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Abstract Powders obtained from three grape pomaces
(Barbera, Chardonnay before distillation, Chardonnay after
distillation) were added at two concentration levels (0.8 and
1.6 % w/w) into semi-hard and hard cheeses (Italian Toma-like
and Cheddar, respectively) to increase their polyphenol con-
tent. Effects on physicochemical characteristics, total phenolic
content (TPC), radical scavenging activity (RSA), proteolysis,
organic acids content, starter and non-starter bacteria were
evaluated during ripening. The amount and the type of powder
used did not significantly affect the physicochemical parame-
ters of cheese with the exception of pH their values. Italian
Toma-like and Cheddar cheeses fortified with Chardonnay
after distillation powder showed at the end of ripening (30 days
and 120 days respectively) the highest TPC and RSA values.
Proteolysis and microbial counts did not show statistically
significant differences between fortified and control cheeses.

Highlights

1. Grape pomace powder can be used as raw material in cheese making
process.

2. Grape pomace powder increase cheese total phenolic content and
antioxidant activity.

3. Grape distillation process allows a major release of bioactive
compound.

4. Addition of grape pomace powder has not effect on cheese proteolysis.

5. Grape pomace powder did not interfere with lactic bacteria growth
during ripening.
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This study demonstrated that grape pomace powder can be a
functional ingredient to increase TPC and RSA in consumers'
diets and the addition of this by-product to cheese is an envi-
ronmentally friendly way to manage winemaking wastes.
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Introduction

Grape pomace (GP), composed of a mix of grape seeds and
skins, corresponds to approximately 62 % of total waste gen-
erated during the winemaking process. Although part of GP is
distilled for ethanol extraction, the majority of this by-product
is discarded with several environmental and economic conse-
quences (Ruggieri et al. 2009). Contrary to fresh GP, distilled
GP is not currently used by industries, therefore the need of
disposal still present and need to be solved. Nevertheless fresh
and distilled GP are a rich source of high-value products like
tartaric, malic and citric acid, bioactive compounds such as
dietary fibre and, especially, polyphenols (Teixeira et al. 2014)
with anti-inflammatory, anticancer, antimicrobial and cardio-
vascular protective properties to benefit human health
(Teixeira et al. 2014).

In previous studies, GP powder (GPP) was successfully
used as ingredient in pasta (Sant’Anna et al. 2014), tomato
puree (Lavelli et al. 2014), tea infusion (Cheng et al. 2010),
minced fish (Sanchez-Alonso et al. 2007), salad dressing
(Tseng and Zhao 2013), biscuits (Mildner-Szkudlarz et al.
2013) and bread (Mildner-Szkudlarz et al. 2011). Similarly,
grape seed powder was employed in the production of differ-
ent foodstuffs, such as cereal bars, pancakes and noodles
(Rosales Soto et al. 2012), frankfurters (Ozvural and Vural
2011), and bread (Hoye and Ross 2011).
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The use of fresh or distilled GPP as ingredient in foods
combines the need for green production, minimizing by-
product treatment costs, creating a new source of income to
grape producers and increasing consumer interest in healthier
foods. Furthermore, the addition of grape by-products to foods
may represent a novel strategy for the production of functional
foods with a natural source of antioxidants.

In dairy products, GPP was only used in yogurt formula-
tion by Tseng and Zhao (2013), leading to increased antioxi-
dant activity and dietary fiber content. Therefore, among dairy
products, cheese could be an interesting way of GPP addition,
owing to its contribution to protein, calcium, phosphorus and
magnesium intake in human daily diet (Apostolidis etal.
2007). To our knowledge, no studies regarding the addition of
fresh or distilled GPPs to cheese and its impact on ripening are
present in literature. The aims of this work were to evaluate
the feasibility of adding these by-products into semi-hard and
hard cow’s milk cheeses (Italian Toma-like and Cheddar, re-
spectively) and to define the effect of this addition on their
ripening.

Material and methods
Grape pomace powder (GPP) production

White grape pomaces of Chardonnay cultivar were provided
by a distillation factory (Bonollo, Padova, Italy) while the red
grape pomaces of Barbera cultivar were provided by a
winemaking factory (Cantina Clarea, Turin, Italy). For
Chardonnay grape pomaces were used fresh and after
distillation.

Grape pomaces were sieved to remove grape seeds
and the skins obtained were vacuum packed before being
stored at —20 °C until drying.

Grape pomaces were dried with a Memmert UFE 550 oven
(ENCO, Spinea, Italy) at 54 °C for 48 h and milled with a
ZM200 grinder (Retsch Gmbh, Haan, Germany) to a particle
size of 250 pum. The powders obtained were stored in sealed
polyethylene bags at 4 °C until cheesemaking.

Toma-like cheese production

Raw cow’s milk (fat 3.6 %; protein 3.1 % and lactose 4.8 %)
was pasteurised at 63 °C for 30 min, cooled to 38 °C and then
inoculated at a level of 2 % (w/v) with Choozit star 2
starter culture (Santamaria, Burago di Molgora, Italy)
and left for 30 min prior to addition of liquid calf ren-
net Extra 10,000 (Santamaria, Burago di Molgora, Italy)
at a level of 0.35 mL L.

Coagulum was cut and the curd/whey mixture was stirred
continuously for 10 min. The whey was drained and curd was
subdivided in seven batches then GPPs were added and
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manually mixed. The addition levels of GPPs were (w/w):
0 % (Control); 0.8 % of Chardonnay before distillation
(ChBDO0.8); 1.6 % of Chardonnay before distillation
(ChBD1.6); 0.8 % of Chardonnay after distillation
(ChADO0.8); 1.6 % of Chardonnay after distillation
(ChAD1.6); 0.8 % of Barbera (BARO.8) and 1.6 % of
Barbera (BARI1.6).

Curds were placed in round moulds (0.5 kg), pressed
(12 h), brine salted (8 h) then ripened at 4-6 °C for 30 days.
Three independent cheesemaking trials were performed.

Cheddar production

Raw cow’s milk was standardized to a protein to fat ratio of
0.70:1, pasteurised at 73.5 °C for 20 s, cooled to 30 °C and
inoculated at a level of 0.03 % (w/v) with R-604Y starter
culture (Chr. Hansen Ltd., Little Island, Cork, Ireland) and left
for 30 min prior to the addition of 0.9 mL L™ of 1 mol
calcium chloride solution (Fluka-Sigma Aldrich, Milan, Italy).
After 2 min, liquid rennet Chymax Plus (200 IMCU mL ™",
Chr. Hansen Ireland Ltd) was added to milk at a level of
03mLL™".

Coagulum was cut and the curd/whey mixture was allowed
to heal for 10 min and then stirred continuously. Curd was
heated from 31 to 39 °C over 30 min. The whey was drained
at pH 6.15, curd was cheddared to pH 5.35 and then milled.
The curd was subdivided into seven batches, dry-salted at
2.5 % (w/w) and GPPs were added as previously described
for Toma-like cheese. Cheeses were mellowed for 20 min,
placed in round moulds (2 kg), prepressed at 0.13 kPa for
30 min then pressed overnight at 2.5 kPa. The cheeses were
vacuum packaged and ripened at 8 C for a period of 120 days.
Three independent cheesemaking trials were performed.

Chemicals

All reagents, standards and solvents were purchased from
Sigma-Aldrich (Milano, Italy). All chemicals were of analyt-
ical or higher grade, and ultrapure water was produced with a
Milli-Q System (Millipore, Milan, Italy).

Chemical composition

GPPs and both cheese types at the end of ripening were
analysed for gross composition. Moisture was evaluated by
an oven drying method at 102 °C, total protein and pH 4.6-
soluble nitrogen were determined by Kjeldhal method, and
ash was determined according to AOAC 942.05 (AOAC
2000). Cheese fat was determined by the FIL-IDF Standard
5A method (FIL-IDF 1969) and GPP fat was determined by
AOAC 996.06 (2001).

Cheese pH was measured electrometrically (against two
reference buffer solutions) by means of a penetration electrode
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Microph 2002 (Crison Strumenti SpA, Carpi, Italy) inserted
directly into cheese. All analyses were performed in triplicate.

Proteolysis

The pH 4.6-soluble and -insoluble fractions were extracted
according to the method of Hayaloglu et al. (2004). Urea-
polyacrylamide gel electrophoresis was carried out on the in-
soluble fraction using the procedure described by Bertolino
et al. (2011). Densitometric analysis was performed on the
scanned image using gel analysis software TotalLab 1D
(Nonlinear Dynamix, Newcastle upon Tyne, UK).

Toma-like cheeses were sampled at 5, 10, 20, 30 days over
the ripening period. Cheddar cheeses were sampled at 14, 30,
60, 120 days over the ripening period.

Antioxidant capacity of GPPs and cheeses
Extraction of bioactive compounds

The bioactive compounds extraction was carried out as de-
scribe by Apostolidis et al. (2007) with slight modifications.
Briefly, 5 g of cheese or 0.040 g of GPP were added to 10 mL
of ultrapure water and mixed in a stomacher LAB Blender 400
(PBI, Milan, Italy) for 5 min at 230 rpm. The slurries were
centrifuged (16.800 x g, 10 min, 4 °C) and the supernatants
were collected, filtered through 0.45 pm polypropylene mem-
brane filter (VWR, Milan, Italy), and stored at —18 °C in
amber glass vials until further analyses. Extraction was con-
ducted in triplicate for each trial.

Total phenolic content

The total phenolic content (TPC) was assayed using the meth-
od of Apostolidis et al. (2007) with some modifications.
Briefly, 500 pL of extract was mixed with 500 uL of 95 %
ethanol and 2.5 mL of ultrapure water. To each sample,
250 uL of 50 % (v/v) water solution of Folin-Ciocalteau re-
agent was added and mixed. After 5 min, 500 puL of 5 % (w/v)
Na,CO; were added to the reaction mixture and allowed to
stand for 60 min in the dark. The sample mixture was centri-
fuged (16,800 x g, 10 min, 20 °C) and the absorbance was
read at 725 nm. The absorbance values were converted to total
phenolic and were expressed as milligrams equivalents of gal-
lic acid per gram (GAE mg g ') of sample. Standard curve
was established using various concentrations of gallic acid in
water (0—750 umol). The assay was conducted in triplicate for
each trial.

DPPH radical scavenging capacity

The free radical scavenging activity (RSA) of the extracts was
determined according to the method proposed by Apostolidis

et al. (2007) using the free radical 2,2-diphenyl-1-
picrylhydrazyl (DPPH"). Briefly the extract (250 pL) was
added to 3 mL of 60 uM DPPH’ ethanol solution and incu-
bated for 1 h at room temperature in the dark. Samples mixture
were centrifuged (16,800 x g, 10 min, 20 °C), before reading
the absorbance decrease at 517 nm against ethanol as a control
and ethanol solution of DPPH" as a blank. The inhibition
percentage of the DPPH" by the extracts was calculated ac-
cording to the formula:

Inhibition% = [(Aomin — Asomin)/Aomin] % 100

where Ao, 1S the absorbance of the control at = 0 min, and
Agomin 18 the absorbance of the samples at 60 min. The results
were expressed as pumol Trolox equivalents (TE) per
gram of sample by means of a dose-response curve for
Trolox (0-350 wmol). The assay was conducted in triplicate
for each trial.

Organic acids content

Organic acids content was determined according to the meth-
od of Bertolino et al. (2011). Cheese samples (5 g) were added
to 25 mL of 0.013 N H,SO,4 and mixed in a stomacher LAB
Blender 400 (PBI, Milan, Italy) for 10 min at 230 rpm. The
slurry was subsequently centrifuged (4000 x g, 10 min, 10 °C)
and the supernatant was filtered through a 0.45 pm polypro-
pylene membrane filter (VWR, Milan, Italy). lon-exchange
high-performance liquid chromatography was used to deter-
mine organic acids in all samples.

The HPLC system (Thermo Quest, San Jose, CA) was
equipped with a P4000 isocratic pump, a multiple autosampler
AS3000 fitted with a 20-uL loop, an UV detector (Spectra
Focus UV100, Thermo Quest) set at 210 nm. ChromQuest
software version 3.0 (Thermo Quest) was used for instrument
control and UV-data collection and processing.

The analyses were performed isocratically at 0.8 mL min
and 65 °C with a 300 x 7.8 mm i.d. cation exchange column
(Aminex HPX-87 H) equipped with a cation H" microguard
cartridge (Bio-Rad Laboratories, Hercules, CA, USA).
Mobile phase was 0.013 N H,SO,. Identification was
achieved by comparing the retention times and spectra with
those of authentic standards. Two analyses were performed for
each sample.

1

Microbial counts

Cheese samples (10 g) were added to 90 mL of sterile
2 % (w/v) trisodium citrate solution and mixed in a stomacher
LAB Blender 400 (PBI, Milan, Italy) for 4 min at 230 rpm.
Decimal dilutions in quarter-strength Ringer’s solution
were prepared, and aliquots of 1 mL of the appropriate dilu-
tions were spread in triplicate on the following media: (i) De
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Man Rogosa and Sharpe agar (MRS, Oxoid, Milan, Italy) for
non-starter (NSLAB), incubated in microaerophilic conditions
at 30 °C for 48 h; (ii) M 17 agar (Oxoid) for Streptococcaceae
(SLAB) incubated at 30 °C for 48 h. Results were cal-
culated as the means of log colony forming units (CFU)
for three independent determinations. Samples were analyzed
in duplicate.

Data analysis

A one-way analysis of variance (ANOVA) with Duncan’s test
for mean comparison was used to highlight significant differ-
ences among the cheese samples. All calculations were per-
formed with the STATISTICA software for Windows
(Release 7.0; StatSoft Inc., Tulsa, OK, USA).

Results and discussion
Chemical composition of GPPs

Table 1 shows the chemical composition of GPPs and the
results of variance analysis. Barbera GPP had the lowest mois-
ture content and it was also characterized by the lowest protein
content. The high Barbera ash value was probably due to the
winemaking process where the crystallization and precipita-
tion of tartrates occur.

The distillation process allows the extraction of fat, there-
fore Chardonnay after distillation GPP showed the lowest fat
content. Among the other parameters no differences were
highlighted for Chardonnay due to the distillation process.

The TPC of the GPP ranged between 3.64 and 16.06 GAE
mg g ' with the highest value assessed for ChAD (Table 1).
The TPC of ChBD was very close to those reported recently
by Sri Harsha et al. (2014) in grape pomace samples of
Chardonnay recovered after the winemaking process (4.6

Table 1
variance analysis"

and 6.7 GAE mg g ). Contrary to other reports (Deng et al.
2011; Sri Harsha et al. 2013), the phenolic content of BAR
pomace recovered from red winemaking was lower than that
of white Chardonnay. Sri Harsha et al. (2013) reported value
of TPC in Barbera grape pomace around 8 times higher than
that determined in our samples. This different behaviour could
be explain by the different extraction technique adopted,
where a soft extraction with water applied in this work was
replaced with an exhaustive extraction with 80 % acidified
methanol, the most common solvent system used for extrac-
tion of anthocyanins (Cheynier 20006).

As expected, the radical scavenging activity of GPP ex-
tracts was well related to TPC and followed the same order,
with ChAD characterized by the highest value. The highest
values detected in ChAD for both assays highlighted the
important role played by distillation process in the release of
bioactive compounds. This result was in agreement with
Parejo et al. (2002) who evaluated different extracts of herbs
and aromatic plants before and after being distilled for essen-
tial oils production.

Cheese gross composition

Table 2 shows the gross composition of cheeses and the results
of variance analysis. Despite the addition of GPPs, the gross
composition of Toma-like cheeses was comparable to that
reported by Ambrosoli et al. (1998) and also for Cheddar, its
gross composition is similar to that previously reported
(Bansal et al. 2009).

Most parameters showed no statistical differences in com-
position between Control cheeses and fortified cheeses due to
GPP addition. GPP addition produced a significant pH de-
crease (p < 0.001) due to the presence of organic acids
(tartaric, malic and citric acids) in grape powder, therefore
the lowest values were measured with the 1.6 % of GPPs
addition.

Gross composition, total phenolic content (TPC) and radical scavenging activity (RSA) of grape pomace powders (GPPs) and results of

Ashes® Fat* Protein® Moisture (%) TPCY RSA*
GPPs BAR 8.26 + 0.06° 5.18 £ 0.5° 1037 + 0.4% 466+ 037 3.64 + 0.04° 27.49 + 0.61°
ChBD 574 £0.12° 6.88 + 0.28° 12.68 + 0.76° 6.26 + 0.42° 5.73 + 0.42° 38.69 + 2.20°
ChAD 6.07 +0.13% 3.85 + 0.20° 13.43 +0.81° 6.47 £ 0.29° 16.06 + 1.06° 44.99 £ 1.77°
Sig. *ok * * * ok sk

WV Data are expressed as mean + SD (n = 3)

BAR Barbera, ChBD Chardonnay before distillation, Ch4D Chardonnay after distillation, 7PC total phenolic content, RSA radical scavenging activity

Different letters within a column indicate significant differences (Duncan test, p < 0.05) between mean values

Significance: * p < 0.05; ** p <0.01; *** p <0.001;
*% (w/w) dry matter

Ymg GAE g

“Inhibition % (at a concentration of GPP 0.04 g/10 mL)
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Table 2  Gross composition in control and cheeses fortified with grape pomace powder and results of analysis of variance
Ashes® Fat* Protein™ Moisture (%) ~ TNY SN* pH

Toma (30 days) Control 280 +£020 27.81+£223 20.05+142 4941 +1.71 3.14+022 898 +0.63 5.25 +0.03¢
BAR0.8  2.80 +021 2693 +0.77 21.81+034 47.75+ 046 342+0.05 10.51+0.92 521 + 0.02°¢
ChBD0.8 3.18 +0.24 28.07 +0.85 21.50+ 130 4530 +391 337+020 10.07 £1.26 522 +0.01%
ChADO0.8 3.07 +£036 26.58 + 1.38 20.77 + 022 51.52 + 2.64 326 +0.04 9.87 +£2.03 5.24 + 0.03%
BAR1.6  3.01 £0.17 24.61 +1.79 2246+ 085 47.71 +0.84 3.52+0.13 1077 £2.29 5.13 £ 0.01*
ChBD1.6 296 +0.57 2652+ 137 22.13+138 4639 +5.81 347+022 875+290 5.19 + 0.04"
ChADI1.6 332+058 25324220 21.64+1.61 4759 +2.07 339+025 892+123 5.16 + 0.03%
Sig. ns ns ns ns ns ns ok

Cheddar (120 days) Control ~ 3.78 £0.18 31.20 = 1.68 25.10 £ 1.63  36.40 +0.92° 393 +£026 17.87 + 1.54™ 5,07 0.01¢
BAR0.S  4.10+0.17 30.62+1.97 2377+1.02 37944053 373+0.16 1849+0.73° 5.00+0.02°
ChBD0.8 3.98+£0.07 30.53+090 2552+095 3645+0.72° 4.00=0.15 1676+143* 5.04+0.01°
ChADO0.8 396 =055 3013033 2440+ 1.15 3653+070° 382=0.18 1762+ 1.11°° 5.04+0.01°
BARL.6 419009 2999 =224 2432+0.67 37.08+073>* 381=£0.10 1852+042° 495+0.01°
ChBDI1.6 4.08+0.14 3135+0.75 2495+ 142 3536+046"° 391+022 16.78+1.24" 5.03+0.02°
ChADL.6 4.10+0.03 30.78+0.98 2480+ 148 37.69+124° 389+023 17.33+0.76° 4.96+ 0.01°
Sig. ns ns ns woAE ns * Rk

W Data are expressed as mean + SD (n =9)
BAR Barbera, ChBD Chardonnay before distillation, Ch4D Chardonnay after distillation; 0.8: 0.8 % grape pomace powder (w/w); 1.6: 1.6 % grape

pomace powder (w/w)

Different letters within a column indicate significant differences (Duncan test, p < 0.05) between mean values Significance: ns = not significant; *

p <0.05; *** p <0.001;

*% (w/w) dry matter

Y% Total Nitrogen (w/w)

“pH 4.6-soluble Nitrogen as % of Total Nitrogen

Due to the precipitation of tartrate during winemaking, the
acid concentration of GPPs increases, therefore cheeses with
added Barbera powder showed lowest pH values. For Toma-
like cheese the pH decreases from 5.25 (Control) to 5.13
(BARI1.6) while for Cheddar the pH decreases from 5.07
(Control) to 4.95 (BARI.6).

For Cheddar cheeses statistically significant differences
within samples were found only for moisture (p < 0.001)
and soluble nitrogen (p < 0.05). Moisture of Cheddar fortified
cheeses was generally higher than Control (+4 % for
BARO.8). These differences are probably due to the water
absorption by the GPPs, since Cheddar ripening is performed
under vacuum, moisture differences are significant, whereas
no differences were found for Toma-like cheeses where ripen-
ing is performed exposed to the air.

Also nitrogen content is higher for cheeses added with
GPPs but only for Cheddar there are significant differences
against Control cheeses.

Proteolysis
Urea-PAGE gel electrophoretograms of Toma-like and

Cheddar cheeses are reported in Fig. 1A and B respectively.
Densitometric analysis of electrophoretograms (data not

shown) showed no significant differences in casein degrada-
tion between control and fortified cheeses for Toma-like or
Cheddar cheeses.

In particular, during the ripening (Fig. 1Ax and Bx), the
typical breakdown patterns of (3-CN and o-CN were ob-
served. Neither (3- nor «-CN were totally degraded at the
end of the ripening and o ;-CN hydrolysed more than (3-CN,
as previously studied on Toma Piemontese cheese by
Bertolino et al. (2008) and on Cheddar by McMahon
et al. (2014).

The band corresponding to the o -I-casein (og-CN 24-
199) was present in electrophoretograms of all samples which
is the first product of rennet action on o -casein. The intensity
of this band increased until the end of the ripening in Toma-
like cheeses, and until day 60 for Cheddar cheeses. Other
bands corresponding to other peptides (marked as z x4;-CN)
and characterised to have a faster mobility than og;-I-casein
(ax51-CN 24-199) were also present and their intensity in-
creased during the ripening.

The action of chymosin on (3-CN corresponds to a faint
band of (3-I-CN (B-CN f1-192) present in all cheeses and its
intensity increased until the end of ripening.

Concerning (3-CN degradation in Toma-like cheeses at the
end of ripening (Fig. 1Ay), ChBD and Control showed a
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Fig. 1 Urea-polyacrylamide gel
electrophoretograms of a Toma-
like and b Cheddar cheeses.
ChAD1.6 Toma-like cheese
during ripening (Ax); Control and
fortified cheeses at day 30 of
ripening (Ay). ChAD1.6 Cheddar
cheese during ripening (Bx);

Ax F% ds dl0 d20 d30
i
B-CN —————555> e S S

B-I-CN (f1-192)

0 -CN ———— 5> - - -
0, --ON (£24-199) > 0 S5 e
s

Ay Sd 1 2 3 4 5 6 7

BON — S - e L .-

B-I-CN (f1-192)
ay,-CN L I
0s)--ON (24-199) . S ey U 0 B

Control and fortified cheeses at
day 120 of ripening (By). Abbrev:
(Std) Sodium caseinate; (1)
Control; (2) ChBDO.8; (3)
ChBDI1.6; (4) ChADO.8; (5)
ChAD1.6; (6) BARO.S8;

(7) BAR1.6

z0g-CN <

Bx

7 0ig,-CN

By

Std d14 d30 d60 d120 Std 1 2 3 4 5 6 7

BON— = v e

B-I-CN (f1-192)
0,-CN

0 --CN (£24-199)— s o S .-

z 0l5,-CN

similar decrease whereas the other fortified cheeses were
characterised by a slightly lower degradation. o;;-CN break-
down of ChBD cheeses was higher than the others that had
have a similar trend, which could be attributed to a greater
microbial activity as demonstrated by the higher lactic acid
concentration (Table 4).

Regardless GPPs varieties, when comparing the effect of
percentage used, it was observed that major addition deter-
mined higher 3- and «4;-CN breakdown, probably due to
the lower pH.

Concerning f3- and «g-CN degradation in Cheddar
cheeses at the end of ripening (Fig. 1By), ChBD and
Control showed a similar decrease whereas the other fortified
cheeses were characterised by a slightly higher degradation.

Regardless GPPs varieties, when comparing the effect of
percentage used, the trend was the same observed for Toma-
like cheeses.

Total phenolic content and antioxidant capacity of cheese

Total phenolic content (TPC) and free radical scavenging ac-
tivity (RSA) of cheeses are reported in Table 3. The phenolic
compounds detected in control cheeses were endogenous phe-
nolic compounds in bovine milk (Kuhnen et al. 2014). In
addition, a portion of TPC values might be derived from the
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reaction of protein and sugar components of the milk with the
Folin-Ciocalteau reagent (Singleton et al. 1999).

The TPC of Toma-like cheeses showed statistically signifi-
cant differences for GPP type at each sampling time, except for
values at day 20. During ripening, the TPC of the control in-
creased to around 41 % between day 5 and 10 and then
remained constant until the last sampling time (p < 0.001). In
cheeses fortified with 0.8 % of GPP, the TPC increased to about
45 %, 32 % and 57 % in ChBD, ChAD and BAR, respectively.
In cheeses fortified with the highest GPP addition (1.6 %), the
TPC increased by approximately 58 % for ChBD, 37 % for
ChAD and 43 % for BAR. Although the TPC of Chardonnay
GPP before and after distillation were very different, the differ-
ences reported between the added cheeses, during the ripening
and for both addition percentages, were not likewise significant.
However, each type of Chardonnay addition tested showed a
similar trend, with early TPC increasing in ChBD samples (day
10) and later in ChAD (day 30). In cheeses with added
Chardonnay GPPs, the percentage of addition significantly af-
fected the TPC assessed at the end of ripening, with mean
increase value of about 8 % and 39 % in 0.8 and 1.6 % of
addition respectively. For BAR GPPs, the percentage of addi-
tion did not significantly affect the TPC of the cheeses.

Considering values at day 30, all fortified cheeses had
higher TPC values compared to the control. For 1.6 % GPP
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Table 3  Total phenolic content (TPC) and radical scavenging activity (RSA) in control and cheeses fortified with grape pomace powder during
ripening and results of analysis of variance *

Toma

Days 5 10 20 30 Significance

TPC* Control 90.44 + 4,13 128.90 + 23.13ABCP 137.03 + 26.69° 127.90 + 22.67°° ok
BARO0.8 97.04 + 13.60"B2 118.40 + 16.70°B® 134.63 £ 11.51° 151.80 + 13.774B4 ok
ChBDO0.8 92.36 + 9.607° 137.64 + 20.635° 140.99 + 15.55° 133.58 + 23.37°B® ok
ChADO.8 108.37 + 15.82B 110.65 + 7.20%° 134.42 + 36.22% 142.81 + 33.754B0 *
BARL.6 109.17 + 8.205¢ 114.89 + 9.73%¢ 151.80 + 33.27° 155.98 + 20.335¢P° ok
ChBD1.6 113.79 + 8.46°P* 138.00 + 21.285 138.60 + 25.11° 179.94 + 25.54"° ok
ChADI1.6 126.95 + 32.40™* 147.66 + 20.20¢* 142.42 + 25.01° 174.71 + 24.63P° o
Significance o * ns ork

RSAY Control 7.64 + 2.66™ 2531 + 18.92° 24.90 + 10.91° 22.26 + 7.63A° ok
BARO.8 36.61 + 17.448 36.47 + 26.75 37.16 + 14.43 27.51 + 8.88* ns
ChBDO.8 11.56 + 7.22% 27.93 +26.32 27.77 + 26.20 35.09 + 21.87°B ns
ChADO.8 37.77 £ 11.728 37.27 £ 14.36 41.98 +20.16 56.16 + 14.915€ ns
BARI.6 33.06 + 9.41B2 35.92 + 3.63° 53.13 + 17.32° 53.57 + 10.57°P° ok
ChBD1.6 36.03 + 25.875° 43.81 +29.41° 30.88 + 8.95° 79.64 + 12.80%° ok
ChADI1.6 36.63 + 10.8952 5527 £ 15.14° 50.96 + 16.05° 65.29 £ 12.19P° ok
Significance HAE ns ns Ak

Cheddar

Days 14 30 60 120 Significance.

TPC* Control 145.77 + 5.96"% 134.19 + 4.15%% 140.67 + 4.924° 149.98 + 6.99”° ok
BARO0.8 157.84 + 8.345¢P 142.96 + 7.80%° 145.99 + 87542 160.05 + 5.585° otk
ChBDO.8 158.58 + 12.80°BC* 137.45 + 4977 146.51 + 4.80"° 164.07 + 6.145< ok
ChADO.8 18527 + 14.14° 157.47 + 831* 160.58 + 6.515¢ 166.96 + 3.785¢ ok
BARL.6 152.23 + 7.92°B® 143.71 + 3275 164.08 + 6.015¢ 169.24 + 9.56%¢ ook
ChBD1.6 164.42 + 4.89%° 136.79 + 6.10* 155.22 + 6.445° 161.49 + 7.695" ook
ChAD1.6 17524 + 7.14° 149.15 + 7.14%° 170.23 + 12.37°° 171.81 + 8.77°° ook
Signiﬁcance kkk *kksk kkk kkk

RSAY Control 16.07 + 3.18A° 11.11 + 554" 10.53 + 4.06*° 13.54 + 1.604% *
BARO.8 28.17 + 3.60°° 24.97 + 1.395° 18.76 + 2.0352 26.49 + 1.258% ok
ChBDO0.8 26.59 + 1.488 2445 £ 2.828 23.40 £ 2.07° 25.43 + 1.84° ns
ChADO.8 33.49 + 3.92¢° 2521 + 4.46% 21.00 + 3.07%¢ 2491 + 6.225 ok
BAR1.6 40.17 + 2.32° 37.70 + 4.46° 40.31 + 6.257 40.00 + 3.64° ns
ChBD1.6 46.04 + 4.80"° 29.98 +2.63°® 3533 £ 191 36.87 +£2.43° ok
ChADL.6 52.16 + 1.92%¢ 35.17 + 8.60°P* 38.40 + 5955 4332 + 5.19P° ok
Significance Hokk sk ok ko

W Data are expressed as mean + SD (1 = 9)
BAR Barbera, ChBD Chardonnay before distillation, ChAD Chardonnay after distillation; 0.8: 0.8 % grape pomace powder (w/w); 1.6: 1.6 % grape

pomace powder (w/w)

Different uppercase letters in the same column indicate significant statistical differences (Duncan test, p < 0.05) within cheeses

Different lowercase letters in the same row indicate significant statistical differences (Duncan test, p < 0.05) within time
Significance: ns = not significant; * p < 0.05; ** p <0.01; *** p <0.001.

* ug GAE/g of cheese

Y Inhibition % (of extract at a concentration of 5 g cheese/10 mL, corresponding to a theoretical concentration of 0.04 or 0.08 GPP/10 mL)

addition, samples were statistically different from the control

with values of 41 %, 37 % and 22 % for ChBD, ChAD and

BAR respectively.

TPC of Cheddar showed highly significant differences
(p < 0.001) within cheese type and ripening time. As men-

tioned above, fortified cheeses had higher TPC values than the

@ Springer



1592

J Food Sci Technol (March 2016) 53(3):1585-1596

control. Generally, after an initial decrease between day 14
and 30, the TPC increased until the end of the ripening; how-
ever, Chardonnay samples reached values lower or near to
those of the beginning, while BAR-fortified cheeses
were characterized by higher increases (1.4 % for
BARO.8 and 11 % for BAR1.6). This trend was also observed
for the control.

Unlike Toma-like cheeses, comparing Cheddar samples at
the end of the ripening, the mean value of TPC for ChAD was
higher than for ChBD. The differences among Chardonnay
samples were more evident at the 1.6 % of addition. The
percentage of addition also affected the TPC of BAR.

All fortified Toma-like cheeses, at each sampling time,
showed higher RSA values than the control; however, no dif-
ferences during ripening were detected for cheeses with 0.8 %
added GPPs, whereas the RSA changed in control and in all
1.6 % fortified cheeses (p < 0.01). At the end of ripening, the
RSA values of control, BAR, ChBD and ChAD were 3, 1.6, 2
and 1.8 fold higher, respectively, than that of the same cheeses
at the beginning of ripening. As reported for the TPC, the RSA
values of cheeses with 1.6 % Chardonnay GPP added in-
creased throughout ripening; nevertheless, the behaviour of
the two parameters assessed in ChBD1.6 and ChAD1.6 did
not follow similar trends. Probably due to the complexity of
the matrices analysed, it was difficult to establish an effective
relationship between grape pomace distillation and higher in-
crease of the phenolics contribution in cheeses. A lower con-
tribution of red grape pomace was confirmed. According to a
previous study (Giroux et al. 2013), ripening time affected
Cheddar RSA in the control (p < 0.05) and fortified cheeses
(p < 0.001). The values of control and most of fortified
cheeses decreased significantly during ripening, except for
ChBDO0.8 and BAR1.6, where the slight decrease was not
significant. This trend was partially in accordance with those
of the TPC. The RSA decrease was most abundant in ChAD
cheeses in comparison of those with added ChBD.
Considering the values at last sampling time, each sample
was at least twofold higher than control, and the highest values
belong to ChAD1.6 and BAR1.6, with BAR1.6 characterised
by the highest stability.

The lack of previously published data made it difficult to
compare our results with other experiments in order to estab-
lish a tendency of phenolics to persist in fortified cheeses
during ripening. In agreement with results reported by
Rashidinejad et al. (2013), that studied the effect of catechin
addition on the phenolic content and antioxidant properties of
low-fat cheese, the total phenolic content of all cheeses, in-
cluding both controls, increased during the ripening period.
The higher values of TPC could be explained by the presence
of milk-derived compounds and reduced analytical accuracy,
as well as to the lack of selectivity of the Folin—Ciocalteau
reagent used for TPC analysis which reacts not only with
phenols but also with other reducing compounds such as
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carotenoids, amino acids, sugars and vitamin C (Rondeau
et al. 2013). At the end of ripening, the phenolic content of
Toma-like cheeses fortified at 0.8 %, without the phenolic
contribution of the control, corresponded, theoretically, to
values 0f 2.99, 0.71 and 1.86 mg GAE g ' GPP in BARO.S,
ChADO.8 and ChBDO0.8 cheeses, respectively. In 0.8 %
Cheddar fortified cheeses values of 1.26, 1.76 and 2.12 mg
GAE g ' GPP were calculated. All these values were lower
compared to those found for the GPP extracts, with lower
losses in BAR fortified cheeses. Complex metabolic mecha-
nisms could be involved in this evolution, starting from the
protein-phenolic interactions that lead changes in the structur-
al, functional and nutritional properties of both compounds
(O’Connel and Fox 2001). Typically, milk-containing food
products have low antioxidant capacities (Ozdal et al. 2013),
and RSA value determined in 0.8 % fortified cheeses con-
firmed this tendency.

Organic acids

Data for the organic acids content of cheeses and results of
variance analysis are shown in Table 4. Citric and lactic acids
were the most abundant acids found in Toma-like
cheeses. Regardless of sampling time, citric acid con-
centrations were highly significantly different between sam-
ples (p < 0.001) and the highest values were found in ChBD-
fortified cheeses. Mean values during ripening were not sta-
tistically different in most fortified cheeses, except for
ChBD1.6 where values were quite similar until day 20 follow-
ed by a decrease at day 30.

Lactic acid content of fortified Toma-like cheeses was sig-
nificantly higher than control cheese, except for BAR0.8 and
ChAD1.6. Comparing non-distilled varieties regardless of
sampling time, Chardonnay has shown the highest values.

Taking into consideration the average lactic acid content
during ripening, both ChBD0.8 and ChBD1.6 cheeses had
twofold higher values than the control. Such a trend might
be expected since ChBD sugar content could be higher than
the control, ChAD (fermented and distilled) and Barbera
(fermented). Lactic acid values decreased throughout the rip-
ening in all samples. Comparing organic acids values between
ChBD and ChAD, was notable that at any sampling time for
any organic acids, the distillation process reduce their content.

Data concerning tartaric acid content of fortified cheeses
confirmed the expected behaviour, since the highest values
were found among cheeses containing 1.6 % of GPPs.
Cheddar cheeses BAR0.8 and BAR1.6 had the highest tartaric
acid content, ranging from 1.08 to 1.31 g kg™ '. These data
could explain the lowest pH values observed in chemical com-
position of these cheeses (see Table 2).

In this study, citric acid content in control Cheddar cheese
was similar to that reported by Mullin and Emmons (1997)
with a mean value of 1.5 g kg™' for commercial Cheddar at
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Table 4 Organic acid concentrations (g kg ') in control and cheeses fortified with grape pomace powder during ripening and results of analysis of

variance"
Toma

Days 5 10 20 30 Significance

Citric acid Control 1.22 + 0,138 1.26 + 0.2545° 1.26 + 0.15%° 0.66 + 0.06" ok
BARO.8 1.09 + 0.06* 1.13 £ 0.15" 1.09 +0.12% 0.88 + 0.16"B ns
ChBDO0.8 279 +0.21° 2.89 + 0.07° 2.96 + 0.47° 2.68 = 0368 ns
ChADO.8 1.45 + 0.085¢* 1.55 + 0.245 1.55 + 0.374B2 1.32 +0.195 ns
BARIL.6 1.74 £ 0.32° 2.06 + 0.03€ 1.87 + 0.04% 1.40 + 0.53P ns
ChBD1.6 275 +0.24™ 2.66 + 027 241 +022°° 1.86 +0.20™ ook
ChADI.6 121 + 0.06"E 122 + 0.06" 1.12 +0.14% 1.06 + 0.054B¢ ns
Sign;'ﬁcance ksksk skksk skkk skkk

Tartaric acid Control nd® nd? nd® nd® ns
BARO.8 0.68 + 0.02% 0.66 + 0.07° 0.59 + 0.055¢ 047 +0.17° ns
ChBDO0.8 nd*? 1.65 + 0.23° 1.63 + 0.25P° 1.36 + 0.36° Hokk
ChADO.8 0.84 £ 0.10¢ 0.92 +0.11¢ 0.91 + 0.32¢ 0.67 + 0.015¢ ns
BARI.6 nd* nd 0.26 + 0.24"B nd* ns
ChBDI1.6 1.71 £ 0.16™® 1.74 + 0.25° 1.45 + 0.22P° 0.89 £ 0.10°° o
ChADI1.6 0.71 £ 0.105¢ 0.71 + 0.035¢ 0.58 + 0.195¢ 0.52 +0.13% ns
Signiﬁcance skkk sk skkk skksk

Piruvic acid Control nd nd nd® nd® ns
BARO0.8 0.01 £ 0.02 0.01 £ 0.01 nd* nd* ns
ChBDO0.8 0.06 + 0.10 0.06 = 0.06 0.10 + 0.02€ 0.08 + 0.02° ns
ChADO.8 0.04 + 0.02 0.04 + 0.02 0.03 + 0.03* 0.03 = 0.01% ns
BAR1.6 0.01 £ 0.02 0.05 + 0.05 0.01 +0.02* nd* ns
ChBDI1.6 0.08 = 0.03 0.08 + 0.06 0.06 + 0.01° 0.05 + 0.01¢ ns
ChAD1.6 0.03 = 0.04 0.02 = 0.02 0.01 = 0.02" nd* ns
Significance ns ns woAk Hokk

Lactic acid Control 8.74 + 0.63" 8.84 + 0.48* 9.24 + 0.80" 8.12 + 0.86% ns
BARO.8 8.91 + 0.614° 8.11 + 0.874%® 7.96 + 0.68°% 6.68 + 0.90" *
ChBDO0.8 2245 + 0.62P° 21.34 + 1.09P° 19.44 + 1.42°° 15.66 + 2.14°* o
ChADO.8 12.98 + 2,755 12.37 + 1.285%® 14.34 + 2,585 931 + 1.20"° o
BAR1.6 18.18 + 0.93°° 15.88 + 1.54%% 15.20 + 2.675® 13.03 + 2.64%¢8 *
ChBDI1.6 23.05 + 1.67°° 22.46 + 0.38° 19.31 + 1.55° 12.19 + 1.4352 ok
ChAD1.6 10.16 + 0.39% 9.66 + 1.174 9.78 + 0.62" 8.71 £ 0.95* ns
Signiﬁcance ksksk skksk skkk sk

Cheddar

Days 14 30 60 120 Significance

Citric acid Control 1.45 +0.328 1.38 +0.19 1.42 +0.07° 1.51 +0.18° ns
BARO.8 0.84 + 0.09* 0.98 +0.16 0.85 + 0.10B 0.98 + 0.18"B ns
ChBDO0.8 1.04 £ 0.14 0.84 + 0.66 1.11 £ 0.04€ 122 +0.128 ns
ChADO.8 0.96 + 0.07* 1.18 + 0.23 1.07 + 0.055¢ 1.12 + 0.15°8 ns
BARI.6 0.75 + 0.10* 0.86 + 0.22 0.80 £ 0.06™ 0.88 £ 0.15* ns
ChBDI1.6 0.89 + 0.04" 1.06 + 0.10 1.10 + 0.25¢ 1.15 + 024" ns
ChAD1.6 0.88 = 0.14" 1.02 + 0.20 1.01 + 0.1248¢ 1.11 + 0.08"P ns
Significance *E ns Ak *x

Tartaric acid Control nd® nd® nd® nd® ns
BARO.8 1.03 + 0.09° 1.09 + 0.18° 1.08 + 0.16°P 1.19 + 0.14°P ns
ChBDO0.8 0.19 £ 0.33* 0.14 + 0.25% 021 +0.244 0.23 + 025" ns
ChADO.8 0.54 = 0.03® 0.52 £ 0.028 0.50 £ 0.03® 0.77 £ 033 ns
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Table 4 (continued)

Toma

Days 5 10 20 30 Significance
BARI.6 1.17 + 0.02€ 1.16 + 0.10° 1.27 + 0.03° 1.31 + 0.09° ns
ChBDI1.6 0.69 + 0.04% 0.55 + 0.095¢ 0.60 + 0.07° 0.68 + 0.24% ns
ChAD1.6 0.75 £ 0.14® 0.79 £ 0.17¢ 0.95 +0.15¢ 0.85 + 0.225¢ ns
S[gnl‘fl‘cance *ksksk skkk skkk skkk

Piruvic acid Control 0.06 = 0.01 0.06 + 0.005* 0.06 + 0.00“* 0.10 + 0.01°P* o
BARO.8 0.03 + 0.00°B* 0.03 + 0.00"° 0.03 + 0.014B® 0.04 + 0.00%° *
ChBD0.8 0.07 + 0.02 0.06 + 0.01 0.06 + 0.00 0.11 + 0.02°° *
ChADO.8 0.04 = 0.00P° 0.04 + 0.00"B2 0.05 £ 0.015 0.07 + 0.015® *
BARI.6 0.03 £ 0.00" 0.02 £ 0.00%° 0.03 £ 0.00"? 0.04 + 0.014° *
ChBD1.6 0.06 = 0.00 0.05 + 0.005* 0.06 + 0.01¢ 0.10 + 0.01€P® *
ChAD1.6 0.05 = 0.01% 0.05 + 0.025¢ 0.06 = 0.02¢ 0.06 + 0.02"B ns
Significance ok * * ok

Lactic acid Control 19.12 + 1.36°* 25.46 + 1.08% 27.89 + 1.71°* 28.06 + 1.68° ook
BARO0.8 10.15 + 0.904B2 14.93 + 0.47%° 13.95 + 0.844° 14.81 + 0.65°° Hokk
ChBDO0.8 19.57 + 1.02° 22.66 + 1.82° 22.19 +2.18¢ 23.30 = 2.42° ns
ChADO.8 12.30 + 0.79°° 17.48 + 0.88° 17.30 + 1.165° 18.42 + 0.34° ok
BARI.6 9.41 + 0.29"° 12.35 + 1.124° 12.59 + 0.18° 12.01 + 1.06"° o
ChBDI1.6 11.81 £ 1.055¢ 18.85 + 0.60°° 20.56 + 0.90°° 20.38 + 0.12°° ok
ChADI.6 11.57 + 1.065* 14.59 + 1.30%° 14.60 + 0.334° 15.47 + 0.67%° ok
Sigmﬁcance skkk skkk skkk skksk

W Data are expressed as mean + SD (n = 6)

BAR Barbera, ChBD Chardonnay before distillation, Ch4D Chardonnay after distillation; 0.8: 0.8 % grape pomace powder (w/w); 1.6: 1.6 % grape

pomace powder (w/w); nd: not detected

Different uppercase letters in the same column indicate significant statistical differences (Duncan test, p < 0.05) within cheeses

Different lowercase letters in the same row indicate significant statistical differences (Duncan test, p < 0.05) within time

Significance: ns = not significant; * p < 0.05; ** p <0.01; *** p <0.001

120 days of ripening, whereas Bouzas et al. (1991) found a
level of approximately 2.2 g kg ' that kept constant through-
out the ripening period. Regarding fortified cheeses, no sig-
nificant differences were seen for citric acid throughout ripen-
ing. At day 120, citric acid values in fortified cheeses were
significantly lower when compared to the control cheese
(p <0.01). Between non-distilled varieties the reduction rates
were more relevant in Barbera than Chardonnay, the distilla-
tion had no effect on citric acid values among cheeses added
with Chardonnay GPPs.

In contrast to that observed in Toma-like cheeses, the lactic
acid content of fortified Cheddar cheeses was significantly low-
er than Control cheese independent of sampling time. Overall,
after an initial increase, lactic acid content in cheeses was rather
constant until the end of maturation. Comparing values from
day 14 to day 120, the lactic acid content increased of 47 % in
Control cheese, similarly to ChBD and ChAD, hence, the dis-
tillation showed no effect. As expected, a minor increase was
found for Barbera due to its low sugar content which is reduced
by microbial fermentation during winemaking.

@ Springer

Microbial counts

Microbial counts (data not shown), evaluated in Toma-like
cheeses showed that no statistical differences within cheeses
or ripening times were found for SLAB populations. In the
control cheese, the SLAB started at log 9.0 CFU g ' of cheese,
reached a maximum at day 10 (log 9.34 CFU g ") followed by
a slow decrease towards the end of ripening reaching log
9.09 CFU g .

Also NSLAB counts were not statistically different among
cheese types whereas significant differences were observed
during ripening time. In all cheese types, values at 5 days were
lower and statistically different from those at 10, 20 and
30 days. Control cheese contained an initial log
3.69 CFU g' of NSLAB that increased reaching log
7.83 CFU g ' at 30 days.

Regarding Cheddar cheeses, SLAB populations decrease
significantly throughout ripening, according to Fenelon and
Guinee (2000) and Giroux et al. (2013). Control and fortified
cheeses had an initial population of log 9.55 and 9.62 CFU g
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of cheese that decreased by about 1 log cycle during ripening
(p <0.05).

No remarkable differences caused by GPP addition were
detected in cheese samples at any sampling time, therefore
GPP polyphenols did not affect their growth. Regarding
NSLAB, no statistically significant differences within cheese
types were found during ripening.

Conclusion

Results obtained by this study showed that addition of GPPs
during the manufacture of Toma-like and Cheddar cheeses
had no effects on gross composition of the resulting cheeses.
The most important results found, attributable to GPPs addi-
tion to cheese, were a higher antioxidant activity and phenolic
content in all fortified cheeses, but to obtain a significant in-
crease of cheese antioxidant activity it is necessary to add at
least 1.6 % of GPPs. Comparing samples before and after
distillation, it was possible to highlight that the distillation
process allows a major release of bioactive compounds, giving
the highest TPC and RSA values. During ripening, the addi-
tion of non-sterile GPPs did not interfere with SLAB and
NSLAB numbers and cheese proteolysis.

The use of GPPs containing antioxidants, before or after
distillation, as ingredient in cheesemaking is thus a new ap-
proach to achieve a functional cheese. This study demonstrat-
ed that grape pomace powder can be a functional ingredient to
increase TPC and RSA in consumer’s diet and the addition of
this by-product to cheese is an environmentally friendly way
to manage winemaking wastes.

However in order to obtain a real beneficial effect on hu-
man health, further studies are required to investigate in more
detail the antioxidants' bioavailability in these novel products.
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