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Abstract

Recycling winery by-products into small ruminant diets is an effective strategy to increase
the dairy supply chain’s sustainability. The study aimed to assess the effects of a 12%
replacement of alfalfa hay with ensiled black grape pomace (BGP) in a Murciano-Granadina
goat diet on yogurt’s technological, nutritional and sensory properties. The yogurt was
manufactured across three milk samplings in a pilot plant and stored for 1, 14, and 28 days.
Data were submitted to ANOVA testing diet and storage factors and their interaction.
Compared to the control diet, both in milk and yogurt, BGP significantly increased fat
content and reduced yellowness (b*). The winery by-product also affected the yogurt’s
fatty acid profile given the increase in C18:1 trans11 and total CLA isomers, and a decrease
in PUFA n-3. A moderate influence on sensory traits was observed, including a higher
overall acceptance. The yogurt’s storage time did not affect any of the investigated quality
traits. The outcomes suggested that the recycling of the winery by-product into the goat
diet could enhance the overall quality of the obtained yogurt, as well as the sustainability
and circular economy contributing to achieve a zero-waste strategy in the involved dairy
goat supply chain.

Keywords: black grape pomace; goat; fermented milk; yogurt; antioxidant activity; fatty
acids; sensory traits

1. Introduction
The Mediterranean basin is one of the most suitable areas for Vitis vinifera cultivation

due to the combination of landscape and climatic conditions that support grapevine growth
over large territories [1]. However, the winemaking process generates substantial amounts
of by-products, particularly grape pomace (GP), whose management represent an envi-
ronmental and economic challenge, which could be overcame by its processing to obtain
extracted ingredients and additives useful for food manufacturing [2]. However, a more
efficient recycling strategy could be their inclusion in feeding lactating animals and other
livestock productions [3,4]. In this framework, the valorisation of such winery by-products
as feed resources for small ruminants has gained increasing attention, especially in dairy
systems [5], where their recycling could be alternatively used to deal with summer forage
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scarcity caused by prolonged drought and high temperatures. This cost-effective and
sustainable feeding strategy would reduce the dependence on high-market-value forages,
limiting the disposal of this winery biomass and therefore reducing the environmental
impact, promoting a circular economy approach [3,6]. Indeed, the use of alternative forage
recovered from local by-products contributes to enhancing the sustainability of the agri-
food system because, in fact, it allows a reduction in land and fossil-energy-based supplies
to produce livestock feed. A synergic productive model integrating fruit (e.g., wine) and
dairy (e.g., milk and derivates) supply chains contributes both to achieving massive recy-
cling and to a better ratio between inputs (energy and nutrients from forages) and outputs
(energy and nutrients from milk), as effective parameters to estimate the sustainability,
as well to achieving the goal of zero waste recommend by the European Union policy
in the agri-food systems [7]. The use of a novel biomanufacturing process in fruit and
vegetable waste to produce food, feed, fertilizers, biofuel, and pharmaceutical products
based on engineered metabolic pathways is still a challenge in modern industry, and a
crucial point in this high-technological alternative disposal is the further recycling of the
residual waste biomass [8]. Based on previous research, ref. [9,10], feeding dairy goats
with GP by-products might positively impact animal health; meanwhile, it did not seem
to affect milk yield [5], and it appeared to have an incidence on milk gross composition
and other nutritional traits [11]. Furthermore, the diet inclusion of winery by-products has
been reported to modulate the abundance of some beneficial fatty acids (FA) [12], which
are associated with relevant health-promoting properties for humans [13], even though
these positive effects depend on the chemical composition of GP that is affected by grape
variety, climatic and soil conditions, and winemaking process as well as the preprocessing
treatments before feeding use [14].

Goat milk is characterised by relatively high content of total solids and a well-balanced
nutrient profile and is widely recognised for its a high nutritional value, favourable fat
digestibility, and reduced allergenic potential [15,16]. Therefore, goat milk and its fermented
products (i.e., yogurt and kefir) are claimed as a functional foods associated with health-
promoting properties, which has contributed to a steady growth in consumer demand [17].
In addition, goat yogurt is also a nutrition-dense and an excellent probiotic carrier [18],
in which a de novo synthesis of bioactive and aromatic compounds occurs through lactic
acid bacteria (LAB) metabolism [19], enhancing its potential antioxidant capacity, flavour,
texture, and overall sensory quality [20,21].

Despite the growing body of literature evaluating the advantage of utilizing the GP
as an agro-industrial by-product into goat diets in terms of its effects on milk yield and
chemical composition, little research seems to exist on the use of such winery biomass
when milk is fermented into yogurt. Therefore, to fill this gap, the aim of this study
was to investigate the effect of a 12% (on DM) replacement of alfalfa with ensiled black
grape pomace (BGP) in the diet of lactating Murciano-Granadina goats on milk and, above
all, derived yogurt chemical, nutritional, and sensory traits. In addition, the effect of
refrigerated storage over a 28-day period on the physicochemical quality parameters of
yogurt was evaluated.

2. Materials and Methods
2.1. Experimental Design and Milk Collection

The feeding trial was performed at the experimental farm of the Miguel Hernández
University (UMH). The experimental design and the related procedures were approved by
the Ethics Committee of the UMH (code UMH.DTA.JDS.03.21) on 9 September 2022.

Forty multiparous Murciano-Granadina goats were randomly assigned to two ho-
mogeneous groups with a similar number of previous births, live weight and daily milk
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yield; the goats were in mid-lactation (second to third month of lactation). They were
administered two nutritional balanced feeding treatments: control (CTR) group receiving a
diet based on concentrate and alfalfa hay vs. black grape pomace (BGP) group where 12%
of the alfalfa hay was replaced with the ensiled BGP. The diets comprised a concentrate
feed, alfalfa hay, and cereal straw, and the BGP silage was manufactured as reported by
Romero et al. (2025) [22]. The details of ingredients and proximate composition of the
experimental diets, as well as the outcomes to support the choice of the actual tested
percentage of BGP replacement, are available in a preliminary study [23]. The experimental
feeding with silage began one month after parturition of the goats and lasted until the
end of lactation. The goats were milked once a day in the morning, and six bulk milk
samples—three for each experimental group—were collected weekly over three consecutive
weeks (in June) for yogurt manufacturing.

2.2. Yogurt Fermentative Process

The six raw milk bulk samples were delivered under refrigerated conditions to the
pilot plant of the Institute of Animal Science and Technology of Universitat Politècnica
de València (UPV) and immediately processed to obtain yogurt [24]. The yogurt was
manufacturing in 4 L volume vats, where this whole raw milk was first mixed and then
pasteurized at 90 ◦C for 5 min using a Thermomix TM6 (Vorwerk, Wuppertal, Germany).
After pasteurization, the milk was cooled down to 45 ◦C and then inoculated, at the dose of
≈0.3 g/L of pasteurized milk, with the YO-MIX 300 LYO 10 DCU starter culture (Danisco,
Dangé-Saint-Romain, France) containing Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus according to the instructions provided by the manufacturer. The
fermentative process was carried out at 42 ± 1 ◦C until a pH of 4.60 ± 0.05 was achieved.
Time of fermentation process and pH pattern were automatically recorded every 15 min
using a HI522 pH meter equipped with two combined electrodes (Hanna Instruments,
Eibar, Spain). The derived yogurt samples were immediately refrigerated at 4 ± 1 ◦C and
then stored for 1, 14, and 28 days in a cold chamber.

2.3. Physico-Chemical Analysis

The dataset submitted to the chemical and microbiological analyses was as follows:
2 diets (CTR vs. BGP) per 3 bulk milk samplings (i.e., 3 fermentative manufacturing
sessions) per 3 storage times of yogurt (1, 14, and 28 days). pH was determined by a
Sension+ pH1 instrument (Hach, IA, USA), the titratable acidity (TA) was measured using
a 0.11 N NaOH solution and phenolphthalein as indicator (Panreac, Barcelona, Spain), and
results were expressed by Dornic degree (D◦). Two replicates were run for pH and TA. The
milk and yogurt gross composition (fat, protein, lactose, and total solids) was analysed at
the Interprofessional Dairy Laboratory of the Valencian Community (LICOVAL, València,
Spain) using a MilkoScan FT6000 (Foss, Hillerød, Denmark). To reduce the yogurt viscosity
before the analysis, this was diluted 1:1 (w/w) with distilled water. Milk somatic cell count
(SCC) was determined by the fluoro-opto-electronic method using a Fossomatic 5000 (Foss
Iberia, Barcelona, Spain). Total bacterial count (TBC) was determined using a BactoScanTM
5 (Foss, Hillerød, Denmark), and an Eclipse 100 test (Zeulab, Zaragoza, Spain) inhibitor
detection. Samples of milk and yogurt were poured into 9 cm−Ø circular glass dishes, and
the liquid surface CIE-L*a*b* (L*, lightness; a*, redness; b*, yellowness) colour coordinates
were determined using a tristimulus colorimeter (CR-400, Konica Minolta, Chiyoda, Japan)
with a D65 illuminant and a 10◦ observer angle; six replicates were recorded for each
sample. The a* and b* coordinates were used to derive C* (chroma or vividness of h*) and
h* (hue angle or the degree to which a colour stimulus can be described) [25,26].
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2.4. Antioxidant Activity

To evaluate the antioxidant activity of natural yogurt, ABTS [2,2′-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid)] and FRAP (ferric reducing antioxidant power) assays
were performed. For both methods, antioxidant activity was calculated from absorbance
values using a Trolox calibration curve, and the same extraction procedure was applied,
consisting of mixing 2 mL of sample with 8 mL of extractant solution (80% MeOH). The
mixture was centrifuged (9050× g at 4 ◦C for 10 min) and the supernatant was collected. For
the ABTS assay, the procedure described by Re et al. (1999) [27] was used, measurements
were performed at a wavelength of 734 nm by a Helios Gamma UV-Vis (Thermo Fisher
Scientific, Madrid, Spain), and the standard curve was prepared from a 10 mM Trolox stock
solution in methanol. Dilutions at different concentrations within the range of 0.05–2.00 mM
were prepared. The FRAP analysis was carried out according to the procedure described by
Oyaizu (1986) [28], and the standard curve was prepared from a 1 mM Trolox stock solution,
obtaining different concentrations within the range of 0.05–1.00 mM, and measurements
were performed at a wavelength of 700 nm by using the same UV-Vis spectrophotometer.
The results were calculated using the Trolox standard curve and expressed as mM Trolox
equivalent (TE) per mL of yogurt.

2.5. Microbiological Analysis

The microbiological analyses in yogurt samples were performed using plate count
methods following the ISO 4833-2:2014/A1:2022 standard procedure [29]; 10 g of yogurt
were diluted 1:10 in 90 mL of sterile buffered peptone water (Scharlau, Barcelona, Spain) and
then mixed accurately for 3 min using a 400 P stomacher apparatus (Interscience BugMixer,
Saint Nom, France). Serial decimal dilutions were performed, and 0.1 mL of each dilution
was plated in duplicate on the following solid media: MRS agar (Scharlau, Barcelona,
Spain) for Lactobacillus bulgaricus subsp. and M17 agar (Scharlau, Barcelona, Spain) for
Streptococcus thermophilus. Plates for Lactobacillus and Streptococcus counts were incubated
at 37 ◦C for 72 h in an anaerobic chamber with AnaeroGen sachets (ThermoScientific,
Waltham, MA, USA). Colony counts were performed using a digital colony counter (Selecta,
Zaragoza, Spain) and results were expressed as log10 CFU/g.

2.6. Fatty Acids (FA) Profile

Based on published methods, the FA profile was determined after yogurt fat extraction
using a dichloromethane–methanol solution (2:1, v/v) [30], and then FA methyl esters
(FAME) were obtained with a base-catalysed trans-esterification [31]. FAME were separated
using an 8860 GC System (Agilent Technologies Inc, Santa Clara, CA, USA) equipped with
a split/spitless injector and a flame ionization detector and operated with a split ratio
of 1:40; a CP-Sil 88 capillary (100 m × 0.25 mm i.d., 0.20 µm film thickness) column
(Agilent Technologies, Santa Clara, CA, USA) was used. The carrier gas was helium at a
constant flow of 1.1 mL/min. Initial oven temperature was held at 45 ◦C for 4 min, then
increased to 175 ◦C at 13 ◦C/min and maintained for 27 min. Finally, oven temperature
increased to 215 ◦C at 4 ◦C/min and held for 35 min. Detector and injector temperatures
were set at 250 ◦C and 270 ◦C, respectively. The program used to determine the area of
FAME was the OpenLAB CDS GC software (module version 2.5.0.0.) data system (Agilent
Technologies, Santa Clara, CA, USA), and FA data were expressed as weight percentage of
total detected FAME. As suggested by Nudda et al., 2013 [32], the nutritional fat indices
used as predictors of the atherogenic (AI) and thrombogenic (TI) potential were calculated
using Equations (1) and (2):

AI = [(C12:0 + 4 × C14:0 + C16:0)]/[(∑PUFA) + (∑MUFA)] (1)
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TI = [(C14:0 + C16:0)]/[(0.5 × ∑MUFA) + (0.5 × ∑n-6) + (3 × ∑n-3) + (∑n-3/∑n-6)] (2)

The C18:0 once included in the original Ulbricht and Southgate’s formula, for TI
calculation, was not included because it does not influence human serum cholesterol [33].

2.7. Sensory Analysis

The sensory analysis was carried out under controlled temperature and lighting
conditions in a dedicate sensory room at UPV according to the ISO 4121:2003—Sensory
analysis methodology [34]. A panel of 12 semi-trained assessors performed the sensory
test on yogurt stored for 14 days using a comparative method, in which the BGP samples
were assessed against the CTR ones. The order of the attributes included in the evaluation
was: odour, whiteness, visual and mouthfeel consistencies, creaminess, taste, acidity, goaty
flavour, and overall acceptance. Panellists rated each attribute on a 10 cm unstructured
line scale where the CTR was assumed to be in the middle (5 cm): they were requested to
indicate whether the BGP samples showed greater (positive increment) or lesser (negative
increment) perceived judgment values.

2.8. Statistical Analyses

All the analyses were carried out using the SAS 9.4 software (SAS Institute Inc., Cary,
NC, USA). The normality of data distribution was assessed by the Shapiro–Wilk test (PROC
UNIVARIATE). Milk data were submitted to a One-way ANOVA to test the fixed effect
of the diet (CTR vs. BGP). Data on chemical, colour, microbial traits, and FA profile of the
yogurt were analysed using a linear model as in Equation (3):

Yijk = µ + Di + Sj + (Di × Sj) + εijk (3)

where yijk, measured parameter; µ, overall mean; Di, fixed effect of the diet (CTR vs. BGP);
Sj, fixed effect of the jth yogurt storage time (j = 1, 14, 28 days); Di × Sj, interaction between
D and S; and εijk, residual random error term ~N (0, σ2). A Bonferroni-adjusted significance
test for pairwise comparisons among LSMeans of yogurt storage levels was performed.
The sensory data from 14 d yogurt samples were expressed as the difference between BGP
and CTR and then tested using a student t-test.

3. Results
3.1. Milk Physico-Chemical Characteristics

The effects of diet (CTR vs. BGP) on the physico-chemical and colorimetric properties
of milk are reported in Table 1. Compared to the CTR, the experimental BGP feeding
treatment led to a slight but significant (p < 0.05) increase in the fat content, while yellowness
(b*) decreased (Table 1).

Table 1. Effect of the diet on goat milk (as fresh matter) acidity, composition, somatic cell (SCC) and
microbial (TBC) counts, and instrumental colour.

CTR BGP SEM p-Value

Acidity

pH 6.77 6.74 0.02 0.263
Titratable acidity (D◦) 14.3 13.8 0.5 0.178

Composition (g/100 g)
Fat 4.47 4.75 0.07 0.011
Protein 3.50 3.48 0.05 0.805
Lactose 4.66 4.67 0.04 0.921
Total solids 13.25 13.61 0.12 0.076

https://doi.org/10.3390/app16041913

https://doi.org/10.3390/app16041913


Appl. Sci. 2026, 16, 1913 6 of 15

Table 1. Cont.

CTR BGP SEM p-Value

Hygienic quality
Log10 SCC (cells/mL) 6.12 6.13 0.11 0.916
Log10 TBC (CFU/mL) 4.69 4.88 0.13 0.333

Instrumental colour
L* 80.1 80.0 0.4 0.950
a* −2.31 −2.29 0.03 0.369
b* 5.05 4.78 0.05 0.005
C* 5.49 5.33 0.05 0.005
h* 114.9 115.4 0.3 0.118

CTR, control; BGP, black grape pomace; SEM, standard error of the mean. For the colour coordinates see Section 2.3
for more details.

3.2. Yogurt Fermentative Process, Chemical, Colour and Microbiological Characteristics

The results coming from yogurt analyses were tabulated according to the main effect
of the diet (CTR vs. BGP), while the LSMeans of the yogurt storage time were reported
in the text only if significant (p < 0.05). The goat yogurt fermentation showed a similar
acidification kinetics between the two experimental dietary groups, highlighting a similar
(p > 0.05) incubation time (4.7 ± 0.4 h on average ± s.d.) between the CTR and BGP samples.

The effects of dietary treatment on the physicochemical, antioxidant, and microbi-
ological properties of yogurt are reported in Table 2. In line with the results observed
in milk, feeding Murciano-Granadina goats with the BGP winery by-products caused a
significant (p < 0.05) increase in fat content also in the yogurt, while the b* values remained
significantly lower. The pH, microbial data, and antioxidant activity measured via ABTS
and FRAP assays were not affected by the diet treatment.

Table 2. Effect of diet (D), storage time (S), and their interaction (D × S) on goat yogurt (as fresh
matter) physico-chemical, instrumental colour, and microbial traits.

Diet SEM p-Value

CTR BGP D S D × S

Acidity
pH 4.20 4.21 0.02 0.825 0.001 0.175
TA (D◦) 88.1 89.5 1.8 0.445 0.004 0.393

Composition (g/100 g)
Fat 4.56 4.85 0.11 0.031 0.544 0.431
Protein 3.65 3.62 0.07 0.768 0.464 0.123
Lactose 3.32 3.34 0.06 0.982 0.499 0.150
Total solids 12.23 12.55 0.15 0.229 0.412 0.234

Instrumental colour
L* 82.8 82.7 0.3 0.909 0.567 0.450
a* −2.77 −2.73 0.02 0.136 0.147 0.185
b* 5.06 4.76 0.05 0.002 0.276 0.463
C* 5.77 5.49 0.05 0.003 0.292 0.633
h* 119 120 0.25 0.182 0.156 0.345

Antioxidant activity (mM TE/mL)
ABTS 0.83 0.76 0.03 0.110 0.925 0.214
FRAP 0.72 0.67 0.09 0.685 0.773 0.902

Microbial count (log10 CFU/g)
Lactobacillus spp. 6.91 6.67 0.33 0.813 0.598 0.706
Streptococcus spp. 9.04 9.18 0.10 0.781 0.694 0.693

CTR, control; BGP, black grape pomace; SEM, standard error of the mean.
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Regarding storage time, the chemical, instrumental colour and microbial yogurt data
did not change across the cold storage period, except for pH and acidity. The storage time
had a significant (p < 0.05) effect on pH: after a 14 d storage period the pH significantly
decreased in both CTR and BGP samples (Figure 1a), meanwhile the titratable acidity (TA)
increased in both the experimental groups (Figure 1b). No variations were detected in the
comparison between 14 and 28 days in terms of both pH and TA. For all the investigated
variables the interaction diet per storage time (D × S) was never significant.
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Figure 1. Yogurt acidification during the storage time. (a) displays the pH while (b) the titratable
acidity (TA). a,b LSMeans (±standard error) with different letters differ at p < 0.05.

3.3. Yogurt FA Profile

The influence of the experimental BGP diet treatment on FA profile is given in Table 3.
The use of the BGP winery by-products led to a significant (p < 0.05) reduction in C12:0
and C14:0, while C18:0 increased; therefore, SFA were unaffected. Moreover, in the BGP-
yogurt samples, there was an increase in both C18:1 trans11 and CLA cis9 trans11, which
promote also a higher amount of total CLA isomers. Instead, the incidence of PUFA n-3 was
significantly (p < 0.05) lower in BGP samples, mainly due to a reduction in C18:3 n-3. With
regard to the FA groups, there was also an increase in LCFA in the BGP-yogurt samples,
which implies a decrease in MCFA, while SCFA were unaffected (Table 3). The FA profile
of the yogurt coming from both the diet groups did not change either across the storage
period nor for the interaction diet per storage time.

Table 3. Effect of the diet (D), storage time (S), and their interaction (D × S) on goat yogurt FA
(g/100 g of total FAME) profile and FA groups 1.

FA/Groups of FA Diet SEM p-Value

CTR BGP D S D × S

C4:0 1.29 1.33 0.06 0.679 0.983 0.727
C6:0 1.98 2.02 0.07 0.696 0.865 0.453
C8:0 2.71 2.67 0.09 0.754 0.851 0.775
C10:0 9.53 8.99 0.24 0.137 0.897 0.967
C11:0 0.30 0.25 0.01 0.007 0.918 0.923
C12:0 4.37 3.82 0.12 0.008 0.954 0.988
C14:0 8.53 8.17 0.09 0.016 0.994 0.758

C14:1 cis9 0.20 0.15 0.01 0.001 0.748 0.729
iso C15:0 0.18 0.15 0.01 0.001 0.541 0.709

anteiso C15:0 0.29 0.25 0.01 0.001 0.377 0.712
C15:0 0.84 0.72 0.01 0.001 0.962 0.875
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Table 3. Cont.

FA/Groups of FA Diet SEM p-Value

CTR BGP D S D × S

iso C16:0 0.29 0.25 0.01 0.001 0.733 0.358
C16:0 24.4 23.0 0.77 0.222 0.647 0.767

C16:1 cis7 0.26 0.25 0.01 0.579 0.958 0.223
C16:1 cis9 0.96 0.73 0.02 0.001 0.514 0.815
iso C17:0 0.27 0.35 0.03 0.060 0.419 0.373

anteiso C17:0 0.35 0.30 0.01 0.001 0.645 0.861
C17:0 0.68 0.57 0.02 0.001 0.754 0.788
C18:0 5.67 7.31 0.32 0.004 0.744 0.820

C18:1 trans6–8 0.45 0.56 0.02 0.001 0.981 0.992
C18:1 trans9 0.36 0.44 0.02 0.005 0.694 0.391
C18:1 trans10 2.07 2.15 0.18 0.851 0.862 0.831
C18:1 trans11 2.51 3.44 0.15 0.001 0.806 0.340
C18:1 trans12 0.50 0.65 0.01 0.001 0.829 0.583

C18:1 trans13–14 0.41 0.52 0.04 0.057 0.928 0.487
C18:1 cis9 19.3 19.9 0.48 0.431 0.782 0.810

C18:1 cis11 0.86 0.79 0.01 0.003 0.220 0.228
C18:1 cis12 0.39 0.49 0.02 0.001 0.613 0.749

C18:1 cis14 + trans16 0.14 0.17 0.01 0.001 0.252 0.431
C18:2 n-6 4.38 4.22 0.10 0.317 0.686 0.727

CLA cis9 trans11 1.33 1.67 0.04 0.001 0.774 0.831
∑ CLA isomers 1.52 1.84 0.04 0.001 0.870 0.803

C18:3 n-6 0.04 0.04 0.01 0.523 0.784 0.369
C18:3 n-3 0.40 0.28 0.02 0.001 0.949 0.847
C20:2 n-6 0.06 0.05 0.01 0.013 0.808 0.143
C20:4 n-6 0.25 0.23 0.01 0.117 0.646 0.841

SFA 62.3 60.7 0.82 0.179 0.666 0.759
MUFA 29.9 31.5 0.65 0.092 0.665 0.780
PUFA 7.80 7.78 0.19 0.954 0.696 0.707

PUFA n-6 5.04 4.88 0.12 0.371 0.684 0.727
PUFA n-3 0.43 0.30 0.02 0.001 0.954 0.766
n-6/n-3 11.9 16.5 0.55 0.001 0.907 0.834
SCFA 15.7 15.2 0.44 0.366 0.876 0.806
MCFA 43.1 40.0 0.68 0.008 0.668 0.676
LCFA 41.1 44.8 0.59 0.001 0.804 0.865

AI 1.68 1.52 0.06 0.085 0.642 0.632
TI 1.77 1.63 0.05 0.067 0.534 0.761

1 Since the fixed effect of storage time was never significant, the related LSmeans are not tabulated. CTR, control;
BGP, black grape pomace; SEM, standard error of the mean. For specific FA and FA groups see the list of
abbreviations. Short-chain FA (SCFA), from C4 to C10; medium-chain FA (MCFA), from C11 to C17; long-chain
FA (LCFA), higher than C17.

3.4. Yogurt Sensory Analysis

The impact of BGP on the yogurt sensory attributes was mild since only creaminess
and the overall acceptance were significantly higher compared to the CTR yogurt (Figure 2).
Notably, the odour and taste values did not show any difference compared to the CTR
yogurt, suggesting that no off-flavours transfer occurred from the BGP winery by-product.
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Figure 2. Radar plot of yogurt sensory assessment. For each attribute, as CTR (continuous red line)
was the standard reference, it had a null difference. Meanwhile, BGP (dotted blue line) had a negative
or positive difference. *, **: p < 0.05, p < 0.01, respectively.

4. Discussion
The objective of this study was to assess the potential influence of replacing alfalfa

hay in a dairy goat diet with black grape pomace (BGP), as an ensiled winery by-product,
on the chemical, nutritional, and sensory traits of the yogurt. Moreover, the effect of a
28 days of refrigeration storage on such quality traits was investigated. The main chem-
ical and nutritional effects related to the diet treatment were considered also in milk to
verify whether the fermentation process could interfere with the experimental implica-
tions of the BGP recycling in the diet on the final yogurt quality traits. Notably, milk
FA profile (Supplementary Materials, Table S1) was very similar to those detected in the
yogurt (Table 3), highlighting the absence of marked changes, especially for some specific
functional groups as total CLA isomers and PUFA n-3.

As stated in the results, the main finding about the proximate composition of the
investigated dairy products was a positive effect of the BGP diet on both milk and, as a
consequence, yogurt fat content. According to the literature [5,11], the use of winery by-
products in the ration of dairy goats has been resulting in diverse milk gross composition
outcomes depending on both the variability of the winery biomass (e.g., nutritional value,
preprocessing factors, and replacement rate in the diet) and the management conditions of
the goat feeding strategy, even though its feeding replacement was mainly related to an
increase in the milk fat content [5], as observed in our trial.

Milk and yogurt colours are mainly related to the physical structure of milk and to the
concentration of natural pigments, the first being more correlated with the L* coordinate
and the second influencing a* and b*. Therefore, the decrease in yellowness (b*) detected
in yogurt BGP samples suggests that the replacement of alfalfa hay with the winery by-
product could result in a mildly lower pigmentation, even though the human eye can
hardly perceive such measured instrumental difference (<than 1 unit). This is confirmed by
the fact that the panellists involved in the sensory analysis did not highlight any difference
between control (CTR) and BGP yogurt samples in terms of whiteness (Figure 2), thus
making this colour change irrelevant for consumers from a visual perception point of view.

The antioxidant capacity tested in the yogurt samples via ABTS and FRAP assays
did not show any significant difference between the diet groups and among the three
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investigated storage times, in line with a similar study that analysed milk from ewe
receiving a grape marc by-product [35]. Conversely, in a previous similar study [12], a
slight increase in both ABTS and FRAP values was observed in milk from goats fed a
diet with 15% of ensiled white grape pomace as the main substitution for alfalfa hay.
Fermented dairy goat products, including yogurt, have been reported to naturally contain
various antioxidant compounds like proteins (mainly casein), peptides, and antioxidant
enzymes [36], limiting the further antioxidant contribute possibly coming from dietary
compounds (i.e., polyphenols, tannins), which explains the lack of significant difference
between CTR and BGP samples in our study and in that by [37]. However, the positive role
of supplemented BGP in improving the antioxidant capacity of dairy products depends on
the BGP native characteristics, the preprocessing treatment, and the management of the
feeding conditions [5].

In the dairy industry, maintaining the survival of starter microorganisms during
processing and storage is essential for the quality of fermented products; in the present
study, neither the BGP diet nor storage time significantly affected the viability of the
selected microorganism used to produce yogurt. The combined population of Lactobacillus
spp. and Streptococcus spp. remained stable throughout 28 days of refrigerated storage,
showing counts values comparable to those reported in previous studies on fermented goat
milk [36].

The results related to the FA profile confirmed that feeding lactating small ruminants
with winery by-products containing unsaturated FA (i.e., C18:2 n-6, C18:3 n-3) can highly
impact rumen function, potentially leading to several advantages in the FA profile, mainly
due to an increase in unsaturated FA in milk and its derivates [38]. Notably, in the BGP
samples produced in this study, a significant increase in CLA cis9 trans11 (C18:2 cis9 trans11),
as well as total CLA isomers, and its precursor C18:1 trans11, was observed, consistent
with previous studies involving lactating ewes [39] and goats [12]. This rise in total CLA
isomers is likely due to the typically high content of C18:2 n-6 and C18:3 n-3 in these winery
derived by-products, which was indicated to undergo incomplete ruminal hydrogenation,
thus generating the intermediate C18:1 trans11 rather than C18:0 [40,41]. Indeed, in the
literature [39] there is evidence of the ability of grape pomace by-products to slow down
the last steps of biohydrogenation, thus favouring the accumulation of C18:1 trans11 that, as
stated above, is a main precursor of various CLA isomers, which are associated with a high
bioactive potential and healthy values [42]. The slight reduction in C18:3 n-3 detected in
the BGP yogurt samples could be the result of the series of chemical and biohydrogenation
steps occurring in the ruminal processes [35], in which tannins and polyphenols may play
many roles resulting in similar [43] or even in lower content of FA n-3 in milk [5]. The
absence of a difference in short-chain FA (SCFA) between CTR- and BGP-samples, which
are almost exclusively de novo synthesised, seemed to confirm the hypothesis that the BGP
winery by-product did not negatively impact the rumen fermentation of carbohydrates [11].

As stated in similar studies, the use of by-products from fruit and vegetable crops
seemed to promote the production of yogurt with a better nutritional value and sensory
quality traits than ordinary counterparts. Hachana et al. 2023 [20] stated that the use of
seagrass biomass in goat diet resulted in an improved texture and overall sensory quality
as well as in an increased antioxidant activity. Also, Muelas et al. 2022 [37] pointed out
that the recycling of broccoli and artichoke plant by-products enhance the goat milk’s
antioxidant activity, while the fat health quality index of yogurt varied according to the
tested levels of inclusion, suggesting that the optimal feeding strategy should be further
investigated. Moreover, a goat feeding trial assessing the effects of the dietary enrichment
with olive leaves (350 g of daily dose) on yogurt’s nutritional and healthy value resulted in
a positive effect on both CLA and vaccenic acid percentage, as well as an increase in total
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UFA, and led to a higher antioxidant potential, which induced a greater resistance to lipid
peroxidation [44]. Therefore, these studies contribute to the claim that in lactating small
ruminants a moderate diet replacement of the conventional forages with these natural
biomasses could be valorised to produce yogurt or other dairy products (i.e., kefir, cheese,
fermented beverages) naturally enriched in bioactive compounds and specific beneficial
FA or other nutrients without compromising the sensory perceived quality. This is an
additional positive key-point when promoting their massive recycling within a zero-waste-
strategy agri-food system.

To the best of our knowledge, only a few studies have investigated the changes in the
FA profile of yogurt across a typical 4-week storage time. A limited change in the main
chemical FA groups was observed in the goat yogurt stored for 21 days at 8 ◦C, and such
changes were also milder if compared to those occurring in cow yogurt [45]. Instead, a
study on Murciano-Granadina goats reported no differences in the FA profile of yogurt
stored for 2 vs. 30 days [37]. Perhaps, different outcomes on FA profile across the storage
time could be related to the degree of lipolysis and secondary oxidative reactions, which
depends on the conditions occurring during technological processing such as milk heat
treatment and storage conditions [46,47].

Overall, the yogurt sensory assessment showed that the BGP winery by-product had
a significant influence on the product creaminess likely correlated to the high fat content.
Moreover, it led to a higher overall acceptability that might be due to the slightly higher but
not significant judgment values attributed to many other traits, whose combination could
explain the more favourable sensory appeal given to the BGP yogurt by the semi-trained
panellists. In this context, it is still debated whether feeding by-products rich in bioactive
compounds to small ruminants could promote the development of volatile compounds
in fermented dairy products and, therefore, improve their aroma and taste [20]. From
a market point of view, a moderate improvement in the overall sensory acceptability of
yogurt can be claimed, thus enhancing acceptance by consumers.

5. Conclusions
The results of this study demonstrated that the recycling of an ensiled winery by-

product like black grape pomace (BGP) into a dairy goat feeding regime did not change
the milk and yogurt gross composition substantially, but it tended to increase both milk
and yogurt fat content and to enhance the percentage of some beneficial FA, such as C18:1
trans11 and total CLA isomers, even though a slight decrease in FA n-3 was recorded.
Overall, these changes in the FA profile seemed to promote a better healthy fat value.
Furthermore, the partial alfalfa hay replacement with the ensiled BGP did not modify the
antioxidant capacity. However, BGP yogurts seemed to be associated with an increased
overall acceptability. The storage time did not have any influence on either the chemical
traits or FA profile of yogurt.

Moreover, given these outcomes, BGP yogurt could be considered a more environmen-
tally friendly food since it allows a better re-allocation of agri-food resources, especially
within semi-intensive farming systems, paving the way for a more circular economy in
the agricultural sector. Indeed, the integration of BGP in goat diet represents an effective
strategy that promotes sustainability of the dairy food supply chain thanks to the replace-
ment of expensive feeds with recycled local by-products. This would also allow labelling
the derived dairy products as more environmental-friendly. Future studies should explore
the metabolomic fingerprinting of goat milk and its fermented products obtained from
diets supplemented with winery by-products to characterise the diet-derived biochemical
markers transferred along the dairy production chain.
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