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Abstract  
 

Article Information 

Saffron (Crocus sativus L.), the most valuable medicinal food product, 

belongs to the Iridaceae family, which has been widely used as a 

coloring and flavoring agent. The stigmas contain three major 

compounds; crocins (carotenoid compound responsible for color), 

picrocrocin (responsible for taste) and safranal (responsible for odor). 

It has been used for medicinal purposes, as a spice and condiment for 

food and as a dye since ancient times. Numerous studies have shown 

crocins as main carotenoids of saffron to be capable of a variety of 

pharmacological effects, such as protection against cardiovascular 

diseases and inhibition of cancer cell development. Salicylic acid is a 

signaling molecule and a hormone-like substance that plays an 

important role in the plant physiological processes. Due to the 

importance of saffron as a valuable product, the aim of this study is to 

investigate the effect of salicylic acid application (0.01, 0.1 and 1 mM) 

on crocin and safranal content and antioxidant activity of stigmas. The 

results showed that salicylic acid application at 1 mM was the most 

effective treatment in increasing the crocin content and stronger 

antioxidant activity of stigmas, but it had a negative effect on safranal 

content; the highest quantity of this compound was observed in the 

control plants. 
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1. Introduction 
 

Saffron derived from the dried stigma of Crocus 

sativus flower is used as a spice for flavouring and 

colouring food. As a sterile triploid plant, its 

propagation is vegetative, and spreads by means of 

corms. Saffron blooms only once a year, and the 

planting and harvesting of corms, along with the 

removal of stigmas, are done manually, making 

saffron the world’s most expensive spice, apart from 

its traditional value as a food additive and traditional 

herbal medicine. Recent studies indicate its potential 

as an anticancer, antitumoural, cytotoxic, hypo-lipid-

aemic, antiinflammatory and oxygenation enhance-

ement agent [1-3]. Crocus sativus stigmas are charact-

erized by the presence of sugars, minerals, fats, vitam-

ins and secondary metabolites: terpenes, flavornoids, 

anthocyanins and carotenoids. Among them, carotene-

oids are the most important molecules because they 

determinate color and taste of the spice [4]. Charac- 

 
teristic compounds of saffron include three main 

metabolites: 1) Crocins, the main biologically active 

metabolites of saffron (unusual water-soluble 

carotenoids due to their high glycosyl contents, which 

is the reason for their great application as a food 

colorants); 2) Picrocrocins, the main substances 

responsible for saffron’s bitter taste; and 3) Safranal 

the main component of the essential oil, and 

responsible for the characteristic saffron aroma, 

which is produced under basic conditions and after 

the drying process from picrocrocin [3-5]. These 

compounds are degradation products of carotenoids, 

and are known as apocarotenoids. They are derived 

from the oxidative cleavage of carotenoid-zeaxanthin 

[6,7]. Crocin and safranal are the main components of 

saffron, and have many biological functions such as 

anti-inflammatory and antioxidant activities [3]. 

Since saffron is used as a spice, its carotenoid content 
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may considerably enhance its food value because of 

the antioxidant properties [8]. Several factors like 

biotic and abiotic stresses may affect the level of 

secondary metabolites in plants. Various factors, 

including the age of the plant, the season, microbial 

attack, grazing, radiation, competition, and nutritional 

status, have been proven to impact on the secondary 

metabolite profile in higher plants [9]. Carotenoid 

content is also influenced by different environmental 

conditions like drought and temperature [10]. In other 

study, effects of altitude and temperature on the 

carotenoid content of saffron have been indicated 

[11]. In recent years, many studies have been 

undertaken to find practical approaches to increase 

the yield of secondary metabolites under in vitro 

conditions. One approach is the use of elicitors, 

which dramatically enhances the biosynthesis of 

secondary metabolites in plant cell cultures [12]. 

Salicylic acid (SA) is an endogenous plant growth 

regulator of phenolic nature. As an elicitor, is SA 

capable of enhancing plant growth and yield in some 

plants. It plays an important role in regulating a 

number of plant physiological processes, including 

photosynthesis and production of bioactive compounds 

[13]. The results of previous studies showed that 

production of soluble carbohydrates, sugars and 

secondary metabolites enhanced in plants exposed to 

SA [14]. Also several studies have described SA to 

induce gene regulation related to the biosynthesis of 

secondary metabolites in plants [15]. Regarding the 

importance of saffron as a valuable product and 

medicinal properties of carotenoids, this study aims 

to investigate the effect of SA on the crocin and 

safranal content and antioxidant activities of stigmas 

in Crocus sativus. 

 

2. Materials and Methods 
 

Saffron corms were prepared from the farms 

located in Torbat-Heidariye, north east of Iran in 

May 2013. Then, intact corms were selected and 

washed in running water, and pre-treated for 12 h 

with different concentrations of SA; the 

concentrations of SA were 0.01, 0.1 and 1 mM. After 

12 h, the corms were planted at a depth of 7 cm in 

pots with 15 cm diameter and 11 cm depth containing 

fine per lit. Then the pots were irrigated with 

Hoagland nutrient solution 2 times a week. Flowers 

were collected early in the morning and dried daily 

in a drying oven at 50°C for 12 h. The dried stigmas 

were stored in dark glass jars at 4°C until performing 

biochemical studies. 

 

2.1. Extraction 
 

Saffron stigmas (20 mg) were suspended in 1 ml 

of methanol-water (50:50 %v/v) and magnetically 

stirred for 12 h at 4°C in the dark. After extraction, 

the samples were centrifuged at 30000 g for 20 min 

to abolish plant residues; then the supernatant was 

collected and filtered through a nylon membrane 

(Acrodisc 13, 0.45 μm pore size, and 13 mm diam-

eter) [11]. Finally, 20 µl of the extract was injected 

into the HPLC.  

 

2.2. HPLC Equipment 
 

A Knauer HPLC system (Philips, Germany) 

equipped with a multiple UV wavelength photodiode 

array detector and Shimadzu RP C18 column (250 

mm× 4 mm) was used.  

 

2.3. HPLC Analysis 
 

External standards of crocin and safranal were 

used for HPLC analysis. A linear gradient of 

methanol:water:acetonitrile (50:42.5:7.5 %v/v) was 

injected as a mobile phase with a flow-rate of 1.0 

ml/min for a maximum elution time of 30 min at 

room temperature. Crocin and safranal were detected 

at 440 nm and 310 nm, respectively [11]. 

 

2.4. Antioxidant activities 

2.4.1. DPPH Free Radical-Scavenging Assay 
 

Saffron extract antioxidant activity was 

determined on the basis of its scavenging activity on 

the stable DPPH free radical. 4 ml of the final mixture 

was prepared by addition of 100 µl methanolic 

extracts of the samples (100, 200 and 300 ppm) to 

3900 µL of a 6×10-5 mol l-1 methanolic DPPH 

solution. We examined the absorbance decrease of 

DPPH methanolic solution at 517 nm after 30 

minutes of sample addition. Sample antiradical 

activity was calculated by the following ratio: 
 

(Abs control - Abs sample/Abs control)×100 
 

where, Abs control is DPPH solution absorption, 

and Abs sample is DPPH solution absorption after 

sample addition [16]. Antioxidant activity of the 

samples was compared with ascorbic acid (100, 200 

and 300 ppm) as a standard of antioxidant. The 

experiment was carried out in triplicate, and the 

results are reported as mean ±SD. 

 

2.5. Statistical analysis 
 

The experimental results were expressed as 

mean±standard deviation of three replicates. Data 

were analyzed by analysis of variance using SPSS 

software (ver. 22), and the means were compared by 

Duncan’s tests. P-values < 0.05 were regarded as 

significant. 

 

3. Results and Discussion  

3.1. HPLC analysis of carotenoid compounds 
 

In this research, the effects of different levels of 

SA on two main products of saffron, crocin and 

safranal, were analyzed by HPLC system. According 

to the obtained results, SA was found to have a 

significant effect on both of these compounds though 

its effect on crocin content was positive, and the 

SA-treated plants showed higher crocin content in 

comparison to the control untreated plants. The 

highest quantity of crocin with a value of 25.27 mg 
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g-1 DW was observed in 1 mM SA (Figure 1A). In 

contrast, SA reduced safranal content compared to 

the controls, and the highest amount of safranal (0.92 

mg g-1 DW) was observed in the control plants 

(Figure 1B). SA plays a key role in a plant’s growth, 

development, and defense responses, and is involved in 

some signal transduction systems to induce particular 

enzymes related to biosynthesis of secondary 

metabolites in plants [15,17]. As an elicitor, SA 

improved accumulation of compounds belonging to 

different structural classes, including phenolics, 

terpenoids and alkaloids [18]. In this regard, our 

results corroborate with those of Turkyılmaz et al. [19] 

who observed that application of SA increased 

chorophyll content and carotenoids content under 

normal field condition. In an earlier study, exogenous 

application of SA was reported to improve growth, 

yield and essential oil content in the case of basil and 

marjoram [20,21]. 

  

3.2. Antioxidant activity 

3.2.1.DPPH assay 
 

Numerous studies on the medicinal properties of 

saffron have shown that saffron has a strong 

antioxidant activity, which is generally due to the 

presence of crocin, a unique carotenoid with powerful 

antioxidant capacity that makes distinctive bright 

yellow color of the stigma. It was shown that the 

antioxidant properties of both the methanol and 

water-methanol (50:50 %vv-1) extracts of Crocus 

sativus stigmas were higher than those of tomato 

and carrots [22, 23]. So regarding the importance of 

saffron as a valuable product, in this study, effect of 

SA on the antioxidant activity of saffron is indicated 

by DPPH method. This method is a simple, rapid, 

sensitive and reproducible assay used for evaluating 

the antioxidant activity of plant extracts, even in low 

concentrations [24,25]. 
 

 
 

 

Figure 1. Effect of different concentration of SA on A: crocin 

B: safranal quantity in stigma of saffron. All analyses are the 

mean of triplicate measurement ±standard deviation; Means 

with different letters are significantly different at p <0.05. 

In the DPPH assay, an antioxidant scavenges the 

free radicals, and is used to measure the capacity of 

extracts to react with DPPH as a stable free radical. 

Then DPPH radicals are converted into α,α-diphenyl-

β-picryl hydrazine. The value of free radical 

conversion is expressed as % DPPH inhibition [26]. 

By accepting an electron, the color of DPPH changes 

from purple to yellow. Discoloration degree indicates 

that the antioxidants possess scavenging potentials 

[27,28]. Figure 2 represents the results of radical 

scavenging activity of various saffron extracts (100, 

200 and 300 ppm) under different concentrations of 

SA. As shown, SA had a positive effect on the 

antioxidant activity of various concentrations of 

extracts. SA with a dose of 1mM and at a conce-

ntration 300 ppm exhibited the highest radical 

scavenging activity among the different concen-

trations of SA (69%). It has been demonstrated in 

different plants species that SA as an elicitor 

enhanced secondary metabolites in plants and as a 

result of this compound accumulations, antioxidant 

activity also increased [14,18,29]. Higher antioxidant 

capacity in 1 mM of SA could be as a result of greater 

crocin content, although the safranal content was 

lower than control plants in this doses of SA. 

Considering our results, safranal content compared to 

crocin content was too low, so its effect on 

antioxidant activity should be less important. Many 

studies have shown a variety of pharmacyological 

effects of crocin; it has also been confirmed as a 

powerful antioxidant, stronger than α tocopherol 

[30,31]. Nonetheless, all values of saffron extracts 

were lower than those gained for ascorbic acid that 

used as antioxidant standard in all concentrations (83, 

96 and 98%). In all the extracts examined, a 

concentration increase was followed by an increase in 

radical scavenging activity. 

Overall, in this study, only the effect of SA on 

crocin and safranal content was considered, and other 

compounds of saffron were not recognized in saffron 

extracts. As other studies have shown, antioxidant 

activity of saffron could be due to the synergistic 

effect of bioactive constituents contained in stigmas 

that should not be neglected [32]. 
 

 
 

Figure 2. Free radical scavenging activity of methanolic 

extracts of Crocus stigma. Ascorbic acid was included as a 

positive control. Activity was measured by the scavenging 

of DPPH radicals and each value is expressed as the mean ± 

standard deviation. 
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4. Conclusion 
 

SA was found to have an effect on the crocin and 

safranal content of saffron stigmas though the effect 

of SA on crocin content was positive. Unlike this, 

SA reduced the quantity of safranal in all 

concentrations, and the highest level of safranal was 

observed in the control plants. The result of 

antioxidant activity also confirmed that SA 

effectively increased antioxidant activity of different 

concentrations of saffron extracts. Among the 

different concentrations of SA, 1 mM treatment of 

SA at 300 ppm had the highest radical scavenging 

activity. However, the antioxidant activity of all 

extracts in different concentrations of SA was lower 

than that of ascorbic acid in all examined 

concentrations. Additionally, the radical scavenging 

activity of all extracts was concentration-dependent, 

and as the extract’s concentration increased, the 

antioxidant activity was also improved. 

 

5. Acknowledgment 
 

The authors would like to thank all the people, 

who helped us during the experimental work.  

 

6. Conflict of interest  
 

The authors at there is no conflict of interest. 

 

References 
 

1. Abdullaev FI. Cancer chemopreventive and tumoricidal 

properties of saffron (Crocus sativus L.). Exp Biol Med. 

2002; 227: 20-25. 

2. Hosseinzadeh H, Younesi HM. Antinociceptive and anti-

inflammatory effects of Crocus sativus L. stigma and 

petal extracts in mice. BMC Pharmacol. 2002; 2: 7-12. 

DOI:10.1186/1471-2210-2-7 

3. Assimopoulou A, Sinakos Z, Papageorgiou P. Radical 

scavenging activity of Crocus sativus L. extract and its 

bioactive constituents. Phytother Res. 2005; 19: 997-

1000. 

4. Lozano P, Castellar MR, Simancas MJ, Iborra JL. 

Quantitative high-performance liquid chromatographic 

method to analyse commercial saffron (Crocus sativus 

L.) products. J Chromatogr A. 1999; 830: 477-483. 

5. Loskutov AV, Beninger CW, Hosfield GL, Sink KC. 

Development of an improved procedure for extraction 

and quantitation of safranal in stigmas of Crocus sativus 

L. using high performance liquid chromatography. Food 

Chem. 2000; 69: 87-95. 

6. Bouvier F, Isner CJ, Dogbo O, Camara B. Oxidative 

tailoring of carotenoids: A prospect towards novel 

functions in plants. Trends Plant Sci. 2005; 10: 187-194. 

7. Moraga AR, Nohales PF, Perez JA, Gomez GL. 

Glucosylation of the saffron apocarotenoid Christian by a 

glucosyltransferase isolated from Crocus sativus stigmas. 

Planta. 2004; 219: 955-966. 

8. Ahmad B S, Malik A H, Wani Z A, Mohiuddin T, Shah 

Z, Abbas N, Ashraf N. Phytochemical analysis and 

antioxidant activity of different tissue types of Crocus 

sativus and oxidative stress alleviating potential of 

saffron extract in plants, bacteria, and yeast. S Afr J Bot. 

2015; 99: 80-87. 

9. Harborne JB. The flavonoids: Advances in research since 

1980. Chapman and Hall. UK. 1988. 

10. Bouvier F, Backhaus R, Camara B. Induction and control 

of chromoplast specific carotenoids genes by oxidative 

stress. J Biol Chem. 1998; 273: 30651-30659. 

11.  Zarinkamar F, Tajik S, Soleimanpour S. Effects of 

altitude on anatomy and concentration of crocin, 

picrocrocin and safranal in Crocus sativus L. Aust J Crop 

Sci. 2011; 7: 831-838. 

12. Karuppusamy SA. Review on trends in production of 

secondary metabolites from higher plants by in vitro 

tissue, organ and cell cultures. J Med Plants Res. 2009; 3: 

1222-1239. 

13. Amanullah MM, Sekar S, Vincent S. Plant growth 

substances in crop production. Asian J Plant Sci. 2010; 9: 

215-222. 

14. Ghasemzadeh A, Jaafar H, Karimi E, Ibrahim M. 

Involvement of salicylic acid on antioxidant and 

anticancer properties, anthocyanin production and 

chalcone synthase activity in ginger (Zingiber officinale 

roscoe) varieties. Int J Mol SCI. 2012; 13: 14828-14844. 

15. Taguchi G, Yazawa T, Hayashida N, Okazaki M. 

Molecular cloning and heterologous expression of novel 

glucosyltransferases from tobacco cultured cells that have 

broad substrate specificity and are induced by salicylic 

acid and auxin. Eur J Biochem. 2001; 268: 4086-4094. 

16. Brand-Williams W, Cuvelier ME, Berset C. Use of a 

Free radical method to evaluate antioxidant activity. Food 

Sci Technol. 1995; 28: 25-30.  

17. Chen JY, Wen PF, Kong WF, Pan QH, Zhan JC, Li JM. 

Effect of salicylic acid on phenylpropanoids and phenyl-

alanine ammonia-lyase in harvested grape berries. 

Postharvest Biol Technol. 2006: 40: 64-72. 

18.  Idrees M, Naeem N, Aftab T, Khan MMA. Salicylic 

acid mitigates salinity stress by improving antioxidant 

defense system and enhances vincristine and vinblastine 

alkaloids production in periwinkle. Acta Physiol Plant. 

2011; 33: 987-999.  

19. Turkyılmaz B, Aktas LY, Gu¨ven A. Salicylic acid 

induced some biochemical and physiological changes in 

Phaseolus vulgaris L. Sci Eng J Firat Univ. 2005; 17: 

319-326. 

20. Hashmi N, Masroor M, Khan A, Moinuddin, Idrees M, 

Aftab T. Exogenous Salicylic acid stimulates physio-

logical and biochemical changes to improve growth, 

yield and active constituents of fennel essential oil. Plant 

Growth Regul. 2012; 68: 281-291. 

21. Gharib F. Effect of salicylic acid on the growth, metab-

olic activities and oil content of basil and marjoram. Int J 

Agri Biol. 2007; 9: 294-301. 

22. Akhondzadeh BA, Ghoreishi SA. Noorbala AA, 

Akhondzadeh SH, Rezazadeh SH. Petal and stigma of 

Crocus sativus L. in the treatment of depression: A pilot 

double-blind randomized trial. J Med Plants. 2008; 7: 29-

36. 

23. Chen Y, Zhang H, Tian X, Zhao C, Cai L, Liu Y, Jia L, 

Yin HX, Chen C. Antioxidant potential of crocins and 

ethanol extracts of Gardenia jasminoides ELLIS and 

Crocus sativus L. A relationship investigation between 



Tajik et al. 

Appl Food Biotechnol, Vol. 2, No. 4 (2015)                                                                                                          37 
 

antioxidant activity and crocin contents. Food Chem. 

2008; 109: 484-492. 

24. Ebrahimzadeh MA, Pourmmorad F, Hafezi S. 

Antioxidant activities of Iranian corn silk. Turk J Biol. 

2008; 32: 43-49. 

25.  Zhu KX, Lian CX, Guo XN, Peng W, Zhou HM. 

Antioxidant activities and total phenolic contents of 

various extracts from defatted wheat germ. Food Chem. 

2011; 126: 1122-1126. 

26.  Tepe B, Degerli S, Arslan S, Malatyali E, Sarikurkcu C. 

Determination of chemical profile, antioxidant, DNA 

damage protection and antiamoebic activities of 

Teucrium polium and Stachys iberica. Fitoterapia. 2011; 

82: 237-246. 

27. Kosar M, Goger F, Baser KHC. In vitro antioxidant 

properties and phenolic composition of saliva halophila 

hedge from turkey. Food Chem. 2011; 129: 374-379. 

28. Singh RP, Murthy KNC, Jayaprakasha GK. Studies on 

the antioxidant activity of pomegranate (Punica 

granatum) peel and seed extracts using in vitro models. J 

Agr Food Chem. 2002; 50: 81-86. 

29. Malarz J, Stojakowska A, Kisiel W. Effect of methyl 

jasmonate and salicylic acid on sesquiterpene lactone 

accumulation in hairy roots of Cichorium intybus. Acta 

Physiol Plant 2007; 29: 127-132. 

30. Angaji SA, Mousavi SF, Babapour E. Antioxidants: a 

few key points. Ann Biol Res. 2012; 3: 3968-3977. 

31. Kawabata K, Tung NH, Shoyama Y, Sugie S, Mori T, 

Tanaka T. Dietary crocin inhibits colitis and colitis-

associated colorectal carcinogenesis in male ICR mice. 

Evid Based Complement Alternat Med. 2012; 1-13. 

DOI:10.1155/2012/820415 

32. Mashmoul M, Azlan A, Khazaai Mohd Yusof BN, Mohd 

NS. Saffron: a natural potent antioxidant as a promising 

anti-obesity drug. Antioxidant. 2013; 2: 293-308. 

 

 

 


