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The allicin and alliin contents of Allium obliquum L. ethanol extract were analyzed by liquid 
chromatography coupled with mass spectrometry method. Additionally, the ability of A. obliquum to 
inhibit the growth of Botrytis paeoniae Oudem. on the nutritive medium was assessed. The in vitro 
fungicidal activity of A. obliquum was studied by the ultrastructural changes induced in the conidia and 
sclerotia of B. paeoniae treated with the plant extract in minimum inhibitory concentrations. 
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INTRODUCTION 
 
The Botrytis genus comprises over 20 species (Beever 
and Weeds, 2007) which produce the gray mold of many 
agronomically important plants (Beever and Weeds, 
2007; Kirk et al., 2001). The members of this genus 
include Botrytis cinerea Pers., Botrytis allii Munn, Botrytis 
fabae Sardina, Botrytis paeoniae Oudem., and Botrytis 
tulipae (Lib.) Lind (Elad et al., 2007; Jarvis, 1977). The 
most studied species of this genus is B. cinerea, a plant 
pathogen attacking over 200 crop species worldwide 
(Webster and Weber, 2007). B. cinerea is difficult to 
control because it has a variety of modes of attack, 
diverse hosts as inoculum sources, and it can survive as 
mycelia   and/or   conidia   or   as  sclerotia  for  extended  

periods in crop debris. In addition, B. cinerea produces a 
range of cell wall-degrading enzymes, toxins, and other 
low-molecular-weight compounds such as oxalic acid. 
New evidences suggest that the pathogen triggers the 
host to induce programmed cell death as an attack 
strategy (Williamson et al., 2007). 

Since B. cinerea has developed resistance against 
almost all currently used fungicides (Giraud et al., 1999; 
Webster and Weber, 2007), finding new measures to 
control the gray mold is vital. The biological control of 
Botrytis species may be done via a variety of methods, 
including using microbial antagonists (Elad and Stewart, 
2004),   and   different   plant  extracts  (Choi et al., 2004;  
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Miclea and Puia, 2010; Wilson et al., 1997) etc. Medicinal 
plants remain a rich source of novel therapeutic agents. 
Several studies regarding the action of plant extracts 
against some phytopathogenic fungi have been 
performed. However, many plant species remain 
chemically or biologically unevaluated with respect to 
their phytotherapeutic properties. In this respect, we 
studied Allium obliquum species, an edible plant and a 
very rare perennial which is located in a single region in 
Romania (on limestone rocks in Turda Gorges). This 
species is also native to south-east Russia, Siberia, and 
Central Asia (Ciocârlan, 2009). 

Interestingly, our previous studies showed that the A. 
obliquum extract had an important antifungal effect 
against phytopathogenic fungi such as Sclerotinia 
sclerotiorum, B. cinerea, Fusarium oxysporum f. spp. 
gladioli, Aspergillus niger, and Penicillium expansum 
(Pârvu et al., 2010a). B. paeoniae attacks Paeonia 
plants, and it is widely distributed in Europe and America 
(Ellis, 1971). This fungus is found every year on Paeonia 
plants from Cluj-Napoca, Romania. 

The aim of this study was to evaluate the antifungal 
activity of A. obliquum on B. paeoniae germination and 
growth and to examine the ultrastructural changes in the 
conidia and sclerotia of this fungus caused by the mini-
mum inhibitory concentration (MIC) of the plant extract. 
Since the allicin found in Allium plant extracts is an 
important antifungal agent (Davis, 2005; Josling, 2003; 
Khodavandi et al., 2010), the second aim of the study 
was to perform a quantitative analysis of allicin and its 
precursor alliin obtained from A. obliquum extract. 
 
 
MATERIALS AND METHODS 
 
Plant 
 
 A. obliquum L. (Liliaceae) plants were grown in the Agrobotanical 
Garden of the University of Agricultural Sciences and Veterinary 
Medicine in Cluj-Napoca, Romania, from seeds collected in Turda 
Gorges, Romania. The plant was identified by Dr. Gheorghe Groza. 
A voucher specimen (CL 659564) was deposited at the herbarium 
of A. Borza Botanical Garden, Babeş-Bolyai University of Cluj-
Napoca, Romania. 

 
 
Preparation of alcoholic plant extract 
 
Fresh A. obliquum herba (leaves, stems and flowers fragments of 
0.5 to 1 cm) was harvested on 28th May, 2007 and was extracted 
with 50% ethanol (Merck, Bucureşti, Romania) in the Mycology 
Laboratory of Babeş-Bolyai University, Cluj-Napoca, Romania, by a 
modified Squibb’s repercolation method. Briefly, 3 successive 
applications of the same menstruum were repercolated to the plant 
material. In each percolator, the plant material (150 g in the first, 90 
g in the second, 60 g in the third percolator) was moistened with the 
menstruum, macerated for 2 days and then percolated at a rate of 
approximately 4 to 6 drops per minute for each 100 g of raw 
material. The first percolated  fractions  from  each  percolator  were  
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saved, and the next fractions were poured in the next percolator. 
Then, the saved fractions (60 ml from the first one, 90 ml from the 
second one, and 150 ml from the third one) were mixed and the 
resulting extract was 1:1 (w:v) (Pârvu et al., 2010a). 
 
 
Preparation of fungal colonies 
 
B. paeoniae isolated from Paeonia officinalis L. flowers obtained 
from plants grown in A. Borza Botanical Garden, Babeş-Bolyai 
University of Cluj-Napoca, Romania, was included in this study. 
Fungal colonies were obtained from the collection of the Mycology 
Laboratory, Babeş-Bolyai University of Cluj-Napoca, and were 
grown in Petri dishes containing Czapek-agar medium (BD Difco, 
Budapest, Hungary), following inoculation into the central point and 
incubation at 22°C for 5 days. 
 
 
Determination of antifungal activity 
 
The antifungal activity of the A. obliquum extract expressed as 
minimum inhibitory concentration (MIC) was determined by the 
agar-dilution assay, and was compared to the antimycotic drug 
fluconazole (2 mg ml

-1
) (Krka, Novo Mesto, Slovenia) and control 

(nutritive medium and 50% ethanol). The percentage of mycelial 
growth inhibition (P) at each concentration was calculated using the 
formula:  
 
P = (C - T) × 100/C 
 
where C is the diameter of the control colony and T is the diameter 
of the treated colony (Nidiry and Babu, 2005). 
 
 
Statistical analysis 
 
The results for each group were expressed as mean ± standard 
deviation. Data were evaluated by analysis of variance (ANOVA). 
Statistical differences were considered significant at the p < 0.05 
level. The correlation analysis was performed by the Pearson test. 
 
 
Quantitative analysis of alliin and allicin 
 
The analyses of alliin and allicin from A. obliquum extract were 
performed using a newly developed liquid chromatography coupled 
with mass spectrometry detection (LC/MS) (Vlase et al., 2010). 
Briefly, an Agilent 1100 series high performance liquid 
chromatography (HPLC) system was used (Agilent Technologies, 
Darmstadt, Germany), coupled with an Agilent Ion Trap SL mass 
spectrometer equipped with an electrospray ion source. The mass 
spectrometer operated in a positive multiple reaction monitoring 
mode by using nitrogen as a nebulizing and dry gas. 

The chromatographic separation of alliin was performed using a 
Zorbax SB-C18 100 mm × 3.0 mm i.d., 3.5 µm column (Agilent 
Technologies, Darmstadt, Germany). The mobile phase consisted 
100% ammonium acetate, 1 mM in water, isocratic elution flow of 1 
ml/min. The nebulizer was set at 70 psi, and the dry gas flow was 
12 liters/min at 350°C temperature. The mass spectrometer was set 
to record the transition m/z 178 > m/z 88, which is specific to alliin 
(Sigma-Aldrich NV/SA, Bornem, Belgium). The retention time of 
alliin in the above described conditions was 0.64 min. 

The chromatographic separation of allicin was completed in a 
Synergi polar column, 100 mm × 2.0 mm i.d., 4 µm (Phenomenex, 
California, USA). The  mobile  phase  consisted  of  100%  aqueous  
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Table 1. Antifungal activity of Allium obliquum extract on in vitro germination and growth of Botrytis paeoniae fungus. 
 

Extract of A. obliquum 
(µl/ml) 

Colonya diameter  

(mm) 
Pa (%) 

 

 

Flucona-zole  

(µl/ml) 

Colonyb diameter 

(mm) 
Pb (%)  

Allicin 

(µl/ml) 

Colonyc diameter 

(mm) 
Pc (%) 

C 60 0  C 60 0  C 60 0 

10 56 11.67±0.11  20 50 16.66±0.14  40 58 3.33±0.05 

20 32 48.33±0.32  60 24 60±0.48  60 46 23.33±0.21 

40 14 73.33±0.46  100 5 91.66±0.87  80 28 53.33±0.46 

50 4 91.67±0.93  120 0 100±0.92  100 5 91.66±0.87 

60 0 100±0.57  - - -  120 0 100±0.9 
 
a
 = The effect of A. obliquum extract; 

b
 = the effect of fluconazole; 

c 
= the effect of allicin. C = control (50% aq. ethanol). P = mycelial growth inhibition. Results are the mean of 4 

experiments ± SEM. 

 
 
ammonium acetate 1 mM, isocratic elution, at a flow rate of 
0.6 ml/min. A 1 mM aqueous silver nitrate solution was 
added post-column by using a mixing tee with a flow rate of 
10 µl/min. The nebulizer was set at 60 psi, and the dry gas 
flow rate was 12 liters/min at 350°C temperature. The 
mass spectrometer was set to record the transition m/z 
(449 + 451) > m/z (269, 271, 287, and 289), which is 
specific to the allicin-silver adduct. The retention time of 
allicin in the above-described conditions was 0.9 min. 
 
 
Scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) examinations of conidia 
and sclerotia 
 
Samples containing the conidia and sclerotia of B. 
paeoniae isolated from culture obtained on Czapek-agar 
medium were incubated with A. obliquum extract at its MIC 
for 1 h. The grids were examined by scanning electron 
microscopy (SEM) with a JEOL JSM 5510 LV electron 
microscope and by transmission electron microscopy 
(TEM) with a JEOL JEM 1010 electron microscope (Japan 
Electron Optics Laboratory Co., Tokyo, Japan) (Hayat, 
2000). 

 
 

RESULTS 
 
A. obliquum  analysis  by  liquid  chromatography/ 

magnetic separation (LC/MS) revealed 141.08 µg 
alliin/ml of the plant extract (Pârvu et al., 2010a) 
and 2.819 mg allicin/ml of the plant extract (Figure 
1). The A. obliquum plant extract had a significant 
inhibitory effect on the mycelial growth of B. 
paeoniae in the nutritive medium, with a MIC of 60 
µl/ml which is half of the value of the MIC of 
fluconazole and standard allicin (120 µl/ml) (Table 
1). 

The SEM micrographs showed that the control 
B. paeoniae conidia were ovoid and that they had 
12 to 18 µm long/8 to 10 µm short dimensions. 
They had numerous, randomly positioned pro-
tuberances on the cell wall’s surface (Figure 2). 
When treated with the MIC of the A. obliquum 
extract, the shape and size did not change, but 
the surface protuberances disappeared (Figure 3). 
The TEM micrographs of the control conidia 
showed the following features: a regular cell wall 
about 300 to 400 nm thick, with a two-layer 
structure; plasmalemma; cytoplasm matrix with 
nucleus and nucleolus; mitochondria, etc. The cell 
wall’s external layer was thin and electrondense; 
the inner wall was thick, uniform, and less 
electrondense. The plasmalemma tightly  adhered  

to the cell wall. The cytoplasm matrix (cytosol) 
was uniformly distributed, and the nucleus was 
ovoid or spherical. The mitochondria were 
numerous and usually ovoid and had an average 
electron density. The intracellular nutrient 
reserves were glycogen and lipid (Figure 4). 

The TEM micrographs of the B. paeoniae 
conidia treated with the MIC of A. obliquum 
extract showed important ultrastructural changes. 
The cell wall had a slightly irregular outline, 
loosely distributed components, and was highly 
permeable. The cell wall’s external layer was 
more electrondense than the control. The plasma-
lemma was mostly destroyed, and it did not 
adhere to the cell wall. Precipitation of the entire 
cytoplasm and destruction of organelles and 
nucleus were observed. Moreover, there was a 
reduced electrondense band (periplasmic space) 
between the altered cytoplasm and the cell wall 
(Figure 5). 

The TEM micrographs of the B. paeoniae 
sclerotia showed the medullary hyphae 
components (cell wall, plasmalemma, cytoplasm, 
nucleus, lipid bodies, and glycogen) surrounded 
by a continous matrix  of β-glucans.  The   plasmalemma 
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Figure 1. Chromatogram (A) and LC/MS (B) of allicin from A. obliquum extract. 
 
 

 
 
Figure 2. Scanning electron micrograph of a control 
Botrytis paeoniae conidium showing the surface with 
randomly positioned protuberances. 

 
 
Figure 3. Scanning electron micrograph of a 
Botrytis paeoniae conidium treated with 
Allium obliquum plant extract at the minimum 
inhibitory concentration showing surface 
protuberance damage. 
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Figure 4. Transmission electron micrograph of an oblique section 
of a control Botrytis paeoniae conidium showing the 
ultrastructural components: cell wall (CW), cytoplasm (C), 
nucleus (N), nucleolus (Nu), plasmalemma (P), mitochondrion 
(M), glycogen (G), and lipid (L). 

 
 
 

 
 
Figure 5. Transmission electron micrograph of an oblique section of 
a Botrytis paeoniae conidium treated with the minimum inhibitory 
concentration of Allium obliquum plant extract showing irreversible 
ultrastructural changes: cell wall (CW), cytoplasm (C), and 
periplasmic space (PS). 
 
 

adhered to the cell wall (Figure 6). 
The A. obliquum plant extract caused irreversible 

ultrastructural changes in the medullary hyphae of the 
sclerotia, as well as an alteration in the cytoplasmatic 
content, the rarefaction of cell wall, and glucan matrix. 
The precipitation of the entire cytoplasmic content and 
the destruction of the organelles and  the  nucleus  led  to  

 
 
 
 

 
 
Figure 6. Transmission electron micrograph of an oblique section in 
the medullary hyphae of a control Botrytis paeoniae sclerotium, 
showing the ultrastructural components: hypha (H), matrix of glucan 
(MG), cell wall (CW), cytoplasm (C), nucleus (N), plasmalemma (P), 
glycogen (G), and lipid (L). 

 

 
 

 
 
Figure 7. Transmission electron micrograph of an oblique 
section in the medullary hyphae of a Botrytis paeoniae 
sclerotium, treated with the minimum inhibitory concentration of 
Allium obliquum plant extract, showing irreversible ultrastructural 
changes: hypha (H), matrix of glucan (MG), cell wall (CW), 
cytoplasm (C), plasmalemma (P), vacuole (V), and periplasmic 
space (PS). 

 
 
 
the formation of a periplasmic space between the altered 
cytoplasm and the cell wall after treatment with plant 
extract at the MIC (Figure 7). 



 

 

 
 
 
 
DISCUSSION 
 
A. obliquum is a very rare perennial plant, and its 
antifungal properties have not been adequately studied 
previously. Furthermore, more studies need to be 
performed with B. paeoniae frequently found every year 
on flowers, leaves, and stems of peony plants from Cluj-
Napoca. The phytotherapeutic properties of Allium 
species showed that different species have antifungal 
effects (Barile et al., 2007; Mahmoudabadi and Nasery, 
2009; Shams-Ghahfarokhi et al., 2006). Therefore, we 
studied the action of A. obliquum extract on B. paeoniae 
growth to determine its fungicidal potential as a biological 
control of gray mold on peony plants. 

Analysis by LC/MS showed that A. obliquum extract 
contains significant amounts of alliin and allicin. In Allium 
plants and extracts, different biologically active sub-
stances were identified, such as alliin and allicin (Josling, 
2003), allicepin (Wang and Ng, 2003), ajoene (Ledezma 
and Apitz-Castro, 2006), saponins (Barile et al., 2007), 
steroids (Ren et al., 2010), flavones (Huma et al., 2009), 
fistulosin (Phay et al., 1999), and polyphenolcarboxylic 
acids (Pârvu et al., 2010b). The quality and quantity of 
the biologically active compounds from Allium species 
greatly depends on the species (Fritsch and Keusgen, 
2006; Vlase et al., 2010), plant organ (Pârvu et al., 2011; 
Stajner et al., 2008), and the harvest time (Schmitt et al., 
2005). Therefore, biologically active compounds must be 
identified and analyzed from each plant extract. 

Alliin is the precursor of allicin formed by the action of 
the allinase enzyme. Ajoene is also a secondary 
substance resulting from alliin decomposition (Wang and 
Ng, 2003). Allicin is efficient against many fungal species, 
such as Aspergillus flavus, Aspergillus niger, Candida 
albicans, Fusarium laceratum, Microsporum canis, Mucor 
racemosus, Penicillium spp., Rhizopus nigricans, 
Saccharomyces spp., Trichophyton granulosum (Josling, 
2003), Fusarium oxysporum (Ogita et al., 2006), and 
other species (Davis, 2005; Khodavandi et al., 2010). 
Therefore, the allicin content in A. obliquum extract is 
important for the antifungal activity. 

The in vitro inhibitory action of A. obliquum extract 
against B. paeoniae is stronger than that of standard 
allicin and the antifungal drug fluconazole. This can be 
explained by its complex chemical composition 
containing antimicrobial compounds, including allicin and 
polyphenols (Pârvu et al., 2010b). The A. obliquum plant 
extract had a significant inhibitory effect on the mycelial 
growth of B. paeoniae and completes our previous 
studies regarding antifungal activity of this extract against 
phytopathogenic fungi. The MIC of the plant extract 
varied between 50 and 80 µl/ml according to the fungal 
species (Pârvu et al., 2010a). 

B. paeoniae can survive as mycelia and/or conidia and 
sclerotia   in   peony   plants.  Therefore,  we  studied  the 
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ultrastructural changes produced by the MIC of A. 
obliquum extract in the conidia and sclerotia of B. 
paeoniae. The B. cinerea conidia’s cell wall has 2 layers 
and appears dark because of melanin which protects the 
spores from enzymatic action and probably ultraviolet 
light. Additionally, the B. cinerea conidia contain 3 to 18 
nuclei (Epton and Richmond, 1980). The surface of dry B. 
cinerea conidia and other Botrytis species have many 
short protuberances (200 to 250 nm) which are visible 
under SEM and TEM. Hydration and redrying caused the 
disappearance of these protuberances (Doss et al., 
1997). The B. paeoniae control conidia present numerous 
short protuberances and are similar to those of B. cinerea 
(Pârvu et al., 2008). When treated with the MIC of A. 
obliquum extract, the shape and size did not change but 
the surface protuberances disappeared. 

Previous studies have shown that the morphofunctional 
integrity of fungal cell components is needed to maintain 
its viability and germination capacity. However, the 
precipitation of the cytoplasm and the destruction of the 
organelles and nucleus caused the loss of viability and 
germination capacity of B. paeoniae conidia treated with 
A. obliquum plant extract. Moreover, the plant extract 
caused irreversible changes that abolished the cell wall’s 
barrier function and the possibility of activating enzymes 
bound to the cell wall (Isaac, 1992). All species of Botrytis 
form sclerotia which may, depending on the isolate and 
cultural conditions, differ in size and shape. Sclerotia are 
generally considered to be the most important structures 
involved in the survival of Botrytis species (Coley-Smith, 
1980). The internal structure and histochemistry of B. 
paeoniae sclerotia are similar to those of B. cinerea and 
B. fabae. The rind walls contain melanin pigments, the 
medullary hyphae are surrounded by a continuous matrix 
of β-glucans, and the intracellular nutrient reserves are 
protein, glycogen, polyphosphate and lipid (Backhouse 
and Willets, 1984). 

The antifungal activity of A. obliquum affected the struc-
ture of the medullary hyphae of B. paeoniae sclerotia and 
destroyed the glucan matrix, which may be utilized as 
carbohydrate source during sclerotium germination 
(Backhouse and Willets, 1985). The functional relation-
ship between the cell wall and the cytoplasmic content in 
treated sclerotia was destroyed; as seen by the formation 
of a less electrondense band (periplasmic space) (Figure 7). 
The most important ultrastructural changes of sclerotia are 
the degeneration of cytoplasm and the destruction of the 
organelles and nucleus affecting the morphofunctional 
integrity of the fungal cells (Isaac, 1992). Thus, all these 
results revealed that the viability and germination 
capacity of the sclerotia were affected. 
 
 

Conclusion 
 

The A. obliquum plant extract exhibited  strong  antifungal  
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activity on B. paeoniae, and the MIC of the extract 
caused the conidia and sclerotia to lose viability due to 
severe ultrastructural changes. These data may be useful 
for the development of new natural antifungal products 
for the in vivo biological control of gray mold produced by 
B. paeoniae strains on peony plants, limiting the over-use 
of chemical fungicides. 
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