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Abstract: The antifungal effect of the complete methanolic extract and a ethanolic fraction of three native Chilean plants (Ephe-
dra breana, Fabiana imbricata, and Nolana sedifolia) were tested in vitro against Botrytis cinerea (the grey mold fungus) at 250 
�J�P/�IRU�E. breana and N. sedifolia�H[WUDFWV�DQG������J�P/�IRU�F. imbricata extract. The results of this study showed that the 
ethanolic fractions of E. breana and N. sedifolia have a fungistatic effect during 14 days, while the fungus is exposed to the media 
with extracts. The complete methanolic fractions of the three studied plant species and the ethanolic fraction of F. imbricada did 
not show any fungicidal effect. The extracts and fractions were analyzed by high-performance liquid chromatography and the as-
sayed compounds were: chlorogenic acid, cinnamic acid, p-coumaric acid, ferulic acid, vanillin, vanillic acid, rutin, caffeic acid, 3, 
4-hydroxibenzoic acid (veratric acid), 3, 4-dimethoxycinnamic acid (caffeic acid dimethyl ester), and protocatechuic acid. Taking 
into account the antifungal activity of the ethanolic extracts of E. breana and N. sedifolia in in vitro assay, they may be an interest-
ing alternative to control the phytopathogen Botrytis cinerea.
Key words: Ephedra breana, Fabiana imbricata, fungicidal, Nolana sedifolia phenolic compounds, plant extracts.

Resumen: Se estudiaron los posibles efectos antifúngico de los extractos metanólicos crudos y fracciones etanólicas de tres plantas 
nativas de Chile: Ephedra breana, Fabiana imbricata y Nolana sedifolia sobre el desarrollo micelial in vitro�GHO�KRQJR�ÀWRSDWyJH-
no Botritis cinerea��PRKR�JULV���D�XQD�FRQFHQWUDFLyQ�GH������J�P/�GH�E. breana y N. sedifolia��\�GH������J�P/�SDUD�F. imbricata. 
Los resultados ponen en evidencia que las fracciones etanólicas de E. breana y N. sedifolia ejercieron un efecto inhibitorio del 
crecimiento micelial de B. cinerea, en condiciones in vitro. Este efecto demostró ser fungistático y se mantuvo durante los 14 días 
evaluados. Los extractos completos de ambas especies no mostraron efectos inhibitorios. Los extractos completos y las fracciones 
HWDQyOLFDV�IXHURQ�DQDOL]DGDV�SRU�FURPDWRJUDItD�OtTXLGD�GH�DOWD�HÀFLHQFLD�\�HQWUH�ORV�FRPSXHVWRV�HQFRQWUDGRV�IXHURQ��iFLGR�FORURJp-
nico, ácido cinámico, ácido p-cumárico, ácido ferúlico, vainillina, ácido vainíllico, rutina, ácido caféico, ácido 3,4-hidroxibenzoico 
(ácido verátrico), ácido caféico dimetil ester (ácido 3, 4 dimetoxicinámico) y ácido protocatéquico. Las fracciones etanólicas ob-
WHQLGDV�SXHGHQ�FRQVLGHUDUVH�FRPR�XQD�SURPLVRULD�DOWHUQDWLYD�SDUD�HO�FRQWURO�GH�HVWH�ÀWRSDWyJHQR�
Palabras claves: compuestos fenólicos, Ephedra breana, extractos de plantas, Fabiana imbricata, fungistáticos, Nolana sedifolia.

.ray mold is an important disease that affects at least 
���� SODQW� VSHFLHV� XQGHU� ÀHOG� DQG� SRVWKDUYHVW� FRQGL-

tions and it is caused by Botrytis cinerea Pers.Fr (González-
Collado et al., 2006). In Chile, B. cinerea has usually been 
controlled by commercial fungicides. However, contami-
nation problems due to the persistence of some of these 
chemicals both in soil and water results in important eco-
logical problems. Therefore new control alternatives have 
been screened but little information is available in the lit-
erature on antifungal activity of natural products against B. 

cinerea�� 6RPH� ÁDYRQRLGV�� GLWHUSHQRLGV�� VHVTXLWHUSHQRLGV��
monoterpenoids, stilbenes, steroidal glycoalkaloid, and tri-
terpenoids have some effect against this fungus. Chemicals 
DV�FDSWDQ��FKORURWDORQLO��GLFKORÁXDQLG��SLULPHWDQLO��RU�SLULP-
idinamine have been traditionally used as chemical controls 
for Botrytis� �$SDEOD]D��������6HUH\�et al., 2007).The aim 
of the present study was to evaluate the fungitoxic effect of 
the extracts obtained from Ephedra breana Phil, Fabiana 
imbricata Ruiz et Pav., and Nolana sedifolia Poepp. against 
B. cinerea.
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 Phenolic concentration (gallic 
 acid equivalent units /mL)

Sample Ephedra Fabiana  Nolana
 breana imbricata  sedifolia

Complete methanolic extract 2,347 2,334  3,730

Ethanolic fraction 2,607 11,042 2,864

Table 1. Phenolic concentration of the complete extracts and etha-
nolic fractions of ,WOLKYH� IYLHUH, -HIPHUH� PTIYPJH[H, and Nolana 
ZLKPMVSPH�estimated with the Folin-Ciocalteu method and measured by 
spectrophotometry at 765 nm (adapted from Dastmalchi L[�HS., 2007).

Materials and methods

Plant material. Blooming stems of all three species were 
collected. Ephedra breana and Nolana sedifolia were col-
OHFWHG�LQ�WKH�5HJLRQ�RI�7DUDSDFD��QHDU�$OWR�3DWDFKH�RQ�2F-
tober 19th of 2008 and Fabiana imbricata was collected in 
the Metropolitan Region, El Yeso, Cajón del Maipo, De-
FHPEHU� ������ 6SHFLHV� ZHUH� LGHQWLÀHG� E\�0LJXHO� *yPH]�
and reference samples were housed in the herbarium of 
)DFXOWDG�GH�$JURQRPtD�DW�WKH�3RQWLÀFLD�8QLYHUVLGDG�&DWRO-
ica de Chile. The collected material was dried in darkness 
at room temperature. Then it was powdered and stored in a 
black plastic bags.

Plants extracts. To prepare the complete extracts of each 
species, 500 g of the dried and powdered material was 
macerated in 3 l of ethanol (96%) at room temperature and 
GDUNQHVV� IRU�RQH�ZHHN��7KHQ� WKH�PDFHUDWH�ZDV�ÀOWHUHG� WR�
separate the residue plant material from the liquid (crude 
H[WUDFW���7R�IDFLOLWDWH�WKLV�SURFHVV�D�.LWDVDWR�ÁDVN�FRQQHFWHG�
WR�D�SXPS�SUHVVXUH�ZDV�XVHG��$IWHUZDUGV��VDPSOHV�RI�����
ml of the crude extract were taken and evaporated under 
low pressure and temperature (Cakir et al., 2005) with a ro-
tary evaporator R210 (Buchi) at 35 °C, to evaporate all the 
ethanolic alcohol from the sample (leaving a sticky residue). 
Then 400 ml of methanol for analysis by JT Baker were 
added to the rotoevaporation ball with the sticky residue 
and it was gently shaken for 3 min. The resulting liquid was 
placed in a bottle, discarding the debris sticking to the sides 
of the rotoevaporation ball. The methanol extract was again 
rotoevaporatorated at 35 °C, this time to eliminate all the 
methanol of the sample. Finally, 4 ml of distilled water were 
added to the rotoevaporation ball at room temperature and 
JHQWO\�VKDNHQ�IRU���PLQ��7KH�OLTXLG�ZDV�ÀOWHUHG�XVLQJ�D�GLV-
SRVDEOH� V\ULQJH�ÀOWHU�RI�K\GURSKLOLF�FHOOXORVH�PL[HG�HVWHU�
ZLWK�D�SRURVLW\�RI������PLFURQV��$GYDQWHF�',60,&�����DQG�
VWRUHG�DW�����&�LQ�GDUNQHVV�
 To elaborate the fractions samples of 400 ml of the crude 
extract were rotoevaporated, resuspended in 400 ml metha-
nol for analysis by JT Baker and again rotoevaporated fol-
lowing the method described above. Then a series of solvents 
sorted from lowest to highest polarity were added to the 
URWRHYDSRUDWLRQ�EDOO��7KH�ÀUVW�VROYHQW�DGGHG�ZDV�Q�KH[DQH�
and it was stirred for 3 min. The liquid obtained was placed 
LQ�D�ÁDVN��WKHQ�IROORZHG�WKH�VDPH�SURFHGXUH�ZLWK�HWK\O�DFH-
tate, dichloromethane, chloroform, butanol, ethanol, metha-
nol, and distilled water using the same rotoevaporation ball. 
Each of the fractions recovered was rotoevaporatorated to 
dryness under low pressure conditions and temperatures: 
n-hexane, ethyl acetate, and dichloromethane at 35-40 °C, 
butanol at 65 °C, ethanol 45 °C, methanol 45 °C, and water 
DW�����&��WKH�FKORURIRUP�IUDFWLRQ�ZDV�QRW�URWRHYDSRUDWHG�WR�
protect the equipment). Then the dry material deposited in 
the rotoevaporation ball was resuspended in 4 ml of distilled 

water at room temperature and stirred for 3 min. The liquid 
ZDV� ÀOWHUHG� ZLWK� D� GLVSRVDEOH� ÀOWHU� K\GURSKLOLF� FHOOXORVH�
PL[HG�HVWHU�ZLWK�D�SRURVLW\�RI������PLFURQV��$GYDQWHF�',6-
0,&�����V\ULQJH�DQG�VWRUHG�DW�����&�LQ�GDUNQHVV�

Total phenols assay using the Folin-Ciocalteu method. The 
amount of phenols contained in the complete extract and 
in each fraction was determined using the Folin-Ciocalteu 
method, with gallic acid as the standard, and measured in 
a spectrophotometer at 765 nm after reaction for 10 min 
�$GDSWHG�IURP�'DVWPDOFKL�et al., 2007).

Determination of compound concentration using HPLC. 
To determine de total content of water-soluble polyphenols 
of the complete extract and the ethanolic fraction, samples 
were sent to the Laboratorio de Biologia Molecular of the 
)DFXOWDG� GH�&LHQFLDV�%LRORJLFDV� RI� WKH� 3RQWLÀFLD�8QLYHU-
sidad Catolica de Chile for high-performance liquid chro-
matography analysis. Determination of the polyphenols was 
SHUIRUPHG� E\� +3/&� ZLWK� GLRGH� DUUD\� GHWHFWLRQ� �'$'���
coupled to an electrochemical detector.

In vitro antifungal assays. Inhibition of mycelial growth us-
LQJ�WKH�)RRG�3RLVRQ�7HFKQLTXH�LQ�3'$��*URRYHU�DQG�0RRUH��
1962; Shahi et al���������3RWDWR�'H[WURVH�$JDU��3'$��'H-
hydrated Culture Media from BD Difco™) was autoclaved 
and then maintained in a water bath at 40 °C. The extracts 
RU�IUDFWLRQV�ZHUH�DGGHG�WR�VWHULOH�PROWHQ�3'$�WR�REWDLQ�ÀQDO�
FRQFHQWUDWLRQV�RI������J�P/�IRU�E. breana and N. sedifolia 
DQG� ���� XJ�P/� IRU�F. imbricata. The media were poured 
LQWR�GLVSRVDEOH�3HWUL�GLVKHV�RI����ð����PP��$IWHU�WKH�VROLGL-
ÀFDWLRQ�RI�PHGLD��GLVNV����PP�LQ�GLDPHWHU��ZHUH�ORFDWHG�LQ�
the middle of the dishes. The discs contained a seven day 
old mycelium of the pathogen. There were three replicates 
per experiment. Plates were incubated for 14 days at 23 °C 
DQG�LWV�JURZWK�ZDV�PHDVXUHG�HYHU\����K�XQWLO�WKH�ÀUVW�3H-
WUL�GLVK�ZDV�ÀOOHG�ZLWK�P\FHOLD��*URRYHU�DQG�0RRUH��������
Feng and Zheng, 2007).

Transfer experiments. To determinate whether the controlling 
effect of the extract was fungicidal or fungistatic, transfer ex-
periments were done. Mycelium discs that did not grow were 
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Compound /Concentration ,WOLKYH�IYLHUH -HIPHUH�PTIYPJH[H 5VSHUH�ZLKPMVSPH

 Complete Ethanolic Complete Ethanolic Complete Ethanolic

3, 4 dihydroxybenzoic  0.12 ���� �� 0.08 ���� ��

p-hidroxybenzoic acid  0.54 ������� 0.24 �������

Caffeic acid  0.23 ������� 0.34 ������� 1.42 �������

Vanillin  0.20 ������� -   0.32 �������

Ferulic acid  0.13 ������� - 0.84 �������  0.59 ������� 0.09 �������

3, 4-dimethoxybenzoic acid 2.25 ����� � 0.62 ����� �   2.00 �������

Chlorogenic acid   41.00 ������� 9.95 ������� 0.77 �������

p-coumaric acid     0.15 �� ���� 0.04 �� ����

Rutin   111.00 ������� 25.00 ������� 1.70 �������

3, 4-dimethoxycinnamic acid     0.95 ������� 0.13 �������

UVU�PKLU[PÄLK�ÅH]VUVPK� � � ��� ��������

Vanillic acid    1.14 �������
 

Post alkaline hydrolysis assayed compounds

Caffeic acid 0.33 0.72 24.60 5.49 0.97 -

p-coumaric acid 0.14 - 0.83 0.22 0.40 0.08

Ferulic acid 0.46 - 18.00 3.70 1.05 0.18

Table 2. Compounds assayed in complete extract and ethanolic fraction of ,WOLKYH�IYLHUH, 5VSHUH�ZLKPMVSPH� and -HIPHUH�PTIYPJH[H and their 
concentration expressed in mg/100 Ml. Retention time is indicated in parentheses.

Treatment                       ,WOLKYH�IYLHUH����������������������-HIPHUH�PTIYPJH[H���������������������5VSHUH�ZLKPMVSPH

 Control (PDA Complete  Ethanolic Complete Ethanolic Complete Ethanolic
 with no extract) (250Rg/mL) (250Rg/mL) (400Rg/mL) (400Rg/mL) (250Rg/mL) (250Rg/mL)

Diameter of mycelial 44.2a 45.5a 0.0b 45.5a 45.7a 46.0a 0.0b
growth (mm)

Table 3. Diameter for mycelial growth of )V[Y`[PZ�JPULYLH in PDA with all the treatments four days after inoculation. Lower-case letter indicates 
ZPNUPÄJHU[�KPMMLYLUJLZ��;\RL �̀�P < 0.05).

WUDQVIHUUHG�WR�IUHVK�3'$�DIWHU����GD\V�RI�WUHDWPHQW�DQG�ZHUH�
LQFXEDWHG�DW�����&��7KH�P\FHOLXP�JURZWK�ZDV�PHDVXUHG�HY-
HU\����K�IRU�ÀYH�GD\V��)HQJ�DQG�=KHQJ��������

Statistical analyses. Data from in vitro antifungal assays (ob-
tained from the fourth day after inoculation) were subjected 
WR�DQ�$129$�DQDO\VLV��IROORZHG�E\�D�SDLUZLVH�FRPSDULVRQ�
of means (Tukey). Statistical analyses were conducted with 
6$6�67$7�6RIWZDUH�IRU�:LQGRZV�

Results

Total phenols assay using the Folin-Ciocalteu. For the quan-
titative analysis of complete extracts and different fractions 
the Folin Ciocalteu method was used with gallic acid as a 
standard. The phenolic content of the complete extract and 
of the ethanol fraction of each plant studied are shown in the 
table 1, as gallic acid equivalent units per ml of water.

Quantitative determination of phenolic compounds by us-
ing HPLC. The compounds found by the HPLC method 
and their concentrations are shown in the table 2. The com-

pounds detected were mainly phenolic acids: chlorogenic 
acid, cinnamic acid, p-coumaric acid, ferulic acid, vanillin, 
vanillic acid, cafeic acid, 3, 4-hydroxybenzoic, procatechuic 
acid, and rutin.

In vitro antifungal assays. The inhibitory effects of the com-
plete extract and ethanolic fraction of Ephedra breana, Fa-
biana imbricata, and Nolana sedifolia against Botrytis cine-
rea are shown in the table 3.
 The statistical analysis was made with the data obtained 
at the fourth day after inoculation. Ethanolic fractions of 
Ephedra breana and Nolana sedifolia showed good in-
hibitory effects against Botrytis cinerea in in vitro assay at 
�����J�PO��EXW�WKH�HWKDQROLF�IUDFWLRQ�RI�Fabiana imbricata 
showed no inhibitory effect. None of the complete extract 
showed inhibitory effects. Moreover, the complete extract 
of N. sedifolia enhanced the growth of B. cinerea showing 
statistical differences (F� ����������G�I�� ��������P > 0.0001; 
7DEOH�����$V�RXU�NQRZOHGJH�� LW� LV� WKH�ÀUVW�DFFRXQW�IRU� WKLV�
effect in this solanaceous taxon.

Transfer experiments. Mycelium discs incubated in media 
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Figure 1. Mycelial growth of Botrytis cinerea�LQ�3'$��FRQWURO�VDPSOH��DQG�3'$�ZLWK�FRPSOHWH�H[WUDFW�RU�HWKDQROLF�H[WUDFW�RI�Ephedra 
breana and Nolana sedifolia�DW�D�FRQFHQWUDWLRQ�RI�����ƫJ�P/�IRXU�GD\V�DIWHU�LQRFXODWLRQ��7KH�IRUWK�FROXPQ�VKRZV�WKH�P\FHOLXP�GLVFV�
SODFHG�LQ�3'$�ZLWK�HWKDQROLF�IUDFWLRQ�RI�E. breana and N. sedifolia 14 days after inoculation before they were transferred into fresh made 

3'$��7KH�ÀIWK�FROXPQ�VKRZV�WKH�UHDFWLYDWLRQ�RI�JURZWK�RI�WKH�P\FHOLXP�GLVFV�DIWHU�WKUHH�GD\V�RI�EHHQ�WUDQVIHUUHG�LQWR�IUHVK�3'$�

 Control Complete extract  Ethanolic extract Ethanolic extract Transfered micellium
  at day 4 at day 4 at day 14 (before  discs after 3 days
    beeing transfered) in PDA.

Ephedra 
IYLHUH

Nolana 
ZLKPMVSPH
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with ethanolic fraction of Ephedra breana and Nolana sedi-
folia did not show any growth 14 days after inoculation. 
7KHVH�GLVFV�ZHUH� WUDQVIHUUHG� WR� IUHVK�PDGH�3'$�WR�GHWHU-
mine if the controlling effect was fungicidal or fungistatic. 
In both cases the mycelial growth reactivated after been 
WUDQVIHUUHG��VR�WKH�HIIHFW�RI�WKHVH�IUDFWLRQV�DW������J�PO�ZDV�
fungistatic.
 The ethanolic fractions of Ephedra breana and Nolana 
sedifolia showed an inhibitory effect on the mycelial growth 
of Botrytis cinerea� DW� D� FRQFHQWUDWLRQ� RI� ���� �J�PO� LQ� LQ�
vitro assays. This effect was fungistatic and remained for 14 
days. The complete extracts of E. breana, Fabiana imbri-
cata, and N. sedifolia, and the ethanolic fraction of F. imbri-
cata did not show any inhibitory effect in the in vitro assays 
at the same concentrations.
      
Discussion

$OO�WKH�FRPSRXQGV�GHWHUPLQHG�ZLWK�WKH�+3/&�PHWKRG�DUH�
reported in literature as antibiotic and fungistatic (Clarke, 
1972; San Francisco and Cooper-Driver, 1984; Downum, 
1992; Zadernowski et al., 2005; Ruelas et al., 2006; Vermer-
ris and Nicholson, 2006; Feng and Zheng, 2007). For exam-
ple, a combination of the following acids p-coumaric, feru-
lic, caffeic, and p-hydroxybenzoic at a concentration of 500 
ppm inhibits the mycelial growth of Botrytis cinerea model, 
ZKHUH�WKH�WZR�ÀUVW�FRPSRXQGV�KDG�WKH�PRUH�SRZHUIXO�DQWL-
fungal effect (San Francisco and Cooper-Driver, 1984).
� $FFRUGLQJ�WR�WKLV�+3/&�DQDO\VLV�PRVW�RI�WKH�FRPSRXQGV�
in the analyzed extracts and fractions were water-soluble 
phenols. The following compounds were found in the dif-

ferent samples analyzed: chlorogenic acid, cinnamic acid, 
p-coumaric acid, ferulic acid, vanillin, vanillic acid, rutin, 
caffeic acid, 3, 4-hydroxybenzoic acid (veratric acid), 3, 
4-dimethoxycinnamic acid (caffeic acid dimethyl ester), 
DQG�SURWRFDWHFKXLF�DFLG��$OO� WKHVH�FRPSRXQGV�KDYH�EHHQ�
described as metabolic antimicrobial compounds (Clarke, 
1972; Downum, 1992; Zadernowski et al., 2005; Ruelas 
et al., 2006; Vermerris and Nicholson, 2006; Feng and 
Zheng, 2007).
� $OWKRXJK� WKH�PRGH� RI� DFWLRQ� RI� WKHVH� FRPSRXQGV� LW� LV�
not completely explained it has been suggested that they act 
over cytoplasmic membranes, producing changes in their 
permeability causing the liberation of cell content (Veldhui-
zen et al., 2006; Feng and Zheng, 2007). It is also discussed 
that these compounds interfere in the electron transport, the 
nutrient absorption, the fatty acid synthesis, the adenosine 
triphosphatase activity, and other metabolic processes of the 
cell, probably due to the interaction with the enzymes re-
VSRQVLEOH�RI�WKRVH�SURFHVVHV��)HQJ�DQG�=KHQJ���������:KHQ�
interfering with the molecular compounds present in vari-
ous microorganisms, these compounds have a large range 
of action, but in general a low level of toxicity (Downum, 
1992; VanEtten et al., 1994).
 Some authors suggest to call “phytoanticipins” the com-
pounds present in host plant before any infection (VanEtten 
et al., 1994). These compounds are also called phototoxins, 
because they activate and become toxic with the exposition 
to UV radiation (Downum, 1992). There is evidence that 
there are some synergic and antagonistic interactions be-
tween phenolic compounds. These interactions can modify 
their antimicrobial effect (Deba et al., 2008), which can ex-
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plain why the complete extracts of Ephedra breana y Nola-
na sedifolia did not showed any control effect, even though 
the ethanolic fractions of those plants can inhibit the myce-
lial growth. It is also interesting the presence of 3, 4-dime-
thoxycinnamic acid in the two fractions that show control of 
mycelial growth, and of 3, 4-dimethoxybenzoic acid in the 
ethanolic fraction of E. breana. 3, 4-dimethoxybenzoic acid 
has been reported to be a biocontrolling compound (Nara-
simhan et al., 2009).
 There is also evidence that some fungi are insensitive to 
these defense metabolites, because they own the capability 
to inhibit the metabolic routes or they deviate them to the 
production of different products with less inhibitory effect 
(Clarke, 1972). In the case of Botrytis cinerea it is demon-
strated that it produces enzymes able to catalyze the oxi-
dation of the metabolites of the host (Dekker, 1972, cited 
en Levin, 1976; Pearson and Goheen, 1988). This fact may 
explain the appearance of a dark halo of the media color-
ation change present in the medium with extracts or frac-
tions before the mycelial growth starts (Figure 1). The anti-
fungal activity of the ethanolic extracts of Ephedra breana 
and Nolana sedifolia in in vitro assay can be an interesting 
alternative of control for B. cinerea. However, more studies 
should be done to determinate the in vivo effects.
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