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phenolic content (526.25 mg GAE/100 g) (p<0.05). Texture was affected by pomace
type and ripening time. Overall, grape pomace addition enhanced the antioxidant and
functional properties of the cheese and provided a sustainable way to valorize wine
industry by-products.

INTRODUCTION

Cheese is not only a key dairy product in many countries' cuisines, but it also holds a significant place in Turkish cuisine. A
wide variety of cheeses exist, depending on production techniques, animal species, and cultural differences. Among the most
common cheeses are Beyaz, Kasar, and Tulum (Ogan and Celik 2023). Izmir Tulum cheese is ripened in brine. It is a
medium-hard cheese in texture. It is a full-fat cheese with a unique aroma and taste, containing several small pores in its
structure (Kamber 2007).

Ripening cheese in wine waste is a traditional practice, and studies on this topic are limited (Feitosa ef al. 2025). Ripening
in wine waste enhances the cheese's sensory properties and enhances its gastronomic value. Furthermore, through the
diffusion of phenolic compounds from the wine into the cheese, this process enhances the product's functional properties
(Iriondo-DeHond et al. 2019) and offers a modern interpretation of traditional gastronomic production techniques (Perestrelo
et al. 2018). Grape is the most widely cultivated fruits of Vitis vinifera L., with an annual production of more than 67 million
tons worldwide (Perestrelo ef al. 2018). About 80% of the total harvested grapes are used in winemaking.

Grape pomace is composed of 8.16-11.09 % total lipid, 8.49-10.32 % protein, 19-38 % total dictary fiber, 0.68-0.75 mg
GAE/100 g total phenolics and 84.4-131mg/100g anthocyanins (Siroh et al. 2020). It was stated that total phenolics and
antioxidant activity of the cheese increased when grape pomace powder was used in cheese production, but no change was
detected in the proteolysis values. It was emphasized that winemaking by-products could be used to produce new products
with added value (Kalli ez al. 2018).

Phenolic compounds are found in natural structure of vegetables and fruits and they are responsible for various characteristics
of foods (such as taste, aroma, color and smell). Phenolic compounds have the ability to bind to the protein structure with
their hydroxyl groups and aromatic rings. They have a positive effect on human health. Phenolic complex has been examined
in detail, especially in studies using grape seeds and grape skins (Rinaldi et al. 2014).

Markis et al. (2007) conducted a study on total phenolics and in vitro antioxidant activity of solid by-products of white and
red wine production and indicated that winemaking by-products were quite rich in antioxidant polyphenols when compared
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to other agricultural solid wastes. Deolindo ef al. (2019) produced Petit-Suisse cheese with winemaking by-products and
indicated that winemaking by-products enriched antioxidant activity of Petit-Suisse cheese.

Consumer interest in health-promoting foods has been steadily increasing, with functional foods gaining significant attention
in this context (Bimbo et al., 2017). Dairy products hold a prominent position in the functional food market, and their
acceptance among consumers remains high (Kandylis ef al. 2021).

While grape pomace has been extensively studied for its bioactive compounds (Yu and Ahmedna 2013; Zhu ef al. 2015),
most previous research has focused on its use as an animal feed supplement or its direct addition to cheese (Bennato et al.
2023). Some studies have also investigated cheese marination using red wine to improve sensory properties (Feitosa et al.
2025). However, no study has reported the use of grape pomace in the ripening brine of Tulum cheese. So, in this study, the
use of grape pomace, a natural residue of the wine industry, in cheese ripening as an innovative application in gastronomy
and the effects of grape pomace addition on the functional properties of cheeses (total phenolic substance and antioxidant
activity) were investigated.

MATERIALS AND METHODS

Study area and experimental material

Cow’s milk (11.72% dry matter, 3.13% protein, 3.72% fat, pH 6.75) supplied by Boyaciogullar1 Omiir Dairy Products Co.
was used for izmir Tulum cheese production. Milk was coagulated with rennet from Rumeli Maya (Mays AS, Istanbul).
Grape pomaces (sultaniye grapes; petit-verdot and 1:1 mixture) used in cheese brine were obtained from Sevilen Wine AS.
[zmir Tulum cheese production was carried out at Boyaciogullar1 Omiir Dairy Products Co. Tin packaging with a capacity
of 5 kg, supplied from local markets, were used for packaging of the cheeses.

Experimental design
Preparation of the brine

For ripening of cheese, three different brines were prepared: Sultaniye grape pomace, which is a white wine production
waste (W), Petit-Verdot grape pomace, which is a red wine production waste (R) and a 1:1 (w/w) combination of these
(RW). 2.5 kg of grape pulp was boiled in 12 liters of water and allowed to cool overnight. The brine used had a salt
concentration of 12% and was filled into a 5 kg tin can. The number of dissolved substances in the brine samples was
measured as 2.40% (W), 2.70% (RW), and 2.90% (R).

izmir Tulum Cheese-making and sampling

Cheese was produced following the flow chart in Figure 1, with two replicates. Samples were stored at 4°C at Ege University
Dairy Technology Enterprise and ripened for 6 months. Analyses were performed on days 1st, 30th, 60th, 90th and 180th.
Cheeses ripened in grape pomace brine are presented in Figure 2.

Chemical analyses

Cheese samples at during ripening were analyzed for physicochemical properties. pH was measured using a digital pH meter
(Inolab WTW, Weilheim, Germany) and titratable acidity was determined as described by AOAC (2003). Dry matter and
fat contents were assessed using gravimetric and Gerber methods (AOAC 2003), respectively. Total nitrogen (TN) was
measured by micro-Kjeldahl method (AOAC 2003) to calculate total protein (TN x 6.38). Water-soluble and TCA-soluble
nitrogen fractions were determined according to Kuchroo and Fox (1982). Salt content was measured following the Mohr
method (Bradley et al. 1993).

Antioxidant activity and total phenolic compound content

Cheese samples were extracted in methanol according to Akan et al. (2021), given the high phenolic content of grape
pomace, to facilitate antioxidant activity and total phenolic compound (TPC) analyses (Nandhakumar and Indumathi 2013).
Antioxidant activity was determined using DPPH (Yilmaz-Kisak 2021) and CUPRAC methods (Apak et al. 2004). For
DPPH, absorbance at 517 nm was measured after 30 min incubation in the dark, and results were expressed as mg Trolox
equivalent/g sample. CUPRAC analysis involved reaction of sample solutions with CuClz, neocuproine, and ammonium
acetate buffer, incubated at 37 °C for 30 min, with antioxidant capacity expressed as ascorbic acid equivalents. TPC was
determined using Folin—Ciocalteau’s reagent (Kocazorbaz ef al. 2017) with gallic acid as standard and expressed as mg
Gallic Acid Equivalents per 100 g of sample (mg GAE/100 g).

Texture Profile Analysis (TPA)

Brookfield Texture Analyzer device and TA4-1000 probe (38.1 mm diameter-20 mm length) were used to determine the
textural properties of cheese samples. The test speed was applied as 1 mm/s and the suppression was 50%. Hardness (g),
springiness (mJ), cohesiveness (mlJ), resilience (mm), gumminess (g) and chewiness (mJ) values of cheese samples were
determined (Tulukoglu et al. 2020).
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Figure 1. izmir Tulum Cheese production flow chart

C: Control group; W: White wine waste; RW: Red and White wine waste (1:1 w/w); R: Red wine waste

Figure 2. Izmir Tulum Cheese samples ripened in brine prepared with grape pomace
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Color measurements

Color parameters were determined with the use of a colorimeter (Konica Minolta CR-400/410, Osaka, Japan) and measured
values were assessed in accordance with the CIELAB color space (CIE 1978).

Sensory properties

The method recommended by Bodyfelt ef al. (1988) was used in the evaluation of sensory properties of cheese (Very good
9-8; Good 7-6; Average 5-4-3; Not good 2-1). The cheese attributes were categorized into seven groups, namely: color and
appearance, texture, taste, odour, saltiness, bitterness and general acceptability. Sensory evaluations of cheese were
conducted by 15 trained assessors (ISO 8586; ISO 13299) from the Dairy Technology Department of Agriculture
Engineering of Ege University (Bornova, Izmir, Turkiye). All cheese samples were cut 2 cm thick and 5 cm wide. During
the tasting, water and bran biscuits were given along with the samples. Sensory evaluation was made on the 1st, 90th and
180th days of ripening.

Data collection and statistical analysis

Experimental results were subjected to two-way ANOVA with the use of SPSS Version 25.0 (SPSS Inc. Chicago, Illinois)
statistical analysis software. Significant means were compared with the use of Duncan's multiple comparison test at p<0.05
level. In addition, principal component analysis (PCA), heat maps, and clustering analysis were performed using JMP-Pro
statistical package program to elucidate the relationships between the measured attributes of the samples, as well as the
influence of cheese type, physicochemical and antioxidant properties, texture and storage days.

RESULTS AND DISCUSSION

Proximate composition and acidity

The approximate compositions of Izmir Tulum cheeses during 180 days of ripening are presented in Table 1. Dry matter
content ranged from 52.42 to 60.57%, with the control (C) exhibiting the highest value, while sample W, ripened in grape
pomace brine, showed the highest dry matter among treated samples. The observed decrease in dry matter over time is
associated with leaching of water-soluble proteins and peptides into the brine (Ozcan et al. 2020). Fat content initially ranged
from 25.63 to 26.38%, exhibiting fluctuations likely due to lipolysis and partial fat migration (Gholamhosseinpour and Zare
2024), whereas total protein decreased progressively, reflecting proteolytic conversion into amino acids and peptides,
particularly during early and late ripening stages (Demir Halic1 2021). Water-soluble nitrogen (WSN) increased steadily,
with sample W showing the highest values, indicating intensified proteolysis, and non-protein nitrogen (NPN) in 12% TCA
also increased, reflecting protein breakdown, though values remained below literature reports possibly due to milk heat
treatment or starter culture effects (Tuncel ez al. 2010). Salt content was uniform across samples, unaffected by grape pomace
addition. pH and titratable acidity varied significantly (p<0.05), with final pH values highest in C (5.16) and lowest in RW
(5.06), while titratable acidity initially ranged 0.49-0.67% lactic acid, decreased by day 30, and increased by day 60 due to
ammonia formation and lactic acid migration into the brine (Ozcan et al., 2020; Prieto et al., 2000) (Figure 3). The moderated
decrease in acidity in grape pomace-treated samples may be related to organic acids such as tartaric, malic, and citric acids
present in the pomace (Gaglio ef al. 2021).

Antioxidant activity and phenolic compounds

Antioxidant activities of grape pomace, brine, and Izmir Tulum cheeses were evaluated using DPPH (mg Trolox/g) and
CUPRAC (mg Trolox/g) methods (Table 2). DPPH values ranged from 47.38 to 152.36 mg Trolox/g, with the highest
activity in grape pomace and brine observed in sample R, followed by RW and W. Cheese samples ripened in RW brine
exhibited the highest antioxidant activity on days 1 and 180, whereas the control (C) showed a peak at day 30 (p<0.05).
Overall, DPPH activity decreased over ripening, likely due to proteolytic degradation of bioactive peptides and changes in
peptide composition (Gupta et al. 2009; Peng et al. 2009; Sakanaka et al. 2005; Sonklin et al. 2018). Notably, C still
exhibited measurable antioxidant capacity, attributed to milk-derived sulfur-containing amino acids, vitamins, enzymes,
peptides, and oligosaccharides (Frithbauerova et al. 2020).

CUPRAC results ranged from 3.82 to 21.08 mg Trolox/g, with grape pomace showing higher values than brine (p<0.05).
During ripening, CUPRAC values increased in cheeses, peaking in sample R, followed by RW, W, and C. Total phenolic
content was highest in W and RW, and increased progressively during ripening, reaching 555.90 mg GAE/100 g in sample
W at day 180. Control samples had consistently lower phenolic content. Literature reports indicate total phenolics of grape
pomace in cheese range from 0.68—0.75 mg GAE/g (Sirohi et al. 2020) and 90-179.94 mg GAE/100 g for semi-hard cheeses
supplemented with grape pomace (Marchiani et al. 2016; Costa et al. 2018).

These results show that ripening in grape pomace provides functional properties to the cheese, increases its antioxidant
capacity and provides gastronomic value by contributing positively to the taste and aroma of the cheese.
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Table 1. Proximate compositions of Izmir Tulum cheeses.

Ripening (days
Parameter  Sample* P g (days)
30. 60. 90. 180.
C 60.574+0.57"8 55.304+0.35% 55.33+0.92%04A 54.6442.26% 55.094+0.16*
Dry matter W 57.68+0.98%8 54.61+0.84%4 54.35+1.03% 53.90+0.15* 54.16+0.64**
(%) RW 57.09+1.58% 55.30+1.17°4 56.37+0.13% 56.91+0.58% 53.6542.52%A
R 59.62+0.592P 57.36+1.37%C 55.46+0.21208 54.46+0.01°8 52.4240.01°4
C 26.38+0.18"¢ 24.00+0.00** 25.00+0.00B 23.85+0.18* 24.88+0.18%B
Fat W 25.63+0.18% 24.25+0.35%4 24.75+0.35%BC 23.50+0.00%4 24.50+0.712XAB
(%) RW 26.38+0.18"¢ 24.63+0.188 25.00:+0.00B 23.88+0.18%4 23.63+0.1824
R 26.38+0.18%° 24.75+0.00°¢ 24.25+0.35B¢ 23.88+0.18248 23.38+0.53%A
C 23.12+1.31% 22.00+0.33%A 22.31+1.25% 22.91+0.86* 21.06+0.22204
Protein W 23.53+0.218 22.18+0.30% 21.47+0.64% 21.93+0.13% 21.53+0.05%
(%) RW 23.00+1.58*8 22.23+0.45%8 23.92+1.88%B 22.07+0.60*48 19.85+0.40%4
R 23.35+0.44%C 22.41+0.06°B¢ 21.88+0.522BC 21.51+0.42°B 19.75+1.022A
C 3.63+0.16* 3.49+0.01%A 3.49+0.21%A 3.55+0.04% 3.36+0.06**
Total W 3.61+0.01%C 3.50+0.022B¢ 3.36+0.09*4 3.434+0.01°AB 3.33+0.01°4
T‘i/ltrogen RW 4.00+0.3128 3.5440.14%A 3.62+0.092AB 3.3740.034 3.2140.13
(%) 3.56+0.09°C 3.48+0.042B¢ 3.43+0.042B¢ 3.36:+0.04°B 3.20+0.0124
C 0.24+0..01°4 0.25+0.0124 0.33+0.01°® 0.35+0.08%C 0.54+0.01°P
Water
Soluble 0.23+0.01%A 0.26:+0.012°B 0.3240.00%C 0.39+0.002° 0.58+0.00°F
?{/it)rogen RW 0.2440.002>A 0.28+0.01"B 0.37+0.00°¢ 0.38+0.012C 0.54+0.01°P
0
0.25+0.00* 0.25+0.00%B 0.33+0.00%C 0.41£0.00° 0.5120.00%
C 0.061£0.00°B 0.050+0.004 0.130+0.05°° 0.094:0.00%¢ 0.158+0.00%E
Soluble 0.047£0.00™A  0.055+0.00% 0.105+0.00° 0.1030.00°8 0.177+0.02:C
Nitrogen in
12% TCA  Rpw 0.043+0.00°* 0.064:£0.008 0.095+0.05*B 0.103+0.00°8 0.167+0.00%C
0
(%) 0,050+0,00°* 0,050+0,00°® 0,119+0,00°C 0,110+0,00°° 0,157+0,00%F
C 2.56+0.01%4 4.81+0.08B 4.3340.17B 6.03+0.00°C 4.68+0.41B
1.83+0.18** 4.08+0.11%B 4.01+0.04°8 4.95+(.29C 4.68+0.25%¢
0
Salt (%) RW 1.92£0.024 4.2140.08"8 4.1540.00>B 4.33+0.08°B 4.62+0.41B
R 1.97+0.05* 3.89+0.13%B 3.83+0.04°B 5.15+0.00°° 4.51+0.16*

*: C: Control group; W: White wine waste; RW: Red and White wine waste (1:1 w/w); R: Red wine waste

a, b, c, d: There are significant differences between the means marked with different letters in the same column (p<0.05).
A, B, C, D, E: There are significant differences between the means marked with different letters on the same row (p<0.05)
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*: C: Control group; W: White wine waste; RW: Red and White wine waste (1:1 w/w); R: Red wine waste
a, b, c: Different letters on bars represent significant differences between the samples (p<0.05).
A, B, C: Different letters on bars represent significant differences during the ripening period (p<0.05)

Figure 3. pH values and Titratable acidity of Izmir Tulum cheeses

Table 2. Antioxidant activity and phenolic compounds of grape pomace, brine and Izmir Tulum cheeses

Ripening (days)
Parameter  Sample* Grape Pomace Brine
1. 30. 60. 90. 180.

C 0.0+0.0* 0.0+0.0* 47.38+5.23% 71.40+3.42°° 69.73+0.52°P 52.40+2.57C 22.43+0.19%
Antioxidant
Activity, W 109.70+0.42°®  91.14+5.85 75.39+1.02°° 70.30+0.54*P  61.66+3.93%5¢ 57.20+7.45" 28.40+1.30%
DPPH
(mg RW 141.06+1.39®  98.25+4.58" 137.67+10.29%°  78.71+0.12°¢ 59.55+2.33%A8 52.73+4.93%* 67.54+2.52°8¢
Trolox/g)

152.36+1.95%  127.74£11.81°*  109.26+£12.263  81.07+0.08"® 90.19+3.54°8 78.47+6.13" 25.63+0.26™*

C 0.0 0.0+0.0** 6.78+0.07°* 7.82+0.07°" 9.18+0.07¢ 10.96+0.11%° 13.28+0.10%
CUPRAC W 4.22+0.07" 3.82+0.09° 8.91+0.17* 10.58+0.11%8 11.7540.05°C 12.4140.09°° 12.98+0.07°¢
(mg
Trolox/g) RW 7.03+0.058 6.08+0.02°4 11.58+0.07°4 13.36+0.05® 15.81+0.07°¢ 17.43+0.20°° 20.71+0.07°¢

R 7.26+0.11% 7.05+0.05% 12.38+0.07% 14.35+0.08% 16.13£0.114¢ 19.03+0.02¢° 21.08+0.14%
Total C 0.0+0.0** 0.0+0.0** 88.73+8.59*4 106.30+£5.23*4  226.10£23.26°®  251.63+5.06°5C  268.13+3.08C
otal
Phenolic W 233.36£2.51F  224.48+11.16%4  271.73£1.24% 333.58+1.66C  469.78+4.56°¢ 415.43+33.48¢  525.90+6.22P
Compounds
(mg Gallic RW 234.06£9.06°®  215.47+5.07°4  283.03+£9.58" 242.83+5.90°®  451.48+10.36*5¢  439.75+3.89BC  519.33x1.314C
acid/100 g) ]

196.77+7.42°®  191.8543.67°*  201.30+5.23% 242.83+5.90°®  494.73£13.12°C  509.58+2.79°P  526.25+3.82°°

*: C: Control group; W: White wine waste; RW: Red and White wine waste (1:1 w/w); R: Red wine waste
a, b, ¢, d: There are significant differences between the means marked with different letters in the same column (p<0.05).
A, B, C, D, E: There are significant differences between the means marked with different letters on the same row (p<0.05)

Texture Profile Analysis (TPA)

Texture Profile Analysis (TPA) of Izmir Tulum cheeses during 180 days of ripening is summarized in Table 3. Hardness
decreased progressively during ripening, ranging from 4.05—4.63 kg on day 1 to 0.70-2.48 kg on day 120 (Tulukoglu et al.
2020), primarily due to proteolysis, although factors such as milk composition, moisture, pH, salt, and lipolysis also influence
texture (Fox et al. 2000; Gunasekaran and Ak 2003). A negative correlation between hardness and total phenolic content
(r=-0.611, p <0.05) was observed. This was indicated that increasing levels of phenolic compounds are associated with a
decrease in cheese hardness. Springiness values showed no significant differences among samples, except for sample W
(p>0.05). Although some increase and decrease in springiness was observed in the samples, this was found to be statistically
insignificant. Gunasekaran and Ak (2003) reported that the decrease in springiness occurred during ripening with the effects
of proteolytic breakdown of the protein matrix. On the first day of ripening, cohesiveness values varied between 0.28 (C)
and 0.39 (RW) mJ. On the 180th day of ripening, sample C had the highest value (p<0.05) and other samples had values
close to each other (p>0.05). In other study, cohesiveness values ranged between 0.34—0.65 throughout ripening (Tulukoglu
et al. 2020). Cohesiveness was influenced by milk composition, proteolysis, pH, and fat content (Awad 2006). But in this
study, the difference between the samples was found to be insignificant (p>0.05). However, a correlation was calculated
between cohesiveness and DPPH r=0.737), CUPRAC (r=-0.523) and total phenolic compounds (r=-0.623) at p<0.01 level.

Resilience values on the first day of ripening varied between 8.52 (R) and 7.87 (W). It was observed that the resilience value
of the control sample had the highest value at the end of storage. In general, it was determined that the ripening time had
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significant effects on resilience values of the samples. Tulukoglu et al. (2020) reported average resilience values of Izmir
Tulum cheese samples on the Istday of ripening as between 6.15-7.63 mm. Again, a negative correlation (r=-0.526 and
r=-0.648) was determined between resilience values and CUPRAC and total phenolic compounds (p<0.05). Gumminess and
chewiness also decreased over time, both exhibiting negative correlations with CUPRAC (r = -0.468 and r = -0.459) and
total phenolics (r =-0.641 and r = -0.629, p < 0.05).

If we summarize the textural properties in general; Fox ef al. (2000) explained that salting affects cheese texture, due to
protein solubility and protein conformation, and cause hard cheese texture. Being the fat and moisture content of these
sample equal, hardness differences could be explained by proteolytic phenomena (Rinaldi ef al. 2010) that are responsible
for the breakdown of the originally flexible and elastic protein matrix (Bryant et al. 1995). In addition, the correlation
between textural properties and antioxidant properties was examined. The correlation coefficients obtained were significant
in positive and negative directions. These modifications in texture, combined with enhanced phenolic content and antioxidant
activity, suggest that grape pomace-ripened Izmir Tulum cheese can offer both unique gastronomic experiences and
functional health benefits.

Table 3. Textural properties of Izmir Tulum cheeses

Sample Ripening (days)
*

Parameter
1. 30. 60. 90. 180.
C 3119.75+180.31°¢ 1072.00:+44.90*8 768.88+21.39%A 686.88+72.66°* 828.38+30.58*
919.38+67.71%C 1196.38+102.355P 711.38+124.27%8 405.88+17.15™4 591.38+26.69*B
Hardness
©® RW 2551.75+15.20% 833.00:43.13*B 1067.88+112.61%® 531.75+85.91%B 826.75+220.62*B
2557.50+373.00°C 1374.13£129.938 824.125+181.55%4 316.50+12.73% 560.00+£1.77%
C 0.19+0.25% 0.01+0.01%A 0.03+0.04%* 0.01+0.01°4 0.2140.05°
aA aA aA bB aB
Springiness w 0.000.00 0.02+0.01 0.00£0.00 0.060.00 0.060.02
(mJ) RW 0.04+0.01%4 0.02+0.01*4 0.02+0.01°* 0.02:£0.03%4 0.03+0.01**
0.0140.00% 0.0120.00% 0.00+0.00% 0.02+0.02%4 0.05+0.04%
C 0.28+0.02%AB 0.39+0.06°3 0.25+0.06%B 0.24+0.09* 0.2040.02°*
aB aB aAB aAB aA
Cohesiveness 0.32+0.07 0.34+0.11 0.20:£0.04 0.21+0.01 0.15+0.01
(mJ]) RW 0.39+0.15%AB 0.40+0.14°8 0.23+0.01°48 0.23+0.06*B 0.13+0.01°4
0.37+0.03%8 0.30:£0.00°8 0.29+0.01°8 0.28+0.11°8 0.11+0.01%4
C 8.36+0.20"® 8.08+0.14%8 7.48+0.01%8 7.06+£1.05%8 5.98+0.18%
Resilience W 7.87+0.09°° 8.27+0.18° 6.94+0.53C 6.09+0.22® 4.59+0.11
(mm) RW 8.43+0.08"8 7.63+0.34°® 8.03+0.26"8 6.87+0.47°8 5.08+1.22%4
8.52+0.07°¢ 8.44+0.08"¢ 7.98+0.13% 6.51+0.67 5.51+0.10
C 817.38+140.47°C 408.38+67.63°® 187.20:£48.15%A 162.15+76.93* 157.75+9.83¢
Gumminess W 292.68+33.62%5¢ 404.95+167.3% 134.58+3.08%48 84.58+8.03% 74.13+14.53A
(® RW 980.05+£355.75%8 334.08+128.30°* 246.10+£34.86" 118.75+12.94* 102.30+£17.96%
R 943.65+68.94° 403.63+26.48C 208.60+£2.40°8 88.35+31.32% 65.1342.58*
C 64.12+17.39%8 31.85+6.56™ 13.75+3.58A 11.567.04%4 9.22+0.30°A
Chewiness W 22.53+2.95%¢ 33.00+14.38% 9.310.49°B 5.17+0.57*AB 3.79+0.08*
(mJ) RW 81.02+30.28%" 25.13£10.81% 19.393.3204 8.0120.32%A 5.01£0.31%
R 78.83+5.06"° 33.41+1.92°¢ 16.52+0.74%8 5.53+1.41% 3.51£0.20

*: C: Control group; W: White wine waste; RW: Red and White wine waste (1:1 w/w); R: Red wine waste
a, b, ¢, d: There are significant differences between the means marked with different letters in the same column (p<0.05).
A, B, C, D, E: There are significant differences between the means marked with different letters on the same row (p<0.05)

Color measurements

The color parameters (L*, a*, b*) of Izmir Tulum cheese samples during 180-day ripening are presented in Table 3. L*
values increased in all samples by the end of ripening, indicating enhanced surface whiteness as brine penetrated the cheese
mass. Initial L* values ranged from 53.20 (R) to 80.68 (C), lower than reported for Primosale (60.96—64.70) and Tulum
cheeses (88—94) (Busetta et al. 2022; Tomar, 2019). The a* values reflected brine color differences: samples C and W
showed negative (greenish-yellow) values, whereas RW and R had positive (pink-red) values. This difference is likely
attributable to the transfer of pigments from the grape pomace (Barbaccia et al. 2022). b* values ranged from 1.25 to 14.27
on day 1, with the highest value in sample W (20.44) at the end of ripening. Heat treatment of milk and storage effects likely
contributed to increased yellow intensity, as previously noted (Sert et al. 2014).
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Table 4. Color parameters of [zmir Tulum cheeses

Ripening (days)
Parameter Sample* L oAy
90. 180.
C 80.68+0.65% 85.27+2.04%8¢ 86.77+0.54°C
L* W 79.09+1.00° 85.39+1.57°€ 84.73+2.43B¢
RW 60.41£3.01%4 60.47+4.11°4 66.47£3.01°A
R 53.20+4.80%A 58.76+=1.96 59.3144.07*4
C -1.83+0.06°B¢ -3.35+0.35% -2.31+0.11%8
. W -1.82+0.17%48 -2.21£0.61%8 -1.33+1.20%8
a
RW 12.23£1.24% 10.19+0.57%48 8.75+0.30%
R 13.49+0.83"8 11.14+0.37% 11.62+1.04°48
C 14.17+0.16 16.60+2.84°C 17.54+0.75%
- w 14.27+1.19% 16.25+2.39b4B 20.44+3.77°8
RW 2.64+0.12%4 7.76+0.69°C 9.34+0.59°°
R 1.25+0.16* 5.07+0.62C 5.34+0.30°C

*: C: control group; W: white wine waste; RW: red and white wine waste (1:1 w/w); R: red wine waste

L*=brightness, a*=red-green, b*=yellow-blue values.

a, b, ¢, d: There are significant differences between the means marked with different letters in the same column (p<0.05).

A, B, C, D, E: There are significant differences between the averages marked with different letters on the same line (p<0.05)

Principal Component and Heatmap Analyses

Principal component analysis (PCA) showed that PC1 (53,6%) and PC2 (20.6%) together explain 73.9% of total variance
(Figure 4). PC1 likely reflects key physicochemical and biochemical traits. Protein content, springiness, hardness, and
cohesiveness were positively correlated along PC1, whereas DPPH, CUPRAC, total phenolics were negatively correlated,
suggesting that higher structural integrity may correspond to lower antioxidant activity. Salt content also negatively
correlated with structural traits, indicating that increased salinity may reduce protein, hardness, and cohesiveness while
enhancing phenolic-related metabolites.

6
Label variables
4 :
Springiness (mJ) mC1
mC180 :
2 Protein %

]
mW180 g0
Salt %

Component 2 (22,6 %)

Component 1 (53,6 %)

Figure 4. Biplot of chemical compositions, textural and antioxidative properties in rotated space of the two principal
components from PCA for cheese samples. (C: Control group; W: White wine waste; RW: Red and White wine waste (1:1
w/w); R: Red wine waste. The numbers 1, 30, 60, 90 and 180 in the sample codes represent the ripening days.)
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Sample clustering revealed that C180, W180, W90, and RW 180 aligned with salt concentration, reflecting brine saturation,
while C30, R30, C60, and R60 were associated with higher antioxidant activity. Heat map analysis supported these findings,
showing clusters of structural traits (dry matter, hardness, cohesiveness, protein) and DPPH, CUPRAC, total phenolics, with
salt concentration influencing both groups (Figure 5). Overall, PCA and heat map analyses illustrate the interplay between
physicochemical properties, antioxidant activity, and brine salinity during cheese ripening.
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Figure 5. Heat map and clustering analysis of at the different periods of cheese samples. (C: Control group; W: White wine
waste; RW: Red and White wine waste (1:1 w/w); R: Red wine waste. The numbers 1, 30, 60, 90 and 180 in the sample
codes represent the ripening days.)

Apart from classic cheese flavor, volatile compounds from grape pomace contributed to the sensory profile (Figure 6), with
sample R scoring highest in flavor at the end of ripening. On day 1, flavor scores of C and R were similar (p>0.05), while
W and R differed significantly (p<0.05). All samples were perceived as salty, with significant differences in salinity on day
180 (p<0.05). No bitterness was detected. Odor scores increased significantly between days 30 and 60 (p<0.05). Color scores
reflected the influence of grape pomace, with the control receiving the highest panelist ratings. Texture values increased
during ripening, notably in W from day 30 onwards (p<0.05). Overall, the control sample was preferred for texture, taste,
odor, saltiness, bitterness, and general acceptability, while samples with grape pomace showed similar but slightly lower
values; W was most liked in taste, RW in texture, and R in odor.
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Figure 6. Sensory properties of cheese

CONCLUSION

The increasing waste generated from food production worldwide in recent years has brought sustainability and innovative
raw material use to the forefront in the field of gastronomy. Therefore, the utilization of grape pomace, a natural byproduct
of the wine industry, holds significant potential from both environmental and gastronomic perspectives. This study
investigated the effects of grape pomace on phenolic compounds and antioxidant activity by using it in the cheese ripening
process. The findings indicate that grape pomace, rich in antioxidants and phenolic compounds, enhances the functional
properties of Izmir Tulum cheese, particularly its antioxidant activity and phenolic content, while maintaining acceptable
sensory quality during storage. Thus, the study provides an innovative approach to traditional cheese production and serves
as an important example for sustainable gastronomic practices.
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