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Hydrolyzable tannins (HTs) deriving from chestnuts have demonstrated, through numerous studies, the ability to exert

multiple beneficial effects, including antioxidant and antimicrobial effects, on the lipid metabolism and cancer cells. The

latter effect is very fascinating, since different polyphenols deriving from chestnuts were able to synergistically induce the

inhibition of cancerous cells through multiple pathways. Moreover, the main mechanisms by which tannins induce

antioxidant functions include: the reduction in oxidative stress, the ability to scavenge free radicals, and the modulation of

specific enzymes, such as superoxide dismutase. 

Keywords: chestnuts ; hydrolyzable tannins ; antioxidant effects ; anticancer effects ; cardioprotective effects ;

nutraceuticals ; lipid metabolism

1. Introduction

Tannins are water-soluble polyphenols commonly found within many sources in nature. These compounds include

oligomers or polymers of flavanol and phenolic acid monomers, and have different sensory/chemical properties and

functions compared to their monomers. Tannins are encountered as plant secondary metabolites and can be divided into

two main categories: condensed and hydrolyzable . The distinction between the two groups relies on chemical aspects,

such as the resistance to hydrolysis and the chemical stability .

Tannin condensates are oligomers (from 2 to 10 monomers) or polymers (>10 monomers) of flavan-3-ol units that, based

on the positioning of their -OH and -H groups, can give rise to procyanidins, prodelphinidins, prorobinetinidins, and

prodelfinidins (Figure 1). For instance, the procyanidins contain catechin or epicatechin, while the prodelfinidins contain

gallocatechin or epigallocatechin .

Figure 1. Chemical structure of prodelphinidin B-2 3′-O-gallate.

The hydrolyzable tannins (HTs) are hydrolyzed by acids into glucose and ellagic acid or into glucose and gallic acid (GA).

The HT group includes ellagitannins (ETs) (Figure 2) and gallotannins (Figure 3).
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Figure 2. Chemical structure of chebulic acid, which pertains to the group of ellagitannins.

Figure 3. Complex gallotannin, named tannic acid, also known as Chinese tannin, is highly present in chestnuts.

The HTs deriving from Castanea sativa L. have shown to induce multiple beneficial effects on both human and animal

health . The genus Castanea consists of twelve species of deciduous trees, all native of the temperate regions of the

northern hemisphere. Among them, Castanea sativa, also known as European or sweet chestnut, is the most emblematic

species present in the southern area of Europe. Italy is the country which produces the highest quantity of chestnuts .

The fruit of the chestnut is enclosed in a thorny shell and is composed of many elements, among which are the leathery

pericarp and two thin integuments covering two large fleshy cotyledons. All the components of the chestnut, including the

waste and byproducts, are rich in bioactive compounds, with several beneficial properties. For this reason, the chestnut

represents an ideal candidate in various fields, like in the pharmaceutical and cosmetic industries .

The health effects of these compounds (Figure 4) lie in the fact that the chestnut and its derivatives are rich in HTs. The

latter have been shown to exert antioxidant and antimicrobial actions, antineoplastic effects, to favor the lipid metabolism

, and to exert cardioprotective actions .
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Figure 4. Potential beneficial effects induced by tannins. Abbreviations: *, antioxidant capacity; VEGF, vascular

endothelial growth factor; MMP, matrix metalloproteinase; COX, cyclooxygenase; iNOS, inducible nitric oxide synthase;

NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells; CAS, caspase; CRP, C-reactive protein; TNF-α,

tumor necrosis factor-α; IL, interleukin; MAD, malondialdehyde; GP IIb IIIa, glycoprotein IIb/IIIa; NO, nitric oxide; VCAM,

vascular cell adhesion protein; ROS, reactive oxygen species; ICAM, intercellular adhesion molecule; SOD, superoxide

dismutase; CAT, catalase; JNK, C-Jun N-terminal kinase.

2. Tannins’ Mechanism of Action

As previous described, HTs deriving from chestnuts have demonstrated the exertion of multiple beneficial effects both in

human and animal studies.

The accumulation of reactive oxygen species (ROS) is commonly implicated with the occurrence of chronic degenerative

non-communicable diseases, namely, pathological conditions related to systemic and chronic inflammation. Examples

include: atherosclerosis, chronic kidney disease, cardiovascular disease, diabetes mellitus, and neurodegenerative

pathologies, such as Parkinson’s and Alzheimer’s diseases .

The administration of natural antioxidants may help or serve as a supplement against oxidative mechanisms . One

possible mechanism, which induces antioxidant functions, is the ability to directly scavenge free radicals thanks to the

donation of hydrogen atoms. Another possible antioxidant mechanism, induced by the administration of chestnut extracts,

is the modulation of different enzymes normally involved in antioxidant functions. These enzymes include superoxide

dismutase (SOD) and glutathione peroxidase (GSH-Px) . The interaction between tannins and free radicals aims at

creating resonance-stabilized phenix radicals, which confer important antioxidant properties.

In recent years, the antimicrobial activity induced by some phenolic molecules has been a prominent element of research.

This effect has been substantially associated to the hydroxyl groups present in these molecules. In fact, both the number

and the position of hydroxyl groups present within phenolic molecules appear to be related to the level of their inhibitory

capacity of bacterial growth . The proposal of possible substitutes to combat bacterial strains resistant to conventional

antibiotics has become fundamental . Lima et al.  demonstrated how the interaction of phenolic compounds with

host-gut microbiota results in a positive effect by increasing the beneficial bacterial population. According to

Chanwitheesuk et al. , Staphylococcus aureus and Salmonella reported susceptibility to GA. Furthermore, the

antimicrobial activity of phenolic molecules encountered within the chestnut extracts is exerted on different components of

the bacterial cell, including some inactive essential enzymes and the cell membrane. These molecules are also able to

modify specific functions of the genetic material of the bacteria. The Gram-negative bacterial cell wall is the principal

obstacle for the entrance of the phenolic molecules into the cytoplasm because of the repulsion created between

lipopolysaccharides and phenols .

Both hydrolyzable and condensed tannins have demonstrated the ability to inhibit the growth of several bacterial strains

which are potentially pathogenic, such as Escherichia coli, without having any effects on the physiological growth of other

gut beneficial bacteria .
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Tannins have the ability to bind reversibly to some amino acids and dietary and endogenous proteins . In this

regard, a positive effect of both the HTs and the condensed ones on Campylobacter jejuni was demonstrated in vitro.

Interestingly, it was also evaluated whether the amino acid supplementation would limit the tannin extracts’ activity. This

experiment was performed to evaluate if the abundance of amino acids and soluble proteins within the gastrointestinal

tract could interfere with the tannins’ antimicrobial action .

Moreover, polyphenolic molecules, including HTs, have also shown to exert antineoplastic properties. In fact, these

molecules counteract different cancerous cell development , modulating several mechanisms, such as the regulation of

cell signaling cascades. Among these are the transcription factors and various kinase enzymes that modulate the

expression of genes involved in apoptosis. In addition, they are also able to check the interaction between growth factors

and target receptors involved in specific signaling effects . HTs used as antineoplastic agents have various advantages,

including the specificity of the biological response and low toxicity .

ETs have received increased attention on this matter due to their chemopreventive and chemotherapeutic activities .

These effects seem to be induced by their high antioxidant capacity. The latter can vary according to the degree of tannin

hydroxylation and it depends on iron chelation activity and on capacity of the radical scavenging .

ETs have also demonstrated the ability to inhibit angiogenesis in both in vitro and in vivo prostate cancer models. They

exert this action by binding directly to VEGF receptors and by indirectly reducing endothelial growth .
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