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ABSTRACT 

Five studies were designed to investigate the potential use grape pomace (GP), grape 

seeds (GS) and grape skins (SS), the major residues from wine-making industry and a 

good sources of polyphenols, as a cheaper but functionally equivalent product, with 

antioxidant activity, that could partially replace vitamin E in broiler chickens diet and 

be able to improve poultry performance and welfare, besides to warrant high-quality, 

safe and functional meat products. The studies were carried out at the Department of 

Metabolism and Nutrition  and Department of Products of the Institute of Food 

Science, Technology and Nutrition (ICTAN-CSIC) of Madrid. 

The first studies assessed the effect of dietary GS (15 and 30 g/kg), SS (110 g/kg) and 

GP (37.5 g/kg) and α-tocopheryl acetate (200 mg/kg) inclusion on performance, ileal 

and excreta content of total polyphenols and tannins, ileal digestibility of protein and 

ileal and excreta polyphenols digestibility in one hundred and eighty 21-day-old 

broiler chickens. In addition, plasma and meat α-tocopherol concentration and meat 

lipid oxidation during refrigerated storage (at 1d and 7d) were evaluated. SS diet 

reduced daily weight gain (P<0.01) and feed conversion ratio (P<0.001). α-T diet had 

no effect on ileal and excreta polyphenols content while significantly higher values 

were observed in GS, SS and GP groups, compared to the control birds. GS, SS and 

GP diets increased ileal tannins content, with no effect on excreta content. Protein 

digestibility significantly decreased in birds fed SS diets. Ileal polyphenols 

digestibility statistically increased in GS, SS and GP groups, while no differences were 

observed for excreta digestibility. Plasma α-tocopherol increased significantly in birds 

fed α-T, SS and GP diets, while γ- tocopherol only in birds fed GP diets. Meat α and 

γ- tocopherol levels were statistically higher in birds fed α-T diet at 1 and 7 days of 

storage, compared to the other groups. GP and α-T improved the stability of meat to 

lipid oxidation by reducing MDA values after 1 day and 7 days of storage.  

The second study aimed to investigate the effect of dietary fermented (FS) and 

unfermented (UFS) grape skin at different doses (30 g/Kg, FS30 and UFS30, and 60 

g/kg, FS60 and UFS60) and of α-tocopheryl acetate (200 mg/kg) in one hundred and 

fifty 21-day-old broilers. The same parameters of the previous experiment and 

intestinal microflora were assessed, except for plasma and meat vitamin E 

concentrations.  
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FS60 and UFS60 negatively affected growth performance and UFS60 significantly 

decreased protein digestibility. UFS increased ileal and excreta polyphenols content; 

whereas ileal and excreta tannins content increased in all experimental groups. UFS30 

diet statistically increased ileal polyphenols digestibility, while both FS and UFS diets 

significantly increased the excreta digestibility with higher values in birds fed UFS in 

comparison to those fed FS. Intestinal microflora was not affected by dietary treatment. 

Dietary FS and UFS grape skin were not effective as vitamin E in delaying meat lipid 

oxidation. 

The third study investigated the effect of dietary GS (40 g/kg), SS (40 g/kg) and GP 

(40 g/kg), different combination of GS and SS (20 g/kg GS and 20 g/kg SS; 30 g/kg 

GS and 10 g/kg SS; 10 g/kg GS and 30 g/kg SS) and α-tocopheryl acetate (200 mg/kg) 

on the same parameters evaluated in the first experiment, in addition to plasma reactive 

oxygen metabolites (ROMs). Performance parameters were not affected by dietary 

treatments. GS, SS and GP diets increased intestinal polyphenols and tannins content. 

GS and SS combinations decreased ileal proteins digestibility and had no effect on 

polyphenols digestibility, unlike the other groups. Excreta polyphenols digestibility 

was statistically higher in all treated groups, compared to the control and vitamin E 

groups. Plasma α-tocopherol was higher in birds fed α-T, SS and GP, compared to the 

control ones. GS, SS and GP diets increased plasma ROMs values and meat oxidative 

stability was improved only in the α-T group.  

The fourth study was a continuation of the previous one (third study) and investigated 

the effect of dietary GS (40 g/kg), SS (40 g/kg) GP (40 g/ kg) and α-tocopheryl acetate 

(200 mg/kg) on lipid peroxidation levels (TBARS), antimicrobial capacity and 

physico-chemical characteristic of chicken breast meat patties during refrigerate 

storage (4°C) during 0, 3, 6 and 9 days. In general, the compositions of the raw meat 

was similar among groups. The lowest levels of polyphenols were observed in the PE 

(Control+vitamin E), PSS (Control+Grape skin 4%) and PGP (Control+Grape pomace 

4%) patties. Polyphenols levels statistically increased during chilled storage in all 

samples until day 6. Increased polyphenols content was also observed in cooked 

patties. PE and PSS patties showed the lowest levels of LAB (lactic acid bacteria). 

Lower significant TBARS values were detected in PE, PSS and PGP patties. No clear 
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effect was observed for the color and textural characteristics and the products were 

acceptable for the panelists.  

The last experiment investigated the effect of GS (2%) and SS (2%) direct addition on 

physico-chemical and sensorial properties of chicken thigh patties during refrigerated 

storage (4°C). GS and SS addition decreased pH values and reduced lightness, 

yellowness and redness values, compared with the control sample. Moreover, reduced 

TBARS levels were observed in relation with the higher total phenolic content also 

found in cooked patties. The GS and SS patties acceptability was not negatively 

affected. The use of grape by-products in the development of meat products could have 

positive effects in the human body and open interesting possibilities in the 

development of more healthy foods. 
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RIASSUNTO 

Sono stati disegnati cinque studi per investigare il potenziale utilizzo di vinacce (GP), 

semi (GS) e buccie (SS) di uva, i principali residui derivanti dall’industira di 

vinificazione e ottima fonte di polifenoli, come un prodotto più economico ed 

equivalente, con attività antiossidante, che possa sostituire parzialmente la vitamina E 

come integratore del mangime di polli broiler e che sia capace, allo stesso tempo, di 

migliorarne le performace ed il benessere, oltre a garantire prodotti salubri e salutari. 

Gli esperimenti sono stati condotti presso il Dipartimento di Metabolismo e Nutrizione 

ed il Dipartimento di Prodotti dell’Istituto di Scienze Alimentari, Tecnologia e 

Nutrizione (ICTAN-CSIC) di Madrid. 

Il primo esperimento ha come obiettivo quello di valutare l’effetto dell’integrazione 

alimentare di GS (15 and 30 g/kg), SS (110 g/kg) e GP (37.5 g/kg) e α-tocoferil acetato 

(200 mg/kg) sulle performance, il contenuto ileale e fecale di polifenoli e tannini, sulla 

digeribilità delle proteine, sulla digeribilità ileale e fecale dei polifenoli in cento ottanta 

polli broiler allevati fino a 21 giorni di età. Inoltre, sono stati valutati il contenuto di 

vitamina E in plasma e carne e l’ossidazione lipidica della carne conservata in 

refrigerazione (1d e 7d). La dieta SS ha ridotto l’incremento di peso giornaliero 

(P<0.01) e l’indice di conversione alimentare. La dieta integrata con vitamina E non 

ha avuto effetto sul contenuto ileale e fecale di polifenoli, mentre nei gruppo GS, SS e 

GP si sono osservati valori più alti, rispetto al gruppo controllo. Le diete integrate con 

GS, SS e GP hanno aumentato il contenuto ileale di tannini, senza alcun effetto, invece, 

su quello fecale. La digeribilità delle proteine è diminuita significativamente nei polli 

del gruppo SS. La digeribilità ileale dei polifenoli è statisticamente aumentata nei 

gruppi GS, SS e GP, mentre non si sono osservate differenze nella digeribilità fecale. 

L’ α-tocoferolo plasmatico è stato significativamente maggiore nei polli alimentati con 

le diete α-T, SS e GP, mentre il γ- tocoferolo nei polli del gruppo GP. 

Nella carne i livelli di α- e γ- tocoferolo sono aumentati statisticamente nei polli 

alimentati con vitamina E, sia ad 1d che a 7d di conservazione, rispetto al gruppo 

controllo. Le diete integrate con GP e vitamina E hanno miglioramento la stabilità 

ossidativa della carne riducendo i valori di MDA dopo 1d e 7d di conservazione. 

Il secondo esperimento ha avuto come obiettivo quello di studiare l’effetto 

dell’integrazione alimentare con bucce di uva da vinificazione in rosso (FS) e da 
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vinificazione in bianco (UFS) a diverse concentrazioni (30 g/Kg, FS30 and UFS30, 

and 60 g/kg, FS60 and UFS60) e della vitamina E (200 mg/kg) in centocinquanta polli 

broiler allevati fini a 21 giorni di età. Sono stati valutati gli effetti sugli stessi parametri 

del precedente esperimento, in aggiunta alla microflora intestinale e fatta eccezione 

per la concentrazione della vitamina E plasmatica e della carne. 

Le diete FS60 e UFS60 hanno influenzato negativamente le prestazioni dei polli e 

UFS60 ha provocato una diminuzione della digeribilità delle proteine. La dieta 

integrata con UFS ha aumentato il contenuto ileale e fecale di polifenoli, mentre il 

contenuto di tannini ileale e fecale è aumentato in tutti i gruppi sperimentali. La dieta 

UFS30 ha aumentato statisticamente la digeribilità ileale dei polifenoli, mentre sia la 

dieta integrata con FS che con UFS ha aumentato significativamente la digeribilità 

fecale dei polifenoli, con valori più alti nei polli alimentati con UFS rispetto a quelli 

alimentati con FS. La microflora intestinale non è stata influenzata dal trattamento 

alimentare. L’integrazione alimentare dei polli broiler con FS e UFS non è stata 

efficace come la vitamina E nel ridurre l’ossidazione lipidica della carne. 

Il terzo studio ha valutato l’effetto dell’integrazione alimentare con GS (40 g/kg), SS 

(40 g/kg) e GP (40 g/kg), diverse combinazioni di GS e SS (20 g/kg GS e 20 g/kg SS; 

30 g/kg GS e 10 g/kg SS; 10 g/kg GS e 30 g/kg SS) e α-tocoferil acetato (200 mg/kg) 

sugli stessi parametri valutati anche nel primo esperimento, oltre i metaboliti reattivi 

dell’ossigeno (ROMs). Le prestazioni produttive dei polli non sono state influenzate 

negativamente dal trattamento alimentare. Le diete integrate con GS, SS e GP hanno 

aumentato il contenuto ileale e fecale di polifenoli e tannini. Le diverse combinazioni 

di GS e SS hanno diminuito la digeribilità ileale delle proteine e non hanno avuto 

effetto sulla digeribilità dei polifenoli, diversamente dagli altri gruppi sperimentali. La 

digeribilità fecale dei polifenoli è stata statisticamente più alta in tutti i gruppi 

sperimentali, rispetto si gruppi controllo e alimentato con vitamina E. L’ α-tocoferolo 

plasmatico è stato più alto nei gruppi alimentati con α-T, SS e GP, rispetto a quello 

controllo. Le diete GS, SS e GP hanno aumentato i ROMs del plasma, mentre la 

stabilità ossidativa della carne è aumentato solo nel gruppo α-T. 

Il quarto esperimento è stata una continuazione del precedente (III esperimento) ed ha 

valutato l’effetto dell’integrazione alimentare con GS (40 g/kg), SS (40 g/kg) e GP (40 

g/kg), e α-tocoferil acetato (200 mg/kg) sulla perossidazione lipidica, la capacità 
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antimicrobica e sulle caratteristiche fisico-chimiche di polpette formulate con la carne 

del petto di tali polli a 0, 3, 6 e 9 giorni di conservazione a 4°C. in generale, la 

composizione della carne non ha mostrato differenze tra i gruppi. I più bassi livelli di 

polifenoli sono stati osservati nei campioni PE (Controllo+vitamin E), PSS 

(Controllo+GS 4%) and PGP (Controllo+GP 4%). 

Il contenuto di polifenoli è aumentato durante la conservazione fino al giorno 6. Alti 

valori di polifenoli sono stati rilevati anche nelle polpette dopo cottura. Le polpette PE 

e PSS hanno mostrato il più bassi valori di batteri acido-lattici (LAB). Valori più bassi 

di TBARS sono stati osservati nelle polpette PE, PSS e PGP. Non si è evidenziato un 

chiaro effetto per il colore e la tessitura, ed i prodotti sono risultati accettabili per 

panellisti durante la prova sensoriale.  

L’ultimo esperimento ha valutato l’effetto dell’aggiunta diretta del 2% di GS e 2% di 

SS sulle caratteristiche fisico-chimiche e sulle caratteristiche sensoriali di polpette di 

carne di coscie di pollo, durante conservazione a 4°C. Si è osservata una diminuzione 

dei valori di pH, lucentezza, giallo e rosso nei campioni GS e SS, rispetto al controllo. 

Sono stati registrati valori più bassi di TBARS nei campioni trattati, rispetto al 

controllo, legati al più alto contenuto di polifenoli, mantenutosi anche dopo la cottura 

delle polpette. L’accettabilità delle polpette GS e SS non è stata influenzata 

negativamente.  

L’utilizzo dei sottoprodotti dell’uva in prodotti carnei potrebbe avere effetti positivi 

nell’uomo ed aprire interessanti possibilità nello sviluppo di cibi più salutari. 
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CHAPTER 1  

GENERAL INTRODUCTION 
 

Worldwide, production of poultry meat and eggs and global consumption of 

poultry products, especially poultry meat, have increased consistently over the years, 

and this trend is expected to continue. In all European countries, broiler meat is one of 

the most important types of meat within poultry meat, and Italy and Spain are among 

the main producers (EUROSTAT 2014). Chicken meat and product have many 

desirable nutritional characteristics such as low lipid contents and relatively high 

concentrations of polyunsaturated fatty acids (Bourre, 2005). In addition, poultry meat 

is relatively cheap compared to other meats and the consumer preference in food 

preparations are also in favor of poultry meat.  

It is predicted that most increases in poultry production during the next two 

decades will occur in developing countries, where rapid economic growth, 

urbanization and higher household incomes will increase the demand for animal 

proteins. This growth in poultry production is having a profound effect on the demand 

for feed and raw materials.  

Feeding cost represents the major part of total cost in poultry production, and 

the availability of low-priced, high-quality feeds is critical if poultry production is to 

remain competitive and continue to grow to meet the demand for animal protein. 

Minimizing the feed cost provide a compelling reason for exploring the usefulness of 

locally available, alternative and untraditional cheaper feed ingredients in feed 

formulations or improving the utilization of common feeds by using some additives. 

Attention, therefore, should be drawn towards the use of some local by-products, as 

winery by-products, that could be used as possible optional feed ingredients for poultry 

and could represent a novel feeding strategy. 

A majority of these wastes are valuable to the pharmaceutical industry as they 

contain polyphenols and antioxidants that can be extracted and sold as supplements. 

However, when these wastes cannot be sold, a consistent method for their disposal 

needs to be developed. The treatment and disposal of these materials usually represent 

a serious environmental problem, due to a high pollution load (high content of organic 

substances such as sugars, tannins, polyphenols, polyalcohols, pectins and lipids) that 
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could cause detrimental effects on the flora and fauna of discharged zones (Louli et 

al., 2004; Schieber et al., 2001). Moreover, plant waste is prone to microbial spoilage; 

therefore, drying is necessary before further exploitation. The cost of drying, storage, 

and transport possess economical limitations to waste utilization. Therefore, agro-

industrial waste is often utilized as fertilizer. Ideally, these by-products would be 

composted on-site and used as fertilizer for grape growing; unfortunately, this requires 

a large amount of organic matter and space for anaerobic composting, not readily 

available at most vineyards. As such, wine making wastes such as compressed pomace 

are commonly provided to feedlots so that they can be mixed with feces as an activator 

and composted to reduce the dry matter and adjust the nitrogen, phosphorus and 

potassium contents (Ferrer et al., 2001). However, not all products have the appropriate 

pH and dry matter required for anaerobic composting, such as wine lees. As an 

alternative form of disposal, they can be used as animal feeds (Nerantzis and 

Tartaridis, 2006; Arvanitoyannis et al., 2006).  

The exploitation of grape by-products as a source of value-added products may 

be cost-effective and could represent an interesting advance in the maintenance of the 

environmental equilibrium besides an economic revaluation of the waste raw 

materials, therefore merits an investigation (Makris et al., 2007). 

Throughout the years, poultry breeding and feeding systems have been strongly 

influenced by consumer’s priorities and the poultry industry has changed and adapted 

to meet the consumer demands of meat products. Nowadays, the idea and interest in 

finding and using natural products like grape by-products as an alternative to synthetic 

substances in animal diets is also supported by the growing concerns about public 

health risks that have heightened consumer awareness on food safety issues, after 

incidents involving microbiological contamination (such as Salmonella), bovine 

spongiform encephalopathy (BSE), chemical residues in food (such as dioxins) and 

the possible consequences of technological interventions (such as genetically modified 

organisms). Moreover, in recent years, consumers have shown a growing need to have 

safer and even healthier food products obtained without using of antibiotics or 

synthetic chemicals and that contain bioactive or functional components which will 

give additional benefits to their health status (Cofrades et al., 2008), since they are 
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suitable vehicles for the human beings to carry and deliver the essential nutrients that 

may improve their wellbeing (Zhang et al., 2010).  

The growing demand for food products with an appropriate content and profile 

of unsaturated fatty acids (UFA) is a trend that is currently influencing the production 

of poultry meat (Narciso-Gaytàn et al., 2010). In fact, the poultry industry is 

continuously focused on the development of food products with a modified fatty acid 

(FA) profile, searching  larger n-3 FA content. Meat and eggs rich in n-3 

polyunsaturated fatty acids (PUFA) are of interest because of their benefits for 

cardiovascular related effects (i.e. lowering triacylglycerol and cholesterol levels), 

inflammatory diseases, behavioral disorders, and mental issues (Hargis and Van 

Elswyk, 1993; Lands, 2003; Ruxton et al., 2007; Shahidi and Miraliakbari, 2005). For 

this reason, animal nutrition is currently evolving toward n-3 PUFA-enriched diets to 

improve animal fat healthfulness (Bourre, 2005) as well as the  nutritional quality of 

lipids in animal products. However, this nutritional strategy also enhances the 

susceptibility to the lipoperoxidation of the meat because PUFA are highly susceptible 

to peroxidation. Lipid oxidation can have negative effects on the quality of meat and 

meat products causing changes in sensory attributes (color, texture, odor, and flavor) 

and nutritional quality that are highly value by consumers when selecting their 

purchase (Henchion et al., 2014; Rijswijk and Frewer, 2008; Troy and Kerry, 2010). 

In addition, lipid oxidation products have harmful biological effects and some have 

been related to the etiology of various neurodegenerative and cardiovascular diseases 

as well as different types of cancer (Cohn, 2002; Esterbauer et al., 1991; Esterbauer, 

1993; Schroepfer, 2002). Thus, it is important to not only improve the nutritional value 

of foods but also to minimize lipid oxidation to provide healthy food products. 

Therefore, an increase in n-3 PUFA intake should be accompanied by diet 

supplementation with antioxidants.  

Alpha-tocopheryl acetate, the synthetic form of α-tocopherol (vitamin E) is the most 

commonly used antioxidant in animal nutrition and the oxidative stability of poultry 

meat may be improved by its dietary addition (Avila-Ramos et al., 2012; Carreras et 

al., 2004). In the feed industry much higher levels of vitamin E (5 to10 times the 

National Research Council (NRC)-recommended amount; Leeson et al, 2007) are 

typically added in animal diets to achieve optimized growth performance, 
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reproduction, and meat quality (Kennedy et al., 1992; Coetzee and Hoffman, 2001; 

Xiao et al., 2011). Increased prices of vitamin E, which have resulted from the rising 

cost of raw materials and energy in recent years and the potential environmental impact 

related to its manufacturing and the growing demand for this functional antioxidant in 

the feed industry (Feedinfo News Service, 2008, 2009), ensure the necessity of 

research on cheaper but functionally equivalent products to replace vitamin E. In 

addition, the bioefficiency of this vitamin is limited when PUFA intake is increased 

(Allard et al., 1997) and added at high doses, α-tocopherol would be catabolized or 

excreted in feces and urine (Aurousseau, 2002) and not retained in tissues. On the basis 

of these observations, and considering the potential antioxidant prooxidant action of 

vitamin E (Mukai et al., 1993) besides its nonhomogeneous distribution between 

tissues, there is an increasing interest to improve the endogenous protection against 

negative effects of reactive oxygen species, especially in young animals, by 

supplementing various phytogenic antioxidant preparations containing among others 

flavonoids (Frank et al., 2006; Gobert et al., 2009) that are also readily accepted by 

both consumers and health authorities (Pokorný, 2007). 

By-products obtained from the wine industry, in particular, can be a source of 

new value added products such as phenolic antioxidant supplements or ingredients for 

food processing. Using such dietary supplements as antioxidant systems in meat may 

also enable meat products to become vehicles of bioactive substances as delivering 

antioxidants (Grashorn, 2007) and plant bioactive compounds (Wallace et al., 2010) 

with favorable effects on human health, which can be consequently considered as 

"functional food”. Therefore, feeding animals with novel diets, particularly ones that 

provide potential benefits to both the animal and consumer, is one way to create 

product differentiation in the meat marketplace.  

Antioxidants may be added not only to the feed for the purpose of decreasing 

autoxidation in the meat of the animal, but also during the manufacturing process of 

the meat product. Adding antioxidants to the feed have the distinct advantage that they 

can be more evenly distributed in the meat, whereas addition after harvest requires the 

disruption of the meat matrix, i.e. it is only possible to add them to a manufactured 

product.  
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For more than 50 years, food industries have used several synthetic 

antioxidants, such as ethylenediaminetetraacetic acid (EDTA), butylated hydroxyl 

anisole (BHA), butylated hydroxytoluene (BHT), tertiary butyl hydroquinone (TBHQ) 

and propyl gallate, and combination of these with citric acid and alpha tocopherol and 

ascorbyl palmitate to control discoloration and prevent/delay lipid oxidation in 

restructured meat products (Boling et al., 1990; Chastain et al., 1982). Because their 

antioxidant activity in meat products is well established, the synthetic antioxidants are 

also commonly used as comparators or controls in studies investigating the antioxidant 

activity of spices, herbs, and plant extracts. These products are effective and generally 

inexpensive compared to natural products, however consumers are concerned that 

these chemicals can be harmful to health due to their suspected toxic properties 

(Madhavi and Salunkhe, 1995). This has led to the demand and commercialization of 

“natural food ingredients” of plant origin containing many bioactive compounds with 

potential health beneficial properties (Ayo et al., 2007; Cofrades et al., 2008; Rojas 

and Brewer, 2008).  

Other two main targets in poultry production are the high growth rate and feed 

efficiency. In this sense, the gut is a pivotal organ system which mediates nutrient 

uptake and use by the animals hence, a well-functioning and healthy gut is the 

cornerstone of the optimum performances of the birds. The importance of intestinal 

microbiota for the performance of broiler chicken has been the focus of studies for 

decades and is clear that the balance of intestinal microbiota is important to promote 

the healthy gut and maximum growth performance of chickens (Kabir, 2009). During 

the last 50 years the use of antibiotics as growth promoters in poultry feed has been 

practiced worldwide (Yegani and Korver, 2008). This application has been 

acknowledged to improve feed efficiency and growth, because antibiotics may reduce 

the microbial load in the gut leading to more nutrient availability for the host (Brisbin 

et al., 2008). Beyond the beneficial features, the risk concerning the development of 

antimicrobial resistance and transference of antibiotic resistance genes from animal to 

human microbiota led the European Union to ban the application of antibiotics as 

growth promoters since 1st January 2006, which was followed by the other parts of 

the world including North America (Yegani and Korver, 2008). Consumers are also 

starting to demand that meat products be produced without the use of antibiotics as 
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growth promoters (Lusk et al. 2006) therefore, several alternatives to antibiotics in 

poultry are under investigation (Dahiya et al., 2006; Zakeri and Kashefi, 2011; Seal et 

al., 2013). 

There are now abundant reports of plant products with bioactivities against a 

wide variety of pathogenic bacteria. Multiple classes of antibacterial products, 

including phenolic acids and polyphenols, phenanthrenes, flavonoids, and terpenoids 

have been described and reviewed (González-Lamothe et al., 2009).  

The antimicrobial activities of grape, wine and grape-derived by-products have 

been widely discussed (Xia et al., 2010; Perumalla et al., 2011) and supplementing 

feeds with polyphenol rich grape by-products has been shown to alter the intestinal 

microflora of chickens (Viveros et al., 2011). Dietary polyphenols-rich grape products 

could be effective in increasing the growth of specific beneficial bacteria while 

competitively excluding certain pathogenic bacteria. As such, feeding chickens with 

grape by-products can be advantageous for producers (Viveros et al., 2011).  

Ultimately, following the multiple and growing demand of consumers, who are 

more sensitive to the ethical and cultural aspects of food consumption, there is an 

increasing interest in researching alternative dietary strategies which can improve 

animal welfare as well as guarantee higher qualitative standards of food safety, 

nutritional, and sensory properties (Magdelaine et al., 2008) and for optimization of 

producers’ economic gain. 

 

AIM OF THE EXPERIMENTS 

The aim of the different studies were to investigate whether the addition of sustained 

consumption of grape pomace and their components, seed and skin, as dietary 

supplements could be included in chickens diets. The especific objectives are the 

following: 

- To assess the effect on growth performance and the ileal and fecal digestibility 

of protein. 

- To evaluate the ileal and excreta content and the digestibility of total 

polyphenols and tannins. 

- To estimate the susceptibility to oxidation of chicken refrigerated meat and 

plasma and meat α-tocopherol concentration. 
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- To examine changes in chicken gut microbial communities in response to the 

addition of grape by-products.  

- To evaluate the effectiveness of grape by-products on lipid stability during 

refrigerated breast chicken patties for increasing the shelf life of the food. 

- To incorporate the different grape by-products in chicken meat to enhance 

health-beneficial properties. Sensory qualities and acceptability were also 

evaluated.  
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1.1. Broiler chicken characteristics 

1.1.1. Poultry production 

Chickens were imported to America from Europe and Asia during the 1800’s, 

where they were raised for eggs and meat in the backyards of most homes. Since the 

1960s, the global production of poultry meat has been growing faster than that of any 

other meat in both developed and developing countries. In Italy were raised 115 

million broiler chickens in 2008, 120 million in 2009 and 130 million in 2010 (Faostat, 

2012). The significant growth in poultry (especially broiler chicken) production and 

consumption in the developing countries has important implications for the global 

trading of all meat products, as well as feeds and related inputs (Landes et al., 2004; 

Taha, 2003). 

Broiler is a type of chicken raised specifically for meat production. Produced 

by fast-growing breeds with low mortality, broilers can be reared successfully in 

standard housing conditions on readily available, custom-formulated broiler feed 

rations. 

They are noted for having very fast growth rates, a high feed conversion ratio, 

and low levels of activity. In the last 50 years, the time taken to produce a chicken 

weighing 2 kg has been halved, from more than 10 weeks to less than 6 weeks. Initially, 

selection was for greater growth rate and meat yield, in recent years there has also been 

selection against susceptibility to certain types of disease. 

When compared with other livestock species, broiler meat production has been 

greater than beef and pork since 1996. Poultry meat is consumed and produced all 

around the world and, over the last few decades, has increased in popularity in many 

countries. 

Chicken production is concentrated in five major areas: America (43.3% of the 

world’s production), Asia (34.1%), Europe (15.9%), Africa (5.2%) and Oceania (1.4 

%) (Food and Agriculture Organization of United Nation, FAO, 2012) data from 

www.thepoultrysite.com, Global Poultry Trends) (Table 1.1) Therefore, the European 

Union (EU) is one of the world's top producers in poultry meat and a net exporter of 

poultry products. 
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In 2014 the leading countries of European Union in poultry meat production 

(13.1 million tons) were Poland (13.7%), France (12.7 %), closely followed by United 

Kingdom (UK) (12.4%), Germany (11.4%) and Spain (11.1%) (Table 1.2). 

These five countries ensure 61.3% of the EU production of poultry meat. 

(http://ec.europa.eu/agriculture/poultry/index_en.htm). 

 

 

Table 1.1. Chicken meat production (million tonnes). Sources: FAO for chicken meat; USDA 

for broiler meat 

Region 2000 2005 2006 2007 2008 2009 2010 2011 2012 2013E 2014F 

Indigenous chicken meat production*: 

Africa 2.8 3.3 3.4 3.7 4.0 4.2 4.5 4.6 4.6 4.7 4.7 

Americas 27.1 32.7 33.7 35.0 37.5 36.9 38.6 39.8 40.1 40.6 40.6 

Asia 18.6 22.4 23.5 25.0 26.2 28.0 29.2 29.9 31.4 31.8 32.1 

Europe 9.3 10.9 10.8 11.6 12.1 13.3 13.9 14.6 15.4 15.9 16.5 

Oceania 0.7 0.9 1.0 1.0 1.0 1.0 1.1 1.2 1.2 1.2 1.2 

WORLD 58.5 70.2 72.3 76.2 80.7 83.4 87.3 90.1 92.7 94.2 95.8 

Broiler meat production (million tonnes): 

WORLD 50.1 63.1 64.3 68.3 72.8 73.6 78.2 81.2 83.2 84.1 85.3 

*Meat from slaughter of birds origination in a particular country, plus the meat equivalent of any such 

birds exported live. 

E=2013 and F=2014: 5m estimates and forecasts for chicken meat. 

F=2014 USDA forecast for broiler meat 
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32 
 

Table 1.2. Poultry meat production by classes, by country, 2014 (1000 tonnes). Source: 

Eurostat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The EU-28 broiler sector is expected to continue to grow in 2015 and 2016, 

benefiting from growing domestic demand and because it is cheaper and more 

convenient (Figure 1.1). Production is also supported by strong export demand. The 

overall EU-28 production in 2015 encompasses various situations, but broiler meat 

production is expected to increase in major EU producing countries. With a very 

limited rebound in the EU-28 economic situation foreseen for 2016 (which favors 

cheap protein sources and continued strong domestic demand for poultry meat) 

combined with continued export demand, EU-28 broiler production is expected to 

grow again in 2016, albeit at a slower rate (USDA 2015). 

 

 Total poultry Chicken Turkey Duck Other poultry 

EU-28 13000.0 10073.8 1867.6 458.7 225.3 

Belgium  433.3 425.0 8.1 0.1 0.1 

Bulgaria  97.9 71.5 : 22.1 4.3 

Czech Republic 149.4 143.9 1.0 : : 

Denmark  143.0 142.8 0.0 0.0 0.0 

Germany  1527.0 972.0 466.0 45.0 44.0 

Estonia  : : 0.0 0.0 : 

Ireland  : : : : : 

Greece 190.5 187.9 2.5 0.1 .01 

Spain 1436.7 1209.1 158.6 4.9 64.2 

France 1678.0 1047.0 358.0 234.0 41.0 

Croatia  59.1 49.8 : : : 

Italy  1242.8 919.5 309.9 3.5 9.9 

Cyprus 21.7 21.5 0.2 0.0 : 

Latvia  28.6 28.6 0.0 0.0 0.0 

Lithuania  93.3 86.7 4.5 0.0 2.1 

Luxembourg  0.0 0.0 0.0 0.0 0.0 

Hungary  430.1 261.3 70.8 72.9 25.2 

Malta  3.9 3.9 0.0 0.0 0.0 

Netherlands  : 956.1 0.0 : 0.0 

Austria  : 97.3 : : : 

Poland  1804.1 1477.1 265.0 34.5 27.4 

Portugal  295.2 248.9 35.3 9.5 1.5 

Romania  345.6 : : 0.0 0.0 

Slovenia  59.8 55.6 4.2 0.0 0.0 

Slovakia  : : : 0.0 0.0 

Finland  113.4 104.6 7.3 : 1.5 

Sweden  133.7 126.2 3.4 0.0 4.2 

United Kingdom  1642.6 1437.6 172.9 32.0 0.0 
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Figure 1.1. EU-27 main broiler meat producing countries (2015). Source: FAS Posts 

 

While all sources show that total meat consumption in the EU-28 has been 

negatively impacted by the economic downturn, broiler meat, which is the cheapest 

source of protein, was less affected. However, its consumption growth is less than 

demographic growth, which means that per capita consumption is basically stable. 

Several market analyses showed that, while EU-28 consumers generally switched from 

beef or pork meat to broiler meat, the low income consumers reduced their protein 

purchases, switching to carbohydrate products (bread, pasta) with the exception of 

Spain, where pork meat is preferred over broiler meat. In the EU-28, sales of cheaper 

cuts (legs and wings) also increased faster than sales of more expensive parts, such as 

breasts or whole birds. This trend is expected to extend into 2016 in the absence of any 

economic recovery. In several EU countries, such as Germany, France and Poland, the 

switch to broiler meat is enhanced by the belief that it is a healthier and leaner meat 

and more convenient to cook and prepare. It is also considered easier to prepare for 

catering and restaurant use than other meats (USDA, 2015). 

Therefore, reasons for the increasing demand of chicken meat are attributed to 

its healthy and high nutritional profile, sensory properties that make this meat very 

flexible for any type of home-cooking style as well as for manufacturing processed 

products, low costs of production, the rapid growth rate of poultry, and the introduction 

of many new further processed products. In addition, chicken meat is very suitable for 

quick and easy home-cooking, which is very important in modern societies where 
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people tend to spend increasingly less time on preparation of meals at home (Petracci 

et al., 2015). 

1.1.2. Poultry gastro-intestinal tract 

The digestive tract is also referred to as the gastro-intestinal or GIT tract. 

Whichever term is used, in birds it begins at the mouth and ends at the cloaca and has 

several important organs in between (Figure 1.2). In sequential order it is composed 

of a mouth (e beak or bill), esophagus, crop, proventriculus, ventriculus (gizzard), 

intestine, ceca, rectum and cloaca. The chicken GIT upper segment comprises crop, 

proventriculus and the gizzard. The crop is used for food storage and fermentation 

while digestion starts in 

the proventriculus, and the 

gizzard mechanically 

grinds food and acts as a 

microbial barrier due to its 

low pH. After the gizzard 

the food enters the small 

intestine that begins at the 

exit from the gizzard and 

ends at the junction of the  

small intestine, caeca and 

colon . It is made up of the 

duodenum (also referred to as the duodenal loop), that can be easily distinguished and 

the lower small intestine. The lower small intestine is composed of two parts, the 

jejunum and the ileum. The Meckel's diverticulum marks the end of the jejunum and 

the start of the ileum. The Meckel's diverticulum is formed during a chicken's 

embryonic stage. In the egg, the yolk sac supplies the nutrients needed for the embryo 

to develop and grow. Right before hatch, the yolk sac is taken into the navel cavity of 

the embryo. The residual tiny sac is the Meckel's diverticulum. Much of the digestion 

and all of the absorption of the nutrients takes place in the small intestine. 

Despite the name, the large intestine is shorter than the small intestine. The 

large intestine is where the last of the water reabsorption occurs. Sometimes this 

 

Figure 1.2. Gastro intestinal tract of chickens 
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section is referred to as the colon and the rectum (the rectum being the terminal 

section).  

In mammals, the caecum has a negligible role in digestion; however, in birds, 

the caeca are an important site of fermentation (Clench and Mathias, 1995), 

influencing animal health and performance, and so, the caecal microbiota profiles are 

widely investigated. Caecal microbiota has the ability to digest foods rich in cellulose, 

starch and resistant polysaccharides (Clench and Mathias, 1995). The ability of many 

caecal culturable strains to grow on arabinoxylan, a polysaccharide from the plant cell 

wall, points to the important role of caeca microbiota in digesting grains and cereals 

(Mead, 1989). Caeca are a major site of water absorption (Clench and Mathias, 1995; 

Goldstein, 1989; Gasaway et al., 1976) and nutrient transport and absorption (Obst and 

Diamond, 1989). 

The large intestine terminates in the front part of the cloaca. In the cloaca, the 

digestive wastes mix with wastes from the urinary system (urates). Chickens usually 

void fecal material as digestive waste with uric acid crystals on the outer surface that 

is, chickens do not urinate. The color and texture of chicken fecal material can indicate 

the health status of the chicken's digestive tract: the white, pasty material coating 

chicken fecal material is uric acid, the avian form of urine, and is normal. 

Improving growth performance in chickens has long been one of the most 

important goals in poultry research and, in this sense the gut is a pivotal organ system 

which mediates nutrient uptake and use by the animals. Hence, a well-functioning and 

healthy gut is the cornerstone of the optimum performances of the birds. Of the factors 

that may be responsible for the gut health and performance of chicken, commensal 

microbiota in the gut, buried in the mucus layer or adhering to the digestive mucosa, 

seem to be very important as they may help to direct the development of gut structure 

and morphology, modulate the immune responses, offer protection from luminal 

pathogens as well as aid digestion and utilization of the nutrients (Rinttila and 

Apajalahti, 2013). The chicken GIT harbours a very diverse microbiota that aids in the 

breakdown and digestion of food and comprised over 900 species of bacteria 

(Apajalahti et al., 2004; Wei et al., 2013).A wide number of studies have been carried 

out, culturing on a variety of selective and non-selective media, to characterize and 

understand the chicken digestive ecosystem (Barnes et al., 1979).  



    
 

36 
 

Before the advent of molecular community profiling techniques, culture-

dependent methods have indicated that the caecum was dominated by a high density 

and variability of Gram-positive bacteria, while the small intestine contained a simpler 

bacterial community dominated by Lactobacilli (Gong et al., 2007).However, 

traditional methods of classical culturing of digestive microflora only estimated 10–

60 % of caecal bacteria (Salanitro et al., 1974; Barnes, 1979) and only around 45 % of 

chicken intestinal bacteria can be confidently assigned to a known genus (Apajalahti 

et al., 2004). Therefore, much of the GIT microbiota remains largely unexplored 

making it a major source of untapped biological potential in terms of newly identified 

bacteria, encoded enzyme activities and potentially probiotic strains of bacteria  

With the rapid advances in the affordability and capacity of DNA sequencing 

technologies, the sequencing of 16S rRNA genes has rapidly replaced fingerprinting 

methods as the method of choice for community profiling. In fact, terminal restriction 

fragment length polymorphism (TRFLP) analysis, also based on 16S gene sequence 

analysis, indicated that the bacterial communities at different parts of the gut were 

different, except when comparing jejunum and duodenum (Torok et al., 2008). In a 

study conducted by Lu et al. (2003), this difference when comparing 16S rRNA gene 

libraries from the ileum and caecum was confimed. The former contained nearly 70% 

Lactobacillus spp., while the latter had only 8% Lactobacillus and was dominated by 

Clostridiaceae-related species. Therefore, the bacterial communities originating from 

different sections of the chicken GIT are so different that it has been suggested that 

they should be considered as separate ecosystems (van der Wielen et al., 2002). They 

are, however, highly connected, and they seed and influence microbiota both up and 

downstream in the GIT (Sklan et al., 1978). Additionally, the profiles of different GIT 

sections differ significantly between studies due to differences in bird genetics, sex, 

diet, use of antimicrobials, housing and also technique-imposed differences such as 

primers used, method sensitivity, DNA extraction protocol etc. It is therefore difficult 

to define typical microbial profiles for any sections of the GIT. 
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1.1.3. Chicken feed 

Diet plays an important role in the overall health and performance of an animal. 

Furthermore, nutrition has a regulatory effect on biological processes in muscle, which 

can influence the quality of meat and meat products (Anderson et al., 2005). Previous 

research has primarily focused on the performance of animals in relation to specific 

dietary compounds, for example, their growth characteristics and carcass traits. 

However, in the past few decade researchers are focusing on the relationship between 

feeding bioactive compounds or specific waste products (i.e. winery by-products) and 

the resulting quality of the end product – meat. Recently, consumers are pushing 

livestock producers to feed and raise farm animals without antibiotics, hormones, or 

synthetic feed additives. Therefore, bioactive compounds are used in animal feedstuff 

to either promote immunity, aid in digestion, and/or improve growth characteristics. 

When incorporated into feed and food components, the above bioactive compounds 

have a broad range of effects in animals. Historically, plants have been used for 

medicinal purposes by humans to treat aliments. Thus, there is global interest in 

harnessing bioactive properties of plants and their secondary compounds as 

alternatives to chemical, drugs and growth promoters (Durmic and Blache, 2012). 

Antibiotic growth promoters in poultry feed increased weight gain, feed utilization, 

and overall well-being in birds (Gustafson and Bowen, 1997). However, the 

controversial subject of antibiotics in animal feed and the development of resistant 

bacteria led to a complete ban on antibiotics in poultry feed by the European Union, 

with the United States reducing and limiting the amount and type of antibiotics used 

(Sims et al., 2004). Today, global demands for “antibiotic-free” and “organic” poultry 

products are directing producers to search for alternative growth promoters. 

Phytogenic additives are a new class of plant-derived products that are currently being 

used in animal feed to improve the performance of the livestock/ flock. These 

compounds are usually derived from fruits, vegetables, grains, spices, herbs, seeds, 

bark, etc. The use of feed additives is usually subject to restrictive regulations and is 

generally applied by the farmer to healthy animals for nutritional purposes throughout 

the entire feeding period (Windisch et al., 2008). 
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CHAPTER 2 

 GRAPE BY-PRODUCTS 

2.1. Wine production: global and European contributors 

Grape crops are one of the main extended agro economic activities in the world 

with more than 60 million tons produced globally every year, and wine, the product of 

grape juice fermentation, is one of the most well-known alcoholic beverages 

distributed around the world, with 271 million of hectoliters (MhL) produced in 2014 

according to the last bulletin emitted by Organisation Internationale de la Vigne et du 

Vin (OIV) (OIV, 2014).   

There are three main species of grapes distributed in the world: European 

grapes (Vitis vinifera), North American grapes (Vitis labrusca and Vitis rotundifolia) 

and French hybrids (En-Qin et al., 2010). However, in some Central and Eastern 

European countries, Vitis rupestris, Vitis berlandieri and Vitis amurensis species can 

be found, but because of their low quality- grape they are not suitable for the 

winemaking process (FAO, 2013). 

The EU (European Union) is the largest wine producer in the world, accounting 

for about two thirds of global production according to the European Commission’s 

Directorate-General of Agriculture and Rural Development (EUROSTAT) Of the 

estimated 22.6 million tonnes of grapes produced in the EU-28 in 2014, the vast 

majority (93 %) was destined for wine production. Italy, Spain and France were the 

principal wine grape producers in the EU (Figure 2.1). 

 
Figure 2.1. Production of grapes for wine use by main producing EU Member States, 2014 (% of EU-

28 total harvested production-tonnes) Source: Eurostat (apro_acs_a) 
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According to its statistics databases of OIV (intergovernmental organization) 

the world wine production reached 271 MhL in 2014, including the following top five 

wine global producers: France (46.2 MhL), Italy (44.4 MhL), Spain (37 MhL), USA 

(22.5 MhL) and finally Argentine (15.2 MhL) (OIV, 2014).  

The international scene until 2012 for countries such as China, Chile, Australia 

and South Africa was greatly positive once they have experimented an increasing 

(from 41 % for China to over 88 % for Chile) in the total amount of wine produced 

between 2000 and 2012 (OIV, 2012). On the other hand, countries which were 

commonly recognized as references because of the high quality of their wines and the 

quantities produced annually, seems to have decreasing perspectives for the future. 

This is the case of France, Italy and Spain, which have experimented a declining 

tendency (28, 22, and 27 %, respectively), considering the same period of time (200-

2012) in terms of wine production (OIV, 2012). 

In 2014 Italy’s wine production, estimated at 4.4 billion liters, was 15 percent 

less than the previous campaign (5.2 billion liters) and 7 percent below the five-year 

average, as a result of a rainy summer.  

According to the Spanish Ministry of Agriculture, Food, and Environment 

(MAGRAMA), Spain’s 2014 wine production, estimated at 4.2 billion liters, was 22.3 

percent lower than the previous record campaign (5.3 billion liters), because of adverse 

weather conditions during the harvesting period. 

The OIV also shared the ranking for the countries which actively participate in 

the global wine production (Table 2.1) 
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Table 2.1 Wine production (1000 hL excluding juice and musts). Adapted from OIV (2014) 

Country 2010 2011 2012 2013 2014 Ranking 2014 

France 44.381 50.757 41.584 42.004 46.151 1 

Italy 48.525 42.772 45.616 52.429 44.424 2 

Spain  35.353 33.397 31.123 45.650 37.000 3 

United states  20.890 19.140 21.740 23.500 22.500 4 

Argentina  16.250 15.473 11.780 14.984 15.200 5 

Australia 11.420 11.180 12.260 12.310 15.560 6 

China  13.000 13.200 13.810 11.780 11.178 7 

South Africa 9.327 9.725 10.568 10.980 11.420 8 

Chile 8.844 10.646 12.554 12.845 10.029 9 

Germany  6.906 9.132 9.012 8.409 9.725 10 

Portugal 7.148 5.622 6.327 6.238 5.886 11 

Romania  3.287 4.058 3.311 5.113 4.093 12 

New Zeland 1.900 2.350 1.940 2.480 3.200 13 

Greece 2.950 2.750 3.115 3.343 2.900 14 

Brasil 2.459 3.460 2.967 2.710 2.810 15 

 

2.2. Main by-products derived from winery industry  

 

During winemaking steps significant amounts of waste, in their majority solids 

are also generated (Figure 2.2). The major residues from wine-making activity are 

represented by: organic wastes (grape pomace, containing seeds, pulp and skins, grape 

stems, and grape leaves which is separated from the juice in the pressing step (white 

wine fermentations), or from the wine (in red wine fermentations), wastewater, 

emission of greenhouse gases (CO2, volatile organic compounds, etc.), and inorganic 

wastes (diatomaceous earth, bentonite clay, and perlite) (Oliveira et al., 2013). In this 

regard, it is estimated that in Europe alone, 14.5 million tons of grape by-products are 

produced annually (Chouchouli et al., 2013). 

 
Figure 2.2. The solid remains of grape: stems, seeds, and skins 
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After grape juice extraction the remaining solid wastes are currently not valued 

as highly profitable waste, being mainly directed to composting or discarded in open 

areas potentially causing environmental problems (Rondeau et al., 2013). Large 

amounts of pomace (also called grape marc) are produced during a short period of 

harvesting (August to October), which increases the concentration of pomace per area 

of landfill. Waste contains significant amounts of organic species (such as sugars, 

phenolics, polyalcohols, pectins and lipids) with high chemical and biological oxygen 

demand and is therefore recognized as an environmental pollulant (Lafka et al., 2007).  

Large scale production of wines and increased awareness of the potential 

environmental consequences of inappropriate disposal of winemaking by-products 

have resulted in the territorial authorities of many mayor wine-producing countries 

introducing regulations to minimize the negative effects (European Council 

Regulation (EC) 479/2008) The increasing demand for environment-friendly 

industrial production in addition to the challenge for gaining operational efficiency 

and minimizing by-product treatment cost in the wine industry should encourage wine 

industries to investigate the novel technologies for waste treatment and to identify 

other value-added products.  

The valorization and some industrial uses currently under investigation for 

winemaking by-products include use as animal feed, as possible nutritive ingredients 

for value added products, in the production of citric acid, and the use of anthocyanins 

from grape skins as colorants (Lu et al., 1998). Winery by-products has also been used 

as a fertilizer, though not very successfully (Su and Silva, 2006). The use of these by-

products as fertilizers, in fact, may lead to plant germination problems, due to their 

high content in phenolic compounds (Kammerer et al., 2004). Pomace has also been 

used in the production of traditional foods such as molasses and vinegar (Ozkan et al., 

2004). In certain cases, grape pomace (mainly the seeds) are used in wood adhesives 

extractive processes (Ping et al., 2011). The most recent and innovate application is 

associated to a new pesticide, namely “phytosanitary bioproducts” used for the control 

of the incidence of diseases in some crops (Benouaret et al., 2014; Goupil et al., 2012). 

By-products obtained from the juice and wine industry contain valuable 

biologically active compounds, a large part of which is polyphenols. It has been 

reported that polyphenols in grape pomace have a higher antioxidant capacity than in 
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wine (Su and Silva, 2006). These phenolic compounds have an extremely high market 

value as food additives, nutraceuticals and cosmeceuticals, due to their biological 

activity. A variety of health-promoting products obtained from by-products of the 

grape and wine industry are being introduced into the market (Gomez-Plaza et al., 

2006) for prevention of cardiovascular disease, cancers, and other diseases (Figure 

2.3). 

 

 

Figure 2.3. Commercial nutrition supplements and cosmetics from grape extracts. 

 

2.3. Winery By-products: general composition 

2.3.1. Grape pomace  

Grape pomace is a major by-product of wine making (Figure 2.4) and is 

obtained after grape processing into juice or wine by means of separating the liquid 

product from the solid residues. It consists of different amounts of grape skin, pulp, 

seeds, and, if not removed, stems.Itis estimated that around 20% of the total weight of 

grapes used for wine is made up of grape pomace. According to Cabanis and Flanzy 

(2003), for every 100 kg of grape marc there is 70 to 80 kg of grape skins, 15 to 25 kg 

of seeds and 2 to 3 kg of stems. 

Concerning the general composition of grape pomace, the moisture percentage 

varies from 50% to 72% depending on the grape variety considered and it ripening 

state. The insoluble residues from this material have a lignin content ranging from 

16.8% to 24.2% and a protein content lower than 4%. In respect to proteins, glutamic 

acid is the major amino acid along with limited lysine, tryptophan and sulfur-

containing amino acids (Valiente et al., 1995) Glucose is the major soluble sugar in 
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grape pomace (Bravo and Saura-Calixto, 1998) which varies by the extraction degree 

of winemaking (Llobera et al., 2007). 

Some studies pointed out that pectin and condensed tannin can be considered 

as part of dietary fiber, in which branched pectin represents as one-third of 

carbohydrate (uronic acid as rhamnose, arabinose and galactose) in soluble fiber 

fraction (Llobera et al., 2007) whereas condensed tannin is related to the resisted 

protein in insoluble fiber fraction by the protein-binding capacity (Bravo and Saura-

Calixto, 1998). In general, peptic substances are the main polymer-type constituent of 

the cell walls present in grape pomaces, ranging from 37% to 54% of cell wall 

posysaccharides. Cellulose is the second type of cell wall polysaccharides in 

abundance in grape pomaces, varying from 27% to 37% (González-Centeno et al., 

2010).  

 

 

Figure 2.4. Grape pomace 

 

2.3.2. Grape skins  

Grape skins represent about 5-10% of the total dry weight of the grape berry 

and act as a hydrophobic barrier to protect the grapes from physical and climatic 
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injuries, dehydration, fungal infection and climatic injuries and UV light (Pinelo et al., 

2006) (Figure 2.5 and 2.6).  

 Skin cell walls are characterized by 

the presence of cutin (over 15% of dry 

weight) the hydroxylated fatty acid which 

compose the outermost layer, the cuticle, 

and by insoluble proanthocyanidins 

(~15%); represent 50% of the dry weight 

with predominance of cellulose, pectins, 

hemicelluloses, xiloglucans, arabinoxilans, 

and manans (Pellerin and Cabanis, 2003), 

followed by proteins (18.8%), sugars 

(mainly glucose and fructose, totally 14%) 

and ash (7.8%). No lignin was detected in grape skins (Mendes et al., 2013). High ash 

in skins is characterized as potassium (K), calcium (Ca), magnesium (Mg), sodium 

(Na), iron (Fe), manganese (Mn), copper (Cu), and zinc (Zn) (MartinCarron et al., 

1997). 

The internal layer, the hypodermis, which is the layer closest to the pulp, and 

which is composed of several cell layers contains most of the phenolics in grape skin 

(Lecas and Brillouet, 1994). 

 
Figure 2.6. Grape skins 

Figure 2.5. Schematical morphology 

of different grape cells adapted from Ribreau-

Gayon, et al. (2004). 
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2.3.3. Grape seeds 

When considering the separate fractions of grape pomace (seed andskin), the 

relative proportion of seeds ranges from 38% to 52% of the dry material and account 

for approximately 17% of the weight of fresh grape pomace (Ghafoor et al., 2009; 

Fernandes et al., 2013; Toscano et al., 2013) (Figure 2.7). The information available 

on the composition of grape seeds (w/w) point out the content of up to 40% fiber, 16% 

essential oil, 11% protein, 7% complex phenolic compounds like tannins, and other 

substances like sugars and minerals (Campos et al., 2008).  

Phosphorus (P) is the major mineral in the seeds (Saunders et al., 1982). Grape 

seeds have abundant fat, mostly linoleic acid, followed by oleic, palmitic, stearic and 

myristic acids (Bravo and Saura-Calixto, 1998) 

 
Figure 2.7. Grape seeds 

 

The chemical composition of grape pomace, seed and skin have been assessed 

by several authors, as showed in the table below (Table 2.2). 
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Table 2.1. Chemical composition of grape pomace, seed and skin (g/100g as fed basis).  

Based of data reported by Brenes et al. (2016). 

 Grape pomace Seed Skin 

Dry matter 90-93 91-93 81-93 

Protein 11.2-13.8 9.3-14.6 11.0-13.8 

Fat 5.6-11.7 9.5-11.1 3.2-6.3 

Ash 2.4-5.8 2.9 6.2-7.5 

Fiber  32.5-56.3 41.4 30.6 

Neutral detergent fiber 54.2-70.8 50.3-67.0 24.3-70.4 

Acid detergent fiber  48-70.4 45.4-57.0 19.3-49.0 

Acid detergent lignin 30.7-47.5 21.4-43.7 28.3-43.7 

Condensed tannins    

Free 1.6-3.8   

Fiber-bound 1.9-3.4   

Protein-bound 5.6-13.1   

Total 9.1-20.3   

Minerals     

Ca 0.5-0.7  0.5-0.7 4.1-7.0 

P 0.2-0.3 0.2-0.4 2.3-2.9 

Fea 64-185 45-120 117-398 

Cua 65-124 6.4-20 23-124 

Zna 18-12 9.5-15.0 18-12 

Mna 13-17 11.3-21 13-17 

Vitamin Ea  4.0-22.8  

2.3.4. Grape stems 

In traditional wine making, stems were often left with grapes during crushing, 

pressing, and even during fermentation, especially for the production of red wine 

(Jackson, 2008). In fact, grape clusters or grape stems constitute a residue of the winery 

industry (Figure 2.8) partially applied as a source of astringent compounds, mainly 

represented by proanthocyanidins (LLobera and Cañellas, 2007). However, the 

modern trend is to remove this material before the vinification steps in order to 

minimize the excessive uptake of phenols and lipids from vine parts (Jackson, 2008) 

and to avoid an excessive astringency of the wine or a negative effect on the 

organoleptic characteristics.  

The quantity of stems varies between 1.4% and 7.0% of the raw matter 

processed (Souquet et al., 2000). Currently, the commercial value of grape stems is 

low, being mainly used as animal feed or soil amendments. The average moisture 

percentage of grape stems has been reported as ranging from 55% to 80%, with the 
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higher variability attributed to the grape variety. The grape stem is rich in dietary fiber 

which constitute up to 77% of its dry matter  mainly neutral sugars and lignin (43.4% 

and 31.6% of the dry matter, respectively) (LLobera and Cañellas, 2007). LLobera and 

Cañellas (2007) found that the lignin in the grape stem contains important amounts of 

condensed tannins. Concerning the carbohydrate composition, cellulose is the 

predominant component followed by pectin (Gonzalez-Centeno et al., 2010). 

 

 

Figure 2.8. Grape stems 

 

2.4. Phenolic compounds in grape by-products 

 2.4.1. Structure and classes of polyphenols 

Phenolic compounds are organic chemicals characterized by the presence of at 

least one aromatic ring with one or more hydroxyl groups attached and can be 

classified in different ways because they are constituted in a large number of 

heterogeneous structures that range from simple molecules to highly polymerized 

compounds. According to their carbon chain, phenolic compounds can be divided into 

16 major classes (Harborne, 1989). The term “polyphenols” should be used to define  

phenolic compounds with more than one phenolic ring and devoid of any nitrogen-

based functional group in their most basic structural expression (Quideau et al., 2011). 
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That definition leaves out all monophenolic structures, such as hydroxytyrisol or gallic 

acid, which can be either metabolites of polyphenols or biogenetic precursors (Quideau 

et al., 2011) and can share with polyphenols many of their proprieties and 

characteristics (Dixon, 2004), being thus generally related with the polyphenol 

research and colloquially included under the polyphenol term. Polyphenols are 

classified into families according to their carbon atoms-ranging from simple small 

single aromatic-ring structures to the complex and weighty condensed tannins (Figure 

2.9) (Gonzalez-Castejon and Rodriguez-Casado, 2011; Harbone, 1989; Seabra et al., 

2006). 

 

Figure 2.9. Classification of polyphenols 

 

Following the flavonoids and non-flavonoids classification proposed by 

Crozier et al. (2009), dietary non-flavonoids are characterized by phenolic acids that 

possess one carboxylic acid functional group and are divided into hydroxycinnamic 

acids and hydroxybenzoic acids. The hydroxybenzoic acids are more common than 

hydroxycinnamic acids, and they mainly include gallic acid, as the precursor of 
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hydrolysable tannins, hydrixycinammates (C6-C3) and their conjugated derivatives, 

and stilbens (C6-C2-C6), p-coumaric, caffeic, chlorogenic acid, ferulic and sinapic 

acids. These acids are rarely found in the free form, except in food that undergone 

freezing, sterilization or fermentation. The bound forms are glycosylated derivatives 

or esters of quinic acid, shikimic acid and tartaric acid (Vermerris and Nicholson, 

2006). Nonetheless, this classification omits a sub-class of phenolic compounds named 

lignans, a phenolic family formed by two phenylpropanoid units linked by a hydrogen 

bridge, these being the monomeric and dimeric forms of hydroxycinammic acid and 

cynammic alcohol (Chesson et al., 1997). 

Dietary flavonoids are the most numerous, widespread and best studied 

phenolic compounds. Flavonoids are characterized by a C15 phenylchromane core, 

composed of two aromatic rings linked by a three carbon bridge (C6-C2-C6) (Crozier 

et al., 2009; Passamonti et al., 2009) and are sub-classified into sevensubclasses: 

flavonols (e.g. quercitin), flavanols (e.g. catechin, epicatechin), anthocyanins (e.g. 

cyanidin-3-O-glucoside), flavones (e.g., luteolin and apigenin), flavanones (e.g. 

narinigenin), flavanonols (e.g. taxifolin), and isoflavones (e.g. genistein or daidzein) 

(Bravo, 1998; Hallman and Katan, 1997; Harborne and Baxter, 1999; Williams et al., 

2004) which are sometimes classified into an independent sub-category apart from 

flavonoids (Gonzalez-Castejon and Rodriguez-Casado, 2011) (Figure 2.10). 

Moreover, most flavonoids in foods are conjugated to a carbohydrate moiety, 

representing a wide range of combinations depending on the flavonoid, its linkage and 

the linked mono- and disaccharide (Passamonti et al., 2009). 

The majority of flavonoids present a hydroxylation pattern, usually in 4’, 5- 

and 7- position, or glycosilation pattern that reflects a biological strategy in plant cells 

to increase their water solubility. The presence of methyl groups or isopentyl units may 

give a lipophilic character to flavonoid molecules (Crozier et al., 2009). 

Finally, tannins are complex phenolic compounds of high molecular weight 

and are defined as either galloyl esters and their derivatives, in which galloyl moieties 

or their derivatives are attached to a variety of polyol-, catechin- and triterpenoid cores 

(gallotannins, ellagitannins and complex tannins, respectively), or they are oligomeric 

and polymeric proanthocyanidins that can possess different interflavanyl coupling and 

substitution patterns (condensed tannins) (Khanbabaee and Van Ree, 2001). They can 
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be classified into three groups: condensed tannins, complex tannins and hydrolysable 

tannins, which include gallotannins and ellagitannins (Jankun et al., 1997). With more 

detail, condensed tannins are constituted by subunits of flavan-3-ols monomers with a 

polyol core (referring to a compound with multiple hydroxyl groups) substituted by 

10-12 gallic acid residues; ellagitannins are also hydrolysable tannins, complex 

(poly)phenolics that can be degraded into smaller units, mainly sugars and phenolic 

acids, derived from pentagalloylglucose but, unlike gallotannins, they contain 

additional C-C bonds between adjacent galloyl moieties in the pentagalloylglucose 

molecule and complex tannins are defined as tannins in which a catechin unit is bound 

glycosidically to either a gallotannin or an ellagitannin unit (Wilfred and Nicholson, 

2006). 

 

Figure 2.10. Basic structural scheleton of flavonoids 

 

Finally, as to the location in the plant (free in the soluble fraction of cell or 

bound to compounds of cell wall), together with the chemical structure of these 

substances, phenolic compounds may also be classified as: soluble (such as simple 

phenol, flavonoids and tannins of low and medium molecular weight not bound to 
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membranes compounds) and insoluble (essentially constituted by condensed tannins, 

phenolic acids and other phenolic compounds of low molecular weight bound to cell 

wall polysaccharides or proteins forming insoluble stable complexes). This 

classification is useful from the nutritional viewpoint, to the extent that the metabolic 

fate in the gastrointestinal tract and the physiological effects of each group will depend 

largely on their solubility characteristics. Insoluble phenolic compounds are not 

digested and may be partially or fully recovered quantitatively in the feces, while a 

part of the soluble can cross the intestinal barrier and be found in the blood, unchanged 

or as metabolites (Sánchez-Moreno, 2002). 

2.4.2. Chemical characterization of polyphenols 

The biological properties of polyphenols and their health benefits have 

intensified research efforts to discover and utilise methods for the extraction, 

separation and identification of these compounds from natural sources. Despite a great 

number of investigations, the separation and quantification of various polyphenolics 

remain difficult, especially the simultaneous determination of their different structural 

groups. Quantification of phenolic compounds in plant materials is influenced by their 

chemical nature, the extraction method employed, sample particle size, storage time 

and conditions, as well as assay method, selection of standards and presence of 

interfering substances such as waxes, fats, terpenes and chlorophylls. A number of 

spectrophotometric methods have been developed for quantification of plant 

phenolics. These assays are based on different principles and can be classified as either 

those which determine total phenolic content or those quantifying a specific group of 

class of phenolic compounds (Ignat et al., 2011; Naczk & Shahidi, 2006). The Folin–

Ciocalteu (FC) assay is widely used for determination of total phenolics. This assay 

relies on the transfer of electrons in alkaline medium from phenolic compounds to 

phosphomolybdic/phosphotungstic acid reagent to form blue coloured complexes that 

are determined spectrophotometrically at 760 nm (Dai & Mumper, 2010; Singleton et 

al., 1999).  

The FC assay is operationally simple, reproducible and convenient since the 

reagent is commercially available, the procedure is rather standardized, and the 

absorption of the product at a long-wavelength minimizes interferences from the 
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sample matrix. Nevertheless, the original assay is time-consuming (2 h) which makes 

its implementation for routine analysis difficult. Moreover, it is performed in aqueous 

phase, thus it is not applicable for lipophilic compounds/matrices. 

However, due to interferences created by factors like the nature of the 

dissolvent, the pH value and the presence in the sample of other compounds that absorb 

UV-VIS, such as fats, vitamins and amino acids, these methods are not very accurate. 

In recent years, most work on the analysis of polyphenols has been based on the use 

of methods of chromatographic separation (particularly high-performance liquid 

chromatography or HPLC), followed by structural characterization using mass 

spectrometry (MS). This methodology (HPLC-MS) is currently used to quantify 

extractable polyphenolic compounds. However, the quantification of more complex 

compounds, such as non-extractable polyphenols, continues to be based on the use of 

less accurate spectrophotometric 

2.4.3. Polyphenolic compounds of grape by-products 

The various groups of phenolic compounds present in winery by-products are 

not uniformly distributed in the plant material, being distributed within subcellular 

compartments (Pridham et al., 1960; Bengoechea et al., 1997) as part of the different 

metabolic pathways involved in the plant cell  defense to stress and pathogens (Naczk 

et al., 2004). The average distribution of polyphenolic compounds in grape berries is 

about 1% in the pulp, 5% in the skin, and approximately 62% in the seeds (Thorngate 

and Singleton 1994) (Figure 2.11) 

Considerable contents of polyphenols (over 10% on dry bases) are retain in 

grape pomace, depending on the type of grape (white or red), the part of the tissue 

(skins, seeds, etc.), as well as the processing conditions (e.g., contact time between 

skins and must) (Guendez et al., 2005; Makris et al., 2007). 
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The polyphenol composition of each part of the GP varies depend on the 

varieties of grapes and is influenced by 

the growing location, maturity and the 

time of fermentation (Fuleki and 

Ricardo da Silva, 1997; Kennedy et al., 

2000; Shi et al., 2003; Montealegre et 

al., 2006).  

Phenolic compounds in by-

producs of wine-making can be divided 

 into two large groups: non flavonoids 

and flavonoids. Non flavonoids have 

simpler structures than flavonoids and include phenolic acids (hydroxybenzoic acids 

and hydroxycinnamic acids) and stilbens (Pinelo et al., 2006). Primarily, they are 

stored in cell vacuoles of grape cells and can easily be released by crushing. Gallic 

acid is described as the most abundant hydroxybenzoic acid derivative in grape stems, 

skins and, seeds, followed by syringic acid in grape stems, and protocatecuic acid in 

grape seeds and skins (Anastasiadi et al., 2012; Apostolou et al., 2013). Gallic acid is 

especially relevant due to its role as a precursor of hydrolysable tannins (Kallithraka 

et al., 2009). The protocatechuic acid is the most abundant hydroxybenzoic acid in 

grape seeds and pomace from red varieties, with higher concentration than the other 

hydroxybenzoic acid derivatives. Seeds from white varieties showed high contents in 

both gallic acid and protocatechuic acid with no significant differences between them 

(Montealegre et al., 2006). 

Hydroxycinnamic acids are found in all parts of grape fruit, with the highest 

recorded content being in the external tissues of the ripe fruit (grape skins). The 

concentration in hydroxycinnamic acids generally decrease during the ripening 

process, however, the total amount of this phenolic class increases proportionally to 

the fruit size. The main hydroxycinnamic acids found in grapes and wines are caftaric, 

p-coutaric, and fertaric acids (Teixeira et al., 2014). 

Concerning to grape skins, the data available on the hydroxycinnamic acids in 

red and white varieties suggested the existence of critical differences. Whereas skins 

from white grapes are dominated by the content in cis-coutaric acid and trans-caftaric 

Figure 2.11. Polyphenols in grape berries 
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acid (Di Lecce et al., 2014) this residue from red grapes, in addition to displaying much 

lower concentration of this type of phenolics, is mainly represented by chlorogenic 

acid (Rockenbach et al., 2011a) In this way, no hydroxycinnamic acids have been 

described in seeds from white varieties whereas in those from red ones they were 

represented by chlorogenic acids in a relevant concentration (Rockenbach et al., 

2011b) 

Grape stems from both red and white varieties showed trans-caftaric acid as 

the most abundant compound in this class (Anastasiadi et al, 2012; Apostolou et al., 

2013). 

Flavonoids are found primarily in the skins and seeds of the grapevine fruit. 

The most common flavonoids found in grapes are anthocyanins (3-O-monoglucosides 

or 3,5-O-diglucosides of malvidin, cyanidin, peonidin, delphinidin, pelargonidin and 

petunidin, as well as their acetyl-, p-coumaroyl- and/or caffeoyl-esters), flavonols (3-

O-glycosides of quercetin, kaempferol, myricetin, laricitrin, isorhamnetin and 

syringetin), flavanols or flavan-3-ols [(+)-catechin, (−)-epicatechin, (−)-epicatechin-

3-O-gallate, (-)-epigallocatechin], dihydroflavonols (astilbin and engeletin), 

proanthocyanidins and tannins (Ali et al., 2010; Ananga et al., 2013; , Nassiri-Asl et 

al, 2009; Xia et al., 2010; Ananga et al., 2012; He et al., 2010)  

Most of the flavonoids are found primarily in the outer epidermal cells (the 

grape skin), whereas about 60%–70% of total polyphenols are stored in grape seeds 

(Ali et al., 2010; Nassiri-Asl et al., 2009; Tsao, 2010). 

Anthocyanins are the highly soluble flavonoids directly responsible red or pink 

color in grape berries, and therefore found only in red grape varieties. Grape skin is 

the specific part of grape with major content in these bioactive colored flavonoids, this 

tissue being the most responsible for the transferring of pigments to the wine (Di Lecce 

et al., 2014).  

Malvidin-3-O-glucoside is the main anthocyanin found in grape skin and 

pomace (Amico et al., 2004; 2008). The second most abundant anthocyanin in these 

tissues is peonidin-3-O-glucoside (Ky et al., 2014). Other minor anthocyanins, like 3-

caffeoylglucosides of peonidin, cyaniding and delphinidin, have also been reported in 

grapes (Vidal et al., 2004). Grape anthocyanin composition depends not only on the 
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maturity but also different vine growing parameters like soil and climate together with 

practices such as pruning, fertilization, or watering (Gonzalez-Neves et al., 2002).  

The separate materials of vinification wastes (stems, seeds, skins, pomace, and 

leaves) show differences concerning the individual flavonols as well as to their relative 

proportions and, in general depends on grape varieties and cultivars. In fact, grape by-

products from red varieties present higher amounts of these compounds than white 

variety byproducts. Quercetin, kaempferol and isorhamnetin derivatives are found in 

both red and white grapes, whereas myricetin derivatives are found only in red 

varieties (Zhu et al., 2012; Castillo-Muñoz et al., 2007). In general quercetin-3-O-

glucoside and quercetin-3-O-glucuronide are the predominant compounds present in 

grape pomace (Ruberto et al., 2007; Amico et al., 2004; Amico et al., 2008).  

Concerning to red grape stems, it has been observed that a wide variety of 

flavonols, with remarkable contents of quercetin derivatives, are mainly represented 

by quercetin-3-O-glucuronide (Souquet et al., 2000; Negro et al., 2003). Other major 

flavonols described in grape stems are quercetin-3-O-glucoside, quercetin-3-O-

galactoside, and quercetin-3-Orutinoside (Negro et al., 2003; Apostolou et al., 2013). 

The stems from red and white varieties showed a similar profile of flavonols, but the 

plant material from white varieties present a much lower concentration of compounds, 

as said above. 

Flavanols are the major compounds responsible for the astringency, bitterness, 

and structure of wines (Montealegre et al., 2006; Burdock, 2005) and, in the grape, are 

the compounds found in the greatest proportion, which include simple monomers of 

(+)-catechin, and its isomer (−)-epicatechin and (−)-epicatechin-3-O-gallate, as well 

as oligomeric procyanidins (from 2 to 5 units) and polymers (more than 5 units), 

commonly known as condensed tannins or proanthocyanidins (Crozier, 2003). The 

dimeric procyanidins are often referred as B-series, and the trimeric procyanidins as 

C-series. They accumulate in the grape seeds but are also found in the skin of the grape 

berries (Cantos et al., 2002). Five different dimers (procyanidin B1, B2, B3, B4 and 

B5) and two trimers (C1 and C2) were identified from grape skin and seeds (Shi et al. 

2003). 

The quantity, structure, and degree of polymerization of grape 

proanthocyanidins differ, depending on their localization in the grape tissues (Ricardo 
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da Silva et al., 1991; Ricardo da Silva et al., 1992; Prieur et al., 1994; Escribano-Bailon 

et al, 1992; Escribano-Bailon et al, 1995; Souquet et al., 1996; Jordão et al., 2001a). 

While seed tannins are oligomers and polymers composed of the monomeric flavan-

3-ols (+)-catechin,(-)-epicatechin, and (-)-epicatechin gallate linked by C4-C8 and/or 

C4-C6 bonds (B type) (Prieur et al., 1994), skin tannins also contain (-)-

epigallocatechin and trace amounts of (+)-gallocatechin and(-)-epigallocatechin 

gallate (Escribano-Bailon et al, 1995; Souquet et al., 1996). The seeds contain higher 

concentrations of monomeric, oligomeric, and polymeric flavan-3-ols than the skins 

(Bourzeix et al., 1986; Ricardo da Silva et al., 1992, Escribano-Bailon et al, 1995, Sun 

et al., 1999; De Freitas et al., 2000; Jordão et al., 2001b ). However, the skin tannins 

have a much higher degree of polymerization than that from the seeds (Souquet et al., 

1996; Labarbe et al., 1999; Kennedy et al., 2001), a lower amount of gallates, and are 

more easily transferred into wine (De Freitas et al., 2000). The average polymerization 

degree (mDP) for skin tannins is approximately 28, with 80 being the maximum DP 

detected, and the percentage of gallates in the tannins is only 5.16% (Souquet et al., 

1996; Yilmaz & Toledo, 2004).  

Monomeric and oligomeric proanthocyanidins are certainly soluble in the 

organic solvents usually used for polyphenols extraction, but a major proportion of 

high-molecular-weight proanthocyanidins an polyphenols complexed with protein or 

cell wall polysaccharides remain insoluble (Wollgast and Anklam, 2000). The 

quantification of non-extractable polyphenols needs hydrolysis of winery residual to 

release the bound phenolics from cell wall or protein after soluble polyphenols are 

extracted (Ignat et al., 2011). 

Catechin is the major compound in all winery residues from both red and white 

grapes, and the concentrations in grape stems are higher than those described in skins 

and seeds. In white varieties flavanols represent 46% to 56% of total phenolics, 

whereas in red grapes they represent between 13% and 30% of total phenolic content 

(Cantos et al., 2002).  

Concerning red varieties, the highest content in condensed tannins is 

represented by the procyanidin dimer B3 (Anastasiadi et al., 2012; Apostolou et al., 

2013). Data from white grape residues shows that procyanidin B1 is the major 

compound.  
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Stilbenes are non-flavonoid compounds and can be found in wine by-products, 

mostly in grape skin, but also in stems and seeds but in lower abundance (Liu et al., 

2013; Kataliníc et al., 2010). To date, the presence of trans-piceid, trans-resveratrol, 

trans-resveratrol-3-O-glucoside, cis-resveratrol-3-O-glucoside, and ε-viniferin has 

been described. Resveratrol is present in the different organic residues of vinification 

procedures (Lima et al., 1999; Moreno-Labanda et al., 2004; Püssa et al., 2006). The 

data available on the concentration of the separate stilbene derivatives indicates that, 

in red grapes, the highest content corresponded to trans-resveratrol and ε-viniferin in 

grape stems which largely surpasses the concentration recorded in seeds and pomace. 

On the other hand, grape stems from vinification processes developed on white grapes 

present lower concentrations of both trans-resveratrol and ε-viniferin. In grapes, trans-

resveratrol is distributed mostly in the skin (Jeandet et al., 1991). 

2.4.4. Factors affecting grape by-producs polyphenols: winemaking 

process 

As said above, the composition of the residue of the grape has significant 

variations depending on grape variety and technology applied during the winemaking 

steps. Regardless of the grape processes, the composition of grape pomace is closely 

defined by basic unit operations, namely destemming/crushing, maceration, and 

pressing. White wine making differs from reds one (Figure 2.12). White wine is 

produced through “fermentation off skins” (named white method) in which grapes are 

pressed, separating juice from grape pomace and therefore from skins, before 

fermentation; although, some types of white wines perform a short maceration at low 

temperatures, also called cold soaking. Unlike white wine, red wine is produced 

through “fermentation on skins” (named red method) in which the solid residues (grape  

pomace) are separated from the liquid product (must wine or wine), after fermentation 

and maceration.  

The objective of fermentation and maceration is to permit the juice and skin 

contact to allow for diffusion of skin and seed components, namely phenols and aroma 

into the must. Maceration in wines is an operation where temperature and time are the 

main variables defining the composition of grape pomace. As said above, red 

winemaking maceration takes place simultaneously with fermentation. 
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Figure 2.12. Diagram of grape waste generated in the process of making red and white wine (adapted 

from Arvanitoyannis et al., 2006; Devesa-Rey et al., 2011) 
 

This implies that grapes are subject to biochemical changes produced by the 

metabolism of Saccharomyces cerevisiae yeasts, which consume glucose and fructose, 

producing ethanol and CO2 in an exothermic process. The temperature rise during 

fermentation (up to 30 °C) increases the solubility of phenolic compounds, enhancing 

extraction of several compounds and therefore producing more exhausted grape marc. 

Also, the longer maceration time involves a sequential and selective extraction of 

compounds due the increasing ethanol concentration (Boulton et al., 1996).  

During fermentation grape skins are displaced to the top of the tanks forming 

a cap or solid phase that reduce contact with the juice. Cap management operations 

such as punching down and pumping wine over the top of the tank enhance the release 

of compounds from grape skins. Rotary tanks equipped with baffles and other 

automated devices are also used to increase the release of compounds into the wines. 

Other enological techniques, as must freezing and thermovinification, use extreme 

temperatures (0-2 °C and 60-70 °C respectively) to achieve degradation of grape skin 

cells, thus releasing a higher amount of compounds (Pinelo et al., 2006).  
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Obiouvsly, limited extraction of grape compounds during the wine making 

process results in a high phenolic content in the grape pomace.  

2.3.5. Digestion, absorption and metabolism of grape polyphenols  

To explain the biological effects of polyphenols, it is assumed that they are 

bioavailable and are effective in reaching target tissues. It is therefore important to 

fully understand how they are absorbed, metabolized and eliminated from the body. 

There is considerable controversy surrounding current studies on the absorption and 

metabolism of polyphenols and results are therefore inconclusive. Studies on 

absorption are made difficult by the molecular complexity of the extracts or 

polyphenol-rich feed owing to factors like their level of polymerization and 

conjugation with other phenols.  Most polyphenols are present in food in the form of 

esters, glycosides or polymers that cannot be absorbed in their native form. These 

substances must be hydrolysed by intestinal enzymes or microbiota before they can be 

absorbed. Once ingested, polyphenols are recognized by the body as xenobiotics, and 

their bioavailability is therefore relatively low in comparison to micro- and 

macronutrients.  

The metabolization of polyphenols takes place through a sequence of reactions 

common to all of them. This is similar to a metabolic detoxication to reduce their 

potential cytotoxic effect by increasing their hydrophilicity and facilitating urinary or 

biliary elimination (Manach et al., 2004). It is the chemical structure of polyphenols, 

rather than the concentration, that determines the rate and extent of absorption and the 

nature of the metabolites circulating in the plasma. Depending on their degree of 

structural complexity and polymerization, these compounds may be readily absorbed 

in the small intestine (i.e., low-molecular-weight polyphenols such as monomeric and 

dimeric structures) or reach the colon almost unchanged (oligomeric and polymeric 

polyphenols) (Monagas et al., 2010). It has been estimated that only 5–10% of the total 

polyphenol intake may be absorbed in the small intestine. After absorption, these less 

complex polyphenol compounds may be subjected to hydrolysis and biotransformation 

in the enterocytes and then the hepatocytes, resulting in a series of water soluble 

conjugate metabolites (methyl, glucuronide and sulphate derivatives) being rapidly 

released into the systemic circulation for further distribution to organs and excretion 



    
 

60 
 

in urine (Manach et al., 2004). A proportion of these metabolites enters the duodenum 

by means of the bile and is subsequently hydrolysed by bacterial enzymes (mainly β-

glucuronidase) in the large intestine. This enterohepatic recycling may lead to a longer 

presence of polyphenols within the body. However, the remaining polyphenols (90–

95% of the total polyphenol intake) may accumulate in the large intestinal lumen 

where, together with conjugates excreted into the intestinal lumen through the bile, 

they are subjected to the enzymatic activities of the gut microbial community, 

generating metabolites such as aromatic acids (hydroxyphenylacetic, phenylpropionic, 

phenylbutyric acids, phenyl valerolactones and others) (Selma et al., 2009; Sánchez-

Patán et al., 2012). All these microbial-derived phenolic metabolites may be absorbed 

or excreted in the faeces. When absorbed, they reach the liver through the portal vein 

where they may be further subjected to extensive metabolism (including 

glucuronidation, methylation, sulphation or a combination of these) until they finally 

enter the systemic circulation and are distributed to the organs or eliminated in the 

urine. The gut microbiota are therefore responsible for the extensive breakdown of the 

original polyphenolic structures into a series of low-molecular-weight phenolic 

metabolites which, being absorbable, may actually be responsible for the biological 

activity derived from polyphenol-rich food consumption, rather than the original 

compounds found in foods. The concentrations of polyphenols reached after their 

consumption varies significantly according to the nature of the polyphenol and the 

food source. Plasma concentrations in intact flavonoids rarely exceed 1µM and the 

maintenance of a high polyphenol concentration in plasma requires repeated ingestion 

over time; in fact, maximum concentrations are most often reached 1-2 h after 

ingestion (Manach et al., 2004). Polyphenols and their derivatives are eliminated 

chiefly in the urine and the bile (Figure 2.13). 

Until now, research on the digestibility of polyphenols from grape by-products 

in domestic animals has been lacking, as have studies on their effect on the digestibility 

of other nutrients. Recent work carried out in our laboratory shows that concentrations 

of up to 6% of grape pomace (GP) and 0.25% of grape seed extract (GSE) can be used 

in chicken feed without any modification in productivity parameters, the size of the 

digestive organs or the ileal digestibility of protein and amino acids (Brenes et al., 

2008; Chamorro et al., 2013). Studies using spectrophotometric techniques on the 
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digestibility in birds of non-extractable polyphenols present in GP (Brenes et al., 2008) 

show that the ileal and faecal digestibility of hydrolysable polyphenols (56% and 73%, 

respectively) is greater than that of condensed tannins (14% and 47%, respectively). 

 

 

Figure 2.13. Schematic description of metabolic fate of dietary polyphenols (from Brenes et al., 2016)  

 

On the other hand, greater digestibility of the total extractable polyphenols in 

the birds’ diets was observed when commercial polyphenolic grape extracts (PGE) 

were used, (Brenes et al., 2010), with values of up to 69% obtained at faecal level. 

Liquid chromatography techniques in combination with mass spectrometry, which 

allows the different polyphenolic compounds present in grape by-products to be 

identified and quantified, have recently been used to demonstrate that extractable 

polyphenols are highly digestible in birds at both ileal and faecal level (Chamorro et 

al., unpublished).  The results also show that digestibility of these compounds depends 

on their degree of polymerization (which is greater in monomers [catechin and 

epicatechin] than in dimers [B1 and B2 procyanidins]), and their degree of 

esterification (greater in free compounds than in those esterified with gallic acid). It 

has also been shown that the inclusion of polyphenolic grape extracts at concentrations 

of 5 g/kg in birds’ diets can reduce the digestibility of other nutrients like fat (Brenes 

et al., 2008), protein and certain amino acids, such as proline and cystine (Chamorro 

et al., 2013). 
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The bioavailability of procyanidin is largely influenced by its structure. For this 

reason, there is increasing interest in how dietary flavonoids are broken down into 

simple phenolic compounds. Strategies to encourage hydrolysis of the more complex 

polymeric structures of polyphenols have been studied in vitro with the aim of 

improving the digestibility of polyphenols present in grape by-products. These have 

included the study of thermal treatment (furnace and autoclave) and the addition of 

enzymes (pectinase, cellulose and tannase) to degrade or convert the polymeric 

structures into compounds with a lower molecular weight (monomers and oligomers). 

Results reported by Chamorro et al. (2012a) show that heating conditions (dry or wet 

heat) had a considerable impact on the hydrolysis of procyanidins. The effectiveness 

of the thermal treatment varied according to whether polyphenols were present in free 

form (GSE) or whether they were bonded or linked to other structures (GP). Furnace 

thermal treatment did not modify the polyphenol compounds of these grape products. 

However, the effect on individual compounds in GSE was more severe with autoclave 

treatment, leading to extensive hydrolysis of catechin, epicatechin, gallocatechin, PB1 

and PB2. In the case of GP, autoclave treatment increased gallic acid, gallocatechin 

and epigallocatechin. These modifications suggest that during autoclave treatment the 

more highly polymerized molecules seem to be changed to relatively less polymerized 

molecules. At the same time, the addition of commercial cell-wall-hydrolysing 

enzymes (pectynolitic and cellulolytic activities) was used to release cell wall complex 

polysaccharides present in GP, facilitating the release of certain nutrients entrapped by 

the cell wall. Tannase or tannin acyl hydrolase (EC, 3.1.1.20) was also used to catalyse 

hydrolysis of the ester and depside bonds present in hydrolysable tannins or gallic 

esters in GP and GS (Chamorro et al., 2012b). The results obtained in this study 

demonstrate that the use of pectinase and tannase in both grape by-products and 

pectinase in GP changed the galloylated form of catechin to its free form, releasing 

gallic acid. Pectinolytic enzymes also broke down the GP plant cell-wall matrix, 

releasing monosaccharides and facilitating polyphenol extraction.  

The applicability of these findings with enzymes in vitro needs to be supported 

by experiments in vivo. The inclusion of enzymes (carbohydrases and tannase) in  

chicken diets containing GP (5% and 10%) modified the polyphenol polymeric 

structures present in the ileal content, with increased concentrations of gallic acid, 
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catechin and epicatechin in birds fed carbohydrases, and of gallic acid, catechin, 

epicatechin, procyanidins PB1 and PB2 and epicatechin gallate with the addition of 

tannase. These findings show that the inclusion of enzymes in diets containing GP 

increased the amount of total polyphenol released in the intestine, although this effect 

was not accompanied by an increase in the birds’ performance (Chamorro et al., 2015).  

2.4.6. Biological activities of grape by-products polyphenols 

To date, there is a great deal of evidence concerning biological activities, such 

as antioxidant, antimicrobial, anti-inflammatory, anticancer, and cardiovascular 

protection activities, in support of phenolic compound use in pharmaceutical, food, 

and cosmetic industries (González-Centeno et al., 2012; Yilmaz et al., 2011). 

Finding and utilization of plant compounds as an alternative to chemical or 

synthetic antimicrobials and antioxidants to combat the foodborne pathogens, 

inhibiting lipid oxidation and thus extending the shelf life is an increasing trend in the 

food industry, and the presence of both antioxidant and antimicrobial properties in a 

single molecule makes them more effective and better suited as food preservatives. 

 

2.4.6.1. Antioxidant properties  

 

One of the most cited biological activities attributed to the phenolic compounds 

is based on their antioxidant capacity. 

Their specific chemical structure allows them to reduce oxidative stress 

through numerous mechanisms (Heim et al., 2002; Procházková et al., 2011). For 

example, it was reported that, in vitro, flavonoids can prevent injury caused by free 

radicals by the following mechanisms: 

(1) direct scavenging of reactive oxygen species (ROS), 

(2) activation of antioxidant enzymes (Nijveldt et al., 2001), 

(3) metal chelating activity (Ferrali et al., 1997), 

(4) reduction of α-tocopheryl radicals (Hirano et al., 2001; Heim et al., 2002) 

(5) increase in uric acid levels (Lotito et al., 2006), 

The chemical functional group and structure is OH for antioxidant capacity of 

phenolic compounds. The number of OH group (hydroxyl group) and its position on 

the ring of molecule determined the antioxidant capacity of flavonols (Arora et al., 
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1998). Thus, whereas hydroxyl (–OH) groups enhance the activity, their substitution 

by carboxyl (–OCH3) groups diminishes the antioxidant potential (Di Majo et al., 

2008). 

In different parts of grape, the highest antioxidant capacity was found in grape 

seeds, followed by skin, and the flesh displayed the lowest antioxidant capacity 

(Pastrana-Bonilla et al., 2003).  

Many researchers have tried to discover which phenolic compounds and 

chemical structure(s) are mainly responsible for the antioxidant activities of grape 

extracts. The result suggested that perhaps the antioxidant capacity of phenolics has a 

concentration saturation limit, and above this limit, the activity could not increase 

further with the concentration (Dani et al., 2009). However, the relationship between 

phenolic compounds and antioxidant capacity was inconsistent among the results from 

different studies, which indicated that, besides the concentration, the antioxidant 

capacities of phenolic compounds were affected by other factors (Radovanovic et al., 

2009; Di Majo et al., 2008).  

Anthocyanins contribute more to the antioxidant capacity of fruits (90%) than 

flavonols, flavan-3-ols, and phenolic acids (10%) (Jakobek et al., 2009). On this 

matter, grape skins have been highlighted for their antioxidant and anti-glycation 

activities because of their anthocyanins and proanthocyanidins content (Poudel et al., 

2008; Rockenbach et al., 2011).  

Furthermore, the in vitro antioxidant activity could be increased by 

polymerization of flavonoid monomers, e.g. proanthocyanidins (also known as 

condensed tannins), the polymers of catechins, are excellent in vitro antioxidants due 

to the high number of hydroxyl groups in their molecules. The antioxidant capacity of 

proanthocyanidins depends on their oligomer chain length and the type of ROS with 

which they react (Spranger et al., 2008). The glycosylation of flavonoids reduces their 

in vitro antioxidant activity when compared to the corresponding aglycons (Pinelo et 

al., 2006; LLobera et al., 2007; Souquet et al., 2000; Corrales et al., 2008; Figuerola et 

al., 2005). The results from a study carried out by Spranger et al. (2008) showed that 

procyanidin polymers with higher degrees of polymerization had higher antioxidant 

activities. However, Faria et al. (2006) showed that in five fractions of different 

degrees of procyanidins polymers, the second degree fraction displayed the highest 
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antioxidant capacity (scavenging peroxyl radicals). A similar result was obtained by 

Soobratteea et al. (2005), who showed that the most antioxidative compound in various 

phenolics was procyanidin dimer, and the decrease in antioxidant capacity was in order 

of procyanidin dimer, flavanol, flavonol, hydroxycinnamic acids and simple phenolic 

acids. Diphenols are more effectively antioxidant than simpler phenols due to 

stabilization of the phenoxy-radical through hydrogen bonding (Amico et al., 2008). 

The high molecule weight compounds might be as important as the monomer flavanols 

such as catechin, which have been demonstrated high antioxidant potential in phenolic 

compounds (Yilmaz and Toledo 2004). Furthermore, the antioxidant activity of a 

sample could be synergic effect among several compositions, rather than a single 

compound (Dopico-Garcia et al., 2008; Monagas et al., 2005). 

Other possible mechanism by which flavonoids act is through interaction with 

various antioxidant enzymes.Flavonoids are able to induce phase II detoxifying 

enzymes (e.g. NAD(P)H-quinone oxidoreductase, glutathione S-transferase, and 

UDP-glucuronosyl transferase), which are the major defense enzymes against 

oxidative stress.  

Nagata et al. (1999) described that the protective activity of quercetin and 

catechin against hydrogen peroxide cytotoxicity in cultured rat hepatocytes BL-9, 

which are cells highly expressing cytosolic glutathione peroxidase (GPx), was related 

to the activation of GPx. 

In addition, administration of the flavonoid-rich fraction along with a high fat 

diet caused a significant increase of SOD (superoxide dismutase), CAT (catalase) and 

GPx activities in rat erythrocytes (Kaviarasan et al., 2008).  

Specific flavonoids are known to chelate iron and copper, thereby removing a 

causal factor for the development of free radicals. Quercetin was able to prevent 

oxidative injury induced in the erythrocyte membrane by a number of oxidizing agents 

which cause release of iron in its free, redox active form (Ferrali et al., 1997). Pietta 

(2000) proposed that the binding sites for trace metals in the molecule of flavonoids 

are the catechol moiety in the ring B, the 3-hydroxyl and 4-oxo groups in the 

heterocyclic ring C, and the 4-oxo and 5-hydroxyl groups between the C and A rings. 

The catechol moiety in the B ring has been shown to be important for Cu2+-

chelate formation and thus being the major contributory site of the metal chelation 
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(Brown et al., 1998). Quercetin, in particular, is known for its iron-chelating and iron 

stabilizing properties. Morin and quercetin were shown to form complexes with Cd(II) 

and exhibit strong antioxidant activity in the in vitro studies.  

The α-tocopherol represents a major antioxidant in cell membranes. Hirano et 

al. (Hirano et al., 2001) suggested that flavonoids can act as hydrogen donors to α-

tocopheryl radical, which is a potential prooxidant. It has been reported that 

polyphenols (quercetin, (+)-epicatechin and (+)-catechin), owing to their one-electron 

reduction potentials, may spare vitamin E, to delay lipid oxidation, and to regenerate 

tocopherol in rat and human models (Frank, 2005). Iglesias et al. (2012) demonstrated 

that the antioxidant mechanism of grape procyanidin might be explained by its 

capacity to repair the oxidized α-tocopherol and to delay the ascorbic acid depletion 

of muscle tissues.  

Flavonoids (kaempferol, morin, myricetin and quercetin) showed a varying 

protective activity against depletion of α-tocopherol in LDL, with kaempferol and 

morin being less effective than myricetin and quercetin (Zhu et al., 2000). Catechins 

may be evenmore effective than ascorbate in regeneratingα-tocopherol in micellar 

solution (Mukai et al., 2005). Similarly, the addition of green tea catechin extracts 

(epigallocatechin, epigallocatechin gallate, epicatechin, and epicatechin gallate) 

demonstrated a gradual regeneration of α-tocopherol in human LDL (Zhu et al., 1999).  

Interestingly, there are the great discrepancies between plasma or serum total 

antioxidant capacity and plasma concentrations of flavonoids. Lotito and Frei (2006) 

suppose that the large increase in plasma total antioxidant capacity observed after the 

consumption of flavonoid-rich foods is not caused by the flavonoids themselves, but 

is likely the consequence of increased uric acid levels, which is a major contributor to 

plasma total antioxidant capacity. Cao et al. (1998) described the significant increase 

in plasma or serum urate after consumption of strawberries, spinach or red wine. 

Similar increase of plasma or serum urate was described after drinking of port wine 

(Day and Stansbie, 1995), French Bordeaux (Maxwell and Thorpe, 2000), tea or coffee 

(Natella et al., 2002). Thus, several studies indicate that the consumption of flavonoid-

rich foods may increase plasma urate, although the underlying mechanism still remains 

unclear. 
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2.4.6.2. Antimicrobial effect 

 

Antimicrobial activities of grape, wine and grape-derived byproducts have 

been widely discussed (Georgiev et al., 2014; Perumalla et al., 2011; Xia et al., 2010). 

There is an emerging consensus that gut microbiota may play a crucial role in the 

potential health benefits of polyphenols (Crozier et al., 2009). The microbiota present 

in the intestinal tract could metabolize dietary polyphenols into more bioactive 

compounds with different physiological significance and could also modify the 

composition and/or activity of the intestinal bacteria population (Bustos et al. 2012). 

Thus, dietary phenolic compounds are often transformed by gut microbiota and gut 

microbial population is modulated by dietary polyphenols in a two-way phenolic-

microbiota interaction. Polyphenols and their derivatives affect the intestinal ecology 

as a significant proportion of them are not fully absorbed but are metabolized in the 

liver, excreted through the bile as glucuronides and accumulated in the ileal and 

colorectal lumen (Tzounis et al., 2008). Substantial levels of unabsorbed dietary 

phenolic compounds exert significant effects on the intestinal environment by 

suppressing or stimulating the growth of some of the components of intestinal 

microbiota. It has been shown in numerous in vitro studies (Papadopoulou et al., 2005; 

Özkan et al., 2004; Rodríguez-Vaquero et al., 2007b; Gañan et al., 2009; Silván et al., 

2013) that flavonoids present in grape by-products have the capacity to inhibit the 

growth of certain organisms, such as S. aureus, E. coli, C. albicans and 

Campylobacter. Likewise, certain polyphenolic compounds, such as resveratrol, 

hydroxytyrosol, quercetin and phenolic acids, also have shown to possess 

antimicrobial capacities against certain intestinal pathogens like Salmonella and 

Helicobacter pylori (Daroch et al., 2001; Just and Daeschel, 2003). Grape polyphenols 

also inhibit the growth of different pathogens, polymeric flavonoids (procyanidins) 

showing greater activity than monomeric flavonoids (Mayer et al., 2008). Cueva et al. 

(2010) also showed in vitro that microbial biotransformation of dietary phenolic 

compounds (phenolic acids) selectively influenced intestinal bacteria species and 

could affect the diversity and metabolic activity of the intestinal microbiota. Until now, 

only a limited number of specific bacterial species capable of dietary polyphenol 

degradation have been identified, for example Eubacterium ramulus and 

Flavonifracter plautii, previously known as Clostridium orbiscindens (Braune et al., 
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2001; Schoefer et al., 2002). In a recent study Kemperman et al. (2014) used a 

simulator of the intestinal microbial ecosystem to show that grape polyphenols cause 

changes in the gut microbial community by inhibiting Firmicutes and promoting 

Proteobacteria. 
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CHAPTER 3 

APPLICATIONS OF GRAPE BY-PRODUCTS 

BIOLOGICAL ACTIVITIES IN ANIMAL NUTRITION 
 

3.1. Supplementation of grape by-products to the diet as antioxidants 

 

Nutrition has a strong impact because an insufficient intake of antioxidants, a 

high intake of pro-oxidants, or both, may lead to oxidative stress. Animal nutrition is 

currently evolving towards n-3 polyunsaturated fatty acid (PUFA) to improve animal 

fat healthfulness but this nutritional strategy has been associated with an increase in 

lipoperoxidation in subcutaneous and intramuscular lipids. Dietary PUFA are a group 

of pro-oxidants known to increase oxidative stress in vivo in pigs (Salobir et al., 2005), 

chicks (Gao et al., 2010) and hens (Cherian and Hayat, 2009). Increasing the level of 

unsaturation in the muscle membrane by dietary manipulation increases the 

susceptibility of meat to oxidative deterioration during storage, the consequence being 

a reduction in both flavour and nutritional value (Enberg et al., 1996). 

Endogenous defence mechanisms are inadequate for complete prevention of 

oxidative damage. As discussed above, vitamin E is the antioxidant most commonly 

used in animal nutrition but this has certain drawbacks, including its synthetic origin, 

its limited bioefficiency when n=3 PUFA intake is too high (Allard et al.,1997), its 

potential pro-oxidant action (Mukai et al., 1993), and its nonhomogeneous distribution 

between the tissues. Therefore, there is a growing interest in the nutritional aspect of 

polyphenolic compounds in light of their antioxidant capacity and they may become 

an important alternative as a partial substitute for vitamin E in animal diets. The 

antioxidant potential of grape seed polyphenols is 20 times higher than vitamin E and 

50 times higher than vitamin C (Carpenter et al., 2007). 

Natural antioxidants can be applied either through dietary or technological 

strategies to reduce or prevent oxidative processes in meat. The optimum dose of 

inclusion of polyphenols in animal diets is difficult to define due to the different 

composition of phenolic compounds present in these by-products. Nevertheless, the 

use of plant-rich polyphenols seem to be a promising strategy for improving products 

quality. In dietary manipulations, antioxidants are introduced into the muscle via the 
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animal feed. Various authors have reported that inclusion of natural antioxidants in 

animal diets not only slows down oxidation, but also greatly improves meat quality 

when compared to diets with no antioxidants. It has been shown that the addition of 

polyphenolic grape extract in monogastric diets, especially oligomeric flavanols, 

enhances oxidative stability in chicken and turkey meat (Lau and King, 2003; Rababah 

et al., 2006). 

Studies carried out and published by some authors (Goñi et al. 2007; Brenes et 

al., 2008; Brenes et al., 2010) also showed that increasing concentration of GP up to 

60 g/kg and GSE up to 3.6 g/kg improved the antioxidant activity of the diet, ileal 

content and faeces. Likewise, we also observed an enhance oxidative stability in 

chicken meat products (TBARS, thigh and breast) during the refrigeration process. 

Similar increment was obtained when vitamin E was added to the rations. The 

concentration of vitamin E in the liver also increased with the addition of GP, which 

could be due to a vitamin E saving effect. A reduction in α-tocopherol deposition in 

chicks fed unsaturated diets was also reported by Surai and Sparks (2000) and Sijben 

et al., (2002). The increased vitamin E content in the liver with the inclusion of GP 

could be due to the saving effect of GP in the intestine. Less vitamin E would be 

destroyed through oxidation, resulting in greater amounts of the vitamin being 

absorbed. It has also been reported in rat and human models that, owing to their 1-

electron reduction potentials, polyphenols may save vitamin E to delay lipid oxidation 

and regenerate tocopherol (Frank, 2005). 

The inclusion of GP and GSE in chicken diets significantly improved oxidative 

stability (TBARS) and radical scavenging capacity (ABTS) in raw breast meat and 

cooked chicken patties (Sayago-Ayerdi et al. 2009 a,b , Selani et al. 2011). Similar 

results have been reported by Brannan (2008) and Lau and King (2003) in chicken 

thigh meat during refrigerated storage and by Mielnik et al. (2006) in turkey meat. 

Sahin et al. (2010) and Liu et al. (2014) reported that the inclusion of resveratrol in 

quail diets enhanced the antioxidant activity status of birds and eggs and reduced 

oxidative stress in heat-stressed chickens by increasing serum growth hormone 

concentrations and modulating the expression of heat shock genes in organs of the 

immune system. 
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A reduction of plasma TBARS values (Zhang et al., 2014) and a modification 

in the fatty acid pattern in subcutaneous fat (Yan and Kim, 2011) have also been 

reported in pigs fed diets containing a plant extract including GSE (2g/kg) and 

fermented GP diets (30g/kg), respectively. However, the addition of GSE (0.7 g/kg) 

did not affect the oxidative stability and quality of raw and cooked pig meat (O’Grady 

et al., 2008). 

All these studies, mainly in chickens, suggest that polyphenols present in grape 

by-products are absorbed, distributed and retained and remain functional at sufficient 

levels to contribute to PUFA protection in membranes and modulate antioxidant 

activity in muscle tissue. These bioactive compounds could therefore reduce the 

amount of additives like vitamin E but also improve vitamin E status.  

Part of the relationship between polyphenols and their antioxidant activity 

involves their transition metal-chelating potential. As dietary polyphenolic compounds 

show metal chelating activity (Cook et al., 1995), a high intake of these bioactive 

substances may have consequences for the iron status. They chelate iron by forming 

insoluble complexes with iron ions in the gastrointestinal lumen, thereby making the 

iron unavailable for absorption. Iron is also implicated in the initiation process of 

PUFA peroxidation (Hatcher et al. 2009). In this respect, it has been shown that the 

inclusion of grape polyphenols in chicken diets reduces the plasma iron concentrations 

associated with lower oxidation of meat (Chamorro et al., 2013). In line with this 

result, Marouani et al. (2007) and Lee et al., (2010) showed that the dietary addition 

of tea polyphenols and tannic acid significantly reduced plasma iron in rats and pigs. 

The antioxidant effect of grape seed proanthocyanidins was also demonstrated by 

Naidoo et al. (2008) and Wang et al. (2008) in chickens infected with different dosages 

of Eimeria tenella. Results showed an increase in plasma superoxide dismutase content 

and a decrease in malondialdehyde (MDA) and plasma nitric oxide concentration, 

indicating that GSE was able to restore the balance of antioxidant-oxidant status, 

which had been disturbed by oxidative stress after parasite infection. 

There are also references showing that the addition of grape seed by-products 

modifies the fatty acid composition of meat. In this respect, the dietary inclusion of a 

fermented GP product for pigs increased the total PUFA and PUFA/SFA ratio in the 

subcutaneous fat of the Longissimus muscle (Yan and Kim, 2011). Information on the 
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supplemental effect of GP on the fatty acids profile of chicken meat is not available. 

Changes in the muscle fatty acid proportion (reduced SFA and increased PUFA) 

following the dietary addition of different bioflavonoids (genistein, hesperidin, gallic 

acid) have been reported in chickens (Kamboh and Zhou, 2013; Jung et al., 2010). 

Recent results from Chamorro et al. (2015) confirm that birds fed vitamin E and GP 

diets showed higher meat PUFA content. This effect was also correlated with a 

reduction in the susceptibility of the chicken meat to lipid peroxidation. Previous 

results indicated that monomers were better digested and that the use of tannase and 

pectinase released gallic acid, catechin and epicatechin (Chamorro et al., 2015). 

However, birds fed with a GP diet supplemented with enzymes (tannase) reversed the 

beneficial effect observed in GP diets. Although the inclusion of enzymes in GP diets 

hydrolysed the complex polyphenols into compounds with low polymerization, 

thereby improving the amount of available bioactive substances present in the gut, they 

are less active against oxidation and evidently no additional protective effect on 

oxidative stability was observed. These results suggest that simple phenols generated 

by the action of enzymes are less active than the more complex ones present in GP. 

Although several studies have shown that dietary polyphenols have a beneficial 

effect on the oxidative stability of meat, the mechanism of their action remains to be 

established. The direct antioxidant activity of dietary polyphenols implies that they are 

absorbed through the monomeric form and by the metabolites generated by the 

intestinal microbiota (Luciano et al., 2009). Different authors have recently shown the 

transmission of dietary phenolic compounds in lambs’ meat (Moñino et al., 2008; 

Luciano et al., 2011) and frankfurters from free-range-reared pigs (Estévez et al., 

2007), using rosemary and tannin-rich by- products (quebracho, grapes, nuts and citrus 

fruits). Moreover, Gladine et al. (2007) reported the presence of five different phenolic 

compounds in plasma, including epicatechin, and unknown phenolic compounds in 

sheep that received GS and peel extract directly into the rumen. Nevertheless, the 

effect of dietary procyanidins on meat oxidative stability may also be indirect, through 

preservation of the oxidation of other dietary bioactive compounds in the 

gastrointestinal tract and in meat (for example, fatty acids and vitamins E and C), 

chelation of the pro-oxidant compounds, and the ability to modulate the activity and 
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gene expression levels of relevant endogenous antioxidant enzymes (Sgorlon et al., 

2006; Larrosa et al., 2010). 

3.2. Direct addition of grape by-products to meat products 

 

In recent years, much attention has been paid to developing meat and meat 

products with physiological functions to promote healthy conditions and prevent 

disease. Technological strategies involve the application of antioxidants directly into 

meat and meat products or the coating of packaging materials with plant extracts to 

improve their oxidative stability. The effectiveness of GSE as a food ingredient has 

been tested in various systems, including sunflower oil, fish oil, fish, seaweed oil 

emulsion, turkey, chicken, beef, pork and fish meats (Ahn et al., 2002, 2007; Lau and 

King, 2003; Hu et al., 2004; Pazos et al., 2005; Mielnik et al., 2006; Rababah et al., 

2006; Shaker, 2006; Bañon et al., 2007; Brannan & Mah, 2007; Brannan, 2009). There 

is also abundant evidence demonstrating the ability of these extracts to delay lipid 

oxidation in meat during storage. In raw meats, GSE have been shown to be effective 

in reducing the amount of primary (hydroperoxides and hexanal) and secondary 

products of oxidation (thiobarbituric acid reactive substances [TBARS]), chicken meat 

(Lau and King, 2003; Shirahigue et al., 2011), pork (Brannan and Mah, 2007; 

Carpenter et al., 2007; Rojas and Brewer, 2008; Lorenzo et al., 2014) and fish (Pazos 

et al, 2005; Sánchez-Alonso and Borderías, 2008; Sánchez-Alonso et al., 2008). In 

cooked meats, GSE have also been shown to be effective in reducing oxidative 

rancidity and the formation of volatile compounds in turkey breast meat (Mielnik et 

al., 2006), chicken breast and thigh meat (Rababah et al., 2006; Sayago-Ayerdi et al., 

2009ab; Brannan, 2009; Selani et al., 2011), pork patties (Brannan and Mah, 2007; 

Rojas and Brewer, 2007, 2008; Sasse et al., 2009), These results indicate that grape 

polyphenols could be used as a natural ingredient to prevent oxidation and as a 

functional ingredient in healthy food design. A few studies published in recent years 

have tried to explain the mechanisms involved in antioxidant effectiveness in muscle 

foods. Recent data using molecular dynamic simulations with biomembranes suggests 

that the effects of GSE components over free radicals in fish muscle may be due to 

inhibition of the propagation of free radicals in the lipid bilayer, reduction in the 
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contact of pro-oxidant compounds, such as Fe or haemoglobin, and the localization of 

polyphenols close to active points of oxidation (Sirk et al., 2009; Maestre et al., 2010).  

Information on the transference of phenolic compounds in muscle is limited, 

particularly with respect to the effect of the dietary administration of polyphenols on 

the presence and concentration of phenolic compounds in animal tissues.  

3.3. Antimicrobial activity and modulation of gut microbiota  

 

There have been very few studies on the interaction of polyphenol compounds 

with intestinal microbiota in animal nutrition. In vivo studies have shown that 

resveratrol has great potential as an antibiotic alternative for reversing the adverse 

effects of weaning stress on the growth performance, immunity and microbial 

environment in E. coli and Salmonella challenged piglets (Ahmed et al., 2013). 

Likewise, the addition of GSE in weaned pigs reduces E. coli-induced diarrhoea 

(Verhelst et al., 2014). Fiesel et al. (2014) showed that feeding GS and grape marc 

meal extract altered the microbial composition, with a reduction in Streptococcus spp. 

and Clostridium in the faecal microbiota. However, other authors (Zhang et al., 2014) 

did not observe any differences in the microbial count in the faeces and caecum of 

weaned pigs fed an extract containing polyphenols, including GSE. Studies conducted 

in rats (Dolara et al. 2005; Larrosa et al., 2009; Pozuelo et al., 2012) reported increases 

in the colonic populations of Bacteroides, Lactobacillus and Bifidobacterium that were 

associated with the dietary inclusion of grape seed polyphenols. An ecological shift in 

the microbiome, with a dramatic increase in Lachnospiraceae, Clostridales, 

Lactobacillus and Ruminococcacceae, was observed in female pigs fed GSE (1%) diet 

(Choy et al., 2014). Evidence of this effect has also been observed with the use of tea 

polyphenols in pigs and calves, with a significant increase in the Lactobacilli count, a 

decrease in total bacteria and Bacteroidaceae and a tendency towards a decrease in C. 

perfringens (Hara et al., 1995; Isihara et al., 2001). The inhibiting effect of 

polyphenolic compounds on bacteria could be due to mechanisms related to their 

capacity to adhere to cellular membranes, interact with bacterial enzymes and 

sequester metallic ions from the substrate (Scalbert, 1991; Cushnie and Lamb, 2011). 

The results obtained by Viveros et al. (2011) on the use of GP and grape extract in 

birds’ diets also demonstrated and confirmed the antibacterial effect of polyphenols 
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found in these by-products with respect to certain intestinal bacteria. This effect differs 

depending on the segment analysed (ileum or caecum). The inclusion of these by-

products in birds’ diets exerted an antimicrobial effect on Clostridium in the ileum, 

while in the caecum it was associated with an increase in populations like 

Lactobacillus and Enterococcus. This potential prebiotic effect was confirmed in the 

same study, using molecular techniques (TRFLP) that allow global changes in 

microbial populations to be analysed. These results reflected an increase in the level 

of biodiversity and the frequency of detection of certain bacteria with the capacity to 

degrade phenols, as well as other unidentified organisms in the caecum of birds fed 

with these by-products. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



    
 

76 
 

CHAPTER 4 

CHICKEN MEAT AND MEAT PRODUCTS QUALITY 

4.1. Importance of chicken meat and meat products 

The chicken meat consumption is generally well above the global average. The 

poultry meat uptake per person will increase faster than that for pork and beef as 

poultry consumption will rise by some nine per cent between 2013 and 2022, compared 

with gains of three to four cent for beef and pig meat respectively. The increase of this 

meat is in relation to the increase of the global demand for inexpensive proteins 

particularly among developing countries as a result of population growth and rising 

consumer incomes. On the other hand, the increasing demand of chicken meat is 

attributed mainly to the quality of this meat; its healthy and high nutritional profile, 

sensory properties that make it very flexible for any type of home-cooking style as 

well as for manufacturing processed products and the low costs of production (Petracci 

et al., 2013), and also because of the absence of cultural or religious obstacles 

(Valceschini, 2006). 

Besides, chicken meat is widely used for the elaboration of many meat products 

such as chicken frankfurter, chicken bologna, chicken meat balls, chicken ham, 

chicken burgers, chicken longganisa, etc. Manufacturers endeavour to make chicken 

and turkey sausages similar to red meat sausages in taste and flavour, but point out the 

health benefits of poultry products (low fat, low cholesterol, etc.) (Heinz and 

Hautzinger, 2007). 

4.2. Proximate composition 

In general, meat is a good source of proteins, lipids, carbohydrates, as well as 

many other essential compounds (vitamins, minerals, trace elements, etc.). In addition, 

poultry meat well fit the consumer demand for a low-fat meat (3-8%), low sodium 

(0.09%) and cholesterol levels (Suchý et al., 2002) with a low energetic value (519–

741 kJ/100 g). 

Poultry meat belongs to a group of high-quality meats because of its valuable 

dietetic and nutritional properties. The chemical composition and the ratio between 

muscles and fat in carcass are distinctive quality parameters. Content of muscle tissue 
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of the carcass varies between 40-70%. In the case of broiler crosses muscle tissue 

proportion in the pectoral muscle is from 94 to 98% and in the leg from 92 to 97%. 

Poultry meat consists of dry matter and water. The water represents approximately 

75% of the muscle (although different cuts may have more or less water) and 20-25% 

of muscle is composed by protein with the remaining 5% representing a combination 

of fat (1.2-2.5%), carbohydrate and minerals (Maiorano et al., 2012). Dry matter 

contains inorganic substances (ash) and organic substances such as nitrogen-

containing substances (proteins, amides) and non-nitrogen substances (sugars, 

starches, fat and organic acids). Proteins are the most important components of meat 

from both the nutritional and technological point of view Steinhauser et al. (2000). The 

proteins are “highly nutritious” and contain essential amino acids, however individual 

parts of the carcass differ in protein content. In comparison with dark-red thigh 

muscles, light-red breast muscles contain more proteins, less fat and less myoglobin 

per 1 g of muscle tissue. The highest portion of proteins can be found in breast muscles 

from chicken and turkey. According to Simeonovová (1999) breast muscles contain 

approximately 22.00 % of proteins while thigh muscles, which contain more fat, 

consist of ca 17.20 % of proteins.  

Fat (esters of fatty acids and glycerol) represents the highest portion of all lipids 

(99 %) present in meat and is very important from a sensory aspect since it is a source 

of many aromatic substances affecting the meat taste. The remaining part consists of 

phospholipids and other associated substances. Based on a single value for a 100g lean 

fillet serve, lean chicken breast has relatively higher proportions of monounsaturated 

fatty acids (>20% compared to beef and tuna) and polyunsaturated fatty acids (>30% 

compared to beef, lamb and pork) (Rule et al., 2002; Probst, 2009). Abdominal fat 

represents a relatively high portion of the total body weight of chickens causing a 

significant loss during carcass processing. 

Gender is one of the factors affecting fat accumulation during growth. As a 

result of different growth intensity, females accumulate more fat in comparison with 

males. Intramuscular fat increases energy value, improves the taste, but too much body 

fat inhibits gastric acid secretion and complicates protein digestibility (Jukna et al., 

2007). Consumers prefer lean meat with reduced content of fat. However, overmuch 

low intramuscular fat content in worse taste qualities of meat (Valsta et al., 2005; Jukna 
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et. al., 2010). Intramuscular fat is the most variable part of the meat. Its coefficient of 

variation is several times higher than other meat characteristics  

Although the level of ash represents only a very low portion of the total weight 

(ca. 1 %), it is a significant criterion for evaluation of the mineral content in muscles. 

In fact, chicken meat is also a major source for phosphorus, iron, copper, zinc, and 

selenium besides vitamin B1, niacin, B2, B6 and B12 and vitamin A. 

4.3. Quality evaluation 

The chicken meat and meat products are highly perishable. They are 

deteriorated very quickly due to internal factors (composition, kind of meat etc) and 

external factors (handled, processing conservation, etc.). The meat is an ideal medium 

for bacterial growth because of its high moisture content, richness in nitrogenous 

compounds (essential amino acids, proteins), minerals, vitamins and other growth 

factors. Furthermore, meat pH is favourable for the growth of micro-organisms. The 

water activity (aw) of poultry meat is about 0.98 to 0.99 depending on if and how long 

the meat has been stored in dry air. The pH of chicken breast muscle is 5.7 to 5.9, while 

that of leg muscle is 6.4 to 6.7 (Bhaisare et al., 2014). Both poultry muscle and skin 

are excellent substrates for supporting the growth of a wide variety of microorganisms 

(ICMSF, 2005). The results of deterioration is the loss of the quality and a short-life 

of these products.  

The quality concept of food is a fairly broad definition. According to the 

Standard ISO 9000:2000, the quality is defined as “The totality of features and 

characteristics of a product, process or service that bear on its ability to satisfy stated 

or implied needs” (FAO 2004).  

The quality of meat in general and particularly of poultry meat can be assessed 

from different points of view. From the standpoint of consumer interests and the 

slaughter industry, from this last point broilers should have not only high slaughter 

yields and desirable carcass conformation scores etc (daily weight gain; feed intake, 

feed conversion ratio). The poultry meat and meat products could be examined for 

nutritional, sensory, physico-chemical and microbiological evaluation to assure their 

quality (Touraille, 1994; Jassim et al., 2011; Ingr, 1989). 
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4.4.1. Physico-chemical methods 

There are different physico-chemical methods of assessment of the chicken 

meat and meat products quality. The composition of this meat and products are also 

analyzed with different phicycochemical methods such as protein content in the diet, 

in the ingredients supplemented in the diet, and in meat and patties samples, by using 

a Nitrogen Determinator LECO FP-2000 for protein. The quality of poultry meat 

gathers others quantifiable properties of meat such as water holding capacity, texture 

(shear force), drip loss, cooking loss, pH, collagen content, protein solubility, 

cohesiveness, and fat binding capacity, color, etc which are indispensable for 

processors involved in the manufacture of value-added meat products (Allen et al., 

1998). A basic understanding of the live production and processing factors that 

influence these poultry meat quality attributes, especially color and texture, is 

necessary to produce consistently high quality poultry products.  

4.4.1.1. Color  

 

Among these quality attributes, color is the most critical for the selection of 

many food commodities, including poultry products. Color has long been known to be 

a major selection criterion for fresh poultry and meat products as well as for final 

consumer’s product satisfaction or rejection of the products.  

Among the factors affecting poultry meat, color include the nature and 

reactions of the major meat pigment, myoglobin, as well as effects of nitrates and 

nitrites, ovens and environmental gasses (primarily carbon monoxide and nitric oxide), 

age, sex, and strain of animal, scalding temperature, irradiation, cooking temperature, 

storage, canning, processing additives, pre-slaughter conditions, haemachromes, and 

cytochrome C reactions on final meat color. 

The major contributing factors to poultry meat color are myoglobin content, 

chemical state of the haem structure, and meat pH. Myoglobin content has been shown 

to be primarily related to species, muscle, and age of the animal. Muscle pH has been 

shown to be primarily related to the biochemical state of the muscle at time of slaughter 

and following rigor mortis development. Both of these factors contribute to meat color 

and the occurrence of meat color defects. The various ionic and covalent complexes 

of both the ferrous and ferric state of the haem with oxygen and other compounds to 
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form the basic meat colour variations from the purplish red of deoxygenated 

myoglobin to the bright red of oxymyoglobin to the brown/gray of metmyglobin are 

well established. The reactions with various nitrogen compounds and heat to form 

stable nitrosyl haemachrome complexes produce the desirable pink colour of cured red 

meats or the undesirable pinkness of some poultry products (Bard and Townsend, 

1978). 

Muscle pH and meat colour have consistently been reported to be highly 

correlated, (inversely correlated) especially when wide ranges of meat colour are 

examined. Higher muscle pH is associated with darker meat while lower muscle pH 

values are associated with lighter meat. The effect of pH on meat colour is complex. 

One effect, as noted earlier, is that many of the haem-associated reactions are pH 

dependent. In addition, muscle pH affects the water binding nature of the proteins and 

therefore directly affects the physical structure of the meat and its light reflecting 

properties (Briskey, 1964). Also, pH affects enzymatic activity of the mitochondria1 

system thereby altering the oxygen availability for haem reactivity (Ashmore et al., 

1972 and Cornforth and Egbert, 1985).  

Color of meat can be evaluated using different subjective or objective systems. 

For the objective assessments usally are study the most popular is the CIE LAB, 

defined by the Commission Internationale de I’Eclairage (CIE) (1978). In the CIE 

LAB, the L* value is an expression of the lightness of the surface ranging from 0-100 

(black to white), a* value indicates red, ranging from negative to positive (green to 

red), and b* value also ranging from negative to positive, which stands for blue to 

yellow (Barbut, 2002) (Figure 4.1 and 4.2). For this measure are use different 

equipment such as Chroma Meter (Konica Minolta Business Technologies, Tokyo, 

Japan), Hunter L, a, b; Munsell (hue, lightness, and chroma). A wide range in lightness 

(L*) of breast meat has been reported by different researchers ranging from 35 to 

71(Barbut, 1997; Woelfel et al., 2002; Wilkins et al., 2000; Anadon, 2002; Petracci et 

al. 2004; Lesiow et al., 2007).   

  



    
 

81 
 

   

Figure 4.1. CIE LAB color space   

           

 

Figure 4.2. CIE LAB color measuring 

instrument spectrophotometer 

 

4.4.1.2. Texture  

Texture is probably the single most critical quality factor associated with the 

consumers’ ultimate satisfaction with a poultry meat product. The two major 

contributors to poultry meat tenderness are the maturity of the connective tissues and 

contractile state of the myofibrillar proteins. The first, maturity of the connective tissue 

involves the chemical cross bonding of the collagen in the muscle. Since collagen 

cross-linking increases with age, meat is generally tougher from older animals. The 

second factor, the contractile state of the myofibrillar proteins, is primarily a function 

of the rate and severity of rigor mortis development. As the modern broiler industry 

developed and began to dominate the chicken meat market, the issue of age related 

toughness (connective tissue cross-linking) has virtually disappeared. Except for spent 

hen and older bird utilization, or for specialty markets such as for capons, age related 

connective tissue toughness is not a major factor in broiler meat quality since the 

market age of broilers is less than 7 to 8 weeks of age. The myofibrillar protein impacts 

on ultimate meat tenderness are primarily a function of the biochemical predisposition 

of the muscle at the time of slaughter, the rate and severity of rigor mortis 

development, and the physical handling of the carcass and muscle during rigor 

development. With traditional broiler industry production practices, processing, and 

the predominant marketing of whole carcasses the negative impact of the myofibrillar 
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protein reactions were not thought to have a major impact on meat quality. However, 

in recent years with the dramatic increase in cut up, deboned meat, and further 

processed products, the demands are placed on the slaughter plant to cut up and debone 

the carcasses as fast as possible. If the carcass is cut-up into parts, or more importantly, 

if the breast meat is removed from the carcass prior to the completion of rigor mortis, 

the muscles will contract unimpeded by the normal skeletal restraint, the muscle fibres 

will contract and shorten the muscle, and the resulting meat will be less tender. 

Although the predominant marketing of young broilers minimizes age associated 

toughness, the economic incentive to cut-up and debone broilers earlier in the 

processing scheme has resulted in an increased incidence of tough broiler breast meat. 

During the past 20 years, intensive research efforts have been focused on determining 

the live bird and processing factors which affect breast meat tenderness. The ultimate 

goal has been to develop slaughter methods which would allow for acceleration of 

post-mortem rigor mortis such that carcasses could be cut-up and deboned as soon 

after slaughter as possible.  

Tenderness is also associated with the pH and other properties like the water 

hold capacity, cook loss etc. in meat even with defect like poultry meat defects 

including PSE (pale, soft, exudative) and DFD (dark, firm, dry) (Allen et al. 1997 and 

1998) and with the time of postmortem.  

The evaluation of texture may be controlled by objective or subjective methods 

of assessment. The texture could be evaluated objectively through the Texture profile 

analysis (TPA), shear force, Kramer shear force (KSF), Warner-Bratzler (WB) shear 

etc. using different instrument like TA-XT plus Texture Analyzer or Instron (Herrero 

et al., 2008) (Figure 4.3). 

Lyon and Lyon (1996) reported that the average Warner-Bratzler (WB) shear 

value for intact broiler breasts deboned at 2 h postmortem was among 4.49 kg- 10.12 

kg of force for breast. In chicken products like chicken balls the hardness, 

cohesiveness, springiness and shear force were ranged between 3.73-5.73, 0.55-0.69, 

11.40- 13.71, 31.27-53.77 and 0.51-1.28, respectively (Huda et al., 2009).  
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Figure 4.3. TA-XT plus Texture Analyzer 

 

4.4.1.3. Lipid oxidation  

Oxidation in lipid has been demonstrated as the main, non-microbial cause of 

quality deterioration during processing and storage. Currently, lipid oxidation is one 

of the biggest economic problems in the meat industry since decreases the market 

value of meat and meat products (Contini et al., 2014; Sample, 2013, Palmieri & 

Sblendorio, 2007). (Kolakowska & Bratosz, 2010). The undesirable effects of lipid 

oxidation on food quality are reflected on the sensory attributes (development of off-

odor, off-flavor, discoloration, undesirable texture), nutritional value (loss of PUFA, 

vitamins, antioxidants and damage of proteins, amino acids, formation of protein 

radicals, lipid-protein interactions), toxicity (generation of hydroperoxides, aldehydes, 

epoxides, dimers, oxysterols, trans fatty acids, Maillard type products) and 

technological suitability (decrease of emulsifying activity of protein and protein 

solubility) etc. (Kolakowska, 2002).  

The rate of lipid oxidation in fresh and cooked meat products depends on 

various internal factors such as fat content, fatty acid composition mainly high 

concentrations of unsaturated lipids, heme pigments, iron content, metal catalysts 

ntioxidants, and a range of oxidizing agents in the muscle tissue (Addis, 1986; Du et 

al., 2000; Choe and Min, 2006; Min et al., 2008). These factors are also influenced by 
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animal breed and species, muscle types and anatomical location (Min et al., 2008). 

Moreover, the type of diet consumed by animals during the production phase has a 

great influence on the susceptibility of meat to oxidation postmortem. Poultry meat 

tissues have low lipid content but contain relatively high polyunsaturated fatty acids 

(Igene and pearson, 1979, Pikul et al., 1984) that are the main oxidation substrates, 

with several double bonds that are thermodynamically favored sites for attack by lipid 

peroxyl radicals (Gardner, 1989). Zhang et al., (2011) reported an increase in lipid and 

protein oxidation in the breast muscles of birds that had been fed a dietary oxidized oil 

diet compared to antioxidant-supplemented and control diets. 

The external conditions such as exposure of meat to oxygen, light and 

temperature, as well as preservative and processing techniques, such as chilling, 

freezing, additives (salt, nitrate and spices), cooking, irradiation, high pressure and 

packaging, could play important roles in lipid oxidation process (Ahn et al., 2009) 

Autoxidation is considered the major mechanism that causes lipid oxidation in 

food and meat products and is initiated by reactive oxygen species (ROS) (Gray and 

Monhan, 1992; Min and Ahn, 2005). Autoxidation mechanism is well studied and 

summarized into three main steps: initiation, propagation and termination (Gray and 

Monahan, 1992; Min and Ahn, 2005; Laguerre et al., 2007) (Figure 4.4) 

The initiation step is the rate-limiting, but very important in lipid peroxidation 

process, this usually starts by reactive oxygen species that abstracts hydrogen atoms 

from the site of a fatty acid chain and form a lipid free radical (L.). This lipid free 

radical will react rapidly with oxygen to form a peroxyl radical (LOO.). The peroxyl 

radical (LOO.) formed in the presence of oxygen abstracts hydrogen atom from another 

hydrocarbon chain, and yields hydroperoxide (LOOH) and a new free radical (L.), 

which later decompose to produce the volatile aromatic compounds that give meat its 

perceived off-flavours and rancid odour (Chaijan, 2008) and participate in propagation 

chain reaction (Pearson et al., 1977; Enser, 1987). Lipid peroxyl radical and alkoxyl 

radical can also abstract hydrogen atom from another lipid molecule and initiate and 

propagate the chain reaction (Addis, 1986; Coyle and Puttfarcken, 1993; Min and Ahn, 

2005). The final step is called termination step in which free radicals such as lipid 

peroxyl radicals (LOO.) react with each other to form non-radical products such as 

aldehydes, alkanes and conjugated dienes. Formation of aldehydes has been found to 
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be directly related to the deterioration of meat colour and flavour, protein stability and 

functionality (Lynch et al., 2001; Min & Ahn, 2005). The consequence of aldehydes 

has also been associated with atherosclerosis, putative mutagens and cancer formation 

in the body (Duthie et al., 2013).  

 

Figure 4.4. Hypothetical autoxidation of a polyunsaturated lipid as a function of time (Gardner, 1983) 

 

Oxidation in meat is usually assessed by measuring the amount of peroxide 

value (PV), thiobarbituric acid-reactive substances (TBARS), sulphydryl and carbonyl 

group generated during the process. This analysis is carried out using 

spectrophotometric or chromatographic (head space gas chromatographic (GC), high-

performance liquid chromatography (HPLC) and liquid chromatographic mass 

spectrophotometer [(LC–MS) and 2,4 dinitrophenylhy-drazine (DNPH)] methods. 

Recently, studies on protein–lipid oxidation have been conducted at a molecular level 

using mass spectrophotometry (MS) and liquid chromatography–tandem mass 

spectrophotometer (LC–MS/MS) with proteomic tools to better understand the mode 

of mechanism in relation to meat quality.  

To avoid oxidative process is essential finding a good balance between 

prooxidative/antioxidative factors of muscle food products, preserving the natural 

antioxidant stability and manipulating animal diet with antioxidants supplementation 

or adding antioxidant compounds directly during processing. 
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4.4.1.3.1. Antioxidants  

An antioxidant can be defined as: “any substance that, when present in low 

concentrations compared to that of an oxidizable substrate, delays or inhibits the 

oxidation of that substrate” (Murthy, 2001). Antioxidants may protect cells from the 

damage caused by free radicals. They trap the reactive substrate radicals and peroxide 

radicals before they can react with oxygen or substrate (Figure 4.5)  

 

 

 

 

 

 

 

Figure 4.5. The antioxidant behavior 

 

The antioxidant system basically works at three different levels of defense: the 

first level that is responsible for the prevention of free radicals formation by 

antioxidant enzymes such as superoxide dismutase (SOD) and glutation peroxidase 

(GPX); the second level that combats the production of free radicals and is made of 

chain-breaking antioxidants such as vitamin E, β-carotene, vitamin A, vitamin C and 

uric acid and the third level that activated for eliminating or repairing the molecules 

damaged by free radicals. It primarily consists of enzymes such as lipases, proteases, 

nucleases and various transferases (Surai 2002; 2006; 2016; Niki 2014). 

Antioxidants are increasingly important additives in food processing. They are 

widely used as food additives to prevent rancidity and also in animal diets. 

Antioxidants can potentially promote meat tenderness as well. Tenderness and 

associated juiciness (water-holding capacity) are important quality parameters of meat 

as well. More recent research has suggested a new role of antioxidants in inhibiting 

cardiovascular disease and cancer.  

The two major types of antioxidants found in food are natural antioxidants and 

synthetic antioxidants.  
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4.4.1.3.1.1. Synthetic antioxidants 

Synthetic antioxidants as their name suggests are chemically synthesized since 

they do not occur in nature and are added to food as preservatives to help prevent lipid 

oxidation (Shahidi, 1992). Synthetic antioxidants include butylated hydroxyanisole 

(BHA), tertiary butyl hydroquinone (TBHQ), 2,4,5-trihydroxybutyrophenone 

(THBP), propyl gallate (PG), octyl gallate (OG), nordihydroguaiaretic acid (NDGA) 

and 4-hexylresorcinol (4HR) (Guan et.al., 2005; Nazni et.al., 2013;Guo et.al., 2006, 

Ruiz-Capillas and Nollet, 2016).  

The use of synthetic antioxidants in food is classified with a E number and their 

use in food products is regulated and controlled by regulatory laws of a country or 

international standards. In the United States the use of antioxidants is subject to 

regulation under the Federal Food, Drug and Cosmetic Act, Meat Inspection Act, 

Poultry Inspection Act, and other state laws (Mikova, 2001; Shahidi & Zhong, 2005). 

In the European Union, regulation of antioxidants is stipulated by the European 

Parliament and Council Directive No. 95/2/EC of 20 February 1995 on food additives 

other than color or sweeteners. Another organization that regulates the use of 

antioxidants is the Codex Alimentarius, which is a collection of internationally 

adopted standards. Codex Alimentarius permits only the use of those antioxidants 

which have been evaluated by the Joint FAO/WHO Expert Committee on Food 

Additives (JECFA) and these may be used only in foods standardized by Codex 

(Mikova, 2001; Davidson and Naidu, 2000). The Food and Drug Administration 

(FDA) requires that their presence be mentioned on food labels along with an 

explanation of their intended usage (Newell-McGloughlin and Burke, 2014.). The 

permissible levels of synthetic antioxidant in food is decided based on the fat content 

in the recipient food item, and are usually limited to 0.02% total antioxidants (PFA, 

2008). 

Although there are many compounds that have been proposed to possess 

antioxidant properties to inhibit oxidative deterioration, only a few can be used in food 

products.  

The synthetic antioxidants when used within the recommended levels have a 

powerful in protecting product quality during processing and distribution by 

preventing the lipid deterioration and increasing the shelf life. However, in last decade 
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the use of the excess antioxidants added to food might has been related with 

toxicological effect in the consumer and thus endanger their health (Mattila and 

Kumpulainen, 2001; Shalini, 2012). In this sense has been fixing the daily intake of 

antioxidants like BHT and BHA, and they have been estimated to be about 0.1 mg/kg. 

At larger doses of about 500 mg/kg i.e. 5000 times the normal intake, both BHT and 

BHA have been shown to exert pathological, enzyme or lipid alterations or 

carcinogenic effects (Madhavi et al., 1996, Olsen et al., 1986). Even though at current 

levels of intake the synthetic antioxidants seems to pose no reasonable threat to health, 

but long term chronic ingestion of these antioxidants may aid in modifying the acute 

toxicity of several carcinogenic and mutagenic chemicals and lead to chronic side 

effects. Moreover, the effects exerted by the antioxidants also depend on their pattern 

of metabolism and the excretion of the metabolic products (Nagy, 1980; Sharoni et al., 

2000; Mattila and Kumpulainen, 2001).  

This toxicological problem in relation with the synthetic antioxidant has been 

promoted the use of natural antioxidants by consumers and the meat industry (Karre 

et a., 2013). 

4.4.1.3.1.2. Natural antioxidants  

The consumer demands are increasingly focusing on minimally processed food 

products, with less use of synthetic additives and at the same time without 

compromising food safety. Various Natural antioxidants are using in the food industry 

and for dietary of animal such a as Tartaric acid, Ascorbic Acid (vitamin C), Vitamin 

E and Similar Compounds, Citric Acid and Citrate, different Phenolic Compounds as 

Gallic, Caffeic, Ferulic and p-Coumaric Acids, flavonoides etc.The use of this natural 

antioxidant are also regulate by the legislation and classify with the number E 

(Davidson and Naidu, 2000, Ruiz-Capillas and Nollet, 2016). 

The vitamin E is the more common natural antioxidant use in food and in 

animal dietary. Vitamin E is the standard term used to describe at least eight naturally 

occurring compounds that exhibit the biological activity of α-tocopherols (Jensen and 

Lauridsen, 2007). This group comprises α β, γ, δ - tocopherol and tocotrienol (Figure 

4.6).  
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Figure 4.6. Vitamin E family 

 

Vitamin E is a vital component of biological membranes with membrane-

stabilizing properties and potent antioxidant activity. In poultry, vitamin E deficiency 

causes a wide variety of disorders (nutritional muscular dystrophy, erythrocyte 

hemolysis, exudative diathesis, cerebellar encephalomalacia etc.). (Green, 1972; 

Combs, 1981; Nair, 1972). Therefore their dietary supplementation is necessary to 

maintain their optimal health and high productive and reproductive performances. This 

also includes positive effects on male and female reproduction, immune-competence, 

effective growth and development, high quality of eggs and meat as well as decreased 

negative consequences of various stresses (Surai, 2002, 2006, 2014; Surai and Fisinin 

2015). 

Vitamin E cannot be synthesized by animals and has to be supplied by the diet, 

thus its presence in body tissues is a reflection of dietary availability. Dietary vitamin 

E is commonly supplemented in the diet as α-tocopherol acetate, which is 

characterized by great stability during storage, feed processing, and passage through 

the forestomach of the animal (Mitsumoto, 2000; Brenes et al., 2008; Brenes et al., 

2010). The National Research Council’s Committee on Animal Nutrition, USA, 
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provided the nutrient requirements for poultry species including the vitamin E. 

According to its recommendations, poultry feed can be supplemented with 10 IU of 

vitamin E per kg feed (1 IU = 0.67 mg dl-α-tocopheryl acetate) for chickens aged up 

to six weeks, 5 IU/kg feed for chickens aged over six weeks, (NRC, 1994). 

On the other hand administration of vitamin E to poultry also improves both 

body fat stability and meat quality such as water retention, lipid oxidation, cholesterol 

oxidation and color stability (Morrissey et al., 2000; Chen et al., 2008; Ripoll et al. 

2013). In general, enhancing diets with antioxidants and optimizing nutrient intake not 

only could reduce lipid oxidation but also may improve water-holding capacity and 

textural traits of meat. Vitamin E (α-tocopherol) is perhaps the best researched dietary 

antioxidant. It is an essential nutrient for the growth and health for animal species by 

functioning as an antioxidant in various biological systems. α-Tocopherol neutralizes 

free radicals slowing the propagation of lipid oxidation of the highly unsaturated fatty 

acids in the cellular and subcellular membranes (Burton and Traber, 1990) (Figure 

4.7). Early studies have demonstrated delayed lipid oxidation and color deterioration 

of beef from cattle fed vitamin E supplementation diets (Morrissey et al., 2000). 

Dietary vitamin E supplemented lamb showed delayed metmyoglobin formation 

during storage compared to unsupplemented lamb and that the length of the finishing 

period feeding (supplemented with vitamin E) directly influenced muscle vitamin E 

content (Ripoll et al. 2013). Gao et al. (2010) also reported that feeding high levels of 

α- tocopherol lowered thiobarbituric acid-reactive substances production in the tissue 

and plasma of oxidatively stressed broilers. Similarly, Xiao et al. (2011) and Li et al 

(2009) reported decreased lipid and protein oxidation, and improved tenderness, 

respectively, in chickens fed a vitamin E supplemented diet.  

On the other hand also has been study the directly incorporation of α-

tocopherol into the meat products like pork patties through processing, where also was 

observed some protective effect (Chen et al., 2008); however, the effect was not nearly 

as much as that through dietary method.  

The use of dietary antioxidants has a distinct advantage over incorporation of 

antioxidants to meat through processing because dietary antioxidants absorbed by the 

bird can be effectively distributed in muscle (meat) both inside the cell and at the 
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membrane, which is not possible if the antioxidants are incorporated into meat through 

blending and mixing.  

 

Figure 4.7. Schematic overview of interaction between meat quality, lipid oxidation and antioxidants 

in animal diets 

 

In recent years, special attention has been paid to a number of medicinal plants 

that could be used as potential sources of antioxidants for muscle food preservation 

and nutritional quality improvement. In contrast to synthetic antioxidants, the use of 

natural antioxidants from spices is increasing since their application is less stringently 

regulated in most countries around the world. More of these compounds present also 

antimicrobial properties. Phenolic compounds are the major constituents of plant 

materials that contribute to their antioxidant and antimicrobial capacity. In addition, 

most of the plant materials (herbs and spices) possess relatively high chemical 

nutrients (such as protein, fat, carbohydrate), mineral contents (calcium, potassium, 

iron, phosphorus) and less anti-nutritional properties.  

Several authors have reported the efficacy of different plant products for 

reducing lipids and protein oxidation, discolouration and microbial growth in some 

types of meat (Camo et al., 2008; Fasseas et al., 2007; Zinoviadou et al., 2009). The 

use of natural compounds such as organic acids and essential oils has been identified 
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for decontamination of beef, pork and poultry products against Salmonella (Mani-

López, et al., 2012; Sant'Ana et al., 2014). The effectiveness of medicinal plants for 

example: Artemisia absinthium, Hypericum perforatum, oleoresin rosemary, 

Origanum vulgare, Satureja horvatii, Syzygium aromaticum, Fatsia spp., and olive 

among others, against microbial growth in meat and meat products has been reported 

in several studies (Kim, et al., 2013; Kurcubic et al., 2014; Sanchez-Muniz et al., 

2012). Krishnan et al. (2014) found a stronger antimicrobial effect of the combination 

of S. aromaticum, Cinnmomumcassia and O. vulgare extracts in chicken meat than 

individual spices, and they attributed this to synergistic actions of each specific 

compounds present in the mixed spices. The presence and level of concentration of 

different phytochemical compounds such as phenolic, flavonoid, alkaloids, saponins, 

tannins, carvacrol, terpenes, and thymol among others, have been recognized as the 

potential source of antimicrobial activities in plant materials (Sharma et al., 2012). In 

the meat and chicken products, rosemary and sage extracts found to be effective in 

reducing the rancidity and improve shelf-life (Murphy et al., 1998). In 2010, the 

European Union authorized the use of rosemary extracts as new food additives for use 

in foodstuffs under Directive 95/2/EC and assigned E 392 as its E number (European 

Union directives 2010/ 67/EU and 2010/69/EU) and the applications specified by the 

directives include meats. With the approval of carnosic acid and carnosol-based 

rosemary extract as a safe natural alternative to synthetic antioxidants, a new trend for 

“natural products” has emerged. 

4.4.2. Microbial analysis 

The microbial contamination in the chicken meat and meat products is the main 

reason of delay the shelf life of these products. The initial contamination of poultry 

meat may occur in various stages, including slaughtering, cutting, processing, storage 

and distribution of meat. Sources may include water, facilities, equipment and 

manipulators. The skinning stage is particularly important, due to the high microbial 

load on the leather surface. Fecal material, which may contain deteriorative 

microorganisms and pathogens, can also serve to as a source of microorganisms. The 

economic and public health consequences of the presence of microorganisms in food 

depend on the species and quantity present. The number of microorganisms present in 
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the product determines whether the contamination will cause microbial deterioration 

or disease (Fleet, 1999). 

The rate of growth of microorganisms in a food item depends on the 

characteristics of the food itself such as the chemical structure, pH level, presence of 

in inhibitors and competing microorganisms, and water activity as well as the 

environmental conditions such as the temperature and relative humidity of the 

environment and the air motion. Meat spoilage is the most frequently caused by the 

following groups of bacteria: 1) Pseudomonas spp. 2) Enterobacteriaceae 3) 

Brochothrix thermosphacta 4) Lactic acid bacteria (Barros-Velazquez, 2015; 

Pennacchia et al. 2011).  

Different measures have been taken to minimize growth of organisms in meat 

chicken and meat chicken products the more common was additives and preservation 

technologies. The more usual technologies is the chilling during distribution channels, 

chilling is normally used to preserve the meat to keep the meat qualities in a fresh-like 

state, while freezing is an alternative for longer storage or distribution time. Even in 

chilled storage, the microbial growth continues to spoil the product or endanger the 

food safety. Freezing stops the microbial growth, which can be resumed later in 

subsequent thawed storage.  

Vacuum packaging and modified atmosphere also have proven to be efficient 

in extending shelf life, preserving the sensory characteristics inherent to the product 

for a period sufficiently long for its turnover. Vacuum packaging is an 

anaerobic/microaerobic microsystem that delays the growth of aerobic bacteria such 

as Pseudomonas and promotes lactic acid bacteria, which have a lower potential for 

deterioration and limited growth at low temperatures (Sarantópoulos et al., 2001). 

Vacuum packaging, which is used in the conditioning of whole pieces or small parts, 

aims to protect the meat product from contact with oxygen from the air. Oxygen 

promotes the growth of aerobic microorganisms, which can change the odor, color and 

appearance of meat products, cause oxidative rancidity of the fats, change the meat 

pigments and destroy vitamins and flavors (Sarantópoulos and Soler, 1991). Under 

aerobic conditions, Pseudomonas spp. can dominate the meat quickly and contribute 

to its deterioration (Gill and Newton, 1978; Lebert et al., 1998). Vacuum-packaged 

meats are generally quite stable at low temperatures (Labadie, 1999). Despite the 
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increased shelf life, fresh meat packed under different technologies will deteriorate 

after some time.  

In some case for preservation are usually used additives or preservatives such 

as sulphites, nitrates and nitrites, benzoates, sorbates, parabens, acitic acid, lactic acid, 

etc . (Ruiz-Capillas and Jimenez Colmenero, 2008, Ruiz-Capillas and Nollet, 2016). 

These food additives have various permitted uses, their primary function is as a 

preservative to prevent or reduce spoilage, but are also used because of their food 

technology effects. They help stabilize product colour and inhibit discolouration, 

thereby improving the oxidation and sensorial appearance and flavour of many foods 

during preparation, storage and distribution. Therefore, many commonly consumed 

food and beverages contain varying amounts of these preservatives added during 

processing or conservation.  

Generally, as comment before the use of these additives in normal or general 

conditions is not a problem for the consumer. However, the use of synthetic 

compounds have significant drawbacks, such as increasing cost, handling hazards, 

concerns about residues on food and threat to human environment. In fact, some of 

them, as sulphites, have been associated with allergic reaction and food intolerance 

symptoms, being potentially toxic, and that is why they can be considered a hazard to 

human health (Ruiz-Capillas and Jimenez Colmenero, 2008). Therefore, in recent 

years because of the great consumer awareness and concern regarding synthetic 

chemical additives, there has been increasing interest to replace synthetic preservatives 

with natural, effective and nontoxic compounds, as those of botanical origin. 

Main natural compounds are essential oils derived from plants, extracts of 

spices and herbs (e.g., basil, thyme, oregano, cinnamon, clove, and rosemary), 

enzymes obtained from animal sources (e.g., lysozyme, lactoferrin), bacteriocins from 

microbial sources (nisin, natamycin) etc. The use of these natural antibacterial 

compounds is widely reported in the literature to improve the shelf life of meat 

(Jamilah et al., 2008; Jałosńska and Wilczak, 2009). The use of bay essential oil 

combined to MAP (modified atmosphere packaging) without oxygen (20% CO2—

80%N2) was suggested to control L. Monocytogenes and E. coli growth and also to 

extend the shelf life of naturally contaminated ground chicken meat (Irkin and Esmer, 

2010). Moreover, the addition of essential oils of marjoram and rosemary to beef 



    
 

95 
 

patties formulated with mechanically deboned poultry meat at a concentration of 200 

mg/kg reduced lipid oxidation and improved the sensory characteristics (Mohamed 

and Mansour, 2012). A relevant preservation effect for fresh chicken breast meat, 

stored at 4°C, was obtained by dipping meat in oregano oil, prior to packaging under 

MAP (Chouliara et al., 2007). Fratianni et al. (2010) also proposed use of thyme and 

balm essential oils to decrease the natural microflora of chicken breast meat. In 

particular, balm essential oil significantly limited growth of Salmonella sp., whereas 

thyme essential oil effectively inhibited growth of E. coli.  

Also grape by-products which represent a good source of polyphenols has been 

tested with antimicrobial function. It has been shown in numerous in vitro studies 

(Papadopoulou et al., 2005; Özkan et al., 2004; Rodríguez-Vaquero et al., 2007; Gañan 

et al., 2009; Silván et al., 2013) that flavonoids present in grape by-products have the 

capacity to inhibit the growth of certain organisms, such as S. aureus, E. coli, C. 

albicans and Campylobacter.  

The safety and hygienic quality of meat are largely determined by the presence 

of these microorganisms (total number of mesophyllic aerobic bacteria, anaerobic 

bacteria, coliform, Enterococcus, S. aureus, Salmonella, Bacillus cereus, Clostridium 

perfringens (Filimon et al., 2010). With microbial quality change and spoilage, the 

physical, chemical, microbiological and sensory attributes also change, and sometimes 

their interrelationship is used to determine meat shelf life. This control is equally 

important to producers, retailers and consumers (Mead et al., 2004).  

4.4.3. Sensory analysis 

The major poultry meat quality attributes are appearance, texture, juiciness, 

flavor, and functionality. Of these, the most important have been appearance and 

texture since they most influence consumers’ initial selection and ultimate satisfaction 

with traditional poultry meat products. Although juiciness and flavor are extremely 

important, except for isolated defects they are most often more a function of 

preparation than of the product itself. With the increasing trends in further processing, 

meat functionality and all of the sensory quality attributes have increased in relative 

importance. Complex products such as sausages, hamburgers, marinated fillets; 

breaded and cooked products, etc. require an understanding of the contribution of 
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poultry meat of these products as well as their influence on sensory proprieties of the 

food.  

The sensory evaluation is a subjective method that involves the discrimination 

and description of sensory components of products by a trained panel (Murray et al., 

2001) (Figure 4.8). It is defined as “a scientific discipline used to evoke, measure, 

analyze, and interpret reactions to those characteristics of food and materials as they 

are perceived by the senses of sight, smell, taste, touch, and hearing (Stone et al., 

2012).  

Trained panelists should be capable of identifying and quantifying the specific 

attributes, and providing information regarding the instrumental and sensory 

measurements of foods which have a fundamental role in the food preference 

determination (Lyon and Lyon, 2001; Touraille, 1994; Gigaud et al., 2008). Some 

attributes are especially important in chicken such as color, tenderness, juiciness and 

flavor (Touraille, 1994, Clinquart, 2000; Santé et al., 2001).  

The sensation of juiciness is composed of two organoleptic components. First 

the impression of wetness during the first few chews produced by the rapid release of 

meat fluid; the second is a sustained juiciness largely due to the stimulatory effect of 

fat or salivation. Tenderness and juiciness are closely related and, in general, the more 

tender the meat, the more readily juices appear to be liberated during eating. Flavour 

and odour are closely related. Generally, flavour is linked to water-soluble materials, 

and odour is related to fat-soluble volatile elements. Flavour, which comprises mainly 

the two sensations of taste and aroma or smell, has been found to be one of the most 

important factors affecting consumers’ meat-buying habits and preferences even 

before the meat is eaten (Shahidi, 1989; Sitz et al., 2005). Lipids play a vital role in 

the flavour development of poultry meat (Perez-Alvarez et al., 2010). Lipid 

degradation, mainly the oxidation of the fatty acid components of lipids, results in 

several hundred volatile compounds and the possible development of off flavours. 
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Figure 4.8. Test rooms of CSIC for sensory evaluation 
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CHAPTER 5  

AIM OF DISSERTATION 
 

The general aim of this study was to assess the potential use of grape pomace, grape 

seeds and grape skins, the major residues from wine-making industry and a good 

sources of polyphenols, as a cheaper but functionally equivalent product, with 

antioxidant activity, that could partially replace vitamin E in broiler chickens diet and 

be able to improve poultry performance and welfare, besides to warrant high-quality, 

safe and funtional meat products.  

There is no information in literature about the separated effect of the principal 

components present in grape pomace, ie skin and seed. To this end five experiment 

were designed to: 

 Evaluate, in the I, II and III experiment of this thesis, the effect of different 

concentrations of grape pomace, grape seed and grape skin, different types of 

grape skin (fermented and unfermented), and the effect of vitamin E (200 

mg/kg) inclusion in a corn-soybean basal diet on growth performance, ileal and 

excreta total polyphenols and tannins content, ileal digestibility of protein and 

ileal and excreta digestibility of total polyphenols in broiler chickens. The 

effect on chickens plasma and meat oxidative status was also assessed; 

 

 Estimate, in the IV experiment, the effect of dietary grape pomace, grape seed 

and grape skin in improving the shelf-life of meat patties elaborated with the 

breast meat from chickens fed these diets, and to assess the effect on their 

physicochemical and sensorial proprieties;  

 

 Assess, in the V experiment, the effect of grape seed and grape skin directly 

added to chicken meat patties on their physicochemical and sensorial 

proprieties. 
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CHAPTER 6  

MATERIAL AND METHODS 

6.1. Solvents and reagents 

Gallic acid, Folin–Ciocalteau reagent, α-tocopherol, trolox, butylated 

hydroxytoluene, and 1,1,3,3-tetraethoxy propane were obtained from Sigma–Aldrich 

(St. Louis, MO). Acetone, butanol, hexane, trichloroacetic acid, thiobarbituric acid, 

chloridric acid, ethylenediaminetetraacetic acid, sodium carbonate, acetonitrile, NaCl, 

and methanol were obtained from Panreac (Castellar del Vallés, Barcelona, Spain).  

6.2. Proximate composition 

Chemical composition was determined in GS, SS and GP grape ingredients, 

diets, meat and patties. 

In GS, SS and GP grape ingredients and in diets, dry matter (DM) (930.15), 

crude protein (CP) (976.05), crude fiber (978.10) and ash (942.05) were analyzed 

according to the methods of the AOAC (1995). Crude fat was determined by extraction 

in petroleum ether after acidification with 4 N HCl  solutions (Wiseman et al., 1992). 

The AIA (Acid insoluble ash) contents of diet, ileal content and excreta were measured 

after ashing the samples and treating the ash with boiling 4 M HCl (Siriwan et al., 

1993). 

In meat and patties, moisture (Method 925.09) and ash (Method 942.05) were 

analyzed in quadruplicated according to the methods of the AOAC (2005). Fat content 

was evaluated in triplicate according to Bligh & Dyer, (1959) method (Figures 6.1 and 

6.2). Protein content was measured in quadruplicated using a Nitrogen Determinator 

LECO FP-2000 (Leco Corporation, St Joseph, MI, USA).  
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6.3. Tested products 

The grape by-products used in the present study were different for each 

experiment, therefore their composition is described individually.  

I Experiment 

Red GP (Vitis vinifera var. Cencibel) was obtained from Grupo Matarromera 

(San Bernardo-Valbuena de Duero, Valladolid, Spain) (Figures 6.3 and 6.4.). Skin and 

grape seed were obtained from Hermanos Delgado (Socuéllamos, Ciudad Real, Spain). 

Proximate composition of SS, GS and GP is shown in Table 6.1.  

 

   

Figure 6.3. Grape pomace  Figure 6.4. Grape pomace after grinding 

   

  

Figure 6.1. Fat exctaction from chicken meat 

samples 

Figure 6.2 Fat exctaction from chicken meat 

samples, before and after rotavapor 
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Table 6.1. Proximate composition of grape seed (GS), grape skin (SS) and grape pomace (GP) 

Item g/100g of DM1 

 GS SS 

Crude fiber 25.28±1.87 14.40±1.33 

Protein 19.64±0.41 16.27±0.00 

Total polyphenols 8.23±0.16 2.35±0.14 

Condensed tannins 1.15±0.20 1.24±0.10 
1 Data are the mean of four determinations ± SD 

 

II Experiment 

Fermented (FS) and unfermented (UFS) grape skin was obtained from 

Explotaciones Hermanos Delgado S.L. Socuéllamos (Ciudad Real, Spain). UFS was 

taken at the beginning of the wine making process from the grape pomace generated 

from white grape cultivars. FS was taken after the fermentation process had finished 

and obtained from different red grape cultivars. Proximate composition of FS and UFS 

is shown in Table 6.2.  

Table 6.2. Proximate composition of fermented (FS) and unfermented (UFS) grape skin 

Item g/100g of DM1 

 FS UFS 

Crude fiber 14.4 ±1.9 12.2 ± 0.4 

Protein 16.30 ± 0.0 10.00 ± 0.1 

Total polyphenols 2.30 ± 0.1 6.56 ± 0.2 

Condensed tannins 1.24 ± 0.2 0.61 ± 0.1 
1 Data are the mean of four determinations ± SD 

 

III Experiment 

Red GP (Vitis vinifera var. Cencibel), was obtained from Grupo Matarromera 

(San Bernardo-Valbuena de Duero, Valladolid, Spain). SS and GS were obtained from 

Hermanos Delgado (Socuéllamos, Ciudad Real, Spain). Proximate composition of SS, 

GS and GP is shown in Table 6.3.  

The same grape by-products were also used in the IV experiment. 
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Table 6.3. Proximate composition of grape seed (GS), grape skin (SS) and grape pomace (GP)

  

Item g/100g of DM1 

 GS SS GP 

Crude fiber 25.28±1.34 14.40±1.87 33.39±0.84 

Protein 17.86±0.04 10.96±0.00 11.37±0.29 

Total polyphenols 5.32±20 6.24±10 3.24±20 

Condensed tannins 1.11±0.1 1.20 ± 0.2 0.91±0.1 
1 Data are the mean of four determinations ± SD 

 

V Experiment 

SS and GS were obtained from Hermanos Delgado (Socuéllamos, Ciudad Real, 

Spain). 

6.4. Birds and diets 

Birds and diets were different for every experiment, therefore are individually 

described for each experiment. The α-tocopheryl acetate (αT) used in the diets was 

provided by DSM Nutritional Products Iberia S.A. (Alcalá de Henares, Madrid, 

Spain).  

I Experiment 

A total of one hundred and eighty 1-day-old male broiler Cobb chicks (Figure 

6.5 and 6.6) were obtained from a commercial hatchery. The birds were housed in 

electrically heated starter battery brooders in an environmentally controlled room with 

23 h of constant overhead fluorescent lighting during three weeks. The chicks were 

allocated to 30 pens (Figures 6.7. and 6.8.), each pen containing six chicks, to receive 

6 dietary treatments during 21 days with five replicates per treatment. Diets in mash 

form (Figure 6.9) and water were provided ad libitum. Celite (Celite Corp., Lompoc, 

CA), a source of acid insoluble ash, was added at 10 g/kg to all diets as an indigestible 

marker. The diets were stored in a dark and cool dry location during the experimental 

period. All diets were formulated to meet or exceed the minimum National Research 

Council (NRC, 1994) requirements for broiler chickens. Experimental procedures 

were approved by the University Complutense of Madrid Animal Care and Ethics 

Committee in compliance with the Ministry of Agriculture, Fishery and Food for the 

Care and Use of Animals for Scientific Purposes.  



    
 

103 
 

  

 
 

Figure 6.7. Experimental chickens allocated in cages with respective diets 

 

 

Figure 6.8. Experimental chickens allocated in cages 

Figure 6.5. One day old broiler chickens Figure 6.6. One day old broiler chickens allocated 

in the cages 
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Figure 6.9. Chickens diets preparation 

 

Ingredients and nutrient composition of diets are shown in Table 6.4. Experimental 

diets were as follows:  

1. Control corn soybean diet (C);  

2. C + Vitamin E (200 mg/kg of α-tocopheryl acetate) (C + Vit. E); 

3. C + 15 g/kg of grape seed (C+ 15 GS);  

4. C + 30 g/kg of grape seed (C + 30 GS); 

5. C + 110 g/kg of grape skin (C + 110 SS);  

6. C + 37.5 g/kg of grape pomace (C + 3.75 GP). 

At the end of the experimental period, birds were weighed and feed consumption was 

recorded for feed efficiency computation. 
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Table 6.4. Ingredients and nutrient composition of experimental diets (g/kg as fed) 

Ingredients Control 

Control 

+ 

Vit E* 

Control 

+ 

15 GS1 

Control 

+ 

30 GS 

Control 

+ 

110SS2 

Control 

+ 

37.5 GP3 

Corn (8.1% CP) 409.90 409.90 417.40 414.90 362.80 409.20 

Soybean (48% CP) 383.00 383.00 373.00 373.00 359.10 371.00 

Sunflower oil 100.00 100.00 100.00 100.00 100.00 100.00 

Salt 3.00 3.00 3.00 3.00 3.00 3.00 
Monocalcium phosphate 17.90 17.90 17.90 17.90 17.90 17.90 

Calcium carbonate 14.20 14.20 14.20 14.20 14.20 14.20 

Vitamin-mineral premix4 5.00 5.00 5.00 5.00 5.00 5.00 

DL-Methionine 2.00 2.00 2.00 2.00 2.00 2.20 

Straw  55.00 55.00 42.50 30.00 15.00 30.00 

Grape seed  0.00 0.00 15.00 30.00 0.00 24.38 

Grape skin 0.00 0.00 0.00 0.00 110.00 13.13 

Celite5 10.00 10.00 10.00 10.00 10.00 10.00 
       

Analyzed composition      

Total polyphenols 1.70 1.70 2.10 2.90 2.90 2.60 

Condensed tannins  

(mg /100g) 
0.075 0.070 0.171 0.232 0.406 0.241 

Crude protein  218.00 207.00 207.00 202.00 201.00 211.00 

       

Calculated composition      

AME6 (Kcal/Kg) 3106 3106 3113 3119 2963 3099 

Ether extract 122.20 122.20 123.00 123.80 126.50 121.60 

Crude fiber  48.00 48.00 47.40 46.60 45.80 46.50 

Lysine  12.40 12.40 12.30 12.20 12.16 12.18 

Meth+Cys 8.80 8.80 8.80 8.82 8.77 9.00 
Calcium 10.45 10.45 10.50 10.60 11.10 10.80 

Available P 4.50 4.50 4.50 4.50 4.50 4.50 
1GS = Grape seed. 
2SS = Grape skin. 
3GP = Grape pomace. 
4Vitamin-mineral mix supplied the following per kilogram of diet: vitamin A, 8,250 IU; cholecalciferol, 1,000 IU; 

vitamin E, 11 IU; vitamin K, 1.1 mg; vitamin B12, 12.5 _g; riboflavin, 5.5 mg; Ca panthothenate, 11 mg; niacin, 

53.3 mg; choline chloride, 1,020 mg; folic acid, 0.75 mg; biotin, 0,25 mg; delquin, 125 mg; DL-Met, 500 mg; 

amprol, 1 g; Mn, 55 mg; Zn, 50 mg; Fe, 80 mg; Cu, 5 mg; Se, 0.1 mg; I, 0.18 mg; and NaCl, 2,500 mg. 
5Celite Corp, Lompoc, CA. 
6AME = apparent metabolisable energy; calculated values (FEDNA Tables, 2003). 

*Vitamin E: 200 mg/kg 
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II Experiment 

A total of one hundred and fifty 1-day-old male broiler Cobb chicks were 

obtained from a commercial hatchery. The birds were housed in electrically heated 

starter battery brooders in an environmentally controlled room with 23 h of constant 

overhead fluorescent lighting during three weeks. The chicks were allocated to 30 

pens, each pen containing five chicks, to receive 6 dietary treatments during 21 days 

with five replicates per treatment. Diets in mash form and water were provided ad 

libitum. The diets were stored in a dark and cool dry location during the experimental 

period. Celite (Celite Corp., Lompoc, CA), a source of AIA, was added at 10 g/kg to 

all diets as an indigestible marker. All diets were formulated to meet or exceed the 

minimum NRC (1994) requirements for broiler chickens. Experimental procedures 

were approved by the University Complutense of Madrid Animal Care and Ethics 

Committee in compliance with the Ministry of Agriculture, Fishery and Food for the 

Care and Use of Animals for Scientific Purposes. 

Ingredients and nutrient composition of diets are shown in Table 6.5. Experimental 

diets were as follows:  

1. Control corn soybean diet (C); 

2. C + Vitamin E (200 mg/kg of α-tocopheryl acetate) (C + Vit. E); 

3. C + 30 g/kg of fermented grape skin (C + 30 FS);  

4. C + 60 g/kg of fermented grape skin (C + 60 FS); 

5. C + 30 g/kg of unfermented grape skin (C + 30 UFS);  

6. C + 60 g/kg of unfermented grape skin (C + 60 UFS);  

At the end of the experimental period, birds were weighed and feed consumption was 

recorded for feed efficiency computation. 
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Table 6.5. Ingredients and nutrient composition of experimental diets (g/kg as fed) 

Ingredients 

Control 

Control  

+  

Vit. E* 

Control  

+  

FS130 

Control  

+  

FS60 

Control  

+  

UFS230 

Control  

+  

UFS60 

Corn (8.1% CP) 422.90 422.90 411.13 399.35 410.38 397.85 

Soybean (48% CP) 375.00 375.00 366.78 358.55 368.75 362.50 

Sunflower oil 100.00 100.00 100.00 100.00 100.00 100.00 

Salt 3.00 3.00 3.00 3.00 3.00 3.00 

Monocalcium 

phosphate 

17.90 17.90 17.90 17.90 17.90 17.90 

Calcium carbonate 14.20 14.20 14.20 14.20 14.20 14.20 

Vitamin-mineral 

premix3 

5.00 5.00 5.00 5.00 5.00 5.00 

DL-Methionine 2.00 2.00 2.00 2.00 2.00 2.00 

Straw  50.00 50.00 40.000 30.00 38.75 27.50 

Grape skin 0.00 0.00 30.00 60.00 30.00 60.00 

Celite4 10.00 10.00 10.00 10.00 10.00 10.00 

       

Analyzed composition      

Total polyphenols 2.08 1.90 1.98 2.27 2.42 3.13 

Condensed tannins 

(mg/100g) 

0.021 0.017 0.052 0.096 0.074 0.12 

Crude protein  207.00 207.00 206.00 205.00 205.00 204.00 

       

Calculated composition      

AME5 (Kcal/Kg) 3131 3131 3089 3048 3093 3056 

Ether extract 122.00 122.00 125.00 127.00 124.00 126.00 

Crude fiber  45.00 45.00 44.00 44.00 44.00 43.00 

Lysine  12.00 12.00 12.00 12.00 12.00 12.00 

Meth+ Cys  9.00 9.00 9.00 9.00 9.00 9.00 
Calcium 10.00 10.00 11.00 11.00 11.00 11.00 

Available P 5.00 5.00 4.00 4.00 5.00 4.00 
1FS = fermented grape skin 
2UFS = unfermented grape skin  
3 Vitamin-mineral mix supplied the following per kilogram of diet: vitamin A, 8,250 IU; cholecalciferol, 1,000 IU; 

vitamin E, 11 IU; vitamin K, 1.1 mg; vitamin B12, 12.5 _g; riboflavin, 5.5 mg; Ca panthothenate, 11 mg; niacin, 

53.3 mg; choline chloride, 1,020 mg; folic acid, 0.75 mg; biotin, 0,25 mg; delquin, 125 mg; DL-Met, 500 mg; 

amprol, 1 g; Mn, 55 mg; Zn, 50 mg; Fe, 80 mg; Cu, 5 mg; Se, 0.1 mg; I, 0.18 mg; and NaCl, 2,500 mg. 
4Celite Corp, Lompoc, CA. 
5 AME = apparent metabolisable energy; calculated values (FEDNA Tables, 2003). 

*Vitamin E: 200 mg/k 
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III Experiment 

A total of two hundred 1-day-old male broiler Cobb chicks were obtained from 

a commercial hatchery. The birds were housed in electrically heated starter battery 

brooders in an environmentally controlled room with 23 h of constant overhead 

fluorescent lighting during three weeks. The chicks were allocated to 40 pens, each 

pen containing five chicks, to receive 8 dietary treatments during 21 days with five 

replicates per treatment. Diets in mash form and water were provided ad libitum. The 

diets were stored in a dark and cool dry location during the experimental period. Celite 

(Celite Corp., Lompoc, CA), a source of AIA, was added at 10 g/kg to all diets as an 

indigestible marker. All diets were formulated to meet or exceed the minimum NRC 

(1994) requirements for broiler chickens. Experimental procedures were approved by 

the University Complutense of Madrid Animal Care and Ethics Committee in 

compliance with the Ministry of Agriculture, Fishery and Food for the Care and Use 

of Animals for Scientific Purposes.  

Ingredients and nutrient composition of diets are shown in Table 6.6. Experimental 

diets were as follows:  

1. Control corn soybean diet (C); 

2. C + Vitamin E (200 mg/kg of α-tocopheryl acetate) (C+Vit. E); 

3. C + 20 g/kg of grape seed+20 g/kg of grape skin (C+GS50% + SS50%) (40 

g/kg); 

4. C + 30 g/kg of grape seed+10 g/kg of grape skin (C+GS75% + SS25%) (40 

g/kg); 

5. C + 10 g/kg of grape seed+30 g/kg of grape skin (C+GS25% + SS75%) (40 

g/kg); 

6. C + 40 g/kg of grape seed (C+GS); 

7. C + 40 g/kg of grape skin (C+SS); 

8. C + 40 g/kg of grape pomace (C+GS) 

At the end of the experimental period, birds were weighed and feed consumption was 

recorded for feed efficiency computation 
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Table 6.6. Ingredients and nutrient composition of experimental diets (g/kg as fed) 

Ingredients C 

C 

+ 

Vit. E* 

C+ 

GS150 

+SS250 

C+ 

GS75 

+SS25 

C+ 

GS25 

+SS75 

C 

+ 

GS 

C 

+ 

SS 

C 

+ 

GP3 
Corn  

(8.1% CP) 
448.10 448.10 456.5 460.2 451.2 465.20 450.00 452.40 

Soybean 

(48% CP) 
373.00 373.00 364.0 362.0 364.0 360.00 362.20 360.80 

Sunflower oil 86.00 81.00 83.0 82.0 84.0 81.00 85.00 84.00 
Salt 3.00 3.00 3.0 3.0 3.0 3.00 3.00 3.00 
Monocalcium 

phosphate 
15.30 15.30 15.2 15.5 15.5 15.50 15.50 15.50 

Calcium 

carbonate 
15.60 15.60 15.3 15.3 15.3 15.30 15.30 15.30 

Vitamin-mineral 

premix4 5.00 5.00 5.0 5.0 5.0 5.00 5.00 5.00 

DL-Methionine 2.00 2.00 2.0 2.0 2.0 2.00 2.00 2.00 
Straw  42.00 42.00 6.0 5.0 10.0 3.00 12.00 12.00 
Grape seed  0.00 0.00 20.0 30.0 10.0 40.00 0.00 0.00 
Grape skin 0.00 0.00 20.0 10.0 30.0 0.00 40.00 0.00 
Grape pomace 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40.00 
Celite5 10.00 10.00 10.0 10.0 10.0 10.00 10.00 10.00 

Analyzed composition        
Total 

polyphenols 
1.8 1.8 4.2 3.9 4.1 4.1 4.4 3.6 

Crude protein  203.1 205.6 207.7 206.6 194.0 208.7 204.7 201.1 

Calculated composition        
AME6 (Kcal/Kg) 3095 3095 3089 3089 3080 3093 3076 3078 
Ether extract 109.0 109.0 109.0 108.0 109.0 108.0 110.0 110.0 
Crude fiber  46.0 46.0 46.0 46.0 46.0 47.0 46.0 46.0 
Lysine  12.1 12.1 12.0 12.0 12.1 12.2 12.2 12.2 
Meth+Cys  9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
Calcium 10.0 10.0 10.0 10.0 10.0 11.0 11.0 11.0 
Available P 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

1GS = Grape Seed. 
2 SS = Grape skin. 
3 GP = Grape pomace. 
4 Vitamin-mineral mix supplied the following per kilogram of diet: vitamin A, 8,250 IU; cholecalciferol, 1,000 IU; 

vitamin E, 11 IU; vitamin K, 1.1 mg; vitamin B12, 12.5 _g; riboflavin, 5.5 mg; Ca panthothenate, 11 mg; niacin, 

53.3 mg; choline chloride, 1,020 mg; folic acid, 0.75 mg; biotin, 0,25 mg; delquin, 125 mg; DL-Met, 500 mg; 

amprol, 1 g; Mn, 55 mg; Zn, 50 mg; Fe, 80 mg; Cu, 5 mg; Se, 0.1 mg; I, 0.18 mg; and NaCl, 2,500 mg. 
5Celite Corp, Lompoc, CA. 
6AME = apparent metabolisable energy; calculated values (FEDNA Tables, 2003). 

*Vitamin E: 200 mg/kg 

 

The diets C, C+Vit. E, C+GS, C+SS and C+GS were also used in the 

experiment IV.  
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6.5. Collection of samples and measurements 

I, II, III Experiments 

At 19 days of age, clean stainless steel collection trays were placed under each 

cage, and excreta from the birds were collected for 48h. A subsample of excreta was 

collected in polyethylene bags and freeze-dried (Telstar, Terrasa, Spain) for 

subsequent determination of total exctractable polyphenols content (TEPC) and 

tannins content (TC). 

At 21 days of age, fifteen birds per treatment were euthanized by carbon 

dioxide (100%) and desangrated (Figure 6.10. and 6.11.), the ileum was quickly 

dissected out (Figures 6.12 and 6.13) and the content expressed by gentle manipulation 

into a plastic container and stored at –20ºC. Digesta were pooled from three birds of 

each replicate within the same treatment. Ileal contents were freeze-dried and ground 

(1mm screen) (Figure 6.14) and used to determine the TEPC and tannins.  

Carcasses from ten birds per treatment were also immediately trimmed for 

breast and thigh meat (Figure 6.15), and tissues were individually sampled and used 

to determine lipid oxidation (5 birds/treatment). For lipid oxidation study, tissues 

samples were wrapped in transparent oxygen-permeable polyvinyl chloride film 

(13,500 cm3/m2/day), frozen and stored at –20º C until required. After thawed, the 

progress of lipid oxidation, during storage, in meat samples was determined after 1 

and 7 days in a no illuminated refrigerated cabinet at 4º C.  
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Figure 6.12. Chiken ileum dissection 

 

Figure 6.13. Chiken 

ileum 

Figure 6.14. Grounded 

freeze-dried ileum content 

 

Figure 6.15. Chicken breast and thigh samples 

 

 

Figure 6.10. Chikens CO2 euthanization 
 

Figure 6.11. Chikens desangration 
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IV Experiment 

At 21 days of age, 7 birds per treatment (body weight, 0.824 ± 0.02 kg) were 

slaughtered and immediately trimmed for breast meat:  

 MC (Control);  

 ME (Control+Vitamin E);  

 MGS (Control + Grape Seed 4%);  

 MSS (Control+ Grape skin 4%);  

 MGP (Control+ Grape pomace 4%).  

Samples of raw breast meat were frozen and stored at −20°C until required (no 

more than 4 days). After thawed in refrigerator during ~12h, meat samples were firstly 

cut with a knife (Figure 6.16) and then minced (4 mm plate) using a grinder (Mainica, 

Granollers, Spain) (Figure 6.17). The grinded breast meat was analyzed and then used 

for the patties preparation. 

V Experiment 

Fresh chicken thighs (±4 kg) were obtained from a local market of Madrid 

(Spain) and stored in refrigerator during ~12h. The thigh meat was chosen due to the 

darker color compared to the breast meat and to compensate for the color that was 

expected could cause the adding of these by-products. Chicken thighs were firstly 

boneless, cut and then minced (4 mm plate) using a grinder (Mainica, Granollers, 

Spain). The grinded meat was then used for patties preparation. 

6.6. Preparation of patties  

The preparation of chickens patties was different for IV and V experiment, 

therefore is individually described, as follow. 

IV Experiment 

Whole eggs, breadcrumbs and salt were obtained from a local market of Madrid 

(Spain). 

Five formulations of patties (Table 6.7.) were prepared:  
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1. PC (Control);  

2. PE (Control+vitamin E);  

3. PGS (Control + Grape Seed 4%); 

4. PSS (Control+ Grape skin 4%); 

5. PGP (Control+ Grape pomace 4%). 

The minced meat was first blended in a bowl mixer (Hobart, Model N50, USA) 

for 60 seconds, and then the salt was added to meat and mixed for an additional 30 

seconds. Thereafter, the eggs were beaten and added to the mixture to blend for 

20seconds Breadcrumbs were also incorporated into the mixer and mixed for another 

60 seconds 60 s to ensure a uniform distribution (Figure 6.18). The same process was 

repeated for all the samples. From this blend (Figure 6.19), a total of 22 patties (~50 g 

per patties) for every treatment were formed by using a conventional burger maker 

(Ministeak burger maker, O.L. Smith Co. Ltd., Italy) (Figure 5.20). The patties were 

packed in different vacuum high oxygen barrier bags (nylon/polyethylene, 9.3 ml 

O2/m2/24 h at 0ºC, Koch Kansas City, MO) (Figure 5.21), every bag contained 2 patties 

and were stored in refrigeration at 4º C.  

The patties were analyzed on day 0 and after 3, 6 and 9 days of storage. 

Table 6.7. Formulation (%) of chicken patties 

Sample  Meat Whole egg Breadcrumbs Salt  

PC 85.4 6.8 6.8 1 

PE 85.4 6.8 6.8 1 
PGS 85.4 6.8 6.8 1 
PSS 85.4 6.8 6.8 1 
PGP 85.4 6.8 6.8 1 

Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 
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Figure 6.16. Cutting of chicken meat samples with a knife after thawing 

  

  

Figure 6.19. Blend of chicken meat Figure 6.20. Burger maker for patties 

 

Figure 6.21. Patties packed in different vacuum high oxygen barrier bag 

Figure 6.17. Minced meat of chicken Figure 6.18. Blending of minced meat in a 

bowl mixer with the other ingredients 
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IV Experiment 

Whole eggs, breadcrumbs and salt were obtained from a local market of Madrid 

(Spain). 

Three formulations of patties were prepared (Table 6.8.). The minced meat was 

firstly blended in a bowl mixer (Hobart, Model N50, USA) during 60 s, and then the 

salt was added to meat and mixed during 30 s. Thereafter, the eggs were beaten and 

added to the mixture for blended during 20 s, breadcrumbs were also incorporated into 

the mixer and mixed during 60 s to ensure a uniform distribution. The same process 

was follow for the control sample (PC). In the formulations of samples containing the 

grape by-products was added 2% of GS (PGS) and 2% of SS (PSS) powder in 

replacement of 2% of breadcrumbs and following the same process (Figure 6.22). 

From this blend (Figure 6.23), a total of 20 patties (~50 g per hamburger) for every 

treatment were prepared by using a conventional burger maker (Ministeak burger 

maker, O.L. Smith Co. Ltd., Italy). The patties were packed in different vacuum high 

oxygen barrier bags (nylon/polyethylene, 9.3 ml O2/m2/24 h at 0ºC, Koch Kansas City, 

MO), every bag contained 2 patties and were stored in refrigeration at 4º C (Figures 

6.24; 6.25; 6.26). The patties were analyzed (Figures 6.27; 6.28) on day 0 and after 3, 

6 and 9 days of storage. 

 

Table 6.8. Formulation (%) of chicken patties 

Sample  Meat Whole 

egg 

Breadcrumbs Salt GS SS 

PC 85.4 6.8 6.8 1   

PGS 85.4 4.8 6.8 1 2  

PSS 85.4 4.8 6.8 1  2 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 
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Figure 6.22. Blending of 

minced meat 

  

Figure 6.23. Chicken meat 

blend 

Figure 6.24. Control chicken 

pattie (left) and grape pattie (right) 

 

  

 

  

Figure 6.27. Cooking of chicken patties for 

sensory evaluation 

Figure 6.28. Chicken patties appearance after 

cooking 

 

6.7. Total extractable polyphenols  

Ttal extractable polyphenols content in GS, SS and GP grape ingredients, diets, 

ileal digesta and excreta, meat, raw patties and cooked patties was determined by a 

double aqueous-organic extraction according to the method of Chamorro et al. (2012). 

The samples were shaken in darkness at room temperature with methanol/water 

(50:50 v/v, pH = 2) 50 mL/g sample in orbital shaker (Orbital KS 250 basic Ika 

Labortechink) for 1 h, and acetone–water (70:30 v/v, 50 mL/g sample, 60 min, 

 

Figure 6.25. Chicken patties packed in 

different vacuum high oxygen barrier bags 

 

 

Figure 6.26. Chicken patties appearance 
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constant shaking). After centrifugation (15 min, 25°C, 3000g) supernatants were 

combined and used for determination of polyphenols content. Extractable polyphenols 

were determined following the Folin–Ciocalteau procedure (Montreau, 1972) using 

gallic acid (GA) as standard. After reacting for 1 h in dark, absorbance was measured 

at 750 nm against a blank using an ultraviolet visible spectrophotometer Shimadzu 

UV-1800 (Shimadzu Inc., Kyoto, Japan) (Figures 6.29; 6.30). Results were expressed 

as gallic acid equivalents (g GAE/100g of sample in the I, II and III experiments, and 

mg GAE/100g of sample in the IV and V experiments). 

 

   

Figure 6.29. Ultraviolet visible 

spectrophotometer Shimadzu UV-1800 

(Shimadzu Inc., Kyoto, Japan) 

Figure 6.30. Samples after 1h of Folin–

Ciocalteau reaction in dark 

 

6.8. Tannins content  

The acidic butanol technique (Waterman and Mole, 1994) was used to quantify 

the tannins content in GS, SS and GP grape ingredients, diets, ileal digesta and excreta.  

A stock solution of 0.07% (w/v) FeSO4.7 H2O dissolved in 95:5 (v/v) 1-

butanol/HCl was prepared. In a test tube, 7 ml of the stock solution and 50 mg of 

sample were mixed and heated for 50 min at 95ºC. The mixtures were cooled in an ice 

bath, and after centrifugation the absorbance was measured at 550 nm using an 

ultraviolet-visible spectrophotometer Hitachi U-2000 (Hitachi, Ltd). The TC was 

expressed as cyanidin-3-O-glucoside equivalent after the preparation of a standard 

curve of cyanidin ranging from 0 to 333 mg/l.   
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6.9. Plasma ROMs and α-tocopherol determination 

Plasma was prepared from blood obtained by cardiac puncture (Figure 6.31). 

for subsequent determination of vitamin E and ROMs (Reactive Oxygen Metabolites) 

concentration.  The blood samples were allowed to clot in polypropylene tubes for 2 h 

at room temperature. The tubes were centrifuged at 1.500 x g for 10 min, and the 

supernatant was removed and stored at -20ºC until assayed.  

Plasma α-Tocopherol content was determined by the method of Butriss & 

Diplock (1984). Briefly, 400 µL of plasma was extracted with hexane in three phases, 

evaporated and diluted with 1 mL of hexane.  

The α-tocopherol was measured by normal-phase HPLC using a Hypersil Si 

100 (5µm) column and a mobile phase of hexane-isopropanol (98:2 vol/vol) and 

detected by fluorescence using HPLC system and a mobile phase of hexane-

isopropanol (98:2 vol/vol).  

The ROMs were spectrophotometrically determined with colorimetric method 

proposed by Diacron at a wavelength of 505 nm, using a specific commercial kit 

(Cesarone et al., 1999). 

 

Figure 6.31. Chicken cardiac puncture for blood sampling 
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6.10. α-tocopherol determination 

The content of α-tocopherol in muscle tissue was determined in 100 mg of 

freeze-dried sample following the method of Buttriss and Diplock (1984), which 

includes saponification with saturated KOH in the presence of pyrogallol. The α-

tocopherol was then extracted with hexane, measured by normal phase and detected 

by fluorescence in a HPLC system (Hewlett-Packard 1100, Agilent Technologies 

GmbH, Waldbronn, Germany), using a Zorbax Rx-SIL (Narrow-Bore 2.1 x 150 mm, 

5 μm, Agilent Technologies) column. 

6.11. TBARS determination 

The extent of lipid oxidation was determined in thigh and breast meat and in 

patties by measuring the thiobarbituric acid reacting substances (TBARS), with some 

modifications in the method according to the matrix used. 

TBARS in chickens meat were determined using the procedure described by 

Botsoglou et al. (1994). Five g of ground meat were homogenized with 10 mL of 5 % 

trichloroacetic  acid (TCA) in an Ultraturrax at 21,280 x g for 1 min. Butylated 

hydroxytoluene (BHT) was added prior to homogenization at a level of 125 μg/mg fat. 

The blended sample was filtered through Wathman number 2V filter (Whatman 

International Ltd, Maidstone England) and 2.5 mL of the filtrate were mixed with 1.5 

mL of 0.8% thiobarbituric acid (TBA) in distilled water in capped test tubes. Tubes 

were vortex, incubated at 70ºC for 30 min and absorbance was determined at 532 nm 

using an ultraviolet-visible spectrophotometer Hitachi U-2000 (Hitachi, Ltd). Results 

were expressed as ng of malondialdehyde (MDA) per gram of muscle after the 

preparation of a standard curve of 1,1,3,3 - tetraethoxy propane (TEP). 

In chickens patties lipid oxidation was determined according to the procedure 

described by López-López et al. (2010). Briefly, the procedure was as follows: 5 g of 

each sample was homogenized in 35 ml of a solution of TCA 7.5% and 

Ethylenediaminetetraacetic acid (EDTA) 0.1% for 30 s at high speed in an omnimixer 

blender (Omni International, Waterbury, Ct, USA). The blended sample was 

centrifuged (Solvall BA, RTB6000B, Dupont  USA) at 3000 g for 2 min and filtered 

through a Whatman 2 filter into 50 mL Erlenmeyer flasks. The filtrate (5 mL) was 

mixed with 5 mL of 0.02 M TBA in distilled water, in capped test tubes. Tubes were 
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heated for 35 min at 90°C in water. Pink formation was measured 

spectrophotometrically using a Shimadzu UV-1800 spectrophotometer (Shimadzu 

Inc., Kyoto, Japan) at 532 nm against a blank containing 5 mL of distilled water and 5 

mL of 0.02 M TBA solution (Figure 6.32). A calibration curve was plotted with TEP 

to measure the MDA. TBARS determinations were performed three times. Values 

were expressed as ng of MDA per g of sample in the I, II and III experiments and mg 

of malondialdehyde per kilogram of sample in the IV and V experiments. 

 

Figure 6.32. The pink formation of the filtrate mixed with TBA in capped test tube 

 

6.12. Microbiological analysis  

Microbiological analysis were performed in the ileum content, meat and 

patties, with some modifications in the method according to matrix used.  

Digesta (0.1 to 0.2g) from the ileum and ceca were collected aseptically in pre 

weighed 20- mL sterilized plastic tubes. The samples were weighed and diluted in 

peptone water to an initial 10–1 dilution. Microbial populations were determined by 

serial dilution (10–1 to 10–7) of samples in PBS before inoculation onto Petri dishes 

of sterile agar. Lactobacillus was grown on de Man, Rogosa, and Sharpe agar (Difco 

Laboratories, Detroit, MI). Escherichia coli was grown on Coli ID agar (bioMerieux 

Espana S.A.). The agar used to grow Clostridium was sulfite polymyxin sulfadiazine 

(Difco Laboratories). The plates were incubated at 37°C anaerobically (73% N, 20% 

CO2, 7% H2) for Clostridium and Lactobacillus, aerobically for E. coli. Plates were 

counted between 24 and 48 h after inoculation. Colony-forming units were defined as 

being distinct colonies measuring at least 1 mm in diameter. 
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For meat and patties microbiological analysis, samples were prepared in a 

vertical laminar-flow cabinet (model AV 30/70, Telstar, Madrid, Spain) taking 10 g of 

sample (in replicate) in a sterile plastic bag (Sterilin, Stone, Staffordshire, UK) with 

90 ml of peptone water (0.1%) and 0.85% NaCl. After 1 min in a stomacher blender 

(Colworth 400, Seward, London, UK), appropriate decimal dilutions were pour-plated 

on the following media: Plate Count Agar (PCA, Oxoid) for the total viable count 

(TVC) (30 °C, 72 h), determined according to AFNOR (Association Francaise de 

Normalisation) standard NF V 08-051 (1999); De Man, Rogosa, Sharp Agar (MRS) 

(Oxoid) for lactic acid bacteria (LAB) (30 °C, 72 h) according to ISO standard 15214 

(1998); Violet Red Bile Glucose Agar (VRBG) (Oxoid) for Enterobacteriaceae (37 

°C, 24 h) according to AFNOR standard NF V 08-054 (1999); and Coli ID agar 

(Biomerieux, Marcy l'Etoile, France) for enumeration of b-glucuronidase positive 

coliforms (37 °C, 48 h) according to ISO standard 16649-2 (2001). All microbial 

counts were converted to logarithms of colony-forming units per gram (log CFU/g). 

6.13. pH determination 

The pH was determined using a pH meter (827pH Lab Methrom, Herisau, Switzerland) 

on 10 g of sample that was homogenates in 100 ml of distilled water. Three 

measurements were performed per sample (Figure 6.33). 

 

Figure 6.33. pH determination in an homogeneizate chicken patties sample 
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6.14. Color determination 

Color, CIE-LAB tristimulus values, lightness (L*), redness (a*) and 

yellowness (b*) was measured on the surface of raw patties using a CM-3500d Chroma 

Meter (Konica Minolta Business Technologies, Tokyo, Japan) (Figure 6.34). Before 

use, the colorimeter was standardized using the white calibration plate (C: Y=93.6, 

x=0.3130, y=0.3193). Ten determinations were taken for sample. 

 

 

Figure 6.34. CIE-LAB color measurement with a CR-400 Chroma Meter 

 

6.15. Texture determination 

Kramer shear force (KSF) was performed using a miniature Kramer 

(HDP/MK05) cell. A mini 5-bladed head was used to perform a shearing test. Kramer 

shear tests were carried out on sections of 2 cm per patties formulation at room 

temperature. A 5 kg load cell was used. The force was exerted to a compression 

distance of 20 mm at 8 mm/s crosshead speed using a TA-XT plus Texture Analyzer 

(Texture Technologies Corp. Scarsdale, NY). KSF values were calculated as the 

maximum force per g of sample (N/g). Measurements were carried out five times. 
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6.16. Sensory evaluation test 

The patties were assessed by a seventeen (IV experiment) and thirteen (V 

experiment) non-trained panel members selected in preliminary sessions from the staff 

of CSIC (Figure 6.36). The patties were cooked in an electric pan (Plactronic, Selecta, 

J.P. Selecta, S.A. Barcelona, España) 1.5 min per side at 210±4ºC, and with a spoon 

of extra virgin olive oil (Figure 6.35). Then, the products were cut into pieces of 

uniform size and served warm to the panelists with a code to identify the samples. The 

volunteers were asked to evaluate the following sensory attributes measured on 

unstructured scales (10 cm) with descriptors at either end. These were: flavor, color 

and overall acceptability (0: I do not like at all, 10: I like very much); hardness (0: very 

soft, 10: very hard); juiciness (0: very dry, 10: very juicy). The sensory analyses were 

performed at 6 day (IV experiment) a 2 (V experiment) of the storage. 

 

 

Figure 6.35. Cooking of chicken patties in an 

electric pan 

Figure 6.36. Sensory evaluation from non-

trained panel members of CSIC 
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6.17. Statistical analysis  

I, II and III Experiments 

Apparent ileal digestibility (AID) of crude protein and total polyphenols was 

determined by using the AIA content and calculated by the following formula: 

100% − [100% × (AIA concentration in feed/AIA concentration in ileal content 

or excreta) × (CP and TP concentration in ileal content or excreta / CP and TP 

concentration in feed)].  

Data were subjected to a one-way analysis of variance (ANOVA) by using the 

general linear model procedure of SAS (Version 9.4, SAS Institute Inc., Cary, NC). 

When the effect was declared significant (p<0.05), treatment means were compared 

using a Duncan’s multiple-range test. Orthogonal contrasts were used to test 

differences between the combined means of several groups. Pen served as 

experimental unit for performance, ileal and excreta contents and digestibilities and 

microbial counts, whereas the experimental unit used for TBARS determination was 

the bird. 

IV and V Experiments 

Results were expressed by means standard error of three or more separate 

determinations. Comparison of means was performed by one-way and two-way 

analysis of variance (ANOVA). Tukey HSD test was used to determine the differences 

in the mean values (P<0.05). Data were analyzed using SPSS V.13.0 software (SPSS 

Institute Inc., Cary, NC). 
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CHAPTER 7. I EXPERIMENT 

Effect of grape skin, grape seed, grape pomace and vitamin 

E on digestibility of polyphenols and antioxidant activity in 

chickens 
 

7.1. Aim 

 

The aim of this study was to evaluate the effect of a dietary addition of SS, GS, 

and GP (SS+GS) on the performance parameters, ileal and excreta content of total 

polyphenols and tannins, protein and extractable polyphenols digestibility, plasma 

vitamin E and oxidative stability of animal products in terms of vitamin E content and 

MDA level (TBARS). 

7.2. Results 

7.2.1. Growth performance 

The effect of feeding diets containing α-T (α-Tocopherol), GS, SS and GP on 

growth performance in chickens is reported in Table 7.1. Daily weight gain and feed 

conversion ratio were significantly (P<0.01) lower in SS group, compared with those 

birds fed the different treatments. No effect of dietary treatments was observed on feed 

intake. 
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Table 7.1. Performance of broiler chicks (1 to 21 d) fed diets containing grape seed (GS), 

grape skin (SS), grape pomace (GP) and vitamin E 

Dietary treatments Daily weight 

gain (g/d) 

Daily feed intake 

(g/d) 

Feed conversion 

ratio 

Control 35.8a 50.4 1.41b 

Control + Vit. E 38.2a 52.6 1.38b 

Control + 15 GS 35.5a 49.9 1.40b 

Control + 30 GS 34.3a 48.6 1.42b 

Control + 110 SS 29.3b 47.8 1.63a 

Control + 37.5 GP 35.5a 49.9 1.41b 

    

  SEM1  

 1.22 1.84 0.019 

 P-value of Contrasts2 

Control vs GS+SS+GP ns ns * 

Control vs Vit. E ns ns ns 

Vit. E vs GS+SS+GP ** ns *** 

Control vs GS ns ns ns 

Control vs SS ** ns *** 

Control vs GP ns ns ns 
Different letters in the same column (a, b) indicate significant differences (p<0.05). 

1SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate). 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

7.2.2. Ileal and excreta content of total extractable polyphenols and tannins  

The total ileal and excreta polyphenol content of birds fed diets containing α-

T, GS, SS and GP is shown in Table 7.2. As expected, ileal and excreta content were 

not affected by dietary α-T supplementation. Birds fed GS showed a higher (P<0.05) 

ileal polyphenol content than those fed control diets. With respect to excreta 

polyphenol content GS, SS and GP showed a higher content, compared to the control 

group. In general, chickens fed grape by-products showed higher values of condensed 

tannins in excreta content, compared to those fed vitamin E and control diets. 

Significant (P<0.001) higher values of ileal and excreta condensed tannins were found 

particularly in chickens fed SS diet. GS groups showed higher (P<0.05) values of 

tannins in the ileum while GP group in the exreta (P<0.001). 
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Table 7.2. Ileal and excreta total polyphenols and condensed tannins content of broilers 

chicks (21 d) fed diets containing grape seed (GS), grape skin (SS), grape pomace (GP) and 

vitamin E. 

Dietary treatments Total polyphenols  

(g GA/100g) 

Condensed tannins 

(mg cyanidin/100g) 

Ileal Excreta Ileal Excreta 

     

Control 0.284bc 0.372de 0.032c 0.023cd 

Control + Vit. E 0.281bc 0.336e 0.032c 0.016d 

Control + 15 GS 0.366a 0.408cd 0.050bc 0.029cd 

Control + 30 GS 0.310b 0.461bc 0.060b 0.045c 

Control + 110 SS 0.280bc 0.551a 0.092a 0.119a 

Control + 37.5 GP 0.258c 0.488b 0.047bc 0.072b 

  SEM1  

 0.012 0.020 0.008 0.008 

 P-value of Contrasts2 

Control vs GS+SS+GP ns *** * *** 

Control vs Vitamin E ns ns ns ns 

Vitamin E vs GS+SS+GP ns *** ** *** 

Control vs 15GS+30GS * * * ns 

Control vs SS ns *** *** *** 

Control vs GP ns *** ns *** 
Different letters in the same column (a, b, c, d, e) indicate significant differences (p<0.05).  
1SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate for ileon 

and five birds per replicate for excreta). 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

7.2.3. Protein and polyphenols digestibility 

Ileal digestibility of protein was lower (P<0.05) in birds fed SS diets than in 

those fed control, α-T, GS and GP diets, as shown in Table 7.3. Ileal digestibility of 

polyphenols was increased in birds fed the higher concentration of GS, SS and GP 

diets. No effect was observed in excreta digestibility of polyphenols.  
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Table 7.3. Ileal digestibility of protein and ileal and excreta digestibility of total polyphenols 

of broilers chicks (21 d) fed diets containing grape seed (GS), grape skin (SS), grape pomace 

(GP) and vitamin E. 

Dietary treatments Ileal protein 

digestibility 

(%) 

Ileal total 

polyphenols 

digestibility 

 (%) 

Excreta total 

polyphenols 

digestibility  

(%) 

Control 87.3a 60.3c 59.3 

Control + Vitamin E 89.2a 66.2b 56.0 

Control + 15 GS 87.6a 60.0c 65.2 

Control + 30 GS 87.2a 76.2a 70.3 

Control + 110 SS 84.1b 75.3a 56.4 

Control + 37.5 GP 87.6a 77.5a 55.3 

 SEM1 

 0.801 1.58 5.17 

 P-value of Contrasts2 

Control vs GS+SS+GP ns *** ns 

Control vs Vitamin E ns * ns 

Vitamin E vs GS+SS+GP * ** ns 

Control vs 15GS+30GS ns ** ns 

Control vs SS * *** ns 

Control vs GP ns *** ns 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

7.2.4. Plasma α and γ- tocopherol content 

The effect of dietary treatments on the composition of plasma α and γ-

tocopherol is presented in Table 7.4. A significant increase in plasma α-tocopherol 

concentration was observed in birds fed α-T (P<0.001) and SS (P<0.05) and GP 

(P<0.001) diets compared with those fed the control diet. This effect was higher 

(P<0.001) in birds receiving α-T diet than in those fed GS, SS and GP diets. No effect 

was observed in plasma γ-tocopherol with the different treatments except for the birds 

fed GP diets which increased (P<0.001) the γ-tocopherol concentration. 
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Table 7.4. Effect of inclusion of grape seed (GS), grape skin (SS), grape pomace (GP) and 

vitamin E on blood α and ϒ-tocopherol of 21 d broiler chicks. 

Dietary treatments α-T (μg/ml) ϒ-T (μg/ml) 

21 d 21 d 

   

Control 3.84b 0.533bc 

Control + Vitamin E 36.1a 0.662b 

Control + 15 GS 4.13b 0.464c 

Control + 30 GS 4.69b 0.563bc 

Control + 110 SS 5.89b 0.501bc 

Control + 37.5 GP 9.28b 0.867a 

 SEM1 

 1.74 0.060 

 P-value of Contrasts2 

Control vs GS+SS+GP * ns 

Control vs Vitamin E *** ns 

Vitamin E vs GS+SS+GP *** ns 

Control vs GS ns ns 

Control vs SS * ns 

Control vs GP *** *** 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

7.2.5. Meat α and γ- tocopherol and lipid oxidation 

The effect of dietary treatments on the composition of α and γ- tocopherol and 

MDA formation of broiler thigh meat is presented in Table 7.5. A significant increase 

(P<0.001) in breast meat α and γ-tocopherol was observed in birds fed α-T diet 

compared with those fed the control diet, GS, SS and GP diets at 1 and 7 days of 

refrigerated storage. No effect on meat was observed in α and γ- tocopherol GS, SS 

and GP diets when compared with the birds fed control diet.  

The extent of lipid oxidation, measured by MDA formation in thigh meat was 

significantly lower in the supplemented α-T diet than the control, GS and SS groups 

after 1 and 7 days of refrigerated storage (Figure 7.1.). There were no differences in 

MDA concentration among the chicks fed GS and SS diets compared with those fed 

control diet. The inclusion of GP significantly reduced MDA values after 1 day 

(P<0.05) and 7 days (P<0.001) of refrigerated storage compared with samples obtained 

from birds fed the control diet.  
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Table 7.5. Effect of refrigerated storage on lipid oxidation of breast meat of broiler chicks (21 

d) fed diets containing grape seed (GS), grape skin (SS), grape pomace (GP) and vitamin E. 

Dietary treatments α-T (μg/g) γ-T (μg/g) MDA (ng/g) 

1 d 7 d 1 d 7 d 1 d 7 d 

       

Control 9.89bc 1.64c 2.24b 0.414a 7.21a 47.0a 

Control + Vitamin E 71.1a 10.6a 4.02a 0.537a 5.85a 8.45b 

Control + 15 GS 12.5b 2.05c 2.13b 0.373a 7.07a 41.6a 

Control + 30 GS 8.24bc 1.46c 2.10b 0.336a 7.04a 42.5a 

Control + 110 SS 4.69c 3.50bc 1.43c 0.449a 6.67a 40.3a 

Control + 37.5 GP 10.7b 4.56bc 2.16b 0.744a 6.37a 14.5b 

 SEM1 

 1.94 0.534 0.206 0.070 0.265 5.31 

 P-value of Contrasts2 

Control vs GS+SS+GP ns * ns ns ns ns 

Control vs Vitamin E *** *** *** ns *** *** 

Vitamin E vs GS+SS+GP *** *** *** ns ** *** 

Control vs 15GS+30GS ns ns ns ns ns ns 

Control vs SS ns * ** ns ns ns 

Control vs GP ns *** ns ** * *** 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

 

 

  

 

 

Figure 7.1. TBARS reactive substances of some samples of thigh chicken meat after 7d of 

refrigerate storage 
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7.3. Discussion 

7.3.1. Growth performance, protein and polyphenol utilization 

Previous experiment in our laboratory (Goñi et al., 2007; Brenes et al., 2008; 

Chamorro et al., 2015) have shown an increase in the antioxidant activity of broiler 

diet, excreta, and meat as a result of the dietary administration of grape pomace. 

However, there is no information in relation to the separated effect of the principal 

components in grape pomace, grape seed and skin. In the present study, the inclusion 

of GS and GP did not change the daily body weight gain compared with birds fed 

control and α-T diet. The present study demonstrated that the inclusion of GS and GP 

in chicken diets did not change the growth performance. Similar results have been 

obtained in our laboratory by the addition GP (Goñi et al., 2007; Brenes et al., 2008). 

However, the addition of SS in chicken diets reduced the performance of the birds. 

The content of total polyphenol and fiber in the higher concentration of GS and SS in 

diets are similar. The differences could be to the different structures of polyphenols in 

these grape by-products and the higher composition of condensed tannins in this diet 

(0.406 mg/100g) in comparison to the other diets (approximately 0.230 mg/100g) 

Grape skin also differ from seeds ones primarily by the presence of prodelphinidins 

but also by the higher mean degree of polymerization and lower contents of galloylated 

derivatives (De Freitas et al., 2000; Travaglia et al., 2011). In addition, although grape 

seeds contain procyanidin, skin procyanidin are less strongly linked with the structures 

of the skin than the seed (Amrani-Joutei et al., 1994).  Few data are available in the 

literature in relation to the use of grape by-products, particularly skin, in chicken 

feeding.  

Polyphenols are known to form complexes with protein due to the interaction 

of their reactive reactive hydroxyl group with the carbonyl group of protein. In our 

experiment, the digestibility of protein was not affected except in those birds fed SS. 

This lack of effect could be attributed to the low content of polyphenols in the 

experimental diets to cause detrimental effect. In the case of birds fed SS could be 

justified to the high content of tannins in the diet and, consequently in the intestine, 

and to the chemical properties (higher polarity) of these polyphenols (Travaglia et al., 

2011) present in SS in comparison to the other grape by-products.    
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To better understand the biological effects in target tissues of polyphenols it is 

important to know their bioavailability, it means how much of the ingested quantity of 

the polyphenols is able to reach the systemic circulation and exert its beneficial effects 

in target tissues. Bioavailability includes GI (gastro intestinal) digestion, absorption, 

metabolism, tissue distribution, and bioactivity. Consequently, it must be 

demonstrated that the component analyzed is efficiently digested and assimilated and 

then, once absorbed, exerts a positive effect in chickens tissues. 

Over the last decade, several studies have addressed the metabolism of 

proanthocyanidin. Although initial studies emphasized fairly poor intestinal absorption 

that was limited to dimers (Donovan et al., 2002; Tsang et al., 2005), later observations 

indicate that once intact proanthocyanidins reach the colon are widely transformed by 

the intestinal microbiota into small phenolic acids (Appeldoorn et al., 2009; Stoupi et 

al., 2010).  In the current experiment, birds fed GS, GP and SS diets showed a higher 

intestinal (ileal and excreta) total polyphenols ad tannins content than those fed control 

diets. The highest intestinal concentration of polyphenols and tannins were obtained 

in chicks fed diets containing GP and SS. Recent studies by Monagas et al. (2010) 

have estimated that the amount of non-absorbable polyphenols reaching the colon is 

very high and microbe-derived phenolic metabolites excreted in urine represent the 

largest proportion of polyphenol intake. The lack of specific urinary excretion system 

in birds explain why the amount of phenolic compounds in excreta was higher than 

those obtained at ileal content with the exception of birds fed GS diets.  

In the current experiment, the ileal and excreta digestibility of total polyphenols 

reached values in a range of 55 to 77 % in those birds fed the different grape by-

products. Brenes et al. (2008) in chickens and Goñi and Serrano (2005) in rats also 

reported similar or superior digestibilities based on total polyphenol determination 

using GP. 

7.3.2. Plasma and meat α and γ- tocopherol concentration and lipid oxidation 

Nutritional interest in polyphenolic compounds has increased greatly in light 

of their antioxidant capacity (Scalbert and Williamson, 2000). Previous studies 

showed an increase in the antioxidant activity of broiler diet, excreta, and meat as a 

result of the dietary administration of GP (Goñi et al., 2007; Brenes et al., 2008; 
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Sayago-Ayerdi et al., 2009a) that was accompanied by an increase in the concentration 

of vitamin E in the liver. Chamorro et al. (2015) also showed that dietary addition of 

GP (10%) reached similar protective effect observed with the addition of vitamin E. 

In this study was investigated if similar results could be obtained with the addition of 

GS, SS and GP in a lower concentration (3.75%). As expected, plasma and meat α-

and γ-tocopherol concentration were significantly increased by the addition of α-T in 

the diet. An increase in meat α- tocopherol concentration was also reported by Cortinas 

et al. (2004) and Voljc et al. (2011) with dietary addition of 200 IU of vitamin E. 

However, only dietary inclusion of SS and GP increased the concentration of plasma 

and meat α-tocopherol in comparison to the birds fed the control diet but these results 

were not equal than those obtained by the addition of Vitamin E. The reason of this 

lack of effect could be justified, in the case of GP, by the concentration used in our 

experiment (37.5 g/kg) respect to the concentration used (10%) by Chamorro et al. 

(2015). In the case of SS and GS due to the different chemical composition of 

polyphenolic compounds present in these by-products. Particularly this lack of effect 

might indicate a potential prooxidant effect. It is known that polyphenol compounds 

can display both antioxidant and prooxidant effects (Decker et al., 1997) depending on 

several factors (chelating potential, solubility, bioavailability and stability in tissues).  

As expected, lipid oxidation (MDA values) was increased in raw thigh chicken 

samples during storage time. The dietary inclusion of α-T and GP significantly delayed 

lipid oxidation and reduced the potential risk induced by lipid oxidation products. 

These results are similar to those reported in our laboratory by Goñi et al. (2007), 

Brenes et al. (2008) and Chamorro et al. (2015). The inclusion of GP and GSE in 

chicken diets significantly improved oxidative stability (TBARS) and radical 

scavenging capacity (ABTS) in raw breast meat and cooked chicken patties (Sayago-

Ayerdi et al. 2009 a, b; Selani et al. 2011). Similar results have been reported by 

Brannan (2008) and Lau and King (2003) in chicken thigh meat during refrigerated 

storage and by Mielnik et al. (2006) in turkey meat. Sahin et al. (2010) and Liu et al. 

(2014) reported that the inclusion of resveratrol in quail diets enhanced the antioxidant 

activity status of birds and eggs and reduced oxidative stress in heat-stressed chickens 

by increasing serum growth hormone concentrations and modulating the expression of 

heat shock genes in organs of the immune system. However, higher MDA values were 
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observed by the inclusion of GS and SS in chicken diet. There is no available 

information about the supplemental effect of GS and SS on meat lipid oxidation in 

chicken.  

On the other hand, although the mechanism of the antioxidant effect of dietary 

GP polyphenols could not be deduced from the present study due to the lack of 

correlation between the reduction of the susceptibility of lipid oxidation of meat by the 

addition of GP and the increase of meat α-tocopherol, it is possible that the greater 

antioxidant status of the thigh meat is probably due to and indirect antioxidant effect. 

This effect could be mediated by a direct antioxidant activity of the tannins in the 

gastrointestinal tract, such as a removal or chelation of pro-oxidant compounds and a 

reduction of lipid peroxidation, which would result in an overall improvement of the 

animal’s antioxidant status (Kerem et al., 2006, Halliwell et al., 2005). Furthermore, it 

is known that dietary condensed tannins strongly modify lipid metabolism and 

interfere also with gene (Kresty et al., 2011 and Crescenti et al., 2005). In particular, 

Sgorlon et al. (2006) and Na et al. (2008) found that supplementing sheep with grape 

skin extract and tea polyphenols which is rich in polyphenols and condensed tannins, 

increased the expression in plasma of the superoxide dismutase enzyme, which is 

involved in the elimination or inactivation of reactive oxygen species and in the 

endogenous antioxidant defence system. 

7.4. Conclusion 

In conclusion, the results presented in this study showed that the addition of 

GS (up to 30.0 g/kg) and GP (37.5 g/kg) did not impair the performance and protein 

digestibility of chickens except in the case of those birds fed SS (110 g/kg). Our results 

also confirm thart polyphenols present in these by-products were absorbed at sufficient 

levels to contribute and modulate the antioxidant activity. However, only dietary 

inclusion of SS and GP increased the concentration of plasma and meat α-tocopherol 

in comparison to the birds fed the control diet but these results were not equal than 

those obtained by the addition of Vitamin E.  
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CHAPTER 8. II EXPERIMENT 

Effect of dietary fermented and unfermented grape skin and 

vitamin E on digestibility of polyphenols and antioxidant and 

antimicrobial activity in chickens. 

8.1. Aim 

The aim of this study was to evaluate the effect of a dietary addition of 

fermented (FS) and unfermented (UFS) grape skin on the performance parameters, 

ileal and excreta content of total polyphenols and tannins, protein and exctractable 

polyphenols digestibility, microbiology of ileal content and oxidative stability of 

animal products. 

8.2. Results  

8.2.1. Growth performance 

Chicken growth performance is summarized in Table 8.1. Performance was not 

affected by dietary treatment except in the case of birds receiving the higher 

concentration (60g/kg) of FS and UFS in the diet, which showed decreased (p<0.05) 

daily weight gain, compared to the control and vitamin E groups and higher (p<0.05) 

feed conversion ratio (FCR). A statistical (P<0.05) increase of FCR value was also 

detected in chicken fed the UFS 30, while dietary feed intake of all groups did not 

change. 

Table 8.1. Performance of broiler chicks (1 to 21 d) fed diets containing fermented (FS) and 

unfermented (UFS) grape skin and vitamin E 

 Daily weight gain 

(g/d) 
Daily feed 

intake (g/d) 
Feed conversion 

ratio 
Control 38.6a 51.2 1.33b 
Control + Vit. E 40.2a 54.4 1.35b 
Control + FS30  38.3ab 53.3 1.40ab 
Control + FS60 34.3b 51.6 1.51a 
Control + UFS30 37.1ab 55.2 1.49a 
Control + UFS60 34.5b 51.8 1.50a 
  

SEM1 1.28 1.23 0.038 
P-value2 * ns ** 

Different letters in the same column (a, b) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate). 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      
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8.2.2. Ileal and excreta content of total extractable polyphenols and tannins  

The total ileal and excreta polyphenol and tannins content is reported in Table 

8.2.  

As expected, a higher (P<0.05) ileal total phenolic and tannin content was 

found in the groups receiving grape skin in the diet, compared to the control group. In 

particular, birds receiving unfermented grape skin in the diet showed a higher 

(P<0.001) total phenolic and tannin content, compared to the groups fed fermented 

grape skin. These results are related with the higher composition of total polyphenols 

present in UFS reported in Table 8.1 but not respect to the tannin content. 

 

Table 8.2. Ileal and excreta total polyphenols and condensed tannins content of broilers chicks 

(21 d) fed diets containing fermented (FS) and unfermented (UFS) grape skin and vitamin E 

Dietary treatments Total polyphenols  

(g GA/100g) 

Condensed tannins 

(mg cyanidin/100g) 

Ileal Excreta Ileal Excreta 

     

Control 0.426c 0.351b 0.025f 0.033d 

Control + Vitamin E 0.442c 0.330b 0.028ef 0.036d 

Control + FS30  0.430c 0.328b 0.039d 0.047c 

Control + FS60 0.418c 0.347b 0.064b 0.071b 

Control + UFS30 0.480b 0.330b 0.050c 0.065b 

Control + UFS60 0.522a 0.405a 0.080a 0.114a 

 SEM1 

 0.012 0.011 0.001 0.002 
 P-value of Contrasts2 

Control vs FS + UFS * ns *** *** 

Vitamin E vs FS + UFS ns ns *** *** 

FS vs UFS *** * *** *** 

FS30 + UFS30 vs FS60+ UFS60 ns *** *** *** 
Different letters in the same column (a, b, c, d, e, f) indicate significant differences (p<0.05).  
1SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate). 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

8.2.3. Protein and polyphenols digestibility 

Ileal protein digestibility and ileal and excreta polyphenols digestibility are 

reported in Table 8.3.  
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Ileal protein digestibility was not affected by grape skin inclusion in chicken 

diets, except in the case of birds fed the highest concentration (60 g/kg) of UFS which 

showed lower values (P<0.05), compared to the control group. Ileal digestibility of 

total polyphenols was not affected by dietary treatment, however, excreta digestibility 

of total polyphenols was significantly increased in birds fed FS and UFS compared to 

those birds fed the control diet. In addition, birds fed UFS showed a higher (P<0.001) 

excreta total phenolic digestibility compared to those fed FS.  

 

Table 8.3. Ileal digestibility of protein and ileal and excreta digestibility of total polyphenols 

of broilers chicks (21 d) fed diets containing fermented (FS) and unfermented (UFS) grape 

skin and vitamin E 

Dietary treatments 

Ileal protein 

digestibility 

(%) 

Ileal total 

polyphenols 

digestibility  

(%) 

Excreta total 

polyphenols 

digestibility  

(%) 
Control 80.3a 40.9b 51.2c 
Control + Vitamin E 78.7a 39.9b 63.4ab 
Control + FS30  77.6ab 37.5b 57.4bc 
Control + FS60 78.3a 41.7b 55.7bc 
Control + UFS30 79.6a 51.6a 68.8a 
Control + UFS60 74.7b 37.3b 62.6ab 
  SEM1  

 1.10 2.31 2.30 

 P-value of Contrasts2 

Control vs FS + UFS ns ns ** 

Vitamin E vs FS + UFS ns ns ns 

FS vs UFS ns ns *** 

FS30+UFS30vsFS60+UFS60 ns ns ns 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

8.2.4. Microbiological counts 

The effect of inclusion of FS and UFS in chicken diets on microbiological count of 

different bacterial species is reported in Table 8.4. In the current study no differences 

were detected on colony-forming units of anaerobic (Lactobacillus and Clostridium) 

and aerobic (E. coli) bacterial species by the addition of FS and UFS in chicken diet.  
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Table 8.4. Effect of inclusion of fermented (FS) and unfermented (UFS) grape skin and 

vitamin E on colony-forming units of anaerobic (Lactobacillus and Clostridium) and aerobic 

(E. coli) bacteria species per gram of ileal content of 21 d fed broilers chicks 

Dietary treatments Lactic acid bacteria  

(log cfu/g) 
Escherichia coli  

(log cfu/g) 
Clostridium  

(log cfu/g) 
Control 7.72 6.75 6.54 
Control + Vitamin E 6.51 6.22 6.08 
Control + FS30  7.42 7.10 6.73 
Control + FS60 7.96 5.60 6.39 
Control + UFS30 8.35 6.96 8.03 
Control + UFS60 8.53 7.99 7.26 
    

SEM1 0.632 0.486 0.653 
P-value2 ns ns ns 

1SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

 

8.2.5. Meat lipid oxidation  

The extent of lipid oxidation, as measured by MDA formation in thigh meat is 

reported in Table 8.5.  

The extent of lipid oxidation, MDA formation, in thigh meat after 1 and 7 days 

of refrigerated storage was significantly lower (P<0.05) in birds fed diets 

supplemented with α-T than the control group. Data also indicated that the inclusion 

of both concentration of fermented and unfermented grape skin in chicken diets did 

not reduced MDA values in thigh samples after 1d and 7 d of refrigerated storage 

compared with samples obtained from birds fed the control diet. On the other hand, 

the inclusion of 30 g/kg and 60 g/kg of FS in the diets seems to act tendencially better 

than unfermented grape skin.  As expected, lipid oxidation (MDA concentration) 

increased (P<0.001) with storage time, reflecting the reduction of meat capacity to 

resist against lipid oxidation during storage time. 
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Table 8.5 Effect of refrigerated storage on lipid oxidation of thigh meat of broiler chicks (21 

d) fed diets containing fermented (FS) and unfermented (UFS) grape skin and vitamin E 

 MDA (ng/g meat) 

Dietary treatments 1 d 7 d 

   

Control 3.96a 18.8ab 

Control + Vitamin E 2.52b 4.20c 

Control + FS30  3.39a 13.9b 

Control + FS60 3.83a 13.3b 

Control + UFS30 4.95a 21.4ª 

Control + UFS60 4.05a 16.6ab 

 SEM1 

 0.509 3.40 
 P-value of Contrasts2 

Control vs FS + UFS ns ns 

Vitamin E vs FS + UFS ** ** 

FS vs UFS ns ns 

FS30+UFS30 vs FS60+ UFS60 ns ns 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

 

 

8.3. Discussion  

8.3.1. Growth performance, protein and polyphenols utilization  

Few studies have been carried out on the use of grape by-products such as grape 

seed extracts or grape pomace in poultry and few data are available on their effect on 

growth performance (Brenes et al., 2010; Viveros et al., 2011; Dorri et al, 2012 a, b; 

Iqbal 2014). Previous results published by Goñi et al. (2007) did not report growth 

depression in birds fed diet supplemented with grape pomace concentrate up to 30 

g/Kg. Similarly, Brenes et al. (2008, 2010) and Viveros et al. (2011) did not report 

growth depression in broilers when fed diet supplemented with grape pomace, grape 

seed extract and polyphenol-rich grape products, respectively. However, less attention 

has been directed to the effect of grape skin supplementation in animal nutrition. The 

present study showed that the inclusion of FS and UFS up to 60 g/kg reduced the 

performance of the chickens. 

Grape skin contains a significant amount of insoluble dietary fiber (above 97%) 

and bound condensed tannins (Deng et al. 2011). In general, the skin contains the 
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highest amounts of tannins in the grape berry and these tannins differ from the other 

grape fractions by having a higher polymerization degree (DP) (Souquet et al. 1996; 

Torres and Bobet 2001). The average polymerization degree (mDP) for skin tannins is 

∼28, with 80 being the maximum DP detected (Yilmaz and Toledo, 2004). In the 

fermentation process the pomace cell structure is modified with the release of 

polysaccharides and some polyphenols. For that reason the type of and amount of 

polyphenols is different when using fermented versus unfermented skin. The chemical 

analysis reported in Table 7.1 showed that the concentration of total polyphenols in 

UFS contained a higher amount of total polyphenols and a lower concentration of 

dietary fiber, protein and condensed tannins in comparison to FS analysis. Available 

data on the effect of grape pomace before and after oenological fermentation has only 

been reported by Vergara-Salinas et al. (2013). An increase in the release of numerous 

pomace derived compounds including polysaccharides, mannoproteins and 

polyphenols were generated by the fermentation process. In fermented pomace 

extracts a higher procyanidin dimers and trimers and a higher polymerization degree 

were found than those obtained in unfermented extracts. 

The structure and molecular weight of polyphenols play an important role in 

protein–polyphenol interactions. It has been shown that high molecular weight 

polyphenols (tannins) are able to bond more strongly or preferentially to proteins 

(Frazier et al., 2010), before their breakdown by pancreatic enzymes, due to mainly 

non-covalent hydrophobic interactions which may subsequently be stabilized by 

hydrogen bonding (Yuksel et al., 2010). These interactions might influence biological 

activities of proteins, the availability of certain amino acids or even the digestibility of 

proteins. In the present study, the inclusion of the highest level of unfermented grape 

skin negatively affected protein digestibility of birds probably due to the interaction of 

polyphenols with proteins. Similarly, Chamorro et al. (2013) observed that the 

inclusion of grape seed extract in chickens diet at high level (5g/kg), in parallel with 

the worsening in growth performance, reduced apparent ileal digestibility of CP and 

that of some essential (arginine, histidine, phenylalanine) and non-essential (cystine, 

glutamic acid and proline) amino acids. However, Goñi et al. (2007) reported that 

apparent ileal digestibility of protein and nonessential amino acids were not affected. 
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The lack of effect on protein digestibility could be due to the low content of 

polyphenols and tannins in the experimental diets to cause detrimental effect. 

There are many references in the literature to the composition and antioxidant 

properties of grape polyphenols (Gonzalez-Paramas et al., 2004; Yilmaz and Toledo, 

2004), but there have been very few studies on the digestibility and intestinal 

degradation of polyphenols and other major grape constituents.  

Monomeric and some oligomeric polyphenols have been found to be directly 

absorbed at the small intestine with no prior chemical modification while oligomeric 

or polymeric forms are not absorbed in their native forms and must be hydrolyzed by 

the intestinal microbiota (Gonthier et al., 2003). Consequently, polyphenols are 

metabolized by gut bacteria that produce new phenolic compounds in situ, which could 

have better bioavailability and higher biological activity than their parent compounds, 

and be involved in both body systemic and local action (Requena et al. 2010) 

In the current experiment, total extractables polyphenols content in chickens 

fed grape skin apparently were not absorbed and utilized in the small intestine, 

considering that no differences were observed in their digestibility in the ileum while 

were quantified high polyphenols values in the ileum content. On the other hand, the 

total polyphenols determined in excreta in this experiment were reduced due to the 

degradation of polyphenols by the intestinal microbiota. For that reason, excreta 

digestibility was higher in that birds receiving both grape skin up to 69 % in 

comparison to control birds (51 %). These differences were higher in birds fed UF than 

in those fed FS justified by the different composition of total polyphenols in these 

skins. In previous studies in our laboratory, similar digestibilities were found in 

chickens fed grape pomace (Goñi et al., 2007; Brenes et al., 2010; Brenes et al., 2008). 

No references have been published with the use of skin in chicken diets. 

8.3.2. Microbiological counts  

Several in vitro studies (Papadopoulou et al., 2005; Özkan et al., 2004; 

Rodríguez-Vaquero et al., 2007a, b; Gañan et al., 2009; Silván et al., 2013) have shown 

that flavonoids present in grape by-products have the capacity to inhibit the growth of 

certain organisms. However, evidence related to the in vivo effects of grape 

polyphenols on the intestinal microbiota is scarce. Studies conducted in rats (Dolara et 
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al. 2005; Larrosa et al., 2009; Pozuelo et al., 2012) reported increases in the colonic 

populations of Bacteroides, Lactobacillus and Bifidobacterium that were associated 

with the dietary inclusion of grape seed polyphenols. In chickens, Viveros et al. (2011) 

reported that the inclusion of grape seed extract exerted an antimicrobial effect on 

Clostridium in the ileum, while in the caecum it was associated with an increase in 

populations like Lactobacillus and Enterococcus. The different composition of 

polyphenols present in the skin used might justify the lack of effect on the modification 

of intestinal microbiota in the current experiment. 

8.3.3. Meat lipid oxidation  

Lipid oxidation is one of the primary processes of quality deterioration in meat. 

Nutritional interest in polyphenolic compounds has increased greatly in light of their 

antioxidant activity (Scalbert and Williamson, 2000).  

In this study, the extent of lipid oxidation was lower in birds fed diets 

supplemented with α-T than the control group. Dietary α-tocopheryl acetate 

supplementation has been proved to protect fatty acids (Botsoglou et al., 2005; Bou et 

al., 2006; Galobart et al., 2001; Jensen et al., 1998; Lauridsen et al., 1997; Mielche and 

Bertelsen, 1994; Wood and Enser, 1997) and cholesterol (Galobart et al., 2002; Grau 

et al., 2001; Morrissey et al., 1998) from oxidation in eggs and in both raw and cooked 

poultry meat. Coetzee and Hoffman (2001) showed that vitamin E supplementation of 

broiler feed increases the oxidative stability of broiler carcasses under frozen and 

refrigerated storage. This high efficiency is because the radical scavenger α-tocopherol 

is efficiently incorporated into cell membranes where the oxidation is initiated (Jensen 

et al., 1998; Lauridsen et al., 1997). 

It has also been shown that the addition of polyphenolic grape extract in animal 

diets, especially oligomeric flavanols, enhances oxidative stability in chicken and 

turkey meat (Lau and King, 2003; Rababah et al., 2006). Previous studies carried out 

by Goñi et al. (2007), Brenes et al. (2008) and Sayago-Ayerdi, et al. (2009a) reported 

a protective effect of grape polyphenols, similar to those of vitamin E, with dietary 

addition of up to 6% of grape pomace in terms of enhanced oxidative stability in 

chicken meat products (TBARS, thigh and breast) during the refrigeration process.  
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However, in the present study dietary FS and UFS did not reach similar 

protective effect observed with the addition of αT, in delaying the lipid oxidation of 

meat.  

These results might indicate a potential pro-oxidant effect of the polyphenols 

present in grape skin. It is well known that polyphenol compounds cannot only be 

considered purely as antioxidants, because under certain reaction conditions, they can 

also display pro-oxidant activity (Surai 2014) depending on several factors such as 

metal chelating potential, solubility characteristics, bioavailability and stability in 

tissues (Decker, 1997; Perron & Brumaghim, 2009). 

In some studies grape extracts are not always effective in decreasing lipid 

peroxidation in biological tissues. For example, grape seed extract (GSE) 

supplementation has limited protective effect in liver tissue of diabetic rats (Belviranli 

et al., 2012). It is interesting to note that in a study of Vossen et al. (2011), there was 

no effect of plant extracts on lipid peroxidation index (TBARS) in broiler plasma. 

8.4. Conclusion 

In conclusion, the results presented in this study showed that increasing 

concentration of fermented and unfermented grape skin up to 60 g/kg had adverse 

effect on growth performance and protein digestibility. The UF and UFS grape skin 

supplementation was not equally as effective in antioxidant potential as vitamin E. 

Dietary grape skin addition prove extensive polyphenol metabolism but the 

polyphenol content of unfermented diet and the modifications generated by the 

fermentation process in this by-product did not improve the antioxidant and 

microbiological activities in chickens.  

 

 

 

 

 

 

  



    
 

144 
 

CHAPTER 9. III EXPERIMENT: 

Effect grape seed, skin and pomace, and their combination 

on growth performance, polyphenol digestibility and 

antioxidant activity in chicken diets.  

9.1. Aim 

The aim of this study was to evaluate the effect of a dietary addition of GS, SS 

(individually and in combination), and GP on the performance parameters, ileal and 

excreta content of total polyphenols and tannins, protein and exctractable polyphenols 

digestibility, plasma vitamin E, and oxidative stability of animal products. 

9.2. Results  

9.2.1. Growth performance 

The effect of feeding diets containing α-T, GS, SS, GP and their combination 

on growth performance in chickens is reported in Table 9.1. Daily weight gain, feed 

intake and the conversion of feed into body weight, expressed as feed conversion ratio 

(feed intake/weight gain) were not affected by dietary treatments. 

Table 9.1. Performance of broiler chicks (1 to 21 d) fed diets containing grape seed (GS), 

grape skin (SS), grape pomace (GP) and vitamin E. 

Dietary treatments Daily weight 

gain (g/d) 

Daily feed intake 

(g/d) 

Feed conversion 

ratio 

Control 37.9 55.6 1.46 

Control + Vitamin E 36.1 55.0 1.52 

Control + GS50 + SS50 37.0 56.2 1.52 

Control + GS75 +SS25 36.8 52.8 1.44 

Control + GS25 + SS75 35.8 57.2 1.59 

Control + GS 38.6 56.1 1.46 

Control + SS 36.9 55.2 1.50 

Control + GP 37.7 52.9 1.41 

    

SEM1 1.06 1.81 0.05 

P-value2 ns ns ns 
1SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate). 
2ns: no significant effect (P > 0.05). 
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9.2.2. Ileal and excreta content of total exctractable polyphenols and tannins  

The total ileal and excreta polyphenol content of birds fed diets containing α-

T, GS, SS, GP and their combination is shown in Table 9.2. As expected, ileal and 

excreta content were not affected by dietary α-T supplementation.  

Birds fed grape by-products showed a higher ileal and excreta polyphenol 

content than those fed control diets, except for the GP group that did not show 

differences with control group in ileal total polyphenols content. The groups receiving 

GS, SS, GP and their combinations showed also higher ileal condensed tannins 

content, compared to the control group, while excreta condensed tannins content was 

not influenced by dietary treatment. 

 

Table 9.2. Ileal and excreta total polyphenols and condensed tannins content of broilers chicks 

(21 d) fed diets containing grape seed (GS), grape skin (SS), grape pomace (GP) and vitamin 

E. 

Dietary treatments Total polyphenols  

(g GA/100g) 

Condensed tannins 

(mg cyanidin g/100g) 

Ileal Excreta Ileal Excreta 

     

Control 0.504c 0.518d 0.055b 0.062 

Control + Vitamin E 0.543bc 0.546d 0.053b 0.067 

Control + GS50 + SS50 0.680a 0.594bc 0.140a 0.065 

Control + GS75 + SS25 0.675a 0.612ab 0.121a 0.079 

Control + GS25 + SS75 0.686a 0.672a 0.131a 0.075 

Control + GS 0.636b 0.642ab 0.100a 0.069 

Control + SS 0.689a 0.669a 0.117a 0.071 

Control + GP 0.581abc 0.631ab 0.100a 0.065 

  SEM1  

 0.037 0.021 0.013 0.006 
 P-value of Contrasts2  

Control vs GS + SS + GP *** *** *** ns 

Control vs GS + SS *** *** *** ns 

Control vs GS  * *** * ns 

Control vs SS ** *** ** ns 

Control vs GP ns *** * ns 
Different letters in the same column (a, b, c, d) indicate significant differences (p<0.05).  
1SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate for ileon 

and five birds per replicate for excreta). 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 
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9.2.3. Protein and polyphenols digestibility 

Ileal and excreta protein and polyphenols digestibility is reported in Table 9.3.  

Ileal digestibility of protein was lower in birds fed grape by-product diets than 

in those receiving the control diet. Particlualry lower (P<0.001) were the ileal protein 

digestibility values of birds fed grape seed and skin combinations (50:50) compared 

with those of the control group. No effect on protein digestibility was observed in 

chickens fed GS, SS and GP separatey, compared with the control group.  

Ileal digestibility of polyphenols was clearly higher in chickens receiving grape 

by-products as dietary supplement, compared with the control and vitamin E groups. 

In particular, ileal polyphenols digestibility significantly increased (P<0.001) in birds 

fed GS, SS and GP separately, compared with the control group, while the combination 

of GS and SS did not affect this parameter.  

The excreta total polyphenols digestibility was significantly higher (P<0.001) 

in all treated groups compared with the control and vitamin E groups. 

Table 9.3. Ileal digestibility of protein and ileal and excreta digestibility of total polyphenols of broilers 

chicks (21 d) fed diets containing grape seed (GS), grape skin (SS), grape pomace (GP) and vitamin E. 

Dietary treatments 

Ileal protein 

digestibility 

(%) 

Ileal total 

polyphenols 

digestibility  

(%) 

Excreta total 

polyphenols 

digestibility 

 (%) 

Control 81.3a 33.4c 47.2b 

Control + Vitamin E 78.6ab 28.2c 37.8b 

Control + GS50 + SS50 64.2c 25.7c 64.9a 

Control + GS75 + SS25 75.6ab 50.0b 65.5a 

Control + GS25 + SS75 72.0b 32.6c 65.3a 

Control + GS 77.1ab 60.1a 67.6a 

Control + SS 81.5a 61.3a 65.9a 

Control + GP 81.6a 63.9a 70.2a 

 SEM1  

 2.04 3.30 2.15 
 P-value of Contrasts2 

Control vs GS + SS + GP * *** *** 

Vitamin E vs GS + SS + GP ns *** *** 

Control vs GS + SS *** ns *** 

Control vs GS  ns *** *** 

Control vs SS ns *** *** 

Control vs GP ns *** *** 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 
*** P<0.001 
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9.2.4. Plasma ROMs and α-tocopherol 

The effect of dietary treatments on the composition of plasma ROMs and α-

tocopherol is presented in Table 9.4. The inclusion of grape skin, seed and pomace in 

chick diets increased plasma ROMs values, while the control group showed the lowest 

value. Plasma α-tocopherol concentration was clearly higher in the group fed vitamin 

E in comparison to those birds fed control and grape by-products Data also showed a 

significant effect of dietary treatment with SS (P<0.05), GP (P<0.01) and combination 

of GS and GP on plasma α-tocopherol, while the birds fed grape seed did not show 

any difference in the concentration of α-tocopherol compared with the control group.  

Table 9.4. Effect of inclusion of grape seed (GS), grape skin (SS), grape pomace (GP) and 

vitamin E on blood reactive oxygen metabolites (ROMs) and α-tocopherol of 21 d broiler 

chicks. 

Dietary treatments ROMs (U/Carr) α-T (μg/ml) 

21 d 21 d 

   

Control 25.1c 7.06b 

Control + Vitamin E 25.9bc 37.4a 

Control + GS50 + SS50 26.5abc 6.96b 

Control + GS75 + SS25 26.4ab 9.21b 

Control + GS25 + SS75 27.0ab 9.48b 

Control + GS 26.8ab 7.88b 

Control + SS 26.7ab 9.13b 

Control + GP 28.0a 9.60b 

 SEM1 

 0.439 1.12 

 P-value of Contrasts2 

Control vs GS + SS + GP ** ** 

Control vs GS + SS * *** 

Control vs GS  * ns 

Control vs SS * * 

Control vs GP *** ** 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1 SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 

 

 

  



    
 

148 
 

9.2.5. Meat α-tocopherol and lipid oxidation 

The extent of lipid oxidation, as measured by MDA formation, in thigh meat, 

was not significantly affected by dietary treatment (Table 9.5) except in the case of 

those birds fed Vitamin E that was increased. In fact, birds fed grape by-products did 

not show any difference in TBARS values, compared with the birds receiving the 

control diet, neither after 1 day nor after 7 days of refrigerate storage. With respect to 

meat α-tocopherol concentration, the group supplemented with α-T showed higher 

levels of this vitamin, compared with the other groups, both after 1 day and 7 days of 

refrigerate storage. 

Higher levels of meat α-tocopherol were found in chickens fed grape by-

products after 1 day of refrigerate storage, while after 7 days a significant dietary effect 

was found only in birds fed the separated GS, SS and GP diets, in comparison to those 

birds fed the control diet. 

 

Table 9.5. Effect of refrigerated storage on lipid oxidation of thigh meat of broiler chicks (21 

d) fed diets containing grape seed (GS), grape skin (SS), grape pomace (GP) and vitamin E. 

Dietary treatments α-T (μg/g) MDA (ng/g meat) 

1 d 7 d 1 d 7 d 

     

Control 10.7d 0.67b 4.12a 40.9b 

Control + Vitamin E 72.7ª 36.2a 2.19b 17.6c 

Control + GS50 + SS50 15.7cd 1.69b 3.12a 33.5b 

Control + GS75 + SS25 14.1cd 1.25b 4.85a 55.1ª 

Control + GS25 + SS75 14.8cd 0.96b 3.54a 34.0b 

Control + GS 16.6cd 3.38b 4.24a 40.6b 

Control + SS 17.2c 2.77b 3.22a 31.2b 

Control + GP 17.3c 2.50b 3.79a 32.1b 

  SEM1  

 1.21 0.588 0.410 6.29 

  P-value of Contrasts2  

Control vs GS + SS + GP *** ns ns ns 

Control vs GS + SS ** ns ns ns 

Control vs GS  ** ** ns ns 

Control vs SS *** * ns ns 

Control vs GP *** ** ns ns 
Different letters in the same column (a, b, c) indicate significant differences (p<0.05).  
1SEM, standard error of means; each value represents the mean of five replicates (three birds per replicate 
2ns: no significant effect (P > 0.05). 

* P<0.05 

** P<0.01      

*** P<0.001 
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9.3. Discussion 

9.3.1. Growth performance, protein and polyphenols utilization 

The results of the present study showed that the inclusion of grape seed, skin 

and pomace and combination of them  in chicken diets did not affect neither the daily 

weight gain nor feed intake and feed conversion ratio of birds. Similar results have 

been obtained in previous studies conducted in our laboratory with broilers fed on diets 

containing grape pomace at levels of 5, 15 and 30 g/kg (Goñi et al., 2007), grape 

pomace concentrate at levels of 15, 30 and 60 g/kg (Brenes et al., 2008; Viveros et al., 

2011) or 3.6 g/kg of grape seed extract (Brenes et al., 2010). The data of the present 

experiment also agree with the first study of this thesis in which, the inclusion of GS 

(15 and 30 g/kg) and GP (37.5 g/kg) in chicken diets did not change their growth 

performance. On the other hand, in the first two experiments of this thesis, the addition 

of SS (110 g/kg and 60g/kg) reduced the performance of the birds probably due to the 

different structures of polyphenols in grape skin from polyphenols in grape seed, while 

in the present work seem that the incorporation of grape skin at level of 40g/kg is 

adequate for chickens diet. The fact that grape by-products inclusion did not affect 

these parameters also agrees with recent results reported by Francesch and Cartañà 

(2015), who supplemented 5% of grape seed in the diet of the Penedes chicken to 5 

weeks of age. Similarly, Iqbal et al. (2014) found that grape pomace polyphenols did 

not depress the growth performance of broilers when incorporated in diet up to 

75mg/kg in place of vitamin E and Rotava et al. (2009), who included 2.35% of grape 

seed in broiler diets to 21 d of age.  

Some authors (Hughes et al., 2005; Lau and King, 2003) observed growth 

depression in chickens fed 3% and 5.18% of grape seed extract, which according to 

Goñi et al. (2007) and Brenes et al. (2010) may have been be provoked by the higher 

concentration of polyphenols. Thus, differences also in the dietary ingredients, type 

and dosage of bioactive compounds used in the studies may explain the discrepancies. 

Polyphenols are part of the composition of many plants and are considered anti-

nutritional factors of great importance. They are highly chemically active and may 

react reversibly or irreversibly with proteins, impairing the digestibility and 

bioavailability of essential amino acids. Protein digestibility is a nutritional parameter 

that evaluates the use of a protein source. This is influenced by several factors, for 
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example, phenolic compounds (Antunes et al., 1995) that have the ability to form 

complexes, as well as to precipitate proteins (Bressani et al., 1991). In the present study 

protein digestibility was not impaired by grape seed, skin and pomace supplemented 

separately. According also with the first experiment of this thesis, the lack of effect 

could be attributed to the low content of polyphenols in the experimental diets to cause 

detrimental effect. On the other hand, the different combinations of grape seed and 

skin decreased protein digestibility of chickens probably due to the different profile of 

polyphenols generated by these associations and the lower total polyphenol 

digestibility in the birds fed these by-products in comparison to the other groups (Table 

9.3). Anyway, this effect on protein digestibility did not negatively affect chickens 

growth performance.  

As expected, in the current experiment birds fed grape by-products diets 

showed a higher intestinal (ileal and excreta) total polyphenols content than those fed 

control and vitamin E diets. Higher tannins values were quantified only at ileal level 

in the chicks receiving grape by-products, compared to the control group. Like the first 

experiment of this thesis, chicks fed diets containing GP did not show any difference 

with the control group in the ileal content of polyphenols while the ileal polyphenols 

digestibility reached the highest values in this group. Considering these results, total 

extractable polyphenols apparently were absorbed and utilized in the small intestine of 

chickens fed GS, SS and GP individually more efficiently than chickens fed grape seed 

and skin combinations. In fact, in these latter no differences were observed in the 

polyphenols digestibility in the ileum while high polyphenols values in the ileum 

content were quantified. 

The total polyphenols determined in chickens excreta in this experiment were 

quite similar to those of the the ileal content. Excreta digestibility of polyphenols was 

higher in birds receiving grape by-products in their diets in comparison to control and 

vitamin E diets, reaching values in a range of 65 to 70% and reflecting the higher 

polyphenols content quantified in the excreta. The results from intestinal polyphenols 

digestibility suggests that polyphenols, or their metabolites, could be bioefficient in 

some tissues. 

Similar digestibilities have been found in the previous experiments of this 

thesis and in previous studies carried out in our laboratory in chickens fed grape 
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pomace (Goñi et al., 2007; Brenes et al., 2010; Brenes et al., 2008). The nutritional 

effects of polyphenols would be a consequence of the absorbed monomers and 

aromatic acid, the interaction of unabsorbed polyphenols with components of the 

intestinal tract, or both. As reducing agents, they may be active in the gastrointestinal 

tract and modify the intestinal environment (Scalbert and Williamson, 2000). Goñi and 

Serrano (2005) reported that intestinal bacteria showed a high capacity to degrade 

extractable polyphenols in rats. Deprez et al. (2000) and Ward et al. (2004) also 

showed that major polyphenolic constituents of grape seed (polymeric 

proanthocyanidins) were degraded by human colonic microflora into smaller 

compounds including phenolic acids that could be absorbed and metabolized. 

9.3.2. Plasma ROMs and α-tocopherol 

ROMs (mainly hydroperoxides, ROOH) represent the primary products of an 

intermediate step of oxidative damage and are generated by the peroxidation of 

biomolecules such as lipids, proteins, and nucleic acids, in the early phase of the 

oxidative cascade (Alberti et al. 2000, Halliwell and Gutteridge 2007). ROMs are more 

stable than ROS (Reactive Oxygen Spieces) and therefore they can be detected and 

quantified and have been used as a marker of early oxidative damage (i.e., damage of 

biomolecules early in the oxidation cascade) in several studies (Costantini and 

Dell’Omo 2006; Bonisoli-Alquati et al. 2010; Costantini and Bonadonna 2010; 

Monaghan et al. 2009). Besides being the product of oxidation of biomolecules, ROMs 

are themselves pro-oxidants and can therefore further propagate the oxidation chain 

reaction (Halliwell and Gutteridge 2007) and impair animal performance (Miller et al., 

1993). Some studies of birds have found that the level of ROMs increases as a 

consequence of immune challenge and are related positively to oxygen consumption 

(Costantini and Dell’Omo 2006, van de Crommenacker et al. 2010). The dROMs test 

has already successfully used for measuring total oxidative stress (Celi 2011), as it 

measures the blood concentration of hydroperoxides, in whole blood and serum of 

livestock animals (bovine, porcine, equine) by several authors (Trotti et al., 2001; 

Rekitt et al., 2002; Andresen et al., 2003; Sauerwein et al., 2005). However, scarce 

information is present in literature about the use of this test in chickens. 
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The observed range of ROMs in this study is consistent with that reported by 

Celi et al. (2013) in broiler chickens. These authors did not observe changes in plasma 

ROMs concentration of birds after Se supplementation in agreement with the findings 

of Chauhan et al. (2012) who was not able to observe changes in ROM concentrations 

between sheep whose diets were supplemented with either recommended or 

physiological concentrations of Se and Vitamin E. 

Contrarily to what was expected, in the present study low values of plasma 

ROMs in the control sample and high values in chickens fed grape by-products were 

observed. Therefore, ROMs concentrations do not reflect dietary changes of grape by-

products concentrations. Regenhard et al. (2014) affirmed that the dROM test cannot 

be validly used with chicken whole blood or serum. In fact, these authors in a study on 

the evaluation of the applicability of dROMs test for assessment of oxidative stress in 

poultry, concluded that the presence of serum components, as uric acid, exclusively 

present in blood serum of poultry species and not in mammals could interfere with the 

dROMs test prohibiting its valid application.  

With regard to α-tocopherol concentration in chicken plasma, the present study 

shows that vitamin E supplementation increased the concentration of this vitamin in 

the plasma of birds compared to the rest of the groups. According to Jakobsen et al. 

(1995) immediately after the intake of tocopherols, chicken plasma reflects the 

tocopherol composition of the diet. Also grape by-products supplementation increased 

the concentration of this vitamin in chick plasma, compared to the control group in 

accordance with the first experiment of this thesis. However, in the current study, 

plasma α-tocopherol content was not increased in birds fed 4% GS diets, as was 

observed with the other treatments and in comparison to the control diet. Vitamin E, 

due to its hydrophobic nature, is transported in plasma by low- and very low-density 

lipoproteins before being incorporated into the lipid bilayers (Khalil, 2002). In 

contrast, polyphenols could be present at the aqueous–lipid interface (Manach et al., 

2004) where, close to vitamin E, they could favor the recycling of the α-tocopheroxyl 

radical, as shown by Zhou et al. (2005) for green tea polyphenols in vitro and by Mukai 

et al. (2005) for catechins in micellar solutions. A second potentially relevant property 

of polyphenols would be their ability to spare α-tocopherol by limiting the initiation 
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of the propagation phase, as observed in vitro in liver microsomes of rats given PUFA 

and vitamin E associated with plant flavonoid-rich diets (Fremont et al. 1998).  

Probably, the flavonoids present in grape skin and pomace by-products directly 

scavenge free radicals and may also regenerate α-T from its radical form. Studies 

conducted by Frank et al. (2006, 2003) showed that dietary supplementation with 

flavonoids quercetin, catechin and epicatechin resulted in a substantial increase in α-

T concentrations in blood plasma and liver tissue of male Sprague-Dawley rats. It was 

suggested that, owing to their one-electron reduction potentials, polyphenols may 

spare endogenous antioxidants similar to the recycling of vitamin E by ascorbic acid 

(Buettner, 1993). The lipophilic vitamin E is thought to take part in an antioxidant 

network in which vitamin E radicals are recycled at the lipid-water interface by the 

hydrophilic antioxidant ascorbic acid, which, in turn, is regenerated from its ascorbyl 

radical by thiol or polyphenol antioxidants, which eventually are recycled through the 

conversion of NAD (P) H+H+ to NAD (P)+ (Laranjinha 2001; Packer et al., 2001).  

9.3.3. Meat α-tocopherol and lipid oxidation 

One of the main factors limiting the quality and acceptability of meat and meat 

products is lipid oxidation, as it can impact the nutritional value, shelf-life and sensory 

quality (flavor and color). Lipid oxidation in foods is one of the major degradation 

processes that are responsible for food quality loss. Plant extracts exhibit high 

antioxidant and antimicrobial activities and are used in animal feeding for improving 

health status of the birds, but also for increasing shelf-life of food products by retarding 

microbial spoilage and oxidative processes (Friedman et al., 2002; Rababah et al., 

2004). Wine processing by-products (grape pomace and grape seed extract), rich in a 

wide range of polyphenols, have been used in broiler chicken diets and, as discussed 

in the previous experiments (Goñi et al., 2007; Brenes et al., 2008; Sayago-Ayerdi et 

al., 2009a; Chamorro et al., 2015). The results showed that the addition of grape by-

products to chickens diet lowered the susceptibility of meat to undergo lipid oxidation. 

In our study we investigated if GS, SS and GP fed up to 4% have the same effect 

observed in previous experiment, and to know the participation of the different 

components of grape pomace were implicated in this effect.  
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α-Tocopherol is the predominant form of vitamin E in animal plasma and the 

major antioxidant localized in muscle lipids, thus its level is an important contributor 

to the resistance of lipids to oxidation. Higher dietary intake of α-tocopherol is 

accompanied by its higher accumulation in muscles. In fact, in the present experiment 

a clear increase of α-tocopherol concentration was observed in the thigh meat of 

chickens fed vitamin E. We expected that also the dietary supplementation of the 

antioxidant compounds contained in grape by-products was able to increase vitamin E 

concentrations in chickens plasma and muscle. As previously discussed and similarly 

to the first experiment, in this study only the dietary inclusion of SS and GP increased 

the concentration of plasma α-tocopherol in comparison to the birds fed the control 

diet while meat α-tocopherol was increased by dietary GS, SS and GP and their 

combinations after 1 day of storage, while after 7 days of storage only the GS, SS and 

GP supplemented separately were effective. 

The anomalous effect of GS that did not affect plasma concentration of α-

tocopherol but significantly elevated α-T levels in the muscle show that different 

phenolic compounds behave differently as regards their effect on body tocopherol. A 

similar conclusion was reported by Kamal-Eldin et al. (2000) who found that curcumin 

did not affect plasma or liver concentrations of α-T or γ-T but significantly elevated 

α-T levels in the lungs and that ferulic acid lacked effect on α-T and γ-T levels in 

plasma, liver and lung.  

Regarding meat lipid oxidation, the results from this study showed that storage 

time increased MDA values of chicken thigh meat. Meat from chickens fed 4% of GS, 

SS (individually or in combination) and GP supplemented diets has similar TBARS 

values as meat from birds fed control diet and significantly higher than meat from 

chicks fed α-tocopherol-enriched diets. Protective effects of grape polyphenols were 

previously reported in our laboratory (Goñi et al., 2007; Brenes et al., 2008) with 

dietary addition of up to 6% of GP. However, in this study polyphenols intake from a 

diet containing lower concentration of grape by-products (4%), in general did not 

improve the oxidative status of chickens thigh muscle. Unlike the first experiment of 

this thesis, dietary inclusion of GP did not delayed lipid oxidation. It is also known 

that vinification processes, extraction methods, grape variety, agronomic and 

environmental factors affect the proportions of various polyphenols present in grape 
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by-products, thus these different results could be explained by the use of a different 

commercial GP that probably had a different polyphenolic profile from the GP used in 

the first experiment. 

The results from both experimental trials showed that dietary grape seed and 

grape skin supplemented at different concentrations had no effect on meat lipid 

oxidation in chickens. This may suggest that dietary phenolics from these two different 

grape fractions and their metabolites are not accumulated in muscles, or are 

accumulated in trace amounts only. However, we were no able to find information 

about the supplemental effect of GS and SS on chicken meat quality. 

 

9.4. Conclusions 

 

In conclusion, the inclusion of grape by-products added individually or in 

combination up to 4% did not impair the performance of the birds. Our findings also 

suggest that an important fraction of polyphenols are digested along the intestinal tract 

of birds and did not affect the protein digestibility. Although no differences were 

observed in the MDA values among the control and the grape by-products  treatments, 

however birds fed all the grape by-product diets except GS (at 1 day of thigh 

refrigerated storage) and particularly GS, SS and GP diets (at 7 days) increased plasma 

and meat α-tocopherol concentration.    
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CHAPTER 10. IV EXPERIMENT 

Antioxidant and antimicrobial effect of dietary grape by-

product on chicken breast meat and patties 

10.1. Aim 

The aim of this study was to evaluate the effect of a dietary addition of GS, SS, 

and GP on proximate composition, microbiological stability, lipid oxidation, sensory 

attributes, instrumental color, pH, total extractable polyphenols content and texture of 

chicken meat and patties. 

10.2. Results and discussion 

10.2.1. Characterization of chicken meat  

The study of proximate composition (protein, moisture, fat and ash), total 

extractable polyphenols content and microbiological count in the meat obtained from 

the chicken diet formulated with the grape skin, seed and pomace is an important 

aspect to consider.  

Mainly because it was a first control of the effect of this diet in the chicken raw 

meat and this meat will be the raw material for the elaboration of the patties. Therefore 

this meat will influence in the properties of the patties. Moreover, the assessment of 

these parameters will help to better understand the patties physicochemical, 

microbiological and sensorial characteristics during storage. This meat also will be the 

main source of polyphenols which apart of the role on the patties lipid oxidation and 

microbial growth it is expected that will provide a functional final product rich in 

polyphenols with positive effects on consumer health. 

10.2.1.1. Proximate composition of chicken meat 

Table 10.1. shows the effect of the dietary supplementation with grape by-

products and vitamin E on proximate composition of chicken breast meat. These 

values are within the ranges observed also by other authors (Jo et al., 2009). Fat and 

protein did not show significant differences among chicken samples (Table 10.1.). 

Only in the case of moisture and ash small significant differences were 

observed, although less relevant. Meat from chickens supplemented with vitamin E, 
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grape skin and grape pomace showed statistically (P<0.05) lower moisture values 

compared to the control (MC). With respect to ash content, meat from diets containing 

grape by products exhibited lower ash values (P<0.05) compared to the meat from 

diets with vitamin E (ME) and control. Also Shirzadegan and Falahpour (2014) found 

a linear decrease in crude ash of chicken thigh meat fed with a diet with a medicinal 

herbal extract mixture derived from, green tea, cinnamon, garlic, and chicory that are 

sources of natural antioxidants or functional materials. 

10.2.1.2. Total exctractable polyphenols content of chicken meat 

Dietary supplementation with grape seed and grape skin resulted in a statistical 

(P<0.05) higher meat total phenolic content, compared to the control and MGP breast 

meat, as showed in Table 10.1. In disagreement with the expected results, ME showed 

the highest (P<0.05) polyphenols value (58.63 mg GAE/100g) while the MGP sample 

had the same polyphenols content of the control meat. Jo et al. (2009) observed a 

higher polyphenols content in chicken thigh meat of treated groups (P<0.05) compared 

to the control. However, other authors (Yong et al., 2013) have not found significant 

difference in the total phenolic content of breast chicken meat fed with diet formulated 

(integrated) with different percentage (0.25% and 0.5%) of wild grape powder even 

with the control sample which presented similar levels of polyphenols than the other 

two samples. Similar results were also observed by Jung et al. (2010) in breast meat 

from broilers fed with a dietary mixture of gallic acid and linoleic acid, who also did 

not find differences among the groups. On the other hand, in our experiment it was 

observed that the important part of the polyphenols from the diets was less compared 

to the levels found in the raw meat. Other authors (Manach et al., 2004) also observed 

that many types of polyphenols can lose a part of their antioxidant capability in vivo. 

10.2.1.3. Microbiological counts of chicken meat 

The microbiological counts in breast chicken are shown in Table 10.1. The 

levels of TVC were between 4.68 and 5.37 Log cfu/g. In general there were no 

significant differences in the TCV and LAB count, except for the meat from chickens 

fed diet enriched with grape seed (MGS) which showed a higher (P<0.05) level of 

TVC and LAB (5.37 and 4.28 Log cfu/g, respectively). These results are in agreement 

with the findings of Jung et al., (2010) in breast meat of broilers fed a mixture of gallic 
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acid and linoleic acid (MGL), who observed higher levels of TVC in the meat sample 

of chickens receiving the higher level of MGL.  

The results of Enterobacteriaceae showed no statistical differences among all 

groups, with values between 2.51 and 3.23 Log cfu/g that are considered hygienically 

acceptable for raw meat. The higher levels of Enterobacteriaceae were found in the 

samples MGS and ME, these meats also presented significant (P<0.05) high levels of 

coliforms bacteria. The microbial count in this stage was mainly caused by the 

handling of the breasts during the boning, peeling, and chopping to prepare the final 

meat material for the patties. 

 

Table 10.1. Proximate analysis (%), microbiological counts (Log cfu/g) and total extractable 

polyphenols content (TEPs) (mg/100g GAE) of different chicken breast meat. 

Parameters MC ME MGS MSS MGP 

Proximate composition     

Moisture 75.35±0.04a 74.77±0.02b 74.85±0.08ab 74.38±0.13b 74.61±0.00b 

Protein 22.32±0.09a 22.83±0.11a 21.86±0.32a 22.46±0.24a 22.53±0.10a 

Fat 1.71±0.18a 1.54±0.07a 1.97±0.20a 1.59±0.11a 1.74±0.05a 

Ash 1.29±0.02ab 1.36±0.03a 1.23±0.02b 1.25±0.02b 1.24±0.03b 

Microbiological count     

TVC 5.10±0.02ab 4.68±0.03b 5.37±0.10a 5.04±0.23ab 5.15±0.11ab 

LAB 3.83±0.03b 3.72±0.09b 4.28±0.06a 3.72±0.03b 3.63±0.04b 

Enterobacterias 2.57±0.02a 3.14±0.13a 3.23±0.07a 3.07±0.70a 2.51±0.24a 

Coliformes 2.40±0.05b 3.15±0.11a 3.32±0.09a 2.54±0.11b 2.48±0.01b 

      

TEPs 47.76±0.08c 58.63±0.31a 53.33±0.31b 56.03±0.00ab 46.46±0.08c 
Sample denomination: MC (Control); ME (Control+vitamin E); MGS (Control + Grape Seed 4%); MSS 

(Control+ Grape skin 4%); MGP (Control+ Grape pomace 4%). 

Means ± SD. Different letters in the same row (a, b, c) indicate significant differences (p<0.05).  

 

10.2.2. Physico-chemical composition of chicken patties 

10.2.2.1. Proximate composition of chicken patties 

The proximate composition of chicken patties is reported in Table 10.2. These 

results are related to the components used in the preparation. The results were similar 

of that found in the other study on chicken patties with similar ingredients in the 

formulation, except in the case of protein which was higher in this study among 21.27-

20.36 %. These differences could be attributed to the higher proportion of protein from 
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meat chicken breasts used in these patties (Table 10.1). In general, the difference found 

in the patties composition for the different samples was not relevant.  

Table 10.2. Proximate analysis (%) of different chicken patties 

Parameters  PC PE PGS PSS PGP 

Moisture 69.63±0.82a 67.98±0.48bc 69.17±0.32ab 67.85±0.15c 68.68±0.04abc 

Protein 20.43±0.22b 21.27±0.28a 20.36±0.18b 21.25±0.20a 20.80±0.08ab 

Fat 2.22±0.06b 2.53±0.08a 2.53±0.02a 2.21±0.04b 2.34±0.08ab 

Ash 2.01±0.02ab 2.05±0.01a 1.98±0.02b 2.04±0.03ab 2.00±0.03ab 

Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 

Means ± SD. Different letters in the same row (a, b, c) indicate significant differences (p<0.05).  

 

10.2.2.2. pH of chicken patties 

The results of the pH in the patties during storage time are presented in the 

Table 10.3. The initial (day0) pH value of patties ranged from 6.00 to 6.14, similar 

levels was found also by other author in pork patties reformulated with natural extracts 

(Lorenzo et al., 2014; Naveena et al., 2008; Devatkal et al.2011). The patties with the 

meat from the chicken fed with grape by products and vitamin E presented lower 

(P<0.05) pH values than the control sample, during the experiment. The lower pH in 

the samples with grape could be a consequence of the properties and the nature of the 

active compounds present in the meat of chicken fed with diet rich in grape by 

products. This behavior was also observed by other authors in pork patties elaborated 

with natural extracts (tea, grape, chesnut and seaweed) (Lorenzo et al. 2014). Lower 

pH value were observed in the thigh muscle of broiler fed diets supplemented with a 

medicinal herbal extract mixture (green tea, cinnamon, garlic and chicory) 

(Shirzadegan et al., 2014) and dietary Chinese medicine by-products (Park and Yoo 

(1999) compared to control muscle. 

During the chilled storage of the patties, a slight decreased of the pH values in 

all the samples was observed (Table 10.3). A less sharp decline was observed in the V 

experiment of this thesis. This decrease was mainly produced by the growth of lactic 

acid bacteria, and the lactic acid production (Karabagias et al. 2011; Triki et al., 2013). 
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Table 10.3. pH levels of different chicken patties during refrigerated storage 

Sample 
Storage (days) at 4°C 

0 3 6 9 

PC 6.14±0.02a1 6.11±0.01a2 6.07±0.01a3 6.06±0.00a3 

PE 6.06±0.00b1 6.00±0.00c2 6.00±0.01d2 5.99±0.02cd2 

PGS 6.05±0.01b1 6.03±0.01b2 6.02±0.00c3 6.02±0.01b3 

PSS 6.05±0.00b1 6.04±0.00b1 6.04±0.01b1 6.01±0.01bc2 

PGP 6.00±0.00c1 6.00±0.01c1 5.97±0.00e2 5.98±0.01d2 
Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 

Means ± SD. Different letters in the same column (a, b, c, d, e) and number in the same row (1, 2, 3) 

indicate significant differences (p<0.05).  

 

10.2.2.3. Total exctractable polyphenols content of chicken patties 

Table 10.4 shows the total extractable polyphenols content in raw chicken 

patties during refrigeration storage. The initial levels of polyphenols in these samples 

were among 36.24-31.26 mg /100 g GAE. The lower levels of polyphenols were 

observed in the patties PE, PSS and PGP compared with control and PGS, while no 

significant differences were observed between these two last samples. The results were 

in disagreement with the data of the total phenolic content of meat (Table 10.1) used 

for the patties formulation where, in fact, were observed higher polyphenols levels in 

the ME, MGS and MSS samples. In relation with these results other authors also have 

not found clear differences in the polyphenols levels in the meat products with extracts 

rich in polyphenols and the control sample. In part this may be due the non-specificity 

of the Folin Ciocalteu analysis and the possible interference of many compound in the 

patties (sugars, aromatic amines, sulfur dioxide, ascorbic acid, organic acids, inorganic 

substances, Fe(II) etc.) with this reagent, thus overestimating the content of phenolic 

compound.  

During the chilled storage a significant (P<0.05) increase of total phenolic 

content was observed in all samples including the control diet (higher in the control) 

until day 6 and while a significant decrease was observed at the end of the storage 

period (Table 10.4.). These results are in relation with the results of the V experiment 

of this thesis, on chicken patties formulated with grape seed and grape skin. Increase 

of polyphenols during chilled storage has been observed by other authors (Devatkal et 

al., 2011; Naveena et al., 2008). This behavior was attributed to the increases of the 

activity of an enzyme which accelerates the buildup of phenolics (Padda and Picha, 
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2008). In fact, these results are in relation with the polyphenols content found in the 

cooked chicken patties (analysis in the patties at day 6 of storage) were the higher 

levels of polyphenols were found in the control (61.49 mg/100g GAE) and in the PGS 

(60.47 mg/100g GAE) similar to the PSS (59.28 mg/100g GAE) and the lower in PE 

(52.08 mg/100g GAE) and in PGP (56.41 mg/100g GAE). The higher levels of 

polyphenols in the cooked samples could be due to the cooking loss during the heat 

treatment. Other authors have also reported significant increase of the total phenolic 

content in cooked chicken patties (Naveena et al., 2008) 

 

Table 10.4. Total extractable pholyphenols content (mg/100g GAE) of different chicken 

patties during refrigerated storage. 

Sample Storage (days) at 4 °C 

0 3 6 9 

PC 34.23±0.69ab4 42.29±0.46a3 55.00±0.54a1 48.73±0.08a2 

PE 31.26±0.00b3 47.11±1.30a2,3 48.89±0.92b1 43.75±0.23b2 

PGS 36.24±0.15a3 47.54±0.38a2 51.27±0.76b1 46.46±0.38ab2 

PSS 31.53±0.38b2 42.24±1.91a1 46.30±1.07b1 42.29±1.38b1 

PGP 32.72±0.23ab3 42.94±0.92a2 49.92±0.08b1 43.65±0.38b2 
Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 

Means ± SD. Different letters in the same column (a, b) and number in the same row (1, 2, 3) indicate 

significant differences (p<0.05).  

 

10.2.2.4. Microbiological count of chichen patties 

Microbiological studies of chicken patties are shown in Table 10.5. The 

bacterial contamination in these products was a result of the quality of raw meat (Table 

10.1) and the other non-meat ingredients plus the handling and process of chicken 

patties. 

The initial levels of TVC and LAB were around 4 Log cfu/g and 3.5 Log cfu/g 

respectively with no significant difference among all samples. These results are in 

relation with the raw chicken meat used for the formulation of these patties (Table 

10.1) and it indicate a good manufacturing practices of the patties (APHA-American 

public Health Association, 1984; Dawson et al., 1995). 

The level of Enterobacteriaceae and Coliforms were very low <3 Log cfu/g 

observing initially the lowest levels for both organisms in the control samples (PC), 
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although at the end of storage no significant differences were noted among the samples 

and the levels remained very similar to those observed at the beginning of the storage. 

The levels of TVC and LAB slowly increased during chilled storage, the main 

increase was observed at the end of storage, but no significant differences among the 

samples were observed except in the case of TVC and the LAB in the samples PE and 

PSS, that presented the lower levels (Table 10.5). The levels of TVC and the LAB 

were associated to the anaerobic storage conditions and to the pH in these samples 

(Table 10.3). A clear effect of the grape by-products and vitamin E in chicken diet was 

not observed in the growth of microorganism in this study. Other authors also did not 

observe a clear relation between the addition of grape extract in pork patties and the 

microbial count (Lorenzo et al., 2014). However antimicrobial effect of grape extracts 

were shown in vitro studies (Ahn et al., 2004).  

These results could be explained by the increased effectiveness of plants 

extracts and fruits rich in polyphenols against gram-positive bacteria than gram-

negative as showed by other authors (Rodriguez-Carpena et al., 2011; Kossah et al., 

2011). However, it is necessary to consider that the different antimicrobial activity of 

extracts could be due to the nature of the substances present in the extracts and their 

mechanism of action on the tested microorganism (Rodriguez-Carpena et al., 2011). 

Other authors have found higher antimicrobial activity of plant extract with less total 

polyphenols content (Bystrom et al., 2009). 
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Table 10.5. Microbiological counts (Log cfu/g) in different chicken patties during refrigerated 

storage 

Parameters            Sample 
Storage (days) at 4 °C 

0 3 6 9 

Total viable count 

(TVC) 

PC 4.26±0.00a1 3.91±0.12a1,2 3.86±0.03c2 4.42±0.39a1 

PE 4.31±0.01a2 4.86±1.44a2 3.83±0.03c2 5.27±0.02a1 

PGS 4.39±0.07a1 4.10±0.02a1 4.02±0.03b1 4.67±0.62a1 

PSS 4.34±0.03a2 3.92±0.11a2 4.06±0.03ab2 5.09±0.07a1 

PGP 4.36±0.51a2 4.16±0.02a2 4.18±0.04a2 4.55±0.35a2 

      

Lactic acid bacteria 

(LAB) 

PC 3.48±0.26a3 3.75±0.04a2 3.85±0.03a2 4.22±0.02a1 

PE 3.47±0.12a3 3.84±0.09a2 4.01±0.04a2 4.06±0.03b1 

PGS 3.62±0.21a1 3.86±0.02a1 3.93±0.07a1 4.13±0.02ab1 

PSS 3.49±0.15a1 3.86±0.03a1 3.98±0.02a1 4.04±0.06b1 

PGP 3.69±0.12a1,2 3.36±0.51a2 3.88±0.04a1,2 4.20±0.04a1 

      

Enterobacteriaceae 

PC 1.39±0.55b1 1.85±0.00b21 2.26±0.00c1 2.60±0.56a1 

PE 2.13±0.18ab1 2.04±0.00b1 1.95±0.00e1 2.17±0.24a1 

PGS 2.20±0.00ab1 2.04±0.00b1 2.20±0.00d1 2.37±0.23a1 

PSS 2.62±0.11a1 2.63±0.21a1 2.59±0.00b1 2.77±0.01a1 

PGP 2.86±0.02a3 2.91±0.01a2 2.99±0.01a1 2.84±0.01a3 

      

Coliforms 

PC 1.90±0.00c1 1.90±0.00d1 2.40±0.00c1 2.45±0.64a1 

PE 2.11±0.00c1 2.23±0.00c1 2.00±0.00d1 2.22±0.31a1 

PGS 2.04±0.00c1 2.00±0.00e2 2.04±0.00d1 2.37±0.24a1 

PSS 2.67±0.09b1,2 2.61±0.00b2 2.57±0.04b2 2.82±0.01a1 

PGP 3.05±0.14a1 3.03±0.11a1 2.86±0.02a1 2.84±0.04a1 

Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 

Means ± SD. Different letters in the same column (a, b, c, d, e) and number in the same row (1, 2, 3, 4) 

indicate significant differences (p<0.05).  

 

10.2.2.5. Lipid oxidation of chicken patties 

The TBA-reactive substances levels of chicken patties during refrigerated 

storage are presented Table 10.6. The initial levels of TBARS were very low in all the 

samples (0.23-0.56 mg MDA/Kg sample). Significantly (P<0.05) lower TBARS 

values were detected for chicken patties of PE, PSS and PGP groups compared to the 

control group, while PGS group showed similar values to the control patties. These 

results indicated that feeding chicken with 4% of grape pomace and grape skin could 

be effective against TBARS formation as vitamin E. Surprisingly, this effect was not 

found for seed contrary to what was observed in the V experiment, in which, however, 

the patties were elaborated directly by adding grape seed powder. The level of 
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polyphenols of this latter was higher compared to the grape seed used in the present 

experiment. In this trial we have to take into account that the grape by-products that 

was integrated in the chicken diets and, for this reason, the final effect in the patties 

could be very different.  

On the other hand, the antioxidant effect of the chicken diet integrated with 

vitamin E clearly demonstrated to be very effective in protecting fatty acids and 

decreasing lipid oxidation in eggs and in both raw and cooked poultry meat (Brenes et 

al., 2010; Brenes et al., 2008; Decker and Xu, 1998; Jensen et al., 1998; Botsoglou et 

al., 2005; Galobart et al., 2001; Lauridsen et al., 1997; Mielche and Bertelsen, 1994; 

Wood and Enser, 1997; Galobart et al., 2002; Grau et al., 2001; Morrissey et al., 1998). 

This high efficiency is due to the radical scavenger α-tocopherol which is incorporated 

into cell membranes where the oxidation is initiated (Jensen et al., 1998; Lauridsen et 

al., 1997). The antioxidant effect of grape by-products has also been demonstrated by 

several authors (Brenes et al., 2008; Brenes et al., 2010; Smet et al., 2008; Iqbal et al., 

2014; Goñi et al., 2007; Sáyago-Ayerdi et al., 2009 a, b; Chamorro et al., 2015) 

associated mainly to the phenolic content and their ability to scavenge free radicals, to 

form complexes with metal ions and to prevent or reduce the development of singlet 

oxygen (Rice-Evans and Miller 1996; Yilmaz & Toledo 2006; Surai 2014). The 

inclusion of GP and GSE in chicken diets significantly improved oxidative stability 

(TBARS) and radical scavenging capacity (ABTS) in raw breast meat and cooked 

chicken patties (Sayago-Ayerdi et al. 2009 a; Selani et al. 2011). Similar results have 

been reported by Brannan (2008) and Lau and King (2003) in chicken thigh meat 

during refrigerated storage and by Mielnik et al. (2006) in turkey meat. 

However, the relationship between phenolic compounds and antioxidant 

capacity was inconsistent among the results from different studies, which indicated 

that, besides the concentration, the antioxidant capacities of phenolic compounds were 

affected by other factors (Radovanovic et al, 2009; Di Majo et al., 2008). A study of 

Falchi et al. (2006) observed that although total phenolic index was lower in grape 

flesh than in grape skin because anthocyanins were absent in the flesh, they possessed 

equal amounts of reactivity to hydroxyl radicals. In another study, the results also 

showed that the anti-radical activity was due to the flavanols, rather than anthocyanins 

(Arnous et al., 2002). Anthocyanins contribute more to the antioxidant capacity of 
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fruits (90%) than flavonols, flavan-3-ols, and phenolic acids (10%) (Jakobek et al., 

2009). On this matter, grape skins have been highlighted for their antioxidant activity 

because of their anthocyanins and proanthocyanidins content (Laurent et al., 2007; 

Ricardo da Silva et al., 1991). Moreover, the antioxidant activity of a sample could be 

a synergic effect among several compositions, rather than a single compound (Maier 

et al., 2009; Monagas et al., 2005). 

On the other hand the main polyphenol detected in chicken meat was gallic 

acid and isoflavones since are the well-absorbed polyphenols whereas the least are 

proanthocyanidins and anthocyanins (Williamson and Manach, 2005). This could 

explain the effectiveness of grape skin and grape pomace supplementation in reducing 

lipid oxidation of the storage patties formulated with chicken meat from these two 

groups. 

Table 10.6. Lipid oxidation as changes in thiobarbituric acid-reactive substances (TBARS mg 

MDA/kg sample) values of different row chicken patties during refrigerated storage. 

Sample Storage (days) at 4°C 

0 3 6 9 

PC 0.56±0.05a1 0.35±0.01a2 0.38±0.05a2 0.40±0.01a2 

PE 0.23±0.01b1 0.23±0.02c1 0.20±0.04c1 0.24±0.01c1 

PGS 0.47±0.00a1 0.39±0.01a2 0.35±0.00ab3 0.40±0.00a2 

PSS 0.29±0.01b1 0.27±0.02b1 0.26±0.03bc1 0.30±0.01b1 

PGP 0.31±0.06b1 0.28±0.02b1 0.28±0.07abc1 0.27±0.02bc1 
Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 

Means ± SD. Different letters in the same column (a, b, c) and number in the same row (1, 2) indicate 

significant differences (p<0.05).  

 

10.2.2.6. Color parameters of chicken patties 

Color is one of the most important factors and visual cue involved in the 

consumer perception of acceptable meat quality and in the decision to purchase it 

(Mancini & Hunt, 2005; Faustman et al., 1990). Poultry meat color is affected by 

several factors such as age, sex, strain, diet, intramuscular fat, meat moisture content, 

preslaughter conditions and processing variables (Santiago et al., 2005; Young et al., 

2001; Ekiz et al., 2010; Santos et al., 2007; Muchenje et al., 2008, 2009a, b).  

The effect of grape by-products supplementation on the color stability 

(Lightness L*, redness a*, yellowness b*) of chicken patties is shown in the Figures 

10.1, 10.2. and 10.3. 
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The initial higher (p<0.05) levels of Lightness L* were found in the control 

and PGS samples with levels of 49.60-49.82 respectively. These two samples also 

presented the higher (p<0.05) initial levels of polyphenols (Table 10.4).  

L* levels in this study were lower than those observed by other authors in 

chicken patties formulated with fruit extract rich in polyphenols and BHT (Naveena et 

al., 2008), but similar to other authors (Sáyago-Ayerdi et al., 2009 a). During the 

storage time was observed a slight increase of the parameter with some differences 

between the parameter but without a clear relation with the polyphenols content of the 

patties.  

Other authors have observed differences in color parameters of patties 

containing grape extracts or grape powder but when these are added directly into their 

formulation (Sáyago-Ayerdi et al., 2009 b; Hernandez-Hernandez et al., 2009, 

Naveena et al., 2008, Lorenzo et al., 2014). 

The initial yellowness values (12.86-12.41) did not present significant 

differences among the patties (Figure 10.3.). In general, during storage period hardly 

any changes were observed in the levels of b*. 

The initial higher levels of redness values (a*) were observed in the PE sample 

(2.12) staying this trend also at the end of storage. During storage, an increase in this 

value (a*) for all samples was observed. Alpha-tocopherol is widely used to reduce 

lipid oxidation and drip losses and to maintain color stability (López-Bote et al., 2001). 

Vitamin E limits the myoglobin oxidation and in consequence the gradually oxidized 

into metamyoglobin which presented a dull brown-color while the oxymyoglobin keep 

a red color more typical of meat (Erener et al., 2011). In connection with these results, 

in our study the patties made with the meat of chickens fed vitamin E also presented 

the lower oxidation levels (Table 10.6.). Several studies reported that the L* value is 

also under the influence of meat pH (Perlo et al., 2010; Mothershaw et al., 2009; 

Barbut, 1997; Saláková et al., 2009). However, unlike other authors (Muchenje et al. 

2008) our study did not observe this relation. Other studies on dietary supplementation 

with oregano essential oil showed modification in the meat color, probably by 

modifying pigment distribution in animal tissues (Simitzis et al., 2008). 
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Figure 10.1. Lightness (L*) of different chicken patties during refrigerated storage 

 

Sample denomination: PC (patties Control); PE (patties Vitamin E); PGP (patties Grape Pomace); PGS 

(patties Grape Seed); PSS (patties Grape skin) 

 

Figure 10.2. Redness (a*) of different chicken patties during refrigerated storage 

 

Sample denomination: PC (patties Control); PE (patties Vitamin E); PGP (patties Grape Pomace); PGS 

(patties Grape Seed); PSS (patties Grape skin) 
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Figure 10.3. Yellowness (b*) of different chicken patties during refrigerated storage 

 

Sample denomination: PC (patties Control); PE (patties Vitamin E); PGP (patties Grape Pomace); 

PGS (patties Grape Seed); PSS (patties Grape skin) 

 

10.2.2.7. Texture of chicken patties 

The effect of grape by products supplementation on the Kramer shear force 

(KSF) of chicken patties is shown in Table 10.7. The initial levels of KSF were among 

2.13 and 2.66 N/g and no significant differences were found among the treatments and 

control samples (PC). These results indicated that grape by-products and vitamin E 

supplementation in animals did not significantly affect the textural characteristics of 

the meat products elaborated. Similarly, the inclusion of 5% of grape seed substituting 

for maize in the Penedes chicken diet did not affect organoleptic texture attributes 

(Francesch and Cartañà, 2015). Significant decreases in KSF values were observed 

during storage except for PGP samples (Table 10.7). In pork patties formulated with a 

combination of phyto-extracts (sea buckthorn and grape seed extracts) hardness didn’t 

follow any particular trend during storage (Kumar et al., 2015).  
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Table 10.7. Kramer shear force (KSF) (N/g) of different chicken patties during refrigerated 

storage. 

Sample Storage (days) at 4 °C 

0 3 6 9 

PC 2.66±0.56a1 2.36±0.45a1 2.54±0.54a1 2.13±0.34a2 

PE 2.36±0.31a1 2.26±0.33a1 2.51±0.23a1 1.53±0.30b2 

PGS 2.20±0.35a1 2.18±0.45a1 2.44±0.34a1 1.47±0.28b2 

PSS 2.66±0.56a1 1.88±0.13a1,2 2.14±0.43a1,2 1.63±0.53b2 

PGP 2.13±0.15a1 2.43±0.27a1 2.29±0.08a1 2.24±0.54a1 
Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 

 

10.2.2.8. Sensory evaluation test of chicken patties 

Sensory attributes of different chicken hamburgers are shown in Figure 10.4. 

In general the sensorial parameters did not present significant differences among 

patties and the punctuations for the studied parameters were very high except in the 

case of the hardness. In addition, the overall acceptability parameter was very well 

punctuated for all the patties, with no significant differences among them, therefore all 

the products were acceptable for the panellist. These results are in relation with the 

other parameters studied in this experiment, with little differences between the control 

and the other samples. Only a slight relation was observed in the case of samples PE 

and PSS which presented the lowest levels of polyphenols (Table 10.4.) and also these 

samples were lower punctuated in the juiciness parameters. Other authors have also 

not found differences in the color appearance, flavor and overall acceptability of goat 

patties formulated with extract of fruit (Devatkal et al., 2010) and cooked chicken 

patties (Naveena et al., 2008). 

However, other authors observed the effect of addition of vitamin E and grape 

by products on sensorial attributes (mainly color and flavor) of patties when they are 

directly added and of extract from different plant or fruit (Sáyago-Ayerdi et al.2009, 

Leheska et a., 2006). However, when supplementing chicken diets with these products 

the effect in the color and other sensorial parameters was removed.  
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Figure 10.4. Sensory evaluation of different cooked chicken patties 

 

Sample denomination: PC (Control); PE (Control+vitamin E); PGS (Control + Grape Seed 4%); PSS 

(Control+ Grape skin 4%); PGP (Control+ Grape pomace 4%). 

 

10.3. Conclusions 

A clear relation among the polyphenolic content of the chicken diet, raw meat 

and patties was not observed. Grape by product (pomace, seed and skin) 

supplementation of chickens diet results in improved oxidative stability of meat patties 

elaborated with the breast meat from these chickens. However, it was not possible to 

correlate this activity with the polyphenols content of patties, among which not clearly 

differences were found. Therefore, it should be taken into account that not only the 

levels of total polyphenols in the diet and in the raw meat are important aspects, but 

also necessary to know the absorption and transference of this polyphenols in the raw 

meat and also their polyphenolic profile. 

In addition, no clear effect was observed in the microbial growth and in the 

technological properties (texture and color). All the patties were well evaluated for 

their sensory attributes, with a higher punctuation in the general acceptability. 
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CHAPTER 11. V EXPERIMENT 

Effect of grape seed and skin addition on physicochemical 

properties of chicken thigh patties during refrigerated 

storage 

11.1. Aim 

The aim of this study was to evaluate the effect of GS and SS addition during 

chicken meat processing, on proximate composition, lipid oxidation, sensory 

attributes, instrumental color, pH, and total extractable polyphenols content of chicken 

meat and patties. 

11.2. Results and discussion 

11.2.1. Characterization of tested products 

11.2.1.1. Proximate composition of tested products 

The proximate composition of SS and GS is showed in Table 11.1. The level 

of protein was similar (P<0.05) in both ingredients. The main significant difference 

was observed in the polyphenolic content. GS showed approximately the 15% of total 

polyphenols, 5 times more than polyphenol content of the SS sample. This content is 

associated to the level of crude fiber present in this sample, higher levels of 

polyphenols are associated to the higher levels of fiber (GS). Other authors have also 

noted this relationship (Saura-Calixto, 2011, Sayago-Ayerdi et al., 2009b).  

 

Table 11.1. Proximate composition (%) and total extractable polyphenols (mg GA/100g) of 

grape skin (SS) and grape seed (GS) 

Parameters  GS SS 

Protein 13.41±0.06a 13.81±0.05a 

Fiber 16.93±0.26a 12.21±0.38b 

Total extractable polyphenols 15792.32±16a 3273.84±12b 

Means ± SD. Different letters in the same row (a, b) indicate significant differences ( p<0.05).  
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11.2.2. Characterization of chicken meat 

11.2.2.1. Proximate compostition of chicken meat 

The proximate composition of the thighs was the following: moisture: 73.95%, 

protein: 18.43%, fat: 6.63% and ash: 0.97%). 

11.2.3. Physico-chemical composition of chicken patties 

11.2.3.1. Proximate composition of chicken patties 

The chemical composition of chicken patties is showed in Table 11.2. 

Moisture, fat and protein did not show significant differences among chicken patties. 

The addition of grape seed and skin resulted in a higher (P<0.05) ash content compared 

with the control sample, due to the presence of grape by-products powder in the 

treatments. Similar results were found in ground chicken thigh meat treated with grape 

seed extract (Brannan et al. 2008).  

 

Table 11.2. Proximate analysis (%) of different chicken patties 

Parameters  PC PGS PSS 

Moisture 68.80±0.09a 69.99±0.27a 69.08±0.02a 

Protein 18.30±0.33a 18.72±0.06a 18.44±0.02a 

Fat 6.45±0.45a 6.16±0.34a 6.25±0.18a 

Ash 1.90±0.04b 2.04±0.01a 2.03±0.08a 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 
Means ± SD. Different letters in the same row (a, b, c,) indicate significant differences ( p<0.05).  

 

11.2.3.2. pH of chicken patties 

The pH of all samples is showed in Table 11.3. The initial levels of pH were 

higher than 6.20 in all samples, the lower levels were observed in the PSS. These 

results are similar to those of other authors in chicken patties (Calliaria et al., 2015) 

and in cooked chicken patties elaborated with extract of kinnow rind, pomegranate 

rind and pomegranate seed powder (Devatkal et al., 2011).  

During storage time, a significant decrease in the pH was observed, with lower 

levels in samples containing GS and SS. Other authors (Lorenzo et al., 2014) also 

found that the addition of grape seed extract lead to lower pH values in porcine patties. 

This pH reduction was associated with the microbial growth mainly lactic acid bacteria 
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(Karabagias et al. 2011, Triki et al., 2013) and the content of polyphenols in these 

grape by-products. Grape seed containing gallic acid, protocatechuic acid and 

galloylated proanthocyanidins was the most acid compounds (Lorenzo et al. 2014). 

This could be explain the lower levels of pH in the sample PGS at the end of storage. 

 

Table 11.3. pH levels of different chicken patties during refrigerated storage 

Sample Storage (days) at 4 °C 

0 3 6 9 

PC 6.64±0.01a1 6.39±0.06a2 5.30±0.05a3 4.99±0.03a4 

PGS 6.52±0.01b1 6.26±0.01a2 5.12±0.01b3 4.78±0.05b4 

PSS 6.20±0.01c1 6.05±0.01b2 5.14±0.01b3 4.83±0.02c4 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 

Means ± SD. Different letters in the same column (a, b, c,) and numbers in the same row (1,2,3) indicate 

significant differences ( p<0.05).  

 

11.2.3.3. Total exctractable polyphenols content of chicken patties 

The initial levels of polyphenols content were higher (P<0.05) in the patties 

with grape seed by-products (PGS) while the lower were in the control sample (Table 

11.4). These results are in relation with the content of polyphenols of the GS (Table 

11.1) and similar to the results of Zhao et al (1999) that estimated approximately 60–

70% of grape polyphenols in grape seeds (Zhao et al., 1999) and about 5% in the skin 

(Thorngate and Singleton 1994). Even if the polyphenols content of GS was 5 times 

higher than polyphenols content of SS, no significant differences were observed 

between the patties formulated with these by-products. The present result could be 

probably due to the addition of these by-products in the form of powder, since other 

authors (Devatkal et al., 2010) observed that the differences in the polyphenols content 

of patties are the same of the by-products used in their formulation, when added in the 

form of extracts. 

The polyphenols content observed both in the control patties and in those 

formulated with polyphenols-rich grape by-products was similar to those found by 

other authors in patties enriched with extract of fruits (Devatkal et al., 2010) and in the 

thigh meat of broilers fed the wild grape (Yong et al., 2013). 
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However, the polyphenols content in the patties of the present study was lower 

than those observed by other authors in low-salt meat pork emulsion containing 

seaweed (López-López et al., 2010) and walnut (Ayo et al., 2007)  

During storage time, an increase in the levels of polyphenolic compounds in 

all the samples was observed, keeping the higher levels in the sample PGS followed 

by the PSS. A similar behavior of total phenolic content increase during chilled storage 

was observed by Devatkal et al. (2011) in chicken patties elaborated with extract of 

kinnow rind, pomegranate rind and pomegranate seed powder, and Naveena et al. 

(2008) in cooked chicken patties treated with pomegranate juice and rind extract.  This 

behavior could be explained because of the total phenolics are synthesized by 

phenylpropanoid pathway involving an enzyme phenylalanine ammonia-lyase 

(Devatkal et al. 2011). Padda and Picha (2008) also reported that chilling temperature 

increases the activity of this enzyme and accelerates the build up of phenolics. 

The levels of polyphenols in the cooked patties at the second day of storage 

were higher (P<0.05) in the sample with grape seed (HGS) (73.91 mgGAE/100g) 

compared with the HSS (52.79 mgGAE/100g) and the control (43.59 mgGAE/100g) 

samples. This was in relation with the polyphenolic content of raw patties (Table 11.4). 

As expected, the levels of polyphenols were higher in cooked patties compared to the 

raw patties because of the loss of moisture after cooking. Maintaining the polyphenols 

after cooking, the patties demonstrate that they could be a healthy product able to 

improve the health of consumer. 

 

Table 11.4. Total extractable polyphenols content (mgGAE/100g) of different chicken 

patties during refrigerated storage 

Sample Storage (days) at 4 °C 

0 3 6 9 

PC 38.79±0.6c3 39.78±0.6b3 42.46±0.5c2 64.26±1.4c1 

PGS 57.55±0.6a3 59.71±1.3a3 95.55±0.6a2 114.81±1.0a1 

PSS 40.01±1.0c3 41.12±0.4b3 57.70±1.3b2 84.18±0.2b1 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 

Means ± SD. Different letters in the same column (a, b, c) and numbers in the same row (1,2,3) 

indicate significant differences ( p<0.05).  
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11.2.3.4. Lipid oxidation of chicken patties 

The initial TBARS values of patties were very low (0.57-0.96) (Table 11.5). In 

general, during chilled storage the lower (P<0.05) values were observed in the patties 

treated with the grape by-products, mainly in the PGS followed by PSS. This is in 

relation with the polyphenols content of grape seed and grape skin used. The lower 

TBARS values correspond to the higher polyphenols content in the treated patties 

(Table 11.5). The antioxidant effect of grape polyphenols in chickens has been 

described by many authors (Goñi et al., 2007; Brenes et al., 2008; Brenes et al., 2010; 

Chamorro et al., 2014). Flavonoids have the capacity to act as powerful antioxidants 

by scavenging free radicals and terminating oxidative reactions (Yilmaz and Toledo, 

2004). Grape skin and seed are a rich source of flavonoids including monomeric 

phenolic compounds, such as (+)-catechins, (-)-epicatechin, and (-)-epicatechin-3-O-

gallate and dimeric, trimeric, and tetrameric procyanidins. Moreover, several authors 

also have observed a delay in the lipid oxidation when added grape seed extract to 

chicken meat (Brannan 2008), ground dark turkey meat (Lau and King 2003) beef 

(Bañon et al., 2007; Brannan and Mah, 2007; Rojas and Brewer, 2008), pork (Brannan 

and Mah, 2007; Carpenter et al., 2007; Rojas and Brewer, 2008; Lorenzo et al., 2014) 

and fish (Pazos et al, 2005; Sánchez-Alonso and Borderías, 2008; Sánchez-Alonso et 

al., 2008). 

The increased effectiveness of GS versus SS in the reduction of lipid oxidation 

could be due not only to the different concentrations of phenolic compounds present 

in these by-products, but also to their different phenolic profile. Yilmaz and Toledo 

(2004) found lower concentrations of gallic acid, monomeric catechin and epicatechin 

in winery by-product grape skin than in seed due to the possible release of 

polyphenolics present in grape skin into the wine during winemaking process. Besides, 

an higher antioxidant capacity of grape seed extract compared with grape skin extract 

was found, and  dimeric, trimeric, oligomeric or polymeric procyanidins account for 

most of their superior antioxidant capacity in addition to the monomers (Yilmaz and 

Toledo, 2004).  

Other authors also found a lower oxidative stability of grape skin in dehydrated 

chicken meat that was mechanically deboned, compared with other natural 

antioxidants (coffee, rosemary and green tea) and similar to the control (Nissen et al. 
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2000). According to the authors, this low effectiveness of grape skin extract is because 

of a lack of any significant protection of vitamin E, in addition to its polyphenolic 

content and profile. While, the antioxidant mechanism of grape procyanidin might be 

explained by its capacity to repair the oxidized α-tocopherol and to delay the ascorbic 

acid depletion of muscle tissues (Iglesias et al. 2012). Goñi et al. (2007) reported a 

better oxidative stability of meat samples from chickens receiving a diet supplemented 

with GP that was also accompanied by an increase in the concentration of vitamin E 

in the liver that may prove beneficial for the enhancement of vitamin E status and for 

the reduction in lipid oxidation of the tissues.  

 

Table 11.5. Lipid oxidation as changes in thiobarbituric acid-reactive substances (TBARS mg 

MDA/ kg sample) values of different chicken patties during refrigerated storage. 

Sample Storage (days) at 4 °C 

0 3 6 9 

PC 0.96±0.12a1 0.39±0.03a2 0.67±0.01a2 0.70±0.00a2 

PGS 0.57±0.06b1 0.21±0.04b2 0.39±0.01c2 0.46±0.01c2 

PSS 0.64±0.04b1 0.40±0.03a1 0.49±0.01b2 0.57±0.01b2 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 
Means ± SD. Different letters in the same column (a, b, c,) and numbers in the same row (1, 2) indicate 

significant differences (p<0.05).  

 

11.2.3.5. Color parameters of chicken patties 

Color changes are an important factor influencing the quality and acceptability 

of meat and meat products and present a close relationship with the decision to 

purchase from the consumer (Carpenter et al. 2007). The results of the color 

parameters (L*, a* and b*) are showed in Figures 11.1, 11.2 and 11.3. In meat 

products, color can be influenced by many factor associated with the formulation of 

products such as level of protein (myoglobin content) and fat and by the addition of 

water and non-meat ingredients (Pietrasik & Janz, 2009). In this study, as said above, 

no significant differences were observed in protein, moisture and fat content among 

the meat products (Table 10.2), therefore the significant changes in the color 

parameters were attributed to the grape residues used in the patties formulation. The 

addition of GS and SS in chicken meat caused significantly less lightness (L*), redness 

(a*), and yellowness (b*) of patties, with the lowest values in those formulated with 
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SS. A similar behavior was observed by Sáyago-Ayerdi et al. (2009b) in chicken 

humburgers prepared with grape dietary fiber (grape pomace). During the storage 

period, in general, was observed an increase with a similar trend, in all the color 

parameters (except b*) for the three samples, with lower color values of the samples 

treated with grape by-products, compared to the control patties. This color reduction 

in PGS and PSS samples could due to the dark red color of grape ingredients. The 

darkening of samples with the addition of grape extract was also reported in cooked 

chicken meat treated with grape seed and peel extracts (Selani et al., 2011) and in 

grounded chicken thigh and breast treated with grape seed extract (Brannan, 2009). 

Even if grape skin and seed used in the present trial are characterized by a 

strong red color, the reduction of redness values (a*) in the patties containing these 

grape by-products could be due to the considerable amounts of bioactive components 

present in these samples as explained by Cofrades et al. (2011) who observed a 

decreased redness in restructured poultry steaks incorporated with sea Spaghetti 

seaweed, in addition to a decreased lightness.  

On the other hand, other authors (Selani et al. 2011; Sasse et al., 2009) did not 

observe significant changes in the L*, a* and b* color parameters when grape seed 

and peel extracts were added to chicken or pork meat. However, these authors have 

used grape by-products extracts while, in the present experiment grape by-products 

powders were directly added into chicken meats. GS and SS powers could have 

interfered with the components of patties (proteins, myoglobin, water or fat) that 

influence the color of meat product (Pietrasik & Janz, 2009).  

Figure 11.1. Lightness (L*) of different chicken patties during refrigerated storage 

 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 
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Figure 11.2. Redness (a*) of different chicken patties during refrigerated storage 

 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 

 

Figure 11.3. Yellowness (b*) of different chicken patties during refrigerated storage 

 

Sample denomination: PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 

 

11.2.3.6. Sensory evaluation of chicken patties 

Sensory attributes of different chicken patties are shown in Figure 11.4. The 

grape by-products addition significantly affected the color and overall acceptability 

parameters of the patties. In general the low punctuation was observed for the patties 

containing grape skin (PSS), and very similar punctuation was observed in the control 

sample and in patties with grape seed (PGS). Unlike the color, no significant 

differences were found for the other parameters, among the three experimental 

samples. Besides, all the samples present an acceptable punctuation by the panelist, in 
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fact the juiciness, flavor, color and general acceptability scores were greater than 5 and 

hardness acceptability was similar (P<0.05) to the control. Therefore, the panel did not 

evaluate negatively the addition of grape seed powder into the patties. The present 

results are in relation to Sáyago-Ayerdi et al., (2009b) who did not observed similar 

flavor tenders and odor in chicken hamburgers with grape pomace, associate this effect 

to the dietary fiber content in grape pomace.   

 

Figure 11.4. Sensory evaluation test of different cooked chicken patties 

 

PC (patties Control); PGS (patties Grape Seed); PSS (patties Grape skin) 

 

11.3. Conclusions 

The use of grape by products skin and seed in the formulation of patties has 

demonstrated its effectiveness in reducing the lipid oxidation of these products. Grape 

seed was considered more effective in retarding lipid oxidation than the grape skin. 

Even the patties elaborate with grape seed was evaluated more similar than the control 

sample. The development of these patties could also provide positive effects on human 

health due to their polyphenolic content. Therefore, these results are important for both 

the meat industry and the agro-food industry since could collaborate in the using of 

grape waste as natural antioxidants in the food industry and could also represent a 

significant step towards the maintaining of environmental balance. 
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CHAPTER 12 

 GENERAL CONCLUSIONS 

Nowadays there is a high request of research on alternative feeding systems 

that are able to improve poultry performance and welfare, and to warrant high-quality 

and safe meat products. This thesis provides a valuable contribution to scientific 

community which aims to find a natural and cheaper but functionally equivalent 

product with antioxidant activity that could partially replace vitamin E. Furthermore, 

the study afford new data regarding the separated effect of the principal components 

in grape pomace, ie grape seed and skin in chickens diet, which are still poorly studied. 

Performance parameters of chickens were not affected by vitamin E 

supplementation. The inclusion of different concentrations of grape seed (15, 30 and 

40 g/kg), grape skin (40 mg/kg) and grape pomace (40 mg/kg) in broiler diets did not 

impair  neither daily weight gain nor fee intake and feed conversion ratio of chickens. 

Also, the different combinations of grape seed and grape skin (50:50, 75:25 and 25:75), 

in the third experiment, included at a concentration of 4% in chickens diet had no effect 

on performance parameters. On the other hand, the inclusion of high levels of grape 

skin (11%) and the inclusion of fermented and unfermented skin diets (60 mg/kg) 

reduced the performance of chickens, by decreasing their daily weight gain and 

increasing feed conversion ratio. 

The optimum dose of inclusion of polyphenols in animal diets is difficult to 

define due to the different composition of phenolic compounds present in these by-

products. However, our findings suggest that an optimal concentration to include in 

chicken diets, without having any negative effect on the growth performance, is about 

4% both for grape pomace and for its components skin and seed.  

Ileal and excreta total polyphenol content were increased by the inclusion of 

grape seed (15, 30 and 40 g/kg), unfermented and fermented skin (30 and 60 g/kg, 

respectively) and the different combinations of grape seed and skin (experiment III) in 

broiler diets. Ileal tannins content was increased in all treated groups except in the case 

of birds fed grape pomace (3.75%). Excreta tannins content was not affected in birds 

fed different concentrations of grape seed and the different combinations of grape seed 
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and skin. Birds fed skin (fermented and unfermented skin diets) and grape pomace 

showed highest content of excreta tannins content. 

The inclusion of grape pomace (40 mg/kg), skin (30 and 40 g/kg), seed (15, 30 

and 40 g/kg) and  combinations of seed and skin in chicken diets had no adverse effect 

on protein digestibility. However, the inclusion of unfermented skin (60 g/kg) and skin 

diets (110 g/kg) showed lower values. 

Ileal total polyphenol digestibility were increased in chickens fed grape 

pomace (40 mg/kg), grape seed (30 and 40 g/kg) and skin (40 and 110 mg/kg). 

However, the ileal digestibility of total polyphenols in birds fed fermented and 

unfermented skin (60 mg/kg), grape seed (15 mg/kg) and the different combinations 

of grape seed and skin diets was not affected. 

Excreta total polyphenols digestibility was not affected by grape seed (15 and 

30 mg/kg), skin (110 g/kg) and grape pomace (40 g/kg) supplementated diets. 

However, an increment was observed in chickens fed fermented and unfermented 

grape skin (with the highest values for unfermented skin (60 g/kg), 40 g/kg of grape 

seed, skin and grape pomace, respectively, and the combinations of grape seed and 

skin diets. 

No differences were detected on colony-forming units of anaerobic 

(Lactobacillus and Clostridium) and aerobic (E. coli) bacterial species by the addition 

of fermented and unfermented (30 and 60 g/kg) diets in chicken ileal content. 

Plasma and meat α-tocopherol concentration were increased in birds fed α-

tocopherol, grape pomace (up to 40 g/kg), grape seed (40 g/kg) and skin (40 and 110 

g/kg). This effect was higher in birds receiving α-tocopherol diets than in those fed the 

different grape by-products.  

The extend of lipid oxidation measured as malondialdehyde formation in breast 

meat after 1 and 7 days of refrigerated storage was lower in birds fed diets 

supplemented with α-tocopherol and grape pomace (37.5%). This grape by-product 

delay the lipid oxidation reaching a similar protective effect observed with dietary α-

tocopherol. However, the inclusion of the different grape by-products (grape seed, skin 
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and grape pomace) did not enhance the oxidative stability in thigh meat during the 

refrigerated process.    

The different fat content of breast and thigh meat could partially explain the 

different behavior of GS and SS in reducing the lipid oxidation. The higher fat content 

of chickens leg meat, compared to the breast meat, could make it more susceptible to 

lipid oxidation thus making ineffective the antioxidant action of such products at the 

concentration tested in this study. Therefore, these findings suggest that are probably 

necessary higher concentrations of these by-products than those used in this thesis 

trials, in order to delay lipid oxidation in thigh meat. 

Dietary addition of 40 g/kg of grape seed, skin and grape pomace, respectively, 

and direct addition of 20 g/kg of grape seed and skin, respectively, had no effect on 

the proximate compositions of chicken patties, but decreased their pH values. The 

addition of 20 g/kg of grape seed and 20 g/kg of grape skin, respectively in thigh 

chicken patties decreased lightness, yellowness and redness values in these samples, 

while breast meat obtained from chicken fed grape seed, skin and grape pomace diets 

showed no clear effect in color parameters and even in texture of chicken breast patties. 

Thigh chicken patties formulated with the direct addition of grape seed and 

skin showed higher total phenolic content, while no clear differences were found in 

the breast patties formulated with meat of chicken supplemented with 4% GS, SS and 

GP. However, an increase of total phenolic content in all patties during chilled storage 

was observed. The phenolic content in these samples was even keep after the cooked 

treated of the patties. The development of these patties could provide positive effects 

on human health due to their polyphenolic content. 

The inclusion of grape pomace and skin in the chicken diet up to 40 g/kg, and 

direct addition of 20 g/kg of grape seed and 20 g/kg of skin improved the oxidative 

stability of breast and thigh chicken patties, respectively. These results provide an 

evidence of a protective effect of dietary grape pomace and skin against lipid 

oxidation.  
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In general, the inclusion of 4% GS, SS and GP had no effect on the microbial 

growth of chicken patties, except in the case of lactic acid bacteria in the samples PE 

and PSS that presented the lowest levels.  

Our results are important for both meat industry and the agro-food industry 

since could collaborate in using grape waste as natural antioxidant in the food industry 

and could also represent a significant step towards the maintaining of environmental 

balance and also an economic revaluation of the waste raw material.  

The beneficial effects of grape by-products are thought to derive mainly from 

the bioactivities of their polyphenols. However, their potential as feed ingredients or 

additives in animal production remains largely unexploited and further experimental 

investigations are needed in this direction. 

The metabolism of polyphenols by the microbiota, the bioactivity of microbe-

derived metabolites and their presence in different organs all need to be investigated. 

Advances in knowledge of the interaction between these bioactive compounds and the 

intestinal microbiota should also be a subject of increasing interest. The identification 

of polyphenol-metabolizing bacteria and their possible use as a probiotic could be a 

good strategy for increasing the bioavailability and potential bioactivity of these 

compounds. 
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LIST OF ABBREVIATIONS 
 

4HR   4-hexylresorcinol 

ABTS  2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) 

AFNOR  association francaise de normalisation  

AIA  acid insoluble ash 

AID  apparent ileal digestibility 

AME  apparent metabolisable energy 

ANOVA one-way analysis of variance 

BHA   butylated hydroxyl anisole 

BHT  butylated hydroxytoluene 

BSE   bovine spongiform encephalopathyù 

CAT   catalase 

CFU   colony-forming unit 

CM   chroma meter  

CP  crude protein 

CSIC   consejo superior de investigaciones científicas 

DFD   dark firm dry 

DM  dry matter 

DNA   deoxyribonucleic acid 

DNPH  2,4 dinitrophenylhy-drazine 

DP  polymerization degree 

EC   european communities 

EDTA  ethylenediaminetetraacetic acid 

EU   european union 

FA   fatty acid 

FAO   food and agriculture organization 

FC   folin–ciocalteu 

FCR  feed conversion ratio 

FDA   food and drug administration 

FEDNA   fundación española para el desarrollo de la nutrición animal 

FS   fermented grape skin 
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GA  gallic acid 

GAE  gallic acid equivalent 

GC   gas chromatograph 

GI   gastro intestinal 

GIT   gastro-intestinal tract  

GP  grape pomace 

GPx   glutathione peroxidase 

GS  grape seed 

GSE  grape seed extract 

HPLC  high-performance (high-pressure) liquid chromatography 

HPLC-MS  high performance liquid chromatography-mass spectrometry 

HSD   honest significant difference 

ICTAN  institute of food science, technology and nutrition 

ISO   international organization for standardization 

IU  international unit 

KSF   kramer shear force  

LAB  lactic acid bacteria 

LC–MS  liquid chromatographic mass spectrometry 

LC–MS/MS  liquid chromatography–tandem mass spectrophotometry 

LDL  low density lipoprotein 

MAP  modified atmosphere packaging 

MDA  malondialdehyde 

mDP  average polymerization degree 

MRS  de man, rogosa, sharp agar 

MS   mass spectrometry 

n3 PUFA  omega-3 polyunsaturated fatty acids 

NAD(P)H  nicotinamide adenine dinucleotide phosphate 

NDGA  nordihydroguaiaretic acid 

NRC   national research cuncil 

OG   octyl gallate  

PCA  plate count agar 

PG   propyl gallate 
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PGE   polyphenolic grape extracts 

PSE   pale soft exudative 

PUFA   polyunsaturated fatty acids 

ROMs  reactive oxygen metabolites 

ROS   reactive oxygen species 

rRNA   ribosomal ribonucleic acid 

SAS  statistical analysis system 

SD  standard deviation 

SEM  standard error of mean 

SFA   saturated fatty acids 

SOD   superoxide dismutase 

SPSS  statistical package for social science 

SS  grape skin  

TBA  thiobarbituric acid 

TBARS thiobarbituric acid reacting substances 

TBHQ  tertiary butyl hydroquinone 

TC  tannins content 

TCA  trichloroacetic  acid 

TEP  1,1,3,3-tetraethoxy propane 

TEPC  total exctractable polyphenols content 

THBP   2,4,5-trihydroxybutyrophenone 

TPA   texture profile analysis 

TRFLP  terminal restriction fragment length polymorphism 

TVC  total viable count 

UDP   uridine diphosphate 

UFA   unsaturated fatty acids 

UFS   unfermented grape skin 

UK   united kingdom 

USA   united states of America 

USDA  united states department of agriculture 

UV-VIS  ultraviolet–visible 

VRBG  violet red bile glucose agar 
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WB   warner-Bratzler  

WHO   world health organization 

α-T   α-Tocopherol 

γ-T   γ tocopherol 
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