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a  b  s  t  r  a  c  t

Grape  seed  is  a by-product  of  the  winery  and distillery  industry  which  could  be  used  in
animal  nutrition.  To  test  the  hypothesis  that  dietary  supplementation  with  this  by-product
can  decrease  the  biohydrogenation  (BH)  of  healthy  fatty  acids  (FA),  the  present  study  evalu-
ated the  effects  of  grape  seed  supplementation,  alone  or  combined  with  linseed,  on  ruminal
BH processes  in  dairy  sheep.  In this  60-d  trial,  24  lactating  Sarda  dairy  ewes  were  assigned
to  four  homogeneous  groups  and  fed  as  follows:  (1)  control  diet  (CON),  (2)  a diet  supple-
mented  with  300  g/d  per head  of  grape  seed  (GS),  (3)  a  diet  supplemented  with  220  g/d  per
head of extruded  linseed  (LIN),  (4)  and  a diet  supplemented  with  a mix of  both  grape  seed
and  linseed  (300  and 220  g/d  per head,  respectively)  (MIX).  Ammonia,  pH,  volatile  fatty
acids (VFA)  and  FA  composition  were  determined  in  rumen  liquor  at  three  sampling  dates
(20, 40  and  60  d).  Rumen  pH  was  not  influenced  by  diet  (P>0.05).  The  ammonia  content  was
increased  (P<0.05)  in GS  and MIX  compared  with  LIN  and  CON.  The  molar  proportions  of
acetate  and  propionate  and their  ratio  were  not  affected  by  the  diet  (P>0.05),  whereas  the
molar proportion  of  butyrate  was  the  lowest  in  MIX.  Rumenic  acid (RA; CLA cis-9,trans-11)
concentration  increased  in  GS compared  with  CON  (0.78  vs.  0.45  mg/100  mg  FA; P<0.05),
whereas  the  percentage  of vaccenic  acid (VA;  C18:1  trans-11)  tended  to increase  (P<0.10)
in GS  compared  with  CON.  The  concentration  of VA  was  higher  in  MIX  than  in  CON  (8.18  vs.
3.77  mg/100  mg  FA; P<0.05),  whereas  RA  did  not  differ  between  the  same  groups.  The  con-
centration  of  linoleic  acid  (LA; C18:2  n–6)  decreased  and  stearic  acid (SA;  C18:0)  increased
in all supplemented  groups,  whereas  linolenic  acid  (LNA;  C18:3  n–3) decreased  in  the  two
groups  receiving  grape  seed  compared  with  CON  and  LIN.  The  concentration  of  total  odd-
and  branched-chain  fatty  acids (OBCFA)  decreased  in all supplemented  groups  compared
with CON  (P<0.05),  evidencing  that grape  seed  and  linseed  supplementation  influenced
the  ruminal  BH  processes.  Grape  seed  was  able  to increase  the  accumulation  of  RA  when
supplemented  alone,  and  of VA  when  combined  with  linseed;  however,  the rumen  accumu-
lation  of  SA  in  both  groups  supplemented  with  grape  seed  evidenced  that  this  by-product
was  not  effective  in decreasing  the  BH  of  dietary  polyunsaturated  fatty  acids  (PUFA).
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1. Introduction

Grape seed is a by-product derived from the winery and distillery industries. In countries where the wine industry is
an important activity, the large production of by-products and wastes is a serious problem, because of the high cost of
their management and disposal. As many other agro-industrial by-products, grape seeds are rich in polyphenols (Schieber
et al., 2001), especially mono-, oligo- and polymeric proanthocyanidins (Shrikhande, 2000), which are well known for their
antioxidant properties (Riceevans et al., 1995; Bagchi et al., 1997).

In the last few decades, a lot of attention has been directed to the content of healthy fatty acids (FA), especially polyunsat-
urated fatty acids belonging to the family of n–3 (PUFA n–3), such as alpha-linolenic acid (C18:3 n–3, LNA), and conjugated
linoleic acid (CLA), such as rumenic acid (CLA cis-9, trans-11, RA), in ruminant milk and dairy products. A lot of studies have
demonstrated that diet composition and rumen microbial biohydrogenation (BH) strongly influence the fatty acid profile of
milk and dairy products (Lourenç o et al., 2010; Buccioni et al., 2012). Supplementation with linseed, which is rich in LNA,
is often used to improve the FA profile in sheep, goat and cow milk and cheese, by increasing the concentration of healthy
FA (Caroprese et al., 2010; Mughetti et al., 2012; Nudda et al., 2013). Lipids from the diet are involved in a sequence of
reactions, performed by the rumen microbial population, including hydrolysis of esterified lipids to free FA, whose double
bonds can be partly isomerized and hydrogenated. These reactions can be explained by a detoxification mechanism to defend
microorganisms from the toxicity of unsaturated fatty acids (UFA) as reported by Dehority (2003) and Maia et al. (2010).
Because C18:2 cis-9, cis-12 (linoleic acid, LA, n–6 series) and LNA provided with the diet are greatly reduced (by 80% and
92%, respectively) in the rumen (Doreau and Ferlay, 1994), several strategies have been tested to protect dietary FA from
rumen BH. The encapsulation of lipids in a protein matrix is one of the techniques proposed to protect FA (Tymchuk et al.,
1998; Hawkins et al., 2013). However, the occasional lack of efficiency of this method (Petit, 2003), its high costs and the
need for formaldehyde utilization limit its use. Another technique that has been studied is the decrease in BH by chemical
modifications of UFA, such as the transformation of UFA to fatty acyl amides (Jenkins, 1998) or to calcium salts (Lundy Iii
et al., 2004). The presence of some plant compounds, such as polyphenols, in the diet of ruminants can also influence the
BH process, by inhibiting the activity of rumen microbes (Cabiddu et al., 2009; Vasta et al., 2009). The use of grape seed
as a supplement in ruminant nutrition could be an alternative for the expensive management and disposal of this winery
by-product. However, the literature available on the use of grape by-products in ruminant nutrition is limited (Moate et al.,
2014; Santos et al., 2014) and, to our knowledge, the effects of the dietary supplementation with grape seed on the BH of
PUFA in the rumen has not been explored yet.

To test the hypothesis that grape seed supplementation decreases the BH activity of rumen microbes, thus boosting the
effect of linseed supplementation, this work investigated the effect of grape seed supplementation, alone or associated with
linseed, on rumen BH processes in dairy sheep.

2. Material and methods

2.1. Animals, experimental design and treatments

Twenty four Sarda dairy ewes in the first part of lactation (<50 days in milk, DIM) were assigned to four groups of
six animals each, homogeneous for milk production, body weight, DIM, and lactation order. Groups were confined in four
boxes and randomly assigned to one of the four experimental diets (Table 1): control (CON) diet, a diet supplemented
with 300 g/d per head of grape seed (GS), a diet supplemented with 220 g/d per head of extruded linseed (LIN), and a diet
supplemented with a mix  of 300 g/d per head of grape seed and 220 g/d per head of linseed (MIX). The extruded linseed
dose of 220 g/d was used to supply 70 g/d of fat per head. Considering that the total phenolic content of grape seed was
333.3 ± 10.1 mg  gallic acid equivalent (GAE)/100 g of dry matter (DM; mean ± S.E.), the grape seed dose of 300 g/d per head
was used to provide approximately 1 g/d per head of total polyphenols (approximately 0.4 g polyphenols/kg DM of diet). The
grape seed used was obtained from different red grape varieties after distillation in the winemaking process. Grape seeds
were ground before administration. The chemical composition and FA profile of the grape seed and linseed are reported in
Table 2.

All animals were offered the same basal ration consisting of beet pulp, a commercial concentrate, dehydrated alfalfa hay
and mixed hay. In addition, they received a mixed meal composed of corn, soybean, pea, grape seed and linseed, in different
proportions depending on the dietary treatments, to obtain isoenergetic and isonitrogenous diets. Dehydrated alfalfa hay
and mixed hay were offered to each group of six ewes, whereas all other dietary ingredients were provided to each animal
by using individual feeders. The commercial concentrate (500 g/d per head) was  provided at the two daily milkings (7:30
and 17:30). The mixed meals were provided 2 h after each milking, and subsequently beet pulp (400 g/d per head) and
dehydrated alfalfa hay (on average 800 g/d per head) were provided. The mixed hay (on average 200 g/d per head) was
offered during the night. Both hays were offered at a fixed amount to avoid selection by the animals. Clean water was  always
available. Diets were formulated to meet the sheep energy and protein requirements using the Small Ruminant Nutrition
Model (Tedeschi et al., 2010). Diets were offered in a fixed amount to ensure constant daily intakes of dietary ingredients
and to maintain energy balance. The experiment lasted 10 weeks, with 2 weeks of adaptation period and 8 weeks of data
collection.
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