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Abstract The aim of this paper was to evaluate the effect of thermal
processing (boiled and ripe) on the antioxidant properties of Beta vulgaris and
Raphanus sativus. The methods used to determine total antioxidant capacity
(TAC) and total polyphenol content (TPC) was CUPRAC, respectively Folin
Ciocalteau. The results show that the two vegetables behave differently under
the action of heat treatment, in terms of total antioxidant capacity and total
polyphenol content. Regarding total antioxidant capacity, ripe beets recorded
the highest value, more than five times higher than that of fresh red beets,
while fresh black radish recorded the highest value, followed by ripe black
radish and boiled black radish. The total polyphenols content for fresh and
processed beet recorded different values. Thus, baked beets recorded the
highest value, followed by boiled beets and fresh beets. Regarding black
radish, the total polyphenols content was highest in fresh black radishes,
followed by ripe black radishes and boiled black radishes.
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The energy value of beets is three times higher than
that of black radish. From the comparative analysis of
some qualitative parameters for beets and black
radishes, we observe that beets have higher values of
protein, total lipids, carbohydrates and fiber. Black
radish is distinguished by a content of vitamin C three
times higher, by the high content of lutein and
zeaxanthin as well as betaine [21, 22].
Beetroot is a significant source of nutrients, with a
beneficial role for health. It is a low-calorie food, does
not contain cholesterol, the nutritional value coming
mostly from fiber, vitamins, minerals and antioxidants
[23].Consumption of beetroot, especially fresh,
unheated, can lower blood pressure and reduce
cardiovascular risk. Nitrates help blood circulation,
including to the brain, heart or muscles. Natural
sources of nitrates increase the concentration of nitric
oxide molecules in blood vessels, thus benefiting the
dilation of blood vessels and the acceptance of the
passage of oxygen molecules [3]. The content of
inorganic nitrates positively influences blood pressure
and endothelial functions. The positive effects on the
cardiovascular system were directly proportional to the
amount of inorganic nitrates ingested [9].
Black radish contains antioxidants in important doses
and helps fight diseases of the internal organs, but also
has an excellent effect on hair or skin [10]. Black
radish is very rich in antioxidants, thus being a very
strong anti-inflammatory agent. So it is a reliable help
against colds.

Thanks to the antioxidants it contains, radish is an
amazing anti-cancer drug. Antioxidants control the
formation of free radicals in cells and tissues, thus
reducing the risk of cancer [20]. Black radish contains
several natural antioxidants. It has a high content of
vitamin C [18].
Beetroot is generally processed before consumption,
which in turn influences the stability of betaines.
Numerous studies aimed to investigate the influence of
processing techniques such as microwave treatment,
boiling and frying of beets. In the case of antioxidant
activity, an increase of 2 to 3 times was found after
boiling, frying and microwave treatments, compared to
the control [14]. In another study [16], various cooking
procedures affected the total polyphenolic content and
antioxidant activities of various radish varieties. This
study shows that all cooking processes had variable
effects on the total polyphenol content and antioxidant
properties. In general, the total polyphenolic content
and antioxidant activities of thermally processed
radishes were lower than those of the raw samples [16].
The health benefits of eating beetroot and black radish,
whether processed or fresh, are proven by numerous
studies in the field [4, 5, 6, 7, 8, 11, 12, 13, 14, 15, 17,
19].

Material and Method

The beets and black radish samples were acquired from
the market. In order to extract the antioxidant
compounds, over 1 g of sample was added 20 ml of



52

50% ethyl alcohol solution. To determine total
antioxidant capacity (TAC) and total phenolic content
(TPC), we used CUPRAC assay [1] and respective
Folin Ciocalteu methods [2].

Results and Discussions

From the results obtained, we can say that the two
vegetables (beets and black radishes) behave
differently under the action of heat treatment, in terms
of total antioxidant capacity and total polyphenol
content.
In terms of total antioxidant capacity, ripe beets
recorded the highest value (2629.557 mg Trolox
equivalent / L), more than five times higher than that of

fresh red beets (503.03 mg Trolox equivalent / L )
(figure 1).
Thus, for beets the average value of TAC recorded the
following decreasing trend: 2629.557 mg Trolox
equivalent / L (ripe red beets) > 633.343 mg Trolox
equivalent / L (boiled beets) > 503.03 mg Trolox
equivalent / L (fresh red beets).
In terms of total antioxidant capacity, fresh black
radish recorded the highest value (173.37 mg Trolox
equivalent / L), followed by ripe black radish (165 mg
Trolox equivalent / L) and boiled black radish (150.14
mg Trolox equivalent / L) (figure 2)
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Fig. 1. Total antioxidant capacity of beets (mg Trolox equivalent/L extract)

Our results are in line with specialized studies [16].
As ripe beets have a higher total antioxidant capacity,

we recommend consuming beets in this form, in order
to benefit from a maximum amount of antioxidants.
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Fig. 2. Total antioxidant capacity of black radishes (mg Trolox equivalent/L extract)

The total polyphenol content (μmol gallic acid
equivalent / mL) for fresh and processed red beet
recorded different values (figure 3).
However, cooked beets recorded the highest value, at

2.314 (μmol gallic acid / mL), followed by boiled beets
(0.822 μmol gallic acid / mL) and fresh beets (0.781
μmol gallic acid / mL).
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Fig. 3. Total content of polyphenols in beet (μmol gallic acid / mL extract)
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Fig. 4. Total polyphenols content (TPC) of black radish (μmol gallic acid / mL extract)

For black radish, the total polyphenol content was
highest in fresh black radish (0.529 μmol gallic acid /
ml), followed by ripe black radish (0.475 μmol gallic
acid / ml) and boiled black radish (0.256 μmol gallic
acid / ml). Our results are consistent with studies in the
literature [16].

Conclusions

Heat processing has different effects on TAC and TPC
in beets and black radishes. In the case of beets, the
total antioxidant capacity and the total content of
polyphenols have higher values for cooked or ripe
products, while for black radish the thermal processing
causes a decrease in their value.

References

1. Apak R, et al, 2013 - Methods of measurement
and evaluation of natural antioxidant capacity/activity

(IUPAC Technical Report) Pure Appl Chem 2013; 85:
957-998;
2. Bordean Despina-Maria, 2016 - Analiza
produselor agroalimentare – Partea I-a, Editura
ArtPress Timișoara;
3. Coles L. T.,  Clifton P. M. , 2012- Effect of
beetroot juice on lowering blood pressure in free-
living, disease-free adults: a randomized, placebo-
controlled trial. Nutrition journal, 11(1), 106 ;
4. Dragan  Simona,  Gergen Iosif, Socaciu Carmen,
2008 -Alimentaţa Funcţională cu componente bioactive
naturale în sindromul metabolic, Editura Eurostampa;
5. Escribano J., Pedreño, M. A., García-Carmona,
F., Muñoz, R., 1998 - Characterization of the
antiradical activity of betalains from Beta vulgaris L.
roots. Phytochemical Analysis, 9, 124–127;
6. Georgiev V. G., Weber J., Kneschke E. M.,
Nedyalkov Denev P., Bley, T., & Pavlov, A. I., 2010 -
Antioxidant activity and phenolic content of betalain
extracts from intact plants and hairy root cultures of the



54

red beetroot Beta vulgaris cv. detroit dark red. Plant
Foods for Human Nutrition, 65, 105–111;
7. Herbach K. M., Stintzing F. C., Carle R., 2004-
Impact of thermal treatment on color and pigment
pattern of red beet (Beta vulgaris L.) preparations.
Journal of Food Science, 69, C491–C498;
8. Jajja A.; Sutyarjoko, A.; Lara, J.; Rennie, K.;
Brandt, K.; Qadir, O.; Siervo, M., 2014- Beetroot
supplementation lowers daily systolic blood pressure in
older, overweight subjects. Nutr. Res. 34, 1–8;
9. Lara J., Ashor, A. W., Oggioni, C., Ahluwalia, A.,
Mathers, J. C., & Siervo, M., 2016 - Effects of
inorganic nitrate and beetroot supplementation on
endothelial function: a systematic review and meta-
analysis. European journal of nutrition, 55(2), 451-459;
10. Manivannan A., Kim, J. H., Kim, D. S., Lee, E.
S., & Lee, H. E. , 2019 - Deciphering the Nutraceutical
Potential of Raphanus sativus - A Comprehensive
Overview. Nutrients, 11(2), 402;
11. Ormsbee M.J.; Lox, J.; Arciero, P.J., 2013 -
Beetroot juice and exercise performance. J. Int. Soc.
Sports Nutr., 5, 27–35;
12. Paciulli M., Medina-Meza, I. G., Chiavaro, E., &
Barbosa-Cánovas, G. V., 2016- Impact of thermal and
high pressure processing on quality parameters of
beetroot (Beta vulgaris L.). LWT-Food Science and
Technology, 68, 98-104;
13. Pedreno M. A., Escribano, J. , 2000-Studying the
oxidation and antiradical activity of betalain from
beetroot. Journal of Biological Education, 35, 49–59;
14. Ravichandran K., Saw, N. M. M. T., Mohdaly, A.
A., Gabr, A. M., Kastell, A., Riedel, H., Smetanska, I.,
2013- Impact of processing of red beet on betalain
content and antioxidant activity. Food Research
International, 50(2), 670-675;
15. Sadeek E. A., 2011- Protective effect of fresh
juice from red beetroot (Beta vulgaris L.) and radish
(Raphanus sativus L.) against carbon tetrachloride
induced hepatotoxicity in rat models. African J. Biol.
Sci, 7(1), 69-84;
16. Şengul Memnune, Yildiz Hilal, Kavaz Arzu, 2014
- The effect of cooking on total polyphenolic content
and antioxidant activity of selected
vegetables. International Journal of Food Properties,
17.3: 481-490;
17. Siervo Mario, Jose Lara, Ikponmwonsa
Ogbonmwan, John C. Mathers, 2013- Inorganic Nitrate
and Beetroot Juice Supplementation Reduces Blood
Pressure in Adults: A Systematic Review and Meta-
Analysis, The Journal of Nutrition, Volume 143, Issue
6,  Pages 818–826;
18. Stintzing F. C., Carle R., 2004 - Functional
properties of anthocyanins and betalains in plants, food
and in human nutrition. Trends in Food Science and
Technology, 15, 19–38;
19. Tesoriere L., Allegra, M., Butera, D., Livrea,
M.A., 2004 - Absorption, excretion, and distribution of
dietary antioxidant betalains in LDLs: Potential health

effects of betalains in humans. Am. J. Clin. Nutr., 80,
941–945;
20. https://www.florahealth.com/us/articles/black-
radish;
21. https://fdc.nal.usda.gov/fdc-
app.html#/?query=Raphanus%20sativus%20var.niger
22. https://fdc.nal.usda.gov/fdc-app.html#/food-
details/169145/nutrients;
23. http://authoritynutrition.com/foods/beetroot


