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Abstract
Phenylpropanoids belong to a wide group of compounds commonly secreted by plants and involved in different roles related 
with plant growth and development and the defense against plant pathogens. Some key intermediates from shikimate pathway 
are used to synthesize these compounds. In this way, by the phenylpropanoid pathway several building blocks are achieved 
to obtain flavonoids, isoflavonoids, coumarins, monolignols, phenylpropenes, phenolic acids, stilbenes and stilbenoids, and 
lignin, suberin and sporopollenin for plant–microbe interactions, structural support and mechanical strength, organ pigmenta-
tion, UV protection and acting against pathogens. Some reviews have revised phenylpropanoid biosynthesis and regulation 
of the biosynthetic pathways. In this review, the most important chemical structures about phenylpropanoid derivatives are 
summarized grouping them in different sections according to their structure. We have put special attention on their different 
roles in plants especially in plant health, growth and development and plant-environment interactions. Their interaction with 
microorganisms is discussed including their role as antimicrobials. We summarize all new findings about new developed 
structures and their involvement in plants health.

Introduction

Phenylpropanoids are a wide class of natural compounds, 
which are synthesized by plants from phenylalanine or 
tyrosine, through a series of enzymatic reactions. Their 
name is derived from the six-carbon, aromatic phenyl 
group and the three-carbon propene tail of coumaric 
acid. The biosynthesis begins with phenylalanine, which 
is first converted to cinnamic acid by the action of the 
enzyme phenylalanine ammonia-lyase (PAL). Hydroxy-
lation of cinnamic acid in the 4-position, by trans-cin-
namate 4-monooxygenase, leads to p-coumaric acid. 
p-Coumaric acid is transformed with coenzyme A to give 
4-coumaroyl-CoA, which is the central intermediate in 
phenylpropanoid biosynthesis. From this 4-coumaroyl-
CoA emanates the biosynthesis of myriad natural prod-
ucts, which can be divided into several groups including 
flavonoids and isoflavonoids, coumarins, monolignols, 
phenylpropenes, phenolic acids, stilbenes and stilbe-
noids, and sporopollenin as shown in Fig. 1 [1].

Phenylpropanoids contribute to all aspects of plant 
responses toward biotic and abiotic stimuli. They are not 
only indicators of plant stress responses upon variation 
of light or mineral treatment but are also key media-
tors of the plants’ resistance toward pests. Some of them 
even contribute to the stability and strength of the plant 
against environmental damage [2]. The wide applications 
are due to the diversity of phenylpropanoids structures 
derived from shikimate pathway with the core structure 
of phenylalanine as central structure. This diversity in 
structures is achieved through a set of enzymes including 
lyases, transferases, ligases, oxygenases, and reductases, 
many of which are encoded by gene superfamilies [3].

Phenylpropanoids are involved in several plant func-
tions, such as providing color to flowers, fruits, grains, 
and vegetables, protecting plants from UV radiation, pro-
tecting plants from environmental stresses and against 
pathogens and acting as signaling molecules to facilitate 
nitrogen fixation and seed dormancy [4, 5]. Besides, 
these compounds have attracted attention due to their 
benefits on human health [6].

There are some interesting reviews about these compounds 
[1, 3], but are mainly focused on the phenylpropanoid biosyn-
thesis and regulation of the biosynthetic pathways putting spe-
cial attention on their structures and enzymes that are crucial 
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in the biosynthesis of them, without emphasizing on the role 
they play in plant defense or growth. With this aim in mind 
in this review we describe the phenylpropanoid derivatives 
highlighting their structures but putting attention on their role 
in plants, especially in plant health, growth and development 
and plant-environment interactions. We summarize all new 
findings about new developed structures and their involvement 
in plants health. We have emphasized on the role of phenylpro-
panoids against microorganisms, phytopathogenic or human 
pathogens, acting as antimicrobials.

Flavonoids, Isoflavonoids Characteristics 
and Their Role in Plants

Flavonoids are the most abundant in plants. The chemi-
cal structure of flavonoids consists of a diphenylpropane, 
containing a fifteen-carbon skeleton, with two phenyl rings 
linked via a three‐carbon chain abbreviated as C6–C3–C6 
[7]. According to the variations in the heterocyclic ring fla-
vonoids can be divided in several groups such as flavones, 

Fig. 1  Diversification of Phenylpropanoids and representative chemical structures based on the general Phenylpropanoid Pathway
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flavonols, flavanones, flavanonols, and flavanols as main 
flavonoids, as shown in Fig. 2 [8].

In minor proportion, there are some other flavonoids such 
as aurones, auronols, and anthocyanidins [3, 9, 10]. Among 
the isoflavonoids we can found isoflavones, isoflavanones, 
and isoflavanols [11, 12]. The structures of flavonoids are 

usually glycosylated, since glycosides have greater solubility 
and mobility in plants. Besides, glycosylated forms do not 
interfere with vital cellular mechanisms [13, 14].

Flavonoids have important roles in plant growth, since 
they are produced as a response to developmental signals 
during seed development and to environmental signals, 
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for crops’ protection against biotic and abiotic stresses [3]. 
Flowers usually display bright and contrasting colors to 
attract pollinators and facilitate the reproductive success 
of the species. The presence and interaction of flavonoids 
in plants contribute to the color of them. Flavonoids often 
exhibit some colors to supply pigmentations to flowers, 
fruits, and seeds to attract pollinators and seed dispersers 
[15]. Anthocyanins can be found ranging from orange to 
pink, red, and purple while aurones are bright yellow [16]. 
Flavones and flavonols function as co-pigments of antho-
cyanins and increase the intensity, stability, and diversity of 
colors [17]. A high concentration of total flavonols and mod-
erate amounts of anthocyanins contribute to the formation 
of pink petals, while orange petals exhibit a high content of 
total anthocyanins and a low content of total flavonols [18]. 
The function of pigments also involves the protection against 
UV radiation. Plants subjected to high UV‐B irradiation, 
register high levels of flavone glucosides [19].

Flavonoids have a role in plants’ fertility, since the pollen 
grains, which are crucial structures for plant reproduction, 
are covered by flavonoid glycosides [20]. In addition, fla-
vones and isoflavones can act as chemo attractants and/or 
as inducers of nitrogen-fixing root nodule formation [21].

One of the most widely publicized properties of flavo-
noids is their capability to scavenge reactive oxygen spe-
cies (ROS). Although this has been known for some time, 
flavonoids are gaining more and more notoriety due to the 
impact of ROS on plant metabolism and physiology [22]. 
Flavonoids reduce oxidative damage caused by reactive oxy-
gen species (ROS) that is induced by abiotic stresses such 
as soil salinity, drought, and extreme temperatures [23, 24].

Stilbenes and Stilbenoids as Defense 
Mechanisms of Plants

Stilbenes are synthesized in plants as a defense mechanism, 
acting as phytoalexins, against external stresses such as path-
ogenic attack/infection and UV radiation [25]. The main stil-
bene structures are derived from resveratrol, which retards 
the aging process and increases the longevity in various 
organisms [26]. Besides, stilbenes have interesting health-
promoting properties that benefit to human health [27–29]. 
These compounds are isolated from several plants’ fami-
lies mainly peanuts, grapes, bilberries, blueberries, purple 
grapes, and cranberries, among others [30]. Stilbenes are a 
class of phenolic compounds containing 14 carbons, where 
a double-bonded ethylene bridge links the two phenyl rings. 
One phenyl ring carries two hydroxyl groups, while the other 
ring carries substituted hydroxyl or methoxy groups in dif-
ferent positions [31]. These compounds can occur in free 
form, prenylated, geranylated, or glycosylated form and 
in monomeric or polymeric (dimeric, trimeric, or others) 

forms. More than 300 resveratrol oligomers, usually contain-
ing two to eight resveratrol units, have been characterized, 
which are formed through oligomerization of the resveratrol 
monomers [32].

The isolation and extraction of these compounds are 
mainly carried out using methanol as a solvent and in the 
dark. Trans-isomer easily isomerizes to the cis form in solu-
tion as it is not stable when exposed to light, while the oppo-
site path is induced by heat or light. Their identification can 
be done for the known stilbenes, comparing retention time 
and MS or MS/MS data with standards, and for the unknown 
ones, using NMR, IR, MS, and UV–Vis [33].

In addition to their essential roles in plants, stilbenes have 
shown broad pharmacological and biological activities. Res-
veratrol has been one of the most demanded that has been 
applied in pharmaceutical, food, and cosmetic industries 
[31].

Coumarins as Chemical Defense 
to Discourage Predation

Coumarins are a large class of naturally occurring phenyl-
propanoids and/or synthetic oxygen-containing heterocycles, 
bearing a typical benzopyrone framework with the fused 
backbone of benzene and α-pyrone ring (α-benzopyrones). 
Coumarin was first isolated from tonka beans (Dipteryx odo-
rata) and has been described in natural products, organic 
chemistry, and medicinal chemistry. It has a sweet odor, easy 
to be recognized as the scent of new-mown hay; therefore, 
coumarin has been used in perfumes since 1882. It is pro-
duced by plants as chemical defense to discourage predation, 
since coumarin has appetite-suppressing properties, which 
may discourage animals from eating plants that contain it. 
Though the compound has a pleasant-sweet odor, it has a 
bitter taste, and animals tend to avoid it. Plant coumarins 
can be divided into four groups, including simple coumarins, 
furanocoumarins, pyranocoumarins, phenylcoumarins, dihy-
drofurocoumarins, and biscoumarins [3]. Simple coumarins 
include coumarin, umbelliferone (7-hydroxycoumarin), 
scopoletin (7-hydroxy-6-methoxycoumarin), and esculetin 
(6,7-dihydroxycoumarin), as shown in Fig. 3.

They might also be found in glycosides form, including 
psoralen core-related structures. They are characterized 
by UV light absorption, resulting in a very characteristic 
blue fluorescence; they are also very photosensitive as they 
can be altered by natural light [34]. Coumarins are either 
stored within the plant cells as glycosylated conjugates to 
avoid toxicity or secreted into the rhizosphere as aglycones 
such as scopoletin, fraxetin, or esculetin [35]. Within the 
plant cells, coumarins accumulated in the vacuole are pre-
sent in different plant organs including leaves, fruits, flow-
ers, and roots, but also in the exudates of plants roots [36].
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Coumarins play a role in iron deficiency, since a pheno-
lics’ release occurs when plants are experiencing iron limita-
tion, facilitating the mobilization of sparingly available iron 
from the rhizosphere soil and the uptake by plant roots [37, 
38]. This capacity of coumarins depends on the presence of 
a catecholic moiety in their structure, which resembles the 
structure of microbial catechol-type siderophores that func-
tion in the chelation and uptake of iron [39].

Coumarins function as phytoalexins, which are antimi-
crobial compounds that contribute to plant disease resist-
ance against microbial pathogens. Studies in many different 
plant species have shown that coumarins can accumulate 
in response to infection by a diversity of pathogens. The 
antimicrobial activity of coumarins was found to depend 
on the number and the polarity of the oxygen substituents 
in the benzene ring [36]. The action mechanism through 
these compounds act against pathogens is varied and can be 
through direct effects on microbial membrane integrity or 
scavenging of reactive oxygen species (ROS) that are pro-
duced in response to pathogen infection and help to prevent 
tissue damage [40].

In agriculture, several elicitors, such as bacterial flagel-
lin and fungal chitin, can be applied to enhance the defense 
potential of plants against various pathogens [41]. Some hor-
mones, such as salicylic acid and jasmonic acid, can be elici-
tors of coumarins [42]. By the other side coumarins have a 
role in microbiome-root-shoot communication stimulating 
plant immunity [38].

Monolignols and Lignin Giving Resistance 
to the Wood of Trees

Monolignols are called hydroxy cinnamyl alcohol mono-
mers, such as p- coniferyl alcohol, sinapyl alcohol, and cou-
maryl alcohol, containing C6–C3 skeleton. They differ from 
each other in the degree of methoxylation at C3 and C5 posi-
tions of the aromatic ring. The biosynthesis of monolignols 
is initiated from the general phenylpropanoid pathway, as 
was shown in Fig. 1. These compounds are building blocks 
of lignin and lignan.

Lignin is primarily produced from dehydrogenative 
polymerization of three monolignols through ether and car-
bon–carbon linkage [43]. Under the catalysis of laccase or 
peroxidase, monolignols are polymerized to form the cor-
responding lignin polymers, termed guaiacyl (G), sinapyl 
(S), and hydroxyl–coumaroyl (H) units, respectively. Lignin 
is the main structural component of cell wall in vascular 
plants to provide structural support Besides it is a physi-
cal barrier for pathogens and helps in water transport and 
nutrition assimilation. Lignin composition varies between 
plant species and tissues being normally richer in G units in 
gymnosperms and related species, richer in G and S units in 
dicot species, whereas monocot species usually have higher 
H unit content [44].

Lignans are formed by coupling two units of monol-
ignols, typically two coniferyl alcohol units. Lignans play a 
role in the durability, longevity, and resistance of the heart 
wood of many tree species against some pathogenic fungi 

Fig. 3  Structures of representa-
tive coumarins O O
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[45]. Similarly, they have a role in plants defense; however, 
they have received considerable interest based on pharma-
cological properties, such as in the case of the cytostatic, 
anti-inflammatory, antioxidant, anti-microbial, anti-obesity, 
and anti-cancerous [3].

Phenolic Acids for the Development, 
and Defense of Plants

These compounds are a large group of aromatic acid com-
pounds containing the benzene ring linked with one or more 
hydroxyl or methoxy groups, which can be divided into the 
hydroxycinnamic acid group and the hydroxybenzoic acid 
group [46, 47]. Some of these compounds can be found in 
Fig. 4.

Phenolic acids are present in many consuming foods such 
as potato, onion, mushroom, apple, peach, wheat, tea, and 
coffee which are well known for their nutritional phenolic 
acid ingredients [48]. These compounds offer antioxidant 
capacity, which helps to prevent diabetes, cardiovascular 
diseases, and cancers. Their benefits for human health are 
invaluable; however, they also exhibit diverse biological 
functions in plants, which are the main focus of this review. 
Phenolic acids help with the plant growth, development, and 
defense against pathogen attacks, and work as signaling mol-
ecules during the initiation of arbuscular mycorrhizal estab-
lishment and legume rhizobia symbioses [49]. Phenolics are 
often produced and accumulated in the subepidermal layers 
of plant tissues exposed to stress and pathogen attack. Some 
factors, including trauma, wounding, drought, and pathogen 
attack, affect the synthesis and accumulation of phenolics 
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[50]. They act as protective agents, inhibitors, natural animal 
toxicants, and pesticides against invading organisms.

Phenylpropanoid Polymers: Suberin, Cutin, 
and Sporopollenin as Rigid Scaffolds

These polymers have different functions since they can serve 
as a water barrier for the sessile plant in case of suberin 
and cutin, or as a highly protective and rigid scaffold for 
the male gametophyte. These complex, variable, and highly 
rigid structures are based on only two building blocks, one 
aliphatic and another aromatic, and the second is lower than 
in the case of lignin. The production of suberin is limited 
to a few plant tissues, and its main components have been 
established as feruloyl esters. These esters are virtually 
absent in cutin [1].

The pollen cell wall is divided into exine and intine. The 
exine is highly resistant to chemical reagents and enzymes. 
The term sporopollenin describes the entire resistant mate-
rial of exine. Apparently contains similar building blocks 
compared to cutin and suberin, namely phenylpropanoids 
including p-hydroxybenzoate, p-coumarate, ferulate, lignin 
guaiacyl, and hydroxylated fatty acids. In contrast to cutin 
and suberin, this polymer is even more resistant to chemical 
degradation, although advances in chemical analysis have 
enabled the complete identification and separation of its 
constituents [51].

New Phenylpropanoids Derivatives 
with Different Roles in Plants

The discovery of new natural compounds with biological 
activities has been a research topic during years and the iso-
lation of new phenylpropanoids has not been the exception. 
Therefore, besides the typical compounds that have been 
described in preceding sections, there are new phenylpro-
panoid derivatives that have been described during the last 
years.

Cuendet and co-workers described in 2001 four phe-
nylpropanoid derivatives called barbatosids A–D and a 
new catechin called barbatoflavan which were isolated 
from Campanula barbata [52]. Jiang and co-workers in 
2017, described five phenylpropanoid derivatives, named 
as xanthiumnolics A–E, which were isolated from fruits 
of Xanthium sibiricum Patr [53]. Guo and co-workers in 
2019 described six new phenylpropanoid derivatives called 
crataegusanoid A–F, which were isolated from the fruit of 
Crataegus pinnatifida Bunge [54]. In the same year Ma and 
co-workers described four new phenylpropanoid derivatives 
from Murraya koenigii [55]. Zhao and co-workers in 2021 
described eight new phenylpropanoid derivatives called 

lyciruthephenylpropanoid A–G and 1-dehydroxy-1-car-
boxyl-breynioside A which were isolated from the fruits 
of Lycium ruthenicum Murr. (black wolfberry) [43]. Very 
recently, Xia and co-workers have isolated four new phenyl-
propanoid derivatives called xanthiifructins A–D from the 
fruits of Xanthium sibiricum [56].

Roles of Phenylpropanoids in Plants

As it has been mentioned before, phenylpropanoids are 
involved in several metabolic and physiological processes 
related to growth and development in plants, such as pollen 
tube germination and growth or seed maturation, dormancy 
and longevity and cell division. They are also involved in 
plant attractiveness to pollinators through the color or scent 
they confer to flowers synthesizing photosynthetic pigments. 
They also play a role in plant–microorganism communi-
cation for the establishment of symbiosis, such as in leg-
ume–rhizobium interactions during nodulation Phenylpro-
panoid derivatives have a role in root-shoot communication 
stimulating plant immunity [38].

However, they can also have defense responses in adverse 
abiotic or biotic conditions. When the pathogens act against 
plants, hitting the cell wall, phenylpropanoid pathway is trig-
gered for plant defense. Several phenylpropanoid compounds 
are synthesized acting as antimicrobial compounds as well 
as signaling molecules. These compounds are regulated by 
hydroxycinnamic acids and monolignols through various 
complex mechanisms, which are still poorly described in 
plant science. Most of the articles establish the biosynthetic 
pathways of phenylpropanoids, highlighting the enzymes 
participating in these pathways [57].

The basal defense mechanism starts with the cell wall 
lignification, which increases the resistance capabilities 
of the cell wall by generating mechanical pressure during 
fungal attack and penetration. This process, establishes a 
mechanical barrier to pathogen attack, modifies the chemical 
composition of cell wall and produces toxic compounds, and 
free radicals against pathogens [58]. The role of phenylpro-
panoids as metabolites that may suppress the pathogenicity 
of pathogens has been studied as well as phenylpropanoids 
biosynthesis pathway and their regulation, but the mecha-
nisms involved in the process have not been well established. 
However, there are recent reviews about phenylpropanoids 
response against some abiotic and biotic stresses [57–59]

These compounds can help to nutrient uptake through 
chelation of metallic ions, enhanced active absorption sites, 
and soil porosity with accelerated mobilization of elements 
like calcium (Ca), magnesium (Mg), potassium (K), zinc 
(Zn), iron (Fe), and manganese (Mn) [59].

Phenylpropanoids can fix nitrogen in legumes since they 
are involved in Nod factors synthesis. In general, they exert 
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positive effects in seed germination and intensify the pho-
tosynthetic activity; however, some phenylpropanoid com-
pounds can be potentially phytotoxic if accumulated in high 
quantity and can inhibit germination and seedling growth 
[59].

In addition, phenylpropanoids have a role against some 
abiotic stress like heavy metals, drought, salinity, tempera-
ture, pesticides, and UV radiations. Heavy metals gener-
ate harmful ROSs causing oxidative stress, toxicity, and 
retarding growth of the plants. Flavonoids can enhance 
the metal chelation process reducing the levels of harm-
ful hydroxyl radical in plant cells and can eliminate  H2O2 
enhancing a plant’s resistance to heavy metals [60]. Some 
phenylpropanoids, such as flavonols, are stimulated under 
water deficit enhancing resistance against drought stress 
and modulating phenylpropanoid biosynthetic pathway 
[61]. Salinity generates ROS like substances, which cause 
oxidative stress to the plant. Phenolic compounds have 
powerful antioxidant properties and help in scavenging of 
harmful ROS in plants under salt stress [62]. It is known 
that UV-B radiations cause harmful mutations to DNA 
and generate ROS. Phenylpropanoid derivatives accumu-
lated in plant can protect plants by making a shield under 
epidermal layer, absorbing UV radiations, and prevent-
ing dimerization of thymine along with reducing photo-
damage of important enzymes [63, 64]. Under temperature 
stress (both heat and chilling), plants phenylpropanoids, 
such as anthocyanins, flavonoids, flavonols, and phenolic 
acids, increase to protect plant cells [65]. In a similar way, 
phenylpropanoids accumulate in plants growing under pes-
ticide stress conditions, which confer resistance to survive 
against pesticide toxicity [66]. In the Fig. 5 it has been 
shown the different phenylpropanoids, which are involved 
in plant growth and development and plant defense that 
are stimulated and produced by the plant against different 
abiotic and biotic stresses.

Biological Effects of Phenylpropanoids 
on Microorganisms

It has been mentioned the extensive roles that phenyl-
propanoids play in plants helping with the development 
and the growth of them, even having a role against some 
abiotic stresses. However, these amazing compounds 
have demonstrated that can act against a broad spectrum 
of microorganisms including phytopathogenic bacteria, 
fungi, and yeast [57]. Indeed, some of these compounds 
can be antimicrobials against human pathogens and food 
spoilage microorganisms [67].

Protection Against Phytopathogenic Microbes

According to several studies, phenylpropanoids and their 
derivatives can offer plant protection against some patho-
gens. This protection can be due to the defense elicita-
tion of the host rather than having any significant tox-
icity against the microorganisms [68]. There are some 
examples where phenylpropanoid quantity increases in 
infected plants. In tobacco plants infected with Pseu-
domonas syringae flavonoids and other phenylpropanoid 
derivative content was increased [69]. Similarly, flavonoid 
glycosides and hydroxycinnamic acid production signifi-
cantly increased in orange leaves infected by Candidatus 
liberibacter asiaticus [70]. Some studies have shown that 
carrot strains resistant to Alternaria dauci contained sig-
nificantly higher levels of feruloylquinic acid, as well as 
4-O- and 7-O-glycosides of apigenin, luteolin, and chrys-
oeriol, compared to susceptible genotypes [71]. In potato 
tubers enriched in rutin and nicotiflorin compounds, it 
has been seen resistance against Pectobacterium atrosep-
ticum, and at the same time susceptible to Phytophthora 
infestans, a biotrophic fungal pathogen [72]. In maize 
plants an increase of ferulic acid compound was related 
with resistance against two phytopathogenic fungi such 
as Fusarium graminearum and Fusarium verticillioides. 
The accumulation of flavonoids in the context of disease 
resistance in various plants is described in many studies 
[59]. The antifungal activity, exerted by phenylpropanoids 
and flavonoids, has been investigated, corroborating their 
link to disease resistance. However, little is known about 
the mechanisms by which these compounds act against 
phytopathogens. Some studies have assessed the effect of 
phenylpropanoid derivatives on the integrity of plant fun-
gal pathogens [59]. About viral pathogens, specific atten-
tion has been paid to the tobacco mosaic virus (TMV) 
in the exploration of the antiviral activity of candidate 
specialized metabolites, being quercetin and kaempferol 
the compounds that trigger the defense response of the 
host plant [73].

Protection Against Human Pathogens

Considering the importance of pathogens for human health 
it is not strange that there are many studies about the role 
of these compounds against human pathogens. For exam-
ple, flavonoid glycosides were reported to cause cell lysis 
in S. aureus due to alteration of membrane permeability 
[74]. This can be explained through the physicochemical 
properties of phenylpropanoids, which are involved in their 
ability to cross the bacterial wall and lipidic membranes to 
reach their intracellular targets [75]. At this point it should 
be mentioned the main difference between gram-positive 
and gram-negative bacteria, since Gram-negative bacteria 
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have additional outer membrane with lipopolysaccharides 
anchored in it, making these bacteria less permeable to more 
compounds. This is the reason why these compounds have 
different antimicrobial activity against different bacteria 
[76]. Phenylpropanoid derivatives such as p-hydroxycin-
namic acid methyl ester have been reported as a potent anti-
bacterial compound against Proteus vulgaris and Bacillus 
cereus, comparable with a standard antibiotic, ampicillin 
[77]. About fungal pathogens it has been described that caf-
feic acid inhibits the growth of C. albicans [78]. Phenylpro-
panoids and their derivatives also possess antiviral activity 
against influenza virus [79], H1N1 virus [80], hepatitis C 
virus [81], and canine distemper virus [82].

Phenylpropanoids as Antimicrobials

It is remarkable that multi-drug resistant bacteria have been 
directly linked to thousands of deaths annually worldwide 
being a growing problem. To solve this problem natural 

products have received the attention due to their diverse 
structures and biological activities. In the previous section it 
has been mentioned that phenylpropanoids and their deriva-
tives have antimicrobial activity against human pathogens, 
therefore they can be used to combat multi-drug resistant 
bacteria [83].

In contrast to the scarce information on the mechanisms 
involved in the action of phenylpropanoids against plant 
pathogens, there is more information on the mechanisms 
involved against human pathogens. One of the most com-
mon studied mechanisms of phenylpropanoids against both 
gram-positive and gram-negative bacteria is membrane dis-
ruption. However, currently one question is still open about 
whether the compound altered membrane stability by inter-
fering with intracellular processes or by direct interaction 
with membrane components. The effect of gallic and ferulic 
acids was proved, observing that both acids increase surface 
hydrophilicity of Gram-negative bacteria and hydrophobic-
ity of Gram-positive bacteria [84]. However, this surface 
hydrophilicity increase can be due to direct interaction with 

Fig. 5  Phenylpropanoids involved in plant growth and development and plant defense
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membrane or by interfering with intracellular components. 
Model membranes have already been used to test the direct 
interaction of epicatechin gallate and epigallocatechin gal-
late with membranes [85]. Nevertheless, the diversity of 
bacteria membrane composition is wide; therefore, specific 
studies are needed for each compound-pathogen interaction. 
The effects of eugenol, carvacrol, and thymol were observed 
to increase major fatty acids in Gram-negative bacteria, 
while Gram-positive S. aureus lipid profiles changed across 
several fatty acids. These results require interpretation but 
can give more information than membrane disruption assays.

There are also non-membrane action mechanisms, such as 
DNA intercalation, DNA gyrase inhibition, Type III secre-
tion inactivation, dehydratase inhibition (HpFabZ), and pro-
tein kinase inhibition, among others [83]. It has been seen 
that multiple mechanisms can be simultaneously detected 
for one simple compound that is the case for quercetin com-
pound. The most specific interaction details were found by 
the two studies that obtained crystal structures of quercetin 
or apigenin bound to the enzymes they inhibited [86, 87].

Synergistic effects have already been observed for many 
phenolic compounds when combined with antibiotics cur-
rently in use [88]. This synergism can be explained by the 
fact that phenylpropanoids and derivatives are membrane 
disrupting compounds that help antibiotics to access easier 
into the cell. Besides, some phenylpropanoids can block 
the efflux pumps, which are used to remove bacterial toxic 
compounds, to give access to the antibiotic compound for 
synergistic killing [89].

Conclusion

The chemical structural diversity of phenylpropanoids 
results from several core structures derived from shikimate 
pathway. As it has been seen along this review there are 
several classes of phenylpropanoid derivatives grouped by 
structure type. All of them are essential for plant growth, 
each of them providing different strategies to benefit the 
health and growth of the plant. Some of the benefits are 
known such as, antioxidant properties or synthesis of pig-
ments, which can be chemo attractants or repellents for pred-
ators. However, it is interesting to know phenylpropanoids 
roles against abiotic stresses. It is important to highlight that 
phenylpropanoids and derivatives act against many micro-
organisms some of them are phytopathogens and others are 
human pathogens. The mechanisms of action of most natu-
rally derived phenolic compounds are not well-character-
ized, although the main mechanism is membrane disruption. 
In this review, we can try to summarize the last advances 
in new derivatives and new functions of phenylpropanoids 
derivatives discovered in the last years.
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