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Abstract: Undesired volatile organic compounds (VOCs) can negatively affect the flavor of fresh
food products; especially those characterized by a mild and delicate aroma. Finding connections
between chemical and sensory analyses is a useful way to better understand the arising of off-
flavors. A study was conducted on stracciatella; a traditional Italian cream cheese that is emerging
on international markets. Samples were prepared by adding two different preservatives (alone or
combined): sorbic acid and an olive leaf extract. Their influence on flavor preservation during
refrigerated storage was investigated by chemical, microbiological and sensory analyses. A strong
change of the VOC profile was ascertained after 8 days in the control cheese and in the sample added
with leaf extract alone. The samples containing sorbic acid, alone or in combination with leaf extract,
gave the best chemical and sensory results, demonstrating a significant shelf-life extension. In
particular, these samples had lower concentrations of undesired metabolites, such as organic acids
and volatiles responsible for off-flavor, and received better scores for odor and taste. Ex and Ex-So
samples had significantly higher antioxidant activity than Ctr and So throughout the entire storage
period, and the color parameter shows no differences among samples taken on the same day. The
use of the olive leaf extract, at the concentration tested, seemed to be interesting only in the presence
of sorbic acid due to possible synergic effect that mainly acted against Enterobacteriaceae.

Keywords: stracciatella cheese; volatile organic compounds; sensory characteristics; natural
preservatives; cheese storage

1. Introduction

One of the decay’s symptoms of an expiring food is its smell [1,2]. Thus, the study of the volatile
organic compound (VOC) profile can be very useful for establishing the organoleptic status of the
product. The onset of off-flavor can be caused by many factors, such as food handling, processing,
spoilage microorganism and lipid oxidation [3-5]. Many researchers have investigated the VOC
responsible of off-flavor and have tried to link them to specific sensory descriptors [5-10]. The fastest
way to analyze these compounds is using SPME-GC/MS (Solid Phase Micro Extraction-Gas
Chromatography/Mass Spectrometry). It is widely used among researchers for milk and dairy
products [11-15] and other foods [16-18]. It is used also in the flavoromics approach [19,20], because
it is capable of ppb detection level for a wide range of molecular weight. Such a kind of studies is
very useful for fresh foods, which are preferred by modern consumers and are highly perishable. For
cheeses, too, the consumer preference is increasingly orienting towards the fresh types, whose
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production volume in EU in 2019 was about 3.5 million tons (about 34% of total cheese manufactured)
[21]. Several strategies have been proposed for slowing down their decaying process, including high
pressure and x-ray treatments, modified atmosphere and active packaging and use of antimicrobial
compounds [22-25]. Stracciatella is an Italian traditional fresh cream cheese that is emerging on the
international market. It is made up of mixture of double cream and thin Mozzarella strands (manually
shredded) [26]; it is commonly sold packaged in polyethylene trays heat-sealed with laminated film.
Due to high perishability, it must be kept refrigerated until consumption but, being the signs of
alteration only recognizable after tasting, a non-negligible part of the product sold in large-scale retail
stores turns into waste. High perishability of stracciatella is mostly caused by fast fat oxidation and
microbial growth, favored by high pH and moisture content (6.0-6.2 and 62-65%, respectively) [27].
Efforts for preserving shelf life and sensory characteristics of this cheese have reached poor results.
Only little shelf-life extension was obtained by Gammariello et al. [28], by applying modified
atmosphere packaging (MAP), and by Conte et al. [29] combining it with two antimicrobial
compounds (lysozyme and EDTA). Dambrosio et al. [30] and Rea et al. [31] concluded that the
principal obstacle lay in the manufacturing process that involves intense manipulation.
Unfortunately, the stracciatella production process cannot be mechanized since it is impossible to
reproduce the results obtained by the manual procedure (in particular the mozzarella shredding
phase). The only strategy that can be used to keep longer the original sensory characteristic is the
addition of preservatives. Unfortunately, only a few molecules are allowed by EU legislation in fresh
dairy products, and the most commonly used is sorbic acid. This preservative is able to inhibit the
growth of numerous microorganisms, depending on the types, species and strains, but also on
substrate properties and environmental factors. According to the Codex Alimentarius Commission,
the maximum concentration in fresh cheese (as total sorbates) is 1000 mg kg-'. Even though sorbic
acid has a GRAS (Generally Recognized As Safe) status, the dairy industries are asking for more
natural preservatives. There is no information about recently studied aqueous extract obtained from
olive leaf (OLE) in fresh cheeses. Its contribution on shelf life and chemical and sensory characteristics
of stracciatella is still unknown. OLE has been recently tested for antimicrobial activity based on the
high polyphenols content [32-34].

The aim of the present work was to study the relationships between the VOC profile, sensory
features and microbiological characteristics of stracciatella cheese during storage, as affected by the
addition of sorbic acid and OLE.

2. Materials and Methods

2.1. Preservatives Concentration and Sample Preparation

According to Ranieri et al. [35] OLE was produced at the laboratory scale, then its concentration
to be added to cheese was chosen on the basis of both of the data reported in the literature and
deriving from sensory preliminary trials. According to Caponio et al. [36] and Difonzo et al. [37], OLE
added in an amount up to 1000 mg kg was able to extend the shelf life of vegetable foods. The
preliminary trials (data not shown) highlighted that OLE added at a concentration of 800 mg kg
negatively affected the sensory properties, causing an unpleasant odor and loss of freshness and
frankness of flavor, while when present at a level of 400 mg kg the typical aroma was maintained.
A commercial food grade sorbic acid was supplied by Farmalabor (Canosa, Italy), and the level of
addition was fixed at the maximum level (1000 mg kg™) allowed by European legislation in fresh
dairy products [38].

Four types of stracciatella samples were prepared: 3 experimental, containing different types of
antimicrobials (OLE, sorbic acid and a mixture of the two), plus a control (Table 1). The antimicrobials
were added to 30% fat UHT (Ultra High Temperature) cream, then the cream was mixed with freshly
prepared mozzarella strands (1:1 w/w) and gently homogenized at room temperature in a kneader
(40 rounds per minute applied for 5 min). The obtained samples were stored at 8 °C in plastic trays
mechanically sealed with laminated film. OLE, obtained as reported in Difonzo et al. [39], had a total
phenol content of 151 mg gallic acid equivalent (GAE) g and a value of 950 pmol Trolox equivalent



Foods 2020, 9, 1446 3 of 22

(TE) g'. The samples were named Ex (sample with OLE), So (sample with sorbic acid), Ex-So (sample
with OLE + sorbic acid) and Ctr (control). They were analyzed after 1 day and every 4 days from
production until they resulted in being altered.

Table 1. Ingredients and preservatives concentration used to produce stracciatella cheese.

CTR Ex So Ex-So

Cream/mozzarella strands (w/w as g) 500/500 500/500 500/500 500/500
OLE (mg kg™) - 400 - 400
Sorbic acid (mg kg) - - 1000 1000

2.2. Chemical, Sensory and Microbiological Analyses

2.2.1. Volatile Organic Compounds (VOCs)

VOCs were extracted at 37 °C for 15 min as reported in a previous paper [40] after addition of 3-
pentanone (81.3 ng) as an internal standard for semi-quantitation. A Triplus RSH autosampler was
used, equipped with a divinylbenzene/carboxen/polydimethylsiloxane 50/30 mm SPME fiber
assembly (Supelco, Bellefonte, PA, USA). The fiber was desorbed at 220 °C for 2 min in the injection
port of the gas chromatograph operating in the splitless mode. The GC-MS analysis was performed
using a Trace 1300 chromatograph equipped with a capillary column VE-WAX MS (60 m, 0.25 mm)
and connected to mass spectrometer ISQ Series 3.2 SP1 (Thermo Scientific, Waltham, MA, USA). The
operating conditions were: oven temperatures, 50 °C for 0.1 min then 13 °C min up to 180 °C and 18
°C min™ up to 220 °C with an isothermal for 1.5 min. The mass detector was set at 1700 V voltage;
source temperature, 250 °C; ionization energy 70 eV and scan range 33-200 amu. Peak identification
was done by means of Xcalibur V2.0 Qual Browse software (Thermo Fisher Scientific, Waltham, MA,
USA) by matching with the reference mass spectra of the NIST (National Institute of Standards and
Technology, Gaithersburg, MD, USA) library.

2.2.2. Antioxidant Activity and Oxidative Stability

The ABTS-TEAC (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)/Trolox®-Equivalent
Antioxidant Capacity) assay was carried out as described by Ranieri et al. [35] and the results were
expressed as umol TE g'. Induction time was determined by RapidOxy (Anton Paar Prove Tec
GmbH, Blankenfelde-Mahlow, Germany) measuring the time needed for a 10% drop of the oxygen
pressure. The set parameters were the following: T =140 °C, P =700 kPa [38].

2.2.3. Color

Colorimetric readings were carried out under D65 illuminant by using a spectro-colorimeter
CM-700d (Konica Minolta Sensing, Osaka, Japan) equipped with a pulsed xenon lamp. The analysis
was performed by placing the sample in a transparent quartz container. Lightness (L*), redness (a*,
tred-green) and yellowness (b*, +yellow-blue) were determined coordinates in the CIE (Commission
Internationale de 1'Eclairage) color space [41].

2.2.4. Organic Acids and pH

Organic acids were extracted as reported by Buffa et al. [42]. Separation was carried out on a
Synergy Hydro RP column 80 A, 4 um, 250 mm x 4.6 mm (Phenomenex, Torrance, CA, USA), installed
on a Waters HPLC composed of 600E pumps and a 996 diode array detector (Waters Corporation,
Milford, CT, USA). Mobile phases were 0.1% orthophosphoric acid in water (eluent A) and
acetonitrile (eluent B). The gradient was 0-18 min 100% A at 1 mL min~! flow rate, then 18-18.3 min
from 100% to 20% A; 18.3-19.5 min increasing flow rate to 1.4 mL min, then 19.5-22.5 isocratic and
22.5-23 min from 20% to 100% A and 23—43 min isocratic. Detection was done at A = 214 nm. A pH
meter equipped with a dairy specific electrode (FC2020, Hanna instruments, Woonsocket, RI, USA)
was used for pH measurement.
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2.2.5. Sensory Analysis

Sensory analysis was assessed by a trained panel consisting of nine experts (4 women and 5 men,
ranging in age from 25 to 60 years) selected according to the ISO 8586-1993 method. All of them were
members of the Italian Association of Cheese Tasters (ONAF) and had attended a 20 h course about
evaluation of cheese texture and flavor. Evaluation was carried by a quantitative descriptive analysis
(QDA) and the samples were presented in a randomized and balanced way, in white disposable
dishes coded by three-digit codes. The panelists described the cheese using sensory attributes chosen
from the ONAF (Italian Organization of Cheese Tasters) vocabulary [43] and by scoring their
intensity from 0 to 10. In the case of perception of an attribute not included in the vocabulary, it was
only considered if the “weight percentage” (frequency of citations x perceived intensity) was more
than 30%.

2.2.6. Cultivable Microbiota

Microbiological analyses were performed according to methods described in Minervini et al.
[44], using culture media and supplements purchased from Oxoid (Oxoid Limited, Basingstoke,
United Kingdom), starting from 20 g of stracciatella. The microbial groups counted were: total
mesophilic aerobic (plate count agar at 30 °C for 48 h), presumptive mesophilic lactobacilli (MRS agar
with 0.1 g L cycloheximide at 30 °C for 48 h), presumptive mesophilic cocci (M17 agar with 0.1 g L™
cycloheximide at 30 °C for 48 h), enterococci (Slanetz and Bartley agar at 37 °C for 48 h), staphylococci
(Baird Parker agar supplemented with egg yolk tellurite at 37 °C for 48 h), Enterobacteriaceae
(VRBGA at 37 °C for 24 h), Pseudomonas spp. (Pseudomonas agar with CFC supplement at 30 °C for 24
h), yeasts (wort agar supplemented with 0.1 g L chloramphenicol at 30 °C for 48 h) and molds
(potato dextrose agar supplemented with 0.1 g L chloramphenicol at 25 °C for 5 days). The
microbiological counts were confirmed by taking representative colonies for each medium, and
checking them for morphology, motility, Gram staining reaction and catalase test.

2.3. Statistical Analysis

The data were statistically processed by one-way ANOVA followed by Tukey’s HSD procedure
at p < 0.05 using XLSTAT software (Addinsoft, NY, USA). Each sample was analyzed in triplicate.
The data from the sensory analysis were also processed for generalized Procrustes analysis (GPA)
with the same software.

3. Results and Discussion

3.1. VOC

Figure 1 shows the total amounts of volatile compounds during storage of the samples. As
expected, low quantities were detected in the early days, ranging from 200 to 470 ug kg. Until day
8, the differences among samples were not very relevant, even though they were sometimes
statistically significant. Huge differences started after this time, with Ex and Ctr samples showing an
increase to about 1800 ug kg™, then to about 2700 and 3600 ug kg (at day 16), respectively.
Differently, the concentrations in Ex-So and So remained almost constant during time. Increase in
VOC formation during storage was expected, considering the typical chemical and microbiological
characteristics of the product [27,30,31], and from these quantitative data it clearly appeared that a
significant inhibition of their formation was associated to the presence of sorbic acid. In order to better
understand the mechanisms of formation, the entire VOC data set was grouped into seven chemical
classes (Table 2). The samples were rather similar at day 1 as to the most abundant classes (ketones,
esters and aliphatic hydrocarbons), whereas some differences were found in some less represented
groups such as aldehydes, alcohols and sulfur compounds, whose content is known to be influenced
by manipulation (they are highly produced by spoilage microorganism). The main difference at T1
accounted on acids, which were more abundant in So and Ex-So, but it was mainly due to the
presence of sorbic acid added as a preservative. As already observed under the quantitative point of
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view, a clear qualitative differentiation among samples started from day 8, and the pair Ctr/Ex and
Ex-S0/So behaving quite similarly until the end of storage. At T8 aldehydes and alcohols resulted to
be higher in the pair Ctr/Ex, whereas esters and acids were more abundant in Ex-So/So. The control
sample had the highest concentration of sulphur compounds and the lowest of aliphatic
hydrocarbons. The higher concentrations of aldehydes and alcohols in Ctrl and Ex could be the
consequence of two different phenomena: (i) lipid oxidation, which is a common source of aldehydes
formation in fresh cheeses, from whose dehydrogenation the corresponding alcohols can successively
derive [3,45] and (ii) microbial metabolism. At the end of storage (T16) almost all chemical groups
were much higher in Ctr and Ex, whereas only sulphur compounds were more abundant in Ex-So.
Finally, very low concentration of aliphatic hydrocarbons characterized the Ex-So sample.

Ctr ——Ex —Xx—So Ex-So
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a e— & 7 ————
b \\ 'a ;— /__Q c C
0 b C
T1 T4 T8 T12 T16

Figure 1. Total volatile compounds in stracciatella cheese during storage at 1 (T1), 4 (T4), 8 (T8), 12
(T12) and 16 (T16) days. Different letters above the lines indicate statistically different values (p <0.05).
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Table 2. Evolution of volatile compounds (ug kg™'; mean values and standard deviation) during stracciatella cheese shelf life.

6 of 22

Parameter

Ex-So

9.652+

Aldehydes

57.042
+11.9

Ketones

46.28 2
+18.4

Esters

22.16®
+7.89

Alcohols

Sulfur 04320 0.19¢+
compounds  +0.09
5.53b+ 3290+

1.89

Aliphatic ~ 59.352 62.642
hydrocarbons +5.63

Acids

10.022+ 0.78b+ 5.01b+ 5.19b =+ 5.82b+ 46.092 0.46b+ 0.52b % 4980+ 20.892%

67.842+ 58572+ 58.36" 78.65% 65.94 1251.03 2 865.58 >+ 83.64 <+ 1894.70 = 1603.86

+111.37 »+10.74

64.752+ 61292+ 2432 58.56 2 41.33d + 178.182+ 80.11b=+

27.752+ 23.58® 1816 372.65P+ 629.53 2+ 20.50 <+

0.52a+ (0.28bc+ 0.31b+ 0412+ 0.51b+ 0.58b+ 0.64>+ 11352+

212.662 275922 2.66°+ 442>+ 4755+ 80.32bc+ 164.212+ 126.862 93.17 2+

61532+ 54.062+ 0.00<+ 33.00 17.59b+ 2731b+ 80262+ 67472+ 14202+ 24162+

0.72¢<+ 0.83c%

0.11

105.02 ¢ 82.114

+6.34

77.62 ¢ 103.54 ¢
+14.99 +11.02

39.64 ¢
+8.6

218c¢+ 751a+

0.75

139.67 2 95.47 2
+78.84 +8.14

33.802 237b=+

0.03

T1, T4, T8, T12 and T16, stracciatella analyzed after 1, 4, 8,

12 and 16 days, respectively. Ctr, stracciatella control; Ex, stracciatella with olive leaf extract; So,

stracciatella with sorbic acid; Ex-So, stracciatella with olive leaf extract and sorbic acid. Values in the rows with different superscripts at each sampling time differ

atp <0.05.
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As to the single VOC, 41 molecules were identified in the entire set of samples, the most
abundant compounds detected at the end of the storage period are reported in Table 3. Acetaldehyde
and 3-methylbutanal were found only in Ex and Ctr. Acetaldehyde can be formed throughout
different pathways: ethanol oxidation should be a highly probable pathway, considering that ethanol
concentration was very high in these samples (713.6 and 556.4 ug kg™ for Ex and Ctr respectively
versus 7.8 and 4.2 ug kg for Ex-So and So, respectively). The mechanism based on phenolic
compounds oxidation could also have played a role in Ex, considering the presence of polyphenols
from the leaf extract [3]. 3-methylbutanal in cheese often arise from the conversion of the
corresponding amino acid (isoleucine) by the LAB activity [46], and its concentration suggests a more
marked microbial activity with respect to the samples without sorbic acid. This hypothesis was
supported by the huge increase of ketones in Ctr and Ex, mainly connected to the formation of acetoin
(1839.57 and 1512.48 ug kg respectively, versus 7.8 and 7.4 pug kg™ in So and Ex-So) that commonly
derives from LAB and yeasts metabolism [47]. Ethyl acetate and ethyl butanoate increased much
more in Ex, in connection with a higher presence of ethanol, which represents the limiting factor for
their formation [48]. This aspect was probably connected to the absence of sorbic acid acting against
yeasts. On the other hand, the presence of this preservative in So and Ex-So gave rise to the formation
of ethyl sorbate. Among alcohols, besides ethanol, also 3-methyl-1-butanol greatly characterized the
samples without sorbic acid, suggesting a higher microbial activity in them. In some food matrices
such as fruit juices, 3-methyl-1-butanol and phenylethyl alcohol have been related to yeast
metabolism [3]. The former was reported by Morales et al. [49] as an important component of
volatilome of Enterobacteriaceae strains of dairy origin. Other volatiles that could be connected to
faster microbial growth in Ctr and Ex samples were sulphur compounds (i.e., dimethyl sulfide) that
are formed, for instance, by some Enterobacteriaceae species [7], and organic acids such as acetic,
butanoic and hexanoic.

Table 3. Main volatile compounds (ug kg™) found at the end of shelf life (16 days) in stracciatella
cheese (only compounds exceeding 1 ug are reported).

Ctr Ex So Ex-So R
Aldehydes
Acetaldehyde 3.7v+05 12.02+2.3 - - Ms,Std
3-methylbutanal 0.9°+0.1 842+0.3 - - Ms,Std
Ketones
acetone 45b+0.3 51°+0.2 21.62+5.0 1552+1.0 Ms,Std
2-butanone 159t+0.9 55.02+24 194°+28 19.0°+0.8 Ms,Std
2-heptanone 19.7<+£0.6 224¢<+0.8 4992+41 329b+25 Ms,Std
2-hydroxy-3-pentanone 11.82+1.6 51v+0.6 - - Ms,Std
2-nonanone 24°b+0.2 2.8v+0.2 5.0ab+ (.2 59a+17 Ms,Std
acetoin 1839.52+109.0 1512.5b+10.0 7.8<+29 74<+1.8 Ms,Std
Esters
ethyl acetate 37.5¢+0.8 107.52+5.8 683b+13.8 81.82»+0.3 Ms,Std
butanoic acid, ethyl ester 935a+7.7 75.0b+1.3 2.8¢+0.6 13.0¢+1.3 Ms,Std
2-butenoic acid, ethyl ester (E) 0.5v+0.1 1.42+0.1 0.4°+0.0 - Ms
hexanoic acid, ethyl ester 2.02+0.3 3.22a+0.1 0.1*+0.0 222+0.8 Ms,Std
sorbic acid, ethyl ester - - 6.02+0.5 6.52+1.9 Ms
Alcohols
ethanol 556.4>+48.0 713.62+495 42<+04 7.8<+0.1 Ms,Std
1-propanol, 2 methyl- 9.7°+0.6 7632+ 1.7 3.2¢+0.3 - Ms
1-butanol, 3-methyl 89.1b+11.2 888.32+252 5.0¢+0.3 7.9¢+13 Ms,Std
1-pentanol 0.5°+0.1 0.8°+0.1 1.2b+04 392+0.1 Ms,Std
4-methyl-2-hexanol 29°+0.1 3.22+0.0 24°+1.2 1832+7.1 Ms
1-hexanol, 2-ethyl 0.4°%+0.1 0.92+0.0 142+03 1.62+£03 Ms
phenilethyl alcohol 0.1*+0.0 2.72+0.1 0.1*+0.0 0.1°+0.0 Ms,Std
Sulfur Compounds
dimethyl sulfide 3.52+0.0 3.6°+0.5 14<+£0.2 6.82+0.7 Ms,Std

Acids
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acetic acid 19.6*+84 5222+54 3.4¢<+£0.2 10.1+3.1 Ms,Std
butanoic acid 439a+12.2 14.6°+0.3 5.8¢+3.4 59¢+15 Ms,Std
hexanoic acid 51.32+8.0 18.0b+0.2 10.8<+6.0 9.2¢+3.3 Ms,Std
octanoic acid 9.72+1.6 44°b+0.2 33b+14 3.8°+0.9 Ms,Std
propanoic acid, 2 methyl 0.1°+0.0 1.42+0.0 - - Ms,Std
butanoic acid, 3-methyl 0.6*+0.1 1.52+0.2 0.2+ 0.0 - Ms,Std

sorbic acid - - 11592+ 68.3 66.32+0.7 Ms

Aliphatic hydrocarbons
1-heptene, 2,4-dimethyl- 1423 +2.0 2412+ 6.7 3882+123 23<+0.1 Ms

Ctr, stracciatella control; Ex, stracciatella with olive leaf extract; So, stracciatella with sorbic acid; Ex-
So, stracciatella with olive leaf extract and sorbic acid. R = identification method; Ms = mass
spectrometer; Std = chemical standard. Values in the rows with different letters differ at p <0.05.

3.2. Sensory Analysis and Possible Connections with VOC

Figure 2 shows the quantitative descriptive analysis (QDA) graphs divided into odor (A) and
taste (B) perceptions. All fresh samples had almost the same olfactory characteristics until day 4,
demonstrating the absence of any influence of the preservatives on the sensory profile. Starting from
day 8, in perfect agreement with the evolution of VOC, a loss of the freshness characteristics was
observed in Ctr and Ex. In particular, the overall intensity increased, and considering that stracciatella
must present a mild and delicate aroma, it has to be considered a symptom of ongoing changes. This
variation led to the loss of “frankness” defined as the characteristic aroma of the product; with time,
undesired notes of sour milk, sourdough, banana and boiled cabbage were also perceived. These
results matched well with the increase of some VOC compounds, such as butanoic acid, ethyl esters,
ethanol, dimethyl sulphide and 3-methylbutanal. The same trend was also observed for Ex-So and
So, but only starting from day 12. At day 16 Ctr and Ex samples were totally unacceptable, differently
from Ex-So and So. This finding could be related to the strong increase of some VOC that can be
considered as responsible of off-flavors. As to taste (B) no differences were observed among samples
until day 8, then Ctr and Ex started to lose sweetness and to evidence bitterness and sourness; a slight
increase in sourness was also perceive in So. The responsibility of these changes could be attributed
to the formation of free hydrophobic amino acids deriving from proteolysis and/or increase of organic
acids. At day 12, Ex and Ctr were rejected for excessive sourness and sweetness decreased in Ex-So
and So, but they were still judged as acceptable. At day 16 also these latter samples were rejected for
bad smell (they were not tasted). Figure 3 shows the GPA plot based on the dataset of odor sensory
analysis. Here it is possible to observe the distance among samples on a bidimensional plot. The two
dimensions account for 98.80% of the total variance. Most of the differences (93.08%) can be explained
on F1, where So and Ex-So were positioned on the left side of the plot, correlated to fresh milk and
frankness perceptions. Ex and Ctr were on the right side of the plot, very far between them and
related to ripe fruit and sour yogurt respectively, and in both cases also with sourdough, sour milk
and odor intensity. This information allows us to make connections between the VOC profile and
sensory analyses: So and Ex-So resulted to be quite similar, while Ex and Ctr were far from them and
strongly affected by off-flavors. Thus, using sorbic acid or a mixture of the two preservatives seems
to not interfere negatively on the product.
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Figure 2. Quantitative descriptive analysis (QDA) of stracciatella odor (A) and taste perceptions (B).
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Figure 3. Generalized Procrustes analysis (GPA) of the dataset of the odor sensory analysis.

The potentially involved molecules in stracciatella flavor were hypothesized by calculating the
odor active value (OAV) of VOC according to Qian et al. [50], on the basis of the odor thresholds in
air taken from the literature. The VOC having OAV > 1 are shown in Table 4. Ethyl-acetate exceeded
avalue of 1 in all samples at any time, and should be one of the key odorants in this cheese. It presents
an ethereal and green note and was found at the highest level in Ex, where also its precursors, ethanol
and acetic acid, were at the highest level than all samples. Hexanal (green grass odor) should only
play a role in fresh cheese, since OAV > 1 was only found at day 1. Surprisingly, ethanol was only
present at day 1 with OAV =1.3 in So and Ex-So, but the reason was unclear. As expected, it was not
newly formed in these samples due to the inhibition of yeasts, whereas it strongly increased in Ctr
and Ex, reaching a maximum OAYV value of 69.6 and 89.2 at day 16 respectively. Other two potentially
aroma-active esters, ethyl butanoate and ethyl hexanoate responsible of banana and apple notes [51],
increased faster in Ctr and Ex. In these two samples, also acetoin (buttery and creamy odor) could
contribute to the aroma, whereas in So and Ex-So it remained under the perception threshold. At day
8, also 3-methylbutanal (ethereal and fruity odor, but acrid when present at high concentration)
exceeded a value of 1in Ex and Ctr.
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Table 4. Volatile compounds with odor active value (OAV) > 1 during stracciatella cheese shelf life.

Volatile Compound Cr Ex So Ex-So Odor Description
P T1T4 T8 Ti2 Tie T1 T4 T8 Ti12 Tie T1 T4 T8 T12Tie T1 T4 T8 T12 T16 P
3-Methylbutanal - 452282 142 45 - - 19721805 423 - - - - - - - . . . Towerfulpenetrating fusty,
acrid, apple-like
Hexanal 20 - - - - 16 1.0 - - - 20 25 - - - - 12 - - - Green, fatty, fruity
Nonanal - - - - - - - - - - - - - - - - - - 10 - Sweet orange, orange peel
2-Nonanone S oo12 - - - o .11 - < < - 10 - - - - 1 Freshsweet weedy, earthy,
herbal
Acetoin - - - 1.5 23 - - - 1.0 19 - - - - - - - - - - Intense buttery, creamy
Ethyl acetate 9349 83 51 75 124117 120 27.1 215 12110.115.214.313.711.510.815.513.2 16.4 Ethereal, fruity, green
Butanoic acid, ethyl ester - - 45.4 149.89350 - - 131.23021749.8 - - 287319279 - - 452389130.1 Pineapple
Hexanoic acid, ethylester - - 38 13 68 - - 76 366 108 - - 13 14 - - - 21 55 7o Doralfruity apple banana,
pineapple
Ethanol 10 24 351 696 - - 56 295892 13 - - - - 13 - - - 10 | leasant weak ethereal
vinous
1-Butanol, 3-methyl - - - 12 13 - - - 53 125 - - - - - - - - - - Banana, alcohol, fruity
Phenilethyl alcohol 1.4 - - - - - - - - 2310 - - - - - - - - - Characteristic rose-like
1 f wil
Dimethyl sulfide - - 143 366 118 - - - - 119 - - - - 47 - - . . gy Unpleasantodorofwild

radish, cabbage-like

Ctr, stracciatella control; Ex, stracciatella with olive leaf extract; So, stracciatella with sorbic acid; Ex-So, stracciatella with olive leaf extract and sorbic acid. T1, T4,
T8, T12 and T16, stracciatella analyzed after 1, 4, 8, 12 and 16 days, respectively.
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3.3. Chemical and Microbial Analyses

3.3.1. Antioxidant Activity and Color

As shown in Figure 4A, Ex and Ex-So samples had significantly higher antioxidant activity than
Ctr and So throughout the entire storage period. Similar results were reported in studies on different
food matrices [38,52]. The oxidative stability test carried out by RapidOxy gave different results
(Figure 4B). No significant differences between samples were found at day 1, the So samples had the
lowest induction time values after 4 and 8 days, and the Ex-So samples showed a higher value than
Ctr at day 16, in accordance with antioxidant activity. These results could be due to the OLE effect,
but the synergy with sorbic acid and interaction with the food matrix cannot be excluded. Overall,
the results indicated that OLE, both added alone and together with sorbic acid, exerted an antioxidant
activity in cheese. Different authors showed the antioxidant effect exerted by OLE in dairy products
and according to literature the antioxidant power was lower in Ctr in a range of 40-80% and
decreased during storage [53,54]. From this outcome it can be hypothesized that the higher presence
of aldehydes in the VOC profile of OLE samples was mostly due to microbial activity rather than to
fat oxidation.
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Figure 4. Antioxidant activity evaluation by means of ABTS-TEAC (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)/Trolox®-Equivalent Antioxidant Capacity) (A) and oxidative
stability measurement by RapidOxy (B). Sampling time is the same as Figure 1. Different letters at
each sample indicate statistically different values (p < 0.05). Abbreviations: IT, Induction time.

As to color (Table 5), the values of some indices changed with time, but no significant differences
were observed among samples taken at the same day. L* index decreased, in accordance with other
authors [31,36], and according to Garcia-Pérez et al. [55] it should be connected to the acidification of
the product. Differently, the a* index slightly increased during storage, whereas b* index showed a
non-defined trend. The increase of a* value could originate from polymerization of polyphenols and
related tendency to browning [56].
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Table 5. Color parameters (mean values and standard deviation) during stracciatella cheese shelf life.

Parameter T1 T4 T8 T12 T16

Ctr Ex So Ex-So Ctr Ex So Ex-So Ctr Ex So Ex-So Ctr Ex So Ex-So Ctr Ex So Ex-So

L* 86.542 92342 93292 9535a 9527a 9412a+ 95282 979a+ 953a 95762 98.32a 93.842 93.282 90.642 93.582 92962 90.172 88.70a 90.77a 77.27°b
+11.84 +721 +2.00 +4.89 +3.87 495 +£300 128 +167 +1.12 +132 +£198 +0.15 +0.86 =277 +3.87 +441 +491 +131 £255

- -0.212 -0.382 -0.162 -0.32 -0.082 -0.23a+ -0.142 -0.382+ -0.062 -0.282 -0.12a -0.252 0.10= 0.062 0.022 -0.05= 0.21a 0.10> 0.02> 0.262
+0.13 +0.12 +0.03 +003 +0.17 010 +0.01 0.08 +0.20 +0.12 +0.01 +0.18 +0.05 +0.09 +0.04 +0.10 +0.05 +0.10 +0.01 =0.20

- 8702+ 8.67a 836a 893a 752a 851lax 9082 8162+ 8842 10.0a 831> 879t 879> 997a 908a 928a 8672 9.17a 9.17a 7.61°b
049 +010 +0.21 +057 =012 039 +091 069 +0.16 +0.17 +046 =021 +0.06 +043 +099 +0.52 +0.10 +050 +0.25 +0.76

14 of 22

T1, T4, T8, T12 and T16, stracciatella analyzed after 1, 4, 8, 12 and 16 days, respectively. Ctr, stracciatella control; Ex, stracciatella with olive leaf extract; So,
stracciatella with sorbic acid; Ex-So, stracciatella with olive leaf extract and sorbic acid. Values in the rows with different superscripts at each sampling time differ

atp <0.05.
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3.3.2. Organic Acids and pH

The changes in organic acids in dairy products are highly connected to microbial activities. In
bottled milk and non-fermented products, as is stracciatella, they are undesired since they are
responsible of off-flavors. From Figure 5, it can be observed that changes started early in Ctr and Ex
samples: being a fermentable substrate, citric acid decreased from 0.91 and 0.93 mg kg to 0.09 and
0.26 mg kg, respectively; lactic acid increased from 0.12 and 0.13 mg kg to 0.65 and to 1.05; acetic
acid increased from 0.01 to 0.11 and to 0.24 mg kg. There is no information concerning organic acids
content of stracciatella cheese, but looking at other dairy products it is possible to confirm our results.
In fact, citric acid is often involved in the Krebs cycle, and this justifies its reduction. Moreover, the
increase in other organic acids (i.e., acetic and citric) is explained by higher microbial activities during
storage [57-59]. According to Adda et al. [60] citric acid is used as a substrate by the microorganism
to produce pyruvic and acetic acid, this finding clearly suits with our results. Differently, only slight
variations were observed in the other samples containing sorbic acid or a mixture of the two
preservatives. These results matched well with the decreasing trend of pH that went from 6.34 to 5.89
in Ctr and from 6.29 to 5.83 in Ex; in contrast, pH remained almost unchanged in So and Ex-So. The
lower values in these latter samples found already at day 1 (6.02 and 6.14, respectively) were caused
by the acidic properties of sorbic acid (pKa 4.76). These findings highlight a possible antimicrobial
effect of olive leaf extract in synergy with sorbic acid.

18 -
16 | O lacticacid BAceticacid OCitric acid
' =
14 ¢ b
v o]
10 R Wl H
L. : I I|I —
T08 1 P B <] b -
g 06 [rabl abr 3t ) FaT [l || [ o TR >
L . . . B B a III AL
0.4 - 1 e
Lt LT . L i (I}
02 sl [a 3l |a Al |A] JA] LA :I: |:| ._-‘E,F
g [ peteiy I 71 N i T ‘b 1 11 1
oo Wbl [ad f4] [#] el [8] [4] [B] . RH N <
58 8 8)5 8 8 8 : 54 8 8
b i b
T1 T4 T8 T12 T16

Figure 5. Trend of organic acids in stracciatella cheese during storage. Sampling time is the same as
Figure 1. Different letters at each sample time for each acid indicate statistically different values (p <
0.05).

3.3.3. Cultivable Microbiota

The evolution of cultivable microbiota during cheese storage matched well with the results of
the chemical and sensory analyses. It changed with different magnitudes in samples during storage,
depending on the storage time and microbial group (Figure 6). The cell densities of mesophilic aerobic
microorganisms ranged from about 4.1 (Ex and Ex-So) to 4.81 (Ctr) log CFU g after 1 day of storage.
At the end of shelf life, the values were higher than 7.0 log CFU g in all samples, without significant
differences (p > 0.05) between experimental and control. However, preservatives exerted an effect
during storage, since the highest cell load was reached more rapidly (at 8 days) in Ctr than in Ex and
Ex-So samples (at 16 days). Thus, the probability to find earlier VOC responsible for off-flavor in
these samples was higher. Lactic acid bacteria (LAB) in stracciatella are considered altering agents,
just like in bottled milk. The average cell densities of mesophilic lactobacilli and cocci at day 1 were
4.7 and 5.1 log CFU g, respectively, while enterococci were about 2.6 log CFU g, without significant
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differences among samples (p > 0.05). Lactobacilli and cocci remained almost constant during storage
in So or in Ex-So samples, whereas their number increased up to 1 log cycle in Ctr and Ex cheeses at
16 days. Additionally, enterococci increased up to 1 log cycle at the end of storage, but only in Ctr
(about 3.6 log CFU g™), whereas it decreased in all other samples. These findings suggest that OLE
was effective in controlling enterococci when used alone, whereas it only had an effect on the other
two LAB groups when associated to sorbic acid. Our results corroborate the findings of Roila et al.
[61] and Servili et al. [62], who verified that the inhibitory effects of a polyphenol extract from an
olive oil byproduct against lactic acid bacteria in mozzarella and a fermented milk beverage were
scarce and dose-dependent. According to Hurtado et al. [63], some LAB strains can degrade
oleuropein and metabolize specific compounds of OLE. In addition, the antimicrobial activity of the
leaf extract in dairy products may be partially inhibited by the chemical interaction between phenolic
hydroxyl groups and milk proteins [64]. Pseudomonas spp. are the most feared spoilage bacteria in
fresh cheeses, since they can replicate at refrigeration conditions [65,66]. After 1 day of storage, the
two cheeses containing OLE showed a lower (p < 0.05) cell density of Pseudomonas spp. than control.
Successively, the counts increased in all samples reaching the maximum cell densities of about 6.3
log CFU g. Despite the effect observed at the early stage, OLE did not work against these bacteria,
both alone and in the presence of sorbic acid. Inefficacy could be due to two main reasons: (1) OLE
concentration was too low to have an effect. In fact, antimicrobial activity of olive polyphenols against
Gram-negative bacteria, such as Escherichia coli and Pseudomonas, was reported to be dose-dependent
[61,67] and (2) pH of the cheese (6.0-6.2) was too high for allowing efficacy of sorbic acid: in cottage
cheese it acted against Pseudomonas at pH 4.6-5.1 [68]. As for Enterobacteriaceae, after the first day of
storage significant differences were observed between Ctr (3.8 log CFU g) and So (3.7 log CFU g)
compared to Ex (1.7 log CFU g™) and Ex-So (<1 log CFU g) samples. Successively, they disappeared
more rapidly in the cheeses added with antimicrobials. This finding is of particular relevance, because
Enterobacteriaceae are involved in spoilage phenomena in the dairy product. In accordance with
VOC results, Enterobacteriaceae are known as producers of some VOC as 3-methyl-1-butanol, found
only in samples without sorbic acid [49,69]. Staphylococci and molds were not detected, differently
from yeasts. Overall, effectiveness of OLE in controlling yeasts was ascertained at early phases (day
4), successively it had an effect only in the presence of sorbic acid, confirming the usefulness of sorbic
acid in controlling mold and yeast.
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Figure 6. Cell numbers (log CFU g, average values of 3 triplicates + SD) of mesophilic aerobic microorganisms, presumptive mesophilic lactobacilli, mesophilic
cocci and enterococci (A), Pseudomonas spp., Enterobacteriaceae and yeasts (B) in stracciatella samples. Ctr = control; Ex = added with olive leaf extract; So = added
with sorbic acid; Ex-So = added with both sorbic acid and olive leaf extract. Sampling time is the same as Figure 1. Different letters for each microbial group indicate
significant differences at p < 0.05.
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4. Conclusions

The results of the present work pointed out the importance of relating the VOC profile and
sensory results as a decay’s symptom in fresh cheeses. In particular, VOC analysis could be a
fundamental tool for predicting the shelf life of stracciatella, together with the classic microbiological
and sensory assays. In addition, it could help to monitor the formation of some key volatiles
responsible for an off-flavor and prevent rejection of the product by consumers in large-scale retails.
The study allowed us to suitably evaluate the influence of the preservatives on the sensory
characteristics. The samples added with sorbic acid or a combination of sorbic acid and olive leaf
extract gave the best result as to the evolution of the VOC profile. It was reflected in better flavor
preservation during storage, allowing us to better preserve both stracciatella’s delicate aroma and
taste. The color parameter results did not show any relevant difference among products taken at the
same day, so the addition of preservatives does not influence the product aspect. Although
stracciatella OLE-enriched samples reached higher antioxidant activity than Ctr and So, such
performances were mostly connected to the well-known antimicrobial effect of sorbic acid, also
further to a possible synergic effect with OLE, in particular against Enterococcus spp. and
Enterobacteriaceae. Possibly better results might be reached also against other spoilage
microorganisms by increasing the extract concentration, but the negative impact on the sensory
characteristics appears to be a main limit. Nevertheless, the possible synergic effect could help
producers to reduce the concentration of chemical preservatives. A further synergic effect could be
obtained by slight lowering of pH of the cheese, compatibly with maintaining the flavor acceptable.

Author Contributions: G.N., G.D., F.C. and M.F. edited the Antioxidant activity and color’, ‘Organic acids and
VOC’ and ‘Sensory characteristics” sections, whereas M.C. and G.C. edited the ‘Cultivable microbiota’ section.
All authors have contributed in writing the original draft, reviewing and editing the manuscript. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the AGER 2 Project, grant no.2016-0105.

Conflicts of Interest: The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

References

1.  Ghosh, P.R;; Fawcett, D.; Sharma, S.B.; Poinern, G.E.J. Progress towards sustainable utilisation and
management of food wastes in the global economy. Int. ]. Food Sci. 2016, 2016, doi:10.1155/2016/3563478.

2. Djekic, L; Miloradovic, Z.; Djekic, S.; Tomasevic, I. Household food waste in Serbia— Attitudes, quantities
and global warming potential. J. Clean. Prod. 2019, 229, 44-52, doi:10.1016/j.jclepro.2019.04.400.

3. Tylewicz, U.; Inchingolo, R.; Rodriguez-Estrada, M.T. Food Aroma Compounds; Elsevier Inc.: Cambridge,
MA, USA, 2017; ISBN 9780128052570.

4. Shahidi, F. Indicators for evaluation of lipid oxidation and off-flavor development in food. Dev. Food Sci.
1998, 40, 55-68, doi:10.1016/50167-4501(98)80032-0.

5. Wilkes, J.G.; Conte, E.D.; Kim, Y.; Holcomb, M.; Sutherland, J.B.; Miller, D.W. Sample preparation for the
analysis of flavors and off-flavors in foods. J. Chromatogr. A 2000, 880, 3-33, doi:10.1016/50021-
9673(00)00318-6.

6. Wilson, A.D.; Oberle, C.S.; Oberle, D.F. Detection of off-flavor in catfish using a conducting polymer
electronic-nose technology. Sensors 2013, 13, 15968-15984, d0i:10.3390/s131215968.

7. Wang, S.; Chen, H.; Sun, B. Recent progress in food flavor analysis using gas chromatography-ion mobility
spectrometry (GC-IMS). Food Chem. 2020, 315, 126158, d0i:10.1016/j.foodchem.2019.126158.

8.  Vazquez-Landaverde, P.A.; Velazquez, G.; Torres, J.A.; Qian, M.C. Quantitative determination of thermally
derived off-flavor compounds in milk using solid-phase microextraction and gas chromatography. J. Dairy
Sci. 2005, 88, 3764-3772, d0i:10.3168/jds.50022-0302(05)73062-9.

9. Natrella, G.; Faccia, M.; Lorenzo, J.M.; De Palo, P.; Gambacorta, G. Short communication: Sensory
characteristics and volatile organic compound profile of high-moisture mozzarella made by traditional and
direct acidification technology. J. Dairy Sci. 2020, 103, d0i:10.3168/jds.2019-17059.



Foods 2020, 9, 1446 19 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ercan, D.; Korel, F.; Karagiil Yiiceer, Y.; Kinik, 0. Physicochemical, textural, volatile, and sensory profiles
of traditional Sepet cheese. |. Dairy Sci. 2011, 94, 4300-4312, doi:10.3168/jds.2010-3941.

Wolf, L.V,; Perotti, M.C.; Zalazar, C.A. Composition and volatile profiles of commercial Argentinean blue
cheeses. J. Sci. Food Agric. 2011, 91, 385-393, d0i:10.1002/jsfa.4198.

Cheng, H. Volatile flavor compounds in yogurt: A review. Crit. Rev. Food Sci. Nutr. 2010, 50, 938-950,
doi:10.1080/10408390903044081.

Karatapanis, A.E.; Badeka, A.V.; Riganakos, K.A.; Savvaidis, LN.; Kontominas, M.G. Changes in flavour
volatiles of whole pasteurized milk as affected by packaging material and storage time. Int. Dairy ]. 2006,
16, 750-761, doi:10.1016/j.idairyj.2005.06.008.

D’Incecco, P.; Limbo, S.; Hogenboom, J.; Rosi, V.; Gobbi, S.; Pellegrino, L. Impact of extending hard-cheese
ripening: A multiparameter characterization of Parmigiano reggiano cheese ripened up to 50 months. Foods
2020, 9, 268, doi:10.3390/foods9030268.

Natrella, G.; Gambacorta, G.; Faccia, M. Volatile organic compounds throughout the manufacturing
process of Mozzarella di Gioia del Colle PDO cheese. Czech ]. Food Sci. 2020, 38, 215-222.

Munekata, P.E.S.; Dominguez, R.; Franco, D.; Bermudez, R.; Trindade, M.A.; Lorenzo, ].M. Effect of natural
antioxidants in Spanish salchichén elaborated with encapsulated n-3 long chain fatty acids in konjac
glucomannan matrix. Meat Sci. 2017, 124, 54-60, doi:10.1016/j.meatsci.2016.11.002.

Angerosa, F.; Servili, M.; Selvaggini, R.; Taticchi, A.; Esposto, S.; Montedoro, G. Volatile compounds in
virgin olive oil: Occurrence and their relationship with the quality. J. Chromatogr. A 2004, 1054, 17-31,
doi:10.1016/j.chroma.2004.07.093.

Lorenzo, ].M.; Carballo, ].; Franco, D. Effect of the inclusion of chestnut in the finishing diet on volatile
compounds of dry-cured ham from celta pig breed. J. Integr. Agric. 2013, 12, 2002-2012, doi:10.1016/52095-
3119(13)60638-3.

Tian, H.; Xu, X.; Chen, C.; Yu, H. Flavoromics approach to identifying the key aroma compounds in
traditional Chinese milk fan. J. Dairy Sci. 2019, doi:10.3168/jds.2019-16796.

Gracka, A,; Jeleri, H.H.; Majcher, M.; Siger, A.; Kaczmarek, A. Flavoromics approach in monitoring changes
in volatile compounds of virgin rapeseed oil caused by seed roasting. . Chromatogr. A 2016, 1428, 292-304,
doi:10.1016/j.chroma.2015.10.088.

CLAL. EU-28: Dairy Sector. Available online: https://www.clal.it/en/?section=quadro_europa (accessed on
30 September 2020).

Altieri, C.; Scrocco, C.; Sinigaglia, M.; Del Nobile, M. A. Use of chitosan to prolong mozzarella cheese shelf
life. J. Dairy Sci. 2005, 88, 2683-2688, doi:10.3168/jds.S0022-0302(05)72946-5.

Evert-Arriagada, K.; Hernandez-Herrero, M.M.; Juan, B.; Guamis, B.; Trujillo, A.]. Effect of high pressure
on fresh cheese shelf-life. ]. Food Eng. 2012, 110, 248-253, d0i:10.1016/j.jfoodeng.2011.05.011.

Ricciardi, E.F.; Lacivita, V.; Conte, A.; Chiaravalle, E.; Zambrini, A.V.; Del Nobile, M.A. X-ray irradiation
as a valid technique to prolong food shelf life: The case of ricotta cheese. Int. Dairy . 2019, 99, 104547,
doi:10.1016/j.idairyj.2019.104547.

Di Pierro, P.; Sorrentino, A.; Mariniello, L.; Giosafatto, C.V.L.; Porta, R. Chitosan/whey protein film as
active coating to extend Ricotta cheese shelf-life. LWT Food Sci. Technol. 2011, 44, 2324-2327,
doi:10.1016/j.1wt.2010.11.031.

Gammariello, D.; Conte, A.; Attanasio, M.; Del Nobile, M.A. A study on the synergy of modified
atmosphere packaging and chitosan on stracciatella shelf life. ]. Food Process Eng. 2011, 34, 1394-1407,
doi:10.1111/j.1745-4530.2009.00537 .x.

Trani, A.; Gambacorta, G.; Gomes, T.F.; Loizzo, P.; Cassone, A.; Faccia, M. Production and characterisation
of reduced-fat and PUFA-enriched Burrata cheese. ] Dairy Res. 2016, 83, 236-241,
d0i:10.1017/50022029916000078.

Gammariello, D.; Conte, A.; Di Giulio, S.; Attanasio, M.; Del Nobile, M.A. Shelf life of Stracciatella cheese
under modified-atmosphere packaging. J. Dairy Sci. 2009, 92, 483-490, d0i:10.3168/jds.2008-1571.

Conte, A.; Brescia, I; Del Nobile, M.A. Lysozyme/EDTA disodium salt and modified-atmosphere
packaging to prolong the shelf life of burrata cheese. ]. Dairy Sci. 2011, 94, 5289-5297, d0i:10.3168/jds.2010-
3961.

Dambrosio, A.; Quaglia, N.C.; Saracino, M.; Malcangi, M.; Montagna, C.; Quinto, M.; Lorusso, V.;
Normanno, G. Microbiological quality of burrata cheese produced in Puglia region: Southern Italy. ]. Food
Prot. 2013, 76, 1981-1984, d0i:10.4315/0362-028X.JFP-13-067.



Foods 2020, 9, 1446 20 of 22

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Rea, S.; Marino, L.; Stocchi, R.; Branciari, R.; Loschi, A.R.; Miraglia, D.; Ranucci, D. Differences in chemical,
physical and microbiological characteristics of Italian Burrata cheeses made in artisanal and industrial
plants of the Apulia region. Ifal. ]. Food Saf. 2016, 5, doi:10.4081/ijfs.2016.5879.

Tavakoli, H.; Hosseini, O.; Jafari, S.M.; Katouzian, I. Evaluation of physicochemical and antioxidant
properties of yogurt enriched by olive leaf phenolics within nanoliposomes. . Agric. Food Chem. 2018, 66,
9231-9240, doi:10.1021/acs.jafc.8b02759.

Palmeri, R.; Parafati, L.; Trippa, D.; Siracusa, L.; Arena, E.; Restuccia, C.; Fallico, B. Addition of olive leaf
extract (OLE) for producing fortified fresh pasteurized milk with an extended shelf life. Antioxidants 2019,
8, 255, d0i:10.3390/antiox8080255.

Roila, R.; Valiani, A.; Ranucci, D.; Ortenzi, R.; Servili, M.; Veneziani, G.; Branciari, R. Antimicrobial efficacy
of a polyphenolic extract from olive oil by-product against “Fior di latte” cheese spoilage bacteria. Int. J.
Food Microbiol. 2019, 295, 49-53, doi:10.1016/j.ijfoodmicro.2019.02.013.

Ranieri, M.; Di Mise, A.; Difonzo, G.; Centrone, M.; Venneri, M.; Pellegrino, T.; Russo, A.; Mastrodonato,
M.; Caponio, F.; Valenti, G.; et al. Green olive leaf extract (OLE) provides cytoprotection in renal cells
exposed to low doses of cadmium. PLoS ONE 2019, 14, e0214159, doi:10.1371/journal.pone.0214159.
Caponio, F.; Difonzo, G.; Calasso, M.; Cosmai, L.; De Angelis, M. Effects of olive leaf extract addition on
fermentative and oxidative processes of table olives and their nutritional properties. Food Res. Int. 2019, 116,
1306-1317, doi:10.1016/j.foodres.2018.10.020.

Difonzo, G.; Squeo, G.; Calasso, M.; Pasqualone, A.; Caponio, F. Physico-chemical, microbiological and
sensory evaluation of ready-to-use vegetable paté added with olive leaf extract. Foods 2019, 8, 138,
doi:10.3390/foods8040138.

European Commission. Commission regulation (EU) No 1129/2011 of 11 November 2011 amending Annex
IT to Regulation (EC) No 1333/2008 of the European Parliament and of the Council by establishing Union
list of food additives. Off. ]. Eur. Union 2011, 295, 1-177.

Difonzo, G.; Pasqualone, A,; Silletti, R.; Cosmai, L.; Summo, C.; Paradiso, V.M.; Caponio, F. Use of olive
leaf extract to reduce lipid oxidation of baked snacks. Food Res. Int. 2018, 108, 48-56,
doi:10.1016/j.foodres.2018.03.034.

Faccia, M.; Trani, A.; Natrella, G.; Gambacorta, G. Short communication: Chemical-sensory and volatile
compound characterization of ricotta forte, a traditional fermented whey cheese. J. Dairy Sci. 2018, 101,
5751-5757, d0i:10.3168/jds.2018-14424.

CIE, International Commission on Illumination. Survey of Reference Materials for Testing the Performance of
Spectrophotometers and Colorimeters; Publication CIE No. 114.1.; Central Bureau of the CIE: Vienna, Austria,
1994.

Buffa, M.; Guamis, B.; Saldo, J.; Trujillo, A.J. Changes in organic acids during ripening of cheeses made
from raw, pasteurized or high-pressure-treated goats’ milk. LWT Food Sci. Technol. 2004, 37, 247-253,
doi:10.1016/j.1wt.2003.08.006.

Gambera, A. Metodica di assaggio dei formaggi. In L’assaggio dei Formaggi, 2nd ed.; Gambera A., Ed.;
Comunecazione Snc: Bra, Italy, 2017; pp. 9-23.

Minervini, F.; Conte, A.; Del Nobile, M.A.; Gobbetti, M.; De Angelis, M. Dietary fibers and protective
lactobacilli drive burrata cheese microbiome. Appl. Environ. Microbiol. 2017, 83, e01494-17,
doi:10.1128/AEM.01494-17.

McSweeney, P.L.; Fox, P.F. Advanced Dairy Chemistry, 4th ed.; Springer: Boston, MA, USA, 2003;
d0i:10.1007/978-1-4614-4714-6.

Frohlich-Wyder, M.T.; Bisig, W.; Guggisberg, D.; Jakob, E.; Turgay, M.; Wechsler, D. Cheeses with
propionic acid fermentation. In Cheese: Chemistry, Physics and Microbiology, 4th ed.; McSweeney, P.L.H., Fox,
P.E., Cotter, P.D., Everett D.W., Eds.; Elsevier Academic Press: Amsterdam, The Netherlands, 2017; Volume
2, pp. 889-910. doi:10.1016/B978-0-12-417012-4.00035-1.

Natrella, G.; Gambacorta, G.; De Palo, P.; Lorenzo, ].M.; Faccia, M. Evolution of volatile compounds from
milk to curd during manufacturing of mozzarella. Mljekarstvo 2020, 70, doi:10.15567/mljekarstvo.2020.0105.
Ziino, M.; Condurso, C.; Romeo, V.; Giuffrida, D.; Verzera, A. Characterization of “Provola dei Nebrodi”,
a typical Sicilian cheese, by volatiles analysis using SPME-GC/MS. Int. Dairy ]. 2005, 15, 585-593,
doi:10.1016/j.idairyj.2004.07.024.

Morales, P.; Feliu, I; Fernandez-Garcia, E.; Nufiez, M. Volatile compounds produced in cheese by
Enterobacteriaceae strains of dairy origin. J. Food Prot. 2004, 67, 567-573, d0i:10.4315/0362-028X-67.3.567.



Foods 2020, 9, 1446 21 of 22

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Qian, M.; Reineccius, G.A. Quantification of aroma compounds in parmigiano reggiano cheese by a
dynamic headspace gas chromatography-mass spectrometry technique and calculation of odor activity
value. J. Dairy Sci. 2003, 86, 770776, d0i:10.3168/jds.S0022-0302(03)73658-3.

Wolf, I.V.; Perotti, M.C.; Bernal, S.M.; Zalazar, C.A. Study of the chemical composition, proteolysis, lipolysis
and volatile compounds profile of commercial Reggianito Argentino cheese: Characterization of Reggianito
Argentino cheese. Food Res. Int. 2010, 43, 1204-1211, doi:10.1016/j.foodres.2010.02.018.

Nunes, M.A_; Pimentel, F.B.; Costa, A.S.G.; Alves, R.C.; Oliveira, M.B.P.P. Olive by-products for functional
and food applications: Challenging opportunities to face environmental constraints. Innov. Food Sci. Emerg.
Technol. 2016, 35, 139-148, doi:10.1016/j.ifset.2016.04.016.

Peker, H.; Arslan, S. Effect of olive leaf extract on the quality of low fat apricot yogurt. . Food Process.
Preserv. 2017, 41, 1-10, doi:10.1111/jfpp.13107.

Cho, W.Y.; Kim, D.H.; Lee, H.J.; Yeon, SJ.; Lee, C.H. Quality characteristic and antioxidant activity of
yogurt containing olive leaf hot water extract. CyTA J. Food 2020, 18, 43-50,
doi:10.1080/19476337.2019.1640797.

Garcia-Pérez, F.J.; Lario, Y.; Fernandez-Lopez, J.; Sayas, E.; Pérez-Alvarez, ].A.; Sendra, E. Effect of orange
fiber addition on yogurt color during fermentation and cold storage. Color Res. Appl. 2005, 30, 457-463,
doi:10.1002/co0l.20158.

Farrag, A.F.; Bayoumi, HM.; Ibrahim, W.A.; El-Sheikh, M.M.; Eissa, H.A. Characteristics of white soft
cheese fortified with hibiscus soft drink as antimicrobial and hypertension treatment. Science 2017, 12, 122~
129, doi:10.3923/ijds.2017.122.129.

Zeppa, G.; Rolle, L. A study on organic acid, sugar and ketone contents in typical piedmont cheeses. Ital. ].
Food Sci. 2008, 20, 127-139.

Akalin, A.S.; Gong, S.; Akbas, Y. Variation in organic acids content during ripening of pickled white cheese.
J. Dairy Sci. 2002, 85, 1670-1676, d0i:10.3168/jds.S0022-0302(02)74239-2.

Manolaki, P.; Katsiari, M.C.; Alichanidis, E. Effect of a commercial adjunct culture on organic acid contents
of low-fat Feta-type cheese. Food Chem. 2006, 98, 658663, doi:10.1016/j.foodchem.2005.06.031.

Adda, J.; Gripon, J.C.; Vassal, L. The chemistry of flavour and texture generation in cheese. Food Chem. 1982,
9, 115-129, d0i:10.1016/0308-8146(82)90073-5.

Roila, R.; Branciari, R.; Ranucci, D.; Ortenzi, R.; Urbani, S.; Servili, M.; Valiani, A. Antimicrobial activity of
olive mill wastewater extract against Pseudomonas fluorescens isolated from mozzarella cheese. Ifal. ]. Food
Saf. 2016, 5, 111-115, doi:10.4081/ijfs.2016.5760.

Servili, M.; Rizzello, C.G.; Taticchi, A.; Esposto, S.; Urbani, S.; Mazzacane, F.; Di Maio, I.; Selvaggini, R.;
Gobbetti, M.; Di Cagno, R. Functional milk beverage fortified with phenolic compounds extracted from
olive vegetation water, and fermented with functional lactic acid bacteria. Int. ]. Food Microbiol. 2011, 147,
45-52, d0i:10.1016/j.ijfoodmicro.2011.03.006.

Hurtado, A.; Reguant, C.; Bordons, A.; Rozes, N. Lactic acid bacteria from fermented table olives. Food
Microbiol. 2012, 31, 1-8, doi:10.1016/j.fm.2012.01.006.

Von Staszewski, M.; Pilosof, AM.R.; Jagus, R.J. Antioxidant and antimicrobial performance of different
Argentinean green tea varieties as affected by whey proteins. Food Chem. 2011, 125, 186-192,
doi:10.1016/j.foodchem.2010.08.059.

Liao, C.H. Pseudomonas and related genera. In Food Spoilage Microorganisms, 1st ed.; Blackburn, CW., Ed.;
Woodhead Publishing: Boca Raton, FL, USA, 2006; pp. 507-540, d0i:10.1533/9781845691417.5.507.

Faccia, M.; Gambacorta, G.; Natrella, G.; Caponio, F. Shelf life extension of Italian mozzarella by use of
calcium lactate buffered brine. Food Control 2019, 100, 287-291, doi:10.1016/j.foodcont.2019.02.002.

Markin, D.; Duek, L.; Berdicevsky, I. In vitro antimicrobial activity of olive leaves. Mycoses 2003, 46, 132—
136, doi:10.1046/j.1439-0507.2003.00859.x.



Foods 2020, 9, 1446 22 of 22

68. Brocklehurst, T.F.; Lund, B.M. Microbiological changes in cottage cheese varieties during storage at +7 °C.
Food Microbiol. 1985, 2, 207-233, doi:10.1016/0740-0020(85)90036-X.
69. Lucera, A.; Mastromatteo, M.; Conte, A.; Zambrini, A.V.; Faccia, M.; Del Nobile, M.A. Effect of active

coating on microbiological and sensory properties of fresh mozzarella cheese. Food Packag. Shelf Life 2014,
1, 25-29, doi:10.1016/j.fpsl.2013.10.002.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
|@ ® article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).




