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INTRODUCTION

The enrichment of foods with omega-3 
fatty acids has aroused consumer interest due to 
the potential beneficial effect of these lipids on 
human health. Inclusion of omega-3 fatty acid-rich 
ingredients in the diet of pigs leads to enriched body 
fat with these fatty acids (JUAREZ et al., 2010; 
BERTOL et al., 2013) because part of dietary fat is 
incorporated directly into animal tissues. However, 

the increased content of polyunsaturated fatty acids 
in the fat may negatively affect the quality of meat 
and processed products due to their reduced oxidative 
stability (DAZA et al., 2005; MUSELLA et al., 2009). 
To counteract this effect, one of the alternatives is the 
use of antioxidants, which may be added directly to 
the product or supplied through diet.

A wide variety of vegetables contains 
components with antioxidant properties and phenolic 
compounds, including phenolic acids, phenolic 
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ABSTRACT: The objective of this study was to assess the effects of including grape pomace in the diet of pigs on pork quality and oxidative 
stability of body fat enriched with omega-3 fatty acids. Four treatments were compared: T1) Control diet based on corn and soybean meal; T2) 
Diet with inclusion of 3% of a canola (50%) and flaxseed (50%) oil blend; T3) Diet with inclusion of 3% of the oil blend and sequential levels 
of 3 and 5% of grape pomace; T4) Diet with inclusion of 3% of the oil blend and sequential levels of 6 and 10% of grape pomace. Inclusion of 
grape pomace in the diet led to an increase (P<0.10) of a* value and color saturation index of meat. The omega-3 and polyunsaturated fatty 
acids (PUFA) content of backfat were increased (P>0.10) with dietary inclusion of oils blend. Neither the inclusion of the oil blend, nor the 
grape pomace had any effect (P>0.10) on the production of thiobarbituric acid reactive substances (TBARS) in the loin samples, despite the 
higher PUFA content in the fat of pigs fed the oil blend. Antioxidant effect of grape pomace was not possible to prove when measured by TBARS, 
but the increased redness of the pork from pigs fed with this ingredient suggested a possible antioxidant effect of grape pomace.
Key words: grape pomace, natural antioxidants, omega-3, pork quality.

RESUMO: Este trabalho teve como objetivo avaliar a inclusão do bagaço de uva na dieta de suínos sobre a qualidade da carne e, a 
estabilidade oxidativa da gordura corporal enriquecida com ácidos graxos ômega-3. Foram comparados quatro tratamentos: T1 - Dieta 
controle baseada em milho e farelo de soja; T2 - Dieta com inclusão de 3% de uma mistura de óleos de canola (50%) e de semente de linho 
(50%); T3 - Dieta com inclusão de 3% da mistura de óleos e níveis sequenciais de 3 e 5% de bagaço de uva e; T4 - Dieta com inclusão de 3% 
da mistura de óleos e níveis sequenciais de 6 e 10% de bagaço de uva. A inclusão do bagaço de uva na dieta resultou no aumento (P<0,10) do 
valor de a* e índice de saturação da cor da carne. O conteúdo de ômega-3 e ácidos graxos poli-insaturados (PUFA) do toucinho aumentaram 
(P<0,10) em função da inclusão da mistura de óleos na dieta. A mistura de óleos e o bagaço de uva não afetaram a produção de substâncias 
reativas ao ácido tiobarbitúrico (TBARS) nas amostras de lombo, apesar do maior conteúdo de PUFA na gordura dos suínos que receberam 
a mistura de óleos na dieta. Não foi possível provar efeito antioxidante do bagaço de uva na carne através da determinação dos valores de 
TBARS. Porém, a cor vermelha mais intensa na carne dos suínos alimentados com este ingrediente sugere um possível efeito antioxidante do 
bagaço de uva. 
Palavras-chave: antioxidantes naturais, bagaço de uva, ômega-3, qualidade da carne.
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diterpenes, flavonoids and volatile oils (SHAN et 
al., 2005). Plant components and extracts containing 
antioxidant compounds have been intensively studied 
for use in the food industry. The presence of phenolic 
compounds with antioxidant activity in grape and 
its by-products and extracts has been confirmed in 
previous studies (ABE et al., 2007; ROTAVA et al., 
2009). The main phenolic compounds reported in the 
residue composed by the grape skin and seeds are 
catechins, epicatechins, and gallic acid, in addition to 
several other phenolic acids (LAFKA et al., 2007). 
In the individual seeds, the most abundant phenolic 
compounds include catechins, epicatechins and also 
dimeric and trimeric procyanidins (SHI et al., 2003). 
Thus, the grape and its by-products are important 
sources of antioxidants with potential for use in the 
food processing industry and animal production. 
Antioxidant effect of grape seed extract when added 
directly to raw or cooked pork has been confirmed 
by CARPENTER et al. (2007). Also, the inclusion 
of concentrated grape pomace in the diet of chickens 
reduced lipid oxidation of raw or cooked meat 
(GOÑI et al., 2007; BRENES et al., 2008; SÁYAGO-
AYERDI et al., 2009), but the same effect was not 
observed when grape seed extract was given to pigs 
(O’GRADY et al., 2008). Therefore, the antioxidant 
effect of extracts or fractions of vegetables on animal 
products have not been well established when 
provided through the diet. 

Furthermore, the inclusion of a potentially 
antioxidant ingredient such as grape pomace, 
concomitantly with a canola and flax seed oil blend 
in the diet could improve the oxidative stability of 
omega-3 fatty acid-enriched body fat. The objective 
of this study was to assess the effects of including 
grape pomace in the diet of pigs on pork quality 
and oxidative stability of body fat enriched with 
omega-3 fatty acids.

MATERIALS   AND   METHODS

Forty barrows of the genotype MO25C 
(80.0±1.7kg body weight) were used for the study. 
The genotype MO25C was developed at the Embrapa 
Suínos e Aves, and its genetic composition is 25% 
Moura, 50% Landrace, and 25% Large White.

The experiment was conducted in a 
randomized complete block design with four 
treatments: T1) Control diet based on corn and 
soybean meal; T2) Diet with 3% of a canola (50%) 
and flaxseed (50%) oil blend; T3) Diet with 3% of 
a canola (50%) and flaxseed (50%) oil blend and 
sequential levels of 3 and 5% of grape pomace; T4) 

Diet with 3% of a canola (50%) and flaxseed (50%) 
oil blend and sequential levels of 6 and 10% of grape 
pomace. In T2, wheat bran was included in the diet to 
prevent an excessive increase of dietary energy due to 
the inclusion of the oil blend. In diets of T3 and T4, 
as the grape pomace was introduced in the diet, wheat 
bran was reduced by 50% and 100%, respectively. 
The sequential levels of grape pomace were fed for 21 
and 17 days, respectively. The pigs were individually 
identified and housed in groups of 10, according to the 
criterion of uniformity of initial body weight (block). 
One pen with 10 pigs was allotted in each treatment 
and the individual animal was the experimental unit. 
The pens were equipped with automatic feeders and 
nipple drinkers. The animals were weighed at the start 
of the trial, at day 21 and at the end of the experiment.

The diets were formulated according to the 
requirements of NRC (1998) for finishing pigs and 
were fed ad libitum. The grape pomace, containing 
skin and seeds was obtained from the extraction 
of juice for wine production and after sun dried, it 
contained 85.32% dry matter, 10.77% crude protein, 
7.81% ether extract, 4.22% ash, 0.31% Ca, 0.25% 
P. The content of total phenolic compounds was 
70.90mg of gallic acid equivalent (GAE) 100-1g 
sample. The pomace was milled in a hammer mill 
with a sieve opening of 3mm.

Animals were subjected to 12-hour fasting 
period prior to being transported to the abattoir, 
located 15km from the farm, where they had five 
hours of lairage, with access to water but not food. 
Before bleeding the animals were stunned by electro-
narcosis. pH assessment was performed 45min and 
24h after slaughter, in the longissimus thoracis muscle 
at the last rib (P2) and in the semimembranosus 
muscle, using a portable digital pH meter. Color 
scores (NPPC, 1999) and color by CIELAB color 
system (coordinates L*, a* and b*, Minolta Camera 
Ltd., Japan) were evaluated 24 hours after slaughter.

Longissimus thoracis samples were 
collected for ether extract, thiobarbituric acid 
reactive substances (TBARS), cooking loss, and 
shear force analyses, and backfat samples for 
fatty acids analyses. These samples were frozen 
immediately after collection and transported to the 
laboratory, where they were stored at -20°C. Loin 
samples for ether extract analysis were thawed, 
milled in a multiprocessor, packed in disposable 
aluminium trays, frozen for 24 hours at -25°C and 
lyophilized at -40°C to 20°C (Liobrás LP810 Freeze 
dryer). After lyophilisation the samples were milled 
in a refrigerated mill (Foss Tecator 1095 - Sample 
Knifetec) and stored at -25°C. Samples for cooking 
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loss were thawed under refrigeration at 5°C for 24 
hours, boiled in a water bath at 75°C for 60 minutes 
and processed as described by HONIKEL (1998).

Ether extract was determined by means of 
an automated fat extractor (Ankon XT-15) according 
to AOCS (2004). TBARS analyses were performed 
on loin samples, immediately after thawing (day 
0) and after three days of storage at 2°C to 6°C 
(day 3). Samples were thawed under refrigeration 
for 24 hours and ground in a food processor. 
Five grams of sample were used and the analysis 
conducted according to the procedure by WANG 
et al. (2002). Once the solution was mixed with 
trichloroacetic acid (TCA) and 7.5% thiobarbituric 
acid (TBA) 0.08M, the samples were subjected to 
a water bath for 80 minutes at 40°C. Results were 
expressed as mg of malonaldehyde (MDA) kg-1 of 
sample. To determine the fatty acid profile, samples 
were prepared by saponification and esterification 
(HARTMAN & LAGO, 1973) following extraction 
of total lipids according to FOLCH et al. (1956). 
Fatty acids were determined by gas chromatography 
(GC-FID Gas Chromatograph Varian CP-3800). 

Analysis of variance was performed 
using the GLM procedure of SAS (SAS, 2011), 
considering the effects of treatment and block (initial 
weight). The treatment means, when this effect was 
significant, were compared using the protected t test 
(P<0.10). Treatments were also compared using 
orthogonal contrasts: Treatment 1 vs treatments 2, 3 
and 4; treatment 2 vs treatments 3 and 4; treatment 
3 vs. treatment 4.

RESULTS   AND   DISCUSSION

The pH measured 24 hours after slaughter 
was higher (P<0.06) in animals fed with diet containing 
the oil blend but without grape pomace (T2), compared 
to all the other treatments (Table 1). Loin samples of 
pigs fed with the control diet had the highest ether 
extract content, a* and b* values, and colour saturation 
index (P<0.05 to P<0.10, respectively). However, 
the b* value and colour saturation index increased in 
pigs fed with diets with grape pomace at any level 
(P<0.10 and P<0.05, respectively (contrast T2 vs. 
T3 and T4), whereas the a* value increased (P<0.10) 
only in those receiving the highest grape pomace 
levels (6/10%, contrast T3 vs. T4). The a* value is 
influenced both by the myoglobin concentration in 
the muscle and the reduction/oxidation state of the 
myoglobin (MANCINI & HUNT, 2005); whereas, 
the colour saturation index is partially dependent on 
these factors, as it results from a calculation using a* 

and b* values. One possible explanation for the lower 
a* values of meat from pigs  which were fed with oil 
blend diets could be the lower oxidative stability of 
fat due to the elevated PUFA, which might lead to 
myoglobin oxidation. The a* value increase in the 
meat of pigs fed with diet containing the highest 
levels of grape pomace could be due to an increased 
content of tocopherols in the tissues, which would 
prevent myoglobin oxidation. 

Supplementing the diets with the blend 
of oils resulted in reduced levels (P<0.05) of ether 
extract in the longissimus thoracis and C16:0 
(26.11±0.59a, 23.67±0.51b, 24.41±0.51b, 24.08±0.51b 

% for T1, T2, T3, and T4, respectively) and the sum 
of saturated fatty acids (SFA, P<0.10) in the backfat, 
but without altering (P>0.10) the proportion of other 
individual SFA or the proportion of monounsaturated 
fatty acids (MUFA; Table 2). The proportion of fatty 
acids C18:2, C18:3, C20:4, total PUFA and omega-6 
were greater (P<0.10 to 0.01) in the backfat of pigs 
fed the diets containing the oil blend, consequently, 
the SFA/PUFA and omega-6/omega-3 ratios were 
reduced (P<0.01) and the iodine value was increased 
(P<0.01). The change in the fatty acid profile of the 
backfat was expected because of the addition of oils 
blend in the diet, due to the C18:3 content in canola 
and flax seed oils, as reported in previous studies 
(JUÁREZ et al., 2010; BERTOL et al., 2013).

The inclusion of grape pomace in the diet 
did not affect (P>0.10) the backfat fatty acid profile, 
apart from the C18:3 content, which was slightly 
reduced compared to the oil blend-supplemented 
diet without grape pomace (P<0.10, contrast T2 
vs. T3 and T4). The C18:2 fatty acid content in the 
backfat suffered no further changes by the addition 
of grape pomace in the diet, other than that caused 
by oils blend. This is because the C18:2 content in 
the ether extract of this ingredient (52%) does not 
greatly differ from the oil contained in corn and 
soybean meal. The omega-6/omega-3 ratio of the 
backfat was reduced to values ranging from 4.15 
to 4.71 due to the dietary addition of oil blend, 
which is in line with World Health Organization 
recommendations for human diet. The iodine value, 
despite being raised in the backfat of pigs fed with 
the oil blend-supplemented diets, remained within 
the limit considered acceptable, which is between 70 
to 75g.100g-1 of fat (BENZ et al., 2010).

Neither the inclusion of the oil blend, nor 
the grape pomace had any effect (P>0.10) on the 
production of TBARS in the loin samples, despite 
the higher PUFA content in the fat of pigs fed  with 
the oil blend. The TBARS content determined in 
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all treatments in this study lies within the range for 
detection of rancid odour in pork, which is between 
0.5 and 1mg MDA.kg-1 of tissue (TARLADGIS et 
al., 1960). These results indicated that the dietary 
grape pomace had no antioxidant effect on the lipids 
of the meat and confirm the reports of O’GRADY et 
al. (2008), who reported no protective effect of grape 
seed extract on meat-associated lipids, when provided 
in the diet of pigs. Conversely, these results differ 
from several previous studies, where the addition 
of various plant extracts, essential oils or parts 
containing antioxidant compounds to the diets of pigs 
(MASON et al., 2005; LAHUCKY et al., 2010) or 
poultry (RACANICCI et al., 2011; ÁVILA-RAMOS 
et al., 2013; LOETSCHER et al., 2013) demonstrated 
positive results regarding to oxidative stability of the 
meat or meat products; although, not all assessed 
vegetables had the same antioxidant power, and 
one of them even demonstrated pro-oxidant effect 
(LOETSCHER et al., 2013). Oral supplementation 
of flavonoids such as catechin, epicatechin and 
quercetins in the diet leads to increased in vivo 
concentrations of vitamin E in the tissues (FRANK, 
2005). Therefore, the antioxidant effect of phenolic 
compounds on animal tissues and by-product would 
seem to be related to this fact. However, this effect, as 

well as the deposition and storage dynamics of vitamin 
E in the tissues may vary from one species to another. 
For example, the concentration of tocopherols in 
poultry tissues in response to dietary supplementation 
is greater in the liver followed by muscle and fat 
(FLACHOWSKY et al., 2002) whereas in pigs, 
build-up and increased concentration occur in larger 
quantities in fat, followed by the liver, and then the 
muscle.  This could explain the different antioxidant 
effect of grape pomace and other vegetable among 
chickens and pigs, when evaluated in meat samples. 
It is possible that longer periods of inclusion of 
grape pomace in the diet would increase vitamin E 
concentration in the muscle and thereby achieve an 
antioxidant effect on meat.

Another possible explanation for the lack 
of antioxidant effect of the grape pomace in this study 
is that the procyanidin oligomers may not have been 
properly digested and absorbed in the digestive tract 
as suggested by O’GRADY et al. (2008). Although 
no antioxidant effect of grape pomace as measured 
by the production of TBARS has been proven in this 
study, it is important to emphasize the increasing 
value of a* in the meat of pigs fed  with grape pomace, 
which could be an indicator of reduced myoglobin 
oxidation.

 

Table 1 – Effect of inclusion of grape pomace and a blend of oils in the diet of pigs on pH, L*, a* and b* values, color saturation index 
(CSI), colour score, ether extract (EE), coking loss, and thiobarbituric reactive substances (TBARS) of meat (mean ± standard 
error). 

 

Treatment 1 2 3 4 
Pr>F 
Treat 

--------------Pr>F Contrasts-------------- 
Oil blend, % 0 3 3 3 
GP, % 0 0 3-5 6-10 1 vs. 2, 3, 4 2 vs. 3, 4 3 vs. 4 
pH 45min 6.02 ± 0.04 6.04 ± 0.06 6.05 ± 0.04 6.01 ± 0.04 ns ns ns ns 

pH 24h 5.59 ± 0.03b 5.71 ± 0.04a 5.61 ± 0.01b 5.62 ± 0.04b * ns ** ns 

L* 47.67 ± 0.75 45.91 ± 0.65 47.71 ± 0.82 45.99 ± 0.86 ns ns ns ns 

a* 4.70 ± 0.35a 3.85 ± 0.15b 3.87 ± 0.20b 4.45 ± 0.26ab ** ** ns * 

b* 3.57 ± 0.42 2.19 ± 0.27 3.22 ± 0.30 3.04 ± 0.45 ns * * ns 

CSI 5.97 ± 0.46a 4.03 ± 0.48b 5.09 ± 0.26ab 5.48 ± 0.40a *** ** *** ns 

Colour score 3.40 ± 0.16 3.56 ± 0.18 3.30 ± 0.15 3.60 ± 0.16 ns ns ns ns 

EE, % 2.36 ± 0.226 1.84 ± 0.065 1.92 ± 0.217 2.00 ± 0.217 ns ** ns ns 

CL, % 30.90 ± 0.72 27.89 ± 0.87 29.41 ± 1.03 29.29 ± 0.97 ns ns ns ns 
TBARS d 0, mg 
MDAkg-1 0.569 ± 0.075 0.547 ± 0.080 0.631 ± 0.075 0.584 ± 0.086 ns ns ns ns 

TBARS d 3, mg 
MDAkg-1 0.683 ± 0.136 0.617 ± 0.146 0.691 ± 0.136 0.591 ± 0.158 ns ns ns ns 

 
Treat= treatment; GP= grape pomace. 
abc Means in rows with different superscripts are significantly different by protected t test (P<0.10). 
ns: Not significant (P>0.10), *P<0.10, **P<0.05, ***P<0.01. 
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CONCLUSION

Dietary supplementation with grape 
pomace improved meat color by increasing redness 
and colour saturation. Despite the increase in the 
content of PUFA in body fat of pigs fed with the 
oil blend it was not possible to prove protective 
effect of including grape pomace in the diet on 
lipid oxidation as measured by TBARS production, 
but the increased redness of the pork suggested a 
possible antioxidant effect of grape pomace.

BIOTHICS   AND   BIOSSECURITY   
COMMITTEE   APPROVAL

This study was approved by the Ethics 
Committee on Animal Use in Research (CEUA/CNPSA), 
protocol n. 004/2009, in accordance to the ethical 
principles established by the Brazilian College of Animal 
Experimentation.
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