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Abstract

This study aimed to optimize the extraction of phenolic compounds from Vitis labrusca L. seeds and to evaluate their
functional effects in yogurt. A face-centered central composite design under Response Surface Methodology was applied
using liquid-to-solid ratio and extraction temperature as variables. Total phenolic content (TPC) and DPPH ICso were used
as response parameters. Optimal conditions yielded 969.30 mg GAE/g TPC and 13.71 mg/mL ICso. The extract was incor-
porated into yogurt (0.5% and 1.0%, w/w), and physicochemical (pH), microbiological, antioxidant, and sensory properties
were evaluated during 14 days of storage. Enriched samples showed significantly higher phenolic content and antioxidant
activity compared to control (p<0.05), while maintaining microbiological safety and acceptable sensory quality. The
0.5% formulation provided the best balance between functionality and sensory attributes. These findings demonstrate the
potential of V. labrusca seed extract as a natural functional ingredient in dairy systems.
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Introduction

Grape seeds are among the richest plant sources of dietary
polyphenols, including proanthocyanidins (PACs), cate-
chin/epicatechin, and gallic acid derivatives, which together
confer potent antioxidant and antimicrobial activity. Grape
seed extracts (GSE) typically exhibit higher total phenolic
content and stronger radical-scavenging ability than skins
or stems, while inhibiting foodborne bacteria through mem-
brane disruption and metal-chelation mechanisms [18, 31,
34, 35]. These properties make grape seeds valuable raw
materials for functional food fortification and natural pres-
ervation. Although most research focuses on Vitis vinifera,
non-vinifera species such as Vitis labrusca—widely cul-
tivated in humid regions—generate abundant processing
by-products with distinctive phenolic profiles rich in antho-
cyanins and flavan-3-ols. However, only a limited number
of studies have specifically focused on the optimization
of phenolic extraction from Vitis labrusca seeds and their
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application in food systems [11, 19]. Strategic valorization
of these seeds could therefore broaden the range of clean-
label antioxidants and antimicrobials for functional food
development [11, 26].

Solid-liquid extraction (SLE) remains the most practi-
cal approach for polyphenol recovery at laboratory and pilot
scales, despite advances in assisted methods such as ultra-
sound, microwave, pulsed-electric-field, and supercritical
extraction. Among SLE variables, the solid-to-liquid (S/L)
ratio governs mass-transfer efficiency, whereas temperature
affects diffusion and solubility but can accelerate phenolic
degradation if excessive. Studies confirm these as the most
influential factors for grape seed phenolic yield ([6, 19];
Rajha et al., 2014). Response Surface Methodology (RSM)
efficiently quantifies main, quadratic, and interaction effects
and has proven effective in optimizing phenolic extrac-
tion from grape seeds and pomace through ANOVA-based
model validation. However, few works have focused specif-
ically on S/L ratio and temperature for V. labrusca seeds or
validated optimized extracts in dairy matrices [3]; Gubsky
et al., n.d.; Iglesias-Carres et al., [15]. Yogurt provides an
ideal carrier: it is protein-rich, consumer-familiar, and offers
cold-chain stability. Fortification with grape phenolics
enhances TPC and antioxidant capacity, though protein—
polyphenol interactions can influence color, astringency,
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Table 1 Factors of RSM design

Factor Independent Variable Levels

-1 0 +1
X Solid:liquid ratio (w/v) 30:1 40:1 50:1
Y Temperature (°) 30 40 50

Table 2 Experimental design matrix provided by CCD

Run Coded X CodedY Solid:liquid ratio (w/v) Temperature
°C
1 -1 -1 30 30
2 +1 -1 50 30
3 -1 +1 30 50
4 +1 +1 50 50
5 -1 0 30 40
6 +1 0 50 40
7 0 -1 40 30
8 0 +1 40 50
9 0 0 40 40
10 0 0 40 40
11 0 0 40 40
12 0 0 40 40
13 0 0 40 40

and bioaccessibility, requiring combined evaluation of func-
tionality and sensory quality during storage [16, 20, 38, 39,
44].

Despite the recognized potency of grape seed polyphe-
nols, few studies have optimized Vitis labrusca L. seed
extraction. The present work therefore aimed to optimize
phenolic extraction using the solid-to-liquid ratio and tem-
perature as variables under Response Surface Methodology
(RSM), validate the predicted optima experimentally, and
apply the optimized extract in yogurt. After yogurt produc-
tion, samples were stored for 14 days and analyzed on days
1, 7, and 14 for microbiological counts, total phenolic con-
tent (TPC), DPPH radical-scavenging activity, and sensory
quality. Addressing this integrated workflow bridges analyt-
ical optimization and application-ready functionality, ensur-
ing ingredient performance and product acceptability in a
real food matrix [14, 37]. Thus, RSM-optimized V. labrusca
seed extract was validated and incorporated at 0.5% and
1.0% (w/w) into yogurt, whose refrigerated storage con-
firmed the extract’s microbiological, antioxidant, and sen-
sory stability—establishing a practical route for valorizing
grape-seed phenolics in fermented dairy products [20, 38].

This study primarily focuses on phenolic extraction opti-
mization and antioxidant functionality, while other quality
parameters are considered beyond the present scope. How-
ever, detailed identification of individual phenolic com-
pounds was not within the scope of this study.
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Materials and methods
Materials

Vitis labrusca L. samples were obtained from the Arhavi
district of Artvin during the 2024 harvest season and dried
at room temperature for 10 days after harvest. The seeds
of the dried samples were separated, washed with distilled
water, and dried in a convection oven at 40+ 1 °C until con-
stant weight. The dried seeds were milled using a labora-
tory grinder (<500 um particle size) and stored in airtight,
light-proof containers at 4 °C until extraction. DPPH (2,2
diphenyl-1-picrylhydrazyl) (Sigma-Aldrich) was used for
antioxidant activity analyses and Folin & Ciocalteu’s phe-
nol reagent (Sigma-Aldrich) was used for total phenol con-
tent analyses.

Methods
Experimental design and optimization

Phenolic extraction from Vitis labrusca L. seed powder was
optimized using Response Surface Methodology (RSM)
based on a Central Composite Design (CCD) to evaluate
the combined effects of liquid-to-solid ratio (X, v/w) and
extraction temperature (Y, °C) on total phenolic content
(TPC) and antioxidant activity (DPPH ICso). The design was
face-centered with a total of 13 experimental runs, including
five replicates at the design center to estimate pure error,
with o.=1 ensuring a rotatable and orthogonal design space.
These replicates were used to estimate experimental error
and improve the reliability of the fitted model. The factors
and the levels are given in Table 1.

The factor levels were defined as follows: liquid-to-solid
ratio, 30:1-50:1 (v/w); extraction temperature, 30-50 °C.
The selected ranges for liquid-to-solid ratio and temperature
were based on previous optimization studies on grape seeds
and similar plant matrices [6, 32]/b; [19]. All extractions
were carried out using a hydroalcoholic solvent (methanol—
water mixture, 70:30 v/v) on the plate shaker for 30 min at
the designated temperature and ratio. Methanol was used
solely as an extraction solvent at laboratory scale due to its
high efficiency in phenolic recovery. The solvent was com-
pletely removed after extraction under reduced pressure,
and the extract used for further application was solvent-free.
After extraction, samples were centrifuged (6500 x g, 15
min), and the supernatant was filtered (Whatman No. 42).
The experimental design matrix is shown in Table 2. Each
run was performed duplicate, and the mean values were
used for statistical modeling. Although residual methanol
was not analytically quantified, evaporation was performed
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under reduced pressure at 40 °C until constant mass, mini-
mizing the likelihood of solvent residues.

Model fitting and statistical analysis The experimental data
were analyzed using Minitab v20.3 (Minitab LLC, State
College, PA, USA). A second-order polynomial model was
fitted to each response according to the equation:

BuX?+ByY?+ B, XY

Y:ﬁ0+,81X+62Y+

In the formula, Y represents the predicted response (TPC
or DPPH ICso), X and Y are the coded variables of solid-
to-liquid ratio and extraction temperature, respectively, and
B terms denote the regression coefficients for the intercept,
linear, quadratic, and interaction effects. Model adequacy
was evaluated by analysis of variance (ANOVA), lack-of-fit
testing, and coefficients of determination (R? and adjusted
R?). The significance of each term was assessed using the
F-test at the 95% confidence level (p<0.05).

Validation of predicted optimum Predicted optimal con-
ditions were experimentally validated in duplicate, which
represents a limitation of the present study. However, the
close agreement between predicted and experimental values
and the low relative error indicate good model reliability.
For the optimization stage, TPC and DPPH analyses were
performed directly on the freshly obtained extracts prior to
solvent removal. The rotary evaporation step was applied
only to obtain a solvent-free extract for yogurt fortification
and did not affect the optimization results. The observed
TPC and DPPH ICso values were compared with predicted
values, and relative error (%) was calculated as:

. | Predicted - Observed |
1 = 1
Relative error (%) Predictod x 100

The extract obtained under the simultanecous optimum
was concentrated by rotary evaporation at 40 °C under
reduced pressure to ensure complete removal of methanol.
The resulting solvent-free extract was then used for yogurt
enrichment. The solvent-free phenolic extract was stored at
— 20 °C until yogurt enrichment [3, 12, 15, 19, 24].

Yogurt production and enrichment
Yogurt was prepared from standardized cow’s milk (3.0%

fat, 3.2% protein). The milk was pasteurized at 90 °C for
10 min, cooled to 43 °C, and inoculated with a commercial

starter culture containing Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus (Chr. Hansen,
Denmark). The solvent-free V. labrusca L. seed extract
was added at 0.5% and 1.0% (w/w) concentrations, while
a control without extract was produced under identical con-
ditions. Only the extract obtained after complete removal
of methanol was used in yogurt production. Fermenta-
tion proceeded at 43 °C until pH = 4.6 [21], after which
yogurts were cooled rapidly and stored at 4 °C for 14 days.
All yogurts (control, 0.5%, 1.0%) were stored at 4 = 1 °C.
Analyses were performed on day 1, day 7, and day 14 of
refrigerated storage to determine pH and antioxidant param-
eters, microbiological, antioxidant, and sensory parameters.

Analytical determinations

For analytical determinations, phenolic extracts obtained
during optimization were used directly without solvent
removal, whereas the solvent-free extract obtained after
rotary evaporation was used only for yogurt enrichment.

pH determination The pH of yogurt samples was measured
by directly immersing a calibrated pH electrode into the
samples [28].

Microbiological enumeration Microbial quality of the
yogurt samples was assessed using standard plate count
techniques. Total mesophilic aerobic bacteria (TMAB),
yeasts/molds, probable lactic acid bacteria, and coliforms,
were enumerated following ISO methods (Iso 15214:1998,
2015; TS EN Iso 4833—2, 2014; TS Iso 4831, 2010; TS Iso
21527-1:2008, 2012). Microbiological analyses were per-
formed on yogurt samples collected on days 1, 7, and 14
of storage. Samples were stored at 4+1 °C throughout the
experimental period and analyzed under identical laboratory
conditions at each sampling time.

Phenolic extraction The extraction procedure for grape
seed and yogurt phenolic compounds was adapted from
the method described by Dai and Mumper [10] with cer-
tain modifications. Specifically, methanol-distilled water
mixtures of varying concentrations were employed using
a solid—liquid extraction technique. For the grape seeds,
based on the design generated via RSM, 10 g of grape seed
sample were weighed and homogenized using an Ultratur-
rax homogenizer after the addition of 300, 400 and 500
mL of methanol-water mixtures containing 1% (v/v) 0.1 N
HCI, with solvent concentration 70%. And for yogurt sam-
ples, 10 g of yogurt sample were mixed with 90 mL 70%
methanol containing 1% HCI. The inclusion of HCI aimed
to prevent oxidation prior to analysis. Extraction durations
were adjusted 30 min. During extraction, all samples were
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agitated at 150 rpm in an orbital shaker and subsequently
centrifuged at 6500 rpm for 15 min. The resulting super-
natants were filtered through Whatman No. 42 filter paper
and stored at — 20 °C for subsequent determination of total
phenolic content and antioxidant activity.

Antioxidant activity The DPPH radical scavenging activity
of grape seed extracts was evaluated following the proce-
dure described by Popovic et al., [30], with slight modifica-
tions. Aliquots of 2.5, 5.0, and 7.5 pg/mL were taken from
the sample extracts, to which 500 uL of DPPH solution was
added, and the total volume was adjusted to 2 m L with
methanol. The mixtures were vortexed thoroughly to ensure
uniformity and incubated in the dark at room temperature
for 30 min. After incubation, the absorbance values were
recorded at 517 nm using a spectrophotometer. The ICso
values were calculated from linear regression analysis of
the inhibition percentage versus sample concentration. The
regression models showed good linearity with coefficients
of determination (R?) higher than 0.99, indicating reliable
estimation of antioxidant activity. The percentage of radical
inhibition (%I) was calculated using the following equation:

%I = (A;\:A) x 100where A, represents the absorbance
of the control and Adenotes the absorbance of the sam-
ple extract. The ICso values, indicating the concentration
required to scavenge 50% of DPPH radicals, were deter-
mined from the regression equation generated by plotting
the percentage inhibition values against the corresponding

sample concentrations.

The differences observed between total phenolic content
and antioxidant activity may be attributed to the specific
composition of phenolic compounds present in the extract.
Since different phenolics exhibit varying antioxidant capac-
ities, total phenolic content alone may not fully explain the
radical scavenging activity. A detailed phenolic profiling
using techniques such as HPLC-DAD or LC-MS would

Table 3 Form of the sensory analysis

Full Name:

Date :

Please rate the numbered samples below on a scale of 1-9 in terms
of appearance and color, flavor, consistency, sourness, separation of
serum and overall acceptability.

9: Extremely good, 1: Extremely bad

Sensory Qualification Sample No

Appearance and Color
Flavor

Consistency

Sourness

Separation of Serum
General Acceptability
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provide further insight into the contribution of individual
compounds. However, such analysis was beyond the scope
of the present study. The discrepancy between TPC and
DPPH activity can be attributed to differences in the redox
potential and structural configuration of individual phenolic
compounds (e.g., degree of hydroxylation, polymerization
level).

Total phenolic content (TPC) Total phenolic content (TPC)
was determined using the Folin—Ciocalteu method. A cali-
bration curve was prepared using gallic acid standard solu-
tions in the range of 0-200 mg/L. The calibration curve
showed good linearity (R? = 0.999). Results were expressed
as mg gallic acid equivalents (GAE)/g dry seed or/100 g
yogurt. The calibration equation was y=ax+b, with R? =
0.999.

Sensory evaluation Sensory analyses of yogurt samples
were conducted by a community-based panel of 11 adult
panelists (trained by us in product and sensory analysis
methods). A sensory panel form was prepared (Table 3),
with some modifications, based on the criteria outlined by
[36]. Using this form, yogurt samples were evaluated by the
same panelists on days 1, 7, and 14 of storage for color and
appearance, odor, water release, consistency, sourness, fla-
vor, and overall acceptability.

Results and discussion
Model fitting and statistical evaluation

The experimental data for total phenolic content (TPC) and
antioxidant activity (DPPH ICso) were fitted to a second-
order polynomial model, and the adequacy of each model
was assessed by ANOVA and diagnostic statistics. The TPC
model was highly significant (F=55.79, p<0.001) with a
non-significant lack-of-fit (p=0.358) and a high coefficient
of determination (R? = 0.976), confirming an excellent cor-
relation between predicted and observed values (Table 4).
Similarly, the model for DPPH ICso was statistically sig-
nificant (F=41.83, p<0.001) with R? = 0.968 and a non-
significant lack-of-fit (p=0.326). These results verified the
suitability of the quadratic model for describing the extrac-
tion behavior of Vitis labrusca L. seed phenolics within the
studied experimental range.

The ANOVA for the quadratic model of TPC indicated
that the model was highly significant (p<0.001) with a high
coefficient of determination (R? = 0.9755) and non-signif-
icant lack-of-fit (p=0.358), confirming model adequacy.
Both linear and quadratic effects were significant (» <0.05),
and the solid-to-liquid ratio exhibited the strongest influence
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Table 4 ANOVA results for TPC and DPPH

TPC

Source DF AdjSS AdjMS F-Value P-Value
Model 5 209497 41899  55.79 0.000
Linear 2 148093 74047  98.59 0.000
Solid: Liquid 1 119639 119639 159.29  0.000
Temperature °C 1 28454 28454  37.89 0.000
Square 2 40453 20226  26.93 0.001
Solid: Liquid*Solid: 1 38875 38875  51.76 0.000
Liquid

Temperature 1 1474 1474 1.96 0.204
°C*Temperature °C

2-Way Interaction 1 20951 20951 27.90 0.001
Solid: 7 20951 20951 27.90 0.001
Liquid*Temperature

°C

Lack-of-fit 3 5257 751

Pure error 4 2722 907 1.43 0.358
Total 12 2536 634

DPPH

Source DF AdjSS AdjMS F-Value P-Value
Model 5 160.283 32.057 41.83 0.000
Linear 2 114.956 57.478  75.00 0.000
Solid: Liquid 1 103.252  103.252 134.74  0.000
Temperature °C 1 11.704  11.704  15.27 0.006
Square 2 20.676 10.338  13.49 0.004
Solid: Liquid*Solid: 1 5.235 5.235 6.83 0.035
Liquid

Temperature 1 7.627 7.627 9.95 0.016
°C*Temperature °C

2-Way Interaction 1 24.651  24.651 32.17 0.001
Error 1 24.651  24.651 32.17 0.001
Lack-of-fit 7 5364 0.766

Pure error 3 2910 0.970 1.58 0.326
Total 4 2454 0.614

on phenolic yield (F=159.29, p<0.001). The interaction
between solid-to-liquid ratio and temperature was also sig-
nificant (p<0.01), indicating synergistic behavior of the two
factors. The ANOVA results for the DPPH ICso quadratic
model demonstrated that the fitted model was highly sig-
nificant (p<0.001) with a high coefficient of determination
(R?=0.9676) and a non-significant lack-of-fit (p=0.326),
confirming the adequacy of the model. Both extraction
parameters, solid-to-liquid ratio and temperature, signifi-
cantly affected the antioxidant activity (»p<0.05). Among
them, the solid-to-liquid ratio was the most influential factor
(F=134.74, p<0.001), followed by temperature (F=15.27,
p=0.006).

The quadratic effects were also significant, suggest-
ing a curvilinear relationship between extraction variables
and DPPH response. Moreover, the significant interaction
between solid-to-liquid ratio and temperature (p<0.01)
indicated that the antioxidant activity was governed by
the synergistic effects of both parameters rather than their

Table 5 Estimated regression coefficients for the coded variables (TPC
and DPPH)

TPC

Term Coefficient SE T-Value P-Value VIF
Coeff

Constant 591.3 11.4  51.96 0.000

Solid:liquid ratio -141.2 1.2 -12.62 0.000 1.00

X)

Temperature °C (Y) -68.9 1.2 -6.16 0.000 1.00

X2 118.6 16.5 7.19 0.000 1.17

Y2 -23.1 16.5 -1.40 0.204 1.17

XxY 72.4 13.7 5.28 0.001 1.00

DPPH ICy,

Term Coefficient SE T-Value P-Value VIF
Coeff

Constant 18.704 0.363 51.46 0.000

Solid:liquid ratio 4.148 0.357 11.61 0.000 1.00

X)

Temperature °C (Y) 1.397 0.357 3.91 0.006 1.00

X2 1.377 0.527 2.61 0.035 1.17

Y2 1.662 0.527 3.15 0.016 1.17

XxY -2.482 0.438 -5.67 0.001 1.00

individual contributions. These findings confirm that the
developed quadratic model reliably predicts the antioxidant
activity of Vitis labrusca L. seed extracts within the studied
experimental domain.

Regression analysis for TPC

The estimated regression coefficients for the coded vari-
ables (Table 5) showed that both the solid-to-liquid ratio
and extraction temperature exerted highly significant effects
on TPC (p < 0.001). The negative coefficients for the linear
terms (—141.2 for solid: liquid ratio and — 68.9 for tempera-
ture) indicate that an increase in either factor beyond the
center level reduced phenolic yield, consistent with solute
saturation and degradation of thermolabile compounds at
higher solvent dilution or temperature [7, 33]. Conversely,
the positive quadratic term for solid: liquid ratio (118.6, p <
0.01) demonstrates a strong curvature effect, revealing an
optimum region where solvent volume maximizes phenolic
diffusion without excessive dilution.

The interaction term between solid: liquid ratio and tem-
perature (72.4, p = 0.001) was also significant, suggesting
that the influence of temperature depends on solvent load-
ing. This synergistic behavior is widely reported in grape
seed extraction systems, where moderate heating acceler-
ates diffusion and solvent penetration, provided that the
solvent concentration is sufficient to prevent polymeric con-
densation [6, 13]. The resulting fitted equation for TPC in
coded form is expressed as:
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TPC = 591.3 — 141.2X — 68.9Y +
118.6X2 — 23.1Y2 4+ 724XY

The high f-values of the significant coefficients (|t =
6.16-12.62, p<0.001) and low variance inflation fac-
tors (VIF<1.2) confirm model stability and absence of
multicollinearity.

Regression analysis for DPPH IC;,

The regression coefficients for antioxidant activity (Table
5) revealed that both solid-to-liquid ratio (4.148, p < 0.001)
and temperature (1.397, p = 0.006) significantly influenced
DPPH ICso values, with positive coefficients indicating that
higher extraction intensity led to increased I1Cso, i.e., lower
antioxidant capacity. This inverse behavior relative to TPC
suggests that excessive solvent or temperature may promote
oxidative transformation of catechins and proanthocyani-
dins, thereby decreasing radical-scavenging efficiency [29].

Both quadratic terms were significant (p < 0.05), indicat-
ing curvature and confirming the presence of an optimum.
The negative interaction term (—2.482, p = 0.001) indicates
that the combined effect of high temperature and large sol-
vent ratio reduced ICso values, enhancing antioxidant activ-
ity through improved extraction of low-molecular-weight
phenolics [23]. The final coded equation for the DPPH ICso
response was:

ICs0 = 18.70 + 4.15X + 1.40Y +
1.38X2 +1.66Y2 — 2.48XY

The good agreement between the model predictions and
experimental data, together with high #-statistics (|t| > 3) and
VIF<1.2, demonstrates that the model is both statistically
valid and free from multicollinearity.

Comparative assessment and mechanistic implications

Both models indicate that solid-to-liquid ratio is the most
influential extraction factor for V. labrusca seed phenolics,
while temperature exerts a secondary but still significant
effect. These findings align with previous optimization stud-
ies on grape seeds and other fruit by-products where sol-
vent-to-solid ratio accounted for over 60:1 of the variability
in phenolic yield [6]; [27]. The negative curvature observed
in both responses confirms that phenolic recovery and anti-
oxidant activity reach maxima within a moderate extraction
domain—an outcome attributed to equilibrium mass trans-
fer and avoidance of degradation [7, 13]. The simultane-
ous significance of linear, quadratic, and interaction terms,
together with high R? and non-significant lack-of-fit, con-
firms the predictive reliability of the quadratic models.
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Effects of extraction parameters on TPC

The influence of the solid-to-liquid ratio and extraction tem-
perature on the total phenolic content (TPC) of Vitis labr-
usca L. seed extracts are illustrated in Fig. 1. A pronounced
curvature was observed in the response surface, confirming
the statistical significance of both the quadratic and interac-
tion terms in the fitted model (Table 5). The solid-to-liquid
ratio emerged as the dominant variable, showing a strong
negative linear coefficient (—141.2, p < 0.001) followed
by a positive quadratic effect (118.6, p = 0.001), indicat-
ing that phenolic yield first increased and then declined as
the solvent proportion exceeded its optimum. This pattern
suggests that at lower solvent volumes, the concentration
gradient between solid and liquid phases limited mass trans-
fer, whereas excessive solvent caused dilution and reduced
solute—solvent interactions [29, 33].

Extraction temperature also showed a significant effect
(-68.9, p < 0.001), although to a lesser extent than solvent
loading. Moderate heating (around 40-45 °C) improved
diffusivity and solvent penetration through seed cell walls,
facilitating the release of bound phenolics such as catechin,
epicatechin, and procyanidin oligomers [7]. However,
higher temperatures beyond this range promoted degrada-
tion of thermolabile compounds and possible polymeriza-
tion of flavan-3-ols, leading to a reduction in measurable
TPC [13]. A significant interaction between solid-to-liquid
ratio and temperature (p = 0.001) revealed that the positive
impact of temperature was more pronounced at intermediate
solvent levels. At excessive solvent ratios, the thermal effect
diminished, probably because dilution lowered the effective
concentration gradient and reduced contact between solvent
molecules and phenolic-rich matrices. Similar synergistic
behavior between temperature and solvent ratio has been
reported for grape seeds [6] and other fruit by-products [27].

The model demonstrated that maximum TPC is achieved
under moderate temperature and intermediate solid-to-lig-
uid ratios, which balance efficient mass transfer with limited
degradation. These findings are consistent with previously
optimized extractions from Vitis vinifera and hybrid grape
seeds, where optimal conditions generally occurred at
40-50 °C and solvent ratios between 35:1 and 45:1 (v/w)
[1, 23]. The obtained behavior reinforces the suitability of
V. labrusca seeds as a high-value phenolic source and vali-
dates the predictive accuracy of the RSM model for deter-
mining precise operating windows.

Effects of extraction parameters on DPPH IC;,
The response surface and contour plots in Fig. 2 describe the

combined influence of the solid-to-liquid ratio and extrac-
tion temperature on the DPPH radical-scavenging activity
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Fig. 1 TPC values surface and counter plots
against temperature and solid:liquid ratio

Temperature °C

Total Phenol mg/mL

| | < 500
M 500 - 600
M 600 - 700

700 - 800
M 800 - 900
| > 900

40 50
Solid:Liquid

Total Phenol mg/mL

Temperature °C

50

Solid:Liquid

(expressed as 1Cso) of Vitis labrusca L. seed extracts. A
lower ICso value corresponds to higher antioxidant capacity;
therefore, the descending regions on the plots indicate more
efficient radical neutralization. Both extraction parameters
exhibited statistically significant effects (p < 0.05; Table
4), and the overall curvature confirmed the presence of an
optimal range rather than a monotonic trend. The solid-to-
liquid ratio had the strongest influence, showing a positive
linear coefficient (4.15, p < 0.001) and a significant qua-
dratic component (p = 0.032), demonstrating that excessive
solvent reduced radical-scavenging efficiency. At low sol-
vent volumes, phenolic release was limited by insufficient
solvent-matrix contact; however, when solvent volumes
became excessive, the concentration of active antioxidants
in solution decreased, resulting in weaker DPPH inhibition
[22,29].

Extraction temperature also significantly affected ICso
(1.40, p = 0.006). Moderate heating improved diffusion
and solubility of low-molecular-weight phenolics such as
gallic acid, catechin, and epicatechin, which exhibit high
radical-scavenging efficiency [7, 13]. However, higher tem-
peratures (above 45 °C) increased ICso, suggesting thermal
oxidation or condensation of monomeric flavan-3-ols into
less active polymers [45]. The interaction term (solid-to-lig-
uid x temperature) was highly significant (-2.48, p =0.001),
revealing that temperature’s effect depends on solvent load-
ing. At intermediate solvent ratios (40:1-45:1), mild heat-
ing favored extraction of phenolics responsible for DPPH
reduction, while excessive dilution or high temperature sup-
pressed activity. This synergistic pattern matches reports for
grape pomace and seed extracts, where moderate thermal
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Fig. 2 DPPH values surface and counter plots
against temperature and solid:liquid ratio DPPH
n < 150
MW 150 - 175
B 175 - 200
200 - 225
M 225 - 250
v > 250
e
3
e
o
o
£
]
-
30 35 40
Solid:Liquid
25 |
DPPH ‘
20 \
/~ 50
15
Temperature °C
Solid:Liquid 50

input coupled with limited solvent volume optimized anti-
oxidant response [27, 32]/b.

The model demonstrates that antioxidant activity follows
an inverse pattern to TPC, as over-extraction or aggressive
heating can degrade phenolic radicals or alter their redox
potential [1]. This supports that antioxidant capacity is gov-
erned not only by total phenolic concentration but also by
phenolic composition and molecular structure. The response
surface and contour (Fig. 2) both highlight a saddle-shaped
domain where ICso reaches its minimum, corresponding to
a region of balanced extraction intensity. Such curvature is
typical of phenolic-rich matrices where solvent polarity and
temperature jointly govern antioxidant function rather than
absolute phenolic concentration [9]. These findings align
with the growing consensus that extraction efficiency and
antioxidant capacity are not linearly coupled: the qualita-
tive composition of the extract—particularly the proportion
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of ortho-dihydroxylated and conjugated phenolics—plays
a decisive role in free-radical neutralization [8]. The sig-
nificant linear, quadratic, and interaction effects observed
here thus confirm that V. labrusca seed phenolics respond
predictably to multivariate optimization and that response-
surface modeling is an appropriate approach for capturing
their complex extraction dynamics.

Optimization and validation of the model

Numerical optimization using the desirability function
in Minitab v20.3 was conducted to determine the extrac-
tion conditions that would maximize total phenolic content
(TPC) and minimize DPPH ICso. The individual optimiza-
tion for each response yielded the same predicted optimal
region, corresponding to a liquid-to-solid ratio of 30:1
(v/w) and an extraction temperature of 30 °C. Under these
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Table 6 Validation of model predictions for optimal extraction of Vitis labrusca L. seed phenolics

Response Optimization type Optimum conditions Predicted Observed value Relative Desir-
(X,Y) value (mean + SD) error (%) ability
TPC (mg GAE/L) Single-response 30:1 (w/v), 30 °C 969.30 958.23 £3.12 1.15 0.9992
DPPH ICs, Single-response 30:1 (w/v), 30 °C 13.71 13.58 £ 0.09 0.95 0.9926
(mg/mL)
TPC (mg GAE/L) Simultaneous 30:1 (w/v), 30 °C 962.75 956.34 £2.84 0.67 0.9959
DPPH ICy, Simultaneous 30:1 (w/v), 30 °C 13.26 13.11£0.10 1.13 0.9959
(mg/mL)

Table 7 Changes in total phenolic content (mg GAE/L) of yogurts dur-

ing 14 days of storage

Day Control (0 %) 0.5 % extract 1 % extract

1 5226 +0.412 63.13+£0.36 71.39 £0.55°
7 48.78 +0.28° 57.91+0.31° 62.70 + 0.44>
14 47.91+0.33> 55.30 +0.29° 60.52 + 0.40°

-Different superscript letters in the same row indicate significant dif-
ferences (p < 0.05)

conditions, the model predicted a TPC of 969.30 mg GAE/g
(desirability=0.9992) and a DPPH ICso of 13.71 mg/mL
(desirability=0.9926). Validation experiments conducted in
duplicate produced 958.23 mg GAE/g for TPC and 13.58
mg/mL for DPPH ICso, resulting in relative errors of 1.15%
and 0.95%, respectively. These low deviations confirm the
high predictive capability of the quadratic models.

Simultaneous multi-response optimization, performed
to obtain a balanced condition for both phenolic yield and
antioxidant activity, also pointed to the same factor com-
bination (solid-to-liquid=30:1; temperature=30 °C) with a
composite desirability of 0.9959. The validation of model
predictions for optimal extraction is given in Table 6.

At this joint optimum, the model predicted 962.75 mg
GAE/g TPC and 13.26 mg/mL ICso, while validation runs
yielded 956.34 mg GAE/g and 13.11 mg/mL, with respec-
tive relative errors of 0.67% and 1.13%. Such close agree-
ment between predicted and experimental results confirms
that the established quadratic equations can reliably predict
extraction efficiency within the studied domain. The excel-
lent agreement between predicted and observed outcomes
aligns with reports from comparable grape seed extraction
studies, where RSM-derived models achieved prediction
errors below 5% and desirability indices exceeding 0.95 [6,
7,27]. The high composite desirability values (> 0.99) dem-
onstrate that the experimental design achieved near-optimal
performance, with operating conditions located well within
the model’s feasible region rather than at its boundaries—
an indication of robust model behavior [4]. These validated
conditions were subsequently used to produce the solvent-
free phenolic extract incorporated into yogurt formulations.

Table 8 DPPH IC;, (mg/mL) of yogurts during refrigerated storage

Day Control (0 %) 0.5 % extract 1 % extract

1 10.26 +0.122 8.38 = 0.09:® 5.73 £0.06%
7 10.06 +0.10° 9.49+£0.112 5.12+0.08>
14 8.94 + 0.09° 6.48 +£0.07° 6.23 £0.06°

-Different superscript letters in the same row indicate significant dif-
ferences (p <0.05)

Application of optimized extract in yogurt
Total phenolic content (TPC)

The incorporation of the optimized Vitis labrusca L. seed
extract significantly increased (p<0.05) the TPC of yogurt
samples throughout refrigerated storage (Table 7). On day
1, the TPC of control yogurt was 52.26 mg GAE/100 g,
whereas yogurts enriched with 0.5% and 1% extract con-
tained 63.13 and 71.39 mg GAE/100 g, respectively.

The higher phenolic retention in extract-fortified yogurts
persisted through day 14, when control samples decreased
to 47.91 mg GAE/100 g, compared to 55.30 and 60.52 mg
GAE/100 g for the 0.5% and 1% treatments. A gradual
decline in TPC during storage was observed for all groups,
likely reflecting oxidative loss and binding of phenolics to
milk proteins [40]. Nevertheless, extract-fortified samples
retained approximately 10-20% higher phenolic level than
controls, demonstrating the chemical stability of the grape
seed polyphenols in the yogurt matrix.

Antioxidant activity (DPPH ICs)

A strong dose-dependent enhancement in antioxidant activ-
ity was observed following extract addition (Table 8). On
day 1, the DPPH ICso decreased from 10.26 mg/mL in the
control to 8.38 mg/mL (0.5%) and 5.73 mg/mL (1%), con-
firming that lower ICso values correspond to higher radi-
cal-scavenging ability. Throughout 14 days, antioxidant
activity remained significantly higher (» <0.05) in the forti-
fied yogurts, with the 1% formulation consistently showing
the greatest efficiency.

A slight increase in ICso over time suggested limited deg-
radation of extract antioxidants or interaction with casein
micelles [5]. These results corroborate previous findings
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where polyphenols effectively enhanced oxidative stabil-
ity and bioactivity of fermented dairy systems. These find-
ings clearly indicate that the incorporation of Vitis labrusca
seed extract enhances the functional antioxidant capacity
of yogurt. The observed reduction in ICso values confirms
improved radical-scavenging efficiency, which can be
attributed to the presence of phenolic compounds such as
catechins and proanthocyanidins. This demonstrates that
the extract acts as an effective natural antioxidant ingredient
in the yogurt matrix, supporting its use in functional dairy
product development.

Microbiological quality

Microbial counts confirmed that the addition of grape seed
extract did not adversely affect the viability of starter cul-
tures (Table 9). Lactic acid bacteria remained dominant
throughout storage, increasing from 7.0 to 7.1 log CFU/g
on day 1 to 8.3-8.5 log CFU/g on day 14 across all sam-
ples. This increase may be attributed to continued metabolic
activity and residual post-fermentation of starter cultures
during refrigerated storage. Such increases have been
reported in early storage due to post-acidification and con-
tinued metabolic activity of starter cultures under refrigera-
tion conditions.

Total mesophilic aerobic counts decreased marginally by
the end of storage, while yeasts and molds declined from
approximately 4.8 log CFU/g to around 3.0 log CFU/g.

No coliforms or Enterococcus species were detected,
confirming hygienic quality.

Table 9 Microbiological profile (log CFU/g) of yogurts during refrig-
erated storage

Day Sample TMAB Prob. Lac- Prob. Lac- Total
tobacillus  tococcus — Yeast/
spp. spp. mold
1 Control 459+ 7.04 £ 439+ 4.88 +
0.12° 0.092 0.07° 0.112

0.5 % extract 5.51+ 7.14 + 5.57 + 491+
0.102 0.082 0.052 0.102

1 % extract  4.04 + 7.10 + 449 + 476 +
0.13b 0.062 0.06° 0.092

7 Control 441 + 7.84 + 5.10+ 491+
0.11° 0.072 0.08 0.102

0.5 % extract 4.85+ 791+ 4.87 + 478 +
0.122 0.092 0.072 0.082b

1 % extract  4.46 + 7.81 £ 4.85+ 446 +
0.10° 0.082 0.062 0.07>

14 Control 328+ 8.18 2.98 + 2.98 +

0.092b 0.102 0.08° 0.082
0.5 % extract 3.23 + 8.52+ 328+ 325+

0.08° 0.092 0.09® 0.062
1 % extract  3.02+ 8.34 + 3.02+ 3.02+

0.07° 0.112 0.07° 0.072

-Different superscript letters within the same day indicate significant
differences among treatments (p < 0.05)
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Interestingly, the 1% extract group showed a small but
statistically insignificant suppression of yeast/mold popu-
lations, potentially due to residual phenolic antimicrobial
activity [20]. The absence of inhibitory effects on lactic acid
bacteria suggests that the phenolic extract did not interfere
with starter culture viability, which is essential for maintain-
ing yogurt quality. Additionally, the slight reduction in yeast
and mold counts may indicate a mild antimicrobial effect of
phenolic compounds, contributing to product stability dur-
ing storage.

Although a decline in lactic acid bacteria may be
expected during prolonged storage, increases have also
been reported in fermented dairy systems during early or
intermediate storage due to continued viability and resid-
ual fermentation activity under refrigeration. Therefore,
the increase observed in the present study was interpreted
as continued starter culture activity rather than a negative
microbiological deviation. Nevertheless, this point should
be further confirmed in future studies with broader replica-
tion and extended storage monitoring.

Sensory evaluation

The sensory characteristics of yogurts fortified with Vitis
labrusca L. seed phenolic extract are presented in Fig. 3.
Evaluations were performed by a semi-trained panel (n =
11) using a nine-point hedonic scale (1 = “extremely bad” to
9 = “extremely good”) to assess appearance, color, aroma,
flavor, texture, and overall acceptability. Results indicated
that the inclusion of phenolic extract at both 0.5% and 1.0%
(w/w) had no adverse effects (p > 0.05) on the major sensory
attributes compared to the control yogurt, demonstrating
good sensory compatibility of the grape seed polyphenols
with the dairy matrix. In terms of appearance and color, a
slight but perceptible difference was observed as extract
concentration increased. The 1% formulation exhibited a
faint beige—brown tone, attributed to the natural pigments
and tannins present in the extract. However, panelists rated
its visual appeal as natural and acceptable (mean = 7.20
+ 0.45), suggesting that color modification did not reduce
product desirability. Similar outcomes have been reported
by Amirdivani and Baba [2] and Bertolino et al., [5], who
found that plant polyphenols imparted subtle, consumer-
acceptable coloration to yogurts without decreasing overall
preference.

Aroma and flavor scores revealed mild phenolic and
fruity notes in extract-enriched yogurts, more noticeable at
the 1% level. The 0.5% formulation, however, maintained a
flavor profile most comparable to the control (mean = 7.65
+ 0.38) and was described as “pleasantly mild.” This con-
centration provided an optimal balance between functional
enrichment and sensory neutrality. The higher extract level
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Fig. 3 Radar plot representing sensory scores (appearance, color,
aroma, flavor, texture, and overall acceptability) of control and phe-
nolic-enriched yogurts (0.5 % and 1 % Vitis labrusca L. seed extract)

(1%) introduced a slight astringency and bitterness—typical
of condensed tannins—but remained within acceptable sen-
sory thresholds (mean flavor score = 6.95 + 0.42). Polyphe-
nol-protein interactions are responsible for this perception,

as the binding of grape seed catechins and procyanidins to
milk caseins can modulate taste intensity [5, 40].

For texture, all samples achieved similar scores (7.25—
7.70), indicating that extract incorporation did not alter
yogurt viscosity, mouthfeel, or syneresis. This suggests that
phenolic compounds did not interfere with protein gela-
tion or exopolysaccharide formation during fermentation.
The consistent textural integrity aligns with prior studies
where grape or tea polyphenols stabilized the microstruc-
ture of fermented dairy systems by forming weak hydro-
gen bonds with casein micelles [25]. Overall acceptability
scores ranged from 6.75 + 0.35 (1%) to 7.75 + 0.32 (0.5%),
bot significantly higher han the control (p < 0.05). Panel-
ists described the fortified yogurts as having a “natural,
slightly fruity” flavor and a “rich creamy texture.” These
results confirm that the inclusion of grape seed extract can
enhance sensory appeal when incorporated at moderate lev-
els, providing both functional and organoleptic advantages.
The 0.5% enrichment level was therefoe identified as the
optimal formulation, achieving a favorable balance between
health-promoting attributes and consumer perception.

Overall, the results confirm that Vitis labrusca seed
extract provides functional benefits by enhancing antioxi-
dant properties while maintaining microbial and sensory
quality, thereby fulfilling the main objective of this study.

Conclusion

This study optimized the extraction of phenolic compounds
from Vitis labrusca L. (Isabella grape) seeds and demon-
strated the functional potential of the resulting extract in
yogurt. Response Surface Methodology identified a solid-
to-liquid ratio of 30:1 (v/w) and an extraction temperature
of 30 °C as the optimal conditions for maximizing pheno-
lic yield and antioxidant activity. The validated quadratic
models exhibited excellent predictive accuracy, with rela-
tive errors below 1.2% and desirability indices exceeding
0.99, confirming their reliability for process optimization.
The solvent-free extract, incorporated into yogurt at 0.5%
and 1% (w/w), significantly enhanced total phenolic con-
tent and antioxidant capacity while maintaining microbio-
logical safety and sensory acceptability throughout 14 days
of refrigerated storage. Among the tested formulations, the
0.5% level provided the most favorable balance between
functional enhancement and consumer acceptability, indi-
cating that grape seed phenolics can be effectively stabilized
within the dairy matrix without adversely affecting fermen-
tation or textural properties. This integrated approach—
from extraction optimization to application in a real food
system—demonstrates a sustainable strategy for valorizing
grape seed by-products as natural antioxidants in functional
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foods. Furthermore, these findings contribute to a broader
understanding of how extraction parameters influence phe-
nolic extract quality and their functional performance in
fermented dairy systems. Future research should focus on
bioavailability assessment, extended storage stability, and
application in different dairy matrices to support the scal-
able use of V. labrusca phenolics in health-oriented food
formulations.

Following these findings, several limitations should be
acknowledged. Methanol was used as an extraction solvent
at the laboratory scale due to its high efficiency; however,
it was completely removed prior to food application. Future
studies should prioritize the use of food-grade solvents such
as ethanol and include residual solvent analysis (e.g., GC—
MS) to confirm complete removal and ensure compliance
with food safety standards. In addition, validation experi-
ments were conducted in duplicate, which may limit sta-
tistical robustness; therefore, future work should include
triplicate validation and report variability parameters such
as standard deviation or coefficient of variation to improve
reliability. Furthermore, the absence of detailed phenolic
profiling represents another limitation of the present study;
accordingly, future research should incorporate advanced
analytical techniques (e.g., HPLC-DAD or LC-MS) to iden-
tify individual phenolic compounds and better elucidate the
relationship between phenolic composition and antioxidant
activity. Finally, additional quality parameters, including
proximate composition, color, and viscosity, should be eval-
uated to provide a more comprehensive assessment of the
developed product.

Acknowledgements The author is grateful to Asst. Prof. Yusuf Esen
for the support in conducting the analyses in the laboratory. The author
also would like to thank Ardahan University Vocational School of
Technical Sciences for allowing the Advanced Technologies Labora-
tory.

Author contributions Pinar Sekerci Keles: Conceptualization, inves-
tigation, performing the analyses, drafting, writing original and final
approval of the manuscript.

Funding Open access funding provided by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK). There is no funding
for this study.

Data availability No data was used for the research described in the
article.

Declarations
Ethical approval and consent to participate Not applicable.
Consent for publication The author consent to publish this work.

Conflict of interest The author declares no conflict of interest.

@ Springer

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. B. Aliakbarian, A. Fathi, P. Perego, F. Dehghani, Extraction of
antioxidants from winery wastes using subcritical water. J. Super-
crit. Fluids. 65, 18-24 (2012)

2. S. Amirdivani, A.S.H. Baba, Green tea yogurt: major phenolic
compounds and microbial growth. J. Food Sci. Technol. 52(7),
46524660 (2015)

3. B. Baca-Bocanegra, J. Nogales-Bueno, J.M. Hernandez-Hierro,
F.J. Heredia, Optimization of protein extraction of oenological
interest from grape seed meal using design of experiments and
response surface methodology. Foods 10(1), 79 (2021). https://do
i.org/10.3390/FOODS10010079

4. D. Bas, TH. Boyaci, Modeling and optimization I: Usability of
response surface methodology. J. Food Eng. 78(3), 836845
(2007). https://doi.org/10.1016/j.jfoodeng.2005.11.024

5. M. Bertolino, S. Belviso, B. Dal Bello, D. Ghirardello, M. Gior-
dano, L. Rolle, V. Gerbi, G. Zeppa, Influence of the addition of
different hazelnut skins on the physicochemical, antioxidant,
polyphenol and sensory properties of yogurt. LWT 63(2), 1145—
1154 (2015)

6. A. Buci¢-Koji¢, H. Sovova, M. Planini¢, S. Tomas, Temperature-
dependent kinetics of grape seed phenolic compounds extrac-
tion: Experiment and model. Food Chem. 136(3—4), 1136-1140
(2013). https://doi.org/10.1016/J.FOODCHEM.2012.09.087

7. A.A. Casazza, B. Aliakbarian, D. De Faveri, L. Fiori, P. Perego,
Antioxidants from winemaking wastes: A study on extraction
parameters using response surface methodology. J. Food Bio-
chem. 36(1), 28-37 (2012)

8.  Z.Chen, R. Swistocka, R. Choinska, K. Marszatek, A. Dabrowska,
W. Lewandowski, H. Lewandowska, Exploring the correla-
tion between the molecular structure and biological activities of
metal-phenolic compound complexes: Research and description
of the role of metal ions in improving the antioxidant activities
of phenolic compounds. Int. J. Mol. Sci. 25(21), 11775 (2024).
https://doi.org/10.3390/1JMS252111775/S1

9. N. Cuji¢, K. Savikin, T. Jankovié, D. Pljevljakusi¢, G. Zduni¢, S.
Ibri¢, Optimization of polyphenols extraction from dried choke-
berry using maceration as traditional technique. Food Chem. 194,
135-142 (2016)

10. J. Dai, R.J. Mumper, Plant phenolics: extraction, analysis and
their antioxidant and anticancer properties. Molecules. 15(10),
7313-7352 (2010)

11. F.J. Domingues Neto, A. Pimentel Junior, C.V. Borges, J.D.
Rodrigues, R. Figueira, M.F. Moura, 1.O. Minatel, A. Nunes,
G.P.P. Lima, M.A. Tecchio, Polyphenolic profile and antioxidant
activity of whole grape juices from Vitis labrusca and Brazilian
hybrid grapes in two training systems. Antioxidants 13(9), 1132
(2024). https://doi.org/10.3390/ANTIOX13091132


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/FOODS10010079
https://doi.org/10.3390/FOODS10010079
https://doi.org/10.1016/j.jfoodeng.2005.11.024
https://doi.org/10.1016/J.FOODCHEM.2012.09.087
https://doi.org/10.3390/IJMS252111775/S1
https://doi.org/10.3390/ANTIOX13091132

Sustainable valorization of Vitis labrusca L. seeds: optimized phenolic extraction and utilization in...

12873

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

S. Gubsky, M. Labazov, O. Samokhvalova, N. Grevtseva, O.
Gorodyska, (2018). Optimization of extraction parameters of
phenolic antioxidants from defatted grape seeds flour by response
surface methodology. Food Technology Ukrainian Food Journal.
2018, 7. https://doi.org/10.24263/2304

A. Guler, Effects of different maceration techniques on the colour,
polyphenols and antioxidant capacity of grape juice. Food Chem.
404, 134603 (2023)

A. Helal, D. Tagliazucchi, Impact of in-vitro gastro-pancreatic
digestion on polyphenols and cinnamaldehyde bioaccessibility
and antioxidant activity in stirred cinnamon-fortified yogurt. LWT
89, 164-170 (2018). https://doi.org/10.1016/J.LWT.2017.10.047

L. Iglesias-Carres, A. Mas-Capdevila, L. Sancho-Pardo, F.I.
Bravo, M. Mulero, B. Muguerza, A. Arola-Arnal, Optimized
extraction by response surface methodology used for the charac-
terization and quantification of phenolic compounds in whole red
grapes (Vitis vinifera). Nutrients 10(12), 1931 (2018). https://doi.
org/10.3390/NU10121931

M. Iriondo-DeHond, J.M. Blazquez-Duff, M.D. del Castillo, E.
Miguel, Nutritional quality, sensory analysis and shelf life stabil-
ity of yogurts containing inulin-type fructans and winery byprod-
ucts for sustainable health. Foods 9(9), 1199 (2020). https://doi.o
rg/10.3390/FOODS9091199

ISO 15214, 1998 Microbiology of Food and Animal Feeding
Stuffs/Horizontal Method for the Enumeration of Mesophilic
Lactic Acid Bacteria/Colony-Count Technique at 30 Degrees C
(2015)

G.K. Jayaprakasha, T. Selvi, K.K. Sakariah, Antibacterial and
antioxidant activities of grape (Vitis vinifera) seed extracts. Food
Res. Int. 36(2), 117-122 (2003). https://doi.org/10.1016/S0963-9
969(02)00116-3

T.K. Junior, C. de Moura, T.M. Cruz, M.B. Marques, M.A.V. do
Carmo, C.T.P. Deolindo, H. Daguer, L. Azevedo, D. Granato,
Optimization of the green chemistry-like extraction of phenolic
compounds from grape (Vitis labrusca L.) and blackberry (Rubus
fruticosus L.) seeds with concomitant biological and antioxidant
activity assessments. Plants 12(14), 2618 (2023). https://doi.org/
10.3390/PLANTS12142618/S1

M. Karaaslan, M. Ozden, H. Vardin, H. Turkoglu, Phenolic for-
tification of yogurt using grape and callus extracts. LWT - Food
Sci. Technol. 44(4), 1065-1072 (2011). https://doi.org/10.1016/J.
LWT.2010.12.009

A.R. Karnopp, K.G. Oliveira, E.F. de Andrade, B.M. Postingher,
D. Granato, Optimization of an organic yogurt based on senso-
rial, nutritional, and functional perspectives. Food Chem. 233,
401-411 (2017). https://doi.org/10.1016/j.foodchem.2017.04.112
T.-I. Lafka, V. Sinanoglou, E.S. Lazos, On the extraction and
antioxidant activity of phenolic compounds from winery wastes.
Food Chem. 104(3), 1206-1214 (2007)

Z. Liu, H. Wu, B. Holland, C.J. Barrow, H.A.R. Suleria, An opti-
mization of the extraction of phenolic compounds from grape
marc: A comparison between conventional and ultrasound-
assisted methods. Chemosensors 12(9), 177 (2024)

D.C. Montgomery, Design and analysis of experiments (Wiley,
2017)

D. Najgebauer-Lejko, M. Sady, T. Grega, M. Walczycka, The
impact of tea supplementation on microflora, pH and antioxidant
capacity of yoghurt. Int. Dairy J. 21(8), 568-574 (2011)

E. Neira-Ospina, J. Rojas, G.A. Santa-Gonzalez, M.A.G. Garzon,
Phenolic compounds in grapes (genus Vitis): A review of their
antioxidant activity, antiproliferative capacity, and cytotoxic
effect on colorectal cancer. J. Appl. Pharm. Sci. 14(6), 71-89
(2024). https://doi.org/10.7324/JAPS.2024.169381

T.T.T. Nguyen, V.B. Nguyen, T.C. Kha, (2025). Optimization of
bioactive compounds extraction from Red Cardinal grape pomace

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

using choline chloride and lactic acid-based deep eutectic solvent.
Prep. Biochem. Biotechnol., 1-12

S. Ozdemir, A.E. Bodur, Yogurt Uretimi Sirasinda Olusan Fizik-
sel, Kimyasal ve Biyokimyasal Olaylar. Atatiirk Univ. Ziraat Fak.
Derg. 25(3), 479-487 (1994). https://doi.org/10.17097/z£d.29988
M. Pinelo, M. Rubilar, M. Jerez, J. Sineiro, M.J. Nufiez, Effect
of solvent, temperature, and solvent-to-solid ratio on the total
phenolic content and antiradical activity of extracts from differ-
ent components of grape pomace. J. Agric. Food Chem. 53(6),
2111-2117 (2005)

B.M. Popovi¢, D. gtajner, K. Slavko, B. Sandra, Antioxidant
capacity of cornelian cherry (Cornus mas L.)-comparison
between permanganate reducing antioxidant capacity and other
antioxidant methods. Food Chem. 134(2), 734-741 (2012)

L. Pozzo, T. Grande, A. Raffaelli, V. Longo, S. Weidner, R. Ama-
rowicz, M. Karama¢, Characterization of antioxidant and antimi-
crobial activity and phenolic compound profile of extracts from
seeds of different Vitis species. Molecules 28(13), 4924 (2023).
https://doi.org/10.3390/MOLECULES28134924/S1

H.N. Rajha, N. El Darra, Z. Hobaika, N. Boussetta, E. Vorobiev,
R.G. Maroun, N. Louka, H.N. Rajha, N. El Darra, Z. Hobaika,
N. Boussetta, E. Vorobiev, R.G. Maroun, N. Louka, Extraction of
total phenolic compounds, flavonoids, anthocyanins and tannins
from grape byproducts by response surface methodology. Influ-
ence of solid-liquid ratio, particle size, time, temperature and sol-
vent mixtures on the optimization process. Food Nutr. Sci. 5(4),
397-409 (2014aa). https://doi.org/10.4236/FNS.2014a.54048
H.N. Rajha, W. Ziegler, N. Louka, Z. Hobaika, E. Vorobiev, H.G.
Boechzelt, R.G. Maroun, Effect of the drying process on the
intensification of phenolic compounds recovery from grape pom-
ace using accelerated solvent extraction. Int. J. Mol. Sci. 15(10),
18640-18658 (2014b)

L.I. Rockenbach, L.V. Gonzaga, V.M. Rizelio, A. Gongalves, M.I.
Genovese, R. Fett, Phenolic compounds and antioxidant activity
of seed and skin extracts of red grape (Vitis vinifera and Vitis labr-
usca) pomace from Brazilian winemaking. Food Res. Int. 44(4),
897-901 (2011). https://doi.org/10.1016/J. FOODRES.2011.01.0
49

C. Rodriguez-Pérez, B. Garcia-Villanova, E. Guerra-Hernandez,
V. Verardo, Grape seeds proanthocyanidins: an overview of in
vivo bioactivity in animal models. Nutrients 11(10), 2435 (2019).
https://doi.org/10.3390/NU11102435

L. Sakkas, M. Karela, E. Zoidou, G. Moatsou, E. Moschopou-
lou, Incorporation of yogurt acid whey in low-lactose yogurt ice
cream. Foods 12(20), 3860 (2023). https://doi.org/10.3390/FOO
DS12203860

K. Sridhar, A.L. Charles, Fortification using grape extract poly-
phenols — a review on functional food regulations. Int. J. Food
Sci. Technol. 56(8), 37423751 (2021). https://doi.org/10.1111/1J
FS.15001

S.H. Tami, E. Aly, A.A. Darwish, E.S. Mohamed, Buffalo stirred
yoghurt fortified with grape seed extract: new insights into its
functional properties. Food Biosci. 47, 101752 (2022). https://d
oi.org/10.1016/J.FBI10.2022.101752

M.M. Tosif, A. Najda, A. Bains, T.C. Krishna, P. Chawla, M.
Dyduch-Sieminska, J. Klepacka, R. Kaushik, A comprehensive
review on the interaction of milk protein concentrates with plant-
based polyphenolics. Int. J. Mol. Sci. 22(24), 13548 (2021).
https://doi.org/10.3390/1JMS222413548

L. Trigueros, A. Wojdyto, E. Sendra, Antioxidant activity and
protein—polyphenol interactions in a pomegranate (Punica grana-
tum L.) yogurt. J. Agric. Food Chem. 62(27), 64176425 (2014)
TS EN ISO 4833-2 Gida Zinciri Mikrobiyolojisi -
Mikroorganizmalarin Sayimi I¢in Yatay Yontem - Bolim 2:
Yayma Plak Teknigiyle 30°C’ta Koloni Sayimi, (2014)

@ Springer


https://doi.org/10.24263/2304
https://doi.org/10.1016/J.LWT.2017.10.047
https://doi.org/10.3390/NU10121931
https://doi.org/10.3390/NU10121931
https://doi.org/10.3390/FOODS9091199
https://doi.org/10.3390/FOODS9091199
https://doi.org/10.1016/S0963-9969(02)00116-3
https://doi.org/10.1016/S0963-9969(02)00116-3
https://doi.org/10.3390/PLANTS12142618/S1
https://doi.org/10.3390/PLANTS12142618/S1
https://doi.org/10.1016/J.LWT.2010.12.009
https://doi.org/10.1016/J.LWT.2010.12.009
https://doi.org/10.1016/j.foodchem.2017.04.112
https://doi.org/10.7324/JAPS.2024.169381
https://doi.org/10.17097/zfd.29988
https://doi.org/10.3390/MOLECULES28134924/S1
https://doi.org/10.4236/FNS.2014a.54048
https://doi.org/10.1016/J.FOODRES.2011.01.049
https://doi.org/10.1016/J.FOODRES.2011.01.049
https://doi.org/10.3390/NU11102435
https://doi.org/10.3390/FOODS12203860
https://doi.org/10.3390/FOODS12203860
https://doi.org/10.1111/IJFS.15001
https://doi.org/10.1111/IJFS.15001
https://doi.org/10.1016/J.FBIO.2022.101752
https://doi.org/10.1016/J.FBIO.2022.101752
https://doi.org/10.3390/IJMS222413548

12874

P. S. Keles

42.

43.

44.

TS ISO 4831 Microbiology of Food and Animal Feeding Stuffs
- Horizontal Method for the Detection and Enumeration of Coli-
forms - Most Probable Number Technique, (2010)

TS ISO 21527-1:2008 Food and Animal Feed Microbiology -
Horizontal Method for Counting Yeast and Molds, (2012)

B. Wroblewska, A. Kuliga, K. Wnorowska, Bioactive dairy-
fermented products and phenolic compounds: together or apart.
Molecules 28(24), 8081 (2023). https://doi.org/10.3390/MOLEC
ULES28248081

@ Springer

45. Z.Xu, L. Wei, Z. Ge, W. Zhu, C. Li, Comparison of the degrada-
tion kinetics of A-type and B-type proanthocyanidins dimers as a
function of pH and temperature. Eur. Food Res. Technol. 240(4),
707-717 (2015)

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.3390/MOLECULES28248081
https://doi.org/10.3390/MOLECULES28248081

	﻿Sustainable valorization of ﻿Vitis labrusca﻿ L. seeds: optimized phenolic extraction and utilization in antioxidant-enriched yogurt
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Materials
	﻿Methods
	﻿Experimental design and optimization
	﻿Model fitting and statistical analysis
	﻿Validation of predicted optimum



	﻿Yogurt production and enrichment
	﻿Analytical determinations
	﻿Results and discussion
	﻿Model fitting and statistical evaluation
	﻿Regression analysis for TPC
	﻿Regression analysis for DPPH IC₅₀
	﻿Comparative assessment and mechanistic implications


	﻿Effects of extraction parameters on TPC
	﻿Effects of extraction parameters on DPPH IC₅₀
	﻿Optimization and validation of the model
	﻿Application of optimized extract in yogurt
	﻿Total phenolic content (TPC)
	﻿Antioxidant activity (DPPH IC₅₀)
	﻿Microbiological quality
	﻿Sensory evaluation

	﻿Conclusion
	﻿References


