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Dihydrocaffeic acid (DHCA) is a phenolic acid bearing a catechol ring and three-carbon side chain. Despite its

being found in minor amounts in numerous plants and fungi of different origins, it has attracted the interest of

various research groups in many fields of science, from food to biomedical applications.
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1. Introduction

Dihydrocaffeic acid (3-(3,4-dihydroxyphenyl)propanoic acid, DHCA 1; Figure 1a) is a phenolic acid belonging to the

group of phenylpropanoic acids, which can be differentiated by a six-carbon aromatic ring and a three-carbon side

chain with the carboxyl group at the end of the carbon chain. The molecule of DHCA itself comprises catechol

moiety and the aforementioned propanoic tail. In some ways, it also resembles the structure of dopamine (2-(3,4-

dihydroxyphenyl)ethylamine, Figure 1b) , one of the significant neuromodulatory molecules. From the physical-

chemical point of view, dihydrocaffeic acid is a white to beige to orange powder. It has a molecular weight of 182.17

g/mol and a melting point of 136 °C. It is soluble in water and ethanol and has very limited solubility in nonpolar

organic solvents . DHCA is a phytochemical that occurs naturally in a number of plants, but it is definitely present

less frequently and in lesser amounts in comparison with its unsaturated derivative, i.e., caffeic acid (Figure 1c).

Figure 1. Chemical structures of dihydrocaffeic acid 1 (a), dopamine (b), and caffeic acid (c).

2. The Occurrence of Dihydrocaffeic Acid and Its Derivatives

The presence of dihydrocaffeic acid has been confirmed in various plant species, including fruits, lycophytes, and

ornamental and medicinal plants . DHCA with a concentration of 0.03 mg/kg

dry weight was a minor constituent determined to be in the methanolic extract of dyer’s woad leaves (Isatis
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tinctoria), a plant belonging to the Brassicaceae family and with a long history of use both in folk medicine and for

the extraction of indigo dye from the leaves . Phenolic acid, of interest, has also been confirmed as an ingredient

of extracts of two Asteraceae plants, namely in the white ray florets of Matricaria recutita  and in the fresh aerial

parts of Gynura bicolor . It is one of the most numerous families of vascular plants; therefore, the statement that

DHCA is present in plants of the Asteraceae family is an extremely exaggerated statement. Moreover,

dihydrocaffeic acid was one of the 35 constituents of transformed root cultures of Nepeta teydea, a plant from the

Lamiaceae family. The freeze-dried hairy roots of N. teydea were extracted with methanol, and individual fractions

were then purified to give 2 mg of DHCA (10.53 mg/kg freeze-dried roots) . Other natural sources of

dihydrocaffeic acid are: the aerial part of Lindera glauca (0.306 mg/kg dry weight) , the whole grasses of

Selaginella stautoniana , the flowers of the Australian rainforest tree Polyscias murrayi—with the highest

observed concentration in the literature of 352.32 mg/kg fresh weight , the concentrated juice of Rosa roxburghii

(0.3 g/L) , and Melipona beecheii Cuban polyfloral honey .

Furthermore, the presence of this acid was claimed in four different varieties of dates, namely Tantbouchte,

Tafizaouine, Tazerzait, and Tazizaout . Going further, olives, especially, but not only, black ones, as well as olive

oils, are a known source of phenolic compounds, and, therefore, DHCA . Black olives pericarp was an

abundant source of phenolic compounds and dihydrocaffeic acid, with a determined content of 1.790 ± 0.030 g/kg

dry weight, was the fourth most significant compound after hydroxytyrosol, acetoside-1, and acetoside-2. In olive

processing, brining is a method for removing bitterness and increasing the taste of olive drupes, but,

simultaneously, may be a process of partially decreasing phenolic content. Therefore, the scholars also evaluated

the brine in terms of these compounds. The brine consisted mainly of hydroxytyrosol (0.600 ± 0.010 g/L) and

dihydrocaffeic acid (0.183 ± 0.001 g/L). On the contrary, green olives and their brine were only a source of

hydroxytyrosol, and only traces of other phenolics were detected . 

It is a well-known fact that alcoholic beverages, e.g., wines, beers, and ciders, are also precious sources of

phenolic compounds. The presence of dihydrocaffeic acid was observed in the red wine Lacrima di Morro d’Alba,

produced in the region of Marche in Italy . The phenolic profiles of a large group of Asturian (Spain) ciders were

analyzed by Madrera et al.  and Suarez et al. . For both papers, DHCA was the most abundant and

accounted for 12–35% of all phenolic compounds. In the former, 92 natural ciders available in the market from the

years 1999 and 2000 were compared, and the content of this acid was in the range from roughly 26 to almost 150

mg/L. The second had a similar concentration range (55.8–110.5 mg/L). 

3. Biosynthesis of Dihydrocaffeic Acid

The biosynthesis of dihydrocaffeic acid is a complex process. Unfortunately, the detailed metabolic route for DHCA

formation has not been described so far. Referring to , the simplified pathway of dihydrocaffeic

acid biosynthesis is presented in Figure 2.
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Figure 2. Dihydrocaffeic acid biosynthesis—proposed simplified pathway (adapted and modified from 

). Explanations: (a)–(r)—compounds, A–R—enzymes, i.e., (a)—D-Erythrose 4-phosphate, (b)—

Phosphoenolpyruvate, (c)—7-phospho-2-dehydro-3-deoxy-D-arabino-heptonate, (d)—3-Dehydroquinate, (e)—3-

Dehydroshikimate, (f)—Shikimate, (g)—Shikimate-3-phosphate, (h)—5-O-(1-carboxyvinyl)-3-phosphoshikimate, (i)

—Chorismate, (j)—Prephenate, (k)—L-Arogenate, (l)—Phenylalanine, (m)—Tyrosine, (n)—trans-Cinnamic acid,

(o)—p-Coumaric acid, (p)—Caffeic acid, (q)—3,4-Dihydroxy-L-phenylalanine (L-Dopa), (r)—Dihydrocaffeic acid,

(A)—3-deoxy-7-phosphoheptulonate synthase (EC 2.5.1.54), (B)—3-dehydroquinate synthase (EC 4.2.3.4), (C)—

3-dehydroquinate dehydratase I (EC 4.2.1.10), (D)—shikimate dehydrogenase (EC 1.1.1.25), (E)—shikimate

kinase (EC 2.7.1.71), (F)—3-phosphoshikimate 1-carboxyvinyltransferase (EC 2.5.1.19), (G)—chorismate

synthase (EC 4.2.3.5), (H)—chorismate mutase (EC 5.4.99.5), (I)—bifunctional aspartate aminotransferase and

glutamate/aspartate-prephenate aminotransferase (EC 2.6.1.1, EC 2.6.1.78, EC 2.6.1.79), (J)—

arogenate/prephenate dehydratase (EC 4.2.1.91, EC 4.2.1.51), (K)—arogenate dehydrogenase (NADP ) (EC

1.3.1.78), (L)—phenylalanine ammonia-lyase (EC 4.3.1.24), (M)—phenylalanine/tyrosine ammonia-lyase (EC

4.3.1.25), (N)—trans-cinnamate 4-monooxygenase (EC 1.14.14.91), (O)—p-coumarate 3-hydroxylase (EC

1.14.13.-), (P)—tyrosine 3-monooxygenase (EC 1.14.16.2), (Q)—3,4-dihydroxy-L-phenylalanine ammonia-lyase

(EC 4.3.1.22), and (R)—double bond reductase (EC 1.3.1.-).

As with other phenolic acids, several common elements of these pathways can be distinguished. It all starts with

the formation of 7-phospho-2-dehydro-3-deoxy-D-arabino-heptonate from D-erythrose 4-phosphate and

phosphoenolpyruvate, products of the pentose phosphate pathway and glycolysis, respectively. The part of the
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process in Figure 3 that is marked with red lines is the so-called Shikimate pathway, and in plants it is responsible

for the biosynthesis of the aromatic amino acids (phenylalanine, tryptophan, and tyrosine). Eight subsequent

reactions lead to obtaining L-arogenate, the last compound in the formation of phenylalanine and its hydroxylated

derivative, i.e., tyrosine, and two crucial amino acids in phenylpropanoids biosynthesis . 

4. Metabolism of Dihydrocaffeic Acid by Intestinal and Lactic
Acid Bacteria

Phenolic compounds are undoubtedly one of the most valuable substances that we intake with food. Bioavailability,

metabolism, and digestion, as well as the pharmacokinetics of food products that are abundant in phenolics, are

issues that are gaining the interest of the scientific community, especially due to the progress in analytical

chemistry and chromatographic and spectroscopic methods. Dihydrocaffeic acid is a compound that is observed in

samples of plasma, urine, or faeces after the consumption of products with a high content of chlorogenic and

caffeic acids, which indicates, e.g., the activity of intestinal microbiota on the metabolic fate of these compounds. In

recent years, scientists have examined what happens to the phenolic compounds that are ingested along with the

following food products: coffee, yerba mate, cocoa, and artichoke, as well as berry, grape, and apple products 

.

As one of the most consumed beverages worldwide, coffee is the main source of chlorogenic acid in the human

diet. Redeuil et al.  conducted research on the coffee metabolites in the plasma of nine people after the

ingestion of 400 mL of instant coffee. The scholars identified 34 compounds, and they were mainly reduced

(dihydrocaffeic acid), methylated (dihydroferulic acid, dimethoxycinnamic acid), and sulfated (dihydroferulic acid 4′-

O-sulfate and caffeic acid 3′-O-sulfate) forms of caffeic acid. Moreover, it was found that the highest concentration

of DHCA in plasma was observed 10 h after ingestion and that DHCA 4′-O-sulfate was also present in the samples.

A complete and detailed metabolic fate of dihydrocaffeic acid was investigated by Poquet et al. . The scholars

carried out metabolism experiments with the use of cell cultures, and elaborated in vitro and ex vivo models for

transport studies and liver metabolism, as well as in vivo metabolism studies of 100 µmol DHCA/kg orally

administrated to Sprague–Dawley rats. According to the scholars’ findings, dihydrocaffeic acid in its free form was

absorbed by the stomach, by duodenal or jejunal cells, or more often, when it occurred in an esterified or more

complicated form, by the ileum or the colon as a result of intestinal microflora activity. Right after the ingestion,

dihydrocaffeic acid was metabolized to its glucuronide, sulphate, or methylated derivatives. The scholars identified

the following compounds in the plasma samples: 3′- and 4′-O-glucuronides and 3′- and 4′-O-sulfates of

dihydrocaffeic acid, and also dihydroferulic, ferulic, and isoferulic acids. Moreover, the scholars claimed that the 3-

OH position in the catechol ring was favoured for conjugations or methylation, and, in the intestinal epithelium

glucuronidation of DHCA, occurred more often and, oppositely, in the rat liver, sulfation was preferred. Eventually,

part of this compound in a free, bound, or metabolized form remained excreted in urine .

A different study, or rather, a different fermented product, was presented by Oh et al. . The scholars applied four

different strains of L. gasseri, a probiotic isolate of human origin, for the fermentation of milk that was enriched with
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the leaf extract of Cudrania tricuspidata. This herb is used in Asian folk medicine and is abundant in chlorogenic,

neochlorogenic, and caffeic acids, as well as in flavonoids such as rutin and glycosides of quercetin and

kaempferol. Phenolic acids were predominantly metabolized by the used LAB strains, with the simultaneous

formation of DHCA as a major derivative formed during fermentation. Caffeic acid was the compound whose

concentrations decreased the most, and in the case of dihydrocaffeic acid, after 48 h, its concentration ranged from

82 to 108 μg/g dry matter depending on the L. gasseri strain .
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