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against the Gram-negative bacterial strains tested at the 
concentrations applied.
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Introduction

Yacon (Smallanthus sonchifolius) (Poepp.) H. Rob is a per-
ennial herb from the Asteraceae family, originated from the 
Andes and being grown in several regions of the world [1]. 
The plant root is usually consumed raw or in the form of 
syrups, juices, and marmalades, while the leaves are used 
in infusions to make teas [2]. The extract of yacon leaves 
has a variety of phytochemicals that present important 
biological activities, including the antioxidant [3, 4], anti-
inflammatory [5], and antimicrobial ones [6]. Recent stud-
ies demonstrated that the oral intake of the yacon hydroeth-
anolic extract was beneficial to rats in the sense of reducing 
blood glucose levels without presenting liver damages [7].

Smallanthus sonchifolius leaves are rich in sesquiterpene 
lactones (SLs), stored inside glandular trichomes on the 
foliar surface [5, 8]. Sesquiterpene lactones consist of natu-
ral terpenoid compounds, secondary metabolites present 
in some Asteraceae (among others) family plants. These 
metabolites are specially known for their antitumoral and 
anti-inflammatory activities [9–11]. Topical antiedematous 
in vivo activity was observed in extracts from yacon leaves, 
and this activity was attributed to the anti-inflammatory 
properties of the SLs [5, 6]. De Ford et al. [10] verified that 
SLs exert poor cytotoxic effects on the blood mononuclear 
cells of healthy human subjects, but a strong cytotoxic-
ity in leukemia and pancreas cancer cells. Other studies 
have also demonstrated that yacon displays antibacterial 
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and antifungal effects [12, 13]. The antimicrobial activ-
ity of yacon organic extracts against methicillin-resistant 
Staphylococcus aureus (MRSA) was proved to be effec-
tive when mixed with the ampicillin or oxacillin antibiot-
ics, showing a synergistic effect [12]. These activities have 
been attributed to the SLs, such as enhydrin, uvedalin, son-
chifolin, and polymatin B, which are naturally present in 
the leaves [13, 14]. In a contribution to this filed, Lin et al. 
[6] also reported the antimicrobial potential of the SLs 
8β-methacryloyloxymelampolid-14-oic acid methyl ester 
and 8β-tigloyloxymelampolid-14-oic acid methyl ester 
from yacon leaves against Bacillus subtilis and Pericularya 
oryzae. However, as most researches aim at verifying the 
potential of the single effect of SLs or their combination 
with (semi)synthetic antibiotics against microbial strains, 
further studies are still needed toward the assessment of 
the potential of real SL combinations found in different 
crops. Thus, to better understand the potential of the ses-
quiterpene lactones found in yacon leaves as antimicrobial 
agents, this work was aimed to evaluate the antimicrobial 
activity of the SLs mixture (enhydrin/uvedalin) extracted 
from S. sonchifolius leaves against strains of Escherichia 
coli (ATCC 11229), Pseudomonas aeruginosa (ATCC 
15442), S. aureus (ATCC 6538), and Salmonella enterica 
(ATCC 14028).

Materials and methods

Plant material preparation

Leaves of S. sonchifolius were harvested during autumn, 
in São José dos Pinhais, a city near Curitiba, Paraná state, 
Brazil (coordinates: 25°37′14″ latitude, 49°07′40″W, alti-
tude of 906 m). A voucher specimen was deposited in the 
herbarium of the Federal University of Paraná.

Extraction and isolation

For the isolation and characterization of the sesquiterpene 
lactones present in S. sonchifolius leaves, the procedures 
described by Schorr and da Costa [15] and Genta et al. [16] 
were followed applying some modifications. Yacon leaves 
(150  g) were completely air-dried (until constant weight) 
in a convection oven at 40 °C, followed by a dichlorometh-
ane extraction (J.T. Backer®, USA) (1 L) in a glass beaker 
(2 L) for 15 min. The extract obtained was filtered through 
filter paper, and the solvent evaporated under reduced pres-
sure at 40 °C, resulting in 4.49 g of crude residue, which 
was dissolved in methanol at 40–45 °C (35 mL). After the 
residue solubilization, water was added dropwise (15 mL) 
to precipitate waxes. The waxes were removed by filtra-
tion through filter paper, and the filtrate was evaporated 

under reduced pressure. The dewaxed residue was re-dis-
solved in methanol (9 mL) and stored in freezer at −20 °C 
for 4  days. A crystalline precipitate was obtained (20  mg 
of SLs), which was separated by decantation and washed 
with 3 × 1 mL aliquots of cold diethyl ether (Merck®, Ger-
many). The precipitate was then prepared for identification 
and quantification by GC/MS and nuclear magnetic reso-
nance assays.

Nuclear magnetic resonance analysis (NMR)

The 1H NMR and 2D NMR spectra were recorded on a 
Bruker AVANCE III 600 spectrometer equipped with a 
5-mm quadrinuclear inverse probe (1H, 13C, 15N e 31P), 
operating at 600.13 MHz on 1H and 150 MHz on 13C. The 
13C and DEPT NMR spectra were recorded on a Bruker 
AVANCE III 400 spectrometer equipped with a 5-mm 
multinuclear BBO probe. Standard pulse sequences were 
used for homo- and heteronuclear correlation experiments. 
The spectra were registered at room temperature (295 K). 
Data were processed with NMR Processor (v.12.01.33929) 
software from ACD/Labs. The samples were dissolved in 
deuterated chloroform (CDCl3), with tetramethylsilane 
(TMS) as internal standard (CIL, USA).

Gas chromatography and mass spectrometry (GC/MS)

The GC/MS analyses were performed using a Varian® 
320-MS selective quadrupole mass detector coupled to 
a Varian® GC-450 Gas Chromatograph fitted with a CP 
Sil 8CB column (30 m × 0.25 mm i.d. × e 0.25 µm film 
thickness). The following conditions were employed to 
analyze the sesquiterpene lactones: ionization energy of 
70 eV; selective mass detector temperature, GC/MS inter-
phase, ion source and injector temperature were main-
tained at 280, 250, and 280 °C, respectively; injection vol-
ume of 1 µL (split ratio 1:20); and helium as carrier gas at 
1.2 mL min−1. The oven temperature was programmed as 
follows: from 60  °C to 250  °C at 10  °C  min−1 and from 
250 to 300 °C at 5 °C min−1, holding at 300 °C for 5 min. 
The samples were injected in methylene chloride. Ses-
quiterpene lactones identification was made by compar-
ing the experimental mass spectra with a commercial gas 
chromatography–mass spectra library (National Institute of 
Standards and Technology—NIST) and with mass spectra 
reported in the literature [17].

Antimicrobial activity

In order to determine the antimicrobial activity of the ses-
quiterpene lactones, the Gram-positive and Gram-negative 
bacteria used as indicators were: E. coli (ATCC 11229), P. 
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aeruginosa (ATCC 15442), S. aureus (ATCC 6538), and S. 
enterica (ATCC 14028).

Agar diffusion

A paper disk method was used for the determination of 
antimicrobial activities of the sesquiterpene lactones of 
S. sonchifolius leaves according to the method described 
by Bauer et  al. [18]. The sterile antibiotic disk assays 
(Laborclin®, Brazil) were loaded with a known sesquiter-
pene lactone amount dissolved in 100% dimethyl sulfox-
ide (DMSO) (Merck®, Germany) and then dried for 2  h 
under vacuum to remove the solvent. A bacterial culture 
(Mcfarland standard No. 0.5) was used to lawn Mueller–
Hinton (Difco®) agar plates using a sterile swab. The disks 
impregnated with different amounts of sesquiterpene lac-
tones (10–90  µg) were placed on a Mueller–Hinton agar 
surface. The test plates comprised of two positive control 
disks (ampicillin 10 µg and ceftazidime 30 µg), a negative 
control disk (DMSO 100%), and three treated disks. The 
plates were incubated at 37  °C for 18–24  h. The experi-
ments were repeated in the absence and in the presence of 
light (4000 lx). After incubation, the diameter of the inhibi-
tion zones was measured using a caliper and recorded. The 
average of three measurements was adopted to ensure the 
measurements reliability.

Minimum inhibitory concentration (MIC)

The MIC of the sesquiterpene lactones was determined by 
the broth microdilution method according to the National 
Committee for Clinical Laboratory Standards M7-A7 
guidelines through the Clinical and Laboratory Standards 
Institute [19]. Serial dilutions of the sesquiterpene lac-
tones were prepared in 96-well plates with concentrations 
between 1/2 and 1/250. Fresh bacterial strain cultures 
were inoculated into each well in order to achieve a final 
inoculum of 5 × 105 colony-forming units (CFU mL−1) or 
5 × 104 CFU per well. After 24 h of incubation at 37 °C, 
each well was examined for cellular growth and compared 

to the control. The positive control consisted of a bacte-
rial suspension added to a well containing Mueller–Hinton 
broth with no sesquiterpene lactones. The MIC was defined 
as the lowest concentration of an antimicrobial agent that 
completely inhibits the growth of organisms in the well, 
detected by naked eye.

Results and discussion

Identification of sesquiterpene lactones in Smallanthus 
sonchifolius leaves

The mixture of sesquiterpene lactones was obtained as a 
crystalline precipitated from the extract of S. sonchifolius 
leaves. The GC/MS analysis confirmed the presence of two 
compounds (named 1a and 1b) with m/z 272 [M+] and m/z 
256 [M+], respectively.

The 1H NMR of compound 1a indicates five methyl 
groups, at δH 1.17 (d, J = 5.5, H-4′), 1.71 (s, H-15), 1.45 
(s, H-5′), 2.05 (s, H-9′), and 3.83 (s, H-14′), one exocy-
clic olefinic CH2 group at δH 5.84 (d, J =  3.2, H-13trans) 
and 6.33 (d, J = 3.6, H-13cis), and one olefinic CH group 
at δH 7.15 (dd, J  =  10.5, 7.6, H-1). All hydrogen sig-
nals including the δ 2.68 (d, J =  9.7  Hz, H-5); 4.28 (dd, 
J = 9.7 × 2 Hz, H-6); 5.87 (d, J = 8.6 Hz, H-9); 6.71 (dd, 
J = 8.4, 1.05 Hz, H-8) are in accordance with [13, 20, 21].

For compound 1b, the methine hydrogens were observed 
at δH 2.79 (dtd, J  =  9.7, 3.3  ×  2  Hz, H-7); 4.96 (dd, 
J = 10.4; 0.7, H-5); 5.11 (dd, J = 10.1 × 2 Hz, H-6); 5.41 
(d, J = 8.4 Hz, H-9); 6.66 (dd, J = 8.3, 1.4 Hz, H-8); and 
7.01 (dd, J =  10.3, 7.6  Hz, H-1), in accordance with the 
data obtained by Hong et al. [22] and Ali et al. [23]. Spec-
troscopic data of the 13C-NMR (DEPT), the 1H, 13C-HSQC 
assignments, and the (1H-13C)-HMBC correlation for com-
pounds 1a and 1b are available as Supplementary Material.

All the evidences support that the mixture of compounds 
1a and 1b (SLs) present in the extract of S. sonchifolius 
leaves consisted of a mixture of two compounds: enhydrin 
and uvedalin, respectively (Fig. 1). These compounds were 

Fig. 1   Chemical structures of 
1a (enhydrin) and 1b (uvedalin) 
sesquiterpene lactones
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previously identified in extracts of yacon leaves [6, 15–17, 
24]. The concentration of each component was determined 
by the ratio of integrated intensity from double doublet sig-
nals at 7.15 ppm (1a) and 7.01 ppm (1b). For the samples 
of yacon leaves analyzed, a 3.5:1 (1a:1b) ratio was found 
in the extract.

Antimicrobial activity

The evaluation of antimicrobial activity of the SLs found 
in yacon leaves (enhydrin/uvedalin mixture) showed that 
P. aeruginosa ATCC 15442, E. coli ATCC 11220, and 
S. enterica ATCC 14028 strains were not susceptible to 
concentrations up to 90  µg of the SLs mixture per disk 
(Table  1). On the other hand, the SLs mixture showed 
activity against the Gram-positive bacteria S. aureus ATCC 
6538 at the concentration of 90  µg per disk, presenting a 
8.67 ±  0.5  mm zone inhibition (Table  1). Similar results 
were observed in the work driven by Aliyu et  al. [25], 
where the SLs isolated from Vernonia brumeoids showed 
moderate activity against S. aureus ATCC 29213.

The inhibitory effect of SLs is dependent on the mol-
ecule type, cell characteristics, and accessibility [26, 27]. 
In 1991, Gershenzon and Croteau [28] have estimated 
that about 3500 different sesquiterpene lactones were 
known until then. As more than twenty years passed by, 
many other molecules of this type have probably been dis-
covered. The vast amount of SLs and cell types available 
makes it impossible to determine the exact molecular struc-
tures responsible for toxicity and inhibition. Studies in this 
sense usually evaluate the differences in SLs structures to 
verify which functional groups may impose higher effects 
over fixed cell types or strains. Some authors suggest that 
the antimicrobial activity of SLs depend upon the presence 
of an α-methylene-γ-lactone group attached to the mol-
ecule, although the existence of this structure alone is not 
the only requisite for the existence of such effect [26, 29, 
30]. Other cases involve the analysis of the epoxide group 
present at the C4/C5 position of the enhydrin molecule 
(Fig. 1). These studies verified that the epoxides present in 
the enhydrin molecule enhance the cytotoxicity on cervical 
cancer cells [31] and CCRF-CEM and MIA-PaCa-2 cells 

[10]. According to de Ford et  al. [10], the double bound 
between C4 and C5, i.e., the absence of this epoxide group 
in uvedalin structure, makes its toxicity less pronounced on 
these kinds of cells. Regarding antifungal activity, Wedge 
et al. [26] did not find this inhibitory effect attributed to C4/
C5 epoxide groups.

Another factor that may impose toxic effects is the ang-
eloyl group presence instead of an epoxide structure in the 
C8 side chain, which may improve the cytotoxicity effect 
in cancer cells [10]. However, studying several SL types, 
Cartagena et al. [30] observed no influence of the nature of 
C8 or C14 groups on S. aureus and other microbial strains. 
Other authors also stated that low polar SLs presented 
higher antifungal activity [13, 32].

The relation of polarity with the antimicrobial activity 
of some sesquiterpene melampolides and sesquiterpene 
lactones was previously described by Inoue et al. [13] and 
Barrero et al. [32] who concluded that the least polar com-
pounds showed the greatest activity. Based on the current 
and previous studies, the lipophilicity of sesquiterpene 
lactones seems to play a role in their antibacterial activity. 
Since the chemical composition of the cell walls of the bac-
teria is highly lipophilic, a moderate to high lipophilicity is 
essential for good antibacterial activity.

In the case of the uvedalin and enhydrin, their single 
structural difference remains in the existence of an epoxide 
group (enhydrin) or an unsaturation (uvedalin) at C4–C5. 
Lin et al. [6] found that uvedalin presented approximately 
39% higher inhibitory activity against B. subtilis (Gram-
positive) than enhydrin. For this microbial type the absence 
of the epoxide group favored the inhibitory effect. These 
authors also attributed an inhibitory effect to the acetoxy 
group present at the C9 position (Fig. 1) in both molecules.

In the present work, the antimicrobial activity assays 
showed that the mixture of SLs (enhydrin/uvedalin) 
extracted from S. sonchifolius leaves can affect at least the 
S. aureus ATCC 6538 strain, but may possibly affect other 
S. aureus strains or even inhibit other Gram-positive bacte-
ria. Also, it must be emphasized that although S. aureus is a 
bacterium commonly found in the colonizing microbiota of 
the skin and mucous membranes of mammals, some strains 
may behave as opportunistic pathogens, leading to minor 

Table 1   Antimicrobial activity 
(as inhibition zone, mm) of the 
SLs, and the positive (ampicillin 
and ceftazidime) and negative 
controls

ND antimicrobial activity not detected, DMSO negative control, ampicillin and ceftazidime positive con-
trols

Strain Inhibition zone (mm)

DMSO SLs 10 µg SLs 90 µg Ampicillin 10 µg Ceftazidime 30 µg

Pseudomonas aeruginosa ND ND ND ND 24.5 ± 3.5

Escherichia coli ND ND ND 23.5 ± 0.7 26.0 ± 1.4

Staphylococcus aureus ND ND 8.67 ± 0.57 48.0 ± 1.4 22.5 ± 0.7

Salmonella enterica ND ND ND 26.5 ± 0.7 28.0 ± 1.4
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or severe infection in soft tissues [33]. In this case, the SLs 
represent promising antibacterial agents. However, due to 
the great number and variety of existing microorganisms, 
this field of study is for now little explored and needs fur-
ther research.

In a similar work, Pak et  al. [34] studied the effect of 
flavonoids, enhydrin, and enhydrin/uvedalin mixture on 
the aflatoxin B1 production and the growth of Aspergillus 
flavus. Enhydrin was tested at a maximum of 14 µg mL−1 
and did not present statistically significant results (~11% 
reduction), although a concentration-dependent trend was 
observed in reducing both fungus and aflatoxin content. On 
the other hand, the enhydrin/uvedalin mixture was capable 
of decreasing 34% of the A. flavus grow and 76% of afla-
toxin B1 production. However, the authors did not specify 
the concentration of each SL in the mixture. Similarly, 
Inoue et al. [13] verified the activity of different sesquiter-
pene lactones against Pyricularia oryzae at the concentra-
tion of 20–500 ppm. The authors found a highest inhibiting 
effect with sonchifolin, followed by polymatin B, uvedalin, 
and finally, enhydrin. At 250 and 50  ppm, uvedalin was 
able to inhibit 70.2 and 100% of the fungus, while enhydrin 
was able to reduce only 5.1% for both concentrations. It 
seems that although enhydrin is present in a larger amount 
in yacon leaves, its antimicrobial effect may be lower 
depending on the target microorganism.

Due to the variability, the complete mechanism of action 
of sesquiterpene lactones on microorganisms is unclear. As 
sesquiterpene lactones belong to the terpenoids class, we 
may suggest similar mechanisms of action. Trombetta et al. 
[35], for example, verified that the menthol, thymol, and 
linalyl acetate terpenes were able to interfere in the lipid 
fraction of S. aureus ATCC 6538P membrane and disrupt 
it, causing the leakage of intracellular material. The authors 
also considered that this effect may be dependent on the 
terpene characteristics, the membrane lipid composition, 
and net surface charge. Additionally, Badawy et  al. [36] 
reported that due to the high lipophilicity of bacterial cell 
walls, moderate to high lipophilic SLs would be essential 
for improved inhibitory effect.

Another study worth mentioning is that of Joung et  al. 
[12], who evaluated the antimicrobial activity of the 
methanolic extract of Smallantus sonchifolius leaves and 
its n-hexane, ethyl acetate, n-butanol and water fractions 
against methicillin-resistant and methicillin-susceptible 
S. aureus strains. The samples were not dried, and the 
microbial assessments were performed under the presence 
(4000  lx) and absence of light. The antimicrobial activity 
was performed by the disk diffusion method, and no inhibi-
tion was found when 50 and 100 µg of extract per disk was 
applied in the dark. This result may have occurred due to 
the difference in using an extract (containing several other 
molecule types, and less SLs) and an enhydrin/uvedalin 

mixture. The authors have found inhibition zones when 
light was applied on the plates, and this effect is further dis-
cussed in the next section.

The results obtained in this work and gathered from the 
literature support the existence of an inhibiting effect of the 
enhydrin/uvedalin mixture on microorganisms. The degree 
of inhibition should be a function of the organism type and 
strain, and the type and concentration of each SL.

Minimum inhibitory concentration (MIC)

The antimicrobial activity assays showed that the uvedalin 
and enhydrin mixture do not inhibit the growth of P. aer-
uginosa ATCC 15442, E. coli ATCC 11220, and S. enterica 
ATCC 14028 bacteria at the concentrations applied. The 
isolated compounds were tested in vitro only against the S. 
aureus ATCC 29213 strain, since this was the only micro-
organism susceptive to the SL mixture in the disk diffusion 
assays. The MIC found for the SL mixture over S. aureus 
was 750 µg mL−1. This result confirms that the SLs pos-
sess antimicrobial effect, besides their biological and thera-
peutic activities [11]. This result is of great importance par-
ticularly because S. aureus is well known by its resistance 
toward antibiotics [11, 37].

In the work of Joung et al. [12] the minimum inhibitory 
concentration values for the n-hexane fraction—the only 
fraction studied in the MIC assays—which was obtained 
after the methanolic extraction of yacon leaves, ranged 
from 3.9 to 62.5 µg mL−1 in the absence of light, and from 
2.0 to 31.3 µg mL−1 in its presence. On six of the seven S. 
aureus strains evaluated, the use of light leveraged the inhi-
bition potential of the extract, lowering the MIC needed in 
about 50% when compared to the assays performed in the 
dark.

In the present work, the enhydrin and uvedalin mixture 
did not exert this potentiating effect in the presence of light. 
Since Joung et al. [12] applied leaf extract as a antimicro-
bial agent, the improvement found by them in the experi-
ments under the presence of light most likely occurred due 
to other components than the main SLs of yacon leaves. 
Another possibility could be the use of a different S. aureus 
strain. However, while the antibiotic-resistant Staphylococ-
cus from Joung et al. [12] did not present a higher suscep-
tibility under light, the Staphylococcus strain used in this 
work showed a low-to-moderate resistance to antibiotics. 
The use of light as a means of improving the antibacterial 
effect of the extract of yacon leaves should be further inves-
tigated using a range of catalogued Staphylococcus strains 
and combinations of SLs.

It is a tough task to consolidate a global perspective of 
the antimicrobial activity of compounds. This is mainly 
due to the great amount of microbial types and strains 
that exist, whether known or not. Cartagena et al. [30], for 
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instance, verified that uvedalin presented no antimicrobial 
activity against S. aureus ATCC 6538P (the same strain of 
the present work) and F7 strains, E. faecalis ATCC 39212, 
Lactobacillus strains, and Gram-negative strains. Comple-
mentarily, Choi et al. [38] verified the antibacterial activity 
of enhydrin, polymatin B and allo-schkuhriolide (PubChem 
CID: 10015562) SLs (commonly found in yacon leaves) 
against two catalogued S. aureus strains (ATCC 33591 
and ATCC 25923) and fifteen clinical isolates of the spe-
cies. Enhydrin was able to affect the bacterial activ-
ity of all strains tested, with a MIC ranging from 125 to 
500 µg mL−1. In this sense, to achieve a more effective inhi-
bition of a microorganism type, the higher MIC found for a 
strain type must be taken into account. No MIC presented 
positive results for the polymatin B and allo-schkuhriolide 
against the strains tested, at least up to 500 µg mL−1 (there 
is no information regarding the maximum SL concentration 
tested). No other work in the literature was found to verify 
the single antimicrobial activity of uvedalin and enhydrin.

Taking these results from Cartagena et al. [30] and Choi 
et al. [38], we cannot suppose the existence of a synergis-
tic effect of the enhydrin and uvedalin against S. aureus 
strains. However, taking into account the enhydrin-to-
uvedalin ratio found in our S. sonchifolius samples (3.5:1, 
respectively), from the MIC of 750 µg mL−1 there will be 
approximately 544  µg of enhydrin  mL−1 and 206  µg of 
uvedalin mL−1. Assuming that uvedalin has no toxic effect 
on S. aureus ATCC 6538—as Cartagena et  al. [30] veri-
fied—the concentration of 544 µg of enhydrin mL−1 would 
be close to the values of MIC range verified by Choi et al. 
[38]. Of course, this is just an assumption that must con-
firmed by further studies.

According to the yield obtained in SLs (20  mg), the 
amount of dried yacon leaves needed to achieve the MIC 
of the 3.5:1 enhydrin/uvedalin mixture against S. aureus 
ATCC 6538 (750  µg  mL−1) in any medium would be 
approximately 5.62 g mL−1, considering a complete extrac-
tion. As this concentration would probably be impossible to 
achieve in regular extraction processes, proper technologies 
could be used to concentrate the yacon extract to several 
media, increasing their antimicrobial power.

Conclusion

In the present study, a mixture of two sesquiterpene lac-
tones was extracted and purified from S. sonchifolius 
leaves. The compounds enhydrin and uvedalin were identi-
fied in the mixture. The in vitro tests showed that the SLs 
used at the same proportion naturally found in yacon leaves 
did not exert antibacterial activity against Gram-negative 
bacterial P. aeruginosa, E. coli, and S. enterica strains for 
concentrations up to 90  µg of SLs per disk. However, an 

inhibitory activity was observed against S. aureus, a Gram-
positive bacterium. Future works should involve a more 
complete study examining the effect of enhydrin +  uve-
dalin mixtures on different microbial species, types, and 
strains. The sesquiterpene lactones characterization and 
inhibition data obtained in this study will aid as a primary 
elucidation of the antimicrobial potential of the main SLs 
found in S. sonchifolius leaves.
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