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Grape pomace is the winery's main byproduct, with an estimated 260 million
tons generated annually. It includes high concentrations of grape-derived
bioactive compounds that may exert beneficial effects on oxidative and
biochemical status, and productive performance in the animals, being an
environmentally and economically sustainable alternative to conventional raw
materials. The effect of incorporating different proportions (0, 5, 10, and 15% DM)
of white grape pomace silage (WGP) into isoenergetic and isoproteic diets on the
performance of dairy goats was evaluated. Eighty-eight Murciano-Granadina
goats were selected and split into 8 homogeneous batches of 11 goats each,
according to parity, body weight, milk yield and SCC. After a pre-experimental
sampling, every diet was randomly assigned to two batches, and the feeding trial
lasted 8 weeks. Biweekly body weight was recorded, and individual milk samples
were collected to evaluate both yield and gross composition. The intake of dry
and fresh matter and water was recorded weekly at the batch level over two
consecutive days. Physiological and oxidative stress, assessed through
hemogram, serum biochemical profile, and plasma antioxidant activity (ABTS,
FRAP, SOD), were evaluated at the goat level on the pre-experimental and the
final experimental samplings. Although a significant decrease in body weight was
observed in the 15-WGP treatment, it was not translated into differences in milk
yield or composition. Feed efficiency (fat and protein corrected milk/dry matter
intake) was higher in WGP diets compared to the control. The 10-WGP and 15-
WGP treatments consumed significantly less water than the other treatments.
Hematocrit (HCT) increased more markedly in the control than in the WGP-diets
treatments. At the last sampling, GLU concentrations in the 15-WGP treatment
remained significantly lower than in the other treatments. None of the changes
observed in the hemogram or serum biochemical profile were considered
physiologically relevant. No dietary effects were detected on the oxidative
stress of the animals. In conclusion, the ensiled white grape pomace inclusion
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in dairy goat diets at levels of up to 15% of dry matter appears to be feasible
without inducing short-term adverse effects, provided the diets are nutritionally
balanced. However, further research is recommended to confirm long-term
safety and performance outcomes.

KEYWORDS

circular economy, by-products, animal nutrition, feedstuffs, functional properties,
oxidative stress
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1 Introduction

Global demand for animal-sourced foods continues to rise,
amid the depletion of agri-food sector inputs (FAO, 2023). Given
the limited availability of arable land, this trend has intensified
competition between livestock production and human food
demand (Benoit and Mottet, 2023). Meanwhile, the agro-
industrial sector is generating large quantities of fibrous residues
and by-products, representing a considerable loss of high-value
biomass and nutrients (Kilama et al., 2023), producing 57 million
tons in the European Union (Malenica et al., 2023). Reintegrating
plant-based by-products into livestock feeding systems offers a
viable strategy to enhance the sustainability of the agri-food
chain. Their inclusion in ruminant diets can reduce the
environmental footprint of livestock systems, lower feed costs,
and promote nutrient recycling, while also supplying bioactive
compounds to animals. This strategy has gained increasing
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relevance in recent years, particularly within global and European
efforts to develop sustainable, energy-efficient food systems aligned
with circular economy principles. (Marques et al., 2022).

Grape pomace is the primary residue from winemaking,
estimated to be around 25 kg of by-product for every 100 kg of
grapes processed (Taladrid et al., 2019), leading to amounts that can
reach 1200 tons per year in the main wine-producing countries
(Bordiga et al., 2015). Globally, approximately 260 million tons of
grape pomace are generated annually. This material is characterized
by high concentrations of grape-derived bioactive compounds, such
as flavonoids, tocopherols, antioxidants and polyunsaturated fatty
acids (Galanakis, 2012; Tangolar et al., 2011; Ovcharova et al., 2016;
Harbeoui et al., 2017). Due to its unique chemical profile, grape
pomace has attracted interest as a functional component of
ruminant diets. Several studies suggest that its inclusion may
enhance rumen function by modulating the gut microbiota,
reducing methane emissions and protein degradation, and
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increasing post-ruminal protein flow (Patra and Saxena, 2011).
Moreover, the most well-known property of polyphenolic
compounds is their antioxidant potential, which protects cells
against oxidative stress. They also exhibit health-promoting effects
such as anti-inflammatory, antibacterial, and anticoagulant
activities, and contribute to improved vascular function (Nudda
et al., 2015; Qiu et al., 2023).

Grape pomace (Martins Flores et al, 2021) and other agro-
industrial by-products (Monllor et al., 2023; Dentinho et al., 2023)
have demonstrated that, when diets are carefully formulated to meet
nutritional requirements, such inclusion does not impair animal
performance or product quality. Furthermore, multiple studies
support the economic viability of these feeding strategies (Molosse
et al., 2023; Baker et al., 2024). Ruminants are particularly adapted to
diets rich in fibrous material and slowly digestible bioactive
compounds, features common to plant-based by-products (Makkar,
2003; Frutos et al., 2004; Patra and Saxena, 2011). Goats, in particular,
exhibit greater tolerance to tannins compared to sheep or cattle,
attributed to salivary proteins with a high affinity for tannin binding
(Ventura-Cordero et al, 2017). This mitigates the anti-nutritional
effects observed in other species, such as intake depression or
impaired rumen function (Correddu et al., 2020). Ruminants play a
key role in closing nutrient loops within circular food systems by
converting low-value biomass—such as agro-industrial by-products
—into high-quality animal products. In addition to their ecological
role, ruminants make a substantial contribution to global food
security through the production of highly digestible animal protein
with elevated biological value, particularly in regions with limited
agricultural resources and vulnerable food systems (Mottet et al.,
2017). The balanced essential amino acid profile of ruminant-derived
milk and meat further underscores their nutritional value in human
nutrition (Castillo et al., 2019).

In sheep, a more extensively studied species, the inclusion of
300 g/day of grape seed pomace did not affect feed intake (Correddu
et al, 2015). Similarly, Manso et al. (2016) reported no impact on
lactational performance or body condition when up to 10 g/100 g
DM of the grape pomace was offered. Bennato et al. (2022) noted
that supplementing 10% grape pomace had no effect on gross milk
composition but increased the content of monounsaturated fatty
acids (MUFA) in the milk of Assaf ewes intended for cheese
production. In lambs, grape pomace silage caused a linear
reduction in dry matter intake and, although a decrease in
average daily gain was observed, feed conversion efficiency
remained comparable to the control group (Martins Flores et al,
2020). Moreover, dietary supplementation with grape pomace has
been shown to enhance antioxidant defenses in lambs, as evidenced
by increased catalase and glutathione activity, along with reduced
lipid and protein oxidation markers in blood and tissues (Kafantaris
et al, 2016). In Saanen goats, the inclusion of 150 g/kg of dry grape
by-products had no significant effects on feed intake, digestibility,
blood metabolites, or milk fatty acid composition (Badiee Baghsiyah
etal, 2023). However, few studies have evaluated the effects of grape
pomace on dairy goats.

Based on the nutritional and environmental potential of grape
pomace, the present study evaluated the effects of incorporating
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different levels of white grape pomace silage (WGP) into the diets of
lactating dairy goats. The parameters assessed included individual
milk yield, gross milk composition (including somatic cell count),
body weight, hematobiochemical profile, and oxidative stress
biomarkers. The aim was to identify an inclusion level that
supports productive performance and physiological stability,
while contributing to sustainable feeding strategies.

2 Materials and methods
2.1 Animals and facilities

The study was carried out on the dairy goat herd located at the
teaching and experimental farm of Miguel Hernandez University,
Spain. The experimental period lasted from late April (pre-
experimental sampling) through the end of July. This farm houses
a herd of Murciano-Granadina goats, housed in pens with straw
bedding, providing each animal with 1.5 m? of usable individual
space in a free-stall system, 35 cm of linear feeding space per animal,
and ad libitum access to water. The animals were fed twice daily, at
9:00 h and 15:00 h, and milked once a day, prior to the morning
feeding, using a Casse milking parlor (2 x 12 x 12, GEA, Germany),
in accordance with standard regional practices. This study was
approved by the Office of Responsible Research at Miguel
Hernandez University (code UMH.DTA.JDS.04.22).

2.2 Experimental design

From an initial group of 120 goats, at five weeks postpartum
stage of lactation, and feeding a conventional diet, 88 animals were
selected based on parity, body weight (37.70 + 5.48 kg), milk yield
(2.89 + 0.84 kg/day), and LSCC (2.96 + 3.30-103 cells/mL). The
animals were distributed into 8 homogeneous batches, ensuring
balance across the selection criteria. Following a one-week
adaptation period to their new groups, a pre-experimental
sampling (sampling 0) was conducted, including all the variables
analyzed. After the pre-experimental sampling, every treatment (or
diet) was randomly assigned to 2 batches: Control (conventional
diet without by-products), 5-WGP (diet including 5% WGP silage
on a dry matter basis), 10-WGP (diet including 10% DM of WGP
silage), and 15-WGP (diet including 15% DM of WGP silage). After
a two-week dietary adaptation period, four biweekly samplings were
performed to assess body weight, individual milk yield, and milk
gross composition. Only one additional individual blood sampling
was done at the end of the experiment. Feed and water intake were
monitored weekly for two consecutive days at the batch level.

All diets were formulated according to the recommendations of
Fernandez et al. (2005) for goats producing 2.5 kg of milk/day,
ensuring isoenergetic and isoproteic rations tailored to their
production level. Animals were fed fixed amounts twice daily,
with no ad libitum access. Details regarding the ingredients,
chemical composition, and daily feed offered are presented in
Table 1. The WGP silage used in the study was sourced from the
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TABLE 1 Ingredients and chemical composition of experimental diets.

Control

Ingredients (g/kg DM)

Pelleted grain mix 612.00 602.00 648.00 593.00
Alfalfa hay 368.00 348.00 252.00 277.00
Barley straw 20.00 - - 20.00
WGP silage - 50.00 100.00 150.00
kg DM offered/animal/day 2.20 222 221 2.25

Chemical composition (g/kg DM)

DM (g/kg FM) 890.38 856.70 825.72 786.30

OM 878.95 865.83 869.36 868.32

EE 31.00 31.00 37.00 38.00

CP 176.00 175.00 177.00 178.00

NDF 314.00 310.00 350.00 370.00

ADF 158.00 171.00 183.00 196.00

ADL 26.30 38.10 39.70 50.05

Starch 254.00 254.00 254.00 257.00

Total Sugar 49.00 45.00 45.00 47.00
Total Polyphenols (GAE eq.) 6.45 7.63 7.40 8.23
ME'" (Mcal/kg DM) 2.85 2.81 278 2.74

Mineral profile (g/kg DM)

Ca 11.40 9.90 11.30 10.30
P 3.70 3.70 3.90 3.70
Na 4.80 4.40 4.30 3.90
K 13.60 12.90 12.70 12.40
Mg 3.20 3.00 3.10 2.90

In vitro digestibility (%) and enteric fermentation VFA (mmol/L)

IVDMD 73.69 74.29 74.13 74.04
IVOMD 81.83 81.42 81.79 81.40
IVNDFD 45.56 44.58 50.91 54.29
Total VFA 90.72 83.49 96.86 99.65
Ac: Pr:Bu’ 54:21:21 57:21:19 60:20:18 59:21:17
Acetate 48.56 47.68 57.82 59.03
Propionate 18.96 17.55 19.56 21.09
Butyrate 19.25 16.06 16.96 17.41
Isobutyrate 3.96 2.20 2.52 2.12

5-WGP, diet with 5% DM of WGP silage; 10-WGP, diet with 10% DM of WGP silage; 15-WGP, diet with 15% DM of WGP silage; DM, Dry matter; FM, Fresh matter; OM, Organic matter; EE,
Ether extract; CP, Crude protein; NDF, Neutral detergent fibre; ADF, Acid detergent fibre; ADL, Acid detergent lignin; GAE eq., acid galic equivalent; ME, Metabolic energy: ' (Jarrige ct al., 1981);
IVDMD, In vitro dry matter digestibility; [IVOMD, In vitro organic matter digestibility; IVNDED, In vitro neutral detergent fibre digestibility; VFA, Volatile fatty acids. 'Molar proportion of
VFA (%).
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quality and stability trials of this agroindustrial by-product
conducted by Galvez-Lopez et al. (2025).

2.3 Variables analyzed

The composition of the diets (Table 1) was determined
according to Association of Official Analytical Chemists (1999)
methods: dry matter (DM, g/kg; method 930.5), organic matter
(OM, g/kg DM; method 942.05), ether extract (EE, g/kg DM;
method 920.39), crude protein (CP, g/kg DM; method 984.13),
and total sugars (g/kg DM; method 974.06). Neutral detergent
fiber (NDF, g/kg DM), acid detergent fiber (ADF, g/kg DM), and
acid detergent lignin (ADL, g/lkg DM) were analyzed according to
Van Soest et al. (1991). Starch content was determined using the
polarimetric method of Ewers (ISO, 1997). Total polyphenol content
(PT, g GAE eq./kg DM) was analyzed using the Folin-Ciocalteu
method as described by Kim et al. (2003). The mineral content in the
diets was determined using an Inductively Coupled Plasma Mass
Spectrometer (ICP-MS; Agilent 7700x, Santa Clara, CA, USA)
following acid digestion of the samples according to Gonzalez
Arrojo et al. (2016). Apparent in vitro dry matter digestibility
(IVDMD, g/kg DM) was assessed using the method of Menke and
Steingass (1988), with slight modifications recommended by Yafez-
Ruiz et al. (2016). The degradability of NDF (IVDNDF, g/kg DM)
was determined based on digested material according to Van Soest
etal. (1991). The proportion of volatile fatty acids (VFAs, g/kg DM)
—acetate, propionate, butyrate, isobutyrate— was measured using
the method proposed by Feng-Xia et al. (2013), employing high-
performance liquid chromatography (HPLC 1200 Agilent, Santa
Clara, CA, USA) with a Supelcogel C610H column (30 cm x 7.8 mm
1D, Saint Louis, MO, USA).

During each sampling, animals were weighed using a precision
scale attached to the handling chute (Accurex RX Fox, Gram
Group, Barcelona, Spain) with an accuracy of 100 g, to assess
body weight (kg) evolution throughout the experiment. Individual
milk yield (kg/day) was recorded daily using a Lactocorder® device
(Lactocorder, Balgach, Switzerland). Milk macrocomposition—
including fat, crude protein, lactose, useful dry matter (UDM),
non-fat dry matter (NFDM), and milk urea—was analyzed using
mid-infrared spectroscopy (CombiFossTM 7 DC, Foss, Hillerod,
Denmark). Somatic cell count (SCC, 10* cells/mL) was determined
via flow cytometry (CombiFossTM 7 DC, Foss, Hillerod, Denmark).
Fat-Corrected Milk (FCM 3.5%) was calculated following Gravert
(1987): FCM (3.5%) = 0.433 x milk yield (kg/day) + 16.218 x fat
yield (kg/day). Fat and Protein-Corrected Milk (FPCM) was
estimated using Schau and Fet (2008): FPCM = milk yield (kg/
day) x (0.337 + 0.116 x Fat (%) + 0.06 x Protein (%)).

Feed intake (FMI and DMI) and water intake (WI) were
recorded weekly at the batch level for two consecutive days each
sampling week. Feed intake was calculated as the difference between
the amount of feed offered and refused, expressed on both a fresh
matter (FM) and dry matter (DM) basis. The DM content was
determined by drying representative samples of offered and refused
rations at 105 °C for 48 hours. Water intake was measured by
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difference using individual water meters (SV-RTK E4® Flow
Systems, Gilmonde, Portugal) installed in each pen.

Fasting blood samples (8:00 am) were collected only at pre-
experimental and final samplings. Samples were collected from the
jugular vein using an Eclipse' " needle (BD Vacutainer, Franklin
Lakes, NJ, USA) and stored in three test tubes (BD Vacutainer,
Franklin Lakes, NJ, USA): EDTA K2 (4 mL) for hematological
analysis, Serum CAT (10 mL) with clot activator for serum
biochemical profile assessment, and LH Lithium Heparin (10 mL)
for oxidative status evaluation. Serum and plasma obtained from
samples collected in Serum CAT and LH tubes, respectively, were
stored at —80°C and analyzed within one month of collection.
Hematology was determined within one hour after blood sampling
using an Element HT5 analyzer (SCIL VET, Tudela, Spain)
calibrated for a female goat: white blood cells (WBC),
lymphocytes (LYM), monocytes (MON), neutrofiles (NEU), red
blood cells (RBC), hemoglobin (HGB), hematocrit (HCT) were
analyzed, and the ratios neutrophils /lymphocytes (NLR), and
monocytes /lymphocytes (MLR) were calculated. Serum
biochemical profile was conducted using the rapid diagnostic
disk “Diagnostic II” for Element RC3X (SCIL VET, Tudela,
Spain); variables analyzed were: albumine (ALB), alanine
aminotransferase (ALT), total bilirubin (TBIL), blood urea
nitrogen (BUN), creatinine (CREA), total protein (TP), globuline
(GLOB), glucose (GLU), cholesterol (CHOL), Ca, P, Na, K.
Oxidative status was evaluated using total antioxidant capacity
assay —FRAP Oyaizu (1986) and ABTS Leite et al. (2011)—.
Specific antioxidant capacity was determined via superoxide
dismutase (SOD) activity assay (DetectX® Superoxide Dismutase
Activity Kit, Arbor Assays, Ann Arbor, MI, USA).

2.4 Statistical analysis

The SCC values were transformed into base ten logarithms for
statistical analysis. The statistical evaluation of variables measured
at the individual level, excepting those analyzed on blood/plasma/
serum samples, was conducted using a mixed linear model (PROC
GLIMMIX, SAS v9.4), considering the effect of the covariate (pre-
experimental sampling), diet, samplings, the interaction (diet x
sampling), and batch nested within diet, according to the following
equation:

Y=p+D; +S +D; xS +covY,+ Br(Di) + Ay + e

where Y is the dependent variable, u is the intercept, D;
represents the fixed effect of diet (i = Control, 5-WGP, 10-WGP,
15-WGP), §; is the fixed effect of sampling (j = 1, 2, 3, 4), D; x S;
represents the interaction between diet and sampling (16 levels),
covY, accounts for the effect of Y in the pre-experimental sampling,
Bi(D;) is the batch nested within diet, and e is the residual error.

For variables analyzed on blood/plasma/serum samples, the
model included the fixed effects of diet (i = 4 levels), sampling (2
levels, j = 0, 4), their interaction (8 levels), and batch (diet).

For both scenarios, the animal was considered a random effect
(Ay), and e represents the residual error. A compound symmetry
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TABLE 2 Statistical analysis results (F and Pvalue, andd Least Square Means + SEM) for main productive performance traits by tested diets.

Diet F-Pvalue
Control 5-WGP 10-WGP 15-WGP SEM Sampling ¢ BIEOT B
ampling = (Diet)
DMI (kg/day) 206 210 207 208 0.13 234y, 1.240.0173 124,
FMI (kg/day) 2.32° 2.44° 2.46° 2.60¢ 0.01 | 63.0540000 298400001 3.010,0009
WI (L/day) 7.01° 7.03* 6.55" 6.65" 0.07 11050001 741500001 1.66,
Body weight (kg) 38.13° 39.01° 38.49° 36.44° 047 | 5430000 | 24860001 0.69, 0.52, 399.86.,001
Milk yield (kg/day) 249 263 259 2.50 0.66 Lllns 5.600.001 0710 1.0, 420.93 0,001
UDM (%) 6.61 6.82 653 6.79 0.12 132, 67.93.0.001 0.85, 1.29,, 4215001
FCM (ji‘;@) (kg/ 2.36 2.53 241 245 0.08 074, 37.58-0.001 114y, 0.31 5, 197.150.0001
FPCM (kg/day) 226 241 231 231 0.70 079, 30.38.0.0001 104, 0315 248.110.0001
Feed Efficiency 1.08 113 112 112 0.03 0.55 2322 131 0.46,, 247.73
(FPCM/DMI) ns <0.0001 ns ns <0.0001
Milk urea (mg/L) 609.09° 607.30° 58153 603.51° 6.91 347005 46500035 23%015 119, 121,060,001
LSCC (10 cells/
L) 247 230 251 26 0.08 2,63, 042, 0.96, 1.09, 230,550,001

5-WGP, 5% DM of WGP silage; 10-WGP, 10% DM of WGP silage; 15-WGP, 15% DM of WGP silage; DMI, Dry matter intake; WI, water intake; UDM, useful dry matter; FPCM, Fat and

Protein-Corrected Milk; LSCC, Log;, somatic cells count. SEM, Standard error mean; F and p-values are reported for significant effects; ns, not significant (P > 0.05).

*Different letters in the same row indicate significant difference between diets.

covariance structure was employed to account for the correlation of
repeated measures, based on the lowest AIC and BIC values.

For variables measured at the batch level (WI, DMI, FMI), a
general linear model (PROC GLM, SAS v9.4, 2022) was used,
considering the effect of diet, sampling, and the interaction,
according to the following equation:

Y=pn+D +T,+(D;x Ty +e

where Y is the dependent variable, u is the intercept, D;
represents the fixed effect of diet (i = Control, 5-WGP, 10-WGP,
15-WGP), Tjis the fixed effect of sampling (k=0, 1, 2, 3, 4), D; x Ty
represents the interaction between both effects (20 levels), and e is
the residual error.

Least squares means were calculated to interpret differences
between levels of the fixed effects. The null hypothesis was rejected at
P< 0.05, indicating statistically significant differences between levels.

3 Results

3.1 Feed intake, body weight, and milk
yield

The inclusion of WGP silage did not result in significant differences
in most variables associated with productive performance (Table 2).
The evolution of DMI throughout feeding trial showed no significant
differences among diets excepting at the final sampling point, when
DMI in the 15-WGP group (1.99 + 0.03 kg DM/day) was significantly
lower than in the Control (2.05 + 0.03 kg DM/day) and 5-WGP (2.10 +
0.03 kg DM/day) groups (Figure 1). In contrast, FMI was significantly
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higher in the 15-WGP group than the Control group from sampling 1
through the end of the trial, with mean values of 2.59 + 0.01 vs. 2.32 +
0.01 kg FM/day (Figure 1). From the beginning of the treatments, water
intake exhibited a divergent pattern compared to FMIL It was
significantly lower in samplings 2 and 3 for 10-WGP (5.53 + 0.17 L/
day) and 15-WGP (5.60 + 0.17 L/day) diets, and in sampling 4 for the
15-WGP group (7.33 + 0.17 L/day), compared to 0-WGP and 10-WGP
diets (Figure 1). Diet had a significant effect (P = 0.02) on BW, with a
significantly lower average in the 15-WGP group (36.44 + 0.47 kg)
compared to animals fed the other three diets (Table 2). BW in animals
receiving the 15-WGP diet decreased significantly from sampling 1
(39.53 vs. 36.10 kg). This difference among diets persisted until the end
of the trial (Figure 1).

Regarding milk yield (MY), no significant differences were
detected among diets, although a sampling effect was observed
(P = 0.001) (Table 2). Milk yield (Figure 2), along with Fat-
Corrected Milk (FCM) and Fat and Protein-Corrected Milk
(FPCM) (Figures 2), declined as the experimental period
progressed. In contrast, feed efficiency (FPCM/DMI) only
declined significantly (P< 0.001) in the Control group toward the
end of the experimental period (Figure 2).

As illustrated in Figure 3, variations in milk composition across
dietary treatments remained minimal during the trial period and did
not reach statistical significance for the majority of measured
parameters. The concentration of main milk components fluctuated
throughout the experiment, with sampling consistently showing
significant effects (P< 0.001); thus, the diet x sampling interaction
did not show significant effects. The concentrations of fat, crude
protein, lactose, NFDM, and UDM were slightly lower at the end of
the trial for all diets (Figure 3). Only milk urea was significantly affected

frontiersin.org


https://doi.org/10.3389/fanim.2025.1675085
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

Galvez-Lopez et al.

10.3389/fanim.2025.1675085

A DM INTAKE (kg/day) 8 FM INTAKE (kg/day)
2,2 30
29
2,2
21 = - *
rZ 27

.
21 == 26 L’
- .
.
20 25

24 2 ’ _2Z Z
20 7
23 PSP
19 r
22
19
21
18 20
Sampling 0 sampling 1 sampling 2 sampling 3 Sampling 4 Sampling 0 Sampling 1 Sampling 2 sampling 3 sampling 4
o BODY WEIGHT (kg) D) WATER INTAKE (kg/day)
2 83
a1 80
40 1 77
39 % 74
8 71 % !
37 Jl\{ 68 l‘ - o
36 65 b — .: -
35 62 - R |
3 59
33 56 \/
2 53
Sampling 0 Sampling 1 Sampling 2 Sampling 3 Sampling 4 Sampling 0 Sampling 1 Sampling 2 Sampling 3 Sampling 4
~—control 5-WGP —10-WGP —15-WGP
FIGURE 1

Dry matter intake (A), fresh matter intake (B), body weight (C), and water intake (D) recorded throughout the experiment (Least Square Means + SE,

dotted lines indicate the adaptation period).
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FIGURE 2

Milk yield (A), Fat corrected milk (B), Fat and Protein corrected milk (C), and feed efficiency (FPCM/DMI) (D) recorded throughout the experiment
(Least Square Means + SE; dotted lines indicate the adaptation period).
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Milk composition—Fat (A); Crude protein (B); Lactose (C); No-fat dry matter (NFDM) (D); Useful dry matter (UDM) (E)—recorded throughout the

experiment (Least Square Means + SE).

by diet (P = 0.02). The 10-WGP diet resulted in significant lower milk
urea concentrations compared to the other diets, although the
differences were not considered relevant (Table 2). No significant
effects of diet or sampling were observed for LSCC (Table 2).

3.2 Hemogram, serum biochemical profile,
and oxidative stress

Table 3 presents the evolution of the hemogram throughout the
feeding trial, illustrating the interaction between diet and sampling
time. Neither diet nor sampling time exerted a significant effect on
white blood cell profile (WBC, LYM, MON, NEU, NLR, MLR). The
overall mean WBC count across diets was 15.27 + 0.96 x 10°/L
(control), 15.31 + 0.96 x 10°/L (5-WGP), 15.62 + 0.96 x 10°/L (10-
WGP), and 15.10 + 0.96 x 10°/L (15-WGP). The highest NLR
(neutrophil-lymphocyte ratio) and MLR (monocyte-lymphocyte
ratio) values were observed in the 15-WGP (2.95 + 0.29 and 0.05
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+ 0.01, respectively), while the lowest corresponded to the Control
treatment (2.41 + 0.29 and 0.04 £ 0.0). Diet had a significant effect
on HCT, while sampling time also influenced HCT, as well as RBC
and HGB levels. Mean RBC counts by diet were as follows: 16.85
0.38 x 10"?/L (control), 16.30 + 0.38 x 10'*/L (5-WGP), 17.37 + 0.38
x 10"*/L (10-WGP), and 16.83 + 0.38 x 10"*/L (15-WGP). The
significant dietary effect on HCT was already evident at sampling 0,
with the 10-WGP group showing higher HCT values (25.52 +
0.63%) compared to the remaining groups. At sampling 4, Control
HCT (25.48 + 0.63%) was significantly higher than its baseline value
(23.70 £ 0.63%, sampling 0), thereby reducing the difference with
the 10-WGP group, which exhibited no significant change over time
(25.52 + 0.63% at sampling 4) as the other WGP treatments.
Regarding the serum biochemical profile, slight differences were
observed among groups (Table 4). Diet had a significant effect on
BUN and GLU. Sampling time significantly influenced ALB, ALT,
TBIL, CREA, BUN and GLU. In addition, a significant interaction
between diet and sampling time was observed for GLU. Accordingly,
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TABLE 3 Hemogram evolution throughout the experiment: comparison of mean values across diets and sampling (Least Square Means + SEM), and
statistical effects of diet, sampling time, and their interaction (F and P-value).

Diet F-Pvalue
. . Diet x
Control 5-WGP 10-WGP 15-WGP SEM Diet Sampling .
Sampling
(Sampling 0) 1471 16.03 16.10 15.83 0.96
WBC (10°/L) 008, 1.33,, 1.08, 45200024
(Sampling 4) 15.83 14.59 15.15 14.38 0.96
(Sampling 0) 457 523 529 5.65 0.70
LYM (10°/L) 0.12, 0.14,, 0.43,,¢ 146,
(Sampling 4) 5.29 4.89 481 5.08 0.70
(Sampling 0) 0.17 0.17 0.15 0.19 0.02
MON (10°/L) 0.06, 0.02,,5 1175 26100413
(Sampling 4) 0.17 0.18 0.19 0.16 0.02
(Sampling 0) 9.97 10.63 10.66 9.99 0.78
NEU (10°/L) 039, 0.80,,, 059, 34800113
(Sampling 4) 10.62 9.52 10.16 9.15 0.78
(Sampling 0) 258 3.18 250 3.44 0.29
NLR 1.32,, 3.77ns 1.60,,, 2.610.0414
(Sampling 4) 224 2.67 248 245 0.29
(Sampling 0) 0.04 0.04 0.04 0.05 0.01
MLR 0.88,, 1.52, 1,59, 0.460 762
(Sampling 4) 0.03 0.04 0.04 0.04 0.01
(Sampling 0) 15.53% 15.35¢ 16.60" 15.834% 0.42
RBC (10**/L) 1.34, 10980001 1.45,, 234y,
(Sampling 4) 18.16" 17.24% 18.13° 17.82° 0.42
(Sampling 0) 9.11%° 8.881° 9.82° 8.74%¢ 0.28
HGB (g/dL) 246, | 150.74.0001 0.94, 221,
(Sampling 4) 7.45° 7.23¢ 7.94° 7.37° 0.28
(Sampling 0) = 23.70° 22.81° 25.17° 23.07° 0.63
HCT (%) 318008 105400017 1.2, 1.60,
(Sampling 4) 25.48° 23.78% 25.52° 23.67° 0.63

5-WGP, 5% DM of WGP silage; 10-WGP, 10% DM of WGP silage; 15-WGP, 15% DM of WGP silage; WBC, white blood cells; LYM, lymphocytes; MON: monocytes; NEU, neutrophils; NLR,
neutrophils-lymphocytes ratio; MLR, monocytes-lymphocytes ratio; RBC, red blood cells; HGB, hemoglobine; HCT, hematocrit. SEM, Standard error mean; F and P-values are reported for
significant effects; ns: not significant (P > 0.05).

*dDifferent letters for the same variables indicate a significant difference between diet and sampling.

TABLE 4 Serum biochemical profile evolution throughout the experiment: comparison of mean values (Least Square Means + SEM) across diets and
samplings, and statistical effects of diet, sampling time, and their interaction (F and P-value).

Diet F-Pvalue
. Diet x Batch
Control 5-WGP 10-WGP 15-WGP SEM Sampling Sampling (Diet)
(Sampling 0) 4,19 4.22% 4.37°%¢ 4.10° 0.10
ALB (g/dL) 210 7.300083 0.075 3.000.0231
(Sampling 4) | 4.32% 4.42%° 456 4.27%¢ 0.10
(Sampling 0) 17.73" 18.82°" 19.00* 22.18" 1.41
ALT (U/L) 087, 55.76.0.0001 249, 038,
(Sampling 4) 15.77° 16.32° 15.95° 17.11° 1.41
(Sampling 0) 033 032 033 035 0.01
TBIL (mg/L) 0.78,6 98.66.-0.0001 0.40,, 0664
(Sampling 4) 0.24° 0.25° 0.25° 0.26° 0.01
ipling
(Sampling 0) 27.82° 2491° 26.65" 25.35" 0.69
BUN (mmol/L) 371po1as | 530.68-00001 0.48,,, 238,
(Sampling 4) 19.92° 17.40¢ 18.79<¢ 18.44¢ 0.69
pling
(Sampling 0) 0.86* 0.82%° 0.80* 0.77° 0.03
CREA (umol/L) 1,62, 179.85_.0.0001 091, 1.96,
(Sampling 4) 0.59° 0.56° 0.59° 0.56° 0.03

(Continued)
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TABLE 4 Continued

Diet F-Pvalue
. Diet x
5-WGP 10-WGP 15-WGP SEM Sampling .
Sampling
(Sampling 0) 8.62 8.66 8.86 8.80 0.28
TP (mg/dL) 0.93, 114, 0.43,, 151,
(Sampling 4) 8.69 8.89 9.39 8.77 0.28
(Sampling 0) 42.86 45.18 46.84 42.89 1.76
GLOB (g/dL) 0.46,, 1.64, 0.45,,, 28400203
(Sampling 4) 44.95 44.00 41.14 48.59 1.76
(Sampling 0) 49.43" 50.68" 39.70° 36.45° 2.28
GLU (mg/dL) 11.119.0001 56.49 20,0001 3.260.0254 3.1100198
(Sampling 4) 57.16* 58.31° 58.92% 47.25° 2.28
(Sampling 0) 107.82 103.91 112.36 99.73 5.46
CHOL (mg/dL) 1174 0.55,, 0.7246 0.20,,
(Sampling 4) 103.52 106.33 116.52 104.92 5.46
(Sampling 0) 10.00 10.23 9.88 9.71 0.26
Ca (mg/dL) 0.61, 1624, 0.85,,, 13706
(Sampling 4) 10.68 10.46 10.76 1029 0.26
(Sampling 0) 548 6.06 5.26 481 0.37
P (mgdL) 118, 472, 226, 2.510,0481
(Sampling 4) 6.28 5.70 5.62 5.55 0.37
(Sampling 0) 146.18 145.59 146.23 139.45 1.73
Na (mmol/L) 8.07s 0.5344 0.784,4 3.09.0203
(Sampling 4) 145.77 143.95 149.68 142.00 1.73
(Sampling 0) 4.43° 437° 4.55° 426° 0.11
K (mmol/L) 115, 114.810.0001 0.784,6 16101506
(Sampling 4) 5.06" 5.23% 5.29* 5.19* 0.11

5-WGP, 5% DM of WGP silage; 10-WGP, 10% DM of WGP silage; 15-WGP, 15% DM of WGP silage; ALB, albumin; ALT, alanine aminotransferase; TBIL, total bilirubin; BUN, blood urea
nitrogen; CREA, creatinine; TP, total protein; GLOB, globulins; GLU, glucose; CHOL, cholesterol; SEM, Standard error mean; F and p-values are reported for significant effects; ns: not significant
(P > 0.05).

““Different letters for the same variables indicate a significant difference between sampling and diet.

BUN and GLU were plasma metabolites with a significant effect of
Diet, although dietary differences on BUN were already evident at
sampling 0, before the treatments started, and at sampling 4, BUN
decreased significantly across all dietary groups, revealing the same
pattern of differences seen at sampling 0. At sampling 0, fasting
glucose concentrations were significantly higher in the Control and 5-
WGP treatments than in the 10-WGP and 15-WGP treatments. By
sampling 4, GLU increased significantly across all treatments relative

to baseline. Nonetheless, the 10-WGP increased significantly GLU
(difference of 19.22 mg/dL) in higher concentrations than the others,
whereas 15-WGP increased (difference of 10.80 mg/dL) in similar
proportions as 0-WGP (difference of 7.73 mg/dL) and 5-WGP
(difference of 7.63 mg/dL). At sampling 4 GLU concentrations in
the 15-WGP group were significantly lower than the others.

No significant differences in oxidative status were observed by diet,
as evaluated by reduction power using the FRAP and ABTS assays.

TABLE 5 Evaluation of oxidative stress throughout the feeding trial: comparison of mean values across diets (Least Square Means + SEM), and
statistical effects of diet, sampling time, and their interaction (F and P-value).

Diet F-Pvalue
5- 10- : Diet x Batch
Control Samplin . .
WGP WGP pling sampling (Diet)
(Sampling 0) 0.20° 0.20° 0.20° 0.20° 0.02
ABTS! 0.38,¢ 12.960.001 0.41, 0.241,
(Sampling 4) 0.23% 0.26" 0.26% 0.27° 0.02
(Sampling 0) 0.28° 0.27 0.28° 0.26" 0.01
FRAP! 0.35,, 12.550 001 0.39,, 0.76,
(Sampling 4) 035" 0.35° 0.33% 0.34° 0.01
(Sampling 0) 0.28° 0.27* 0.30° 0.31° 0.02
SOD? 194, 127.35.00001 0.15, 2.650.036
(Sampling 4) 0.45° 0.42° 0.46" 0.48° 0.02

5-WGP: 5% DM of WGP silage; 10-WGP: 10% DM of WGP silage; 15-WGP: 15% DM of WGP silage; ABTS: 2.2'-azino-bis(3-ethylbenzothiazoline-6-sulfonate) reduction power; FRAP: Ferric
Reducing Antioxidant Power.; SOD: Superoxide Dismutase. SEM: Standard error mean; F and p-values are reported for significant effects; ns: not significant (P > 0.05).

'mg Trolox eq./mL; *U/mL.

*Different letters for the same variables indicate a significant difference between sampling per diet.
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Similarly, the diet had no significant effect on specific antioxidant
capacity, as evaluated by the SOD activity assay. However, sampling
had a significant effect on all antioxidant assays, with antioxidant
capacity at sampling 4 consistently higher than observed at sampling 0
values, without significant interaction with diet (Table 5).

4 Discussion

Dry matter intake (DMI) of the diets containing WGP silage
aligned with the expected values for lactating Murciano-Granadina
goats five weeks postpartum, supporting an average milk yield of 2.89
L/day—within the standard range of 2.50-2.70 L/day (Jarrige et al,
1981). The DMI was similar to the consumption reported for this
breed under comparable physiological conditions (Fernandez et al,
2005; Ibanez et al., 2016; Monllor et al., 2020). Although Martins
Flores et al. (2020) reported a dose-dependent intake response when
increasing the inclusion levels (20%, 37.5%, and 50% DM) of grape
pomace silage in lambs, our findings suggest that a moderate
inclusion of WGP silage does not adversely affect dry matter intake
in lactating goats. The observed reduction in water intake among
goats receiving 10% and 15% WGP diets may be attributed to the
higher forage moisture intake associated with the inclusion of silage.
As described by Van Soest (1994a), moist feeds such as silages or
fresh forages can partially satisfy free water requirements under
temperate environmental conditions, an aspect particularly relevant
in thermal stress scenarios or when access to water is limited (Van
Soest, 1994b). Moreover, the reduction of approximately 0.5 L of
water per animal per day represents a meaningful saving of this
resource, which is especially valuable in dry-climate regions where
water availability is a limiting factor for livestock production.
This consideration becomes even more relevant given that livestock
farming increasingly competes with agriculture for access to water,
highlighting the importance of efficient resource use in integrated
production systems (Wisser et al., 2024).

Despite a significant reduction in body weight observed in the
15-WGP goats, no detrimental effects were detected on milk yield
performance (MY, UDM, FCM, FPCM), milk composition, or feed
conversion ratios (FPCM/DMI). This response might be supported
by the improved in vitro NDF digestibility (IVNDFD) and the more
glucogenic fermentation profile -in the in vitro assay- which likely
enhanced energy supply for milk synthesis (Van Soest, 1994b;
Chilliard et al., 2003), without increasing feed intake. Still, the
physiological prioritization of lactation (homeorhesis) in ruminants
may have constrained energy allocation to body tissue maintenance
(Chilliard et al., 2000), particularly in heavier animals—such as
those in the 15-WGP group—with inherently greater maintenance
requirements. The moderate energy deficit suggested by the decline
in body weight could thus reflect nutrient partitioning favoring milk
production, supported by rumen efficiency and mobilization of
body reserves (Aguerre et al, 2011), showcasing the high
adaptability of the Murciano-Granadina breed to intensive milk
production systems.

Towards the end of the experimental period, the upward trends in
MY and FPCM/DMI observed in WGP diets, along with signs of
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weight gain recovery in the 15-WGP group (during the latter half of the
study period), suggest that long-term dietary inclusion of WGP silage
may enhance performance in lactating goats. Previous studies have
already demonstrated the positive influence of grape pomace on
productive performance in small ruminants when included at 2% of
daily intake, either in the form of grape pomace meal (Alba et al,, 2019)
or grape pomace cake (Antunovic et al,, 2024). WGP silage inclusion
did not significantly alter the gross composition of milk (Fat, CP,
NEDM, UDM), nor LSCC, indicating that milk from WGP silage diets
maintained a quality profile comparable to the Control diet. In the
present study, the inclusion of WGP silage in the diet was tightly
controlled (up to 15%), resulting in a limited impact on diet
composition—specifically, an increase of only 0.50 g/100 g in fat
content of diet—and no significant effect on FCM was observed.
This finding is consistent with Nudda et al. (2015) and Manso et al.
(2016), who also observed no increase in milk fat content when 300 g/
day of grape seeds and up to 100 g/kg of grape pomace were
incorporated, respectively, into diets for lactating sheep. In contrast,
Albaetal. (2019) included 2% of grape pomace meal in the daily intake,
which contained 26 g/kg DM of fat, and reported an increase of 5.8 g/kg
in milk fat content in sheep. Lower milk urea concentrations in the 10-
WGP group do not represent a relevant effect and could be attributed
to enhanced nitrogen utilization, likely due to improved synchrony
between degradable protein and fermentable carbohydrates in the
rumen. This group exhibited the lowest initial body weight —no
significant— and the greatest weight gain during the experiment,
suggesting lower maintenance requirements (National Research
Council, 2007) and an anabolic status favoring tissue nitrogen
retention over excretion (Raggio et al., 2006). Consequently, hepatic
urea synthesis and subsequent milk urea secretion may have decreased,
not due to protein deficiency, but to more efficient nitrogen
partitioning (Chilliard et al,, 2003; Cannas et al,, 2007). Importantly,
all productive parameters observed were in line with those reported by
MAPA (2022) for this breed under comparable conditions.

The hemogram and serum biochemical profile measured
throughout the study remained within the physiological reference
ranges established for dairy goat (Kaneko et al, 1997). The minor
fluctuations observed between the beginning and end of the
experimental period were consistent with expected physiological
adaptations associated with the progression of lactation. The
differences detected between dietary treatments cannot be attributed
solely to the direct effect of the diets themselves, but rather to the
interplay between nutrient intake, fermentative composition of the diet
and the transient metabolic adjustments required to sustain
homeostasis under evolving physiological demands.

Notably, GLU increased significantly in the 10-WGP diet,
suggesting elevated propionate production and enhanced hepatic
gluconeogenesis (Wang et al., 2024), though its magnitude might
also hint at temporary dysregulation of peripheral insulin sensitivity
under a high energy demand context, such as reaching peak lactation
in the postpartum period (Chavez et al., 2009). Conversely, the 15-
WGP group showed a more stable GLU profile with lower final GLU
concentrations, which may reflect a more efficient utilization of
ruminal propionate (Chilliard et al., 2003; Cai et al., 2018). This
observation further supports the previously mentioned hypothesis of
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a fermentative profile with a predominant glucogenic orientation in
among animals with greater WGP intake. Parallel reductions in blood
urea nitrogen (BUN) across all groups suggest improved nitrogen use
efficiency as lactation advanced, likely due to greater synchrony
between dietary nitrogen and fermentable carbohydrates (Donkin,
2016). These synergistic relationships between nitrogen and
fermentable carbohydrates were further supported by the in vitro
ruminal fermentation results, where WGP diets enhanced fiber
digestibility (IVNDFD) and increased total VFA production,
particularly propionate, reflecting more efficient fermentation and a
greater availability of glycogenic substrates (Zhen et al, 2023; Shi
et al, 2025). A similar enteric VFA fermentation profile was also
reported by Correddu et al. (2015) during in vitro digestion of diets
containing grape seed. In vivo digestibility trials in wethers (Juracek
et al,, 2021) and lactating goats (Do Nascimento et al., 2025) likewise
reported an increase in NDF degradability in diets supplemented with
dehydrated grape pomace. Overall, moderate to high WGP inclusion
—especially at 15%—appeared to support more efficient nutrient
partitioning, lower hepatic nitrogen load, and improved metabolic
regulation in mid-lactation goats. In addition, the higher total phenol
content observed in WGP diets may have contributed to enhanced
fiber digestibility and nitrogen utilization. Studies with other
vegetables rich in phenolic compounds (Singh et al., 2022; Huang
et al., 2023) have already demonstrated that these bioactive
compounds modulate ruminal microbial activity, promoting better
NDF degradability and reducing nitrogen excretion, thereby
reinforcing the metabolic benefits associated with WGP inclusion.

No diet-related effects were detected for blood cell counts (WBC,
RBC) or hemoglobin (HGB) levels, consistent with previous reports in
dairy goats fed with 10% DM of grape seed cake (Antunovic et al,
2024). Similarly, no alterations in hematological profiles were observed
in lambs fed with ensiled grape pomace (Martins Flores et al., 2020),
nor in sheep receiving grape pomace flour (Alba et al., 2019). However,
hematocrit (HCT) showed a different pattern, although initial
differences between diets were already present, the maintenance of its
concentration in WGP diets—compared to the increase observed in the
control diet—could be attributed to a dietary effect. Given that RBC
increased across all treatments, the HCT rise in control animals likely
reflects plasma volume contraction—suggesting a relative dehydration
—which did not occur in WGP groups. Since HCT is considered an
indirect marker of hydration status (Silanikove, 1994), the absence of
such a rise in WGP-fed goats reinforces the notion that diets rich in
moisture can positively contribute to fluid homeostasis (Van Soest,
1994a). Given the geographical location (Spanish Mediterranean
region) and the timing of the experiment—coinciding with a
seasonal rise in ambient temperatures compared to the first quarter
of the year—this hypothesis gains relevance.

Finally, no significant effects of WGP silage inclusion were
observed on oxidative stress biomarkers in plasma. The relatively
short experimental period and moderate inclusion levels may have
limited the expression of antioxidant responses potentially linked to
the bioactive compounds present in WGP (Harbeoui et al., 2017).
Nonetheless, the slight upward trend observed toward the end of the
experiment—particularly in ABTS and SOD levels at higher WGP
diet inclusions—appears promising for reassessing the long-term

Frontiers in Animal Science

12

10.3389/fanim.2025.1675085

antioxidant potential of WGP. Antunovic et al. (2024) reported
increased SOD activity in dairy goats fed diets containing 5% and
10% grape seed cake over a comparable study duration. A similar
effect had previously been observed in sheep supplemented with 20
g/kg of grape pomace flour for 15 days (Alba et al., 2019).

As evidenced by the studies referenced throughout this discussion,
the dietary inclusion formats of grape byproducts in ruminant nutrition
are diverse. There is a clear predominance of studies including dry
grape pomace presentations—such as flours and extracts—over silage
applications. However, it is also evident that inclusion levels for flour-
based forms are substantially lower than those achieved with grape
pomace silage. While both formats may provide access to the
nutraceutical properties of this encouraging feed ingredient, the use
of silage allows for higher inclusion rates and greater utilization of the
overabundant by-product, thereby offering a more effective strategy for
valorizing agro-industrial byproducts. This aligns more closely with the
principles of sustainable production systems, particularly in the context
of circular economy approaches to agri-food production.

The main findings in the present research indicate that the
inclusion of WGP silage in dairy goats diets did not elicit adverse
effects on productive performance, physiological or oxidative status.
Encouragingly, the results suggest a favorable potential for enhancing
dietary efficiency when WGP is incorporated into well-balanced
formulations aligned with the animals’ nutritional requirements.

The absence of relevant effects in productive performance and
metabolic status among diets supports the feasibility of including white
grape pomace silage in the diets of Murciano-Granadina dairy goats at
the tested inclusion levels. The findings highlight a promising outlook
regarding the potential effects of sustained inclusion rates at least
between 10% and 15% of dietary dry matter across a complete
lactation period. These findings support the inclusion of white grape
pomace silage as a dietary ingredient for ruminants, specifically dairy
goats, provided that its incorporation in nutritionally balanced diets and
aligned with the energy requirements dictated by the animal's
physiological state. Such an approach offers a sustainable strategy for
managing winery by-products and closing nutrient loops within
circular economy systems by converting low-value biomass into high-
quality animal products. Nevertheless, additional studies involving
longer-term experiments are needed to substantiate these results.
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ALB Albumin

ALP Alkaline Phosphatase

ALT Alanine Aminotransferase

BW Body Weight

BUN Blood Urea Nitrogen

CHOL Cholesterol

CP Crude Protein

CREA Creatinine

DM Dry Matter

DMI Dry Matter Intake

EE Ether Extract

FCM Fat-Corrected Milk

FPCM Fat and Protein-Corrected Milk
FRAP Ferric Reducing Antioxidant Power
GLOB Globulin

GLU Glucose

HCT Hematocrit

HGB Hemoglobin

IVDMD In Vitro Dry Matter Digestibility
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NDF
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Non-Fat Dry Matter
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Standard Error of the Mean
Superoxide Dismutase
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Total Protein
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White Blood Cells

Water Intake

‘White Grape Pomace

frontiersin.org


https://doi.org/10.3389/fanim.2025.1675085
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

	Short-term feeding of different levels of white grape pomace silage in dairy goats: impacts on milk yield, nutritional efficiency, and metabolic responses
	1 Introduction
	2 Materials and methods
	2.1 Animals and facilities
	2.2 Experimental design
	2.3 Variables analyzed
	2.4 Statistical analysis

	3 Results
	3.1 Feed intake, body weight, and milk yield
	3.2 Hemogram, serum biochemical profile, and oxidative stress

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References
	Abbreviations


