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AbstractAbstractAbstractAbstract    
    
The aim of this study was to investigate the antimicrobial properties of aqueous and alcoholic extracts 

of saffron (Crocus sativus L.) petals against some of the most important food-borne bacterial pathogens such as 

Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus and Escherichia coli in vitro. According to the 

results, all three aqueous, ethanolic and methanolic extracts of saffron petals (at concentration of 350 mg/ ml) 
showed significant inhibitory effect on the studied food-borne bacteria. However, the aqueous extract of 
saffron petal showed higher antibacterial activity against the studied bacteria compared to other two extracts 
and its inhibitory effect on the studied gram-positive bacteria, S. aureus, L. monocytogenes, B. cereus was 

significantly higher than gram-negative bacterium E. coli. The results of the MIC determinations of aqueous 

extract of saffron petals showed that concentrations lower than 43.75 mg/ml did not inhibit the growth of B. 

cereus and S. aureus bacteria, while MIC values were lower for E. coli and L. monocytogenes bacteria. According 

to the results, saffron petal, especially its aqueous extract, has the potential to be used as a natural preservative 
in the food industry. 

    
Keywords:Keywords:Keywords:Keywords: alcoholic extract; antibacterial activity; aqueous extract; food-borne bacterial; saffron petals 

 
    
IntroductionIntroductionIntroductionIntroduction    
 
Diseases caused by the consumption of food contaminated with pathogenic bacteria are of great 

importance for public health and cause great financial and human losses to communities annually. Every year, 
about 600 million people (one in every ten people) worldwide become ill after ingesting contaminated food, 
resulting in 420000 deaths and the loss of 33 million healthy life years (DALYs) in which many of them are 
young children (Lee and Yoon, 2021; WHO, 2022). More than 90 percent of food poisoning cases are caused 
by bacteria such as, Staphylococcus aureus, Salmonella, Shigella, Clostridium botulinum, C. perfringens, 

Campylobacter jejuni, Listeria monocytogenes, Vibrio parahaemolyticus, Bacillus cereus and Entero-pathogenic 

Escherichia coli (Bintsis, 2017). Using the antimicrobial agents or preservatives can be effective in the 

prevention of bacterial growth, but the extensive use of	antibiotics in the treatment of bacterial infections	has 

https://www.notulaebiologicae.ro/index.php/nsb/index
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led to the emergence and spread of resistant	strains (Seyfried et al., 2010; Terreni et al., 2021). Their residues 

in food might also cause many destructive effects on the environment and human health	(Arsène et al., 2021; 

Shahid et al., 2021; Ghimpețeanu et al., 2022). Therefore, the research for finding suitable and natural 

alternatives for antibiotics and chemical preservatives is essential. In recent years, special attention has been 
paid to plant extracts and	their active components as a good candidate for the production of food preservatives 
due to their various antimicrobial compounds and their multiple effects on the cellular structure of 
microorganisms (e.g., simultaneous physical and chemical degradation of bacterial cell membranes) (Thery and 
Arendt, 2018; Cejudo Bastante et al., 2019; Zhao et al., 2019; Adnan et al., 2020; Chen et al., 2020; Marquez-

Rodriguez et al., 2020; Rubab et al., 2020; Bouhanna et al., 2021; Gong et al., 2021). Moreover, plant extracts 

are needed in very small amounts to inhibit the growth of bacteria, and they are unlikely to have significant 
adverse effects on food properties and consumer (Shahnia and Khaksar, 2013).	

Saffron is a small and agriculturally perennial plant belonging to Iridaceae family (Srivastava et al., 2010). 

Its dried stigma is used in food industry as aromatic spice and for food coloring, and in pharmaceutical industry 
as sedative and analgesic for asthma, pertussis and inflammation (Mirheidar, 2005). Iran, especially the 
provinces of South Khorasan and Razavi	Khorasan, is one of the most important hubs of saffron production in 
the world, producing more than 90% of the world production. In the process of saffron production, stigma is 
used as commercial saffron, and other parts of the flower are discarded, which has a very high volume (over 20 
thousand tons annually) (Jafari-Sales and Pashazadeh, 2020). Saffron petal is a main source of bioactive 
compounds with different physiological and antioxidant activities including flavonoid compounds (quercetin, 
isoramentin, kaempferol), anthocyanins (dolphinidine, petonidine and malvidin), new monoterpenoids 
(crocusatin-J with antityrosinase activity and 4-dihydroxybutyric acid) (Serrano‐Díaz et al., 2012; Jadouali et 

al., 2018; Hosseini et al., 2018). Nowadays, the only usage of saffron petal is dye extraction, which is not 

flourished yet (Goli et al., 2012). Therefore, finding a suitable solution for recycling this huge volume of waste 

is very important. Using the saffron petal as a natural preservative to prevent spoilage of processed foods in the 
food industry could be a one solution. Due to the fact that saffron is cultivated only in Iran and a few countries 
with old civilization	 such as Spain, India, Greece, and Morocco (Gohari et al., 2013), there is limited 

information about the pharmacological properties of this valuable plant and most studies are about stigmas 
(Muzaffar et al, 2016; Hashemi et al., 2018; Jomehpour et al., 2019; Valizadeh et al., 2022). Askari et al (2023) 

showed that both tepal and stamen extracts of saffron had an anti-proliferative effect on cancer cells, with 
stronger anti-cancer properties for stamen extract. However, according to the toxicological studies, saffron 
petals contain relatively low toxicity compounds compared to the stigma. Most of the effective compounds of 
petals are anthocyanins, which have low toxicity (Hosseini et al., 2018). Therefore, the aim of the present study 

was to investigate the antimicrobial potential of aqueous and alcoholic extracts of saffron petals on some of the 
most important food-borne bacterial pathogen such as S. aureus, L. monocytogenes, B. cereus and E. coli. If such 

an effect is proven, in addition to satisfying consumer demand for natural preservatives and increasing the shelf 
life and safety of food, it will also be prevented the loss of saffron by-product. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Preparation of plant extract  

Saffron petals were collected from a saffron farm in Torbat Heydarieh, Khorasan-Razavi, Iran on 
November 2018. Extraction was performed according to the method of Alizadeh Behbahani et al. (2013) with 

slight modifications. Briefly, the petals were dried in the shade at room temperature and then pulverized using 
electric grinder. Powdered petals were separately extracted by maceration with three solvents distilled water, 
80% ethanol and 80% methanol (1:10 ratio) (Nekkaa et al., 2022). The mixture was left on a shaker at room 

temperature for 72 hours to allow for proper extraction. The elucidated extracts were filtered with Whatman 
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No.1 filter paper then centrifuged at 1000 g for 5 min. The resultant supernatant was concentrated in an oven 
at 40 °C for 48 h to a concentration of 350 mg/ml. The extracts were poured into dark sterile glass bottles and 
kept at 4 °C for one week. 

 
Antibacterial activity 

Bacterial strains 
Antibacterial activity of saffron petal extracts was evaluated against some of food-borne bacterial 

pathogens including both gram- negative bacteria (E. coli) and gram- positive bacteria (S. aureus, L. 

monocytogenes, B. cereus). All strains were obtained from the Iranian Research Organization for Science and 

Technology and grown on nutrient agar plates for 16 h at 37 °C  
 
Agar disc diffusion method 
Antibacterial activity of the extracts was evaluated by the standard disc diffusion method. Briefly, paper 

discs (6 mm in diameter) were impregnated with 30 μl of extract (at a concentration of 350 mg/ml) and placed 
on Mueller Hinton agar plates, which were evenly inoculated with 100 μl of bacterial cell suspension. The 
suspension is adjusted with sterile 0.9% saline to give a turbidity equivalent to the 0.5 McFarland standard at 
600 nm (optical density = 0.08-0.1 corresponding to 1.5 × 108 CFU/ml). The plates were then incubated at 
37 °C for 18 - 24 h. The bactericidal activity was determined by measuring the diameter (in mm) of clear 
inhibition zones around the discs using vernier caliper (Abolfathi et al., 2022). Standard disks of Doxycycline 

30 ug (D30) and Gentamisin 10 ug (G10) were served respectively as positive controls for gram- positive and 
gram- negative bacteria. Solvent impregnated discs were used as negative control for both gram- positive and 
gram- negative bacteria.  

 
Minimum Inhibitory Concentration (MIC) 
The minimal inhibitory concentration (MIC) of extracts against sensitive bacteria was determined by 

the broth microdilution method using 96-well microtiter plates. Briefly, 50 μL of the extract (at a 350 mg/ml 
concentration) was serially diluted two-fold with 50 μL of Mueller Hinton broth in a 96-well polypropylene 
microtiter plate (except the control wells). Then, equal volume of overnight bacterial cell suspension (optical 
density = 0.08-0.1 corresponding to 1.5 × 108 CFU/ml) was added into all wells. After incubation at 37 °C for 
16 - 18 h temperature, the last well with visible bacterial inhibition (lack of cloudiness in the well) was 
considered as the minimal inhibitory concentration. The well without extract was used as positive control 
(100% growth or 0% bactericidal activity). The negative control well (blank) contained  solvent and Mueller-
Hinton broth (Saquib et al., 2019). 

 
Statistical analysis 

Data were assessed for normality and homogeneity of variance using Kolmogorov–Smirnov test and 
Levene's test, respectively. Antibacterial activity of saffron petal extracts was analyzed using one-way ANOVA 
(p < 0.05). Means were compared with Duncan's multiple range test. Results are presented as mean ± S.D. All 
Statistical analyses were performed using SPSS software edition 21. 

 
 
Results Results Results Results     
 
As shown in Table 1, all three aqueous, ethanolic and methanolic extracts of saffron petals (at 

concentration of 350 mg/ ml) showed significant inhibitory effect on the studied food-borne bacteria (S. 

aureus, L. monocytogenes, B. cereus and E. coli). However, the aqueous extract of saffron petal showed higher 

antibacterial activity against the bacteria compared to other two extracts (p < 0.05) and its inhibitory effect on 
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the studied gram-positive bacteria, S. aureus, L. monocytogenes, and B. cereus (with inhibition zone diameters 

ranging from 16.5 to 18.39 mm) was significantly higher compared to gram- negative bacterium E. coli 

(inhibition zone diameter of 13.9 mm) (p < 0.05). However, no significant differences were observed among 
the sensitivity of the studied gram-positive bacteria to aqueous extract of saffron petals (p > 0.05) (Table 1) 
(Figure 1). 

 
Table. 1.Table. 1.Table. 1.Table. 1. Mean diameter of non-growth zone of extracts of saffron petal against studied bacteria in 
millimeters 

Bacteria/extractBacteria/extractBacteria/extractBacteria/extract    
Aqueous Aqueous Aqueous Aqueous     
extractextractextractextract    

Ethanolic Ethanolic Ethanolic Ethanolic 
extractextractextractextract    

Methanolic Methanolic Methanolic Methanolic 
extractextractextractextract    

Doxycycline Doxycycline Doxycycline Doxycycline 
(D30)(D30)(D30)(D30)    

Gentamisin Gentamisin Gentamisin Gentamisin 
(G10)(G10)(G10)(G10)    

E. coli 13.9 ± 1.9 b 1.34 ± 0.4 e 9.3 ± 3.3 c - 21.34 ± 2.3 

S. aureus 16.5 ± 1.57 ab 2.48 ± 1.47 e 14.85 ± 0.75 b 31.74 ± 1.26 - 

B. cereus 18.39 ± 0.32 a 7.7 ± 1.92 cd 5.46 ± 0.91 d 29.99 ± 1.17 - 

L. monocytogenes 16.4 ± 0.55 ab 16.22 ± 1.81 ab 6. 02 ± 1.49 d 25.09 ± 1.34 - 

Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05).    

 

 
Figure 1.Figure 1.Figure 1.Figure 1. Antibacterial activity of aqueous extract of saffron petals on the studied bacteria 
Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05) 

 
Antibacterial activities of ethanolic and methanolic extracts were different depending on the bacterial 

strain (Figure 2 and Figure 3). The sensitivity of E. coli and S. aureus bacteria was higher to methanolic extract 

than to ethanolic extract of saffron petals (p < 0.05) (Figures 4 and 5), while the inhibitory effect of ethanolic 
extract of saffron petal on L. monocytogenes was higher than its methanolic extract (p < 0.05) (Figure 7). No 

significant difference was observed in the antibacterial activity of ethanolic and methanolic extracts of saffron 
petals against B. cereus (p> 0.05) (Figure 6). The most sensitive bacteria to the ethanolic and methanolic 

extracts of saffron petals were L. monocytogenes (16.22± 1.81 mm in diameter) (Figure 2) and S. aureus (14.85± 

3.3 mm in diameter), respectively (p < 0.05) (Figure 3). 
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FigFigFigFigureureureure    2222. Antibacterial activity of ethanolic extract of saffron petals on the studied bacteria  
Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05) 

 

 
FigFigFigFigureureureure    3.3.3.3. Antibacterial activity of methanolic extract of saffron petals on the studied bacteria  
Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05) 

 

 
FigFigFigFigureureureure    4444. Antibacterial activity of saffron petal extracts against E. coli 
Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05) 
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FigFigFigFigureureureure    5.5.5.5. Antibacterial activity of saffron petal extracts against S. aureus 
Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05) 

 

 
Figure 6Figure 6Figure 6Figure 6. Antibacterial activity of saffron petal extracts against B. cereus 
Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05) 

 

 
FigFigFigFigureureureure    7.7.7.7. Antibacterial activity of saffron petal extracts against L. monocytogenes 
Values are means ± S.D. (n =3). Different letters indicate significant differences (p< 0.05) 
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The results of the MIC determination of aqueous extracts of saffron petals showed no inhibitory effects 
of concentrations lower than 43.75 mg/ml the growth of B. cereus and S. aureus bacteria, while MIC values 

were lower for E. coli and L. monocytogenes bacteria (MIC= 21.78) (Table 2). However, according to the results 

of disc diffusion, it was expected that E. coli would show more resistance to the reduction of the extract 

concentration (Table 1). 
 
Table 2.Table 2.Table 2.Table 2. Minimum inhibitory concentration (MIC) of aqueous extract of saffron petals against the studied 
bacteria 

BacteriaBacteriaBacteriaBacteria    MIC (mg/ml)MIC (mg/ml)MIC (mg/ml)MIC (mg/ml)    

E. coli 21.87 

L. monocytogenes  21.87 

B. cereus 43.75 

S. aureus 43.75 

 
    
DiscussionDiscussionDiscussionDiscussion    
 
Due to the public concerns about the side effects of chemical preservatives, the desire to consume 

products without preservatives or with natural preservatives has increased. Therefore, several studies have been 
conducted on the effect of essential oils and different plant extracts on pathogenic bacteria. Also, in recent 
years, the use of by-products of food industry such as grape peel and seeds, citrus peel and pulp, apple and 
pomegranate pomace, potato peel waste, petal waste and saffron corm has also been considered (Zambrano et 

al., 2019; Gebrechristos et al., 2020; Wali et al., 2020; Rahnemoon et al., 2021; Shehata et al., 2021;). Afshar 

Mohammadian et al. (2016) studied the antibacterial activity of methanolic extracts of petal of different saffron 

species, including C. speciosus, C. sativus and C. caspius on the bacteria causing infection and food poisoning. 

They found that the petal extract of C. sativus species had a high inhibitory effect on the investigated bacteria. 

The results of the present study also confirmed the antibacterial activity of aqueous and alcoholic extracts of C. 

sativus petals against some bacteria causing food spoilage including E. coli, S. aureus, L. monocytogenes, B. cereus. 

However, the inhibitory effect of aqueous extract of saffron petals on the studied bacteria was stronger than 
alcoholic extracts which may be due to the extraction of more antimicrobial compounds in saffron petals by 
water. These findings were consistent with the results of Okman et al. (2016), while Gandomi Nasrabadi et al. 

(2012) and Asgarpanaha et al. (2013) showed that methanol extract of saffron petal was effective against B. 

cereus, L. monocytogenes, S. aureus, Salmonella enterica, S. typhimurium and Shigella dysenteria. These 

differences can be due to the differences in biologically active compounds in saffron petals and their solubility. 
The composition of the extracts of a plant species can vary based on the region geography, harvest season, plant 
age, growth stage, the method of drying and extraction and the type of solvent used. In general, the plant extract 
has the highest antimicrobial activity during flowering or immediately after flowering. The extraction method 
and the type of solvent used also affected the antimicrobial effects of the extract (Farahmandfar et al., 2019; 

Adegbaju et al., 2020; AL-Hmadi et al., 2021; Makarova et al., 2021; Patnala and Kanfer, 2021). Afraze et al. 

(2014) investigated the effect of solvent on the extraction efficiency of the phenolic compounds of saffron 
petals and showed that the aqueous solvent had the highest extraction efficiency due to its polarity, and 
methanolic and ethanolic solvents were in the next ranks, respectively. However, the amount of phenolic 
compounds in the aqueous extract was lower than ethanolic and methanolic extracts. The antibacterial activity 
of saffron petals may be associated with the presence of a wide range of compounds with antimicrobial 
properties including phenolic compounds which may show additive or synergic activities due to their action on 
different cellular targets (Sidiq and Shrivastava, 2020). In general, the higher amount of phenolic substances in 
the extract, the greater their antibacterial properties against food pathogens (Shahnia and Khaksar, 2013). 
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Razaghi et al. (2003) and Pintado et al. (2011) showed that safranal and crocin in saffron inhibited the growth 

of E. coli and S. aureus, S. typhimurium and S. enterica. However, according to the results of the study by Afraze 

et al. (2014) other compounds besides phenolic compounds are also effective in the antibacterial properties of 

saffron petal extract, whose performance varies depending on the sensitivity and resistance of different bacterial 
strains.  

Also, the results of this study showed that the aqueous extract of saffron petals had a higher antibacterial 
effect against the studied gram-positive bacteria, especially B. cereus compared to the gram-negative bacteria E. 

coli. Several studies have shown the higher susceptibility of gram-positive bacteria to various antimicrobial 

agents. Mohammadian (2016) showed that B. subtilis was the most sensitive bacterium and E. coli was the most 

resistant bacterium to petal and stigma extracts of different wild species of saffron which was in agreement with 
the results of present study. Tayel and El-Tras (2009) also showed that S. aureus and B. cereus were the most 

susceptible bacteria and E. coli and Pseudomonas aeruginosa were the most resistant bacteria to the saffron petal 

extract. However, Gandomi Nasrabadi et al. (2010) reported conflicting results. They showed that S. 

Typhimurium and S. aureus were the most sensitive and resistant bacteria against aqueous and alcoholic extracts 

of saffron petals, respectively. Azami et al. (2012) also showed that S. typhimurium is the most sensitive 

bacterium to the petal of saffron petals. The difference in the susceptibility of gram-negative and gram- positive 
bacteria to antimicrobial agents is probably due to the difference in their cell wall structure. The cell wall of 
gram-positive bacteria consists of thick layers of peptidoglycan and does not have an outer membrane on its cell 
wall, which can cause better penetration of active compounds into the cell, whereas the cell wall of gram-
negative bacteria consists of thin layers of peptidoglycan and is more impermeable due to an outer membrane 
consisting of phospholipids molecules, lipopolysaccharides (LPS), lipoproteins and surface proteins (Silhavy et 

al., 2010). The extracts of saffron petal in the present study (especially alcoholic extracts) showed high 

antimicrobial activity against a gram-positive bacterium, but did not reveal high antibacterial activity against 
other gram-positive strains. For example, the ethanolic extract of saffron petals showed relatively high activity 
against L. monocytogenes, while other gram-positive bacterium, S. aureus was almost resistant to this extract. It 

is likely that the resistance of bacteria to antimicrobial agents is not necessarily due to differences in cell 
structure and other mechanisms are involved in this process. For example, resistance of gram-negative bacteria 
against antibiotics like penicillin originates from the secretion of the lactamase enzyme in the periplasmic space 
between the thin outer membrane and the cytoplasmic membrane (Elisha et al., 2017).  

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The results of the present study showed the saffron petal extracts (especially aquatic extract) can be used 

as a new and natural source of antibiotics compounds with potential active components	against food-borne 
bacterial pathogen, especially gram-positive bacteria. On the other hand, due to the good taste and aroma of 
saffron petals, it is possible to use it in higher concentrations. Therefore, it is possible to use saffron petal extract 
as a natural preservative in the food industry. Taking into account that saffron petal is the main by-product of 
saffron production its usage in the food industry can avoid the waste of this by-product and if these petals are 
marketed or used, it will generate additional income for the producers. However, it should be noted that herbal 
medicines, like chemical medicines, may have unwanted side effects and cause irreparable damage to the user's 
body. Therefore, further in vivo and ex vivo confirmatory experiments are recommended for to verify efficacy 
of saffron petals as a natural preservative and its possible side effects on the consumer. 
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