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Introduction: In this study, we supplemented models of Caciotta-like cheese
with blackcurrant (Ribes nigrum) and Cornelian cherry (Cornus mas), as they
have a high content of polyphenols, known as phytochemicals associated with
health benefits. We evaluated the microbial composition, organoleptic aspects,
total phenolic content, and chemical composition of model cheeses enriched
with blackcurrant and Cornelian cherry.

Methods: Two different suppliers have been tested: a conventional and
an organic one. Two different conditions of preparation (freeze-dried and
not freeze-dried) were tested in two different amounts (0.3 and 0.6% dry
weight w/v milk volume). Polyphenols were determined using Folin—Ciocalteu
reaction and spectrometry; microbial community was determined with
selective 24 media and plate counts; composition was determined using
nuclear magnetic resonance spectrometry. Organoleptic tests with an
untrained panel have been performed.

Results: The enrichments with blackcurrant and Cornelian cherry
increased the total polyphenol content in model cheeses, in particular,
when blackcurrant and Cornelian cherry were from conventional farming.
Blackcurrant-enriched cheeses showed higher counts of lactic acid bacteria,
higher levels of organic acids, amino acids, gamma-aminobutyric acid,
histamine, and lower amount of monosaccharides deriving from bacterial
lactose fermentation in cheese, suggesting a positive effect of blackcurrant
compounds on the growth and activity of lactic acid bacteria. The enrichments
did not affect the acceptance of the cheese, neither by blackcurrant nor by
Cornelian cherry incorporation, with the exception of the appearance.

Discussion: Overall, we showed that cheeses enriched with blackcurrant or
Cornelian cherry from conventional farming increased the bioactive potential
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of the dairy product without having an adverse effect on the microbial
community, physiochemical properties, or organoleptic properties.

polyphenols, Cornelian cherry (Cornus mas L.), blackcurrant (Ribes nigrum), Caciotta-
like cheese, NMR profile

Introduction

Polyphenols are a large family of phytochemicals, which are
interesting due to their potential beneficial bioactivity. Although
in plants they mainly serve as protective compounds (1), for
humans, they have been shown to be neuroprotective (2-4), anti-
inflammatory (5-7), anti-carcinogenic (8, 9), and antidiabetic
(10, 11), as well as having beneficial cardiovascular (12-16) and
gastrointestinal effects (5, 6, 17-19). Polyphenols exert their
bioactivity through direct or indirect reduction of oxidative
stress (12, 13, 15, 20-23), as well as through regulating gene
expression (24), activation of proteins (16, 25-27), cell signaling
(4, 7), and modulating the gut microbiome (17-19). Bioactive
polyphenols are found in a wide variety of plant-based products,
such as tea, herbs, fruits, and vegetables, and one way to exploit
their potential is by adding them as enrichment for ingredients
in food manufacturing.

Enrichment is a procedure where the nutritional or bioactive
potential of a food product is improved by the addition of
one or more ingredients, either micronutrients (28), natural
products (29), foodstuft (30, 31), by-products (32), and/or
microorganisms (33).

Caciotta cheese is a semi-soft cheese with a short to medium
ripening time (commonly from 15 days to 1 month), weighing
about 1 kg and produced from pasteurized whole cow milk alone
(34). Nowadays, there is a growing consumer interest in health-
enhancing foods, and in particular, health-enhancing dairy
food, whose acceptance by consumers is very high (35). The
development of dairy products with added natural supplements
provides a natural appeal to these foods. These supplements,
besides being generally recognized as safe, confer flavor and
color to dairy foods (36). In this aspect, blackcurrant (Ribes
nigrum) (37) and Cornelian cherry (Cornus mas) (38, 39) have
characteristic flavor, intense blue and red colors, and high
content of bioactive polyphenols, and have been shown to
increase phenolic contents and antioxidant activity when used
in dairy products enrichment (40-42).

Previous studies reported cheese and dairy products
enrichment with fruits and herbs (30, 31, 43, 44), plant extracts
(45), and purified phenolic compounds (46), with an evident
increase in bioactive phenolic content and antioxidant activity
and improved nutritional properties. In this study, we enriched
a Caciotta model cheese with polyphenols through the addition
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of blackcurrant and Cornelian cherry. We tested both organic
and conventional suppliers, as it has been shown that organic
plants, and in particular organic blackcurrant, can carry more
polyphenols than conventionally farmed plants, probably due
to the defense effect of these compounds against pathogens
(47). We also investigated if the freeze-drying technique of
the blackcurrant or Cornelian cherry could affect the final
total amount of polyphenols in cheese because in a previous
study it was shown that the drying technique could impact
the bioactive compounds that we aimed to analyze (48). The
microbial community was also investigated because polyphenols
are known to have potent antimicrobial activities (49), and lactic
acid bacteria are the basic components of the starter used in
cheese-making and essential for the fermentation of cheese (50—
53). Moreover, we analyzed the effect of dairy enrichment on
the number of bioactive compounds, physiochemical properties,
and organoleptic attributes of the model cheeses.

Materials and methods

Material preparation

Organic Cornelian cherries (CC) and blackcurrant berries
(BB) were supplied from a local organic farm (Le Delizie del
Monte Baldo, Brentonico, TN, Italy) in the Trentino Province
of North Italy; the non-organic CC and BB were supplied by
a different local farm of Trentino Province (Azienda Agricola
Sant’Antonio, Comano Terme, TN, Italy). Both the BB and CC
have been supplied and already washed, and the CC were already
pitted. Both the BB and CC both were kept at 4°C in our
laboratory until use.

Freeze-drying

To freeze-dry plant material, BB and CC were prepared
by weighing about 200 g that were stored at —80°C overnight
and were finely ground using a grinder (Moulinex®, France)
to achieve a standard size of particles of about 1.0 mm. The
powders were stored at —80°C.

The freeze-drying process was conducted in a freeze-
dryer (VirTis, Benchtop K, USA) at —80°C and between 0.1
and 0.2 mmHg for 72 £ 1h. The dried samples were then
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Experimental design of cheese manufacturing. Four different conditions were tested in cheese samples: conventional freeze-dried berries,
organic freeze-dried berries, conventional not freeze-dried berries, and organic not freeze-dried berries. For each of these conditions, two
different percentages of berries were added: 0.3 and 0.6% dry weight w/v milk volume. A cheese without the addition of berries was processed
All the experimental conditions were carried out in triplicates.
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ground using mortar and pestle and stored in polyethylene
falcon at —80°C, protected from sunlight until further analysis
or use.

Regarding the freeze-drying of cheese, the cheese samples
were prepared by weighing about 10g and then grating
before the freeze-drying process. The freeze-drying process was
performed in aluminum pans; samples were pre-frozen in liquid
nitrogen for 3min and then placed on the freeze-dryer trays

(thickness of 1 cm).
Experimental design

The experimental design is shown in Figure 1. For CC,
four different conditions were tested: conventional freeze-dried

CC, organic freeze-dried CC, conventional not freeze-dried CC,
and organic not freeze-dried CC. For BB, the conventional
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not freeze-dried condition was missing because there was
not enough blackcurrant from the conventional farm. All the
experimental conditions were carried out in triplicate samples
for a total of 54 experimental model kinds of cheese (from
here on out, “model cheeses” will be called only “cheeses”
to simplify the reading). For each of the four conditions,
two different percentages of CC and BB were added: 0.3 and
0.6% dry weight w/v milk volume. The weight was always
referred to the fresh CC and BB before freeze-drying. For
each trial, a control cheese (CTRL) was made without adding
CC or BB.

Caciotta-like cheese manufacture

Pasteurized whole cow milk was supplied from a local
company in Trentino Province close to the lab (Abbasciano
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Giuseppe and C. S.N.C., Trento, TN, Italy). The milk was
collected in tanks and immediately transported to the laboratory
for cheese-making.

Experimental cheeses were manufactured according to the
method described by Cipolat-Gotet et al. (54), with some
modifications in order to obtain a Caciotta-like cheese. Milk
(2L in each vat) was heated at 40°C and inoculated with
starter cultures following supplier instructions (LYOFAST MOT
086 EE, Sacco, Cadorago, CO, Italy). The curd was obtained
in 10-15min after the addition of 2mL of liquid calf rennet
(Caglificio Clerici, Cadorago, CO, Italy). To verify that the
milk was perfectly curdled due to casein coagulation, a spoon
was placed on the surface of the resting milk. When the
spoon come out completely clean, the curd was cut into nut-
size grain squares and cooked at 42°C for 10 min. The curd
was incubated in the vat for 15min and then separated from
the whey. Finally, CC and BB powders were added according
to the experimental design. After molding, the experimental
cheeses were pressed again and turned every 30 min in a cabinet
at 28°C in order to keep the curd warm. After overnight
incubation at 28°C, cheeses were salted for 30 min in a 20%
NaCl brine solution at room temperature, then ripened for 1
week at 18°C and finally for 4 weeks at 5°C. The pH and
temperature were monitored at six different steps: (i) milk,
(ii) after the addition of the starter culture, (iii) after the
addition of the rennet, (iv) after the cooking, (v) the curdle
at the extraction, and (iv) after 24h of cheese incubation
at 28°C.

Microbiological analysis

Cheese samples were submitted for microbiological analysis.
Four grams of cheese were homogenized with 36g of
sterile Na-citrate 2% (w/w) solution by ULTRA-TURRAX®
(IKA® Werke GmbH and Co. KG, Staufen, Germany)
for 5min at 21,000 rpm inside the microbial cabinet.
Then, they were decimally diluted and plated onto selective
agar media and incubated as follows: M17 agar for 48h
in anaerobiosis at 30°C and 45°C for mesophilic and
thermophilic cocci-shaped LAB, respectively; MRS agar for 48 h
in anaerobiosis at 45°C for thermophilic rod-shaped LAB; and
violet red bile agar (VRBA) for 24h in anaerobiosis at 37°C
for coliforms.

Berries were also submitted for microbiological analysis:
2g of berries were homogenized with 18g of sterile Na-
citrate 2% (w/w) solution, then homogenized, diluted, plated
onto selective agar media, and incubated as follows: principal
component analysis (PCoA) with skim milk (10 g/L, w/v) for
48h in aerobiosis at 30°C for total bacterial aerobic count
(TBAC), WL agar with chloramphenicol (0.1 g/L, w/v) in
aerobiosis at 25°C for 2 days for yeast count, and 5 days for
molds count.
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All  culture media were
(ThremoFisher, Milan, Italy).

purchased from Oxoid

Total polyphenols determination in R.
nigrum and C. mas berries and cheeses

Cheese samples were grated and lyophilized. Polyphenols
were extracted from each sample in triplicates of 500 mg and
mixed into 12.5mL of acidified 70/30 acetone-water solution.
The mixture was homogenized, incubated at 40°C for 10 min,
sonicated for 10min, and shaken thoroughly. The samples
were centrifuged at 4,000 rpm for 10min, transferring the
supernatant into 12.5mL 96% ethanol, and the mixture was
left to precipitate for 1 h at —20°C, followed by centrifugation
and transfer of the supernatant. Extracted polyphenols were
measured using Folin-Ciocalteu reaction. Folin-Ciocalteu (FC)
colorimetric method is based on a chemical reduction of the
reagent, consisting of a mixture of molybdenum oxides and
tungsten (55). It represents one of the standard procedures in
wine analysis, but it can also be applied to foodstuffs, such
as fruits and vegetables. Total polyphenol content (TPC) is
reported as the gallic acid equivalent (GAE), calculated from
a standard curve previously constructed in a range of 20-
200 mg/L gallic acid. BB and CC were analyzed for TPC
weighing 125 mg of fresh sample, following the same extraction
of the cheese. Before the Folin-Ciocalteu reaction, samples were
diluted 100 times.

Nuclear magnetic resonance
spectroscopy analysis

We utilized NMR by a method modified from Rodrigues
et al. (56). Samples for lipid profile analysis were obtained
by thoroughly mixing 100 mg lyophilized cheese samples with
900 L deuterated chloroform (CDCI3), and then each sample
was filtered through 0.22 um filters and 600 WL was loaded
into 5mm NMR tubes. Aliquots of 100 mg lyophilized cheese
samples were mixed thoroughly with 900 wL de-ionized water
(18.2 M2 cm, Milli-Q water, Millipore, Bedford, MA, USA) and
100 pL deuterated water (D20, 99.9% isotopic purity containing
0.03% 3-(Trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt
or TMSP-d4). Samples were centrifuged for 15min at 12,000
rpm. The supernatant was filtered using 0.22 um filters (Millex-
GV, polyvinylidene fluoride membrane, Millipore, Bedford, MA,
USA), and 600 L filtrate was loaded into 5 mm NMR tubes.

Nuclear Magnetic Resonance spectra were recorded on
Bruker Avance Neo 7 probe (5mm sample tubes) and
SampleXpress 60-position autosampler (Bruker BioSpin GmbH,
Rheinstetten, Germany). The spectra were acquired and
processed using Topspin 4.1.3 software in the automation
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mode with Icon NMR 5.2.3. The deuterium lock signal was
optimized either for the 9:1 mixture of HO and DO (v/v)
or CDCI3. All proton NMR spectra were recorded using the
following parameters: (a) for aqueous extracts, noesygpprld
pulse sequence with automatic adjustment of water signal
suppression frequency (olp) was used and power level utilized
for pulse was 47.10 dB (25 Hz suppression window), the size of
the spectrum (sweep width, SW) was 13.88 ppm, time domain
(TD) consisted of 65536 (64K) data points, number of scans
(NS) was 128 and the number of dummy scans (DS) was 2, the
time for relaxation delay (D1) was 10s, receiver gain (RG) for
all spectra was fixed at 2.25, and baseopt digitization mode was
used; and (b) for lipid extracts, the zg pulse sequence was used,
the size of the spectrum (sweep width, SW) was 20.48 ppm, time
domain (TD) consisted of 65,536 (64K) data points, number
of scans (NS) was 64 and the number of dummy scans (DS)
was 4, the time for relaxation delay (D1) was 10, the time for
relaxation delay (D1) was 10's, receiver gain (RG) for all spectra
was fixed at 4, and baseopt digitization mode was used.
Acquisition of each spectrum was preceded by automatic
adjustment of the probe (ATMA routine) and automatic
shimming (TOPSHIM).
TopSpin software with the size of the real spectrum (SI)
set to 131072 (128K, 2xTD) data points and apkO.noe
phase correction au program was applied automatically to

Spectra were processed in the

each spectrum.

Quantitative analysis was performed using AssureNMR
software (57) by an external standard method utilizing the
so-called ERETIC technique (an electronic reference to access
in vivo concentrations, (58), which is in turn based on the
principle called PULCON (pulse length-based concentration
determination, (59). Two liquid samples dissolved in the same
solvent were measured: a compound of known concentration (2
mmol sucrose solution in water) and a sample of cheese extract
using the same experimental parameters.

Precision/intermediate repeatability of the method was
carried out by periodically measuring one manufacturer
standard (2 mmol sucrose in water) against another (20 mmol
sucrose and hippuric acid in water), again using the same
experimental parameters. The accuracy of the external standard
method is described as about 95% (60).

Identification of metabolites was performed in automation
mode in AssureNMR utilizing the Human Metabolome
Database (HMDB) (61) and the BBIOREFCODE database
of NMR metabolites (v.2.01, BioSpin GmbH,
Rheinstetten, Germany).

Bruker

Organoleptic evaluation

To examine the sensory properties, attributes, such as color,
odor, taste, and texture, were measured according to a 7-point
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hedonic scale (62) varying from 10 (like extremely) to 4 (dislike
extremely). Sensory attributes were evaluated by 10 experienced
panelists consisting of students and academic staff from the
Food Quality Department at Edmund Mach Foundation. The
panelists were all familiar with these models of Caciotta-like
cheese and their characteristics. Samples from each formulation
were coded with random digits and were presented to the
sensory panel.

Statistical analysis

The study was carried out on a completely

randomized design basis with a 3 x 2 x 2 factorial
arrangement: two types of ingredients (blackcurrant and
Cornelian cherry), two farming

systems (organic and

conventional), and two ingredient treatments (freeze-

dried freeze-dried). The
these groups were evaluated using ANOVA and post-
hoc Tukey HSD We used a 95%
interval and a significance level of P < 0.05. The

and not differences between

tests. confidence
statistical analysis was performed using R software version
4.2.0 (https://www.r-project.org/).

For NMR metabolites, a data matrix, in which the
columns are normalized spectral integral values, was
obtained. The matrix was imported into the R software
version 4.2.0 and subjected to the Principal Components
Analysis (PCoA). Variables were shifted to be zero-centered
and were scaled to have unit variance before the analysis

took place.

Results

The pH of experimental cheeses

The pH evolution was recorded during the whole process
of cheese manufacturing: in milk, after starter culture addition,
after rennet addition, after cooking, at the extraction of
the curdle, and after 24h of cheese incubation at 28°C
(Table 1). The pasteurized milk used for BB cheeses had
a pH ranging between 7.14 and 7.26; then during cheese
processing, it decreased to 6.60-6.69 after cooking and
to 6.18-6.67 in the curdle at the extraction. In all BB
cheeses, the pH ranged between 5.15 and 5.54 after 24h
of incubation.

Regarding trials with CC enrichment, all the milk batches
were characterized by a pH ranging between 6.69 and 6.72,
which slightly decreased to 6.42-6.53 after cooking and
to 6.39-6.57 in the curdle at the extraction. In all CC
cheeses, the pH ranged between 5.36 and 5.79 after 24h
of incubation.
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TABLE 1 pH during model cheese processing.

Amount (%) Farming Vat milk Starter Rennet Cooking Curdle After 24 h
system addition addition ripening
Blackcurrant berries
CTRL-BB 0 - 7.26 £0.73% 6.61 £0.28* 6.65 £ 0.26" 6.64 £ 0.30* 6.67 £0.174 5.28 £0.174
FD-BB 0.3 Organic 7.14 £0.834 6.65 £ 0.224 6.68 £ 0.19* 6.68 £ 0.23% 6.61 +0.06% 5.24 £0.26*
FD-BB 0.6 Organic 7.14 £0.83% 6.65 £ 0.24% 6.69 £ 0.19* 6.69 £ 0.19% 6.54 = 0.0248 5.15 £0.15%
NFD-BB 0.3 Organic 7.14 £0.83% 6.61 £0.25% 6.68 £ 0.18* 6.64 £ 0.25% 6.55 = 0.03A8 5.15 £0.16*
NFD-BB 0.6 Organic 7.24 +0.56% 6.58 £ 0.244 6.64 +0.224 6.61 +0.284 634 +0.12° 5.22 £0.09*
FD-BB 0.3 conventional 7.24 £ 0.56* 6.59 £ 0.25% 6.56 £ 0.27% 6.60 £ 0.26* 6.40 £ 0.03° 5.54 £0.19°
FD-BB 0.6 conventional 7.24 £0.56* 6.59 £ 0.24* 6.57 £ 0.27% 6.60 £ 0.25% 6.18 £ 0.15¢ 547 £0.15°
Cornelian cherry
CTRL-CC 0 - 6.70 &+ 0.104 6.51 +0.06% 6.47 £ 0.05% 6.46 £ 0.104 6.57 £ 0.044 5.70 & 0.10*
FD-CC 0.3 Organic 6.72 £ 0.104 6.52 +0.034 6.51 & 0.04* 6.53 +0.044 6.55 4+ 0.034 5.48 £0.22°
FD-CC 0.6 Organic 6.72 £ 0.104 6.52 +0.034 6.50 & 0.04* 6.52 +0.034 6.50 £ 0.054F 5.36 £0.238
NFD-CC 0.3 Organic 6.72 4+ 0.10 6.52 +0.034 6.53 &+ 0.074 6.42 +0.084 6.45 % 0.064F 5.48 +0.26"
NFD-CC 0.6 Organic 6.72 +0.10% 6.51 +0.034 6.51 & 0.04* 6.42 +0.08* 6.46 % 0.03AF 5.38 £0.21°
FD-CC 0.3 Conventional 6.69 £ 0.114 6.48 £ 0.07% 6.46 £ 0.06" 6.44 £ 0.03% 6.48 £ 0.094P 5.70 £ 0.04%
FD-CC 0.6 Conventional 6.69 +0.114 6.48 +0.074 6.44 £ 0.06* 6.42 +0.074 6.45 +0.04° 5.75 4 0.20%
NFD-CC 0.3 Conventional 6.69 £ 0.114 6.48 £ 0.074 6.45 £ 0.07% 6.43 £0.07% 6.49 = 0.0848 5.79 £ 0.06*
NED-CC 0.6 Conventional 6.69 £0.114 6.48 £ 0.07% 6.44 £ 0.06* 6.45 £ 0.05* 6.39 £0.10° 5.75 £0.114

For each column and each enrichment (blackcurrant and cornelian cherry), pH values with A, B, and C superscripts are significantly different (p < 0.05, one-way ANOVA with post-hoc Tukey HSD).

FD, freeze-dried; NFD, not freeze-dried; CTRL, Control; BB, blackcurrant berry; CC, cornelian cherry.
pH values were recorded in vat milk; after the addition of the starter culture; after the addition of the calf rennet; after the cooking; in the curdle at the extraction; and after 24 h of cheese ripening at 28°C.
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During both BB and CC cheese processing, there was no
significant difference (p > 0.05) until the curdle extraction. The
pH of both BB and CC curdles from conventional farming,
was significantly lower than respective CTRL cheeses. Moreover,
after 24h of ripening, the pH values of both BB and CC
cheeses from the organic farm were significantly lower than the
pH values of the cheeses enriched with BB and CC from the
conventional farm.

Comparing BB and CC cheese processing, even if the pH
of milk was significantly higher in BB than in CC batches (p
< 0.05), after 24 h of incubation, BB cheese samples showed a
significant decrease in pH to CC cheese samples (p < 0.0005).

Microbial plate counts

The Log CFU/g for each type of cheese and each tested
medium are recorded in Figure 2 and Table 2.

10.3389/fnut.2022.1023490

Thermophilic lactococci and lactobacilli mean values
were about one order of magnitude lower than mesophilic
lactococci. Coliforms’ mean values were at least six orders
of magnitude lower than LAB and very different comparing
BB and CC cheeses: in BB cheeses, coliforms were in the
range of 3.3-3.6 Log CFU/g and CC cheeses, they were
in the range of 1.4-3.5 Log CFU/g (Figure2). LAB and
coliforms counts were higher in cheeses enriched with BB
than CC, and the same trend was observed in respective
CTRL cheeses: the CTRL cheeses made by the milk batch
used for BB cheeses showed higher bacterial counts than
the CTRL cheeses made by milk batch used for CC cheeses
(Figure 2). Therefore, the difference observed is probably
deriving from the milk rather than the specific BB or
CC addition.

The dose of enrichment (0.3 vs. 0.6%), ingredient processing
(freeze-dried vs. not-freeze-dried), and type of farming

A Mesophilic lactococci B Thermophilic lactococci
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FIGURE 2
Box plots of observed mesophilic cocci (A), thermophilic cocci (B), thermophilic lactobacilli (C), and coliforms (D). Counts (Log CFU/g) in
cheeses enriched with Ribes nigrum (BB) and Cornus mas (CC) and in respective CTRL (BB-CTRL and CC-CTRL) after 4 weeks of ripening. CTRL
is colored in blue; enriched cheeses are colored in green. The thick horizontal black bars indicate the medians; the boxes indicate the range
between the first (25th percentile) and the third quartile (75th percentile). The whiskers represent extreme values. Significant differences among
CTRL and enriched cheeses are indicated by an asterisk (*: p < 0.05).
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TABLE 2 Microbial counts and Total Polyphenol Content (TPC) in cheeses after 4 weeks of ripening.

Amount (%) Farming Mesophilic Thermophilic Thermophilic Coliforms

system lactococci lactococci lactobacilli

Blackcurrant berries

CTRL-BB 0 - 11.4 £0.56* 9.8 +0.53* 10.0 £0.924 3.6 +0.34* 2.540.88*
FD-BB 0.3 Organic 11.5 £ 0.204 9.8 4 0.24* 10.1 £0.244 3.540.134 324 11748
FD-BB 0.6 Organic 11.3 £ 0.46* 9.7 +£0.214 9.5+ 0214 3.540.43% 3.0 &+ 1.26"P
NFD-BB 0.3 Organic 11.3 4 0.904 9.8 +0.18" 9.7 £ 0.59% 3440328 2.440.88"
NFD-BB 0.6 Organic 1144 0.194 9.9 +0.25% 10.1 4 0.794 3.5+0.20% 2.7 £ 1.0348
FD-BB 0.3 Conventional 11.2 £ 0.694 9.9+ 1.0 9.5+ 134 3.44032% 3.0 £ 0.784F
FD-BB 0.6 Conventional 11.3 £0.074 9.6 & 0.38* 9.9 £ 0.49* 334007 3240918

Cornelian cherry

CTRL-CC 0 - 10.4 £ 1.04 9.3 4 0.99F 9.4+ 1148 2.6+2.14 2.7 4+0.714
FD-CC 0.3 Organic 10.3 & 1.124 9.0 £ 0.58"F 9.5+ 0.591B 1.6 £1.8% 2.9+ 0.8348
FD-CC 0.6 Organic 10.1 & 1.254 9.0 £ 0.0348 9.4 +0.2848 2.4 +24%8 2.9 +1.0448
NFD-CC 0.3 Organic 11.140.754 9.5+ 0.9248 9.8 +£0.59* 2.1+ 1748 2.8 +£0.6348
NFD-CC 0.6 Organic 112 +£1.324 9.9 4 0.68* 10.2 £0.374 14 +14° 3.1 4 0.59F
FD-CC 0.3 Conventional 11.0 £1.24 9.4 4 0.194F 9.7 & 0.807F 324124 3.240.534F
FD-CC 0.6 Conventional 10.0 £ 1.04 8.8 +£0.248 8.7 +£0.548 354024 3.5+0.948
NFD-CC 0.3 Conventional 10.1 4 1.24 8.9 +0.358 8.6+ 0.618 3.0+ 1.64 3.2 4+ 0.404B
NFD-CC 0.6 conventional 10.5 £ 1.44 9.3+ 0.68 8.8 4 0.438 334144 3.6 +0.598

For each column and each enrichment (blackcurrant and cornelian cherry), bacterial count and TPC values with A and B superscripts are significantly different (p < 0.05, one-way ANOVA
with post- hoc Tukey HSD).

Microbial counts are expressed as the mean value of Log CFU/g cheese + standard deviation onto M17 at 30°C (mesophilic lactococci), M17 at 45°C (thermophilic lactococci), MRS at
45°C (thermophilic lactobacilli), and VRBA at 37°C (Coliforms). TPC is expressed as mg GAE equivalent per g of cheese. FD, freeze-dried; NFD, not freeze-dried; CTRL, Control; BB,
blackcurrant berry; CC, cornelian cherry.

(organic vs. conventional) were compared by analyzing 2.5in CTRL cheeses to a maximum value of 3.2 mg GAE/g when
BB and CC cheeses separately (Table2). Plate counts of freeze-dried organic BB was added at 0.6%. Cheeses enriched
thermophilic lactococci and lactobacilli were significantly with CC showed higher TPC than BB cheeses and CTRL cheeses
lower in cheeses enriched with conventional than organic (2.7mg GAE/g cheese). Cornelian cherries from conventional
CC. By contrast, coliforms were significantly lower in the farming were able to significantly increase the cheese TPC to
cheeses enriched with organic than in conventional CC. BB a maximum value of 3.6 mg GAE/g cheese when not freeze-
cheeses did not show any difference for any of the considered dried conventional CC was used; while with the organic CC, a
microbial groups. significantly higher TPC was observed when not freeze-dried CC

was used at 0.6% (2.9 mg GAE/g cheese).

Polyphenol content NMR metabolite profile of cheeses
Analyzing the TPC in the enrichment ingredient samples, we The quantitative evaluation of the aqueous and
could see the mean values of 1,525 and 1,097 mg GAE per 100 g lipidic extracts of the Caciotta-like cheeses is shown in
of raw blackcurrant and Cornelian cherry samples, respectively. Supplementary Table 1. The NMR spectrum of the aqueous
The TPC values in cheeses added with BB (Figure 3) and CC extracts exhibited sharp peaks, assigned to free amino acids
(Figure 4) are listed in Table 2. All the conventional BB cheeses (FAAs), organic acids such as acetic, citric, formic, pyruvic,
had higher TPC than CTRL cheeses and the difference was lactic, and tartaric acids, and other metabolites (glucose,
significant when 0.6% of conventional BB was added (3.2 mg 2,3-butanediol, ethanol, DMS, histamine, and lactose). No
GAE/g cheese). The organic BB increased TPC in cheeses from significant difference was reported for 0.3% enriched cheeses.
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FIGURE 3
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Total Polyphenol Content (TPC) in cheeses added with blackcurrant (BB) expressed in mg GAE/g cheese. CTRL: controls in red; NFD_C3: 0.3%
not freeze-dried conventional BB cheeses; NFD_C6: 0.6% not freeze-dried conventional BB cheeses; FD_C3: 0.3% freeze-dried conventional
BB cheeses; FD_C6: 0.6% freeze-dried conventional BB cheeses; FD_O3: 0.3% freeze-dried organic BB cheeses; FD_0O6 0.6% freeze-dried
organic BB cheeses; NFD_O3: 0.3% not freeze-dried organic BB cheeses; NFD_O6: 0.6% not freeze-dried organic BB cheeses. The thick
horizontal black bars indicate the medians; the boxes indicate the range between the first (25th percentile) and the third quartile (75th
percentile). The whiskers represent extreme values. Significant differences between CTRL and enriched cheeses are indicated by an asterisk (*:
p-values <0.05). n = 3 for enriched cheeses; n = 6 for CTRL cheeses. The TPC boxes significantly different are in green color.

FIGURE 4
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Total Polyphenol Content (TPC) in cheeses added with Cornelian cherry (CC) expressed in mg GAE/g cheese. CTRL: controls in red; NFD_C3:
0.3% not freeze-dried conventional CC cheeses; NFD_C6: 0.6% not freeze-dried conventional CC cheeses; FD_C3: 0.3% freeze-dried
conventional CC cheeses; FD_C6: 0.6% freeze-dried conventional CC cheeses; FD_O3: 0.3% freeze-dried organic CC model cheeses; FD_O6
0.6% freeze-dried organic CC cheeses; NFD_0O3: 0.3% not freeze-dried organic CC cheeses; NFD_O6: 0.6% not freeze-dried organic CC
cheeses. The thick horizontal black bars indicate the medians; the boxes indicate the range between the first (25th percentile) and the third
quartile (75th percentile). The whiskers represent extreme values. Significant differences between CTRL and enriched cheeses are indicated by
an asterisk (*: p < 0.05; ***: p < 0.001). The number of replicates: n = 3 for all enriched model cheeses; n = 6 for CTRL. The TPC boxes
significantly different are in green color.
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TABLE 3 Identified compounds in CTRL and cheeses enriched with 0.6% of BB and CC by NMR analysis.

Compounds BB vs. CTRL-BB cheeses BB vs. CC cheeses CC vs. CTRL-CC cheeses
Acids
Acetic acid —1.01 —1.01 1.00
Citric acid 1.06 —1.00 1.07
Formic acid —1.02 1.56* —1.59
Pyruvic acid 1.41 —1.43 2.03%*
Lactic acid 1.13* 1.52%* —1.35%*
Tartaric acid —1.16 —1.2 1.04
Sugars
Alpha-D-glucose —1.47* —L.71% 1.17
Beta-D-glucose —1.33* —1.53** 1.15
Lactose 1.09 1.01 1.08
Arginine 1.14 1.10 1.04
Amino acids
Aspartic acid 1.17* 1.26%* —1.08
Leucine 1.08 —1.14 1.22
GABA® 1.14* 1.26"* —111
Tyrosine 1.15 1.12 1.03
Others
2,3-Butanediol 1.10 —1.03 1.13
Ethanol 1.10 1.08 1.01
DMS* 1.14 1.22 —1.06
Histamine 1.45** 1.83** —1.27x%

Significance *p < 0.05, **p < 0.001, ***p < 0.0001.

A DMS: Dimethylsulfide.

B GABA: y-Aminobutyric acid.

Fold changes (FC) of compound accumulation in 0.6% BB, 0.6% CC, and CTRL cheeses have been considered. Positive FC indicates an increase in metabolite concentration; negative FC
indicates a decrease in metabolite concentration.

To highlight differences due to the 0.6% dose of blackcurrant 0.6%) are the only discriminants in the final definition of the
or Cornelian cherry, the metabolite levels in 0.6% enriched cheese composition.
and CTRL cheeses are compared, as reported in Table 3. PCoA of the NMR spectra from aqueous extracts of the
Aspartic acid, lactic acid, GABA, and histamine significantly cheese samples for the differences in terms of added ingredients
increased when cheeses were enriched with 0.6% BB, with (BB or CC) is presented in Figure 5. The representative points
histamine displaying a higher accumulation in 0.6% enriched of the cheese samples are mapped in the space spanned
BB cheeses than in CTRL and 0.6% CC cheeses (FC of 1.45 by the first two principal components: PC1 vs. PC2. This
and 1.83 compared with CTRL and CC cheeses, respectively). scores plot is illustrating a reasonable clustering appearing
Alpha-D-glucose and beta-D-glucose showed a significantly according to the enrichment with 25% of variance captured
lower accumulation in 0.6% BB cheeses, whereas no significant by the first PC and 23% by the second PC. To find out
changes were detected in acetic acid, 2,3-butanediol, citric acid, precisely which regions of the NMR spectra have caused the
DMS, ethanol, lactose, leucine, and tartaric acid (Table 3). separation among the CTRL, BB, and CC cheeses, the loading
There was no significant difference in the metabolite plot of the related PCoA model is shown in Figure 6. This
profile comparing the supplier farm (organic or conventional, loading plot shows the regions of the NMR spectra, which are
Supplementary Table 1) or the ingredient processing (freeze- responsible for the clustering appearing in the scores plot of
drying or not freeze-drying) indicating that only the ingredient the cheeses. Peaks with different levels between the BB and
(blackcurrant or Cornelian cherry) and the dose (0.3% or CC enrichments appeared in the same region of the scores
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Scores plot of a two-component PCoA model of NMR spectra

showing sample clustering according to ingredient addition:

CTRL cheeses (black circles), BB cheeses (yellow), and CC

cheeses (pink). Squares are for the addition of 0.6% and triangles

for the addition of 0.3% of the ingredient.

(Figure 3) and the loadings plot (Figure 6). In Figure 5, it is
clearly shown that PC2 is capturing most of the variations
between the BB and CC enrichments. The inspection of
Figure 4 indicates that GABA, histamine, and organic acids
such as lactic acid, formic acid, and aspartic acid levels are
found somewhat higher in BB than in CTRL and CC cheeses,
and by contrast, lower levels of glucose monosaccharides:
alpha-D-glucose and beta-D-glucose are found in BB than in
CTRL and CC cheeses. The scrutiny of the higher-order PCs
(three, four, and five PCs) indicated no additional separation
between enrichment.

Regarding the NMR spectrum of the lipidic extracts, no
significant difference was noticed comparing CTRL, BB, and CC
cheeses (Supplementary Table 1).

Organoleptic evaluation

The relationships between enrichment with BB or CC
and organoleptic characteristics of cheeses are summarized in
Table 4. There was no significant difference (p > 0.05) in the
odor, texture, and taste characteristics of cheeses. The panelists
gave a significantly higher score to the color of CTRL than
BB cheeses.

Discussion

The aim of this study was to evaluate the effects of the
BB and CC enrichment in Caciotta-like cheeses not only on
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TPC but also on the microbial population, the organoleptic
attributes, and the composition of the cheeses at the end of
the ripening.

In general, the addition of BB and CC to cheese did not have
a severe impact on cheese production.

The acidification process was monitored during the steps
of cheese manufacturing. The results of the analysis showed a
decrease in pH in all the cheeses, according to expectations. The
starter cultures worked efficiently without inhibition neither by
BB nor CC enrichment, and acidification activity was always
lowering the pH in the cheese.

Considering microbial counts, the addition of BB in cheese
did not significantly change the counts of LAB or coliforms.
By converse, the addition of CC and in particular conventional
CC was affecting the counts of thermophilic LAB (lactococci
and lactobacilli) and coliforms, and in particular, when the
thermophilic LAB was significantly lower, the coliforms were
significantly higher. In the literature, the antimicrobial activity
of extracts of Cornelian cherry fruits is generally known (63, 64),
but to the best of our knowledge, there is no study about the
differences in antibacterial activities between conventional and
organic Cornelian cherries.

About the TPC evaluation, blackcurrant and Cornelian
cherry showed values of 1.53 and 1.10 mg GAE/100 g of berries,
respectively. Blackcurrant TPC is in agreement with previous
works (65); Cornelian cherry TPC is 10-fold higher than the
values found in other studies (66). Dzydzan et al. (67) showed
that the high variability of the TPC in Cornelian cherries
is related to the cultivar and fruit color. Considering the
TPC measured in cheese, our analysis showed that even if
TPC values were higher in blackcurrant than in Cornelian
cherries, by converse, BB cheeses showed lower TPC than
CC cheeses.

Comparing BB- and CC-enriched cheeses with their
respective CTRL, higher TPC was found only when BB and
CC from conventional farming were used and in particular at
0.6% dose, whereas no significant difference was found between
cheeses enriched with BB and CC from organic farming. Freeze-
drying of BB and CC was not a key factor in the TPC of
enriched cheeses. We speculated that the typology of farming
(organic or conventional) altered the profile of the produced
polyphenols. The differences in the polyphenol profiles are not
indicated by the Folin-Ciocalteu test, which is not a specific
method for polyphenols, since it is based on the reductive
potential of all the compounds which may react with the reagent
(55). The polyphenols derived from conventional farming, even
if in similar amounts, could be different compared with the
ones produced under organic farming. This explanation could
also fit with the microbial plate counts: the different profiles
of polyphenol compounds from conventional farming could
have different and selective antimicrobial activities that were
more evident when conventional CC was used as enrichment
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FIGURE 6
Loading plot of a two-component PCoA model of NMR spectra showing sample clustering according to ingredient addition

in cheeses. To the best of our knowledge, there is no
work with information about the effect of different types
of polyphenols on different microbial groups. Furthermore,
model cheeses are in need to be manufactured with higher
amounts of blackcurrant and Cornelian cherry to check this
speculation, and accurate profiling of polyphenols in BB and
CC is in progress to understand if the observed antibacterial
activity against thermophilic LAB is depending on the type of
polyphenol compounds.

Regarding the metabolite composition of the cheeses, we
found that acetic acid, 2,3-butanediol, dimethyl sulfide, ethanol,
leucine, and pyruvic and tartaric acids were not impacted
by the enrichment, probably because these compounds are
found as common neither in cheese nor in blackcurrant and
Cornelian cherry (37, 38). Several compounds with different
concentrations depending on the blackcurrant and Cornelian
cherry cheese enrichment were found. The significantly higher
amount of lactate and significantly lower amount of lactose
and glucose (constituent monosaccharide of lactose) in 0.6%
BB-enriched cheeses than in CTRL and CC cheeses could be

Frontiersin Nutrition

12

indicative of higher lactose metabolism, and therefore of the
impact that BB could have on the LAB which are the effective
main factors in the production of the lactate from lactose (68).
LAB metabolized lactose by fermentative pathways, producing
also other compounds such as formic acid. The fermentation
of the sugars in organic acids is an essential event in cheese
manufacturing for the production of good quality cheese, since
the presence of left fermentable carbohydrates may lead to the
development of undesirable secondary flora. In parallel with the
sugar decrease, in 0.6% BB cheeses, we could see a significant
increase in organic acids and, in particular, lactic acid which
is the major product of carbohydrate catabolism by LAB (68).
Histamine is a biogenic amine that again was found significantly
higher in BB than CC cheeses and could be a LAB product from
the decarboxylation of histidine in cheese (69). Histamine could
have toxicological effects. The provisions of European Union
regulations specify a permissible level of histamine only for fish
and fish products, (70) and there are no established criteria
relating to the level of this amine in cheeses. The US Food
and Drug Administration considers a danger to health if the
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TABLE 4 Organoleptic evaluation of processed cheeses after 4 weeks of ripening, as affected by enrichment (blackcurrant or Cornelian cherry) dose
of the enrichment (0.3 or 0.6%) and farming system (conventional or organic).

Amount (%)  Farming Color Taste Texture Total score

system

Blackcurrant berries

CTRL-BB 0 - 7.8+ 0.6 7.0 £ 1.0A 6.8+ 1.14 6.9+ 1.14 2854254
FD-BB 0.3 Organic 6.8 +0.98 71+ 114 7.2+ 1.04 6.8 +£1.24 27.9 £3.14
FD-BB 0.6 Organic 6.4+ 1.0¢ 7.1+12% 7.1+ 144 71+ 1.04 27.7 £33
NFD-BB 0.3 Organic 6.8 +0.8% 7.1+ 1.0% 6.8 £ 1.24 6.7 £0.9% 27.4 £2.64
NFD-BB 0.6 Organic 6.7+ 1.08 6.7 £ 124 6.8+ 1.14 6.7 +0.8% 26.8 +3.14
FD-BB 0.3 Conventional 6.8+ 0.88 7.0 £ 114 6.7+ 1.14 714094 27.7 £2.9%
FD-BB 0.6 Conventional 6.8+ 1.18 7.0+ 1.14 6.7+ 1.6" 6.6+ 1.1 27.1£3.8

Cornelian cherry

CTRL-CC 0 - 7.7 £ 0.9% 7.4+074 724094 7.1 4094 29.5 4+ 2.5
FD-CC 0.3 Organic 7.0 £ 0.948 6.9 £ 094 7.14£094 6.7+ 1.0 27.7 224
FD-CC 0.6 Organic 6.9 & 0.948 7.3+£074 6.7+ 1.14 6.6+ 0.9% 27.5 4+ 2.4
NFD-CC 0.3 Organic 7.4+ 0.848 7.1+£094 714134 6.9+ 1.14 28.6 + 3.3
NFD-CC 0.6 Organic 6.7 £ 1.1A8 7.6+ 1.14 6.7+ 114 7.0 +0.8% 28.0 £3.34
FD-CC 0.3 Conventional 7.2+ 1.048 7.5+ 094 6.8 +1.04 6.9+ 1.04 283 +£3.14
FD-CC 0.6 Conventional 6.9 £ 0.8A8 7.4+08" 6.9 & 1.0 6.7 + 1.0 27.8 2.5
NFD-CC 0.3 Conventional 6.9 & 0.8A8 7.4+£074 73+ 124 6.8+ 1.0 28.4 4 2.4*
NFD-CC 0.6 Conventional 6.6+ 098 7.3£094 6.8+ 1.0 6.7+ 114 273 4+29%

For each column and each enrichment (blackcurrant and cornelian cherry), organoleptic scores values with A and B superscripts are significantly different (p < 0.05, one-way ANOVA
with post-hoc Tukey HSD).

FD, freeze-dried; NFD, not freeze-dried; CTRL, Control; BB, blackcurrant berry; CC, cornelian cherry. The scores are represented as mean values =+ standard deviation. The Total Score is
the sum of all four scores of the four attributes.

histamine level is higher than 500 mg/ Kg (71), and our cheeses addition of BB to cheeses has to be further investigated through
always showed histamine amounts lower than this cutoff. in vitro tests.

Cheeses enriched with 0.6% BB also showed increased We speculated that these significant differences in metabolic
significant levels of several amino acids, including arginine, profile between BB vs. CC and CTRL cheeses could be
aspartic acid, GABA, and tyrosine that again were consistent caused by some positive modulation of blackcurrant on LAB.
with the idea that BB could positively impact the metabolism of This positive modulation could be attributable to an attitude
the caseins in free amino acids, the consequence of a successful of the LABs more ready to metabolize the polyphenols
LAB proteolysis activity, which is the major process in the typical of blackcurrant than those of Cornelian cherry.
formation of the texture, flavor, and aroma during cheese The LAB polyphenols metabolism could be a compound
ripening (68). In particular, regarding GABA production, it selective toward polyphenols present in blackcurrant than
was one of the main distinctive compounds produced in BB the ones present in Cornelian cherry. From the literature,
cheeses. GABA is usually produced in cheese by glutamic acid polyphenol profiles of blackcurrant and Cornelian cherry
decarboxylation by LAB (72), and this compound could be a are very different: blackcurrant is rich in delphinidin 3-O-
further confirmation of the positive effect of blackcurrant on the rutinoside and cyanidin-3-O-rutinoside while two of the main
LAB activities. The previous study showed that some lactobacilli compounds present in Cornelian cherries are cyaniding-3-O-
species, also used as a dairy starter, could be positively affected galactoside and pelargonidin-3-O-galactoside (47, 75). The use
in their growth by phenolic extracts such as catechins and of blackcurrant polyphenols by dairy LAB could explain the fact
epicatechins (73), and are very common in blackcurrant. GABA that although blackcurrant had higher polyphenol content, the
is a bioactive compound with the potential for beneficial effects respective cheeses showed a lower TPC than those enriched with
in humans (72, 74), and the GABA increase following the Cornelian cherries.
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Conclusion

In conclusion, our results show that the cheese enrichment
with conventional blackcurrant and Cornelian cherry was
able to improve TPC, by increasing the bioactive potential
of these cheeses, without altering the taste and the overall
organoleptic evaluation. We never noticed the undesired
effect of polyphenols on the LAB community, confirming the
possibility of the use of both blackcurrant and Cornelian cherry
in cheeses even at the higher tested concentration (0.6%).
Analyzing the NMR results, it is evident that a metabolite
compositional change in 0.6% BB cheeses could be indicative
of an active bacterial fermentation process ascribed to the
activity of the LAB added as a starter. Although different
factors may influence the cohabitation of LAB in the cheeses,
the results can be read in terms of the positive effect of
blackcurrant on the growth of LAB in the cheese. Additional
studies in vitro could be very useful to test the activity of
blackcurrant extracts on LAB. A possible next step would
be to scale up the production of the enriched Caciotta-like
cheese in a cheese factory and to evaluate the shelf life of
this product.
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