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INTRODUCTION 

 Spinach (Spinacia oleracea L.) belongs to the 

Amaranthaceous family with relatively short growing 

season. It is native to South-West Asia and cultivated 

through the world as vegetables (Rao et al., 2015), it is an 

important dietary vegetable and a common raw material in 

the food processing industry.  

 Spinach is not a popular plants in Europe, despite its high 

content of health-promoting substances. It is the most 

important leafy vegetable commonly consumed fresh or as 

canned or frozen products (Koh et al., 2012). It is widely 

known for their nutraceutical value, but there is relatively 

little information about its polyphenols content. 

Polyphenols are divided into two main groups, flavonoids 

and phenolic acid (Tapiero et al., 2002). Phenolic acids 

and their derivatives exhibit effects of primary 

antioxidants. Their activity depends on the number of 

hydroxyl groups in the molecule (Musilová et al., 2013). 

It is known that phenolic compounds are involved in 

maintenance of redox status of cell and its response to 

cold, UV radiation and the effect of pathogenes 

(Lukaszewicz et al., 2004). Spinach is rich source of 

polyphenols often associated with beneficial health effects. 

Their content depends on various factors, such as cultivar 

or cultivation conditions. These compounds possess an 

aromatic ring bearing one or more hydroxyl groups and 

their structures may range from that of a simple phenolic 

molecule to that of a complex high-molecular weight 

polymer (Balasundram et al., 2005). Spinach is a good 

source of carotenoids, flavonoids, vitamin C, vitamin A, 

vitamin B-6, vitamin K, and minerals such as magnesium, 

calcium, manganese, potassium (Bacchetti et al., 2015; 

Rao et al., 2015) and a lot of water. The major carotenoids 

identified in spinach were lutien, ß-carotene, violaxanthin 

and neoxanthin (Bunea et al., 2008). In green vegetables 

such as spinach only the green chlorophylls are seen by the 

consumer because they mask the bright colours of 

carotenoids (Altemimi et al., 2015). It also contains very 

good amount of polyphenols. Polyphenols (flavonols and 

flavones) present in spinach are important components, 

and their consumption is associated with reduced 

incidence of civilization diseases (Ergene et al., 2006; 

Musilová et al., 2013; Altemimi et al., 2015; Kavalcová 

et al., 2015; Rao et al., 2015). Epidemiological studies 

suggest that long term consumption of diets rich in plant 

polyphenols offer protection against development of 

cancers, osteoporosos, cardiovascular diseases, 

neurodegenerative diseases and diabetes (Pandey and 

Rizvi, 2009). The major three flavonols (quercetin, 

myricetin, kempferol) and flavones (luteolin, apigenin) 
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ABSTRACT 

Spinach (Spinacia oleracea L.) is an important source of bioactive compounds. It is commonly consumed fresh or frozen 

products. Spinach is rich sources of polyphenols, it is a good source of vitamin C and has potential beneficial properties for 

human health. This study provides some knowledge about content of total polyphenols, and antioxidant activity in selected 

varieties of fresh and frozen spinach samples. Four spinach cultivars ('Boa', 'Hudson', 'Chica', 'Trombone') were analysed. 

The content of the total polyphenols (TPC) was determined by the Folin-Ciocalteu reagent (FCR). Antioxidant activity 

(AA) was measured using a compound DPPH (2,2-diphenyl-1-picrylhydrazyl). The content of total polyhenols in fresh 

samples of spinach ranged from 975 ±97.15 mg.kg-1 to 1493 ±50.42 mg.kg-1 and values of antioxidant activity were in 

interval from 77.55 ±0.34% to 82.57 ±0.83%. The highest level of TP content in fresh spinach was recorded in variety 

'Hudson' (1493 mg.kg-1) and the lowest in variety 'Chica' (975 mg.kg-1). Between these varieties statistically significant 

difference in the content of total polyphenols was found. The highest value of antioxidant activity in fresh spinach was 

recorded in variety 'Trombone' (82.57%) and the lowest in variety 'Boa' (78.59%). This difference was also statistically 

significant. The highest level of TP content in frozen spinach samples was found in variety 'Hudson' (1749 mg.kg-1) and the 

lowest in variety 'Chica' (855 mg.kg-1). The values of antioxidant activity in frozen spinach samples were in range from 

45.86 ±7.84% to 79.67 ±0.88%. The highest value of antioxidant activity in frozen spinach was found in variety 'Hudson' 

(79.67%) and the lowest in variety 'Chica' (45.86%).  

 

Keywords: spinach; total polyphenols; antioxidant activity; freezing 



Potravinarstvo
®
 Scientific Journal for Food Industry 

 

Volume 9 469  No. 1/2015 

were investigated in the fresh spinach leaves 

(Dehkharghanian et al., 2010). Spinach is ranged 

between the crops with high antioxidant potential. Fresh 

spinach leaves contain 1 g.kg-1 of total flavonoids and 

other phenolic constituents that act as antioxidants due to 

the free radical scavenging properties of their hydroxyl 

groups (Lomintski et al., 2003). Spinach it also good 

source of p-coumaric acid contribute significantly to its 

antioxidant activity (Edenharder et al., 2001). Molecular 

structure of phenolic substances contributes to the 

antioxidant activity, but not all polyphenolic compounds 

are characterized as antioxidants. Antioxidants are 

important components, which protect against free radicals. 

 Raw vegetables are subjected to some form of 

preservation in order to make them available for later 

consumption. Freezing is considered an effective 

technique for preserving of total polyphenol content, 

ascorbic acid and antioxidant activity in all vegetables.  

 Freezing of fruits and vegetables is generally regarded as 

superior to other food preservation techniques such as 

canning and dehydration, with respect to retention in 

sensory attributes and nutritive properties. Freezing is 

often employed to maintain fresh-like characteristics with 

minimal loss of nutrients such as vitamins and antioxidant 

contents (Prochaska et al., 2000). 

 The aim of this study was to evaluate the content of total 

polyphenols and antioxidant activity of chosen varieties of 

fresh and frozen spinach. 

 

MATERIAL AND METHODOLOGY 

Characteristic of varieties 

 ̓Boa ̓ is excellent as early spring and also late autumn 

cultivation. It has a large dark green leaves, suitable for 

industrial processing but also for fresh market. ̓Hudson ̓ is 

early variety of spinach. The variety has characteristic 

smooth leaves. ̓Hudson  ̓ variety tends to run out into 

flower. ̓Chica ̓ is a slow-growing variety. The variety has 

a bright green smooth leaves. ̓Trombone  ̓ is characterized 

by smooth leaves, very profitable for industrial processing.  

 

Chemical and instruments  

 Total polyphenol content (TPC) and antioxidant activity 

(AA) were analysed by colorimetric methods (Shimadzu 

UV/VIS-1240 spectrophoto-meter; Shimadzu, Kyoto, 

Japan).  

The chemicals used for all analyses were as follows: Folin-

Ciocalteu reagent, monohydrate of gallic acid, p.a., 

anhydrous sodium carbonate, p.a., ethanol, p.a., methanol, 

p.a., 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, p.a., 

Trolox (97%). 

 

Plant samples  

 Four spinach cultivars ('Boa', 'Hudson', 'Chica', 

'Trombone') were obtained from a local producer in area 

Vinica, Slovak Republic. All cultivars were cultivated 

conventionally under he same condition. Altitude of this 

area is in the range from 164 to 400 meter above the sea 

level. Climatic conditions: this area belongs to the warm 

climatic area, regional middle dry. The annual mean 

temperature is 9.1 C, during growing season is 15 C. 

Annual mean rainfalls is 640 mm. 

 Samples of selected varieties of spinach were washed 

with distilled water several times, gently dried and part 

immediately stored in plastic bags at -18 C. Samples of 

spinach were homogenized (50 g) in 100 mL 80% ethanol 

12 h at 250 rpm. Extracts were then filtered through filter 

paper (130 g.m-2; Filtrak Brandt GmbH, Thermalbad 

Wiesenbad, Germany) and kept at 8 C for further 

analysis. The experiment was based on four replications. 

 

Total polyphenol content (TPC) determination 

 Total polyphenol content was determined by the method 

of Lachman et al., (2003) and expressed as mg of gallic 

acid equivalent per kg fresh mater. Gallic acid is usually 

used as a standard unit for phenolic content because a wide 

spectrum of phenolic compounds. The Folin-Ciocalteau 

phenol reagent was added to a volumetric flask containing 

100 mL of extracts. The content was mixed and 5 mL of 

a sodium carbonate solution (20%) was added after 3 min. 

The volume was adjusted to 50 mL by adding of distilled 

water. After 2 hours, the samples were centrifuged for 10 

min. and the absorbance was measured at 765 nm of wave 

length against blank. The concentration of polyphenols 

was calculated from a standard curve plotted with known 

concentration of gallic acid. 

 

Antioxidant activity (AA) determination  

 Antioxidant activity was measured by the Brand-

Williams et al., (1995) method-using a compound DPPH˙ 

(2,2-diphenyl-1-picrylhydrazyl). 2,2-diphenyl-1-picrylhyd-

razyl (DPPH) was pipetted to cuvette (3.9 mL) then the 

value of absorbance which corresponded to the initial 

concentration of DPPH˙ solution in time Ao was written. 

Then 0.1 mL of the followed solution was added and then 

the dependence A = f (t) was immediately started to 

measure. The absorbance of 1, 5 and 10 minutes at 515.6 

nm in the spectrophotometer Shimadzu UV/VIS – 1240 

was mixed and measured. The percentage of inhibition 

reflects how antioxidant compound are able to remove 

DPPH˙ radical at the given time.  

 

Table 1 Total polyphenol content (TPC) in mg GAE.kg-1 and antioxidant activity (AA) in % inhibition. 

Variety Spinach (fresh) Spinach (frozen) 

TPC AA TPC AA 

Chica 975 ±97.15a 82.30 ±0.66a 855 ±41.66a 45.86 ±7.84a 

Trombone 1459 ±51.22b 82.57 ±0.83a 1523 ±82.66b 50.97 ±3.78a 

Hudson 1493 ±50.42b 82.02 ±1.16a 1749 ±95.16b
 79.67 ±0,88b 

Boa 1481 ±20.28b 78.59 ±1.68b 1533 ±98.72c 79.34 ±1.43b 

a-c values with different letters mean significant differences (p 0.05) among selected varieties, values TPC and AA are expressed as arithmetic mean  
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Formula: Inhibition (%) = (Ao - At / Ao) x 100 

 

Statistical analysis 

 Results were statistically evaluated by the Analysis of 

Variance (ANOVA – Multiple Range Tests, Method: 95.0 

percent LSD) using statistical software STATGRAPHICS 

(Centurion XVI.I, USA). 

 

RESULTS AND DISCUSSION 

 Spinach (Spinacia oleracea L.) contains a range of 

phytochemicals such as polyphenols (flavonols, flavones), 

vitamins and minerals, which significantly contribute to 

their antioxidant activity. Freezing of spinach influenced 

the content of total polyphenols and antioxidant activity in 

spinach, however freezing helps to preserve fruit and 

vegetables through the slowing of senescence. Both 

studied parameters – the content of total polyphenols and 

antioxidant activity in selected varieties of fresh and frozen 

spinach are described in Table 1.  

 The content of total polyphenols in fresh spinach samples 

ranged from 975 ±97.15 mg.kg-1 to 1493 ±50.42 mg.kg-1. 

The highest level of total polyphenol content was found in 

variety of Hudson and statistically significant lowest 

content of total polyphenols was recorded in variety of 

Chica. Based on the measured values of total polyphenols 

content varieties of spinach can be classified as follows: 

'Hudson' (1493 mg.kg-1) >'Boa' (1481 mg.kg-1) 

>'Trombone' (1459 mg.kg-1) >'Chica' (975 mg.kg-1). 

Bunea et al., (2008) determined total polyphenol content 

in fresh spinach to be 2088 mg GAE.kg-1. Turkmen et al., 

(2005) determined a lower content of polyphenols in fresh 

spinach, in comparison with our results. Their value was 

589 mg GAE.kg-1. Yosefi et al., (2010) referred that total 

polyphenol content in fresh spinach was in interval from 

3.19 to 11.03 mg GAE.g-1. Ko et al., (2014) determined 

total polyphenol content in fresh spinach to be 500 mg 

GAE.kg-1. According Musilová et al., (2013) cultivar is 

one of the most important internal factors affecting 

polyphenol concentration in the plants.  

  

 

 
    

   Figure 1 Relationship between TPC and AA in fresh spinach in cv. 'Chica'. 

 

                           
 

Figure 2 Relationship between TPC and AA in fresh spinach in cv. 'Trombone'. 
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 Another indicator that has been evaluated and compared 

was the value of antioxidant activity in varieties of 

spinach. The values of antioxidant activity in fresh spinach 

samples were similar and ranged from 78.59 ±1.68% to 

82.57 ±0.83%. Based on the measured values of 

antioxidant activity in fresh spinach samples cultivars can 

be classified as follows: 'Trombone' >'Chica' >'Hudson' 

>'Boa'. Turkmen et al., (2005) found the value of 

antioxidant activity in spinach in range from 67 to 85%. 

Statistically significant lowest level of antioxidant activity 

was recorded in variety 'Boa' (78.59%), on the other hand 

there was measured the highest level of total polyphenol 

content. These gained results indicate a fact that phenolic 

compounds may not be necessarily able to reflect 

antioxidant activity. Mainly structure of present phenolic 

substances is very important for antioxidant properties. 

Zhu et al., (2001) reported that the phenolic compounds 

with hydroxy groups in the position ortho (1, 2), have a 

stronger antioxidant properties than phenolic compounds 

which have a hydroxy groups at other position. Wojdylo et 

al., (2007) also referred that the differences in the structure 

and substitution influenced the phenoxyl radical stability 

and thereby the antioxidant properties of the phenolic 

compounds.  

 In the present work the content of total polyphenols and 

antioxidant activity in frozen spinach samples after 3 

months of freezing was detected. In the frozen spinach 

samples (except a variety 'Chica') slight increase of total 

polyphenol content was recorded. The highest level of 

total polyphenol content in frozen spinach samples was 

found in variety 'Hudson' (1749 mg.kg-1) and the lowest in 

variety 'Chica' (855 mg.kg-1). The greatest increase of total 

polyphenol content after 3 months of freezing was found 

in variety 'Hudson' (17.15%). The total polyphenol content 

is changed among other things by processing methods 

(Hegedűsová et al., 2015). Ganbaatar et al., (2015) also 

reported a decline of some polyphenols after boiling or 

after the fermentation. Some researchers  reported an 

increase of total polyphenol content after freezing the 

spinach (Ligor et al., 2013; Song et al., 2013), whilst 

others observed a decrease (Bajčan et al., 2013). The 

antioxidant activity of vegetables is often associated with a 

 
 

Figure 3 Relationship between TPC and AA in frozen spinach in cv. 'Hudson'. 

 

 
 

Figure 4 Relationship between TPC and AA in frozen spinach in cv. 'Boa'. 

y = 0,0055x + 70,129 

R² = 0,8942 

78

79

80

81

82

83

1600 1650 1700 1750 1800 1850 1900 1950 2000

A
A

 (
%

) 

TPC (mg GAE.kg-1) 

cv. Hudson (after freezing) 

y = 0,0181x + 51,568 

R² = 0,7722 

76

77

78

79

80

81

82

1350 1400 1450 1500 1550 1600 1650

A
A

 (
%

) 

TPC (mg GAE.kg-1) 

cv. Boa (after freezing) 



Potravinarstvo
®
 Scientific Journal for Food Industry 

 

Volume 9 472  No. 1/2015 

content of -carotene, L-ascorbic acid and present 

polyphenolic compounds such as quercetin and rutin 

(Kavalcová et al., 2014). 

 The values of antioxidant activity in frozen spinach 

samples were in range from 45.86 ±7.84% to  

79.67 ±0.88%. Patras et al., (2011) referred that frozen 

treatments caused a significant decrease in the values of 

antioxidant activity and ascorbic acid content of selected 

vegetable samples.  In our study in the frozen spinach 

samples (except a variety 'Boa') decrease of the antioxidant 

activity level was recorded. The greatest decrease of the 

antioxidant activity level after 3 months of freezing was 

found in variety 'Chica' (55.70%). This finding agrees with 

several results (Hunter and Flechter, 2002; Bajčan et al., 

2013), where also a decline in antioxidant activity in 

frozen spinach was recorded. Gil et al., (1999) also 

recorded a decrease of the antioxidant activity level in 

spinach during storage. Ligor et al., (2013) also 

investigated the antioxidant activity of fresh and frozen 

spinach and they obtained, besides one sample, higher 

level in antioxidant activity in frozen spinach than in fresh 

spinach. On the contrary Ismail et al., (2004) found a 

significantly higher level of antioxidant activity in fresh 

spinach (66%).  

 Between the content of total polyphenols and antioxidant 

activity in fresh and frozen spinach statistically significant 

(p-value = 3.10-2, p-value = 3.9.10-3, p-value = 4.3.10-3,  

p-value = 2.10-2) positive correlation was observed  

(Figure 1 – 4). Several studies have reported a good 

correlation between TP content of plants extracts and their 

antioxidant activity (Kiselova et al., 2006; Burin et al., 

2010; Saeed et al., 2012).  

 

CONCLUSION 

 The study indicated that spinach (fresh and frozen) is a 

potential source of nutritionally valuable components and 

its consumption improves antioxidant status. The high 

level of the total polyphenol content in spinach influences 

the high antioxidant activity. Freezing had a different 

influence on the levels of total polyphenol content and 

antioxidant activity in individual spinach samples. Based 

on the finding it was concluded that total polyphenol 

content in spinach samples slightly increased (except a 

variety 'Chica') and the level of antioxidant activity 

decreased (except a variety 'Boa') after 3 months of 

storage. As it is well known the level of total polyphenol 

content and antioxidant activity can be affected by factors 

as growth conditions, cultivar, the conditions of storage 

(e.g. temperature, time) and the preparation of the samples. 

Therefore in future research several more studies should be 

performed for more exact conclusions about the effect of 

freezing on the total polyphenol content and antioxidant 

activity in spinach samples.  

 

REFERENCES 
Altemimi, A., Choudhary, R., Watson, D. G., Lightfoot, D. 

A. 2015. Effects of ultrasonic treatments on the polyphenol 

and antioxidant content of spinach extracts. Ultrasonic 

Sonochemistry, vol. 24, p. 247-255. 

http://dx.doi.org/10.1016/j.ultsonch.2014.10.023 

Bacchetti, T., Tullii, D., Masciangelo, S., Gesuita, R., 

Skrami, E., Bruge, F., Silvestri, S., Orlando, P., Tiano, L., 

Ferretti, G. 2015. Effect of a barley- vegetable soup on 

plasma carotenoids and biomarkers of cardiovascular disease. 

Journal Clinical Biochemistry Nutrition, vol. 57, no. 1, p. 66-

73. http://dx.doi.org/10.3164/jcbn.15-11  

Bajčan, D., Tomáš, J., Uhliřová, G., Árvay, J., 

Trebichalský, P., Stanovič, R., Šimanský, V. 2013. 

Antioxidant potential of spinach, peas, and sweet corn in 

relation to freezing period. Czech Journal Food Science, vol. 

31, no. 6, p. 613-618. 

Balasundram, N., Sundramb, K., Sammana, S. 2006. 

Phenolic compounds in plants and agri-industrial by-products: 

Antioxidant activity, occurrence, and potential uses. Food 

Chemistry, vol. 99, no. 1, p. 191-203. 

http://dx.doi.org/10.1016/j.foodchem.2005.07.042 

Brand-Williams, W., Cuvelier, M. E., Berset, C. 1995. Use 

of a free radical method to evaluate antioxidant activity. 

Lebensmittel-Wissenschaft and Technologie, vol. 28, no. 1, p. 

25-30. http://dx.doi.org/10.1016/S0023-6438(95)80008-5  

Bunea, A., Andjelkovic, M., Socaciu, C., Bobis O., Neacsu, 

M., Verhe, R., Camp, J. V. 2008. Total and individual 

carotenoids and phenolic content in fresh, refrigerated and 

processed spinach (Spinacia oleracea L.). Food Chemistry, 

vol. 108, no. 2, p. 649-656. 

http://dx.doi.org/10.1016/j.foodchem.2007.11.056  

Burin, V. M., Falcão, L. D., Gonzaga, L. V., Fett, R., 

Rosier, J. P., Bordignon-Luiz, M. T. 2010. Colour, phenolic 

content and antioxidant activity of grape juice. Food Science 

and Technology (Campinas), vol. 30, no. 4, p. 1027-1032. 

http://dx.doi.org/10.1590/S0101-20612010000400030  

Dehkharghanian, M., Adenier, H., Vijayalakshmi, M. A. 

2010. Study of flavonoids in aqueous spinach extract using 

positive electro spray ionisation tandem quadrupolemass 

spectrometry. Food Chemistry, vol. 121, no. 3, p. 863-870. 

http://dx.doi.org/10.1016/j.foodchem.2010.01.007  

Ergene, A., Guler, P., Tan, S., Mirici, S., Hamzaoglu E., 

Duran, A. 2006. Antimicrobial and antifungal activity of 

Heracleum sphondylium subsp. Artivinense. African Journal 

of Biotechnology, vol. 5, p. 1087-1089. ISSN 1684–5315 

Ganbaatar, Ch., Kubáň, V., Kráčmar, S., Valášek, P., Fišera, 

M., Hoza, I. 2015. Liquid chromatographic determination of 

polyphenols in czech beers during brewing proces. 

Potravinarstvo, vol. 9, no. 1, p. 24-30. 

http://dx.doi.org/10.5219/421  

Gil, M. J., Ferreres, F., Tomas-Barberan, F. A. 1999. Effect 

of postharvest storage and processing on the antioxidant 

constituents (flavonoids and vitamin C) of fresh-cut spinach. 

Journal of Agricurtural and Food Chemistry, vol. 47, no. 6, p. 

2213-2217. http://dx.doi.org/10.1021/jf981200l  

Hunter, J. K., Flechter, J. M. 2002. The antioxidant activity 

and composition of fresh, frozen, jarred and canned 

vegetables. Innovative Food Science and Emerging 

Technologies, vol. 3, no. 3, p. 399-406. 

http://dx.doi.org/10.1016/S1466-8564(02)00048-6  

Hegedűsová, A., Mezeyová, I., Timoracká, M., Šlosár, M., 

Musilová, J., Juríková, T. 2015. Total polyphenol content and 

antioxidant capacity changes in dependence on chosen garden 

pea varieties. Potravinarstvo, vol. 9, no. 1, p. 1-8. 

http://dx.doi.org/10.5219/412  

Ismail, A., Marjan, Z. M., Foong, C. W. 2004. Total 

antioxidant activity and phenolic content in selected 

vegetables. Food Chemistry, vol. 87, no. 4, p. 581-586. 

http://dx.doi.org/10.1016/j.foodchem.2004.01.010 

Kavalcová, P., Bystrická, J., Tomáš, J., Karovičová, J., 

Kuchtová, V. 2014. Evaluation and comparison of the content 

of total polyphenols and antioxidant activity in onion, garlic 

http://dx.doi.org/10.1016/j.ultsonch.2014.10.023
http://dx.doi.org/10.3164/jcbn.15-11
http://dx.doi.org/10.1016/j.foodchem.2005.07.042
http://dx.doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1016/j.foodchem.2007.11.056
http://dx.doi.org/10.1590/S0101-20612010000400030
http://dx.doi.org/10.1016/j.foodchem.2010.01.007
http://dx.doi.org/10.5219/421
http://dx.doi.org/10.1021/jf981200l
http://dx.doi.org/10.1016/S1466-8564(02)00048-6
http://dx.doi.org/10.5219/412
http://dx.doi.org/10.1016/j.foodchem.2004.01.010


Potravinarstvo
®
 Scientific Journal for Food Industry 

 

Volume 9 473  No. 1/2015 

and leek. Potravinarstvo, vol. 8, no. 1, p. 272-276. 

http://dx.doi.org/10.5219/394  

Kavalcová, P., Bystrická, J., Tomáš, J., Karovičová, J., 

Lenková, M. 2015. The content of total polyphenols and 

antioxidant activity in red beetroot. Potravinarstvo, vol. 9, no. 

1, p. 77-83. http://dx.doi.org/10.5219/441  

Ko, S. H., Park, J. H., Kim, S. Y., Lee, S. W., Chun, S. S., 

Park, E. 2014. Antioxidant effects of spinach (Spinacia 

oleracea L.) supplementation in hyperlipidemic rats. 

Prevention Nutrition Food Science, vol. 19, no. 1, p. 19-26. 

http://dx.doi.org/10.3746/pnf.2014.19.1.019  

Kiselová, Y., Ivanová, D., Chervenková, T., Gerová, D., 

Galunská, B., Yanková, T. 2006. Correlation between the in 

vitro antioxidant activity and polyphenol content of aqueous 

extracts from Bulgarian herbs. Phytotheraphy Research, vol. 

20, no. 11, p. 961-965. http://dx.doi.org/10.1002/ptr.1985  

Koh, E., Charoenprasert, S., Mitchell, A. E. 2012. Effect of 

organic and conventional cropping systems on ascorbic acid, 

vitamin C, flavonoids, nitrate, and oxalate in 27 varieties of 

spinach (Spinaciaoleracea L.). Journal of Agriculture and 

Food Chemistry, vol. 60, no. 12, p. 3144-3150. 

http://dx.doi.org/10.1021/jf300051f  

Lachman, J., Proněk, D., Hejtmánková, A., Pivec, V., 

Faitová, K. 2003. Total polyphenol and main flavonoid 

antioxidants in different onion (Allium cepa L.) varieties. 

Scientia Horticulturae, vol. 30, no. 4, p. 142-147.  

Ligor, M., Trziszka, T., Buszewski, B. 2013. Study of 

antioxidant activity of biologically active compounds isolated 

from green vegetables by coupled analytical techniques. Food 

Analythical Methods, vol. 6, no. 2, p. 630-636. 

http://dx.doi.org/10.1007/s12161-012-9367-9  

Lomintski, L., Bergman, M., Nyska, A., Ben-Shaul, V., 

Grossman S. 2003. Composition, efficacy, and safety of 

spinach extracts. Nutrition and Cancer, vol. 46, no. 2, p. 

3584-3587. 

Lukaszewicz, M., Matysiak-Kata, I., Skala, J., Fecka, I., 

Cisowski, W., Szopa, J. 2004. Antioxidant capacity 

manipulation in transgenic potato tuber by changes in 

phenolic compounds content. Journal of Agriculture and 

Food Chemistry, vol. 52, no. 6, p. 1526-1533. 

http://dx.doi.org/10.1021újf034482k PMid:15030206 

Musilová, J., Lachman, J., Bystrická, J., Poláková, Z., 

Kováčik, P., Hrabovská, D. 2013. The changes of the 

polyphenol content and antioxidant activity in potato tubers 

(Solanum tuberosum L.) due to nitrogen fertilization. 

Potravinarstvo, vol. 7, no. 1, p. 164-170. 

http://dx.doi.org/10.5219/305  

Pandey, K. B., Rizvi, S. I. 2009. Plant polyphenols as 

dietary antioxidants in human health and disease. Oxidative 

Medicine and cellular Longevity, vol. 2, no. 5, p. 270-278. 

http://dx.doi.org/10.4161/oxim.2.5.9498  

Patras, A., Tiwari, B. K., Brunton, N. P. 2011. Influence of 

blanching and low temperature preservation strategies on 

antioxidant activity and phytochemical content of carrots, 

green beans and brocolli. LWT-Food Science and Technology, 

vol. 44, no. 1, p. 299-306. 

http://dx.doi.org/10.1016/j.lwt.2010.06.019  

Prochaska, L. J., Nguyen, X. T., Donat, N., Piekutowski, W. 

V. 2000. Effect of food processing on the thermodynamic and 

nutritive value of foods: literature and databasa survey. 

Medical Hypothesis, vol. 54, no. 2, p. 254-262. 

http://dx.doi.org/10.1054/mehy.1999.0030  

Rao, K. N. V., Tabassum, B., Babu, S. R., Raja, A., Banji, 

D. 2015. Preliminary phytochemical screening of Spinacia 

oleracea L. World Journal of Pharmacy and Pharmaceutical 

Sciences, vol. 4, no. 6, p. 532-551. 

Saeed, N., Khan, M. R., Shabbir, M. 2012. Antioxidant 

activity, total flavonoid contents of whole plant extracts 

Torilisleptophylla L. BMC Complementary and alternative 

medicine, vol. 12, p. 221. http://dx.doi.org/10.1186/1472-

6882-12-221  

Song, J., Liu, Ch., Li, D., Meng, L. 2013. Effect of cooking 

methods on total phenolic and carotenoid amounts and DPPH 

radical scavenging activity of fresh and frozen sweet corn 

(Zeymays) kernels. Czech Journal Food Sciences, vol. 31, no. 

6, p. 607-612.  

Tapiero, H., Tew, K. D., Nguyen, Ba G., Mathe, G. 2002. 

Polyphenols: do they play a role in the prevention of human 

pathologies? Biomed. Pharmacother., vol. 56, no. 4, p. 200- 

207. http://dx.doi.org/10.1016/S0753-3322(02)00178-6  

Turkmen, N., Sari, F., Velioglu, N. Y. S. 2005. The effect of 

cooking methods on total phenolics and antioxidant activity 

of selected green vegetables. Food Chemistry, vol. 93, no. 16, 

p. 713-718. http://dx.doi.org/10.1016/j.foodchem.2004.12.038  

Yosefi, Z., Tabaraki, R., Asadi Gharnem, H. A., Mehrabi, 

A. A. 2010. Variation in antioxidant activity, total phenolics, 

and nitrate in spinach. International Journal of Vegetable 

Science, vol. 16, no. 3, p. 233-242. 

http://dx.doi.org/10.1080/19315260903577278  

Wojdylo, A., Oszmiański, J., Czemerys, R. 2007. 

Antioxidant activity and phenolic compounds in 32 selected 

herbs. Food Chemistry, vol. 105, no. 3, p. 940-949. 

http://dx.doi.org/10.1016/j.foodchem.2007.04.038  

Zhu, N., Sheng, S., Li, D., Lavoie, E. J., Karwe, M. V., 

Rosen, R. T., Ho, Ch. T. 2007. Antioxidative flavonoid 

glycosides from quinoa seeds (Chenopodium quinoa Willd.). 

Journal Food Lipids, vol. 8, no. 1, p. 37-44. 

http://dx.doi.org/10.1111/j.1745-4522.2001.tb00182.x  

 

Acknowledgments: 

 This work was supported by VEGA 1/0290/14, VEGA 

1/0456/12 and KEGA 014SPU-4/2013. 

 

Contact address:  

 Judita Bystrická, Slovak University of Agriculture in 

Nitra, Faculty of Biotechnology and Food Sciences, 

Department of Chemistry, Tr. A. Hlinku 2, 949 76 Nitra, 

Slovakia, E-mail: Judita.Bystricka@centrum.sk. 

 Janette Musilová, Slovak University of Agriculture in 

Nitra, Faculty of Biotechnology and Food Sciences, 

Department of Chemistry, Tr. A. Hlinku 2, 949 76 Nitra, 

Slovakia, E-mail: janette.musilova@uniag.sk. 

 Ján Tomáš, Slovak University of Agriculture in Nitra, 

Faculty of Biotechnology and Food Sciences, Department 

of Chemistry, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia, E-

mail: jan.tomas@uniag.sk. 

 Petra Kavalcová, Slovak University of Agriculture in 

Nitra, Faculty of Biotechnology and Food Sciences, 

Department of Chemistry, Tr. A. Hlinku 2, 949 76 Nitra, 

Slovakia, E-mail: kavalcova.petra@gmail.com. 

 Marianna Lenková, Slovak University of Agriculture in 

Nitra, Faculty of Biotechnology and Food Sciences, 

Department of Chemistry, Tr. A. Hlinku 2, 949 76 Nitra, 

Slovakia, E-mail: mariannalenkova@gmail.com. 

 Kristína Tóthová, Slovak University of Agriculture in 

Nitra, Faculty of Biotechnology and Food Sciences, 

Department of Chemistry, Tr. A. Hlinku 2, 949 76 Nitra, 

Slovakia, E-mail: 40464@is.uniag.sk. 

http://dx.doi.org/10.5219/394
http://dx.doi.org/10.5219/441
http://dx.doi.org/10.3746/pnf.2014.19.1.019
http://dx.doi.org/10.1002/ptr.1985
http://dx.doi.org/10.1021/jf300051f
http://dx.doi.org/10.1007/s12161-012-9367-9
http://dx.doi.org/10.1021újf034482k
http://www.ncbi.nlm.nih.gov/pubmed/15030206
http://dx.doi.org/10.5219/305
http://dx.doi.org/10.4161/oxim.2.5.9498
http://dx.doi.org/10.1016/j.lwt.2010.06.019
http://dx.doi.org/10.1054/mehy.1999.0030
http://dx.doi.org/10.1186/1472-6882-12-221
http://dx.doi.org/10.1186/1472-6882-12-221
http://dx.doi.org/10.1016/S0753-3322(02)00178-6
http://dx.doi.org/10.1016/j.foodchem.2004.12.038
http://dx.doi.org/10.1080/19315260903577278
http://dx.doi.org/10.1016/j.foodchem.2007.04.038
http://dx.doi.org/10.1111/j.1745-4522.2001.tb00182.x
mailto:jan.tomas@uniag.sk
mailto:kavalcova.petra@gmail.com.sk

