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ABSTRACT

This study aimed to evaluate the effects of the
dietary inclusion of grape seed, alone or in combina-
tion with linseed, on milk production traits, immune
response, and liver and kidney metabolic activity of
lactating ewes. Twenty-four Sarda dairy ewes were
randomly assigned to 4 dietary treatments consisting
of a control diet (CON), a diet containing 300 g/d per
head of grape seed (GS), a diet containing 220 g/d per
head of extruded linseed (LIN), and a diet containing a
mix of 300 g/d per head of grape seed and 220 g/d per
head of extruded linseed (MIX). The study lasted 10
wk, with 2 wk of adaptation period and 8 wk of experi-
mental period. Milk yield was measured and samples
were collected weekly and analyzed for fat, protein,
casein, lactose, pH, milk urea nitrogen, and somatic
cell count. Blood samples were collected every 2 wk by
jugular vein puncture and analyzed for hematological
parameters, for albumin, alkaline phosphatase, biliru-
bin, creatinine, gamma glutamyltransferase, aspartate
aminotransferase, alanine aminotransferase, protein,
blood urea nitrogen, and for anti-albumin IgG, IL-6,
and lymphocyte T-helper (CD4") and lymphocyte
T-cytotoxic (CD8") cells. On d 0, 45, and 60 of the
trial, lymphocyte response to phytohemagglutinin was
determined in vivo on each animal by measuring skin-
fold thickness (SFT) at the site of phytohemagglutinin
injection. Humoral response to chicken egg albumin was
stimulated by a subcutaneous injection with albumin.
Dietary treatments did not affect milk yield and com-
position. Milk urea nitrogen and lactose were affected
by diet x period. Diets did not influence hematologi-
cal, kidney, and liver parameters, except for blood urea
nitrogen, which decreased in LIN and increased in MIX
compared with CON and GS. Dietary treatments did
not alter CD4", CD8", and CD4"-to-CD8" ratio. The
SFT was reduced in GS and MIX and increased in LIN
compared with CON. The IgG and IL-6 were affected

Received July 25, 2014.
Accepted October 27, 2014.
!Corresponding author: anudda@uniss.it

by diet x period. The reduction in IgG on d 60 and
SFT in ewes fed GS suggests an immunomodulatory
effect of this residue. The limited variation in milk and
hematological and metabolic parameters suggests that
GS and LIN can be included, alone or in combination,
in the diet of dairy ewes without adverse effects on milk
production and health status.
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INTRODUCTION

Grape seed is a by-product resulting from the winery
and distillery industry that requires costly disposal
practices. This residue contains oil characterized by a
high content of linoleic acid and by the presence of
a- and (3-tocotrienols and tocopherols, which exhibit
strong antioxidant activity (Beveridge et al., 2005).
Moreover, grape seeds are rich in polyphenolic com-
pounds, such as proanthocyanidins, mainly composed
of catechin, epicatechin, gallic acid, and polymeric and
oligomeric procyanidins, which can be recovered by
extraction (Monagas et al., 2003; Gonzélez-Paramds et
al., 2004). These polyphenols have antioxidant (Sharma
et al., 2007), antiatherosclerotic (Leifert and Abeywar-
dena, 2008), antibacterial, anticarcinogenic, and anti-
inflammatory actions (Vaid et al., 2011; Cedé et al.,
2014; Cheah et al., 2014).

The literature available on the use of grape by-
products in ruminant diet is limited, probably because
of their high fiber and lignin content (Spanghero et
al., 2009) and the presence of secondary compounds
(Makris et al., 2007; Spanghero et al., 2009), which may
reduce the energy content and the digestibility of the
diet (Baumgértel et al., 2007). Conversely, the phenolic
compounds linked to the hemicellulose and the acid-sol-
uble lignin fractions in different feedstuffs (corn bran,
barley grains, and barley bran) are active antioxidants
(Ohta et al., 1994; Cruz et al., 2001; Yu et al., 2001).
Recently, a couple of studies have focused on the ef-
fects of the dietary use of grape residues in dairy cows.
Moate et al. (2014) found that pelleted and ensiled
grape marc reduced methane emissions and decreased
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milk fat yield, whereas only ensiled grape marc reduced
milk yield in Holstein-Friesian dairy cows. Santos et al.
(2014) reported that grape residue silage improved milk
quality by increasing antioxidant activity without influ-
encing milk yield in Holstein dairy cows. Therefore, the
release of phenolic compounds with antioxidant or anti-
inflammatory activity during the fermentation of grape
seed in the rumen may be expected. For this reason,
the use of grape by-products in the diet of ruminants
could be not only an alternative for their disposal, but
also potentially beneficial to milk production and the
immune system.

Linseed has been largely studied in ruminant diets
to enhance the PUFA in milk fat (Nudda et al., 2014).
This feedstuff showed positive effects in small mono-
gastrics, such as mice (Bhatia et al., 2006), broilers
(Voljc et al., 2011), and rabbits (Trebusak et al., 2014),
by reducing the level of oxidative stress and improv-
ing the antioxidant defense system. However, the few
studies conducted about the effects of dietary linseed
on oxidative stress and immunity in ruminants have
had contradictory results. For example, in dairy cows,
some experiments noted that linseed has antioxida-
tive properties (Schogor et al., 2013), whereas others
observed a proinflammatory effect (Caroprese et al.,
2009). Comparing the effects of diets containing grape
seed and linseed could help to elucidate their individual
or combined effects on health status and production in
ruminants. The aim of the current experiment was to
test the effects of the dietary inclusion of grape seed,
linseed, or both on milk production traits, immune
response, and liver and kidney metabolic activity in
lactating dairy ewes.

MATERIALS AND METHODS

Animals, Design, Treatments,
and Samples Collection

Twenty-four Sarda dairy ewes in the first part of
lactation (<50 DIM) were allocated to 4 groups (6
animals per group) balanced for milk yield, BW, DIM,
and number of lactation. Each group was confined in a
pen and then randomly assigned to 1 of 4 experimental
diets: a control diet (CON), a diet containing 300 g/d
per head of grape seed (GS), a diet containing 220 g/d
per head of extruded linseed (LIN), and a diet contain-
ing a mix of 300 g/d per head of grape seed and 220 g/d
per head of extruded linseed (MIX). The grape seed
was obtained from different red grape varieties after
winemaking and distillation processes followed by dry-
ing (97% DM). Whole grape seeds were finely ground
to obtain a grape seed meal before their use. The dose
of 300 g/d per head of grape seed (total phenolic con-
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tent: 333.3 + 10.1 mg of gallic acid equivalent/100 g of
DM) was used to provide 1 g/d of total polyphenols.
The dose of 220 g/d per head of extruded linseed was
used to supply 70 g/d of fat.

The ingredients and chemical composition of the
diets are given in Table 1. Sheep received a common
ration consisting of beet pulp, a commercial concen-
trate, chopped dehydrated alfalfa, and mixed hay. In
addition, the ewes were offered a mixed meal composed
of corn, soybean, peas, grape seed, and linseed at vary-
ing levels depending on the dietary treatment. The
different levels of corn, soybean, and peas in the mixed
meal used in the study aimed to obtain isoenergetic and
isonitrogenous diets. Chopped dehydrated alfalfa and
mixed hay were offered to each group of 6 ewes in the
pens (group feeding). All other dietary ingredients were
provided to each animal by using individual feeders and
their intake was monitored and measured individually.

The daily dose of commercial concentrate was pro-
vided at the 2 daily milkings (0730 and 1730 h). The
mixed meal was offered 2 h after each milking. Sub-
sequently, beet pulp and then dehydrated alfalfa were
provided. The mixed hay was provided during the night.
Clean water was always available. The study lasted 10
wk, with 2 wk of adaptation and 8 wk of experiment.

Diets were formulated to meet the energy and protein
requirements of the dairy ewes using the Small Rumi-
nant Nutrition System model (Tedeschi et al., 2010).
The nutritive value of the diets, estimated by the Small
Ruminant Nutrition System model, and the calculated
ME supplied are reported in Table 1. The fat content in
the diets was 2.0, 3.2, 5.1, and 5.8% DM for the CON,
GS, LIN, and MIX diets, respectively (Table 1).

Samples of dietary ingredients were collected once
before the beginning of the experiment for DM de-
termination and chemical analysis. Body weight was
monitored at the beginning, in the middle, and at the
end of the trial. On d 7, 14, 21, 28, 35, 42, 49, and 56,
milk yield was recorded and milk samples were col-
lected at the 2 daily milkings. On d 0 (before starting
the experimental treatment), 15, 30, 45, and 60 of the
experiment, a blood sample was taken from the jugular
vein of each ewe and collected in a heparinized vacuum
tube (Becton Dickinson, Plymouth, UK). Blood sam-
ples were centrifuged at 1,200 x ¢ for 15 min at 25°C to
separate plasma from the corpusculate fraction.

Feed and Milk Analysis

The DM content of the feed was determined by
oven-drying at 105°C for 24 h. Dried feed samples were
analyzed for NDF, ADF, and ADL (using the filter
bag equipment; Ankom Technology Corp., Fairport,
NY; Van Soest et al., 1991), ash (AOAC International,
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Table 1. Ingredients and chemical composition and ME concentration of the diets supplied to lactating ewes

Diet’
Ttem CON GS LIN MIX
Ingredient, kg/d per head
Mixed meal
Corn 0.15 0.17 — —
Soybean 0.12 0.24 0.04 0.16
Peas 0.25 0.09 0.15 0.02
Grape seed — 0.30 — 0.30
Linseed — — 0.22 0.22
Beet pulp 0.40 0.40 0.40 0.40
Commercial concentrate 0.50 0.50 0.50 0.50
Dehydrated alfalfa hay 0.80 0.80 0.80 0.80
Mixed hay® 0.20 0.20 0.20 0.20
Total DM supplied 2.20 2.47 2.11 2.39
Chemical composition, % of DM (unless otherwise noted)
DM (%) 90.8 91.6 91.2 92.0
NDF 41.8 42.8 43.7 44.5
NFC 33.4 28.9 28.5 24.2
ADL 4.6 8.9 5.0 9.4
CP 18.0 17.9 17.9 17.9
Ash 7.8 7.4 8.1 7.6
Ether extract 2.0 3.2 5.1 5.8
ME, Mcal/kg of DM 2.25 2.00 2.36 2.08
ME supplied, Mcal/d 4.95 4.94 4.97 4.97

!CON = control diet, GS = diet containing 300 g of grape seed, LIN = diet containing 220 g of linseed, MIX
= diet containing 300 g of grape seed and 220 g of linseed.

*Mixed hay was provided during the night: DM 87.3%; NDF 55%; CP 11.6%; ether extract 1.08%.
*Calculated using the Small Ruminant Nutrition Model (Tedeschi et al., 2010).

2000; method 942.05), CP (AOAC International, 2000;
method 988.05), and ether extract (AOAC Interna-
tional, 2005; method 920.39). The NFC was calculated
according to Weiss (1999) as NFC (g/kg of DM) =
100 — (NDF + CP + ash + ether extract). These
parameters were expressed as percentage of DM. To
analyze the phenolic content in the grape seed, an ali-
quot of randomly collected grape seeds was powdered
by a blender. The powder (1.5 g) was then homogenized
with 50 mL of a 70% acetone-water mixture using an
Ultra Turrax homogenizer (Ultra Turrax T25, Janke &
Kunkel KG, Staufen, Germany) at 3,000 rpm for 2 min
in an ice-water bath. Then, the homogenate was cen-
trifuged at 6,000 x g for 15 min at 4°C and the super-
natant was filtered through Whatman 541 filter paper
(Whatman, Maidstone, UK). The concentration of phe-
nolic compounds in the grape seed was then determined
by the Folin-Ciocalteu method as described by Kim et
al. (2003), with some modifications. Briefly, 0.5 mL of
the supernatant was added to 1 mL of Folin-Ciocalteu
phenol reagent (Sigma Chemical Co., St. Louis, MO)
and 9.5 mL of bidistilled water in a 25-mL volumetric
flask, and shaken. After 7 min, 10 mL of 7.5% sodium
carbonate (Na,CO3) was added and the mixture diluted
to volume (25 mL) with bidistilled water and mixed
thoroughly. The mixture was then stored in the dark
for 120 min at room temperature. The absorbance
was read at 750 nm against a blank solution. Total

phenolic content was expressed as milligrams of gallic
acid equivalent per 100 g of DM, following a calibration
curve obtained using gallic acid (Sigma Chemical Co.)
as the standard.

Individual milk samples from the morning and after-
noon milkings were analyzed separately for fat, protein,
casein, lactose, and MUN using a Milkoscan 6000 in-
strument (Foss Electric, Hillerod, Denmark), for SCC
using a Fossomatic 360 instrument (Foss Electric), and
for pH. The value of each parameter was calculated as
weighted average of the morning and afternoon data.

Blood Analysis

A clinical chemistry system (Dimension RXL, Dade
Behring, Ventura, CA) was used to to quantify al-
bumin, alkaline phosphatase (ALP), bilirubin, creati-
nine, gamma-glutamyl transferase (GGT), aspartate
transferase, alanine transferase, protein, and BUN in
serum samples. The white blood cell count, red blood
cell count, hemoglobin, hematocrit, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpus-
cular hemoglobin concentration, platelets, lympho-
cytes, monocytes, neutrophil granulocytes, eosinophils
granulocytes, and basophiles granulocytes were deter-
mined in blood samples using an electronic particle
counter (MS9; Melet Schloesing Laboratoires, Osny,
France).
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Immunological Determinations

Skin Test. On d 0, 45, and 60, lymphocyte prolifera-
tion was determined in vivo in each ewe by measuring
the changes in the skin-fold thickness (SFT) in response
to an intradermal injection with 1 mg/mL of phytohe-
magglutinin (Sigma-Aldrich, Poole, UK) dissolved in
1 mL of sterile saline solution. At each sampling, the
injection was administered into the center of a 2-cm di-
ameter circle marked on shaved skin on each shoulder.
The SFT was measured with a caliper. The change in
SFT (expressed in millimeters) was calculated as the
difference between the 24-h postinjection thickness and
the preinjection thickness.

Humoral Response to Chicken Egg Albumin.
At the start of the experiment (d 0), 6 mg of chicken egg
albumin (OVA; Sigma-Aldrich) dissolved in 1 mL of
sterile saline solution and 1 mL of incomplete Freund’s
adjuvant (Sigma-Aldrich) were injected subcutaneously
into an inner thigh of each ewe. A subsequent injection
of 6 mg of OVA in saline solution without adjuvant was
administered on d 15.

ELISA Test. The anti-OVA IgG titers in ewe plasma
samples were determined by an ELISA test performed
in 96-well U-bottomed microtiter plates according to
Caroprese et al. (2009). In particular, wells were coated
with 100 pL of antigen (10 mg of OVA /mL of PBS) at
4°C for 12 h, washed, and incubated with 1% skim milk
(200 pL) at 37°C for 1 h to reduce nonspecific binding.
After washing, 100 pL of plasma (1:5,000 dilution in
PBS) per well were added and incubated at 37°C for 1
h. The extent of antibody binding was detected using
a horseradish peroxidase-conjugated donkey anti-ovine
IgG (Sigma-Aldrich; 1:20,000 dilution in PBS; 100 pL
per well). Optical density was measured at a wave-
length of 450 nm. Plasma samples were read against
a standard curve obtained by scalar dilution of ovine
IgG. Data were expressed as micrograms of anti-OVA
IgG per 100 pL. Interleukin-6 in plasma was detected
as reported by Caroprese et al. (2009). The IL-6 data
were expressed as optical densities.

Determination of Lymphocyte T-Helper and
T-Cytotoxic Cells. Plasma samples were used ana-
lyzed with flow cytometry to determine lymphocyte T-
helper (CD4") and lymphocyte T-cytotoxic (CD8Y)
cells as reported by Bonelli et al. (2013). Cells were
counted in a Neubauer hemocytometer (Hausser Sci-
entific, Horsham, PA) and concentration was adjusted
to 10° cells/mL. Monoclonal antibodies were used to
perform 3- and 4-color immunostaining protocols.

Statistical Analysis

Data of milk yield and composition, hematological,
liver, and kidney parameters were analyzed with a
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mixed model using PROC MIXED of SAS version 9.2
(SAS Institute Inc., Cary, NC). The model included the
fixed effects of diet, period, and the diet x period in-
teraction, plus the random effects of ewe nested within
treatment. Variables obtained from blood analysis on
samples collected before the beginning of the trial (i.e.,
on d 0) were subjected to a one-way ANOVA with the
experimental group as fixed effect. The group effect was
significant only for the immunological parameters (P <
0.0001); therefore, the value on d 0 was included as a
covariable in the final model. Means were separated
using Tukey test (P < 0.05).

RESULTS AND DISCUSSION

During the experiment, the ewes were fed in pens,
1 per group, and received the chopped dehydrated al-
falfa and the mixed hay as a group, whereas the other
ingredients were provided and measured individually.
This poses a limitation to the study, because it was
not possible to measure the individual intake of the
forages. Thus, the total DM and energy intake should
be considered at a group level and, in this sense, in-
dividual sheep cannot be considered as experimental
units and the experiment is an unreplicated demonstra-
tion. Group feeding of the forages was chosen to avoid
the inevitable stress caused by individual confinement
of lactating ewes in this long-term study (10 wk in to-
tal), whose goals were to evaluate production and im-
munological and hematological responses to feeds with
high antioxidant activity. As individual confinement
was reported to affect the immune system of sheep
(Degabriele and Fell, 2001) and sheep are notoriously
gregarious animals, in this experiment they were kept
in groups to favor normal eating and social behaviors
(Hutson, 2007).

During the trial, the feedstuffs supplied individually,
including those of interest in the study (i.e., grape seed
and linseed), were completely eaten by the animals of
all groups. This result, along with the fact that the
group intake of the dehydrated alfalfa and mixed hay
was complete, suggests that the inclusion of grape seed,
linseed, or both in the diet of lactating ewes did not
negatively affect their DM and energy intake. The BW
did not differ (P > 0.05) between groups (43.2 + 0.7
kg, mean + SD), and increased with period (P < 0.01),
reaching 49.1 + 0.7 kg at the end of the trial.

Milk Yield and Composition

Milk yield and composition of the experimental
groups are reported in Table 2 and Figure 1. Dietary
treatments did not influence milk yield and composition
(P> 0.05). Almost all milk parameters were influenced
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Table 2. Effect of dietary grape seed and linseed, alone or in combination, and period on chemical composition

of milk in dairy ewes

Diet! P-value®
Ttem CON GS LIN MIX SEM D P
Yield, g/d
Milk 1,490 1,520 1,620 1,680 104 NS xx*
Fat 87.2 93.9 96.8 100.5 582 NS  FFE
Protein 86.2 87.4 87.0 91.1 497 NS *¥x
Casein 67.3 68.7 68.6 71.6 390 NS *xx
Lactose 73.6 76.6 81.9 84.9 5.57 NS k¥
Milk composition
Fat, % 5.95 6.19 6.05 6.09 0.216 NS  ***
Protein, % 5.85 5.76 5.45 5.48 0.149 NS  H¥*
Casein, % 4.57 4.31 4.30 4.20 0.244 NS  ***
pH 6.67 6.66 6.68 6.66 0.017 NS %
Log SCC, x1,000 cell/mL 2.43 2.44 2.43 2.15 0.17 NS  ***

'CON = control diet, GS = diet containing 300 g of grape seed, LIN = diet containing 220 g of linseed, MIX
= diet containing 300 g of grape seed and 220 g of linseed.
’D = effect of diet; P: effect of period; NS indicates P > 0.05.

KPP < 0.001.

by period (P < 0.001). Lactose (P < 0.001) and MUN
(P < 0.05) were affected by the diet x period interac-
tion, but differences among diets did not reach the level
of significance within each period (Figure 1). Grape
seed in the diet of dairy ewes did not reduce yield of
milk or yields of milk constituents when compared with
the control diet. Similarly, Santos et al. (2014) observed
no effect of the dietary inclusion of grape-residue si-
lage on milk production and protein, fat, and lactose
concentrations in dairy cows. Although milk yield did
not differ significantly (P > 0.05) among the 4 dietary
groups, numerically greater values were observed in the
2 groups fed linseed (LIN and MIX) than in CON and
GS. This finding is in agreement with previous observa-
tions reported in several studies on dairy goats (Nudda
et al., 2013), cows (Caroprese et al., 2010; Hurtaud et
al., 2010), and ewes (Goémez-Cortés et al., 2009). In
our study, the differences in ME content among diets
did not correspond to numerical differences in milk
yield because, as planned, ME supplied was similar
among groups. In fact, the greater NFC content and
the lower NDF and ADL content in the CON diet was
compensated by the greater fat content of the extruded
linseed in the LIN and MIX diets (Table 1). Therefore,
the numerically higher values of milk yield in the 2
groups containing linseed than GS and CON may have
been caused by differences in the characteristics of the
nutrients, especially fat as an energy source, among the
diets. In all groups, milk yield decreased with period (P
< 0.05, data not shown), following the general pattern
of the lactation curve in dairy sheep (Macciotta et al.,
1999).

Although MUN did not differ significantly among
diets within period, the values of MUN in the animals

fed LIN and, to a lesser extent, MIX showed lower val-
ues during the trial compared with the other groups
(Figure 1). This finding agrees with other studies in
linseed-fed dairy cows (Pezzi et al., 2007) and goats
(Nudda et al., 2013). We hypothesized the ewes fed lin-
seed may have taken advantage of the low ruminal CP
degradability resulting from the extrusion treatment
(Solanas et al., 2005) and of the high lipid content of
linseed, which can decrease protein degradability. The
lack of effect of grape seed alone on MUN is in con-
trast to the work of Santos et al. (2014), which showed
a reduction in MUN content in dairy cows fed grape
residue silage. Generally, the binding of polyphenols to
protein reduces proteolysis in some dietary ingredients,
ruminal protein breakdown, and milk urea excretion.
In our study, it is possible that the dose of polyphenols
supplied with the grape seed (1 g/d of polyphenols) was
not sufficient to interfere with rumen protein degrada-
tion compared with the CON group. In addition, the
highest dose of soybean used in the GS diet, to make
diets isonitrogenous with the CON group, might have
counterbalanced the effects of the polyphenols present
in the grape seed. In fact, soybean is characterized by
a high fraction of rumen degradable protein, which is
positively correlated with MUN (Pulina et al., 2006).

Blood Parameters

The hematological, liver, and kidney parameters are
reported in Table 3 and Figure 2. The values of most
blood parameters observed in our trial were within the
reference ranges of biochemical parameters in Sarda
sheep (Dimauro et al., 2008). The only exception was
BUN, which slightly exceeded the upper value of the
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Figure 1. Temporal changes in milk lactose concentration and
MUN of dairy ewes fed a control diet (solid line, @), a diet containing
grape seed (long-dashed line, W), a diet containing linseed (dotted line,
A), and a diet containing both grape seed and linseed (solid line, ¢).
Differences between dietary treatments within the same day are rep-
resented by an asterisk (*; P < 0.05). Error bars represent the SEM.

reference interval (29-62 mg/dL) in the CON (63.4 mg/
dL), GS (63.6 mg/dL), and MIX (68.7 mg/dL) groups.

Dietary treatments did not influence any of the he-
matological, kidney, and liver parameters measured (P
> 0.05), except for BUN, which decreased (P < 0.05)
in LIN and increased (P < 0.05) in MIX compared with
the CON and GS groups. Similar results were previ-
ously observed when dairy goats were fed a similar dose
of extruded linseed as a source of PUFA (Nudda et al.,
2013). In contrast to our results, the inclusion of grape
marc in nonlactating dairy cattle reduced the concen-
tration of BUN (Greenwood et al., 2012). However, it
should be noted that the polyphenol content was lower
in the grape seeds offered in the present study than in
the grape marc used in that study (45.8 g/kg of DM).
In addition, grape marc, which is constituted by grape
seeds, skins, and stems after the winemaking process,
contains other compounds that could also influence
N metabolism, as hypothesized by Greenwood et al.
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(2012). To our knowledge, no studies have evaluated the
effects of polyphenols from grape seed extract or from
grape seed by-products on liver and kidney function in
ruminants. In laboratory animals, some studies showed
the hepatoprotective role of grape seed extract, when
liver function was experimentally altered by adding a
hepatotoxic dose of acetaminophen (Ray et al., 1999)
or by ligating the bile duct (Dulundu et al., 2007).

During the trial, the level of hematological, kidney,
and liver parameters in blood changed with period (P
< 0.01), except for aspartate transferase, alanine trans-
ferase, and BUN (Table 3). In general, creatinine, al-
bumin, and protein increased, whereas ALP decreased
with period (data not shown). The variation in most
blood parameters with period could be due to meta-
bolic changes related to the progress of lactation. The
decrease in ALP through period (data not shown) in all
experimental groups followed the same pattern of the
milk yield curve, in agreement with previous observa-
tions in dairy goats (Nudda et al., 2013). A significant
diet x period interaction was found only for bilirubin
(P < 0.01) and GGT (P < 0.05), although no signifi-
cant differences in GGT among diets were found within
period (Figure 2). On d 15, bilirubin was greater in
LIN and GS than in CON, with MIX being intermedi-
ate. The GGT increased in the MIX group from d 30
until the end of the trial, whereas it remained relatively
constant in the other groups.

Immunological Determinations

The results of the immunological analyses are re-
ported in Table 4 and Figure 3. The SF'T was affected
by dietary treatments (P < 0.05), being the lowest in
the GS and MIX groups, the highest in the LIN group,
and intermediate in CON. The SFT is used as an indi-
rect measurement of lymphocyte proliferation, because
lymphocytes are responsive to phytohemagglutinin, a
mitogen that primarily stimulates T cell division and
cytokine production (Moran et al., 2012). The reduced
SFT in both groups fed grape seed suggests an inhibi-
tory effect of this by-product on lymphocyte prolifera-
tion. Previous in vitro studies showed a similar inhibi-
tory effect of polyphenols in human cells (Williamson
et al., 2006) and in murine splenocytes (Yamanaka et
al., 2012). In addition, Gessner et al. (2012) found anti-
inflammatory effects of phenolic compounds extracted
from grape seeds and grape marc in intestinal cells un-
der in vitro conditions. Conversely, lymphocyte-derived
cytokines increased in serum samples of calves fed poly-
phenols extracted from pomegranate, thus showing an
immune-stimulatory effect (Oliveira et al. 2010). The
SFT was also affected by period, with a reduction at



GRAPE SEED AND LINSEED FED TO DAIRY EWES

Table 3. Effect of dietary grape seed and linseed, alone or in combination, and period on blood hematological
parameters and markers of liver and kidney activity of dairy ewes

1163

Diet? P-value®
Item' CON GS LIN MIX SEM D P
Hematological parameter
WBC, x10° cells/uL 8.9 8.5 8.3 8.7 0.5 NS ok
RBC, x10° cells/pL 9.3 9.5 9.6 9.7 0.3 NS otk
HGB, g/dL 10.4 10.6 10.4 10.5 0.2 NS HoxK
HCT, % 30.6 30.5 30.4 30.4 0.7 NS ok
MCV, fL 33.1 32.2 31.7 314 0.8 NS Hoxx
MCH, pg 11.3 11.2 10.8 10.8 0.3 NS s
MCHC, g/dL 34.1 34.7 34.1 34.5 0.3 NS Hoxx
PLT, x10° cells/pL 729 643 599 557 63 NS otk
LYM, % 53.7 52.3 51.0 52.5 2.1 NS ok
MONO, % 3.7 4.7 4.3 3.9 0.5 NS ok
NEUT, % 29.8 28.7 33.1 30.5 1.9 NS ok
EOS, % 11.1 12.0 10.2 11.2 1.0 NS HAK
BASO, % 0.6 0.9 0.7 0.8 0.1 NS ok
Blood metabolite
Albumin, g/dL 2.6 2.5 2.5 2.5 0.1 NS Hoxx
ALP, U/L 108.7 164.4 128.5 226.8 36.5 NS HoHK
Bilirubin, mg/dL 0.19 0.20 0.23 0.20 0.0 NS oK
Creatinine, mg/dL 0.6 0.6 0.6 0.6 0.0 NS ok
GGT, U/L 77.8 73.0 78.6 68.7 8.0 NS ok
AST, U/L 142 140 119 165 15.1 NS NS
ALT, U/L 34.6 35.0 33.4 35.6 1.2 NS NS
Protein, g/dL 7.2 7.0 7.1 7.1 0.1 NS ook
BUN, mg/dL 63.4" 63.6" 58.0° 68.7" 2.1 Hox NS
Albumin/creatinine 4.2 4.2 1.2 4.1 0.4 NS NS
Protein/creatinine 11.8 12.0 11.7 11.6 1.2 NS NS

*“Means within a row with different superscripts are different (P < 0.05).

"WBC = white blood cell count; RBC = red blood cell; HGB: hemoglobin; HCT = hematocrit; MCV = mean
corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concen-
tration; PLT = platelet; NEUT = neutrophil granulocytes; LYM = lymphocytes; MONO = monocytes; EOS
= eosinophils granulocytes; BASO = basophiles granulocytes; ALP = alkaline phosphatase; GGT = gamma-
glutamyltransferase; AST = aspartate aminotransferase; ALT = alanine aminotransferase.

*CON = control diet; GS = diet containing 300 g of grape seed; LIN = diet containing 220 g of linseed; MIX
= diet containing 300 g of grape seed and 220 g of linseed.

3D = effect of diet; P = effect of period; NS indicates P > 0.05.

P < 0.01; ¥FFP < 0.001.

the last sampling (P < 0.01), probably due to a physi-
ological adaptation of the ewes during the trial.

A significant diet x period interaction was detected
for IgG (P < 0.01; Figure 3). On d 45, IgG was reduced

in LIN compared with the other groups, whereas on
d 60 IgG was reduced in GS and MIX compared with

CON and LIN (P < 0.05). The available literature on
immune functions of ruminants showed controversial

Table 4. Effect of dietary grape seed and linseed, alone or in combination, and period on immunological
parameters of dairy ewes

Diet? P-value®
Ttem' CON GS LIN MIX SEM D P
SFT, mm 7.25" 5.29¢ 9.15" 5.64¢ 0.680 * oK
CD4, 10§ cells/mL 31.0 29.7 30.6 33.4 0.64 NS Hox
CDS8", 10° cells/mL 18.7 18.6 17.4 16.9 0.52 NS NS
CD4":CD8" 1.7 1.7 1.9 2.0 0.056 NS NS

““Means within a row with different superscripts are different (P < 0.05).

'SFT = skinfold thickness, CD4" = lymphocyte T-helper cells, CD8" = lymphocyte T-cytotoxic cells.

*CON = control diet; GS = diet containing 300 g of grape seed; LIN = diet containing 220 g of linseed; MIX
= diet containing 300 g of grape seed and 220 g of linseed.

3D = effect of diet; P = effect of period; NS indicates P > 0.05.

*P < 0.05; **P < 0.01.

Journal of Dairy Science Vol. 98 No. 2, 2015



1164

effects of dietary antioxidants on immunoglobulin
production in ruminants (Chew, 1996; Novoa-Garrido
et al., 2014). Overall, our results suggest an immuno-
modulatory effect of grape seed, as evidenced by the
reduction in IgG titers on d 60 and in SE'T. Conversely,
the LIN group reduced IgG on d 45 but promoted
lymphocyte proliferation. The increase in SFT due
to dietary linseed is in agreement with the study of
Caroprese et al. (2009) in dairy cows. Other studies
reported that lymphocyte proliferation was attenuated
in dairy cows fed linseed oil (Lacetera et al., 2007) or
not affected in bovine peripheral blood mononuclear
cells treated with a-linolenic acid in vitro (Thanasak et
al., 2005). The IL-6 concentration was influenced by a
diet x period interaction (P < 0.01; Figure 3) due to an
increase in titers in the MIX group on d 60 compared
with the other groups.

0.5 1

Bilirubin, mg/dL
o]
[§e]

0.0 T T T I

120 -

100

GGT, U/L
[@e]
o

[e)}
o
1

4 0 T T T T

Figure 2. Temporal changes in bilirubin and gamma glutamyl-
transferase (GGT) in blood of dairy ewes fed a control diet (solid line,
@), a diet containing grape seed (long-dashed line, W), a diet contain-
ing linseed (dotted line, A), and a diet containing both grape seed and
linseed (solid line, ). Differences between dietary treatments within
the same day are represented by an asterisk (*; P < 0.05). Error bars
represent the SEM.
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The CD4" and CDS8" cells and the CD4"-to-CD8"
ratio were not influenced by diet (P > 0.05), although
the CD4" cells were numerically reduced in the GS
group compared with the other groups. In mice, grape
seed proanthocyanidins diminished regulatory CD4"
cells and stimulated CDS8" cells, thus inhibiting UVB-
induced immunosuppression (Vaid et al., 2011). A
period effect was observed for CD4" cells (P < 0.01),
because of an increase CD4" cells on d 45 (data not
shown).

It is worth noting that most of the studies concern-
ing the effects of polyphenols on immune function and
health status have been conducted in vitro or with
pathological subjects. In the review by Halliwell (2008),
no evidence of pro-oxidant or antioxidant effects of fla-
vonoids in in vivo studies was found. The author of

20 ~

15

10 4

IgG, ng/100 pL

0.6

0.4 -

IL-6, OD

Figure 3. Temporal changes in antibody titers of IgG to chicken
egg albumin (OVA) (measured by optical density, OD) and IL-6 in
blood of dairy ewes fed a control diet (solid line, ®), a diet containing
grape seed (long-dashed line, W), a diet containing linseed (dotted line,
A), and a diet containing both grape seed and linseed (solid line, ¢©).
Differences between dietary treatments within the same day are rep-
resented by an asterisk (*; P < 0.05). Error bars represent the SEM.
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the review suggested that those effects may be found
in vitro only because of the high and nonphysiologi-
cal levels of polyphenols normally used. Therefore, we
hypothesize that grape seed dietary treatments involve
a more complex physiological system than observed
under in vitro conditions and that the antioxidant ef-
fects of grape seed on immune functions may not be
apparent at low doses.

CONCLUSIONS

In conclusion, this study showed that grape seed,
alone or with linseed, can be included in the diet of lac-
tating ewes without influencing production traits. The
reduction in some immunological parameters (i.e., IgG
on d 60 and SFT) suggests that grape seed could have
an immunomodulatory effect in dairy ewes. Overall, the
limited variation in milk and hematological and meta-
bolic parameters suggests that grape seed and linseed
can be included, alone or in combination, in the diet of
dairy ewes without adverse effects on milk production
and health status.
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