher Scientific, Roda-
no, Italy). The compounds were separated on a VEF-
WAX MS thermo capillary column (60 m, 0.25 mm,
0.25 mm), under the following conditions: injection
port temperature, 220 °C; oven temperatures, 40 °C
for 0.1 min then 4 °C min~! to 140 °C, 10 °C min~! to
220 °C and a final isothermal for 7.5 min. The mass
detector was set at the following conditions: detector
voltage, 1700 V; source temperature, 250 °C; ionisation
energy, 70 eV; scan range 33—200 amu. The tentative
identification of the peaks was undertaken by means
of software Xcalibur 2.0 (Thermo Fisher Scientific,
USA), by matching their spectra with the reference
mass spectra of the NIST (National Institute of Stand-
ards and Technology) library. A semi-quantitation
was performed by the internal standard method, and
the amounts were expressed as mg L' for the milk and
mg kg for the curd and mozzarella.

Statistical analysis. All the samples were analysed
in triplicate, the Discriminant Analysis (DA), means
and Analysis of Variance (ANOVA) were calculated
with XLSTAT-Sensory software (Addinsoft, France).

RESULTS AND DISCUSSION

No significant differences were observed in the chem-
ical composition of the two milk groups: the average
protein content was the same (3.69%), the average fat
content was similar (3.99% DA and 3.88% NSW), as
was the pH value (6.8 for DA and 6.7 for NWS).

For both technologies, the total VOC concentration
increased from the milk to the curd, but strongly de-
creased in the mozzarella, as a consequence of the par-
tial volatilisation and dissolution into the water dur-
ing the stretching phase (Table 1). The processing
technology had a strong influence in the first phase
since the concentration increased about 15-fold from
the milk to the curd in the NWS versus only twice
in the DA methods. It was due to the different fer-
mentation intensity since a starter had only been
added in the NWS. The decrease in the second phase
was not linked to the technology, since, in both cases,
the VOC concentration fell by about a quarter. To
the best of our knowledge, these are the first data on
this subject: Sacchi et al. (2020) performed a similar
study on buffalo milk and mozzarella, reporting that
the total VOC amounts in the two matrices were simi-
lar, but the curd was not analysed.

The VOCweregroupedin8chemical classes. The NWS
curd was characterised by high amounts of alcohols
(1 631.35 mg kg ') and esters (892.50 mg kg!), whereas
alcohols (296.39 mg kg™'), ketones (156.70 mg kg™')
and aldehydes (131.59 mg kg™') were the most repre-
sented chemical classes in the corresponding moz-

Table 1. VOC chemical groups in raw milk (RM), curd and cheese in the Mozzarella of Gioia del Colle (NWS-C and

NWS-M) and the industrial mozzarella (DA-C and DA-M)

RM NWS-C DA-C NWS-M DA-M
(mg L) (mgkg™) (mgkg™) (mgkg™) (mgkg™)
Acids 26.10¢ 273.15° 219.55% 93.92b¢ 9.87¢
Alcohols 29.34° 1631.35° 25.34° 296.39" 6.33"
Aldehydes 10.60P 175.33% 55.37% 131.59% 4.46°
Esters 10.80° 892.50? 10.40° 42.49° 2.49°
Ketones 117.28° 349.70° 73.66" 156.70° 71.21°
Sulfur compounds 6.06% 0.72¢ 4.95% 2.28P¢ 2.19b¢
Total 200.17 3322.75 389.27 723.37 96.55

Values in the same row bearing different superscripted are different at P < 0.05
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zarella. The industrial product had a different pattern:
acids (219.55 mg kg~!) and ketones (73.66 mg kg™!) were
the most represented classes in the DA curd, whereas
the profile was quantitatively very poor in the moz-
zarella, and only ketones reached an appreciable level
(71.21 mg kg™?).

https://doi.org/10.17221/129/2020-CJES

Sixty-three single compounds were identified
in the entire set of samples: 11 aldehydes, 9 ketones,
21 alcohols, 13 acids, 2 sulfur compounds and 7 esters
(Table 2). The NWS-C had the highest number of mol-
ecules (54) followed by the NWS-M (45), raw milk
(38), DA-C (33) and DA-M (18). As regards to the car-

Table 2. VOC found in raw milk (RM), curd and cheese in the Mozzarella of Gioia del Colle (NWS-C and NWS-M)

and the industrial mozzarella (DA-C, DA-M)

p RM NWS-C DA-C NWS-M DA-M
(mgL™) (mgkg?)  (mgkg?)  (mgkg')  (mgkg™)

Acids
Acetic acid 2.70° 176.42% 199.77° 46.84>¢ 1.20¢
Propanoic acid * ND 0.04° ND 3.542 ND
Propanoic acid, 2-methyl #E ND 4.14* ND 0.05° ND
Propanoic acid, 2,2-dimethyl 0.07 ND ND ND ND
Butanoic acid 9.55" 30.16 3.70° 8.47° 2.80°
Butanoic acid, 2-methyl * ND 1.08 ND ND ND
Butanoic acid, 3-methyl 0.03° 4.52° ND 1.02% ND
Pentanoic acid * 0.04" 0.08" ND 0.122 ND
Hexanoic acid 9.21 43.89* 8.87> 25.05" 4.22°
Heptanoic acid 0.12° 0.81° 0.48% 0.65 ND
Octanoic acid 3.32° 11.732 4.56° 7.08% ND
Nonanoic acid #* ND 0.17° 0.77 0.44%° ND
n-Decanoic acid #* 0.96% 0.06° 1.40% 0.65" 1.65°
Alcohols
Ethanol 20.52P 704.08° 3.27° 109.43° 2.76"
Isopropanol 0.35 ND ND 0.33 ND
1-propanol,2-methyl ** 1.51° 47.35° ND 6.90° ND
1-butanol, 3-methyl #* 2.11° 867.84% ND 170.84° ND
1-pentanol * 0.63" 4,75 0.69° 3.64° ND
1-hexanol * 0.28" 0.67° 0.12° 0.71 0.10°
1-hexanol,2-ethyl 1.88° ND 0.27° 0.95% 1.18%
2-heptanol * ND 0.10 ND 0.11 ND
1-octanol 0.14° ND 3.36° ND ND
2-nonanol * ND 0.06 ND 0.04 ND
2-(octyloxy)-ethanol 0.31° ND 15.412 ND 1.63P
2-propanol, 1-(2-methoxypropoxy) * 0.47 0.48 ND 0.49 ND
2-propyl-1-pentanol * 0.37° 1.60? ND 0.94% ND
2-buten-1-o0l,2-methyl * ND 0.12 ND 0.04 ND
2-buten-1-ol,3-methyl * 0.02° 0.19% ND 0.31° ND
3-buten-1-ol, 3-methyl o 0.12° 1.06% ND 0.83% ND
1-octen-3-ol 0.03 ND ND ND ND
1,6-octadien-3-ol, 3,7-dimethyl * ND 0.35 ND 0.45 ND
2-furanmethanol ND ND 0.12 ND ND
Benzyl alcohol 0.38 0.21 0.50 ND 0.66
Phenylethyl alcohol 0.21¢ 2.48° 1.60% 0.36" ND
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Table 2 to be continued

P RM NWS-C DA-C NWS-M DA-M

(mgl™)  (mgkg")  (mgkg")  (mgkg)  (mgkg™)

Aldehydes
Acetaldehyde ND 44.73* 0.46° ND ND
Benzaldehyde * ND 1.45° 0.05° 0.85% ND
Benzeneacetaldehyde ND ND 0.43 ND ND
Butanal, 2-methyl * ND 13.88 ND 28.91 ND
Butanal, 3-methyl 3.02¢ 87.22° 18.77° 87.46 ND
Hexanal * 6.34% 0.18° 12.73° 0.94° 2.70
Octanal 0.19° 0.11° 1.68° 0.25° 0.30°
Nonanal 0.92° 0.98° 13.26* 1.54° 1.45°
Decanal 0.13° 0.10° 2.80° 0.10° ND
Propanal, 2-methyl ND 26.67° 5.16° 11.54% ND
Furfural ND ND 0.01 ND ND
Esters
Ethyl acetate 10.46° 867.36° 10.40P 42.49° 2.49°
Ethyl propanoate o ND 3.27 ND ND ND
Ethyl butanoate * ND 1.87 ND ND ND
Ethyl hexanoate - ND 0.58 ND ND ND
n-Propyl acetate ND 3.83 ND ND ND
Isobutyl acetate * ND 1.29 ND ND ND
Ketones
Acetone 85.05° 18.69° 43.54b¢ 31.41P¢ 56.55%
Acetoin 2.19° 305.57° ND 94.39° ND
2-butanone * 29.40° 4.31° 27.57° 11.91° 14.22°
2-heptanone * 0.21° 14.727 ND 15.60? ND
2-nonanone 0.12° 1.30° ND 1.54° ND
2-hydroxy-3-pentanone o ND 2.42 ND 1.43 ND
2-butanedione ND ND 1.55 ND ND
2,3-pentanedione o ND 2.55 ND ND ND
5-hepten-2-one, 6-methyl ** 0.30° 0.12° 1.01° 0.43° 0.44°
Sulphur compounds
Dimethyl sulfide * 2.58° 0.26¢ 0.74¢ 1.76° 0.334
Dimethyl sulfone 3.47% 0.45¢ 4.20° 0.52¢ 1.86°¢

Values in the same row bearing different superscripted are different at *P < 0.05 or **P < 0.0001; ND — not detected

bonyl compounds, the mostly observed differences
between the curds were seen in the aldehydes. Acet-
aldehyde, 2- and 3-methyl-butanal were more abun-
dant in the NWS-C, being connected to the microbial
activity (De Palencia et al. 2004; Cadwallader et al.
2009). Acetaldehyde was not detected in the mozza-
rella, probably because it was lost during the stretching
phase due to it being totally miscible with water. Dif-
ferently, the DA-C and DA-M were characterised by

the higher presence of linear aldehydes (hexanal, octa-
nal, nonanal and decanal) that have an oxidative origin
(Karatapanis et al. 2006). Acetone was the most impor-
tant ketone in the milk, in which it is associated with
the nutritional status of the cattle and silage feeding
(Villeneuve et al. 2013). It was highly lost into the whey,
and was less abundant in the NWS curd since any ad-
ditional whey is expulsed during the fermentation
(the DA does not require fermentation). The most im-
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Figure 2. Discriminant analysis of the samples related to the volatile organic compounds
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portant ketone in NWS curd and cheese was acetoin,
whereas 2-butanone was in the DA: the former derives
from the citrate fermentation, the latter from the feed
or metabolism of the adventitious microflora (Marsi-
lietal.2003; Massouras et al. 2006). The acid and alcohol
compounds discriminated (differentiated??) the sam-
ples both quantitatively and qualitatively. The acetic,
propanoic, butanoic, an hexanoic acid and the etha-
nol, 1-butanol, 3-methyl and 1-propanol,2-methyl,
almost always connected to the activity of the lactic
acid bacteria and yeasts (Yang et al. 2020), were much
more abundant in the NWS. Ethanol (at lower concen-
tration), 2-(octyloxy)-ethanol and 1-hexanol,2-ethyl
were the most represented in the industrial curd and
mozzarella. Acetic acid was found at the highest con-
centration in the curds, without any significant differ-
ence between the groups. It was expected to be more
abundant in the traditional samples, but it could be
derived from the fermentation of the citric acid add-
ed for the milk acidification by indigenous microflora
(Andic et al. 2010 not 6). Ethyl acetate was the only
ester present in all the samples, and its concentration
followed the trend of its precursors, ethanol and ace-
tic acid. The highest level was found in the NWS-C,
whereas the concentration in the DA-C was almost
the same as the milk. Moreover, the curd stretching
caused a strong reduction in mozzarella. Many other
esters were formed in the traditional curd, but they dis-
appeared in the mozzarella after stretching. The only
detected sulfur compounds were dimethyl sulfide
and dimethyl sulfone, its oxidative product. Milk had
the highest content, and mozzarella the lowest.

Figure 2 shows the DA of all the samples by their vola-
tile profile. Being that the profiles of the two milk groups
were almost identical; the raw milk (RM) was considered
as a single qualitative variable category. About 79.77%
of the variability was explained by two principal compo-
nents (PC). Considering PC1, the NWS-M and NWS-C
were at the positive side of the plot, clearly separated
from the other samples. The majority of the VOC are on
this side of map, related to these samples. In contrast,
the RM and DA-M were present on the negative side:
they overlapped, and DA-C was close to them. Consid-
ering PC2, the NWS-M laid on the positive side where-
as the curds were well-separated on the negative side.
Straddling them, almost in the middle, were the RM and
DA-M. These results better highlight the differences
previously discussed: the curds were clearly separated
from the cheeses due to the reduction of the VOC af-
ter the stretching phase, as well as that the NWS-C was
clearly differentiated from the DA-C.

CONCLUSION

The study deepened the kinetics of the VOC for-
mation in the PDO Mozzarella of Gioia del Colle
and in the industrial mozzarella. In the PDO cheese,
the poor volatile profile of the milk became very com-
plex during processing, whereas the changes were
much less relevant in the industrial product, due
to scarce presence of the fermentative metabolites.
The volatile profile of the PDO mozzarella should be
described as “fermentative’, whereas that of the indus-
trial type as “oxidative” The results obtained could be
useful in developing a method for protecting the tradi-
tional product from imitations.

REFERENCES

Andic S., Genccelep H., Kose S. (2010): Determination
of biogenic amines in herby cheese. International Journal
of Food Properties, 13: 1300—1314.

Cadwallader K.R., Singh T.K. (2009): Flavours and oft-flavours
in milk and dairy products. In: McSweeney P.L.H., Fox P.F.
(eds): Advanced Dairy Chemistry. Springer, NY: 631-690.

Demarigny Y., Dalmasso M., Tonleu A., Rigobello V., Beu-
vier E., Huong Ly-Chatain M., Bouton L. (2011): Influence
of the backslopping practice on the microbial diversity
of the Lactococcus population in a model cheesemaking.
Food and Nutrition Sciences, 2: 618—627.

De Palencia E.P,, De la Plaza M., Mohedano M.L., Martinez-
Cuesta M.C., Requena T., Lopez P., Peldez C. (2004):
Enhancement of 2-methylbutanal formation in cheese
by using a fluorescently tagged Lacticin 3147 producing
Lactococcus lactis strain. International Journal of Food
Microbiology, 93: 335—347.

Ercolini D., De Filippis F.,, La Storia A., Iacono M. (2012):
“Remake” by high-throughput sequencing of the micro-
biota involved in the production of water buffalo moz-
zarella cheese. Applied and Environmental Microbiology,
78: 8142-8145.

Faccia M., Gambacorta G., Natrella G., Caponio F. (2019):
Shelf life extension of Italian mozzarella by use of calcium
lactate buffered brine. Food Control, 100: 287-291.

Guidone A., Ricciardi A., Romaniello A., Bonomo M.G,,
Morone G., Zotta T., Parente E. (2016): Microbial changes
of natural milk cultures for mozzarella cheese during
repeated propagation cycles. LWT — Food Science and
Technology, 65: 572-579.

Karatapanis A.E., Badeka A.V., Riganakos K.A., Savvaidis I.N.,
Kontominas M.G. (2006): Changes in flavour volatiles
of whole pasteurised milk as affected by packaging material

and storage time. International Dairy Journal, 16: 750-761.

221



Original Paper

Czech Journal of Food Sciences, 38, 2020 (4): 215-222

Marsili R.T. (2003): Flavours and off-flavours in dairy foods.
In: Roginski H., Fuquay J.W., Fox P.F. (eds): Encyclopedia
of Dairy Science. Academic Press, NY, USA: 1069-1081.

Massouras T., Pappa E.C., Mallatou H. (2006): Headspace
analysis of volatile flavour compounds of teleme cheese
made from sheep and goat milk. International Journal
of Dairy Technology, 59: 250—256.

Moio L., Langlois D., Etievant P., Addeo F. (1993): Powerful
odorants in water-buffalo and bovine mozzarella cheese
by use of extract dilution sniffing analysis. Italian Journal
of Food Science, 5: 227-237.

Natrella G., Faccia M., Lorenzo ].M., De Palo P., Gamba-
corta G. (2020): Sensory characteristics and volatile organic
compound profile of high-moisture mozzarella made by
traditional and direct acidification technology. Journal
of Dairy Science, 103: 2089-2097.

Parente E. (2006): Diversity and dynamics of microbial com-
munities in natural and mixed starter cultures. Australian
Journal of Dairy Technology, 61: 108—115.

222

https://doi.org/10.17221/129/2020-CJES

Pisano M.B., Scano P.,, Murgia A., Cosentino S., Caboni P.
(2016): Metabolomics and microbiological profile of Italian
mozzarella cheese produced with buffalo and cow milk.
Food Chemistry, 192: 618—624.

SacchiR., Marrazzo A., Masucci F, Di Francia A, Serrapica F,
Genovese A. (2020): Effects of inclusion of fresh forage
in the diet for lactating buffaloes on volatile organic com-
pounds of milk and mozzarella cheese. Molecules, 25: 1332.

Villeneuve M.P.,, Lebeuf Y., Gervais R., Tremblay G.F., Vuil-
lemard J.C., Fortin J., Chouinard PY. (2013): Milk volatile
organic compounds and fatty acid profile in cows fed
timothy as hay, pasture, or silage. Journal of Dairy Science,
96: 7181-7194.

Yang C., Zhao F., Hou Q., WangJ., Li M., Sun Z. (2020): PacBio
sequencing reveals bacterial community diversity in cheeses
collected from different regions. Journal of Dairy Science,
103: 1238-1249.

Received: May 16, 2020
Accepted: July 9, 2020



