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A B S T R A C T

Burrata is a fresh pasta filata cheese produced in Italy and highly appreciated worldwide, for which extending 
shelf-life remains a significant challenge for the dairy industry. This study investigated the effect of incorporating 
protective microbial cultures (PMC), composed by Lactiplantibacillus plantarum and Carnobacterium spp. strains, 
on the sensory characteristics of the cheese during refrigerated storage, with particular focus on the volatilome as 
assessed by GC–MS-Olfactometry. Experimental burrata samples (CS) containing the protective microbial cul
tures were compared with control samples (CC) over 20 days of refrigerated storage. The PMC proved to be 
effective in countering the spoilage bacteria, with a significant delay of the growth of Enterobacteriaceae, co
liforms and Pseudomonas spp. The volatile organic compounds (VOC) analysis, performed by GC–MS-O, 
confirmed reduced production of spoilage-related molecules such as ethanol, acetic acid, and 3-methyl-1-butanol 
in CS samples, responsible of off-odors in burrata. In addition to this, a better preservation of some key aroma- 
active compounds belonging to the class of ketones and aldehydes was observed by olfactometry results. The 
multivariate statistical approach of the sensory analysis and aroma-active VOC described well the evolution of 
the products over time, highlighting the enhanced sensory stability of CS samples. Overall, the application of 
protective microbial culture proved to be a practical and easy solution to extend shelf-life while preserving its 
sensory characteristics.

1. Introduction

Burrata is a fresh Italian pasta filata cheese made from cow's milk and 
cream that has recently gained international popularity due to its 
creamy texture and mild sensory characteristics (Natrella et al., 2023). It 
presents unique features since it has a “double-structured” body, con
sisting of an outer shell of stretched curd enclosing a creamy filling 
known as stracciatella, which is composed of cream blended with fine 
strands of mozzarella (Trani et al., 2016). This type of cheese originated 
from the concept of repurposing the leftover stretched curd produced 
during the Mozzarella cheese-making process, combined with cream 
from whey, and wrapping them in a stretched curd casing (Di Cerbo 
et al., 2020). It is distinguished by its glossy, smooth, milky white 
exterior that has no rind, displaying a fibrous outer texture that exudes a 
milky liquid when gently pressed. The internal texture is either white or 
ivory-white, creamy, non-spreadable, and has a varying consistency 

based on the quality and amount of cream used in the filling preparation 
(Natrella et al., 2022). The flavor differs to typical fresh cheese because 
it is characteristic of a fresh dairy item with an acidic tendency, while 
the aroma is representative of cream, pleasant and delicate, with a touch 
of mildly sour milk (Natrella et al., 2023). The typical aroma of different 
cheese is determined by the volatile organic compounds whose con
centration exceed their odor threshold (OT). The lower the threshold, 
the higher the likelihood that a compound will actively contribute to the 
cheese's aroma profile. There are two main approaches for assessing the 
contribution of each VOC to the overall aroma: i) GC-Olfactometry (GC- 
O); ii) calculation of the Odor Activity Value (OAV). GC-O is a valuable 
tool for identifying compounds that are present above their sensory 
thresholds and is widely employed to further investigate key volatiles 
responsible for flavor (Brattoli et al., 2013). Its main advantage is that 
trained operators can describe the actual perceived odor descriptors, 
thereby providing information on which compounds really contribute to 
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the overall aroma at their specific concentrations. However, GC-O is 
expensive in terms of equipment, requires well-trained personnel, and is 
time-consuming (Sánchez-Rodríguez et al., 2019). Also, the calculation 
of the OAV for each volatile organic compound helps determining 
whether it contributes actively to the aroma of the sample. The main 
weak point is that the estimation is just theoretical, but the method also 
has advantages and drawbacks. Its key strength lies in its rapid and cost- 
effective application, especially when OT values are sourced from the 
literature, making it useful for preliminary screening of compounds in 
complex VOC profiles (Audouin et al., 2001). However, OAV calcula
tions are based on threshold values that can vary significantly depending 
on the source and method used, which can affect the reliability of the 
results. Finally, both GC-O and OAVs do not account for molecular in
teractions such as suppression, enhancement, or masking effects within 
the food matrix, which can alter actual aroma perception. However, 
combining the two methods can be an effective way of obtaining more 
information and assessing whether the OAV calculation is realistic, as 
well as highlighting the actual active odor compounds in a food matrix.

Furthermore, the high moisture and lactose content, along with 
almost neutral pH, make burrata highly perishable and, for this reason, 
for long time it was only consumed locally, in Apulia region (Southern 
Italy), where it originated more than a century ago (European Com
mission, 2016). Over the last two decades, the improved hygienic 
practices in dairies and enhanced microbiological quality of milk led to a 
significant increase in shelf-life and the burrata market started a spec
tacular growth worldwide that is still continuing (Soares et al., 2024). 
Nowadays, the most important dairy industries are competing each 
other for further shelf-life extension, which gains an advantage in the 
large-scale retail distribution and allows them to reach increasingly 
distant markets. The challenge is to delay more and more the microbial 
spoilage and the connected quality deterioration that takes place during 
refrigerated storage (Cosentino et al., 2018; McSweeney et al., 2017). 
The predominant microbial communities responsible for spoilage of 
fresh cheeses are basically coliforms, psychrotrophic bacteria, yeasts 
and molds (Bintsis & Papademas, 2024; Kamarinou et al., 2023). The 
spoilage microorganisms can derive from raw milk, processing equip
ment and the production environment (Bintsis & Papademas, 2024; 
Minervini et al., 2017). Among all, the most feared spoilage agent in 
burrata is Pseudomonas spp. (Faccia et al., 2013), a Gram-negative psy
chrotrophic bacteria genus that is ubiquitous in dairy environments and 
capable of colonizing raw milk, processing equipment, and packaging 
surfaces (Marchand et al., 2012; Quintieri et al., 2021). The great 
metabolic versatility allows this genus to grow at low temperatures and 
to utilize a wide range of substrates, leading to the production of lipo
lytic and proteolytic enzymes that cause off-flavors, discoloration, and 
texture defects, which are very critical concerns for fresh cheeses such as 
burrata (Kumar et al., 2019; Raposo et al., 2017). In addition to this, the 
presence of Pseudomonas spp. may also pose indirect safety risks, as these 
microorganisms can facilitate the growth of opportunistic pathogens 
(Quintieri et al., 2019).

A recent strategy to counter microbial spoilage in cheese is based on 
the use of lactic acid bacteria (LAB) cultures that exert antimicrobial 
effects through multiple mechanisms, including rapid acidification, 
nutrient depletion and sequestration, microbial competition, metabolic 
modulation, and the production of inhibitory compounds such as bac
teriocins and organic acids (Bassi et al., 2020; Bintsis & Papademas, 
2024; Fischer & Titgemeyer, 2023). The application of selected Lacto
bacillus and Lactococcus strains has shown promise in inhibiting the 
growth of spoilage organisms including Pseudomonas spp., while 
simultaneously preserving the organoleptic characteristics of the prod
uct (Coelho et al., 2022; Tirloni et al., 2023). In fresh cheeses, the 
application of autochthonous LAB strains has shown potential for con
trolling spoilage microbiota and enhancing organoleptic profiles (Bassi 
et al., 2020; Morandi et al., 2019; Prabawati et al., 2023). Regarding 
burrata, the ideal protective microbial culture should have the ability of 
countering microbial spoilage and delaying the formation of undesired 

volatile compounds while avoiding acidification, since the sour taste in 
this cheese is a defect. A few studies on the application of protective LAB 
cultures in burrata have been carried out; Minervini et al. (2017) applied 
a culture of protective lactobacilli in combination with dietary fiber, 
whereas Natrella et al. (2023) used a mixed culture of Lactobacillus 
rhamnosus and Lactiplantibacillus plantarum (previously known as 
Lactobacillus plantarum) in combination with modified atmosphere 
packaging (MAP). A shelf-life extension was observed in both studies, 
but the development of the sour taste was kept under control only in the 
presence of MAP. Several researchers have reported that Carnobacterium 
strains have significant probiotic and bioprotective potential 
(Evangelista et al., 2023). However, there are no in vivo studies using 
Carnobacterium strains in dairy industries.

The aim of the present study was to investigate the effect of a new 
protective mixed culture composed of L. plantarum and Carnobacterium 
spp. on the preservation of the quality characteristics of burrata during 
refrigerated storage. Considering the importance of taste and aroma in 
the acceptance of this cheese, a multi-technique approach was applied, 
which integrates chemical analyses, volatile profiling by GC–MS-O, 
sensory evaluation, and multivariate statistical modeling.

2. Materials and methods

2.1. Protective microbial cultures

The protective microbial cultures were isolated and distributed by 
Dalton Biotecnologie SRL (Villa Raspa, Pescara, Italy), specializing in 
the production of lactic acid bacteria, yeasts and microbial cultures for 
the food industry. Bacterial strains were self-isolated from artisanal fresh 
dairy products made without the use of commercial starter cultures, to 
ensure the choice of microorganisms naturally adapted to dairy 
matrices. The isolates were first screened in vitro for antimicrobial ac
tivity against Pseudomonas spp. the agar well diffusion and agar plug 
diffusion methods. Three isolates showed inhibition, and the two most 
effective, belonging to Lactiplantibacillus plantarum and Carnobacterium 
spp., were selected for further testing.

According to a proprietary internal protocol developed by Dalton 
Biotecnologie SRL, the two selected strains were evaluated both indi
vidually and in combination in a brine laboratory system simulating the 
cheese storage environment. The mixed culture demonstrated a stronger 
and longer-lasting inhibitory effect against Pseudomonas spp. than either 
strain alone, suggesting a synergistic/complementary interaction. 
Furthermore, the combination of the two strains avoided excessive 
acidification, which is a critical sensory defect in Burrata.

The ratio between L. plantarum and Carnobacterium spp. was defined 
by balancing the culture yield and production feasibility, to maintain 
industrial scalability and economic sustainability. Another factor that 
was considered was the enhanced inhibitory activity observed in the 
mixed formulation. The final culture was therefore optimized for prac
tical application in burrata cheese production, combining microbiolog
ical effectiveness and economic feasibility.

2.2. Cheese manufacturing

The cheese samples were produced at a dairy located in Gioia del 
Colle (Gioiella Capurso Azienda Casearia, Apulia, Southern Italy) 
through cheesemaking trials performed at industrial level (three inde
pendent replicates, each one giving rise to burrata batch of about 500 
kg). Both control (CC) and experimental (CS) burrata cheese were 
manufactured by using direct acidification as follows: pasteurized milk 
was pre-acidified with lactic acid to a pH of 5.8, then rennet was added 
(0.2 mL/L; 153 IMCU, pure chymosin, Sacco srl, Cadorago, Italy) and 
coagulation took place. Curd cutting was performed using an automatic 
cutter integrated into the industrial vat, yielding curd cubes of approx
imately 1–2 cm. The whey was subsequently drained, and the acidified 
curd was mechanically stretched and molded in hot water (83 ◦C) to 
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form mozzarella balls. Immediately after shaping, the warm mozzarella 
balls were transferred to a blowing machine, where they were inflated to 
create a pouch, which was then filled with the filling cream (straccia
tella) prepared by blending UHT cream with freshly shredded mozza
rella in a 1:1 (w/w) ratio. After the filling phase, the cheeses were 
individually inserted in plastic pots and completely covered with water, 
then sealed with a plastic film and stored at a temperature of 4 ± 2 ◦C. 
The only difference between CC and CS was the addition of the pro
tective microbial cultures in the latter. The addition was carried out by 
the following procedure: the frozen microbial cultures (a mixed culture 
of L. plantarum and Carnobacterium spp., Dalton Biotecnologie SRL, Villa 
Raspa, PE, Italy) was dissolved in a small amount of sterile water and 
added to the cream at the final cell density of ca. 6.2 log CFU/g of CS; 
after gentle blending for 10 min the fortified cream was used to prepare 
the filling cream for burrata production. All samples were analyzed in 
triplicate on days 0, 5, 10, 15, and 20 from the production date. The 
sampling period extended beyond the manufacturer-designated shelf- 
life (14 days from production) in order to assess the effectiveness of the 
tested technological approach in prolonging product shelf-life.

2.3. Cheese characterization

2.3.1. Proximate composition
The proximate composition was measured on a benchtop FoodScan 

NIR spectrophotometer system (850 to 1100 nm, FoodScan™ 2 Lab/Pro, 
FOSS Analytics A/S, Hillerød, Denmark) using commercial calibration 
models. In addition, the determination of fat and protein was carried out 
using official AOAC method 979.09 and 945.38 to confirm the reliability 
of the data (AOAC, I, 2006). The pH value was measured using a pH 
meter (HANNA instruments, Woonsocket, RI, USA).

2.3.2. Solid-Phase Microextraction (SPME) of volatile organic compounds 
(VOC)

The volatile compounds were extracted by solid-phase micro
extraction (SPME). The samples were weighed (1 ± 0.05 g) into 20 mL 
vials, closed by a silicone/PTFE septum and an aluminum cap. The vials 
were placed into an autosampler (PAL System, CTC analytics). Each vial 
was heated at 37 ◦C for 10 min, shacked into an incubator at 250 rpm. 
The extraction was carried out using a 2 cm, 50/30 μm divinylbenzene/ 
carboxen/polydimethylsiloxane fiber (DVB/CAR/PDMS, Supelco, Bel
lefonte, PA) for 15 min at 37 ◦C. After extraction, the SPME fiber was 
transferred to the injector port and desorbed for 2 min at 200 ◦C.

2.3.3. GC–MS-Olfactometry Analysis
The GC–MS-O analyses were performed on an Agilent 8860 GC 

System equipped with an Agilent 5977C mass spectrometer detector. 
The injection was performed in splitless mode and analytes were sepa
rated with a VF-WAX MS column (60 m × 0.25 mm i.d × 0.25 μm film, 
Agilent Technologies). The oven temperature was held at 40 ◦C for 5 
min, increased to 140 ◦C at a rate of 4 ◦C/min then further increased to 
210 ◦C at 10 ◦C/min and maintained for 7.5 min. High-purity helium 
(99.99 %) was used as the carrier gas at a constant flow rate of 1.8 mL/ 
min. The electron ionization energy of the MS detector was 70 eV, the 
ion source temperature was 230 ◦C, with full-scan acquisition (total ion 
currents from 10 to 300 m/z at 2.5 scan/s). The identification of the 
peaks was done by matching the experimental spectra with those of 
NIST11 mass spectral database library. VOC were quantified by using an 
internal standard (3-pentanone, 81.3 ng) and the amounts were 
expressed as μg/kg.

The odor-active volatile compounds were identified by GC System 
coupled with a sniffing system (ODP 4, Gerstel, Mülheim, Germany). 
The GC effluent was set to be separated equally between the mass- 
spectrometer detector and the sniffer, based on the manufacturer 
calculator software (Gerstel Column Calculator). High-purity nitrogen 
(99.99 %) was applied as the carrier gas for the olfactometer. The 
temperatures of the olfactory port were kept at 240 ◦C, the GC effluent 

was mixed with humidified nitrogen, provided by bubbling pure nitro
gen through a vial containing water. Four well-trained panelists (28–61 
years old) sniffed the analytes separated by the GC. During exposure to 
the effluent via the sniffing mask, panelists were required to document 
the perceived odor characteristics and intensity by using a 4-point in
tensity scale from 1 to 4.

2.3.4. Determination of Odor Activity Value
Odor activity values (OAVs) were used to evaluate the theoretical 

contribution of each compound to overall cheeses aroma. The OAVs of 
aroma components of cheeses were calculated by dividing concentra
tions found in samples by their odor threshold in water. The thresholds 
for different compounds were referenced from the literature (Gemert, 
2011). Volatile compounds with an OAV greater than 1 were considered 
to contribute significantly to the overall aroma of the cheese.

2.3.5. Sensory evaluation
A trained panel composed of five experts belonging to the Italian 

Association of Cheese Tasters (ONAF) with at least five years of expe
rience in the field and selected following ISO 8586:2012 (International 
Organization for Standardization, 2016) performed the analyses. A 
quantitative-descriptive analysis was done by using a sensory card in 
which the assessors were asked to score samples for specific odor and 
taste using a 5 points scale, ranging from 0 to 4. The attributes had been 
selected during 3 training sessions and consisted in six retro and ortho- 
olfactory sensations (odor intensity, fresh milk, cooked milk, sour 
yogurt, vegetable, fruity), and 3 flavor attributes (sweet, salt, astrin
gency). The analyses were conducted in a sensory laboratory equipped 
with individual cabins.

2.3.6. Microbiological analysis
The counts of the most important spoilage and hygiene indicators 

bacteria were carried out. Ten grams of burrata and 90 mL of Butter
field's phosphate-buffered water (Difco, Sparks, MD, USA) were inserted 
into a Stomacher bag and homogenized using a BagMixer stomacher 
(Interscience, St Nom, France). Then, serial dilutions were made of the 
homogenate and plated on the appropriate media in Petri dishes 
following the standard methods: Enterobacteriaceae (International Or
ganization for Standardization, 2017b); Pseudomonas spp. (International 
Organization for Standardization, 2017a); Escherichia coli (International 
Organization for Standardization, 2015); coagulase positive staphylo
cocci (International Organization for Standardization, 2018), coliforms 
(International Organization for Standardization, 2007); yeasts and 
molds (International Organization for Standardization, 2012).

In addition, mesophilic aerobic microorganisms were determined 
using Plate Count Agar (PCA) after incubating at 30 ◦C for 48 h. Pre
sumptive mesophilic lactobacilli were enumerated using MRS agar 
plates incubated for 48 h at 30 ◦C. Cell density of Carnobacterium spp. 
was performed using MRS modified by increasing the pH to 8.5, without 
acetate, and using sucrose instead of glucose (Hammes et al., 1992). The 
identity of Lactiplantibacillus plantarum and Carnobacterium spp. were 
performed by MALDI-TOF MS analyses (MALDI Biotyper®, Bruker 
Daltonics Gmbh & Co. KG, Bremen, Germany).

2.4. Statistical analysis

Minitab19 (Minitab Inc., State College, PA, USA) was used for the 
statistical analysis of all results, reported as mean ± standard deviation 
(SD) of three replications. To evaluate the differences between samples, 
one-way and two-way ANOVA followed by Tukey's HSD test for multiple 
comparisons was applied. Bubble diagram was performed using Ori
ginPro (OriginLab, Northampton, MA, USA). Finally, Correlation Plot 
from PLS-DA (Partial Least Squares - Discriminant Analysis) elaboration 
data of odor-active volatile compounds and sensory descriptors, and 
Temporal-Check-All-That-Apply analysis (TCATA) were performed 
using Xlstat (Addinsoft, France).
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3. Results and discussion

3.1. Chemical composition and cell density of the main microbial groups

As expected, the proximate composition of the control and experi
mental cheese was not significantly different: around 68 % moisture, 
18.5 % fat, 9.0 % protein, 2.3 % carbohydrate and 0.35 % salt. In both 
CC and CS samples the pH value (Fig. 1) remained almost unchanged 
until day 10 (approximately 6.36 ± 0.04), after that acidification started 
but at a slowest rate in CS. The values on day 20 were significantly 
different: around 5.8 for CC and around 6.0 for CS. Acidification during 
refrigerated storage is expected in fresh pasta filata cheeses but in bur
rata it is undesired, since consumers do not expect to find a sour taste in 
this type of cheese. Of course, acidification is closely associated with 
microbial metabolic activity (Faccia et al., 2019) and, consequently, the 
differences observed supplied evidence of the effectiveness of the pro
tective microbial culture used in countering the indigenous acidifying 
microbes. The protective action of PMC is characterized by a competi
tive effect against the investigated spoilage microorganisms (de Andrade 
Cavalari et al., 2024; Poscente et al., 2023), allowing limited degrada
tive fermentation and highlighting the difference between the two 
samples.

Mesophilic aerobic bacteria and mesophilic lactobacilli increased 
during storage in both CC and CS cheeses (Fig. 2). About the protective 
microbial culture, L. plantarum increased during 15 days or storage and 
remained constant between 15 and 20 days. On the contrary, Carno
bacterium spp. decreased during 20 days of storage with a cell density at 
the end of shelf-life of ca. 5.5 log CFU/g of CS samples. The counts of the 
main spoilage microorganisms during the refrigerated storage of the 
samples are shown in Table 1. From the table, a relevant countering 
effect of the protective microbial culture against Enterobacteriaceae, 
coliforms and Pseudomonas spp. can be observed. These findings are 
consistent with those of Natrella et al. (2023), who evaluated protective 
cultures of L. rhamnosus and L. plantarum in combination with modified 
atmosphere packaging and reported similar trends in acidity parame
ters, which are closely linked to pH values. In contrast, Ağaç et al. (2025)
and Panebianco et al. (2021) employed L. plantarum and L. rhamnosus 
strains that led to a greater pH lowering in the inoculated fresh cheeses, 
resulting in undesirable post-acidification effects.

Overall, the results demonstrated that the tested protective microbial 
culture could be very useful to delay the growth of the main spoilage 
bacteria in burrata, even though the effect was more evident for 
Enterobacteriaceae and coliforms than for Pseudomonas spp. This result 
was interesting because, although the mix of protective microorganisms 
had been chosen for their inhibitory effect on Pseudomonas spp., the 
resulting microbial combination proved particularly effective in 

protecting Burrata from other spoilage microorganisms, such as 
Enterobacteriaceae and coliforms. On the contrary, no inhibitory effects 
(P > 0.05) of protective microbial culture were found against E. coli, 
staphylococci, yeasts and molds. As expected, no pathogenic strains 
were detected during production and storage of both CC and CS samples. 
Compared to previous studies using a mixed culture of Lactobacillus 
rhamnosus and Lactiplantibacillus plantarum (Minervini et al., 2017) or L. 
plantarum under modified atmosphere packaging (Natrella et al., 2023), 
this study showed the highest inhibition of Enterobacteriaceae, coliforms 
and Pseudomonas spp. in burrata cheese samples stored until 20 days.

3.2. Volatilome of cheeses detected by GC–MS-Olfactometry

3.2.1. Volatile organic compounds
During the GC–MS-O analysis, 25 volatile organic compounds (VOC) 

showing different concentrations (P < 0.05) among samples were 
detected, which were grouped into seven chemical classes, including 
alcohols (9 identified compounds), aldehydes (3 compounds), ketones 
(4 compounds), carboxylic acids (2 compounds) and esters (7 com
pounds). The data revealed significant (P < 0.05) differences among 
samples, with strong effects of sample type, storage time, and their 
interaction, emphasizing the influence of microbial activity during 
storage time on VOC development (Table 2).

The highest concentration of VOC was found on the first day of 
storage: 914.19 μg/kg and 309.28 μg/kg for CC and CS, respectively. 
This result supplies evidence that the addition of the protective micro
bial culture had a prompt antimicrobial effect, reducing the VOC for
mation just after burrata manufacturing. Additionally, the two samples' 
different volatile compound concentrations on day 0 can be explained by 
the different ways the products were handled during production. 
Indeed, for the creation of CS samples, the presence of an additional step 
like the inclusion of PMC resulted in a somewhat extended manipulation 
time. Differently, the CC sample was packaged immediately after 
obtaining it. Therefore, the significant volatility of the compounds found 
in Burrata cheese (Andiç et al., 2015), and the interactions of PMCs 
during production, accounted for its variability observed in the initial 
analysis period.

Over time, the total concentration significantly decreased until day 
15, followed by a slight increase by day 20. This trend might be 
explained by a negative balance between the VOC that were lost for 
volatilization/solubilization into the governing liquid and the newly 
formed ones during the first 2 weeks, after that the formation of VOC by 
microbial activity turned to be much more intense and caused an 
overthrow of the balance.

Regarding the single classes of VOC, 2-heptanone, 3-hydroxy-2- 
butanone, and 2-nonanone were identified, which are typical volatile 
organic compounds of fresh pasta filata cheeses (Cincotta et al., 2021; 
Natrella et al., 2020). The concentration of ketones was higher in the CC 
samples during the storage period, highlighting a protective effect of the 
LAB cultures. Indeed, it is known that ketones in cheese primarily 
originate from lipid oxidation and fermentation by LAB (Wang et al., 
2021, Antonino et al., 2025). Specifically, 2-heptanone and 2-nonanone 
derive from β-oxidation of fatty acids, which are first oxidized to 
α-ketoacids and then decarboxylated into their respective methyl ke
tones, contributing significantly to cheese aroma. Differently, 3-hy
droxy-2-butanone (known as acetoin) is primarily associated with 
citrate metabolism by LAB (McSweeney et al., 2017) and plays a central 
role in the flavor of fresh cheese (Curioni & Bosset, 2002).

Aldehydes in cheese are typically short-lived, as they are swiftly 
reduced to primary alcohols or oxidized into their corresponding car
boxylic acids (Cheng et al., 2024; Zhang et al., 2022). Notably, 4- 
methoxy-benzaldehyde, 3-methyl-butanal, and 4-hydroxy-3-methoxy
benzaldehyde exhibited similar degradation trend, with initially high 
levels in CC, rapidly decreasing during storage. These aromatic alde
hydes are commonly linked to amino acid catabolism and Strecker 
degradation (Ianni et al., 2020). Their lower levels and slower decline in 

Fig. 1. pH means values of the cheeses over a 20-day storage period. Letters in 
all samples analyzed (type and time) bearing different letters are different at P 
< 0.05. Control burrata (CC), burrata with protective microbial culture (CS).
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CS samples suggest a more stable biochemical environment, likely due 
to the metabolic containment effect of protective cultures on proteolysis. 
Particularly, 4-hydroxy-3-methoxybenzaldehyde, commonly known as 
vanillin, was identified in higher concentration in CC at day 0. The 
presence of this compound may be attributed to microbial activity in the 
bovine rumen, where lignins in the feed are enzymatically degraded to 
coniferyl alcohol. This intermediate can subsequently be transferred to 
the milk and undergoes oxidation to 4-hydroxy-3-methoxybenzaldehyde 
during dairy processing (Karagül-Yüceer et al., 2001). Furthermore, the 
rapid oxidation of vanillin in dairy products leads to the formation of 
divanillin and vanillic acid in the presence of enzymes and high pro
cessing temperatures (Mourtzinos et al., 2009). The presence of pro
tective microbial cultures may have influenced this rapid mechanism 
(Hu et al., 2022), resulting in a lower concentration of CS. In general, 
high aldehyde concentrations are associated with off-flavors in cheese 
(Martín et al., 2022), so an increase during processing would have 
negatively impacted the overall aroma.

Alcohols were the most abundant in terms of the number of com
pounds identified. Results showed considerable divergence between the 
two cheeses. CS samples displayed a delayed and attenuated ethanol 
increase compared to CC, where ethanol peaked at 132.91 μg/kg by day 
20, suggesting more vigorous metabolic activity in the absence of pro
tective microbial cultures. Constantly higher levels of 3-methyl-1- 
butanol in CS might indicate altered amino acid degradation pathways 
determined by the presence of the protective microbial cultures. Mul
tiple metabolic processes are involved in the biosynthesis of alcohols in 
cheese, including the metabolism of amino acids and lactose (Blaya 
et al., 2018). The variations in this class confirmed the correlation be
tween microbial characteristics and VOC development. Deterioration of 
fresh pasta filata cheeses is mainly caused by coliforms, Enterobacteri
aceae and Pseudomonas spp. and other psychrotrophic bacteria (Marrella 
et al., 2023; Saha et al., 2024). Enterobacteriaceae and other coliforms, 
which are responsible for ethanol production, can grow rapidly under 
burrata storage conditions (Odeyemi et al., 2020). Also yeasts can pro
duce ethanol, but considering the low cell density detected for this mi
crobial group, the increasing ethanol levels observed are likely 
attributable to coliforms. Pseudomonas spp. exhibit both lipolytic and 
proteolytic activities (Santana et al., 2020) and are possibly responsible 

Fig. 2. Microbial cell density (Log CFU/g) of the total mesophilic aerobic bacteria, mesophilic lactobacilli, Lactiplantibacillus plantarum and Carnobacterium spp in 
control burrata (CC) and experimental burrata with protective microbial culture (CS) during 20 days of storage. Letters in all samples analyzed (type and time) 
bearing different letters are different at P < 0.05.

Table 1 
Microbial cell density (CFU/g) of the main spoilage microbial groups in control 
burrata (CC) and experimental burrata with protective microbial culture (CS) 
during 20 days of storage.

Days CC CS Antimicrobial effect

Enterobacteriacae

0 10 10 ns
5 100 <10 ns
10 12,700 100 *
15 >3,000,000 52,000 *

​ 20 >3,000,000 1,050,000 *

Coliforms

0 20 <10 *
5 70 <10 *
10 13,700 300 *
15 >3,000,000 24,000 *

​ 20 >3,000,000 740,000 *

Escherichia coli

0 <10 <10 ns
5 <10 <10 ns
10 <100 <100 ns
15 <100 <100 ns

​ 20 <10,000 <10,000 ns

Staphylococci

0 <10 <10 ns
5 <10 <10 ns
10 <10 <10 ns
15 <10 <10 ns

​ 20 <100 <100 ns

Pseudomonas spp.

0 300 <100 *
5 1500 200 *
10 >3,000,000 150,000 *
15 29,350,000 15,400,000 ns

​ 20 41,000,000 16,000,000 *

Yeasts

0 90 60 ns
5 100 130 ns
10 3600 1900 ns
15 8000 24,000 *

​ 20 9000 16,000 ns

Molds

0 <10 <10 ns
5 <10 <10 ns
10 <100 <100 ns
15 <100 <100 ns

​ 20 <1000 <1000 ns

Values shown are mean of three replicates. Abbreviation: ns, not significant; *, P 
< 0.05.
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for the higher phenylethyl alcohol levels in CC samples.
Esters, produced by the esterification of free fatty acids and short- 

chain alcohols (Fang et al., 2025), tended to decrease in both samples 
over time. However, CS maintained relatively higher concentrations of 
certain esters (e.g., glycerol 1,2-diacetate and methyl 2-butoxyacetate) 

at later storage stages. This may reflect reduced hydrolytic activity 
due to better microbial control.

Finally, the presence of volatile carboxylic acids in dairy product is 
typically connected to microbial activity (Antonino et al., 2024; Atas
ever, 2024). Acetic acid was the most abundant compound of this group, 

Table 2 
Evolution of volatile organic compounds (μg/kg) during burrata cheese refrigerated storage.

Compound CC CS s t s*t

Days Days

0 5 10 15 20 0 5 10 15 20

Ketones

2-Heptanone
29.05 ±
0.09a

24.67 ±
0.64b

10.85 ±
0.19e

11.18 ±
0.38e

16.04 ±
0.09cd

24.81 ±
0.67ab

10.85 ±
0.19e

12.34 ±
0.10de

14.78 ±
0.94de

12.84 ±
0.40de * ** **

5-Heptyloxolan-2-one 9.51 ±
0.34a

4.97 ±
0.23b

1.04 ±
0.11c

0.85 ±
0.31c

0.31 ±
0.03c

3.75 ±
0.11bc

1.04 ±
0.11c

1.45 ±
0.01bc

1.38 ±
0.35bc

1.11 ±
0.70c * ** **

3-Hydroxy-2-butanone 21.45 ±
0.22b

6.34 ±
0.70cd

5.4 ±
0.04d

23.81 ±
0.93b

35.87 ±
1.22a

6.08 ±
0.87cd

5.40 ±
0.04d

5.82 ±
0.30de

10.38 ±
1.03c

33.98 ±
1.05a ** ** **

2-Nonanone
9.09 ±
0.87a

5.08 ±
0.20abc

2.09 ±
0.08c

2.01 ±
0.26c

3.22 ±
0.36bc

6.92 ±
0.24ab

2.09 ±
0.08c

2.49 ±
0.64c

2.47 ±
0.70c

2.23 ±
0.09c * ** *

Aldehydes

4-Methoxy-benzaldehyde
41.51 ±
0.98a

13.32 ±
0.27c

4.28 ±
0.45de

1.66 ±
0.69e

1.44 ±
0.06e

18.62 ±
0.79b

4.28 ±
0.45de

6.98 ±
0.01d

5.84 ±
0.24d

4.38 ±
0.20de ** ** **

3-Methyl-butanal 27.83 ±
0.12c

40.34 ±
0.99a

9.14 ±
0.74e

2.82 ±
0.68fg nd 43.33 ±

0.44a
9.14 ±
0.74e

13.49 ±
0.54d

6.66 ±
0.80ef

9.78 ±
0.68de ** ** **

4-Hydroxy-3- 
methoxybenzaldehyde

313.81 
± 1.98a

15.18 ±
1.80b

4.61 ±
0.07e

2.89 ±
0.60g

2.03 ±
0.53g

10.50 ±
0.83c

4.61 ±
0.07e

4.80 ±
0.20e

3.36 ±
0.03f

3.56 ±
0.22f ** ** **

Alcohols

1,3-Dimethoxy-2-propanol
30.44 ±
0.86a

10.08 ±
0.34c

3.65 ±
0.09e

3.15 ±
0.01e

3.19 ±
0.03e

17.16 ±
0.78b

3.65 ±
0.09e

3.21 ±
0.67e

2.90 ±
0.45f

2.63 ±
0.64f ** ** **

2-Methyl-1-propanol nd nd 1.71 ±
0.37b

1.49 ±
0.06c

3.71 ±
0.06a nd 1.71 ±

0.37b
1.76 ±
0.10b

2.11 ±
0.01ab

2.14 ±
0.54ab ns ** ns

3-(1-Methylbutoxy)-2- 
butanol

7.68 ±
0.93a

2.62 ±
0.86c

0.72 ±
0.10cd nd 0.37 ±

0.10cd
5.06 ±
0.34b

0.72 ±
0.10cd

0.58 ±
0.56cd

0.38 ±
0.05cd nd * ** *

3-Methyl-1-butanol
9.97 ±
0.11f

53.46 ±
2.30b

54.68 ±
0.65b

46.55 ±
1.36d

47.92 ±
1.22cd

21.65 ±
0.67e

54.68 ±
0.65b

61.10 ±
0.78a

52.23 ±
1.90bc

52.76 ±
1.34b ** ** *

4-Methoxybenzyl acetate
5.55 ±
0.23a

2.13 ±
1.01ab nd nd nd

1.97 ±
0.02ab nd

1.11 ±
0.10b

1.59 ±
0.54b

1.15 ±
0.67b ns * *

6-Methyl-2- 
pyrazinylmethanol

7.28 ±
0.02a nd nd nd nd 1.88 ±

0.20b nd nd nd nd ** ** **

Phenylmethanol 13.14 ±
0.41a

2.94 ±
1.22cd

1.31 ±
0.40cd

0.65 ±
0.10d nd 4.33 ±

0.44c
1.31 ±
0.40cd

11.23 ±
0.56ab

10.33 ±
0.28ab

8.39 ±
0.96b ** ** **

Ethanol
2.37 ±
0.56h

9.51 ±
0.84g

22.22 ±
1.06f

79.27 ±
0.49c

132.91 
± 2.01a nd

22.22 ±
1.06f

28.07 ±
0.84e

56.80 ±
1.02d

127.80 
± 3.78b ** ** **

Phenylethyl alcohol
103.13 
± 1.05a

27.66 ±
0.23c

8.91 ±
0.98e

6.31 ±
0.67g

4.75 ±
0.18h

36.65 ±
0.62b

8.91 ±
0.98e

8.46 ±
0.42e

7.99 ±
0.87f

6.96 ±
0.35g ** ** **

Carboxylic acids

Acetic acid 87.43 ±
0.43a

33.58 ±
0.99b

11.12 ±
0.11de

11.54 ±
1.36de

9.80 ±
0.67def

26.44 ±
1.11c

11.12 ±
0.11de

5.49 ±
0.10f

7.92 ±
0.23ef

7.72 ±
0.67ef ** ** **

Octanoic acid
12.58 ±
0.61a

6.51 ±
0.23b

2.07 ±
0.03cd

1.97 ±
0.56d

1.04 ±
0.54d

6.10 ±
0.97bc

2.07 ±
0.03cd

3.48 ±
0.54bcd

3.24 ±
0.53bcd

3.35 ±
0.10bcd * ** **

Esters
3-Hydroxymandelic acid, 

ethyl ester, di-TMS
3.16 ±
0.20b

3.01 ±
0.75b

2.65 ±
0.33c

1.98 ±
0.37e

4.10 ±
0.40a

2.27 ±
0.77d

2.65 ±
0.33c

3.14 ±
0.58b

1.34 ±
0.54f

2.12 ±
0.33d ** ** **

4-Hydroxy-butanoic acid 54.74 ±
1.01a nd 5.16 ±

0.46c
4.95 ±
0.58cd

4.98 ±
0.80c

19.71 ±
1.01b

5.16 ±
0.46c

3.95 ±
0.92cd

4.17 ±
0.37c

4.20 ±
0.64cd ** ** **

Ethyl decanoate
13.62 ±
0.24a

4.28 ±
0.01bc

1.23 ±
0.11cd

0.91 ±
0.64cd

0.80 ±
0.13cd

5.29 ±
0.67b

1.23 ±
0.11cd

0.88 ±
0.02cd

0.66 ±
0.10cd

0.64 ±
0.10d ** ** **

Glycerol 1,2-diacetate
46.38 ±
0.78a

8.79 ±
0.39c

1.38 ±
0.68ef

0.11 ±
0.15f

0.19 ±
0.11f

14.45 ±
0.58b

1.38 ±
0.68ef

2.29 ±
0.06def

3.97 ±
0.5de

5.36 ±
0.30cd ** ** **

Methyl-2-butoxyacetate
51.10 ±
0.59a

24.04 ±
0.05b

9.82 ±
0.37d

9.15 ±
0.54d

8.94 ±
0.30d

25.85 ±
0.21b

9.82 ±
0.37d

8.2 ±
0.64d

8.26 ±
1.05d

7.82 ±
0.67d ** ** **

Ethyl octanoate 6.80 ±
0.20a

1.80 ±
0.07bc

1.23 ±
0.22bc

0.83 ±
0.10bc

0.49 ±
0.99bc

2.79 ±
0.30b

1.23 ±
0.22bc

0.62 ±
0.02bc

0.21 ±
0.40c nd * ** *

Propyl thiocyanate
6.57 ±
0.10a

3.85 ±
0.43ab

1.85 ±
0.04b

1.15 ±
0.07b

1.35 ±
0.13b

3.67 ±
0.10ab

1.85 ±
0.04b

1.22 ±
0.2b

1.94 ±
0.60b

1.16 ±
0.04b ns ** ns

a,h Values for each parameter in all samples analyzed (type and time) bearing different letters are different at P < 0.05. Values shown are mean ± SD.
Abbreviation: CC, control burrata cheese; CS, burrata cheese with protective microbial cultures; nd, not detected; s, sample; t, time; ns, not significant; *, P < 0.05, **, P 
< 0.001.
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and its concentration was higher in CC already from day 0 (87.43 vs 
26.44 μg/kg in CS). Over time, the concentration decreased in both 
control and experimental samples, even though at a faster rate in the 
sample containing the protective culture. This trend could be connected 
to progressive volatilization and solubilization in the governing liquid. 
Many microorganisms can produce acetic acid in cheese, the most 
common of which are some heterofermentative LAB species and, espe
cially, coliforms and Enterobacteriaceae (Martin et al., n.d.; Silva et al., 
2023). The decreasing trend of acetic acid concentration during storage 
in both CC and CS samples indicates that, in general, refrigeration 
dramatically delayed its formation but, in the case of the presence of the 
protective microbial culture, it probably stopped since day 0.

3.2.2. Odor-active compounds of cheese
The olfactometer results of odor-active compounds shown in Table 3

highlight the cases where compounds exhibiting an OAV greater than 1 
were not organoleptically detected by the panel, and where compounds 
with OAVs below 1 were perceived, underscoring the complexity of 
aroma perception within a food matrix.

A total of 12 aroma-active compounds were identified, comprising 3 
ketones, 3 aldehydes, 2 alcohols, 1 carboxylic acid, 1 ester, and 2 
additional compounds below the GC limit of detection. The bubble plot 
in Fig. 3 highlights ketones as the predominant chemical class, which are 
commonly abundant in dairy products due to their characteristic odors 
and low detection thresholds (Jia et al., 2021). Nonetheless, the most 
frequently perceived odor descriptors were toasted, followed by but
tery/cheesy and floral notes.

Overall, both CC and CS samples exhibited a decline in volatile 
compound abundance and olfactory intensity over the 20-day storage 
period, reflecting the natural evolution of dairy aroma during shelf-life. 
However, CS samples showed greater compositional stability and a more 
balanced aromatic profile, indicating a protective effect of the added 
LAB cultures on the product's sensory quality.

Ketones such as 3-hydroxy-2-butanone and 2-nonanone, compounds 
typically found in cheese and butter (Jakabová et al., 2021), were better 
retained in CS and were perceived even when their OAVs were below 1, 
suggesting that the protective culture may stabilize or enhance specific 
desirable metabolites.

Aromatic aldehydes such as 3-methyl-butanal, 4-hydroxy-3- 
methoxybenzaldehyde, and 4-methoxy-benzaldehyde, responsible for 
floral, vanilla and buttery notes, were initially more intense in CC, 
specifically 4-hydroxy-3-methoxybenzaldehyde, but degraded more 
rapidly compared to CS. The latter maintained lower yet more consistent 
aldehyde levels, indicating that the protective culture may influence 
aldehyde metabolism and contribute to improved sensory stability. 
Notably, within this chemical class, several compounds with calculated 
OAVs <1 were still detected with odor intensities ranging from 1 to 3. 
These discrepancies might be primarily attributed to the food matrix, 
since complex macronutrients in cheese (e.g., fats, proteins, and car
bohydrates) can modulate the olfactory expression of volatile com
pounds (Chen et al., 2020).

Alcohols such as 3-methyl-1-butanol and phenylethyl alcohol, asso
ciated with cheese, butter, and floral notes, were more stable in CS 
samples, with 3-methyl-1-butanol present at higher concentrations. This 
supports a role for the protective culture in preserving aroma-active 
alcohols during storage, likely through controlled proteolysis and 
amino acid metabolism. In particular, phenylethyl alcohol, which plays 
a key role in the flavor of pasta filata cheeses, was perceived despite low 
concentrations, confirming the potential modulation of aroma expres
sion by matrix interactions (Wang et al., 2024).

Acetic acid, associated with sour and pungent notes, showed higher 
OAVs in CC samples throughout storage. Nonetheless, odor intensity 
ratings were similar between CC and CS samples up to day 10, rein
forcing the idea that odor perception does not always directly correlate 
with concentration or calculated OAVs.

Several unidentified volatiles with fruity and fermented descriptors 

were also detected. While their exact chemical identities remain un
known, likely due to concentrations below the instrument's detection 
limit, their sensory relevance indicates a need for further investigation. 
These compounds typically followed the pattern of higher initial in
tensity and faster degradation in CC.

3.3. Sensory analysis

A multivariate statistical analysis (TCATA, Fig. 4) was performed to 
observe the evolution of sensory perception over time, as reported by 
Natrella et al. (2023). The analysis explained 80 % of the total variance, 
with PC1 explaining the highest percentage (63.21 %). Samples at T0 
showed similar characteristics, but during storage the cheeses moved 
towards different direction, meaning that their sensory evolution was 
different. The CC sample evolved from typical notes (negative side of the 
PC1) to acid, fruity notes (positive side of the PC1) after 10 days of 
storage. These findings are consistent with those reported by Cosentino 
et al. (2018) and Ağaç et al. (2025). Interestingly, CS differentiate from 
CC also by PC2, which explained 16.82 % of the total variance. CS was 
characterized by fresh notes and sweetness even after 15 days of storage, 
crossing from negative PC1 to positive side of PC1 only at T20. Thus, CS 
samples exhibited enhanced sensory stability, as indicated by the graph, 
contrary to the CC sample trajectory. However, after 20 days CC samples 
placed far from fresh notes in accordance with GC-O results.

Specifically, according to the graph and panelists' score, one of the 
most important differences was observed in odor intensity, which 
peaked at T15 and T20 (score: 3.5 and 3.3, respectively) in CC, sug
gesting an accumulation of volatile compounds likely related to micro
bial spoilage. Differently, the CS samples maintained a consistently 
moderate odor intensity, scoring 3 only at T20. The sour notes intensi
fied in the CC samples after T10 up to the end of the shelf-life, while the 
maximum score recorded for CS samples was 0.8. Sour yogurt notes 
increased in the CS samples at the end of storage, which can be attrib
uted to metabolic by-products of the added lactic ferments rather than 
spoilage (Wieczorek & Drabińska, 2022). The fruity attribute was 
identified only in the CC samples from day 10 of storage onwards. These 
sensory observations correspond with the presence of volatile com
pounds with fruity characteristics, such as 4-methoxybenzaldehyde and 
phenylethyl alcohol, detected in the same samples during GC-O analysis. 
Overall, the sensory analysis confirms that the CS samples maintained a 
more favorable and stable sensory profile during storage. These findings 
are in agreement with the data obtained from the chemical-sensory 
characterization.

3.4. Correlation of aroma-active volatile compounds with sensory 
attributes

The Correlation plot (Fig. 5), created using PLS-DA elaboration data 
of aroma-active volatile compounds and sensory analysis flavor de
scriptors, provides a comprehensive insight into the differentiation be
tween control and experimental burrata samples. This statistical analysis 
was used to confirm the relationship between the sensory descriptors 
and the instrumental results obtained from the olfactometric analysis.

The plot effectively differentiates the two treatments through their 
distinct associations with both sensory descriptors and volatile com
pounds. This is evidenced by the positioning of the CC and CS samples in 
opposing quadrants of the plot (QI for CC and QIII for CS), underscoring 
the marked divergence in their sensory and chemical profiles. The 
spatial distribution of the data reveals a clear clustering pattern driven 
by both sample types (CC and CS) and storage time (0, 5, 10, 15, and 20 
days). Notably, samples at day 0 are predominantly located in quadrant 
QI, indicating a higher concentration of odor-active volatile compounds 
at the initial time point. This concentration decreased progressively 
across the subsequent positive quadrants (QII and QIV), with a markedly 
lower presence in the negative quadrant QIII.

Furthermore, the correlation diagram shows the distribution of 
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Table 3 
Odor intensity and Odor Acitivity Value (OAV) of cheese during storage.

Compound Descriptor OT (μg/kg) Odor intensity OAV

CC CS CC CS

Days Days

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Ketones
5-Heptyloxolan-2-one Floral, fruity, vanilla 2 3 2 nd nd nd 2 2 nd nd nd 4.8 2.5 0.5 0.4 0.2 1.9 0.8 0.7 0.7 0.6
3-Hydroxy-2-butanone Buttery 10 1 1 nd 2 2 3 2 2 2 3 2.1 0.6 0.5 2.4 3.6 0.6 0.6 0.6 1.0 3.4
2-Nonanone Cheesy 5 3 3 nd 2 2 3 3 2 2 nd 1.8 1.0 0.4 0.4 0.6 1.4 0.7 0.5 0.5 0.4

Aldehydes
4-Methoxy-benzaldehyde Floral 40 nd 2 2 2 2 2 3 nd 2 nd 1.0 0.3 0.1 0.0 0.0 0.5 0.2 0.2 0.1 0.1
3-Methyl-butanal Buttery, floral 5 3 2 1 nd nd 3 3 2 1 2 5.6 8.1 1.8 0.6 0.0 8.7 6.5 2.7 1.3 2.0
4-Hydroxy-3-methoxybenzaldehyde Vanilla 25 3 2 nd nd nd 2 2 nd nd nd 12.6 0.6 0.2 0.1 0.1 0.4 0.2 0.2 0.1 0.1

Alcohols
3-Methyl-1-butanol Cheesey, buttery 10 nd nd nd nd nd 1.5 2 2 nd nd 1.0 5.3 5.5 4.7 4.8 2.2 5.6 6.1 5.2 5.3
Phenylethyl alcohol Floral 60 nd nd 3 2 2 3 2 2 2 nd 1.7 0.5 0.1 0.1 0.1 0.6 0.2 0.1 0.1 0.1

Carboxylic acids
Acetic acid Sour, vinegar, pungent 10 3 3 2 3 3 3 3 2 2 1.5 8.7 3.4 1.1 1.2 1.0 2.6 1.3 0.5 0.8 0.8

Esters
4-hydroxy-butanoic acid Cheesy 5 3 nd nd nd nd 3 3 nd nd nd 10.9 0.0 1.0 1.0 1.0 3.9 1.3 0.8 0.8 0.8

Unknow
Unknown Fruity – nd nd nd nd nd 2 2 nd nd nd – – – – – – – – – –
Unknown Fermented, grassy – 2 nd nd nd nd 2 2 nd nd nd – – – – – – – – – –

Values shown are mean of the replicate. Abbreviation: CC, control burrata cheese; CS, burrata cheese with protective microbial cultures; OT, odor threshold.

C. A
ntonino et al.                                                                                                                                                                                                                               

Food Research International 227 (2026) 118236 

8 



sensory descriptors and odor-active compounds in terms of character
istic odors, mainly located in quadrants QI and QII (fresh milk, cooked 
milk and vegetables), where the samples at day 0 and day 5 are located. 
In contrast, an increase in odor intensity, associated with the “sour 
yogurt” descriptor, and the odor-active compounds like 3-methyl-1- 
butanol and 3-hydroxy-2-butanone, was observed in quadrants QIII 
and QIV, where samples from days 10, 15, and 20 are predominantly 
clustered. Notably, 3-methyl-1-butanol and 3-hydroxy-2-butanone were 
the only two odor-active compounds that showed a progressive increase 
over time, particularly in the control sample (CC, Table 2).

4. Conclusion

Burrata cheese is made by using the new protective microbial culture 
composed of L. plantarum and Carnobacterium spp. strains showed sig
nificant improvement during storage compared to control samples. The 

experimental samples demonstrated reduced growth of spoilage-related 
microbes and exhibited delayed accumulation of off-flavor volatiles. The 
analysis of volatile and aroma-active volatile compounds (GC–MS-O) 
revealed that CS samples retained desirable ketones and aldehydes, at 
higher levels over time, while limiting the formation of compounds 
associated with lipid oxidation, proteolysis, and microbial spoilage. 
Particularly, GC–MS-Olfactometry proved particularly reliable in iden
tifying the key active compounds actually present in cheese, overcoming 
the theoretical limitations of OAV. Sensory data confirmed that CS 
samples maintained a more favorable and consistent aromatic profile, 
with higher freshness scores and reduced off-odor accumulation. These 
findings were supported by PLS-DA correlation plot that clearly 
demonstrated the stabilizing role of protective lactic acid bacteria in 
burrata production. Thus, these new protective cultures offer a valuable 
biotechnological strategy for extending the sensory quality and micro
biological shelf-life of Burrata cheese. Its application could represent a 

Fig. 3. Bubble plot displaying the number of odor-active compounds (top plot) according to their odor chemical classes (bottom plot) detected in Burrata cheese (CC) 
and Burrata with protective culture (CS) during storage time.

Fig. 4. Temporal-Check-All-That-Apply (TCATA) analysis of Burrata cheese (CC) and Burrata with protective culture (CS) during storage time.
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natural and effective tool in fresh dairy product preservation, aligning 
with consumer demands for clean-label and minimally processed foods.
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