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Abstract: The antifungal activity of Allium schoenoprasum (chives) leaf extract was tested in vitro against 

the following phytopathogenic fungi: Aspergillus niger, Botrytis cinerea, B. paeoniae, Fusarium oxysporum f. sp. 

tulipae, Penicillium gladioli, and Sclerotinia sclerotiorum. The minimum inhibitory concentration (MIC) was 70–

120 µl/ml, depending on the fungal species. The results were compared to those obtained for Fluconazole (MIC = 

80–300 µl/ml) and synthetic allicin (MIC = 100–160 µl/ml). 
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Introduction 

The active trend in plant protection is finding different sources of natural compounds 

with antimicrobial activity, which can successfully replace the products obtained by chemical 

synthesis. Therefore, the study of chemical compounds derived from plants is seen as a good 

source of bioactive molecules. The bioactive fungicides, for example, have proved to be efficient 

against specific pathogens, while at the same time being biodegradable. 

The best alternative method for the control of phytopathogens is provided by the variety 

of constituents found in medicinal plants. One of the most renowned groups of these plants, used 

since ancient times for their therapeutic properties, is represented by species of Allium. 

There is plentiful information in the literature regarding the phytotherapeutic properties 

of the species Allium cepa (onion) and A. sativum (garlic) [2, 6, 10, 20, 26, 27, 53, 55]. 

These Allium species have been shown to have mainly antimicrobial activities – 

antifungal [5, 17, 28, 31, 32, 49, 61] and antibacterial [11, 22, 57] – but also anti-oxidant [7, 9, 

50, 52, 60], anti-inflammatory [19, 30, 46], and anti-hypertension properties [3, 4, 15]. There is 

also information on their anti-allergic [21], anti-diabetic [40], hepato-protective [36], and neuro-

protective [18] properties. 

Allium includes over 200 components such as volatile oils (allicin, alliin and ajoene) 

containing sulphur, enzymes (alliinase, peroxidase and miracynase), carbohydrates (sucrose, 

glucose), minerals (germanium, selenium, zinc), amino acids such as cysteine, glutamine, 

isoleucine and methionine, bioflavonoids such as quercetin, cyanidin and allistatin I and allistatin 

II, vitamins C, E and A and niacin, vitamins B1, B2 and beta carotene [13]. Allium-derived 

antimicrobial compounds inhibit micro-organisms by reacting with the sulfhydryl (SH) groups of 

cellular proteins. It used to be thought that allicin reacts only with cysteine and not with non-SH 
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amino acids, but it has been confirmed that allicin and other thiosulfinates also react with non-

SH amino acids [25]. 

There is evidence that Allium plant extracts show antifungal activity, but less information 

is available on Allium schoenoprasum (chives). This is why we have attempted to demonstrate 

the antifungal properties of A. schoenoprasum, besides its edible and ornamental values. In this 

respect, we have assessed the in vitro antifungal activity of A. schoenoprasum leaves extract 

against six species of phytopathogenic fungi (Aspergillus niger, Botrytis cinerea, B. paeoniae, 

Fusarium oxysporum f. sp. tulipae, Penicillium gladioli and Sclerotinia sclerotiorum). 

 

Materials and Methods 

Leaves of chives were collected from the Agrobotanical Garden of the University of 

Agricultural Sciences and Veterinary Medicine in Cluj-Napoca. The species was determined by 

Dr Gheorghe Groza and a plant specimen has been deposited in the Herbarium of the “A. Borza” 

Botanical Garden (CL 659561). 

Small fragments (0.5–1 cm) of A. schoenoprasum leaves were put into 70% ethanol. The 

technique used for obtaining the plant extract was the cold repercolation method [33, 54], at 

room temperature, for 3 days [54]. 130 g of plant extract was obtained for each 100 g of plant 

material (chives leaves) from the percolator. The ratio was thus 1:1.3 (w:v). 

The chives plant extract was analyzed regarding its allicin content. The method used for 

the quantification of allicin was LC-CIS-MS/MS (Liquid Chromatography-Coordination Ion 

Spray-Mass Spectrometry), by means of the Agilent 1100 HPLC Series (Agilent Technologies, 

Darmstadt, Germany) system [59]. 

The fungal species were isolated from diseased plants, purified, and cultivated on 

Czapek-agar nutritive medium (BD Difco, Budapest, Hungary). Aspergillus niger was isolated 

from onion bulbs, Botrytis cinerea from rose flowers, B. paeoniae from peony flowers, Fusarium 

oxysporum f. sp. tulipae from tulip flowering stems, Penicillium gladioli from gladiolus corms, 

and Sclerotinia sclerotiorum from carrot roots. 

The in vitro antifungal activity was assessed by agar-dilution assay and inoculation into 

the central point. The minimum inhibitory concentration (MIC) was determined for each fungal 

species, compared to the control (nutritive medium with 70% ethanol), an antimycotic drug – 

Fluconazole (2 mg/ml) (Krka, Novo Mesto, Spain), and synthetic allicin (Allimed liquid, Allicin 

International Ltd, UK). Four replicates were carried out for each considered concentration and 

the percentage of mycelial growth inhibition (P) was calculated according to the formula P = (C-

T) x 100/C, where C is the diameter of the control colony and T is the diameter of the treated 

colony [37]. 

 

Results and Discussions 

The results concerning the antifungal activity of A. schoenoprasum ethanolic extract are 

presented in detail in Table 1. Briefly, A. schoenoprasum leaves extract in vitro inhibits all the 

phytopathogens tested, at MIC depending on the species. The MIC varied between 70–120 µl/ml 

for chives leaves extract, 80–300 µl/ml for Fluconazole, and 100–160 µl/ml for allicin (Tab. 1). 

Similar studies were performed to test the antifungal potential of other Allium species (A. 

obliquum, A. fistulosum, A. senescens subsp. montanum, A. ursinum) [41, 42, 43, 44]. The results 
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were dependent on the fungal species and the content of bioactive compounds. Therefore, more 

research was carried out regarding the chemical composition of Allium species. Such studies 

highlighted the presence of sulfur-containing compounds, polyphenolic compounds, and 

phytosterols [58]. 

In the case of A. schoenoprasum, for example, analyzing its content revealed the presence 

of polyphenols such as p-coumaric acid, ferulic acid, sinapic acid, quercetol, and kaempferol; 

phytosterols such as β-sitosterol and campesterol; and sulphur-containing compounds such as 

allicin, and essential oils [8, 45, 58]. 

Another phytochemical analysis of the whole plant of Allium schoenoprasum led to the 

isolation of four spirostane-type glycosides and four known steroidal saponins. Their structures 

were elucidated mainly by spectroscopic analysis and mass spectrometry. Four of the isolated 

compounds were tested for cytotoxic activity against human colon cancer cell lines [56]. 

Chive flowers were thoroughly studied regarding their nutritional values, since they are 

consumed in salads or soups. The analysis revealed fatty acids such as palmitic acid (7.94–

16.94%), linoleic acid (7.63–13.45%), and stearic acid (3.13–31.16%), as well as γ-sitosterol 

(3.41–6.42%), campesterol (0.34–0.66%), fucosterol (0.29–0.51%) and vitamin E (0.16–0.49%) 

[14]. 

The flowers also contain anthocyanins which influence their colour [12]. 

Some of the compounds found in A. schoenoprasum were quantified. Thus, a quantity of 

25.09 mg β-sitosterol and 7.21 mg campesterol were found per each 100 g vegetal product. A 

quantity of 320 mg of allicin per 100 g chives vegetal product was also determined [58]. 

Other studies have been conducted on the properties of these compounds. Such studies 

were performed on the anti-cancer and anti-oxidant effects of the polyphenols isolated from A. 

schoenoprasum flowers [24, 34]. Moreover, comparisons were made between the enzymes anti-

oxidant and scavenging activities in roots, stalks, and leaves, and between the cultivated plants 

and tissue culture organs [51]. 

Another study dealt with the anti-diabetic effects of A. schoenoprasum. Diabetic rats 

were fed with plant-mixed pellet food and a hypoglycemic effect was observed, namely the 

serum triglyceride and LDL-cholesterol level was reduced and the serum HDL-cholesterol 

increased [48]. 

Literature data are very scarce regarding the antimicrobial activity of A. schoenoprasum. 

The potential antifungal activity of aqueous and 50% ethanolic extracts was tested against 

Fusarium chlamydosporum [35]. The antibacterial activity of chive oil was assessed against 

Escherichia coli [47]. 

The A. schoenoprasum plant extract contains important antifungal compounds such as 

allicin [20, 23, 38], polyphenols, etc. 

It was observed that antibacterial and antifungal activities of allicin can be attributed to 

its interaction with the thiol group of proteins and amino acids and that, especially with the latter, 

allicin forms S-allyl derivatives. By these reactions SH-compounds inhibit the antibiotic 

properties of extract derived allicin and authentic allicin [39]. Another antifungal mechanism is 

the allicin-mediated lipoperoxide production in fungal plasma membrane with increased 

permeability [16]. 

The mechanisms of action thought to be responsible for phenolic toxicity involve enzyme 

inhibition by the oxidized compounds, possibly through reaction with sulfhydryl groups or non-
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specific interactions with the proteins [1]. In addition, antifungal phenolics from plants with 

action against the phytopathogenic fungi Botrytis cinerea, Cercospora beticola, Colletotrichum 

circinans, Cladosporium herbarum, Fusarium oxysporum, Phytophthora infestans, Venturia 

inaequalis, Verticillium albo-atrum have been identified [29]. 

These mechanisms may be involved in A. schoenoprasum plant extract effects on tested 

fungi.  

This is why, the present study aimed at reconfirmation of the antifungal properties of A. 

schoenoprasum plant extract and complementing the literature data with valuable information on 

the biocontrol of plant pathogens. 

 

Conclusions 

Allium schoenoprasum leaves extract had inhibitory activity against the plant pathogenic 

fungi (Aspergillus niger, Botrytis cinerea, B. paeoniae, Penicillium gladioli, Fusarium 

oxysporum f.sp. tulipae, and Sclerotinia sclerotiorum), with minimum inhibitory concentration 

value (MIC) varying from 70 to 120 µl/ml, depending on the species. By comparison, the MIC 

for Fluconazole was 80–300 µl/ml, and 100–160 µl/ml for allicin. These data may be useful in 

the development of new natural antifungal products in the near future.  
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ACŢIUNEA ANTIFUNGICĂ A FRUNZELOR DE ALLIUM SCHOENOPRASUM L. 

 

(Rezumat) 

 

Extractul hidroalcoolic obţinut din frunze de Allium schoenoprasum a fost testat în ceea ce priveşte 

acţiunea antifungică in vitro asupra a şase specii de ciuperci fitopatogene (Aspergillus niger, Botrytis cinerea, B. 

paeoniae, Penicillium gladioli, Fusarium oxysporum f.sp. tulipae şi Sclerotinia sclerotiorum). Experimentul in vitro 

s-a desfăşurat prin metoda diluţiilor, utilizând mediul de cultură Czapek-agar şi, pentru comparaţie, produsul 

antimicotic Fluconazol şi allicină sintetică. Rezultatele experimentale au fost exprimate sub forma concentraţiei 

minime inhibitoare (CMI), care a variat, în funcţie de specia patogenă, între 70-120 µl/ml pentru extractul vegetal de 

A. schoenoprasum, 80-300 µl/ml pentru Fluconazol şi 100-160 µl/ml pentru allicină. 

Acţiunea antifungică mai pronunţată a extractului vegetal poate fi explicată de compoziţia în principii 

active. Rezultatele obţinute completează puţinele date din literatură cu privire la acţiunea antifungică a extractului de 

A. schoenoprasum şi recomandă utilizarea acestuia cel puţin pentru tratarea bolilor produse de speciile fitopatogene 

studiate. 
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