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ABSTRACT

Grape pomace is a by-product resulting from the 
winery industry that is rich in phenolic compounds. It 
could play a role as an antioxidant and, owing to its 
high fiber concentration, it would be an alternative in-
gredient to partially replace forage in the diet of small 
ruminants. The objective of this study was to evaluate 
the effect of dietary supplementation of vitamin E or 
different doses of grape pomace associated with linseed 
oil on milk fatty acid[AU1: Note: To be consistent 
with IUPAC nomenclature, the terms and abbrevia-
tions free fatty acids (FFA) and nonesterified fatty 
acids (NEFA) are redundant and no longer in use 
in JDS; the term "fatty acid(s)" should be used in-
stead and not abbreviated.] profile, composition, and 
yield. Forty-eight Churra ewes were fed with experi-
mental diets consisting of a total mixed ration (TMR) 
containing 2.7% [on a dry matter (DM) basis] of linseed 
oil, forage, and concentrate at a 40:60 ratio. Ewes were 
assigned to 1 of 4 treatments: control (without grape 
pomace), vitamin E (with 500 mg/kg of TMR of vita-
min E), grape pomace-5 (5 g/100 g of TMR of DM of 
grape pomace), and grape pomace-10 (10 g/100 g of 
TMR of DM of grape pomace). Experimental diets did 
not affect DM intake and milk yield and composition. 
The vitamin E supplementation had only a moderate 
effect on milk concentration of fatty acids (increase in 
α-linolenic acid and 16:0 and decrease in cis-9 18:1). 
Grape pomace supplementation did not affect the 
percentages of total saturated, monounsaturated, and 
polyunsaturated fatty acids. Levels of α-linolenic acid 
reached about 1% of total fatty acids as a consequence 
of the presence of linseed oil in the diets, were not 
modified with vitamin E, and remained unaltered in 
grape pomace-5 and -10 treatments. Linoleic acid was 

increased by the highest dose of grape pomace, but 
this ingredient did not modify the cis-9,trans-11 18:2 
milk fat content. The concentration of total odd- and 
branched-chain fatty acids did not diminish in grape 
pomace-5 and pomace-10 treatments. The presence of 
grape residue did not modified the trans-11 18:1 and 
trans-10 18:1 contents, which might indicate that, 
under the conditions assayed, this winery by-product 
would not alter the pathways of rumen conversion of 
dietary unsaturated fatty acids.
Key words: grape pomace, fatty acid, milk, linseed 
oil, ewe

INTRODUCTION

It is well established that dietary ingredients have 
a noticeable ability to modify the fatty acid profile of 
ruminant milk fat, especially supplementation with 
a lipid source (Shingfield et al., 2013; Nudda et al., 
2014). Compared with results from a control diet, the 
inclusion of 3 different unsaturated plant oils (linseed, 
sunflower, and olive) results in the highest contents of 
MUFA, CLA, and PUFA, and the lowest proportion of 
SFA (Bodas et al., 2010). The best option of these 3 
oils for improving milk fat fatty acid composition from 
a nutritional point of view was linseed oil, because it 
allows for the highest n-3 fatty acid content as well as 
the lowest atherogenicity index and n-6-to-n-3 PUFA 
ratio (Bodas et al., 2010; Martínez Marín et al., 2011).

Increasing the content of unsaturated fatty acids in 
milk could also increase susceptibility to oxidation. 
Therefore the addition of antioxidants to PUFA-sup-
plemented diets to improve milk quality seems to be an 
advisable practice. Vitamin E is the major antioxidant 
used to supplement ruminant diets (Atwal et al., 1990; 
Zened et al., 2012; Casamassima et al., 2014). It does 
not modify milk yield, milk fat, or protein percentage, 
causes only moderate effects on milk fatty acid con-
centration (Kay et al., 2005; Ferlay et al., 2010), and 
can prevent milk fat depression in ruminants fed with 
high doses of PUFA-supplemented diets (Pottier et al., 
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2006). The antioxidant effect of synthetic vitamin E 
could be replaced by natural antioxidants, such as plant 
polyphenols from fruits, which might induce an effect 
on PUFA rumen biohydrogenation (BH) and, conse-
quently, on the milk fatty acid profile.

Grape pomace is a by-product resulting from the 
winery industry that is costly to dispose of. Seeds and 
skins of crushed grapes are very rich in phenolic com-
pounds (Yi et al., 2009) and therefore could play an 
important role as antioxidants. Furthermore, because 
of its low cost and high fiber concentration, grape resi-
due could be an alternative feed ingredient to partially 
replace the forage portion in the diet of ruminants. 
Grape pomace has traditionally been used in the Medi-
terranean area as an alternative feed for sheep during 
periods of scarce feed supplies. Furthermore, Santos et 
al. (2014) reported that grape residue silage improved 
antioxidant activity in milk, Moate et al. (2014) found 
that ensiled grape marc reduced methane emissions by 
approximately 20%, and Nudda et al. (2015) suggested 
that grape seed might have an immunomodulatory ef-
fect on dairy ewes.

The ruminal bacteria of dairy cows were altered by 
dietary supplementation with grape marc (Moate et al., 
2014), and the rumen metabolism of lactating dairy 
ewes was influenced by dietary supplementation with 
grape seed, alone or mixed with linseed (Correddu et 
al., 2015). However, evaluation of the effect of grape 
residue as a feed ingredient for lactating ruminants on 
the detailed milk fatty acid profile, including fatty acids 
derived from the ruminal BH process, has received less 
attention (Ferlay et al., 2010). The aim of our study 
was to determine the effect of dietary inclusion of vita-
min E or different doses of grape pomace mixed with 
linseed oil on dairy performance and milk fatty acid 
profile during the first month of lactation.

MATERIALS AND METHODS

Animals and Dietary Treatments

Forty-eight pregnant Churra ewes (mean BW = 64.3 
± 0.92[AU2: Plus-minus SD, here and throughout?] 
kg) were selected 2 wk before lambing and were fed the 
same control diet they would receive during the experi-
mental period without oil added (Table 1). The ewes, 
aged 3 to 5 yr (4.1 ± 0.61), whose parity ranged from 4 
to 6 (4.9 ± 0.91), all gave birth 3 to 4 d before starting 
the experiment. According to a continuous experimen-
tal design, after lambing, each ewe was housed in an 
individual tiestall with its respective newborn lamb and 
randomly assigned to 1 of 4 treatments (12 ewes per 
treatment) based on their milk production, age, initial 

BW, and parity. The newborn lambs (12 per treat-
ment) were housed with their respective mothers and 
were fed exclusively by suckling throughout the whole 
experimental period. The trial lasted for 4 wk and all 
animal handling practices followed the recommenda-
tions of the European Council Directive 2010/63/EU 
for the protection of animals used for experimental and 
other scientific purposes. The experimental procedures 
were approved by the Institutional Animal Care and 
Use Committee of the University of Valladolid.

The experimental diets consisted of a TMR contain-
ing 2.7% (on a DM basis) of linseed oil and forage and 
concentrate at a 40:60 ratio. The 4 dietary treatments 
were control (CTRL; without grape pomace), vitamin 
E (VIT-E; with 500 mg/kg of TMR of vitamin E), 5 
g of grape pomace (GP-5; 5 g/100 g of TMR of DM 
of grape pomace), and 10 g of grape pomace (GP-
10; 10 g/100 g of TMR of DM of grape pomace). The 
grape pomace (Vitis vinifera sp.) was collected from 3 
wineries of red wine belonging to the Ribera de Duero 
designation of origin (Valladolid, Spain) and vitamin 
E (α-tocopherol acetate) was obtained from Inatega 
S.L. (León, Spain). Diets were formulated to meet the 
energy and protein requirements of the dairy ewes us-
ing INRA (2007) and FEDNA (2010). The composition 
of the experimental diets and the ingredients are given 
in Tables 1 and 2, respectively. The chemical composi-
tion was determined by using the procedures described 
by the AOAC International (2003). Dried feed samples 
were analyzed for NDF, ADF, and ADL using filter 
bag equipment (Ankom Technology Corp., Fairport, 
NY). Total mixed ration was supplied twice a day and 
fresh water was always available. The ewes were fed 
individually during the whole experimental period and 
each intake was recorded. The amounts of diet offered 
and refusals were weighed daily for each ewe, and 
samples were collected for subsequent analyses. Milk 
yield and composition were recorded weekly during the 
first month of lactation.

Milk Sampling and Composition

During the suckling period, as is common for Churra 
sheep, ewes were machine-milked once a day at 0900 h 
in a 2 × 24 low-line Casse[AU3: Add manufacturer 
name and location for Casse.] system milking parlor 
with 12 milking units and 2 milkers during the entire 
experimental period. The milking machine (Alfa-Laval 
Iberia, S.A., Madrid, Spain) was set to provide 180 
pulsations per minute in a 50:50 ratio with a vacuum 
level of 36 kPa.

Once a week, individual ewe milk production was 
recorded and samples were taken in milk collection 
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jars. For this purpose, milk production was recorded 
by the oxytocin technique: in the morning, before milk-
ing, each ewe was injected with 0.35 mL of oxytocin 
(Oxiton, Laboratorios Ovejeros, S.A., Spain) and then 
immediately milked. Ewes were returned to their pad-

dock for 6 h while the lambs were confined and were 
then milked again for milk sampling. One subsample 
of milk was kept at 4°C until analyzed for fat and pro-
tein, in accordance with International Dairy Federation 
recommendations (IDF, 2000), using a MilkoScan-400 

Table 1. Ingredients and chemical composition of the experimental diets

Item

Diet1

CTRL VIT-E GP-5 GP-10

Ingredients (g/100 g of DM)        
  Dehydrated alfalfa hay 35.2 35.2 33.2 31.2
  Barley straw 8.45 8.45 8.02 7.54
  Whole corn grain 10.1 10.1 9.52 8.96
  Oat grain 9.25 9.25 8.72 8.20
  Whole barley grain 6.95 6.95 6.55 6.16
  Soybean meal 15.7 15.7 15.1 14.4
  Beet pulp 6.99 6.99 6.59 6.20
  Molasses 3.67 3.67 3.47 3.27
  Grape pomace2     5.17 10.32
  Linseed oil3 2.67 2.67 2.72 2.73
  Vitamin-mineral premix 1.00 1.00 1.00 1.00
Chemical composition, (g/100 g of DM)        
  OM 92.1 92.4 92.3 92.4
  CP 18.9 18.7 18.6 18.3
  NDF 34.8 34.7 34.8 34.9
  ADF 22.7 22.6 23.1 23.5
  ADL 4.40 4.40 5.20 5.99
  Ether extract 5.13 5.13 5.42 5.68
Fatty acid profile (g/100 g of total fatty acids)        
  C14:0 0.00 0.00 0.00 0.00
  C16:0 0.17 0.17 0.21 0.25
  C16:1 0.00 0.00 0.00 0.01
  C18:0 0.13 0.13 0.15 0.16
  C18:1 0.60 0.60 0.66 0.71
  C18:2 0.41 0.41 0.62 0.83
  C18:3 1.37 1.37 1.41 1.43
  C >20 0.01 0.01 0.01 0.02
1Diets: CTRL = without grape pomace (GP); VIT E = with 500 mg/kg of TMR of vitamin E; GP-5 = 5 g of 
GP/100 g of TMR (% DM); and GP-10 = 10 g of GP/100 g of TMR (% DM).
2Fatty acid composition (% of total FAME): 14:0 (0.3); C16:0 (11.1), C16:1 (0.6), C17:0 (0.1), C18:0 (4.4), 
C18:1 (16.0), C18:2 (61.3), C18:3 (3.7), C20:0 (0.5), C20:1 (0.4), C24:0 (0.2). Phenolic compounds (g/kg of 
DM): extractable polyphenols (42.8), condensed tannins (54.6), anthocyanins (4.1).
3Fatty acid composition (% of total FAME): C12:0 (<0.01), C14:0 (0.10), C15:0 (<0.01), C16:0 (6.20), C16:1 
(0.10), C18:0 (4.90), C18:1 (21.90), C18:2 (14.80), C18:3 (51.30), C20:0 (0.20); C22:0 (0.10).

Table 2. Chemical composition of main dietary ingredients1

Ingredient

Chemical composition (g/100 g of DM)

OM CP NDF ADF ADL Ether extract

Dehydrated alfalfa hay 88.2 19.3 42.2 31.7 8.4 3.0
Barley straw 92.1 4.0 78.5 50.6 9.2 1.7
Whole corn grain 98.6 8.7 9.2 3.5 1.0 4.2
Oat grain 96.8 9.7 34.9 19.3 2.9 5.4
Whole barley grain 97.6 12.5 18.8 7.0 1.2 2.2
Soybean meal 93.0 50.0 14.5 8.2 0.5 2.2
Beet pulp 92.7 10.2 47.6 25.5 1.9 0.9
Molasses 86.3 5.8 0.0 0.0 0.0 0.1
Grape pomace 86.6 12.2 37.6 31.7 20.7 6.39
Linseed oil 100.0 0.0 0.0 0.0 0.0 99.9
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analyzer (Foss Electric, Hillerød, Denmark). Another 
subsample of each ewe belonging to the second and 
fourth week of milk sampling was stored at –80°C for 
subsequent fatty acid analysis.

Fatty Acid Analysis

Milk fat separation was carried out using the method 
proposed by Luna et al. (2005a). Separated lipids were 
stored in amber vials, blanketed with a stream of N2, 
and stored at –20°C until analysis. Fatty acid methyl 
esters were prepared by base-catalyzed methanolysis of 
glycerides with KOH in methanol (ISO-IDF, 2002).

Gas chromatography with 2 different columns was 
used to determine the FAME profile in accordance with 
the method proposed by De la Fuente et al. (2015). 
An Agilent model 6890 N Network Gas Chromatograph 
(Agilent, Palo Alto, CA) equipped with autoinjector, 
fitted with a flame-ionization detector on a CP-Sil 88 
fused silica capillary column (100 m × 0.25 mm i.d., 
Varian, Middelburg, the Netherlands), was used. Injec-
tor and detector temperature was 250°C. Helium was 
the carrier gas at an inlet pressure of 193.9 kPa and a 
split ratio of 1:100. Initial oven temperature was 45°C. 
After 4 min, oven temperature was raised at 13°C/
min to 165°C and held for 35 min, then increased to 
215°C at 4°C/min and maintained for 30 min. Another 
Agilent gas chromatograph, model 7820A GC System 
equipped with auto-injector and flame-ionization de-
tector, was fitted with an SLB-IL111 capillary column 
(100 m × 0.25 mm i.d., Supelco, Bellefonte, PA). Injec-
tor and detector temperature was 250°C. The column 
inlet pressure was set at 241 kPa, resulting in He gas 
flow rates of 0.8 mL/min. Sample was injected at a split 
ratio of 1:100. Initial oven temperature was isothermal 
(168°C), and after 45 min it was raised at 5°C/min 
to 210°C and held for 36.6 min. Identification of un-
known fatty acids, as well as C18:1 and C18:2 isomers, 
was based on a previous study undertaken in identical 
chromatographic conditions (Luna et al., 2005b; De la 
Fuente et al., 2015).

Statistical Analysis

Data regarding individual DMI, milk production, 
and chemical and fatty acid composition were analyzed 
using the MIXED procedure of SAS (SAS Institute 
Inc., Cary, NC). The model took into account the fixed 
effects of dietary treatment, time on diet, and their 
interaction. Time on diet was considered a repeated 
factor, and animal nested within treatment was sub-
jected to a compound symmetry-covariance structure. 
As the interaction was not significant in most cases, 

only means for the principal effects are presented in 
the tables.

RESULTS AND DISCUSSION

Experimental diets did not affect DMI. These results 
agree with previous studies on dairy cows (Belibasakis 
et al., 1996; Moate et al., 2014; Santos et al., 2014) and 
ewes (Correddu et al., 2015), supporting the idea that 
the inclusion of grape residue, with or without linseed 
oil, in the ruminant diet does not depress food intake. 
Milk yield was not modified by the various treatments, 
and the period of sampling did not have a significant 
influence on animal performance. Although the pres-
ence of grape pomace in the diet decreased (P < 0.01) 
lactose concentration (from 5.24 in control to 5.02 and 
5.09[AU4: Percent?] in the GP-5 and GP-10 diets, 
respectively), fat and protein in milk were not affected. 
These results confirm previous research on this issue. 
For instance, in dairy cows the replacement of maize 
silage with ensiled grape marc in the diet had no effect 
on milk production and milk fat and protein concen-
tration (Belibasakis et al., 1996), and no detrimental 
effects of the dietary inclusion of grape residue silage 
on animal performance were observed (Santos et al., 
2014). In dairy ewes it was reported that grape seed in 
the diet did not reduce milk yield or yields of milk con-
stituents when compared with a control diet (Nudda 
et al., 2015). Sheep BW and body condition were not 
affected (P > 0.05) by the conditions of the experiment 
(data not shown), so changes in milk composition and 
fatty acid profile would only be due to the effect of the 
diets.

The composition of milk fatty acids with the differ-
ent treatments is shown in Table 3. The inclusion of 
vitamin E did not modify total PUFA content, but it 
produced an increase in the total content of SFA (P < 
0.05) at the expense of MUFA, particularly cis isomers 
(P < 0.10). In contrast, grape pomace supplementation 
did not affect the percentages of total SFA, MUFA, 
and PUFA (Table 3). This behavior was similar to that 
observed by Santos et al. (2014) when a similar propor-
tion of grape residue silage was included in dairy cow 
diets.

The effect of GP-5 and GP-10 diets on the individ-
ual SFA contents was variable. The supplementation 
with grape pomace did not modify the percentages 
of 4:0, 6:0, 14:0, and 18:0 in milk fat, a tendency to 
increase (P < 0.10) was observed for 16:0, whereas a 
significant decrease (P < 0.05) of 8:0, 10:0, and 12:0 
was found (Table 3). This decrease is probably grape 
pomace dose-dependent, because only these fatty acid 
percentages were significantly different with the GP-10 
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treatment. Feeding high proportions of grape marc also 
lowered 8:0, 10:0, and 12:0 in dairy cows (Moate et 
al., 2014). Those authors attributed this result prin-
cipally to the presence in the grape residue of a great 
amount of lignin, which is not fermented in the rumen. 
Fatty acids 8:0, 10:0, and 12:0 are almost exclusively 
produced de novo in the mammary gland, and their 
synthesized amount has been shown to be related to the 
dietary intake of fermentable carbohydrate (Moate et 
al., 2008). The lack of changes in the levels of 8:0, 10:0, 
and 12:0 with the VIT-E diet (Table 3) would support 
this argument.

Odd- and branched-chain fatty acids (OBCFA), as 
a whole, were not modified as a consequence of the 
inclusion of vitamin E or grape pomace in the control 
diet (Table 3). The contents of most of the individual 
OBCFA in GP-5 and GP-10 milk fat were not different 
(P > 0.05) among treatments except for 17:0 iso and 
17:0, which diminished (P < 0.05) or showed a tendency 
to decrease (P < 0.10), respectively. Although OBCFA 
were found in amounts lower than 2% of total fatty 
acids, they influenced milk fat melting point and have 
shown anticarcinogenic effects (Vlaeminck et al., 2006). 
Odd- and branched-chain fatty acids are largely derived 
from bacteria leaving the rumen and serve as biomark-
ers of rumen function and also as a diagnostic tool to 
predict shifts in microorganism populations associated 
with diet changes. The lack of variation in total OBC-
FA content among treatments (Table 3) would suggest 
no shifts in the rumen microbial ecosystem, indicating 
that, under the conditions assayed, the diets did not 
affect the activity and growth of ruminal microorgan-
isms. A similar behavior was reported by Correddu et 
al. (2015) in rumen liquor of ewes fed grape seed, alone 
or associated with linseed-supplemented diets. Those 
authors observed that inclusion of grape seed in a diet 
enriched with linseed oil hardly modified the total OB-
CFA content in the rumen fluid. In contrast, significant 
decreases of some individual OBCFA as a consequence 
of lipid supplementation in comparison with unsupple-
mented diets were found (Correddu et al., 2015). This 
reduction in milk OBCFA due to linseed oil supple-
mentation is well documented in lactating ewes (Luna 
et al., 2008; Gallardo et al., 2015) and is based on the 
role exerted by the oil supplements used as sources of 
PUFA, which have detrimental effects on ruminal mi-
croflora (Maia et al., 2007).

Oleic acid (cis-9 18:1) was the most abundant MUFA 
(about 15% of total FAME) in all treatments, and the 
other mono cis isomers were found in amounts lower 
than 0.5% (Table 4). Although a tendency to decrease 
(P < 0.10) with the incorporation of vitamin E was 
observed, statistical difference does not necessarily 
mean biological difference. The lack of significant dif-

ferences found between control and grape pomace diets 
for cis-9 18:1 can be justified by the origin of this fatty 
acid in milk. Part of milk fat oleic acid comes from the 
diet, but endogenous synthesis in the mammary gland 
via Δ9-desaturase using 18:0 as substrate is the major 
source of cis-9 18:1, accounting for more than 60% of 
its content in ewe milk fat (Bichi et al., 2012). As can 
be seen in Table 3, Δ9-desaturase activities were not 
affected by the treatments, and increases of oleic acid 
by this route should not be expected. The diet also 
had no effect on the milk oleic acid content because 
the presence of this MUFA in grape pomace is not very 
high (Table 1).

Trans MUFA represents about 8% of the total fatty 
acids, and trans-11 18:1 [vaccenic acid (VA)] was quan-
titatively the most important isomer (Table 4). The 
remarkable levels of VA in the milk fats analyzed (more 
than 3% of total FAME) are attributable to the presence 
of linseed oil in all the diets, because VA is the main 
BH intermediate of unsaturated fatty acid substrates, 
such as α-linolenic acid (Loor et al., 2004, 2005). The 
high content of linoleic acid (61.3%) in grape pomace 
(Table 1) could also potentially enhance the VA content 
in milk, as has previously been demonstrated in dairy 
ewes and cows (Tsiplakou and Zervas, 2008; Moate et 
al., 2014). However, this VA level enhancement did not 
occur in the present study (Table 4) as well as in rumi-
nal fluid from sheep fed linseed oil when grape seed was 
incorporated in the diet (Correddu et al., 2015). The 
explanation for this probably lies in the dose of grape 
residues. The proportion of grape marc in the studies 
of Tsiplakou and Zervas (2008) and Moate et al. (2014) 
was higher than 20% on a DM basis, whereas in the 
present research (Table 1), as well as in the study with 
grape seed by Correddu et al. (2015), it did not exceed 
11%.

After VA, trans-15 and trans-13 + trans-14 were the 
most abundant trans-MUFA isomers in all the treat-
ments (Table 4). Various authors have pointed out 
that these fatty acids with a double bond to carbon 
between positions 13 and 15 can be considered specific 
to α-linolenic acid metabolism (Loor et al., 2004; 2005). 
In contrast, trans-10, an isomer characteristic of rumen 
enzymatic conversion of oleic and linoleic acids, was 
detected at percentages not exceeding 0.5% and did 
not significantly vary with diet and time. The presence 
of high amounts of trans-10 18:1 fatty acid in milk fat 
is usually a reliable indicator of changes in the ruminal 
ecosystem and modifications in the routes of conversion 
of dietary PUFA. Sharp increases of trans-10 18:1 in 
milk fat at the expense of VA indicate a shift in the BH 
pathways that, under certain conditions, might lead to 
the development of milk fat depression. The absence 
of changes in percentages of trans-10 and trans-11 18:1 
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Continued

Table 3. Effect of the supplementation of dairy ewe diet with vitamin E and different doses of grape pomace and the duration of supplementation 
on milk fatty acids (g/100 g of total FAME) profile

Fatty acid

Diet1

 

Time

SED2

P-value3

CTRL VIT-E GP-5 GP-10 Week 2 Week 4 D T

SFA                
  4:0 4.46a 4.73b 4.46a 4.64ab   4.62 4.52 0.078 * NS
  5:0 0.03 0.04 0.03 0.04   0.03 0.04 0.002 NS †
  6:0 3.58a 3.83b 3.48ac 3.41ac   3.54 3.61 0.080 ** NS
  7:0 0.05 0.05 0.04 0.04   0.04 0.05 0.003 NS †
  8:0 3.20ac 3.41c 3.05ab 2.83b   3.06 3.19 0.104 ** NS
  9:0 0.07 0.07 0.06 0.06   0.06 0.07 0.004 NS *
  10:0 8.25a 8.73a 8.10a 7.17b   7.76 8.37 0.325 ** †
  11:0 0.08 0.08 0.07 0.07   0.07 0.08 0.005 NS *
  12:0 4.17a 4.30a 4.05a 3.63b   3.87 4.22 0.174 * *
  13:0 0.09 0.09 0.09 0.09   0.08 0.10 0.005 NS **
  14:0 8.45 8.80 8.87 8.39   8.33 8.92 0.217 NS †
  15:0 0.79 0.82 0.78 0.79   0.77 0.82 0.026 NS †
  16:0 19.35b 20.41a 20.47a 20.52a   19.82 20.55 0.383 † †
  17:0 0.59a 0.51b 0.54ab 0.52b   0.59 0.49 0.023 † ***
  18:0 10.78 10.26 10.44 10.70   11.26 9.83 0.414 NS ***
  19:0 0.06 0.07 0.06 0.06   0.07 0.06 0.002 NS †
  20:0 0.18 0.18 0.18 0.19   0.18 0.18 0.004 NS NS
  22:0 0.08 0.09 0.08 0.08   0.08 0.09 0.004 NS NS
  23:0 0.04a 0.04a 0.03b 0.03b   0.04 0.04 0.002 † NS
  24:0 0.04a 0.03a 0.03b 0.03ab   0.03 0.03 0.002 † NS
  Keto-10 18:0 0.03 0.03 0.03 0.03   0.03 0.03 0.002 NS NS
  13:0 iso 0.01 0.01 0.01 0.01   0.01 0.01 0.001 NS NS
  14:0 iso 0.07 0.07 0.06 0.07   0.07 0.07 0.003 NS NS
  15:0 iso 0.16 0.17 0.17 0.16   0.17 0.16 0.006 NS NS
  15:0 anteiso 0.32 0.31 0.28 0.30   0.30 0.31 0.012 NS NS
  16:0 iso 0.20 0.21 0.18 0.19   0.21 0.19 0.009 NS *
  17:0 iso 0.25a 0.24a 0.24a 0.22b   0.25 0.22 0.007 * ***
  17:0 anteiso 0.30 0.29 0.28 0.26   0.30 0.27 0.012 † **
  18:0 iso 0.06 0.04 0.05 0.05   0.06 0.04 0.004 NS ***
MUFA                
  10:1 0.20 0.21 0.18 0.17   0.17 0.22 0.013 NS ***
  cis-9 12:1 0.03 0.03 0.03 0.02   0.02 0.03 0.002 NS **
  cis-11 12:1 0.02a 0.03a 0.03a 0.01b   0.02 0.03 0.003 * *
  cis-9 14:1 0.09 0.09 0.09 0.09   0.08 0.11 0.007 NS ***
  cis-7 16:1 0.17a 0.14b 0.16c 0.17ac   0.16 0.16 0.005 *** NS
  cis-9 16:1 0.50 0.45 0.49 0.49   0.47 0.49 0.022 NS NS
  cis-12 16:1 0.03a 0.02a 0.02b 0.02b   0.02 0.02 0.001 * NS
  cis-13 16:1 0.04 0.04 0.04 0.03   0.03 0.04 0.003 NS **
  cis-9 17:1 0.18a 0.13b 0.16a 0.16a   0.18 0.14 0.012 * **
  cis-11 20:1 0.04 0.04 0.04 0.04   0.04 0.04 0.002 NS NS
  trans 15:1 0.09ac 0.09a 0.08bc 0.08b   0.08 0.09 0.004 * NS
  trans-5 16:1 0.01 0.01 0.01 0.01   0.01 0.01 0.001 NS *
  trans-6 + trans-7 16:1 0.02 0.01 0.02 0.02   0.02 0.01 0.001 NS **
  trans-8 16:1 0.04 0.04 0.04 0.04   0.04 0.04 0.001 NS **
  trans-9 16:1 0.18 0.20 0.23 0.24   0.21 0.22 0.019 NS NS
  trans-10 16:1 0.04 0.03 0.03 0.04   0.03 0.04 0.002 NS NS
  trans-13 16:1 0.03a 0.03a 0.03a 0.04b   0.03 0.03 0.001 *** *
  trans-14 16:1 0.02 0.02 0.02 0.02   0.02 0.02 0.001 NS NS
  trans-10 17:1  0.03 0.04 0.04 0.04   0.03 0.04 0.004 NS NS
UFA                
  16:2 0.01 0.02 0.02 0.02   0.02 0.02 0.002 NS NS
  18:3n-6 0.02 0.02 0.02 0.02   0.02 0.02 0.002 NS NS
  18:3 (trans, trans, cis +cis, cis) 0.01a 0.01a 0.01ab 0.01b   0.01 0.01 0.001 † NS
  trans-9,cis-12,cis-15 18:3 0.01a 0.02ab 0.01a 0.02b   0.01 0.02 0.001 † †
  18:3n-3 1.09ab 1.18b 1.01a 0.96a   1.03 1.10 0.056 * NS
  cis-9,trans-11,trans-15 18:3 0.06 0.07 0.06 0.07   0.06 0.07 0.006 NS †
  cis-9,trans-11,cis-15 18:3 0.16 0.20 0.20 0.18   0.17 0.20 0.017 NS NS
  20:2n-6 0.01 0.01 0.01 0.01   0.01 0.01 0.001 NS NS
  20:3n-6 0.02a 0.02a 0.02a 0.02b   0.02 0.02 0.001 ** Ns
  20:3n-3 0.03 0.03 0.03 0.02   0.03 0.03 0.003 NS NS
  20:4n-6 0.13a 0.13a 0.14ab 0.15b   0.15 0.13 0.006 † ***
  22:2n-6 0.01a 0.01ab 0.01b 0.01b   0.01 0.01 0.000 † NS
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with grape pomace supplementation (Table 4) is in 
agreement with an identical finding by Correddu et al. 
(2015) in ruminal liquid, and is due to the fact that the 
conditions assayed would not induce drastic changes in 
rumen microbiota. A shift in BH pathways from VA to 
trans-10 18:1 occurs with diets containing high amounts 
of fat, which was not the case in the present research. It 
is likely that only a higher proportion of grape residues 
in the diets would generate more substantial changes in 
the trans fatty acid profile (Moate et al., 2014). This 
statement would also be valid and applicable to the 
VIT-E treatment, which also did not affect the percent-
ages of trans-10 and trans-11 18:1 in the milk.

Table 4 shows the contents of 18:2 isomers in milk 
fat with the various treatments assayed. As can be 
seen, linoleic acid (cis-9,cis-12) is quantitatively the 
most abundant 18:2 in all the diets. The other noncon-
jugated 18:2 isomers were found in lower proportions 
and corresponded to intermediates of ruminal BH of 
dietary PUFA, mainly α-linolenic acid (Loor et al., 
2004; Bodas et al., 2010). The presence of vitamin E 
did not significantly modify the linoleic acid content. 
In contrast, the incorporation of grape pomace in the 
diet could increase the percentage of this fatty acid 
in milk fat. This increase is dose dependent because 
significant modifications were only found with 10 g of 

this supplement in the diet (Table 4). Because its origin 
is exclusively exogenous, this increase is attributable 
to the presence of linoleic acid in the grape pomace 
(Table 1). In this regard, Moate et al. (2014) succeeded 
in tripling the linoleic acid content in milk when more 
than 25% (on a DM basis) of the diet was based on 
ensiled grape marc.

The content of cis-9,trans-11 18:2 [rumenic acid 
(RA)], the most important CLA isomer, showed a 
tendency to increase with time (P < 0.10), but no sta-
tistically significant effect due to the experimental diets 
was observed (Table 4). Rumenic acid in ewe milk fat is 
mostly produced in the mammary gland by ∆9-desatu-
rase from VA formed in the rumen (Bichi et al., 2012). 
It is also a direct intermediate in rumen BH of linoleic 
acid, and a portion of it is absorbed to provide the 
remainder of the RA in milk fat. Thus, the GP-5 and 
GP-10 diets, which contain a high proportion of linoleic 
acid (Table 1), should lead to an increase in the levels 
of RA in the rumen and, consequently, in the milk. In 
fact, in previous research (Tsiplakou and Zervas, 2008; 
Moate et al., 2014) it was reported that the inclusion 
of a variety of winery industry residues in ruminant 
feeding could be a good way of multiplying the levels 
of RA in milk fat. The higher presence of grape marc 
in those studies (Tsiplakou and Zervas, 2008; Moate et 

Table 3 (Continued). Effect of the supplementation of dairy ewe diet with vitamin E and different doses of grape pomace and the duration 
of supplementation on milk fatty acids (g/100 g of total FAME) profile

Fatty acid

Diet1

 

Time

SED2

P-value3

CTRL VIT-E GP-5 GP-10 Week 2 Week 4 D T

  20:5n-3 (eicosapentaenoic acid) 0.06 0.06 0.06 0.06   0.06 0.06 0.002 NS NS
  22:4n-6 0.01 0.01 0.01 0.01   0.01 0.01 0.001 NS *
  22:5n-3 (docosapentaenoic acid) 0.12 0.12 0.12 0.11   0.12 0.11 0.005 NS †
  22:6n-3 docosahexaenoic acid) 0.04 0.04 0.04 0.04   0.04 0.03 0.002 NS ***
  Σ SFA 65.75a 67.91b 66.23a 64.59a   65.69 66.55 0.692 * NS
  Σ OBCFA4 1.37 1.35 1.28 1.27   1.37 1.27 0.035 NS **
  Σ MUFA 27.04a 24.44b 26.18a 27.34a   26.95 25.55 0.656 * *
  Σ MUFA cis 19.33a 16.56b 18.24ab 18.61a   19.05 17.32 0.736 † *
  Σ MUFA trans 7.71 7.89 7.94 8.73   7.90 8.23 0.354 NS NS
  Σ PUFA 6.97 7.41 7.34 7.84   7.13 7.66 0.274 NS †
  cis-9 14:1/(14:0 + cis-9 14:1) 0.01 0.01 0.01 0.01   0.01 0.01 0.001 NS ***
  cis-9 16:1/(16:0 + cis-9 16:1) 0.03a 0.02b 0.02ab 0.02ab   0.02 0.02 0.001 * NS
  cis-9 18:1/(18:0 + cis-9 18:1) 0.60 0.58 0.60 0.60   0.59 0.60 0.008 NS NS
  RA/(VA + RA)4 0.26 0.26 0.26 0.27   0.25 0.28 0.008 NS ***
  n-6/n-3 1.55ac 1.43a 1.67c 1.91b   1.68 1.60 0.067 *** NS
De novo synthesis fatty acids5 43.19a 45.38b 43.59ab 41.67a   42.38 44.54 0.881 * *
a–cMeans within a row with different superscripts differ significantly.
1Diets: CTRL = without grape pomace (GP); VIT-E = with 500 mg/kg of TMR of vitamin E; GP-5 = 5 g GP/100 g of TMR (% DM); and 
GP-10 = 10 g GP/100 g of TMR (% DM).
2SED = standard error of the difference; 
3Probability of significant effects due to experimental diet (D) and time on diet (T). There were no statistical differences (P > 0.1) due to in-
teraction effects (D × T). NS indicates P > 0.1.
4OBCFA = odd- and branched-chain fatty acids; VA = trans-11 18:1; RA = cis-9 trans-11 18:2.
5De novo synthesized fatty acids = sum of 4:0–14:0 and half of 16:0.
†P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
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al., 2014) in comparison with the diets assayed in the 
present research (Table 1) could justify this discrep-
ancy. Moreover the addition of grape seed to linseed-
supplemented diets at similar levels to those reported 
in the present research hardly modified the content of 
RA in the ruminal fluid of dairy ewes (Correddu et 
al., 2015), as occurred with VA. Therefore, to produce 
drastic changes in the metabolism of dietary fatty acids 
in the rumen of dairy ewes an intake of higher propor-
tions of grape pomace would be required. Apart from 

RA, other minor CLA isomers were detected in the 
milk fat, but in very low or negligible amounts. Most 
of them were not modified by the treatments (Table 
4). Trans-11,cis-13 was quantitatively the second most 
abundant CLA, an isomer characteristic of milk of ewes 
fed with linseed-oil enriched diets (Luna et al., 2008; 
Bodas et al., 2010).

The α-linolenic acid contents in all the samples ana-
lyzed can be regarded as high (around 1%) (Table 3) 
in comparison with the usual values of ruminant milks 

Table 4. Effect of the supplementation of dairy ewe diet with vitamin E and different doses of grape pomace and duration of supplementation 
on the cis and trans 18 MUFA and the conjugated and nonconjugated 18:2 isomers (g/100 g of total FAME) profile

Fatty acid

Diet1

 

Time

SED2

P-value3

CTRL VIT-E GP-5 GP-10 Week 2 Week 4 D T

Cis and trans 18:1                
  cis-9 18:1 16.61a 14.05b 15.61ab 15.75a   16.45 14.57 0.718 † *
  cis-11 18:1 0.54 0.52 0.56 0.55   0.56 0.52 0.020 NS *
  cis-12 18:1 0.49a 0.45a 0.48a 0.67b   0.48 0.57 0.030 *** **
  cis-13 18:1 0.04a 0.04b 0.04b 0.04b   0.04 0.04 0.001 ** *
  cis-14 18:1 0.05a 0.04a 0.04a 0.05b   0.04 0.05 0.002 ** **
  cis-15 18:1 0.13a 0.13a 0.12a 0.16b   0.13 0.14 0.012 † NS
  cis-16 18:1 0.04a 0.04a 0.04a 0.04b   0.04 0.04 0.002 * NS
  trans-4 18:1 0.02 0.02 0.02 0.02   0.02 0.02 0.001 NS NS
  trans-5 18:1 0.02 0.02 0.02 0.02   0.02 0.02 0.001 NS NS
  trans-6 + trans-7 18:1 0.13 0.13 0.13 0.13   0.13 0.13 0.005 NS NS
  trans-8 18:1 0.18a 0.18a 0.17a 0.22b   0.18 0.20 0.008 *** †
  trans-9 18:1 0.32a 0.32a 0.31a 0.36b   0.30 0.34 0.012 * **
  trans-10 18:1 0.44 0.46 0.42 0.50   0.43 0.47 0.026 NS NS
  trans-11 18:1 3.17 3.49 3.58 3.93   3.52 3.56 0.273 NS NS
  trans-12 18:1 0.62a 0.63a 0.61a 0.71b   0.59 0.69 0.031 † **
  trans-13 + trans-14 18:1 0.77a 0.73ab 0.64b 0.77a   0.67 0.78 0.042 † *
  trans-15 18:1 1.23 1.10 1.25 1.20   1.23 1.16 0.055 NS NS
  trans-16 18:1 0.37a 0.33b 0.30b 0.36a   0.32 0.36 0.011 *** **
Nonconjugated 18:2                
  trans-11,trans-15 0.13 0.16 0.16 0.17   0.15 0.16 0.014 NS NS
  trans-9,trans-12 0.01 0.01 0.00 0.01   0.00 0.01 0.000 NS *
  cis-9,trans-13 + trans-8,cis-12 0.46ac 0.42cb 0.40b 0.49a   0.40 0.49 0.020 ** ***
  trans-8,cis-13 0.10a 0.08b 0.08b 0.10a   0.08 0.10 0.004 *** ***
  cis-9,trans-12 0.03 0.03 0.03 0.04   0.03 0.04 0.002 NS ***
  trans-9,cis-12 0.03a 0.03a 0.03a 0.04b   0.03 0.03 0.002 * *
  trans-10,cis-15 0.06 0.06 0.06 0.07   0.05 0.07 0.006 NS *
  trans-11,cis-15 0.80a 1.06b 1.07b 1.09b   0.97 1.04 0.085 † NS
  cis-9,cis-12 1.85a 1.83a 1.89a 2.04b   1.92 1.89 0.041 ** NS
  cis-9,cis-15 0.06a 0.06a 0.06a 0.08b   0.06 0.07 0.007 † NS
  cis-12,cis-15 0.15 0.16 0.15 0.22   0.15 0.20 0.025 NS †
Conjugated 18:2                
  cis-9,trans-11 (RA) 1.11 1.21 1.26 1.41   1.15 1.35 0.099 NS †
  trans-7,cis-9 0.07 0.06 0.07 0.07   0.06 0.07 0.003 NS *
  trans-9,cis-11 0.01a 0.01ab 0.01b 0.01b   0.01 0.01 0.001 † NS
  trans-8,trans-10 + trans-9,trans-11 + trans-10,cis-12 0.04 0.04 0.04 0.04   0.03 0.04 0.002 NS *
  trans-11,cis-13 0.11 0.11 0.12 0.11   0.11 0.12 0.011 NS NS
  trans-13,trans-15 + trans-12,trans-14 0.05a 0.04a 0.05a 0.06b   0.05 0.05 0.005 † †
  trans-11,trans-13 0.04 0.04 0.04 0.04   0.04 0.04 0.003 NS NS
Other trans-trans 0.04ª 0.04b 0.03b 0.04a   0.03 0.04 0.002 * **
a–cMeans within a row with different superscripts differ significantly.
1Diets: CTRL = without grape pomace (GP); VIT-E = with 500 mg/kg of TMR of vitamin E; GP-5 = 5 g GP/100 g of TMR (% DM); and 
GP-10 = 10 g GP/100 g of TMR (% DM).
2SED = standard error of the difference.
3Probability of significant effects due to experimental diet (D) and time on diet (T). There were no statistical differences (P > 0.1) due to in-
teraction effects (D × T). NS indicates P > 0.1. 
†P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
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(Shingfield et al., 2013; Nudda et al., 2014). This is a 
consequence of the supplementation of all the diets with 
linseed oil, a substrate very rich in this fatty acid (Table 
1), and due to the fact that part of 18:3 n-3 can escape 
BH and be subsequently transferred to milk. Time did 
not modify (P > 0.1) the α-linolenic acid in milk. The 
α-linolenic acid content increased in the VIT-E treat-
ment (P < 0.05), supporting the view that vitamin E 
can play a part as an antioxidant in ewe diets. In con-
trast, the presence of grape pomace in the diets did not 
modify the percentage of this n-3 fatty acid in milk fat. 
The contents of other minor 18:3 isomers in milk fat 
were also not modified by the various treatments (Table 
3). In this regard, it is noteworthy that the percentages 
of cis-9,trans-11,cis-15 18:3 and cis-9,trans-11,trans-15 
18:3, both intermediates of α-linolenic acid in the ru-
men, remained unmodified with all the diets (Table 3), 
again supporting the idea that the treatments assayed 
did not affect lipid ruminal metabolism. Other interme-
diates of the dietary α-linolenic conversion pathways, 
such as trans-11,cis-15 18:2, VA, or trans-15 18:1, were 
also not affected (Table 4). Overall, these data provide 
additional evidence supporting the view that, under the 
conditions assayed (Table 1), dietary PUFA digestive 
conversion pathways and rumen microflora were not 
altered.

Other PUFA with more than 18 carbon atoms were 
detected in milk fat but in very low amounts (Table 3). 
The contents of the remaining n-3 PUFA (20:5, 22:5, 
and 22:6) reported in our study did not vary with the 
presence of vitamin E or the inclusion of different levels 
of grape pomace in the diets. The n-6-to-n-3 ratio did 
not vary with time (P > 0.1), but was significantly af-
fected by feeding (P < 0.001). However, the n-6-to-n-3 
values in all the treatments may be considered very 
favorable from the human health point of view because 
they are clearly below 4, which is the recommended 
maximum value in dietary fat (Simopoulos, 2008).

CONCLUSIONS

The results of this work clearly demonstrate that 
supplementation with grape pomace of diets enriched 
with linseed oil under the conditions assayed is not 
detrimental for animal performance and milk yield. 
This study confirms that the addition of vitamin E 
to the diet had only a moderate effect on milk fatty 
acid content. The presence in the diet of grape pomace 
at the doses assayed did not substantially modify the 
milk fatty acid profile. Consequently, the use of grape 
pomace as feed in dairy sheep area could be adopted 
as a strategy to reduce feeding cost and also to cope 
with the need to recycle waste material, which is costly 

to dispose of without adverse effects on animal perfor-
mance and milk yield and composition.
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