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Polyphenols are secondary plant metabolites mainly known for their antioxidant properties. Their use as feed

additives in the nutrition of farm animals is becoming increasingly popular as they are particularly exposed to

oxidative stress which is reflected in a lipoperoxidation of the final product. For this reason, it is essential to

preserve the quality and the safety of meat and milk products by attenuating oxidative deterioration. Moreover,

polyphenols present the advantage of being more acceptable to the consumers than synthetic counterparts, as

they are considered to be “non-toxic”.
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1. Introduction

There is a growing interest in producing healthier animal products with a higher ratio of polyunsaturated (PUFA) to

saturated fatty acids by modulation of animal’s diet. This nutritional strategy has been associated with an increase

in lipoperoxidation. It is essential to preserve the quality and the safety of meat and dairy products by attenuating

oxidative deterioration. Antioxidant molecules can be added to feed or introduced directly into the final product to

control and reduce the beginning of the oxidative process. Recently, the interest of food processing industries in

the use of natural antioxidants rather than synthetic counterparts was increased, for either low environmental

impact or economic reasons . Furthermore, natural antioxidants represent a good candidate in this respect

because they are also well accepted by the consumers since they are considered safe. In the last decade, there

has been a growing interest in supplementing animal feeds with plant antioxidant to boost the nutritional value of

meat for consumers’ health benefits . For these reasons the calls to use botanical-based feed additives due to

their claimed antioxidant activity and beneficial effects on farm animal performance and animal product quality is

increasing.

2. Classification and Structure of Polyphenols

The polyphenols comprise a large group of more than 8000 different compounds with the phenolic hydroxyl groups

being the common structural feature. In nature, polyphenols are usually found conjugated to sugars and organic

acids, and, according to the number of aromatic rings and their binding affinity for different compounds, can be

divided into three classes, flavonoids, non-flavonoids, and tannins  (Figure 1). Flavonoids comprise the largest
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group of polyphenols with more than 4000 compounds identified and share as a common structure two benzene

rings connected by three carbon atoms forming an oxygenated heterocycle . Based on the type of heterocycle,

the following flavonoid subclasses can be distinguished: flavonols, flavones, flavanols, flavanones, anthocyanins,

and isoflavones . The group of flavonoids is responsible for the red, blue, and yellow colouration of plants. They

are found mainly in onions, leeks, soybeans, berries, and tea . The group of non-flavonoid-polyphenols

comprises phenolic acids (cinnamic acid, such as ferulic, caffeic, coumaric, and sinapic acid, and the less

abundant hydroxyl benzoic acids, such as gallic and vanillic acid), lignans (e.g., secoisolariciresinol, pinoresinol,

syringaresinoland), and stilbenes (e.g., resveratrol). Tannins, commonly referred to as tannic acid, are water-

soluble polyphenols that are present in many plant foods. They have been reported to be responsible for

decreases in feed intake, growth rate, feed efficiency, net metabolizable energy, and protein digestibility in livestock

animals .

Figure 1. Main classes of polyphenols: flavonoids, non-flavonoids (phenolic acids, lignans, stilbenes) and tannins.

3. Bioavailability of Polyphenols in Food-Producing Animals

Bioavailability can be defined as the proportion of bioactive compounds that are successfully absorbed into the

bloodstream for metabolic utilization . Polyphenols are considered as bioactive compounds, that unlike macro-

and micronutrients, are not essential for life, but have an effect on specific cells and tissues. Their availability is

determined by the type of compound, its chemical and physical properties, and the type and presence of functional

groups .

In the monogastric gastrointestinal tract, phenolic compounds metabolism starts from the upper intestinal epithelia

and proceeds to the lower intestine, the liver, and then to the peripheral tissues, which include adipose tissue and

the kidneys. The route of phenolic absorption can either be via the stomach and small intestine or possibly

absorbed by the colon after chemical modification by the colonic microbiota. The microbiota present in the colon
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allows polyphenols to be absorbed into the bloodstream and subsequently to be excreted either in the urine or via

the bile . It has been shown that out of 100% total polyphenolic intake, only 5–10% is absorbed in the small

intestine, while the 90–95% will be in the large intestine lumen together with other conjugates excreted by the bile

. Subsequently, they are exposed to the intestinal enzymes and gut microbiota, which breaks down the

polyphenolic structures into smaller molecules to facilitate absorption. In the animal, polyphenols are transformed

into glycoside, ester, and polymeric forms that need to be hydrolysed to facilitate absorption by gut microbiota and

intestinal enzymes. Phenolic compounds with fewer complex structures are subjected to extensive

biotransformation (oxidation, reduction, or hydrolysis) which converts them into water-soluble metabolites in the

enterocytes before reaching the liver. The complex phenolic compounds not absorbed in the small intestine reach

the colon, where the gut microbiota hydrolyses glycosides resulting in the formation of aglycones. This process

decreases the complex structure of the phenolic hydroxyl group into low-molecular-weight phenolic metabolites

that can be absorbed. Once absorbed, the molecules reach the liver via the hepatocytes, where they are again

subjected to a biotransformation process (conjugation) which improves easy absorption (hydrophobicity) of the

molecules and aids in rapid elimination. Finally, the metabolites enter the systemic circulation where they are

distributed to the targeted organs or eliminated in the urine . A schematic illustration of the described

absorption and metabolism of plant polyphenols is summarized in Figure 2.

Figure 2. Adsorption and metabolism of plant polyphenols in monogastric farm animals (Adapted from Marín et al.,

2014 ).
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The content of polyphenols in body tissues is not directly related to their dietary levels . For example, it has

been shown that in pigs whose diets were supplemented with 50 mg/kg quercetin for 4 weeks, quercetin levels

were higher in the kidneys (6.31 nmol/g) and colon (13.92 nmol/g) than in the liver (2.83 nmol/g) or plasma (0.67

μmol/L) . On the contrary, when pig diets were supplemented with higher doses of quercetin (500 mg/kg) for 3

days, quercetin levels remained unchanged in bodily tissues (3.78 nmol/g in the liver, 1.84 nmol/g in the kidneys),

but increased in plasma (1.1 μmol/L) . In these works, elevated polyphenol concentrations were noted only in

organs that participate in the metabolism of the polyphenolic compound. The 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. The dietary polyphenols present prebiotic properties and exert

antimicrobial activities, they enhance the growth of specific beneficial bacteria strains (Bacillus spp., Lactobacillus

spp.) in the intestinal tract while competitively excluding certain pathogenic bacteria and stabilizing gut microbiota;

indirectly enhance the host’s immune system and overall health . On intestinal morphology, they can exert a

positive influence and improve nutrient absorption in monogastric animals .

Contrary to what is known about the monogastric, for which it has been clearly established that the small intestine

is the main site of absorption for monomeric flavonoids, it is still unknown if flavonoids are absorbed across the

rumen epithelium. However, several studies have shown an early peak in plasma flavonoid concentrations after

intraruminal administration of quercetin  or consumption of a meal containing abundant isoflavones , thus

suggesting that some flavonoids are adsorbed in the rumen, given that mean ruminal residence time of ingested

feed is much greater than 1 h . Consequently, flavonoids that come out of the rumen are probably absorbed in

the small intestine due to the increase in the total plasma concentration of flavonol after intraduodenal infusion of

quercetin . In dairy cows, it has moreover been shown that the administration of feedstuffs rich in isoflavones

(genistein, daidzein) such as soybean meal or red glover silage causes an increase in the concentrations of those

isoflavones in blood and milk . The supplementation of phenolic compounds in ruminants seems to be

effective in preserving polyunsaturated fatty acids (PUFA), rumenic acid, and vaccenic acid from a complete

biohydrogenation, with consequent enriching in health-promoting fatty acids in meat and milk, at the expense of

saturated fatty acids. The effects of phenolic compounds on cellulolytic bacteria and protozoa probably are also

associated with the reduction of both fibre degradability and, indirectly, with methane emission. However, a direct

interaction between some specific phenolic compounds (such as hydrolysable tannins) and methanogen microbes

was suggested .

4. Antioxidants and Their Importance in Food-Producing
Animals

Τhe efficacy of animal production is based principally on balanced nutritional systems that meet the individual

needs of farm animals. Animal growth can be influenced or even regulated by the supplementation of antioxidants

in animal feed; thus, it is likely to be affected by the overall redox status of a productive animal .

It has been suggested that the high metabolic rate of growing tissues generates abnormally large amounts of free

radicals. To avoid the formation of free radicals that usually lead to oxidative stress and other redox-related
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pathologies, they must be safely scavenged or removed via the administration of antioxidant compounds .

Oxidative stress is defined as "the imbalance between oxidants and antioxidants in favour of the oxidants,

potentially leading to damage" . A particularly destructive aspect of oxidative stress is the excessive production

of reactive oxygen species (ROS), such as free radicals and peroxides, that cannot be effectively neutralized by

the body . In homeostasis, ROS are deactivated by endogenous antioxidants represented by enzymatic

antioxidants (superoxide dismutase, catalase, and glutathione peroxidase) and non-enzymatic antioxidants (uric

acid, glutathione, coenzyme Q; ). In recent years, evidence has emerged that oxidative stress plays a crucial

role in the development and perpetuation of inflammation , and the potential of plant polyphenols to combat

oxidative stress and inflammatory processes in farm animals is fully described by Gessner and colleagues . In

pigs, grape seed and grape marc meal extracts or hop extract (10 g/kg diet), have shown to be able to lower the

expression of several proinflammatory genes in various portions of the intestine (duodenum, ileum, colon; ). The

abundance of some potentially pathogenic bacteria was lowered, thus suggesting that polyphenols exerted an

antimicrobial effect on pathogenic bacteria in the intestine. The positive effect was reflected in an improvement of

the gain-to-feed ratio in pigs, due to an inhibition of pro-inflammatory processes in the intestine and to antimicrobial

effects. An improvement in growth performance may be related to the improvement of immune defence and

suppression of excessive apoptosis among intestinal epithelial cells, as observed in piglets  and poultry .

Another action of antioxidants is represented by an improvement of food status and animal feed intake as some

plant extracts enhance the flavour and palatability of feed, which improves feed intake and productive performance

. The increased stimulation of appetite results in higher feed consumption and weight gain. With regards to

plant extracts rich in polyphenols, they have been shown to increase digestive secretion such as saliva and

digestive enzymes, thus improving the adsorption and utilization of nutrients which increases, in turn, the growth of

the animals . Some phenolic compounds like genistein, daidzein, soybean isoflavone, and ferulic acid have

been proposed to exert effects on animal metabolism, thus acting as growth promoters by modulating animal

metabolism in favour of increasing muscle tissue  or increasing the bioavailability of nutrients . Studies

conducted in ruminants have mainly been focused on inducing changes in the microbial populations of the rumen

and its subsequent effects on ruminal fermentation. However, dietary supplementation with ferulic acid to steers

has been shown to exert effects similar to β-adrenergic agonists that are used in the final phase of intensive

fattening of beef cattle .

Moreover, in intensive breeding systems, animals are frequently exposed to oxidation of fatty acids

(lipoperoxidation), not only because of their frequent exposure to oxidative stress but also because of their diet .

On this basis, numerous studies over the past few years have examined the hypothesis that the supplementation

of feed that is enriched with antioxidants to farm animals will provide an improvement of derived product quality 

. As regards meat quality, parameters, such as colour, water-holding capacity, and the oxidative stability

of lipids and proteins are usually referred to . Lipid oxidation is a major quality deteriorative process in muscle

foods resulting in a variety of breakdown products that produce off-odours and flavours, drip losses, discoloration,

loss of nutrient value, decrease in shelf life, and accumulation of toxic compounds . The interaction of alkyl and

peroxyl radicals, which are formed during the oxidation of lipids, leads to the formation of non-radical products such
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as aldehydes , directly related to the deterioration of meat colour and flavour, protein stability, and functionality

.

Another phenomenon closely associated with deteriorative processes that can affect meat and meat products is

the oxidation of proteins, which play a fundamental role in meat quality concerning the sensory, nutritional and

physico-chemical properties . Protein oxidation occurs through a chain reaction of free radicals like oxidation of

lipids in animal muscle. This process induces multiple physico-chemical changes and nutritional value in meat

proteins including a decrease in the bioavailability of amino acid protein, change in amino acid composition,

decrease in protein solubility due to protein polymerization . Oxidative damage in tissues should be prevented at

an early stage by controlling animal diets  and consequently, stabilizing the antioxidant potential of

products of animal origin. 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 . Polyphenols have a saving action on vitamin antioxidants such as ascorbic acid and tocopherols

. Polyphenols, minimizing the adverse consequences of lipid peroxidation by decreasing malondialdehyde

concentrations and increasing tocopherol levels in tissues, improve the quality of animal products .
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