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INTRODUCTION 

 

Wine grapes (Vitis vinifera) are one of the most cultivated fruits in the world with 

an approximate yearly production of 77 million metric tons. After processing 

grapes for standard products such as wine or juice, by-products like skins and 
seeds are left in form of pomace. Grape pomace represents about 20% of fruit 

weight. Due to this large volume of produced residues economic and ecological 

problems occur. It is anticipated that any useful application of these by-products 
would keep the environmental balance and economic evaluation of the raw 

material could be considered (Ebrahimzadeh et al., 2018). 

Their revalorization, in a form of nutritious additive in chicken feed, could 
provide an environmentally tenable as well as a budget option to current methods 

of disposal. This improvement of feed can possibly increase nutrition security, 

furthermore, being beneficial for the health of consumers of poultry meat and 
products. Grape pomace is indeed a rich source of phenolics with significant 

antimicrobial and antioxidants properties, as well as pigments that may have a 

positive impact on the color and shelf stability of poultry meat (Aditya et al., 

2018). 

Authors Xia et al. (2010) reviewed the amount of certain phenolic compounds in 

different parts of grape. Grape skins are proven to be abundant sources of 
anthocyanins, hydroxycinnamic acids, flavanols, and flavonol glycosides. On the 

other hand, grape seeds contain mainly gallic acid and flavanols. McCalluma et 

al. (2007) had separated thirty-seven anthocyanins from grape skin of Concord 
cultivar. Among identified grape pomace anthocyanins, five were 3‐O‐

monoglucosides of delphinidin, cyaniding, petunidin, peonidin, and mavidin; 

another five of them are the acetylglucosides of the five anthocyandins. 

Predominant anthocyanin was found to be malvidin 3‐O‐glucoside. Grape seeds 

contain a considerable amount of monomeric phenolic compounds, such as (+)‐

catechins, (−)‐epicatechin and (−)‐epicatechin‐3‐Ogallate, and dimeric, trimeric, 
and tetrameric procyanidins. The content anthocyanin can be significantly 

affected by the type of wine vinification and contact time, thus the content of 

anthocyanin may be lowered with longer contact time, the lower the anthocyanin 
content remains in the pomace (Gómez‐Plaza et al., 2006). Grape skins and 

seeds are rich sources of flavonoids including monomeric phenolic compounds, 

such as (+)-catechins, (−)-epicatechin, and (−)-epicatechin-3-O-gallate and 
dimeric, trimeric, and tetrameric procyanidins. Studies have shown flavonoids 

have the ability of being efficient antioxidants given being able to neutralize free 

radicals and terminating oxidative reactions (González-Paramás et al., 2004). 
Polyphenols of grape pomace can be significantly useful in preventing a damage 

caused by an oxidation process in biological molecules. This could positively 

improve grow performance and meat quality of broiler chickens. Furthermore, as 
it was reported, grape pomace has an ability to increase levels of glutathione and 

catalase which enhance the immune function of an organism. Regarding meat 

stability, the addition of grape pomace into the chicken diet has been reported to 
delay lipid oxidation in meat, and therefore prolonging the shelf life of chicken 

meat and products (Chamorro et al., 2015). 

Chicken meat and products are popular with customers all around the world. 
Chicken meat has many favorable nutritional characteristics such as low lipid 

contents and a relatively high concentration of polyunsaturated fatty acids. Also, 

fatty acids profile could be further enhanced by strategies targeted to the diet of 
reared animals (Bourre, 2005). However, relatively high content of 

polyunsaturated fatty acids makes chicken meat considerably susceptible to a 

deterioration caused by oxidation processes. A dietary manipulation, represented 
by the increasing the unsaturation degree of the membranes in muscle, increases 

the susceptibility of chicken meat to the damage caused by the oxidation, which 

can take place during storage, but as a consequence, nutritional value or flavor 
may decrease (Enberg et al., 1996). Mostly the addition of α-tocopheryl acetate, 

which was added to the diet of observed poultry specie, was responsible for the 

oxidative stability of the meat. The oxidative stability of poultry meat depends 
mostly on the. This, however, presents several drawbacks which mainly include 

its synthetic origins and low bio efficiency (Allard et al., 1997). 

Reports, previously stated by Goñi et al. (2007), Brenes et al. (2008), suggest 

that the increase of antioxidant capacity in breast and tight meat of broiler 

chickens can be caused by the intake of grape pomace. Those increases were very 

similar to groups with added vitamin E in their diets. Furthermore, it was 
observed that grape seeds extract, and other plant extracts had an antioxidative 

effect on chicken meat in the work of Mitsumoto et al. (2005). 

 

 

 

 

 

Grape pomace is a by-product of grape processing and represents a major waste issue. One of the possible methods of revalorization of 

this agriculture waste is to incorporate red grape pomace into the feed mixture of poultry e.g. broiler chickens. The rich content of 

polyphenols in red grape pomace is reported to have a positive protective effect against lipid oxidation in several types of meat and 

products. In our study, we incorporate red grape pomace into the diet of observed Ross 308 broiler chickens. Tested chickens were 

divided into 4 groups. One control group without any addition of pomace, and another three groups with the addition of 1, 2, and 3 %. 

After 42 days chickens were slaughtered and tested. To evaluate the process of lipid oxidation we used measurement of malonaldehyde 

(MDA) presented in samples of breast and thigh meat. MDA measurement was carried out on the 1st, 3rd, and 5th day of meat storage 

at 4 °C. However, our study did not prove any significant difference among the control group without red grape pomace and the other 

three experimental groups. We can see a slight decrease in MDA created during the storage process but not with statistically provable 

results. The repetition of the experiment with some adjustment is highly anticipated. 
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MATERIAL AND METHODS 

 

Animals and diet 

 
Our experiment is subsequent work on experiment of authors Haščík et al. 

(2020), therefore we used same feeding mixture as original authors. Experiment 

was carried out using broiler chickens, hybrid Ross 308 of random mixed sex. 
Four observation groups were created, each group consisting of 50 animals. 

Control group, without any grape pomace addition. Experimental chicken groups 

were fed a complete feed mixture with various grape pomace content. E1 group 
(1% addition), E2 group (2% addition) and E3 group (3% addition). Broilers 

were subjected to a two-phase feeding program, starter HYD-01 (1 –21 d), and 
grower HYD-02 (22 – 42 d) diets. The compositions of basal diets are presented 

in Table 1. Both starter and grower mixture were prepared by Biofeed, Inc. 

(Kolárovo, Slovak Republic). 
 

Slaughter and fat measurement 

 

After forty-two days of age, 10 chicken were selected (5 ♂ and 5 ♀) from each of 

the experimental groups, as well as from the control group. They were chosen 

based on their average weight and subsequently slaughtered at the experimental 
slaughterhouse of the Department of Technology and Quality of Animal Products 

(SUA, Nitra). 

Fat measurement in samples was carried using INFRATEC 1265 device 
(Germany) (g.100 g-1). 

 

Grape pomace 

 

For the purposes of the experiment grape pomace of Alibernet variety. Nutrient 

composition was the same as in primary experiment of authors Haščík et al. 
(2020).  

 

MDA measurement 

 

Measurement of MDA was carried out on the 1st, 3rd, and 5th days of storage at 

4 °C. 
For the purpose of analysis, we used 1.5 g of a tissue sample. To sample was 

added 1 ml of EDTA, 5 ml of 0.8 % butylated hydroxytoluene solution (BHT) 

and mixed gently. Subsequently, we added 8 ml of 5 % trichloroacetic acid 
solution (TCA) and homogenized sample for 30 seconds at 10000 rpm (IKA T 18 

digital ULTRA-TURRAX®, Germany). Next, the sample was left to chill for 10 

minutes and then centrifuged for 5 minutes at 3,500g at temperature 4 °C (Hettich 

Universal 320, Germany). The top hexane layer was separated from the sample 
and discarded. The rest of the sample was filtrated (Whatman 4) into the 10 ml 

volumetric bank and refill with the volume by 5 % TCA solution. 4 ml of the 

prepared sample was mixed with 1 ml 2-thiobarbituric acid (TBA), incubated in a 
water bath with temperature 70 °C for 90 minutes and left to cool down to room 

temperature for 45 minutes. After that, the absorbance of the sample was 

measured using UV-spectrophotometry at a wavelength of 532 nm (Jenway 7305, 
UK). Final results were calculated using a calibration curve and expressed as the 

quantity of malondialdehyde (MDA) (mg) present in 1 kg of sample. 

 

Statistical analysis 

 
To compare individual groups, we used single factor ANOVA analysis. Level of 

significance for test was set to α = 0,05. To carry out statistical analysis program 

SAS (version 9.3, SAS Institute Inc., USA, 2008). 
 

RESULTS AND DISCUSSION 

 
The experiment of feeding broilers Ross 308 with red grape pomace (Alibernet 

variety) was aiming to evaluate oxidative stress in meat samples. This was 

expressed as the amount of malondialdehyde (MDA) measured in breast and 
thigh meat on the 1st, 3rd, and 5th day of storage. Subsequently, we compare our 

results with statistical analysis. 

Lipid oxidation is the major challenge that processors of meat and poultry are 
facing. Oxidation of molecules is characterized by the loss of one or more 

electrons, generally through the removal of hydrogen atoms, and often results in 

the addition of molecular oxygen (Papuc et al., 2017). Products with high-fat 
content, such as processed meat products, are more susceptible to oxidative chain 

reactions, which can result in undesirable odors and flavors, as well as nutrients 

loss (Hygreeva et al., 2014). 
Malondialdehyde (MDA) is a relatively stable secondary product of the oxidative 

degradation of polyunsaturated fatty acids (PUFAs). It is a three-carbon 

dialdehyde that can exist in various forms depending on the pH value (Lima et 

al., 2013). MDA is very important for industry and scientific research since it can 

be used for determination of lipids peroxidation through the TBARS test 

(Thiobarbituric Acid Reactive Substances), the most widely used assay to assess 
the effects of lipid oxidation on meat and meat products (Min & Ahn, 2005 ). 

Chicken meat generally contains a small amount of fat tissue. Nonetheless, that 

does not mean that chicken meat is not affected by changes caused by lipid 
oxidation. The presence of such processes is clearly visible by increasing the 

amount of malondialdehyde (MDA) during the observation period. 

 

 

Table 1 MDA values in chicken breast meat 

Parameter Day Sex C E1 E2 E3 p-value 

MDA 

Day 1 
Male 0.042 ± 0.013 0.055 ± 0.009 0.050 ± 0.013 0.044 ± 0.024 0.842 

Female 0.061 ± 0.013 0.075 ± 0.044 0.040 ± 0.025 0.045 ± 0.023 0.628 

Day 3 
Male 0.183 ± 0.013 0.199 ± 0.010 0.180 ± 0.036 0.188 ± 0.035 0.890 

Female 0.186 ± 0.014 0.179 ± 0.008 0.172 ± 0.018 0.173 ± 0.011 0.724 

Day 5 
Male 0.210 ± 0.007 0.209 ± 0.008 0.204 ± 0.010 0.208 ± 0.014 0.944 

Female 0.214 ± 0.009 0.206 ± 0.019 0.210 ± 0.012 0.203 ± 0.007 0.811 

Notes: Values shown as mean ± SD; C = control group; E1, E2, E3 = experimental groups 

 

Table 2 MDA values in chicken thigh meat 

Parameter Day Sex C E1 E2 E3 p-value 

MDA 

Day 1 
Male 0.055 ± 0.016 0.075 ± 0.012 0.062 ± 0.005 0.083 ± 0.011 0.147 

Female 0.060 ± 0.023 0.048 ± 0.012 0.077 ± 0.033 0.073 ± 0.021 0.617 

Day 3 
Male 0.189 ± 0.023 0.185 ± 0.020 0.234 ± 0.028 0.174 ± 0.015 0.103 

Female 0.198 ± 0.011 0.203 ± 0.022 0.206 ± 0.023 0.204 ± 0.004 0.978 

Day 5 
Male 0.230 ± 0.020 0.226 ± 0.007 0.236 ± 0.012 0.228 ± 0.019 0.923 

Female 0.247 ± 0.042 0.246 ± 0.014 0.269 ± 0.023 0.231 ± 0.007 0.530 

Notes: Values shown as mean ± SD; C = control group; E1, E2, E3 = experimental groups 
 

In fact, chicken breast meat contains less fat than meat from thighs, and female 

chicken has more fat tissue than male roosters. Both of these facts were also 
proven in our study by the highest volumes of MDA in female chicken thigh 

meat. On the first day levels of malondialdehyde in all samples was fairly even in 

all studied group as well as in breast compared to thigs. During the storage 
period, however, a visible increase of created MDA had occurred in thigh meat, 

especially in female individuals. 

Results of the study of Brenes et al. (2008) proves that dietary grape pomace 
concentrate at 30 and 60 g.kg-1 and vitamin E can delay lipid oxidation at 1st, 4th, 

and 7th day in breast meat. Similarly, Goñi et al. (2007) reported that dietary GP 

supplementation at the level of 15 and 30 g.kg-1 was effective in delaying lipid 
oxidation compared with 200 mg. kg-1 α-tocopheryl acetate diet in the breast (4th 

and 7th day of storage) and thigh meat (7th day of storage). The greater 

efficiency in preventing lipid peroxidation in breast meat compared with thigh 
meat by dietary grape pomace could be justified by the greater susceptibility of 

thigh meat to oxidation attributed to the higher absolute content of 

polyunsaturated fatty acids and a large number of prooxidative agents originating 
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from myoglobin and other Fe-containing proteins in thigh muscle tissues 
compared with breast muscle tissues. 

The protective effect of dietary grape pomace against lipid oxidation however 

was not proven in our study. Levels of malonaldehyde measured in samples of all 
experimental groups and the control group were very similar. When compared, 

not a single juxtaposition resulted in statistically significant changes at α set to 

0,05. On the other hand, we did not observe any negative effects as well. 
Also, studies Brenes et al. (2008), Haščík et al. (2020), states that the inclusion 

of red grape pomace up to 60 g.kg-1 did not impair the performance, digestive 

organ sizes, and protein digestibility. 
 

CONCLUSION 

 

Our study focused on oxidation stability could not confirm an improvement of 

groups fed with the addition of red grape pomace compared to the control group. 
However, no negative effects were observed. Therefore, the addition of grape 

pomace to diet of chicken still may be an interesting option for utilization of hard 

to dispose agriculture waste. Further research in this direction is however 
strongly recommended. For the future references, quantity of pomace can be 

altered, or white grape pomace can be utilized. 
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