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1. Introduction

The market of Unconventional Food Plants (UFP), especially the edible flowers is a niche in expansion in
Brazil and in the world, due to the increasing use of flowers in gastronomy, translating into an increase of
varieties and economic growth. It is a market in full expansion worldwide, besides being a source of
phytochemicals, improving the nutritional aspects when added to food products, ensuring the maintenance in
the consumers' health and wellbeing.

Several studies have reported that flowers are rich in bioactive compounds and contain numerous
phytochemicals that have antioxidant activity. The consumption of foods that present substances with
antioxidant potential is important because such substances are able to act in the prevention of chronic diseases,
such as cardiovascular, cancer, age-related, and degenerative diseases [1-3].

Phytochemicals present in flowers are responsible for health promoting properties such as antioxidant,
hypoglycemic, anticancer, antimicrobial activity, antiinflammatory and hepatoprotective [4-6].

However, flowers are very perishable, which demands the research of emerging technologies for their
conservation and food safety. The application of ionizing radiation with the purpose of avoiding production
losses, guaranteeing longer shelf life and quality of flowers such as the species Rosa chinensis Jacqg., and
Phalaenopsis.

The purpose of this study was to analyze the effects of ionizing radiation with ®°CO sources and electron
accelerators at doses of 0.5, 0.8, 1.0 kGy and control on the antioxidant capacity present in the species Rosa
chinensis Jacg., and Phalaenopsis.

2. Methodology

The edible flowers were purchased from a local market in S&o Paulo, Brazil, presenting different phenotypes
and irradiation processing was carried out at the Nuclear and Energy Research Institute — IPEN/CNEN (Sé&o
Paulo, Brazil). Samples were irradiated using an electron beam accelerator (IBA Industrial Inc., Edgewood,
NY, USA) and a 5°Co source Gammacell 200 (Nordion Ltd., Ottawa, ON, Canadd), at room temperature, at
doses 0.5, 0.8 and 1.0 kGy. Non-irradiated samples were used as a control and after irradiation, the samples
were lyophilized (Solab SL404, Sao Paulo, Brazil).

The antioxidant activity was evaluated through Oxygen Radical Absorbance Capacity assay (ORAC), 2,2-

diphenyl-1-picrylhydrazyl (DPPH) scavenging and Ferric Reducing Ability of Plasma (FRAP).
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The methanol / water (80:20, v/v) extract was prepared from the powdered flower. Samples (=0.5 g) were
stirred with 20 mL of the solvent’s mixture, at room temperature, 150 rpm for 1 h. The extract was filtered
through Whatman No. 4 paper and the residue was re-extracted with 20 mL of methanol / water 80:20 (v/v).

The DPPH (2,2-diphenyl-1-picryl-hydrazyl) radical scavenger activity was evaluated according to previous
authors [7]. The samples of different concentrations of the extract solutions were added to the wells of a 96
well microplate with the methanolic solution (160 pL) containing DPPH radicals (6x10-5 mol/L). The
absorbance was measured at 517 nm at 25 °C every 5 minutes for 30 minutes by using a microplate reader.
The Trolox® standard curve was used as a positive control.

The antioxidant capacity analysis method by the FRAP method was evaluated according to a methodology
described [8]. This methodology was performed using the Microplate Reader described above and measuring
the absorbance at 593 nm at 37 °C with an incubation period of 4 minutes. The different concentrations of the
extracts were added in the 96-well microplate with FRAP reagent. The extraction solvent was used as blank
and the extraction solvent and FRAP reagent as control. The standard curve was prepared with Trolox® (6-
hydrox-2,5,7,8-tetramethylchroman-2-carboxylic acid).

The ORAC assay was evaluated according to a method previously described [9] with modifications. The
reagents were prepared in 75 mM phosphate buffer (pH 7.4), using fluorescein at concentration 40 mM and
the AAPH (2,2’-azobiis(2-amidinopropane) dihydrochloride) solution at 153 nM. Sample extracts were added
in 96-well microplate (black color). It was measured fluorescence microplate reader, where 150 pL of
fluorescein was automatically injected and then incubated for 30 min at 37 °C. Subsequently, 25 L of the
AAPH solution was injected, triggering the reaction. Fluorescence was read at 493 nm excitation and 515 nm
emission every 1 minute for 1 hour at 37 °C. Trolox® was used as standard and phosphate buffer as blank.

3. Results and Discussion

Irradiation technology is a commercial feasible alternative method in effective to prolong shelf-life, improving
hygiene and safety of edible flower [10, 11]. As well as researches on the antioxidant activity in petals of
edible flowers were reported that the bioactivity of edible flowers is highly related to the content of
polyphenolic compounds [12, 13].

The results showed that irradiation treatment did not negatively affect the antioxidant activity of processed
edible flowers compared to the control, independently of irradiation technology. Similar effects were observed
in studies of influence of the irradiation process on antioxidant substances present in foods. Indeed, antioxidant
activity, flavonoids content and total phenolic of methanolic extracts of Tropaeolum majus were also reported
e antioxidant activity was higher for irradiated samples. Flowers of Bauhinia variegata were exposed
irradiation with dose up to 1 kGy and the results showed at a samples irradiated antioxidant activity was
increased. [14, 15].

The same was reported by in studies of influence of the irradiation process on antioxidant substances present
in foods which described a significant increase in the phenolic content, and the favoring of the its antioxidant
capacity of samples of Cammellia sinensis, and Viola tricolor [16, 17].

4. Conclusions

According to the results presented in this work, it was concluded that the radiation treatment did not affect the
antioxidant activity in the species of edible flower studied and can be alternative ensured the properties of
edible flowers. Thus, the radiation process has proven to be a viable technology to preserve the quality of
edible flowers, offering also the possibility of its application in the extension of useful life.



Koike et al.

Acknowledgements

The authors would like to thank CNPgq, IPEN-CNEN/SP, CNEN and FCF/USP for the structure and financial
support.

References

[1] E. H. K. Ikram, K. H. Eng, A. M. M. Jalil, A. Ismail, S. Idris, A. Azlan, “Antioxidant capacity and total
phenolic content of Malaysian underutilized fruits”, Journal of Food Composition and Analysis, vol. 22, pp.
388-393 (2009).

[2] E. Lara-Cortés, P. Osorio-Diaz, A. Jiménez-Aparicio; S. Bautista-Bafios, “Contenido nutricional,
propiedades funcionales y conservacion de flores comestibles. Revision”, Archivos Latinoamericanos de
Nutricion, vol. 63, pp. 197-208 (2013).

[3] M. R. Loizzo, A., Pugliese, M. Bonesi, M. C. Tenuta, F. Menichini, J. Xi&o, R. Tundis, “Edible Flowers:
A rich source of phytochemicals with antioxidant and hypoglycaemic activity”, Journal of Agricultural and
Food Chemistry, vol. 64, pp. 2467-2474 (2016).

[4] O. Kaisoon, I. Konczak, S., Siriamornpun, Potential health enhancing properties of edible flowers from
Thailand”, Food Research International, vol.46, pp. 563-571 (2012).

[5] 1. Petrova, N. Petkova, I. Ivanov, “Five edible flowers—valuable source of antioxidants in human nutrition”,
International Journal of Pharmacognosy and Phytochemical Research, vol. 8, pp. 604-610 (2016).

[6] M. Skrajda-Brdak, G. Dabrowski, I. Konopka, “Edible flowers, a source of valuable phytonutrients and
their pro-healthy effects—A review’, Trends in Food Science & Technology, vol. 103, pp. 179-199 (2020).

[7] G. Bobo-Garcia, G. Davidov-Pardo, C. Arroqu, P. Virseda, M. R. Marin-Arroyo, M. Navarro, Intra-
laboratory validation of microplate methods for total phenolic content and antioxidant activity on polyphenolic
extracts, and comparison with conventional spectrophotometric methods. Journal of the Science of Food and
Agriculture, vol. 95, pp. 204-209 (2015).

[8] I. F. F. Benzie, J. J. Strain, “The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant
power”: the FRAP assay”, Analytical Biochemistry, vol. 239, pp. 70-76 (1996).

[9] R. L. Prior, H. Hoang, L. Gu, X. Wu, M. Bacchiocca, L. Howard, M. Hampsch-Woodill, D. Huang, B.
Ou, R. Jacob, R. “Assays for hydrophilic and lipophilic antioxidant capacity (oxygen radical absorbance
capacity (ORAC )) of plasma and other biological and food samples”, Journal of Agricultural and Food
Chemistry, vol. 51, pp. 3273-3279 (2003).

[10] X. Fan, B. A. Niemira, K. J. B. Sokorai, “Sensorial, nutritional and microbiological quality of fresh
coriander leaves as influenced by ionizing radiation and storage”, Food Research International, vol. 36, pp.
713-719, (2003).

[11] G. J. Hallman, “Phytosanitary applications of irradiation”. Comprehensive Reviews in Food Science and
Food Safety, vol. 10, pp. 143-151 (2011)

[12] J. Mlcek, O. Rop, “Fresh edible flowers of ornamental plants — A new source of nutraceutical foods”,
Trends in Food Science & Technology, vol. 22, pp. 561-569 (2011).

3


http://pubs.acs.org/journal/jafcau
http://pubs.acs.org/journal/jafcau

Koike et al.

[13] O. Rop, J. Mlcek, T. Jurikova, J. Neugebauerova, J. Vabkova, “Edible Flowers - A New Promising Source
of Mineral Elements in Human Nutrition”, Molecules, vol. 17, pp. 6672-6683 (2012).

[14] A. C. R. Koike, J. C. M. Barreira, L. Barros, C. Santos-Buelga, A. L. C. H. Villavicencio, I. C. F. R.
Ferreira, “Irradiation as a novel approach to improve quality of Tropaeolum majus L. flowers: Benefits in
phenolic profiles and antioxidant activity”, Innovative Food Science and Emerging Technologies, vol. 30,
pp. 138-144 (2015).

[15] A. L. C. H Villavicencio, S. A. Heleno, R. C. Calhelha, C. Santosbuelga, L. Barros, I. Ferreira, I. The
influence of electron beam radiation in the nutritional value, chemical composition and bioactivities of edible
flowers of, Bauhinia variegata L. var., Candida alba, Buch.-Ham from Brazil. Food Chemistry, vol. 241, pp.
163-170 (2018).

[16] G. B. Fanaro, N. M. A. Hassimotto, D. H. M. Bastos, A. L. C. H Villavicencio, “Effects of y-radiation
on microbial load and antioxidant proprieties in black tea irradiated with different water activities”, Radiation
Physics and Chemistry, vol. 97, pp. 217-222 (2014).

[17] A. C. R. Koike, J. C. Barreira, L., Barros, C., Santosbuelga, A. L. C. H. Villavicencio, I. C. Ferreira,
“Edible flowers of Viola tricolor L. as a new functional food: Antioxidant activity, individual phenolics and
effects of gamma and electron-beam irradiation”, Food Chemistry, vol. 179, pp. 6-14 (2015).



