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Abstract. Purple carrots (Daucus carota ssp. Sativus var. Atrorubens Alef) have received much attention 

as a natural source of antioxidants, which is confirmed to reduce risk of cancer when consumed 

frequently. In this study, six purple carrot genotypes (DC17, DC28, DC33, DC34, DC36, and DC37) 

collected from Anatolia, produced under two distant and very different ecological conditions. Field trials 

have been planned according to the randomized complete blocks design with three replications. After the 

harvest, antioxidant activity, total phenolic, total flavonoid, anthocyanin, total soluble solid, titratable 

acidity and invert sugar values of stored and non-stored roots were assessed. Anthocyanin, total flavonoid 

and total phenolic content of the six genotypes ranked between 11.3-1,692.4 mg/l. 412.7-3,242.4 mg 

KE/100 g and 491.4-5,772.3 mg GAE/100 g respectively. Antioxidant activity was determined to be 

between 9,848.46-3,274.62 µmol TE 100 g-1, 4,676.9-235.6 µmol TE 100 g-1 according to 1.1-diphenyl-2-

picrylhydrazyl (DPPH) and ferric reducing ability of plasma (FRAP) assays respectively. According to 

the results, the studied parameters of the genotypes were significantly affected. Different ecological 

conditions affected the phytochemical composition of the purple carrot roots. The effect of storage on all 

parameters except total flavonoid content was found significant. 

Keywords: anthocyanin, antioxidant activity, flavonoids, phenolic, titratable acidity 

Introduction 

Carrot (Daucus carota L.) is a biennial, cool-season vegetable, belonging to 

Apiaceae family. In terms of both production areas and market value, it is amongst the 

top-ten most important vegetable crop in the world (Simon et al., 2008). Cultivated 

carrot is divided into two main varieties; the western carrot with orange, yellow or white 

roots and the oriental carrot with black, purple, red or rarely yellowish roots 

(Esatbeyoglu et al., 2016). 

Production of orange carrot has increased initially in large areas and this led to the 

gradual disappearance of the other colored varieties, today a new trend is being noticed 

which is named conservation of biodiversity. In addition to this, improved 

understanding of the importance of healthy nutrition in human dietary and preventive 

medicine increased the consumption of vitamin-rich vegetables such as carrot. 

Obviously, different colors are caused by different chemical compositions namely 

anthocyanin in purple or black ones (Arscott and Tanumihardjo, 2010). Nowadays, 

consumption of black or purple carrots is increasing steadily due to their definition as an 

important source of natural antioxidants (Sharma et al., 2012). Purple or black carrot is 

useful source of minerals and vitamins and it contains high amount of anthocyanin, 

which is known as natural dye used in the food industry. Because of their healthful 
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properties, the development of food colorants from the natural sources has increased 

interest as alternatives to synthetic dyes (Smeriglio et al., 2018). 

Additionally, purple carrot roots have 9 times more phenolic than roots of other 

colored carrots also they have high antiradical activity which is caused from high 

anthocyanin content (Leja et al., 2013). As well as the availability of common 

antioxidants such as vitamins C and E, purple carrots have much more interest with 

their phenolic (Alasalvar et al., 2001; Kırca et al., 2006; Singh et al., 2011), which 

contributed to the antioxidant capacity positively (Algarra et al., 2014). In particular, 

purple carrots have higher antioxidant capacity in comparison with other colors (Sun et 

al., 2009). Nicolle et al. (2004) tried to understand the influences of genetic variability 

on carotenoid, vitamin, phenolic and mineral content of the different carrot roots to 

assist the breeding programs. Purple carrots are often consumed processed (Alasalvar et 

al., 2001). Limited fresh consumption of them has been maintained in Turkey for years. 

Mostly it has been used to produce of local drink called ‘salgam’. In recent years, 

production has been increasing dramatically due to the use for anthocyanin extraction 

by the pigment industry; more than 90% of the purple carrots produced in Turkey are 

being used by this industry (Ipek et al., 2016). 

Because of favorable climate and soil conditions, purple carrot production is mostly 

spread in Turkey’s Konya province. It is considered that quality of the purple carrot 

roots harvested from this area higher than the other production areas. This makes 

Konya’s purple carrot locally called “Black Carrot” to be well known by the world and 

makes it an important export product. In this study, the effects of different ecologies on 

root quality were compared. It is thought that at the end of the project, obtained results 

could be contributed to spread the production out of the certain growth areas thus; 

production of purple carrot, also consumption of the vegetable with obvious benefits 

could be increased. Purple carrot roots, generally consumed by processing, before 

fabricated they may have to be stored for several months. During the storage, some 

visible deteriorations occur in the carrot roots and the effects of storage on root quality 

are not clear. With this study the effects of storage on the quality of the purple carrot 

roots was determined. Briefly, this study aims to compare the effects of different 

ecological conditions and long-term cooled storage on the quality characteristics of six 

local purple carrot genotypes. In this research “quality characteristics” means, 

determination of antioxidant activity (AA), contents of anthocyanin (AC), total phenolic 

(TP), total flavonoids (TF), titratable acidity (TA), total soluble solids (TSS), invert 

sugar (IS) values of the purple carrot root samples. 

Materials and methods 

Plant material 

In the current study, six black carrot genotypes (DC17, DC28, DC33, DC34, DC36, 

and DC37) collected from the general production areas of Konya province were used as 

a plant material. These genotypes have been maintained in a limited area (nearly 20 

000 da in Eregli and Karapınar regions) by local farmers who act as a seed saver for 

many years. Before this study, root samples were collected by visits to the local carrot 

growing fields in Kuzukuyu, Pınarozu, Akoren villages and Basin plateau in Ereğli 

District within another project. Collected roots brought to the institutes which are 

located in Yalova (40° 39´N, 29° 17´E) and Konya (Karapinar region; 37° 42’ N, 33° 

33’ E) for planting and selfing. Selfed purple carrot seeds were planted separately when 
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the season was appropriate. After a successful vegetation period harvested root samples 

were divided in two parts and non-stored roots were directly taken to the laboratory. 

The other part was stored for two months in the cold storage, temperature ranged from 2 

to 3 °C and relative humidity (RH) was 85 to 90%. Followed to the storing stage, these 

samples were taken to the laboratory likewise. Extraction and the laboratory analyzes 

were done three times at the Ataturk Central Horticultural Research Institute, Yalova. 

 

Field trials 

Field trials planned according to the randomized complete blocks design with three 

replications. Each trial areas’ soil conditions are listed in Table 1. Because of the 

climatic conditions (Table 2) seed sowing was done on May 15 in Konya and on August 

15 in Yalova, harvest was started November 15 in Konya and February 15 in Yalova 

between the years of 2016-2017. 

 
Table 1. Pedological properties of the tested soils 

Location 
WHC 

(%) 
pH 

OM 

(%) 

CaCO3 

(%) 

P2O5 

mg kg-1 

K2O 

(me100g-1) 

EC 

(mmhos cm-1) 
Class 

Konya 37.40 8.39 0.99 56.11 9.64 103.33 220 Loamy 

Yalova 68.00 7.68 2.09 0.60 5.70 0.53 191 Clay loam 

WHC: water holding capacity, OM: organic matter 

 

 
Table 2. Weather conditions of Yalova and Konya province during 2016 (Anonymous, 2018) 

Months 

Temperature (°C) Average humidity 

(%) 

Total rainfall 

(mm) Minimum Maximum Average 

Yalova Konya Yalova Konya Yalova Konya Yalova Konya Yalova Konya 

Jan. 4.5 -4.6 10.2 5.5 6.9 0.0 73.5 75.4 136.4 40.8 

Feb. 8.1 -0.2 14.8 13.8 11.0 6.5 76.3 65.1 74.4 7.2 

Mar. 7.6 0.2 15.0 15.5 10.9 7.7 73.2 54.7 91.9 34.4 

Apr. 11.2 4.9 21.3 22.9 15.7 14.2 69.1 42.1 32.2 4.8 

May 14.0 8.8 29.0 23.8 18.1 16.0 73.4 55.6 56.1 44.4 

June 18.3 13.8 22.9 29.4 23.4 21.8 69.3 44.7 29.4 33.8 

July 19.9 14.8 30.8 31.8 25.0 24.0 70.3 36.7 4.6 0.0 

Aug. 25.6 15.5 30.3 32.9 25.4 24.4 76.2 38.5 52.9 20.2 

Sept. 16.8 8.9 26.3 25.8 21.1 17.5 73.4 48.3 39.6 24.4 

Oct. 12.5 4.4 20.0 22.1 15.9 13.1 78.9 48.5 34.1 0.6 

Nov. 8.8 -3.3 15.8 14.3 11.9 5.0 75.3 57.4 97.7 10.2 

Dec. 2.8 -8.1 7.6 2.3 4.9 -2.3 80.7 82.6 153.4 97.8 

 

 

Physicochemical analysis 

After sowing, cultural practices have been done properly throughout the season in 

two trial areas. Following the harvest, AA, TP, TF, AC, TSS, TA, and IS values of 

stored and non-stored roots were investigated in 2017. The amount of TF in extracts 

was determined spectrophotometrically according to the Folin-Ciocalteu method 

(Thaipong et al., 2006). Total flavonoid content of extracts was measured according to 
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the modified method of Zhisnen et al. (1999). Anthocyanin quantitation was performed 

by the pH differential method (Moyer et al., 2002). Antioxidant activity was determined 

by two methods which were 1,1-diphenyl-2-picrylhydrazyl (DPPH) (Thaipong et al., 

2006) and ferric reducing ability of plasma (FRAP) (Benzie and Strain, 1996) because 

of no single method represents AA well. TSS values, were determined by the Abbe 

refractometer, TA and IS values determined according to Cemeroglu (2007). 

 

Statistical analysis 

Study was completed between the years of 2015-2017. Field trials planned according 

to the randomized complete blocks design with three replications and laboratory tests 

were done 3 times. All data were analysed using analysis of variance (ANOVA). 

Analysis of variance was employed to compare the means of genotypes, location, 

storage and their interactions. The significance of differences between results was 

determined by DUNCAN multiple comparison technique. The statistical significance is 

indicated within the Table 3 (p < 1%). 

Results and discussion 

Trial areas’ soil conditions are listed in Table 1. According to the analyzes, Konya’s 

soil is loamy and poor in organic matter, Yalova’s soil is clay-loam and richer in 

organic matter compared to the Konya. According to Table 2, climatic conditions of the 

trial sites are quite different from each other, such as while Yalova was temperate and 

rainy Konya was arid and hot throughout the growing period. Because of this, different 

periods of the year were selected for root production. After the harvest it was observed 

that, the differences between the areas weather and soil conditions affect the roots 

visible quality, which means harvested roots from Konya looked smoother and 

marketable compared to the Yalova’s mostly shapeless and rough roots. It is thought 

that, Yalova’s different day and night temperature regimes and high air and soil 

humidity could lead to, undesired lateral root branching and woody root growth. In 

addition to this it was understood from the researchers’ previous studies that, production 

of purple carrot during spring and summer time cause the undesired early flowering in 

Yalova conditions. Therefore, cultivation was started in late August for Yalova. 

Seljasen et al. (2013) reported that quality characteristics of carrots are very sensitive to 

the influences of biotic and abiotic stresses. 

The results of variance analyses for the investigated characters were showed in 

Table 3. All characters were significant for the interaction of three factors (genotype, 

location and storage) except TF content and TA values (P < 0.01). The content of TF 

and TA were significant for interaction of genotype × storage, and genotype × location 

(Table 3). 

According to variance analysis, there was not individual effect of each factor on the 

content of IS, so all the results about IS, TSS, AC, TP, FRAP and DPPH were 

compared to each other (totally 24 values) and all the results were summarized in 

Table 4. The lowest IS content measured in genotype-DC28 harvested from Yalova 

(YL) location, and in non-storage (NS) treatment (3.00 g 100 ml-1), while the highest 

value obtained from genotype-DC33 harvested from same location and storage (S) 

treatment (69.25 g 100 ml-1). In a study conducted by Ersus and Yurdagel (2007) IS 

determined as 3.80 g 100 g-1 that was very similar to our non-stored genotype-DC28 

harvested from Yalova. 
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Table 3. The results of variance analysis 

 C. 

Total 
Error 

F values 

Genotype Location Storage 
Genotype 

× location 

Genotype × 

storage 

Location 

× storage 

Genotype × 

location × 

storage 

DF 71 48 5 1 1 5 5 1 5 

DPPH   610.19* 30.41* 10.64* 147.54* 42.94* 1.28ns 29.8* 

FRAP   130.25* 66.46* 1.48ns 74.54* 199.22* 21.89* 60.98* 

TP   1,087.28* 0.01ns 7.91* 24.33* 21.21* 2.12ns 16.71* 

TF   178.89* 1.67ns 0.88ns 2.46* 6.72* 0.03ns 2.27ns 

AC   461.11* 60.04* 5.06* 17.85* 5.02* 2.49ns 9.59* 

TSS   2,117.25* 7,007.11* 6.53* 892.96* 762.54* 549.16* 339.22* 

TA   152.04* 344.10* 660.01* 14.03* 161.18* 0.05ns 0.05ns 

IS   439.11* 196.16* 1,946.74* 130.32* 105.77* 4.51* 27.26* 

*Significant (p < 0.01), ns: non significant F: freedom, DF: degree of freedom, C. Total: corrected total, Dpph: 1,1-

diphenyl-2-picrylhydrazyl, frap: ferric reducing ability of plasma, TP: total phenol, TF: total flavonoid, AC: 

antocyanin, TSS: total soluble solids, TA: titratable acidity, IS: invert sugar 

 

 
Table 4. The effects of storage and location on some parameters of purple carrot genotypes 

Tre. Location Genotype IS TSS AC TP FRAP DPPH 

Stored 

K
o

n
y

a 

DC17 30.97 h 11.60 b 420.81 e 2,521.90 c 1,380.05 e 4,816.92 gh 

DC28 27.30 ij 9.20 f 27.97 g 2,015.24 de 984.93 h 7,951.79 c 

DC33 61.68 b 11.73 b 40.91 g 491.42 i 284.94 n 6,044.10 f 

DC34 57.72 c 7.03 j 31.73 g 1,479.04 g 667.14 k 4,415.64 hı 

DC36 43.07 f 10.13 d 1,306.69 b 5,300.95 b 3,756.25 d 9,818.46 a 

DC37 64.93 b 6.83 k 26.30 g 562.85 i 412.74 m 6,510.77 de 

Y
al

o
v

a 

DC17 51.03 d 10.23 d 251.00 f 2,263.56 cd 1,213.90 f 4,839.45 gh 

DC28 24.87 j 6.35 l 17.13 g 1,501.74 g 820.37 ij 6,020.80 f 

DC33 69.25 a* 7.93 h 60.99 g 538.86 i 260.56 n 4,659.62 gh 

DC34 63.37 b 7.48 i 26.50 g 1,673.31 fg 747.26 j 6,006.39 f 

DC36 57.84 c 9.64 e 1,004.87 c 5,394.27 b 4,217.13 c 9,781.66 a 

DC37 55.95 c 5.13 m 32.44 g 636.55 i 452.32 lm 6,600.44 de 

Non-

stored K
o

n
y

a 

DC17 11.61 m 7.90 h 140.97 fg 600.95 i 414.42 m 6,180.00 ef 

DC28 4.94 n 10.53 c 20.43 g 2,291.43 cd 1,109.13 g 8,597.95 b 

DC33 19.73 k 10.20 d 11.34 g 621.90 i 310.57 n 3,404.10 k 

DC34 26.89 ij 8.93 g 27.97 g 993.33 h 512.50 l 3,973.33 j 

DC36 42.51 f 12.36 a 1,692.43 a 5,772.38 a 4,519.47 b 9,733.84 a 

DC37 37.43 g 10.53 c 37.85 g 948.57 h 237.26 n 6,867.18 d 

 

Y
al

o
v

a 

DC17 42.37 f 8.80 g 575.28 d 2,005.24 de 1,047.75 gh 4,861.79 g 

DC28 3.00 n 5.10 m 55.11 g 988.57 h 656.73 k 4,090.00 ıj 

DC33 29.32 hi 6.76 k 12.76 g 586.19 i 235.65 n 3,274.62 k 

DC34 55.15 c 7.96 h 35.48 g 1,867.62 ef 827.08 i 7,592.82 c 

DC36 47.30 e 10.43 c 1,123.00 c 5,486.67 ab 4,676.92 a 9,744.10 a 

DC37 15.69 l 4.56 n 28.81 g 710.47 hi 492.07 l 6,690.26 d 

*Means within a column that have a different small letter are significantly different from each other 

(P < 0.01). Lettering was made according to results of variance analyses. Abbrevations as in Table 3 
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According to Table 4, AC content of the six purple carrot genotypes ranked between 

1,692.43 - 11.34 mg l-1, obtained from non-stored roots of genotype DC36 and genotype 

DC33 respectively, grown in Konya location. With respect to the results, AC content of 

genotype DC36 found higher than the other genotypes in all locations whether stored or 

not. Leja et al. (2013) compared the contents of carrots in different colours and reported 

that purple or black carrots contain more AC than the other coloured varieties. 

In a study conducted in Spain, researchers found that two commercial varieties 

(Antonina, Purple haze) have AC 93-126 mg/100 g in fresh weight respectively 

(Algarra et al., 2014). In another study, researchers stated that analyses of TP and AC 

showed significant genotype × environment interactions also in blueberry cultivars 

(Connor et al., 2002). Recently, newly developed carrot varieties with an extremely 

high content of anthocyanin (nearly 1,750.00 mg/kg in fresh weight) is cultivated in the 

fields (Mazza and Miniati, 1993). 

The difference between the TP contents of genotypes was found statistically 

significant (p < 0.01). The fresh roots of genotype DC36 cultivated in Konya and 

Yalova received the highest value (5.772,38 - 5.486,67 mg GAE 100 g-1). In this study, 

the lowest TP values obtained from stored roots of genotype DC33 harvested from 

Yalova and Konya (538.86- 491.42 mg GAE 100 g-1). When the results considered 

location and location × storage interactions were non-significant on TP content. Kramer 

et al. (2012) reported that total phenolic content varied in a wide range among different 

coloured carrot roots but purple cultivars significantly exceeded other coloured roots 

and also influence of growing location was found to be weak in that study. In a trial, 35 

carrot accessions, 15 of them orange, 8 yellow, 5 white, 5 red and 2 purple roots were 

investigated and purple and red ones were determined as rich in phenols (19.8 to 

342.2 mg 100 g−1 in fresh weight). Also researchers stated that, carrots developing 

purple roots possessed on average 9 times more phenolic than roots of other colours 

(Leja et al., 2013). Obtained results showed that used genotypes of the current study, 

have higher TP content than the previous results. In addition to this, in a research on 

Guava fruit, TP contents of four genotypes were found 170-344 mg 100 g−1 in fresh 

weight (Thaipong et al., 2006). It can be understood that studied carrot roots have much 

TP content even from the guava genotypes. 

It is evident from the Table 4 that used genotypes were significantly influenced all of 

the studied parameters. So the genotypes were grown in Konya or Yalova even if they 

stored or not, when the studied parameters considered, the differences between the used 

purple carrot genotypes found significant. Like these findings, Nicolle et al. (2004) and 

Kramer et al. (2012) found significant differences on mineral compound and total 

phenolic content of the different carrot cultivars used in their study even if they were in 

same color. 

With the current experiment, functional properties of the selected six genotypes were 

identified, so it is possible to choose the appropriate genotype before start the any study. 

Such as, it was clear from the experiment, genotype DC36 was found superior to the 

other genotypes in all applications for all parameters except IS. On the other hand, when 

the results of genotype DC33 considered, according to AC, TF, TP content and AA 

values, it was ranked last on the list but its TSS and IS values ranked top compared to 

the other genotypes. 

In the present work used two (Konya, Yalova) locations did not find significant in 

terms of the total phenolic and flavonoid content of the purple carrot roots (Table 5). 

However, the other examined parameters like those of AC, AA, TSS and TA were 
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affected from the different environmental conditions. When the TSS values were 

examined, it was determined that the effect of the location was significant and the 

genotypes DC36, DC33, DC17, DC28 and DC37 from the carrots grown in Konya were 

higher TSS values than the ones in Yalova. It has been found that genotype DC34 

received 8.9 TSS from the fresh roots of Konya and the other DC34 numbered 

applications were below this value. It is possible to have different TSS contents because 

of the effects of different climate conditions (Ersus and Yurdagel, 2007). In a study 

researchers deal with the detect of the AC profile and AA features of two different black 

carrots cultivars. While material collecting, researchers took into account growing 

region and they picked roots from the same location of Southern Spain. As could be 

understood that, the field conditions could be affect the characteristic of the roots 

(Algarra, 2014). 

The contents of TF was significant for interaction of genotype × storage, and 

genotype × location (Table 5). According to this study, although the genotypes differ in 

their TF content, chill storage for two months did not affect the TF content of carrot 

roots (Table 5). Moreover, chill storage did not affect the AA according to FRAP values 

but with respect to DPPH results, storage effect was found statistically important on 

AA. Alasalvar et al. (2005) studied chill storage effects on AA, AC and TP contents. 

While total AA remained comparatively constant in orange ones, there was significant 

decrease was observed in purples. In addition, the content of AC in purples decreased 

slightly but TP increased at a much higher rate during storage than orange carrots. In 

our research the effect of chill storage for two months found statistically important 

when the other applications considered. Klaiber et al. (2005) reported that the content of 

TP increased throughout the storage of carrots under aerobic conditions. 

 
Table 5. The effects of location and storage on flavonoid and titratable acid contents of 

purple carrot genotypes 

Location Genotype TF TA Storage Genotype TF TA 

Konya 

DC17 1,208.46 b 0.14 e 

Stored 

DC17 1,505.18 c 0.20 cd 

DC28 1,232.38 b 0.14 e DC28 1,046.33 d 0.21 c 

DC33 417.58 f 0.14 e DC33 476.20 gh 0.18 de 

DC34 628.16 def 0.27 b DC34 777.72 def 0.43 a 

DC36 3,101.31 a* 0.26 b DC36 2,832.26 b 0.36 b 

DC37 600.64 def 0.14 e DC37 489.36 gh 0.17 ef 

Yalova 

DC17 1,088.80 bc 0.22 c 

Non-stored 

DC17 792.08 def 0.16 gh 

DC28 803.44 cde 0.26 b DC28 989.49 de 0.19 de 

DC33 471.42 f 0.20 cd DC33 412.79 h 0.16 gh 

DC34 878.22 cd 0.31 a DC34 728.67 efg 0.14 h 

DC36 2,973.45 a 0.30 a DC36 3,242.49 a 0.20 cd 

DC37 520.46 ef 0.19 d DC37 631.75 fgh 0.15 fg 

*Means within a column that have a different small letter are significantly different from each other 

(P < 0.01). Lettering was made according to results of variance analyses 

Conclusion 

Because of its nutritional features, purple carrot is a valuable product and it is 

exported to the many countries around the world from Turkey. With this study, the 
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effects of different environmental conditions and storage on the characteristics of the 

purple carrot roots were determined. The studies were carried out under natural 

environmental conditions. It has been understood that the used purple carrot genotypes 

could be grown outside the current cultivation area. However, with the effect of 

ecological conditions, the differences in both quality characteristics and external 

appearance of the roots have been detected. It was observed that the roots harvested 

from Yalova unsuitable for the fresh market. Moreover, the effect of storage on all 

applications except total flavonoid content was found significant. These results should 

be taken into consideration by the producers, plant breeders and processing industry 

members. In future studies, detailed physiological analysis under fully controlled 

conditions (such as growth chamber) can be great benefit to plant breeders and food 

scientists. Furthermore, associations between dietary patterns and gene expression 

profiles of healthy men and women and additionally investigating the relationship 

between nutritional values and gene expression profiles of genotypes can be great 

benefit to plant breeders. With the further studies, the production and consumption of 

purple carrot, a beneficial, highly nutritional and inexpensive food, can be expanded. 
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