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ABSTRACT 
 
Carrot (Daucus carota L.) is one of the valuable vegetables belonging to Umbelliferae plant family and being 
greatly cultivated in Iran. Our previous study on carrot samples taken from different climatic regions of showed 
that; some weather changes could affect the carotenoids levels in carrot. Since carotenoids levels in carrot may 
have influence on the antioxidant activity of the plant; therefore the present study was aimed to determine the 
maximum free scavenging activity of carrot among Iranian carrot growing regions. Furthermore we studied the 
association between cartotenoids levels and scavenging activity in carrot. The samples were extracted with 60 % 
acetone and centrifuged and then the aqueous extracts were evaluated using DPPH (2, 2 - diphenyl - 1- picryl- 
hydrazyl) for free scavenging activities. IC50 of samples were finally compared to ascorbic acid. The highest and 
lowest inhibition of DPPH radical was found to be 47.20 ± 10.42 and 263.86 ± 39.53 which were related to carrots 
taken from Zarinshahr and Andimeshk regions in Isfahan and Khuzestan provinces, respectively. IC50 values 
obtained from these regions were ranged from 25.95 to 337.26. Strong scavenging activity of DPPH radicals was 
seen in carrots taken from Isfahan province with IC50 value of 1.20 times of Vit-C`s. There was not any significant 
correlation between carotenoid levels and scavenging activity. Based on this study we conclude that carrots from 
Zarinshahr in Isfahan have better antioxidant activity compared to other regions of Iran and its carotenoids levels 
could not play a prominent role in this property.  
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INTRODUCTION 

 
One of the most vegetables which grow in regions with temperate climate is carrot (Daucus carota L.) which 
belongs to Umbelliferae (Apiaceae) family [1, 2]. Carrot is a biennial plant which firstly found as wild form in 
southern west of Asia in places around Afghanistan and Iran countries [3, 4]. Presently, carrot is considered as one 
of vegetable that has the highest per capita consumption in comparison with the other vegetables [5, 6]. The 
nutritional value of this plant is very high; so that it concludes significant macromolecules such as carbohydrates, 
proteins, lipids those that the account as basis for lives [7]. Besides of that, carrots are rich in some minerals and 
pivotal vitamins like vitamin A, E and C [8, 9]. Carrot has also phenolic compounds and by these compounds may 
involve in improvement of some diseases such as cancer or aging decline and inflammatory disorders [10-12]. In 
carrots, there are various valuable resources of good natural antioxidant such as carotenoids, phenolic compounds 
and a series of the other compounds like flavonoids [13-15]. The natural antioxidants presents in fruits and vegetable 
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have been shown that have potential for attenuation of lipid peroxidation reactions which may occur in body of 
human beings if in otherwise not be antagonized its harmful effects by defense mechanism [16-19]. By focusing 
closely in pathogenesis of much disease it would be clear that free radicals through different mechanisms such as the 
oxidative stress have crucial role in formation and inductions of many diseases such as cancer and heart strokes [20, 
21].   
 
The carotenoids including α-carotene, β-carotene widely presents in kinds of carrots is important class of natural 
pigments and they have been demonstrated act as natural antioxidants [22, 23]. Since, based on scientific 
documents; there is an association between presence natural oxidant in fruits and vegetables with the reduced DNA 
damage; functional maintenance of immune system in humans those who consume largely of these plant resources, 
therefore nowadays the worldwide efforts have been focusing for finding plants or vegetable with better antioxidant 
properties [18, 22, 24,25]. Carrots in Iran are considered as a major and economical crop by which many of 
pharmaceutical, nutritional and beverage industries, in addition to agriculture area, gain benefit from that [2, 26, 27].  
Because of wide variety of climatic in Iran, the carrot is a crop that can be planted and grown in some areas of the 
southern, Northern and central places of Iran [28]. Climatic difference in carrot cultivation places have caused to be 
produced in these regions types of carrots with various pigments like purple, yellow, and orange [29]. With 
regarding to these aforementioned differences; it seems that the chemical compounds present in the carrots based on 
different climatic conditions may be differed [30, 31]. Our before study on carotenoids level in carrots  grown in 
some regions of Iran showed that , carrots taken from southern areas of Iran such Khuzestan province have higher 
carotenoids levels compared with other regions   placed in central provinces such as Isfahan[32, 33]. Since some 
research have shown the carotenoids compounds can have an antioxidant role [34, 35] and the resultant scavenging 
activity may be due to this property, therefore the principal aim of this study was that the evaluation of scavenging 
activity of carrots grown in different parts of Iran and also its correlation with carotenoid levels which were obtained 
from our previous studies. 

 
EXPERIMENTAL SECTION 

 
Chemicals  
The solvent and chemicals including Acetone, Methanol and Petroleum ether which were provided from Merck 
company (Darmstadt, Germany), 2,2 - Diphenyl-1- Picryl-hydrazil (DPPH) was purchased from Sigma company ( 
St. Louis , MO, USA) and  Ascorbic Acid ( Vit-C ) was provided by Daejung  Chemical and Metals  company 
(Shiheung, Korea). All chemicals were of the highest purity grade. 
  
Sampling   
Three regions of carrot cultivation which placed in central, southern and Northern provinces namely, Isfahan, 
Khuzestan and Gilan, respectively were selected and from each region thirty samples were taken (Fig1). The 
samples then were transferred to lab and cleaned from soil particles and kept at -75ºC till the date of analysis.  
 
Plant extraction  
Plant extraction and sample preparation were in accordance with a procedure which were adopted by Zhang and 
Hamauzu [16] along with some modifications which as follows. The carrot samples were chopped with a peeler and 
converted into a very small particles, then 10 gram of each minced sample was mixed with 15 ml of pure acetone 
and the mixture were left for 60 minutes.  
 
Aqueous phase preparation of carrot samples 
The prepared samples were then centrifuged at 7000g for 20 minutes. The supernatant of each sample were 
separated and the remained phase was again extracted with 20 ml of 60 % acetone within two successive steps. The 
whole supernatant was collected and the residue was discarded. The solvent were then evaporated under vacuum at 
35 ºC. Then, the pigments and fatty acid were completely removed using petroleum ether with a ratio of 2/1 (V: V) 
with in two successive steps.  
 
Free radical scavenging activity evaluation  
Scavenging activity of carrot samples were done using DPPH free radical and based on Brand – Williams et al., [39] 
and with few modifications. Briefly 0.1mM solution of DPPH in methanol was prepared and 0.1 ml of the prepared 
aqueous phase of carrot extract was added to 2 ml of this solution. Then the mixture was incubated in darkness for 



Alireza Ebadollahi-Natanzi and Gholamreza Arab-Rahmatipour                          J. Chem. Pharm. Res., 2014, 6(11):268-274 

______________________________________________________________________________ 

270 

60 min. After this time the decrease in absorbance was read at 517 nm against blank which was methanol. Inhibition 
percentage (I %) was measured by following formula:  
                                                                                                      

100%)( ×
−

=
DPPH

SampleDPPH

Abs

AbsAbs
IPercentageInhibition  

 
Where: Abs DPPH is the absorbance of DPPH when the extract was omitted; Abs Sample is the absorbance of carrot 
extracts. For each sample; the tests were carried out in three replications.   
 

 
Fig 1. Map of Iran represents the places where carrots taken and depicted with asterisk 

Longitudes and latitudes have been adopted from Archives of SID and the other geographical resources [36-38]. 
 

The IC50 value which showing the 50 % inhibition of DPPH radicals were calculated using SPSS software and the 
calculated values were compared with IC50 of Ascorbic acid which was considered as positive control  
 
Association between carotenoid levels and scavenging activities  
The correlation between carotenoids levels and DPPH free radical scavenging of carrots in regions of the study were 
determined by drawing a plot and making its equation. 
 

RESULTS AND DISCUSSION 
 
Free radical scavenging of carrots taken from different parts of Iran  
The results of scavenging activity in various regions of carrot cultivations have been shown in fig 2. As shown in 
this figure, the highest mean of free radical scavenging activity was related to Zarinshahr region placed in Isfahan 
province which found to have the inhibition of 71.13 ± 3.81 % for DPPH radical. While the least free radical 
scavenging was among carrots taken from Andimeshk in Khuzestan province which had inhibition percent of DPPH 
free radical equal to 32.13 ± 2.30 %.  There were seen significant differences (P<0.001) between carrots samples 
taken from Astaneh and Zarinshahr regions compared with the other regions namely Khomeinsahr, Dastgerd in 
Isfahan province and Dezful, Shoush and Andimeshk in Khuzestan province. All inhibitions obtained from various 
carrots cultivations were compared with that obtained from Vit –C value (Fig 2).  
 
Free radicals are considered as unpaired components need to be taken electron from surrounding environment and 
also from macromolecules like DNA, RNA and proteins and lipids in human bodies [25]. It is obvious that the 
balance between the free radicals production left in body and antioxidants defences showing which pathway may be 
dominants [40]. And in this regard we need to strengthen to defence mechanisms against free radicals which 
produced daily in body of living system [41].  The plants cover the potential sources of natural antioxidants such as 
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flavonoids, phenolic compounds carotenoids,Vit - A,Vit - C and a series of the other compounds such  as 
Xanthophylls  which may have a protective role for cells in body  against  harmful  and destructive effects resulted 
from  free  radicals [42, 43]. In this regards carrot is considered as one of the richest plant antioxidants and being 
cultured in different regions of Iran as main product [15, 26]. 

 
Fig 2. Comparison of DPPH free radical inhibition by aqueous extract of carrot (AEC) in some regions of Iran against Vit-C 

a-e Mean values with different letters are statistically significant (P<0.001) 
 
Our results concerning the antioxidant index for carrot in different areas was completely differed. Based on the 
results obtained from this study which were shown in Fig 2; the carrot samples taken from Zarinshahr in Isfahan 
province has allocated to itself the highest levels of antioxidants so as its free radical inhibition percent was found to 
be 71.13 ± 3.81 %. Therefore we expect that the carrots taken and consumed from this region have a better efficacy 
and can be candidate for protective tests against cancers in cell lines .Whilst the least amount of this property was 
related to Andimeshk in Khuzestan province (32.13 ± 2.13 %).   
 
Determination of IC50 value for carrots taken from different regions of Iran  
The powers of antioxidant activity for the fifty percent of inhibition of the free radicals by carrots were shown in 
Table 1. As shown in table 1 carrot samples taken from Zarinshahr had  the  lowest  rate of IC50  which was equalled 
to 47.20 ± 10.42  µg/ml  when compared to that of Vit - C which was 39.14 ± 0.35  µg/ml . While the carrots of 
Andimeshk had the highest mean value of IC50 equal to 263.86 ± 39.53 µg/ml. The acceptability level (lower and 
upper limits) of IC50 values for various carrots in Astaneh and Andimeshk regions were ranged from 25.95 to 337.26 
µg/ml, respectively which were shown in Table 1.   
 

Table 1. The capability of free radical scavenging activity (IC 50) in the aqueous extract of carrot resulted from some regions of Iran 
 

Region IC50 (µg/ml) Lower  limit Upper  limit Sample / Vit-C 
IC50 

Andimeshk 263.86 ± 39.53e 219.98 337.26 6.74 
Dezful 154.71 ± 37.98d 125.07 181.74 3.95 
Shoush 233.29 ± 53.55e 197.87 282.81 5.96 
Zarinshahr 47.20 ± 10.42b 41.41 53.65 1.2 
Dastgerd 168.06 ± 39.42d 133.12 204.24 4.29 
Khomeinishahr 209.37 ± 33.48e 174.11 254.75 5.35 
Astaneh 69.83± 13.84c 25.95 187.84 1.78 
Vitamin C 39.14 ± 0.35a 30.65 52.08 - 

a-e Mean values with different letters are statistically significant (P<0.001). 
Vit-C was used as positive control 

 
The power of antioxidants (IC50) which is defined as the concentration at which a component can inhibit 50 % free 
radicals and therefore free radical chain reactions will be ended [44]. In our study the ration of IC50 value of carrot 
samples to  Vit- C value were calculated  for each region as Zarinshahr  (1.20),  Astaneh ( 1.78 ), Dezful ( 3.95 ), 
Dastgerd ( 4.29 ), Khomeinishahr ( 5.35 ), Shoush ( 5.96 ) and Andimeshk ( 6.74 )(Table 1). Based on this data it 
seems that carrots from Zarinshahr which followed by Astaneh are considered the most potent of free radicals 
terminator among Iranian cultivated carrots. Besides, in some scientific researches carried out on antioxidant activity 
of carrot have been shown; there are various phenolic compounds such as hydroxy cinamic acid and its derivatives 
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can significantly affect carrot antioxidant properties[14, 15, 45]. It is obvious that the formation, biosynthesis and 
the amounts of these types of compound in carrots can be structurally differed [46] and accordingly we expect that 
the levels of total phenols in carrots cultivated in Iran can be differed. 
 
 The association between scavenging activity and four predominant meteorological parameters  
The results obtained from these associations have been shown in Table 2. As shown in this table ; the relationship 
between scavenging activity with meteorological  parameters including Temperature ( T ) ; Relative humidity ( RH) 
; Rainfall ( RF)  and Altitude (A) were  respectively as ( R2 of 0.36 , 0.058 , 0.130 and 0.024 ) in the whole of under 
studied regions .  
 

Table 2. *Scavenging activity correlation with meteorological parameters 
 

(  R2) 

The entire of regions of study 
T RH RF A 

0.36 0.058 0.13 0.024 

* Data resulted from mean of 210 carrot samples for seven regions of Iran 
 
Although some meteorological parameters in some studies have shown that they can have effect on caretenoids 
levels [32] we here showed that there is not any significant differences between some pivotal meteorologically 
parameters such as temperature, rainfall, relative humidity and altitude with scavenging activity of free radical of 
DPPH by carrot and we can not consider a significant relationship between antioxidant activity of carrots and 
climatic parameters. Further and complementary studies needed to make known these associations. 
 
The results obtained from correlation between scavenging activity and carotenoids levels in whole regions of 
under study.  
The results of this association were shown in Fig 3. As seen in this figure; there is not any significant correlation 
between carotenoids levels and free radical scavenging in whole regions of under study (R2 of 0.314).  

 
 

Fig 3. Correlation between scavenging activity of DPPH radical and the levels of carotenoids in Carrot samples 
 

Our before studies on carotenoids levels demonstrated the carotenoids levels in some regions of  Iran is not the same 
and there is significant differences in carotenoids levels in carrot taken from Khuzestan  and Isfahan provinces [32]. 
Carotenoids containing compound may have effect on free radical scavenging and its antioxidant level [15, 23]. 
Contrary to this finding our results showed that there is not any relationship between carotenoids levels and 
antioxidant properties in carrots collected from different parts of Iran. It seems that some of the other factors 
including the capacity of total phenolic compounds, and the presence of some valuable compounds like xanthophylls 
may have effects in this difference [46]. 
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CONCLUSION  
 

Our results on antioxidant activity of carrots are consistent with some studies in which shown the major antioxidant 
properties of carrots was mostly associated to phenolic compounds rather than vitamin E , C and β –Carotene levels 
[ 47]. It has also been reported that the inhibitory potential of the free radicals by phenolic compounds such as 
chlorogenic acid is higher than Vitamin E and carotenoids` [46]. However the brightness and the colour of carrot can 
impact the free radical scavenging [13]. With regard to what mentioned above; it can be concluded that the Iranian 
carrots have in vitro the potential for inhibition of free radicals and in this direction some of them especially the 
carrots those were cultivated in central and northern areas of Iran including Zarinshahr and Astaneh are considered 
as highly inhibitor of DPPH free radical when compared to known inhibitor compounds like Vitamin C. In addition 
to this finding this study demonstrated that the antioxidant properties of Iranian carrots are independent of their 
carotenoids levels.  
 
Acknowledgment 
We would like to express our gratitude to research deputy of Imam Khomeini Higher Education Center (IHEC) due 
to all facilities granted us for having done this study.  
 

REFERENCES 
 

[1] GA Peyvast. "Olericulture".5th Edition, Daneshpazir Publications, Tehran, 2010; 255-267. 
[2] PW Simon; RE Freeman; JV Vieira et al. Carrot. Singh RJ eds., CRC Press, New York. 2008, 3, 497–517.  
[3] F Rose. The Wild Flower Key. Frederick Warne Publishers Ltd. London, 2006; p 346. 
[4] PW Simon. Plant Breed Rev., 2000, 19,157–190. 
[5] DB Munro; E Small. Vegetables of Canada. National Research Council Canada, 1997; 417p. 
[6] PW Simon. Hort Science., 1990, 25, 1495–1499. 
[7] J Robertson; WG Brydon; K Tadesse; P Wenham; A Walls; MA Eastwood. Am J Clin Nutr., 1979,  32, 1889–
1892. 
[8] PI Akubor. Nig J Nutr Sci., 2011, 32(1), 15-20. 
[9] S Kun; JM Rezessy-Szabó; QD Nguyen; Á Hoschke. Process Biochem., 2008, 43, 816-821.  
[10] NI Krinsky, EJ Johmson. Molec Asp Medic., 2005, 26, 459–516. 
[11] T Jonas. Journal of Food and Agric., 2010, 321, 440-443. 
[12] CM Hasler; AC Brown. J Am Diet Assoc., 2009, 109,735–746. 
[13] C Alasalvar; M Al-Farsi; PC Quantick; F Shahidi; R Wiktorowicz. Food Chem., 2005, 89, 69-76.  
[14] M Baranska; H Schulz; R Baranski; T Nothnagel; LP Christensen. J. Agric. Food Chem., 2005,  53(17), 6565-
6571. 
[15] I Jasicka-Misiak; PP Wieczorek; P Kafarski. Phytochemistry, 2005, 66, 1485-1491. 
[16] W Zheng; SY Wang. J. Agric. Food Chem., 2001, 49 (11), 5165–5170. 
[17] YZ Cai; M Sun; H Corke. J. Agric. Food Chem., 2003, 51 (8), 2288–2294. 
[18] CS Yang; JM Landau; MT Huang; HL Newmark. Ann.Rev.Nutr., 2001, 21, 381– 406. 
[19] G Cao; E Sofic; RL Prior. J. Agric. Food Chem., 1996, 44, 3426-3431.  
[20] RW Owen; A Giacosa; W E Hull; R Haubner; B Spiegel alder; H Bartsch,. Eur. J. Cancer., 2000, 36 (10), 
1235–1247. 
[21] A Sala; MD Recio; R M Giner; S Manez; H Tournier; G Schinella; JL Rios. J. Pharm. Pharmacol., 2002, 54 
(3), 365–371. 
[22] BM Ames; MK Shigena; TM Hagen. Natl. Acad. Sci. U.S.A., 1993, 90, 7915-7922. 
[23] RJ Hung; ZF Zhang; JY Rao; A Pantuck; VE Reuter; D Heber; Lu QY. J Urol., 2006, 176, 1192-   1197.  
[24] A Podsedek. Lwt-Food Sci. Technol., 2007, 40, 1-11. 
[25] IS Young; JV Woodside. J Clin Pathol., 2001, 54,176–186. 
[26] B Omidi; MR Fazeli; MA Amozegar; P Mortazavi., J. Chem. Phys., 2011, 8(1), 395-402. 
[27] M Daneshi; MR Ehsani; SH Razavi; M Labbafi; M Sheykh. J Nutr Food Sci., 2012, 2(9), 162. 
[28] A Farhang; M Ghodsinia.Classification of the Country Climate. Nivar, 1979; 17-25. 
[29] R Dris; SM Jain. Qual. Hand. Eval., 2004, 3, 253-293. 
[30] S Smoleñ; W Sady. Sci Hortic-Amsterdam., 2009, 120 (3), 315–324. 
[31] SI Hussain; P Hadley; S Pearson. Sci Hortic-Amsterdam., 2008, 117, 26-31. 
[32] A Ebadollahi-Natanzi, N; G Arab-Rahmatipour. Iran J Pharm Res., 2012, 11(2), (Suppl1), p.386. 



Alireza Ebadollahi-Natanzi and Gholamreza Arab-Rahmatipour                          J. Chem. Pharm. Res., 2014, 6(11):268-274 

______________________________________________________________________________ 

274 

[33] A Ebadollahi-Natanzi, N; G Arab-Rahmatipour; M Mohammadpour. Iran J Pharm Res., 2013, 12(2), (Suppl1), 
p.399. 
[34] GJ Handelman. Nutrition, 2001, 17, 818-822. 
[35] G Britton. FASEB J., 1995, 9, 1551-1558. 
[36] ZS Riazi-Rad; G Javan Doloei, Journal of the Earth., 2009, 3 (4), 25-40. 
[37] S Movahedi; B Haideri Naserabadi; SK Hashemi; F Ranjbar. Journal of geographic space. 2012, 2 (40), 64-73.  
[38] H Ahmadi; HA Rouhbakhsh; SM Fallah; N Golzadeh; Y Hassabbeigi; A Azarhoush; S  Darvishi.  
Understanding the province Gilan.3rd Edition, Publishing of textbooks of Iran, Tehran, 2012; 2-4. 
[39] W Brand-Williams; ME Cuvelier; C Berset. Lebensm Wiss Technol., 1995, 28, 25-30. 
[40] M  Ristow; K  Zarse; A  Oberbach; N  Kloting; M  Birringer; M  Kiehntopt; et al. Proc. Natl. Acad. Sci. USA., 
2009, 106(21), 8665-8670.  
[41] M De la Fuente. Eur J Clin Nutr., 2002, 56, Suppl 3, S5-S8. 
[42] N Savithramma; M Linga Rao; G Bhumi. J. Chem. Pharm. Res., 2011, 3(5), 28-34. 
[43] P De Moerloose; R Ruyssen. J. Pharm. Belg., 1959, 14, 95-105. 
[44] OL Erukainure; OV Oke; AJ Ajiboye; OY Okafor. Intern Food Res J., 2011, 4, 1393-1399. 
[45] BN Shyamala; P Jamuna. Mal J Nutr., 2010, 16(3), 397-408. 
[46] D Zhang; Y Hamauzu. Food, Agric & Environ., 2004, 2 (1), 95-100.  
[47] G Cao; E Sofic; RL Prior., Free Radical Bio Med., 1997, 22,749-760. 
 


