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ABSTRACT 

A review is presented about the studies that have been carried out on the phenolic composition of the species of the ge- 
nus Agave in order to show which species of the genus has been analyzed, what is the potential of the species of Agave 
as source of phenolics with important biological activities, and what is the significance of the phenolic profiles as 
chemotaxonomic markers in the genus. The results of the analysis of a dozen of Agave species reveal an important 
richness of phenolic compounds, including flavonoids, homoisoflavonoids, and phenolic acids, and a broad diversity of 
biological activities associated to those compounds, as antioxidant, antibacterial, antifungal, antinematod, and immu- 
nomodulatory capabilities. The phenols of Agave also have a major potential as specific chemotaxonomic markers. 
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1. Introduction 

Plant kingdom has been a major source of useful sub- 
stances for the human health [1] and important advances 
in the knowledge of the chemical composition of a great 
deal of plant species have been got [2-4]. However, a 
great deal of plant species waits yet to be the aim of 
phytochemical studies. 

The plant phenols are among the most studied secondary 
metabolites, their broad distribution in plant kingdom, 
great chemical diversity [5], and wide spectrum of 
biological activities [6-8], some with important impact 
on mammalian biology [9], making them attractive for 
phytochemical studies. The screening of phenol compo- 
sition of plant extracts may reveal the diversity, the 
abundance, and the distribution of those important com- 
pounds in the plant kingdom, and as well may facilitate 
the identification of alternative sources of natural pro- 
ducts with biological activities. The exploration of the 
phenolic compounds accumulated by the vast plant 
species worldwide and the creation of databases sys- 
tematizing the information about the distribution, varia- 
bility, and biological properties of those compounds are 
among the major issues to advance in the understanding 
of the use and conservation of plants as source of bene- 

ficial chemical compounds for the human being. 
Few species of the genus Agave have been studied for 

their phenol composition and related biological activities, 
but the results of the studies before done suggest that an 
important richness of biologically active phenolics exists 
in the genus. The relevance and the efforts already made 
are worthy for systematizing the information in order to 
facilitate sustainable further studies. That was the aim of 
the present paper.  

2. Genus Agave  

The genus Agave belongs to the monocotyledonous 
family Agavaceae. Agave comprises around 166 species 
[10,11], which naturally grow in Northern and Central 
America [12], although some species can be found 
growing as introduced in several countries of Africa [13] 
and Asia [7], where are used as food, source of fiber, or 
ornamental. Mexico is the centre of origin of genus 
Agave [14]. With 125 species growing mainly in the arid 
and semiarid zones, this is the country with the highest 
richness of species of Agave [11], 74% being endemic 
[14]. According to the type of inflorescence, the genus is 
split in subgenus Agave and subgenus Littaea [12]. 
Several taxonomic controversies exist in the specific 
delimitation in the genus [12,15]. 

Most species of Agave are predominantly monocarpic *Corresponding author. 
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rosettes reaching the blooming state at the age of around 
seven to ten years, dying little after. The inflorescences 
of those species are among the largest ones in the plant 
kingdom, reaching up to 10 meters above ground. How- 
ever, some species of the subgenus Littaea are rosettes 
nonmonocarpic [12].  

Due to their chemical composition, the species of 
Agave provides to the humans of carbohydrate-rich foods 
[16], mainly rich in fructans [17,18], which are important 
probiotic compounds [19]. In several regions of Mexico, 
the carbohydrates of some species, after fermented and 
distilled, are used to elaborate alcoholic beverages like 
tequila, mescal and bacanora [20]. The species of this 
genus synthesize diverse secondary metabolites, which 
are used in traditional medicine as anticancerigenic, anti- 

inflamatory, and antiparasitic substances, among others 
[21].  

The species of genus Agave are rich in saponins and 
these are the secondary metabolites most studied in that 
genus [22-32]. However, the species of Agave also syn- 
thesize an important richness and abundance of phenolic 
compounds. In the Table 1, a compilation of the Agave 
species studied for their phenolic composition, phenolic 
content, and/or the biological activities, related to their 
phenols, is present. 

Flavonoids are among the most ubiquitous phenolic 
compounds occurring in practically all parts of plants. 
Many of those compounds have several biological 
properties with medical implications [33,34]. Flavonoids 
have been reported to be accumulated in the tissues of 

 
Table 1. Species of Agave studied for their phenols. 

Species Subgenus
Type of tissue  

analyzed 
Type of study performed References 

Agave americana Agave Floral Phenol composition (two kaempferol-3-O-glycosides) 
Subramanian and 

Nair (1970) 

  Foliar Phenol composition (complex flavanone) 
Parmer et al. 

(1992) 

  Foliar Phenol and flavonoid concentrations 
Nasri and Salem 

(2012) 

  Foliar 
Phenol and flavonoid concentrations, and biological properties  

(antiradical capacity) 
Hamissa et al. 

(2012) 

  Foliar Biological properties (irritant and antibacterial activities) Khan et al. (2010)

Agave sisalana Agave Foliar 
Phenol composition (flavanona, flavonols, homoisoflavonoids),  

and biological properties (immunomodulator activity) 
Chen et al. (2009)

  Foliar 
Phenol composition (homoisoflavonoids), and biological properties 

(activity against gastrointestinal nematodes of goats) 
Botura et al. (2013)

  Foliar 
Presence of flavonoids, and biological properties  

(antimicrobial activity) 
Ade-Ajayi et al. 

(2011) 

Agave barbadensis Agave Rhizomes Phenol composition (homoisoflavanoids) Tinto et al. (2005)

Agave attenuata Agave Foliar 
Phenol and flavonoid concentrations, and biological properties  

(antiradical capacity, inhibition of lipid peroxidation,  
and antimicrobial activity) 

Rizwan et al. 
(2012) 

Agave durangensis Agave 
Foliar adult, foliar 

juvenile, and pollen 
Phenol composition (flavonols) 

Almaraz-Abarca 
et al. (2009) 

Agave asperrima Agave Foliar adult Phenol composition (flavonols) 
Almaraz-Abarca 

et al. (2009) 

Agave victoriae-reginae 
complex 

Littaea Foliar adult 
Phenol composition 

(flavonoles, phenolic acids, flavones, and dihydroflavonoids) 
Almaraz-Abarca 
et al. (in press) 

Agave lechuguilla Littaea Foliar adult Phenol composition (flavonols) 
Almaraz-Abarca 
et al. (in press) 

Agave striata Littaea Foliar adult 
Phenol composition  

(flavonols, flavones, dihydroflavonoids, and phenolic acids) 
Almaraz-Abarca 
et al. (in press) 

Agave shrevei Agave Foliar juvenil Phenol composition (flavonols) 
Almaraz-Abarca 

et al. (2009) 

Agave wocomahi Agave Foliar juvenil Phenol composition (flavonols) 
Almaraz-Abarca 

et al. (2009) 

Agave tequilana Agave Foliar and “piñas” Phenol composition (homoisoflavanones) 
Morales-Serna 
et al. (2010)       
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the species of Agave [7,35,36]. The homoisoflavanoids, 
which are compounds with 16 carbon structures, a chro- 
manone system, and a benzyl group at position 3 [37]; 
and the phenolic acids have also been reported [38].  

3. Species of Agave Studied for Their Phenol 
Composition, Contents of Total Phenols 
and Total Flavonoids, and for Their  
Biological Activities 

Agave americana L. This is one of the first and most 
studied species of Agave; for this species Subramanian 
and Nair [35] reported two flavonol glycosides (kaemp- 
ferol-3-O-glucoside and kaempferol-3-O-rutinoside) pre- 
sent in the flowers, and latter, Parmar et al. [39] reported 
a complex flavanone (5,7-dihydroxi-6,5’-dimetoxi-3’, 
4’-metilenedioxiflavanone) in the somatic tissues of that 
same species. More recently, reports about the phenol, 
tannin, and flavonoid foliar contents, and the biological 
properties associated to those contents of A. americana 
have appeared. Nasri and Salem [40] reported the levels 
of total phenols and total tannins of leaves of A. 
americana growing in Tunisia; with 7.7 g/Kg dry matter 
of total phenols and 2.5 g/Kg dry matter of tannins. The 
results of Nasri and Salem [40] agreed with those of 
Hamissa et al. [41], who reported contents of total 
phenols between 4.49 and 12.30 mg/g dry weight, and of 
total flavonoids between 0.96 and 4.90 mg/g dry weight, 
depending on different extraction conditions, in the 
leaves of A. americana. No information about the kinds 
of phenols accumulated in the leaves of A. americana 
was provided by Nasri and Salem [40] neither by 
Hamissa et al. [41], but these last authors reported the 
important antiradical properties of the foliar phenols of A. 
americana. 

Others reports, like that of Khan et al. [42] have been 
published informing about antibacterial activities of 
extracts of leaves of Agave americana, attributing those 
properties, in part, to the homoisoflavonoids previously 
reported. In the root of A. americana cultivated in India, 
no flavonoids neither tannins were found by Kadam et al. 
[43].  

Agave barbadensis Trel. This is other species of Agave 
from which also complex homoisoflavanoids (7-hydro- 
xy-3-(4’-methoxybenzyl)chroman, 7-hydroxy-3-(4’-me- 
thoxybenzyl)chroman-4-one, and 5,7-dihydroxy-3-(4’- 
methoxybenzyl)chroman-4-one) have been identified in 
the rhizomes [28]. 

Agave sisalana Perrine ex. Engelm. Chen et al. [7] 
isolated and identified, by semipreparative normal-phase 
HPLC and NMR, one flavanone (5,7-dihydroxyflavan- 
one), two flavonols (kaempferol-3-rutinoside-4’-gluco- 
side and kaempferol-3-(2G-rhamnosylrutinoside)), and 

seven homoisoflavonoids (7-O-methyleucomol, 3’-deso- 
xysappanone, (±)-3,9-dihydroeucomin, dihydro-bondu- 
cellin, 7-hydroxy-3-(4’-hydroxybenzyl)chromone, 5,7- 
dihydroxy-3-(4’-hydroxybenzyl)-4-chromanone, and 5,7- 
dihydroxy-3-(3’-hydroxy-4’-methoxybenzyl)-4 chroman- 
one) from the leaves of Agave sisalana growing in China. 
None of those compounds was previously reported in A. 
americana and A. barbadensis [28]. Chen et al. [7] 
reported an important immunomodulatory activity for (±) 
-3,9-dihydroeucomin, dihydro-bonducellin, and for 5,7- 
dihydroxy-3-(4’-hydroxybenzyl)-4-chromanone. 

Besides of the immunomodulatory activity of phenolic 
compounds of A. sisalana, activity against gastroin- 
testinal nematodes of goats, associated to the homoiso- 
flavonoids present in the foliar decortication wastes of 
plants growing in Brazil, was reported by Botura et al. 
[6]; the homoisoflavonoids carried out that activity by 
inhibiting the egg hatch and the larval migration. 
Ade-Ajayi et al. [44] reported activity against five strains 
of pathogenic microorganism for the foliar extracts 
prepared from leaves of A. sisalana growing in Nigeria, 
in which those authors found qualitative evidences of the 
presence of flavonoids. 

Agave attenuata Salm-Dick. This is other species of 
the genus Agave, which have recently received attention 
to investigate its phenol and flavonoid contents and its 
biological activity. Rizwan et al. [45] reported levels 
between 10.54 and 39.35 mg/100g of dry plant matter, 
and 43 and 304.8 mg/100g of dry plant matter for the 
foliar total phenolic and total flavonoid contents, res- 
pectively, of A. attenuate growing in Pakistan; the 
variability in the contents depended on the different 
solvents used for preparing the extracts. Those levels 
were lower than those reported for the leaves of A. 
americana by Nasri and Salem [40] and Hamissa et al. 
[41]; however Rizwan et al. [45] reported relevant 
antiradical activities (from 61.41% to 73.97% inhibition 
of DPPH*), potentials of inhibition of lipid peroxidation 
(from 50.12% to 70.35%), and important antimicrobial 
properties against nine species of bacteria for the foliar 
extracts of A. attenuata. 

Agave tequilana Weber. This species is the raw 
material for the manufacturing of tequila, and recently its 
“piñas” and leaves were studied for their phenol com- 
position by Morales-Serna et al. [37]. These authors 
reported three homoisoflavanones (5,7-dihydroxy-3-(4’- 
methoxybenzyl)-chroman-4-one, 7-hydroxy-3-(4’-hydro- 
xybenzyl)-chroman-4-one, and 4’-demethyl-3,9-dihy-dro- 
punctatin), identified by NMR, in plants growing in 
Mexico. The 5,7-dihydroxy-3-(4’-methoxybenzyl)-chro- 
man-4-one was found also in A. barbadensis [28]. The 
three homoisoflavanones of A. tequilana were different 
to those reported by Chen et al. [7] for A. sisalana. 
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4. Species of Agave Studied by the Inter and 
Intraspecific Variability in Their Phenolic 
Profiles 

Agave durangensis Gentry. None of the reports mentioned 
above had as aim to evaluate the variability inter or 
intraspecific of the phenol profiles, actually few reports 
with that aim have appeared. One of them is that of the 
Almaraz-Abarca et al. [36], in which, by using HPLC- 
DAD, 23 flavonoids were reported in the adult foliar 
tissues of Agave durangensis, all being flavonol gly- 
cosides, the most being derivatives of kaempferol, but 
one quercetin glycoside (quercetin-3-O-arabinoside) was 
also found. The individual profiles varied from three to 
nine compounds in one natural population of this species, 
and from three to four in another one. The level of 
variation in the foliar phenol patterns allowed clearly 
discerning between two natural populations, and inside 
one of the populations, three chemotypes were revealed. 

Agave asperrima Jacobi. This species was revealed to 
have simple and little variable foliar phenol profiles. 
Almaraz-Abarca et al. [36] reported three kaempferol 
glycosides as unique components of the adult foliar 
tissues of a natural population of A. asperrima. The 
profiles of A. asperrima were different from those of A. 
durangensis, in such a way that a principal coordinates 
analysis (PCO) clearly separated the samples of each 
those two both species. 

Agave victoriae-reginae T. Moore complex. In the 
Agave victoriae-reginae complex, recently proposed as a 
complex instead of a single species, formed by A. pintilla, 
A. nickelsii, A. victoriae-reginae subspecies victoriae- 
reginae, and A. victoriae-reginae subspecies swobodae 
[46], 11 flavonols, majorly derivatives of quercetine-3- 
O-glycosides, but also one kaempferol-3-O-glycoside, 
one isorhamnetin derivative, and the kaempferol agly- 
cone; besides of five flavones, nine dihydroflavonoids, 
and 15 phenolic acids were found [38]. Agave pintilla 
was distinguished from the others taxa of the A. victoriae- 
reginae complex by possessing four unique compounds. 
But the foliar phenol profiles did not allowed distin- 
guishing between A. victoriae-reginae s. str. (A. victo- 
riae-reginae subspecies victoriae-reginae and A. victo- 
riae-reginae subspecies swobodae) and A. nickelsiae, as 
found by Martínez-Palacios et al. [47] using allozymes. 

Agave lechuguilla Torr. and A. striata Zucc. The intra 
and interspecific variability of the phenolic composition 
of the foliar tissues of A. lechuguilla and A. striata were 
also determined by Almaraz-Abarca et al. [38], those 
authors reported 24 phenols forming the profiles of each 
A. striata and A. lechuguilla, the most being different in 
each species. Seven flavonols (majorly quercetin-3-O- 
glycosides, but also one kaempferol-3-O-glycoside); 
besides of one flavone; seven dihydroflavonoids; and 

five phenolic acids were reported for A. lechuguilla. For 
A. striata, 14 flavonols (the most being also quercetin- 
3-O-glycosides, but also one kaempferol-3-O-glycoside, 
and one herbacetin-3-O-glycoside), besides one flavone; 
six dihydroflavonoids; and three phenolic acids were 
found. The intrapopulation profiles varied between 12 
and 20, and between 11 and 19 phenolic compounds for 
A. lechuguilla and A. striata, respectively. 

The phenolic acids have been reported only in the 
foliar tissues of Agave victoriae-reginae complex, A. 
lechuguilla, and A. striata, all those three taxa belonging 
to the subgenus Littaea. The phenolic acids provide the 
precursors for lignin, tannin, and flavonoid biosynthesis 
[48,49]. Some authors have mentioned than the species 
of Agave synthesize neither relevant amounts of foliar 
lignin nor tannins [50], others have not found tannins in 
the roots [43], and other more have reported qualitative 
evidence of the presence of tannins in leaves [44]. The 
functions of phenolic acids in plant species that apparently 
do not accumulate relevant amounts of foliar lignin either 
tannins, like the species of Agave, may be related to 
some or all the other several roles reported for these 
phenols, like the protection against herbivores and 
pathogens, the action as cementing material joining 
phenolic polymers to polysaccharides of cell walls [51], 
the participation in the regulation of cell growth and 
division [52], the inhibition of ion intake by a genera- 
lized increase in membrane permeability to inorganic 
ions as a mode of action of allelopathic compounds [53], 
and the function as antioxidants [54,55]. 

5. Species of Agave Studied by the Effects 
That the Age of Development and  
Environmental Conditions Have on the 
Phenolic Profiles 

Agave durangensis, A. shrevei Gentry, and A. wocomahi 
Gentry. The accumulation of flavonoids, and in general 
of any phenolic compound, in the different plant species 
can be strongly affected by environmental conditions like 
UV radiation and water supply, causing mainly quanti- 
tative variations while the patterns of accumulated 
phenolics may remained stable [56]. The developmental 
conditions, like the maturation process also have effects 
in the accumulations of phenols [57]; this was corro- 
borated for Agave durangensis by Almaraz-Abarca et al. 
[36], who reported 23 different kaempferol-3-O-gly- 
cosides accumulated in the foliar tissues of juvenile 
individuals, most of those being compounds different 
from the kaempferol glycosides found in the foliar tissues 
of adult plants of the same species. Intraspecific variability 
was also observed, indicated by the variation in the 
individual profiles, which were formed by three to 11 
flavonols. 

Almaraz-Abarca et al. [36] also reported the foliar 
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phenol composition of juvenile individuals of Agave 
shrevei subsp. shrevei, A. shrevei subsp. matapensis, and 
A. wocomahi; the profiles of the two subspecies were 
formed by three kaempferol-3-O-glycosides (one shared 
by the two subspecies), and the profiles of A. wocomahi 
included four kaempferol-3-O-glycosides, one being 
exclusive for this last species, one shared with the two 
subspecies of A. shrevei and with A. durangensis, and 
two shared only with A. durangensis. 

6. Species of Agave Studied by Their Pollen 
Phenol Composition  

Pollen is considered as an important source of flavonol 
glycosides and phenolic acids [55,58]. The species of 
Agave produce high quantities of pollen and nectar. To 
our knowledge, Agave durangensis is the only species of 
Agave which has been analyzed for its pollen phenolic 
composition. Other studies have been done on the entire 
flowers [35]. Almaraz-Abarca et al. [36], using a gradi- 
ent method of HPLC-DAD reported profiles formed by 
13 flavonols, being 12 kaempferol glycosides and one 
myricetin glycoside (myricetin-3-O-rhamnoside). The 
pollen phenol composition and its participation in pro- 
viding some biological activity to extracts of flowers of 
the species of Agave must be subjected to further analysis. 
Some results have been reported informing about the 
antifungal activity of flower extracts of A. asperrima and 
A. striata, with levels of minimum inhibitory concentra- 
tions (MIC) of 0.2 to 2.0 mg/mL, but neither the charac- 
terization of the active compounds nor the type of tissue 
(tepals, pollen, or pistils) accumulating the active sub- 
stances were assessed [59]. 

7. The Relevance of Phenol Profiles as  
Taxonomic Markers in the Genus Agave 

Flavonoid profiles have been reported as worthy chemi- 
cal markers with a species-specific tendency [60-63]. In 
spite of the important taxonomic controversies about the 
delimitation of many species of Agave [12,15], efforts 
focused in determining the taxonomic significance of the 
phenol profiles in this genus have been scarce. The study 
of Almaraz-Abarca et al., [36], focused on the taxonomic 
significance of the phenol profiles in Agave, pointed out 
that foliar flavonoid profiles are valuable markers to dis- 
criminate among Agave durangensis, A. asperrima, A. 
wocomahi, A. shrevei subsp. shrevei, and A. shrevei 
subsp. matapensis; and the study of Almaraz-Abarca et 
al. [38] showed that A. pintilla, member of the A. 
victoriae-reginae complex, displayed a such a different 
foliar phenol composition that its separation as an 
independent species, proposed by González-Elizondo et 
al. [46], was supported by those chemotaxonomic markers. 
Intrapopulation variability was detected in both of those 

studies [36,38]; however, type profiles with a species- 
specific tendency allowed discriminating between species.  

According to the results of the papers reviewed, the 
species of Agave belonging to the subgenus Littaea could 
accumulate classes of phenols, which are different than 
those accumulated by the species of the subgenus Agave, 
but further research is needed to conclude. 

8. Concluding Remarks 

The investigation of the phenol composition and the bio- 
logical activities of the species of genus Agave have been 
a matter of intensive studies in the last few years. The 
results of that investigation have revealed an important 
richness, diversity, and abundance of phenolic com- 
pounds in the floral and foliar tissues of a dozen of spe- 
cies of Agave, besides have shown the important and 
diverse biological activities associated to those composi- 
tions, and the significance of the phenolic profiles as 
specific chemotaxonomic markers in the genus. Those 
results indicate that the species of Agave is a worthily 
source of flavonoids, homoisoflavonoids, and phenolic 
acids with importance as antioxidants, antibacterial and 
antifungal compounds, immunomodulators substances, 
and antinematod components, which could be regarded 
as nutraceutical product for application in food and bev- 
erages, and as substances with potential to develop me- 
dicinal compounds for humans and animals. Besides, 
those results indicate that the species-specific tendency 
of the phenolic patterns gives them important chemo- 
taxonomic markers which could contribute to solve the 
present taxonomic controversies in the specific delimita- 
tion in the genus Agave. The results of the several papers 
revised in the present study should stimulate the per- 
formance of more analysis focused on the exploration of 
the phenolic compositions of the others species of Agave, 
the biological activities associated, and the effects that 
different biotic and abiotic factors, and the age of devel- 
opment have on the patterns of synthesis and accumula- 
tion. 
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