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Introduction
Color is associated with many aspects of our lives, influencing our 

decisions, especially those involving food. Food appearance, safety, 
acceptability and sensory characteristics are all affected by color. 
Although these effects are associations inherent to psychological 
characteristics, they interfere with the choice of products. Among 
the strategies of the industries to enrich and favor the product that is 
processed, the dye has a stimulating effect on the consumer’s appetite.1

Natural dyes are understood as all organic compounds that have 
the ability to selectively absorb light acquiring intense coloring, 
consequently giving it to the bodies which its adheres. Chemically, 
dyes are only substances capable of coloring irreversibly a matrix.2

In recent years, consumers of colored products have increased 
their rejection about using artificial colors. At the same time, mainly 
the coloring of foods and cosmetics using natural sources containing 
different classes of pigments has gained importance in the industry.3

These authors also report that the predominant colors of plants 
result from classes of pigments of the type chlorophyll, carotenoid and 
flavonoid, while the contribution of other pigments from betalains, 
melanins, the many flavonoids and others are considered insignificant 
when considered globally. Pigments produce colors and are present 
in all organisms in the world, plants are the largest producers of these 
pigments found in leaves, fruits, vegetables, flowers, as well as in 
animals, bacteria and fungi.

According to Moura et al.4 the beet (Beta vulgaris L.) belongs to 
the Cheno podiaceae family, being an easy-to-grow vegetable garden 
with a vegetative cycle of three to four months. Red beet contains 
dyes that have been arousing a particular interest as an additive in the 
food industry since its use is not restricted worldwide by FAO/WHO.

In the beet, the presence of a red pigment with polar characteristics 
is evidenced, the substance betanine, a pigment that is belonging to the 

group of betalains and which corresponds to between 75% and 95% of 
the pigments. Betalains are stable at pH 4 and 5; and reasonably stable 
at pH 5 to 7 and unstable in the presence of light and air, in addition 
to these factors, water and oxygen activity affect pigment stability.5,6

Betalains are pigments that contain nitrogen and are soluble in water.7 
Betalain pigments can be described as a 1,2,4,7,7-pentasubstituted 
1,7-diazoheptamethinesystem8 (Figure 1). They can be divided into 
two structural groups: yellow beta xanthines and red-violet beta-
cyanines depending on the substituents R1-N-R2.9

Figure 1 General formula of betalains. (A) betalanic acid is present in all 
betalain molecules. (B) the structure Represents betacyanine or betaxanthine 
depending on the substituents R1 and R2 (Horst, 2005). 

Betalains represent a group of natural compounds that are 
particularly fascinating due to their structural and chemotaxonomic 
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Abstract

As color is an important attribute related to the visual appeal and quality of food products, 
the reduction of pigment losses during food processing is a basic concern for the industry. 
Based on this, the objective of this work was to evaluate the resistance of betalain from 
beet against the use of gamma radiation. Analyzes were carried out on pigments belonging 
to the betalain class on beets exposed to different doses of gamma radiation (Co60) using 
doses of 5, 10 and 15 kGy on beets, in addition to anon-irradiated sample for control. 
Color parameters were evaluated using the CIE L, a*, b * methodology, as well as the 
quantification of betalain in the samples. By of results the color parameters were affected in 
until 50% in relation the control. And the quantity betalain activity in the sample irradiated 
with doses of gamma radiation was more less 65% in relation the control. Therefore, it 
can be concluded that there is a potential resistance of the betalain pigment in the face of 
high doses of radiation, which returns interest to red beetroot dyes since most pigments are 
fragile to thermal treatments or with ionizing radiation.
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properties. Betalains are mainly accumulated or stored in flowering 
and inflorescence plants, petiole, bract, fruit, seeds, stem, leaf and 
root.10

And within the context of the use of natural dyes from plants that 
are currently gaining popularity for the use as natural dyes in the food 
industry, betalain from red beetroot presents itself as one of the most 
widely used food dyes. Despite this, betalains are not so well studied 
in comparison with other natural pigments, such as anthocyanins, 
carotenoids and chlorophylls,11 including the stability of this dye to the 
different situations present during the phases of industrial processing.

For Horst,9 when betalains are used as dyes in foods, color stability 
is the main interest. There are several factors that affect the stability of 
these pigments during the preparation, processing and storage of food 
such as light, pH, temperature, metal ions and others.

The use of ionizing radiation in the food industry has been 
widespread as the benefits obtained have already become evident, 
especially with regard to food security, corresponding to an advance 
in production techniques. Safety in the use of the technique and the 
longevity provided by this technology to food products have already 
been demonstrated. 

However, the stability of food dyes, especially natural ones, 
tends to be sensitive to the use of this technology. But according to 
Consentino,12 there are few records on the stability of natural dyes 
in the face of the ionizing source irradiation process. However, to 
the author, it is possible to find references regarding the behavior of 
the dyes against radiation in the visible spectrum, temperature and 
presence of oxygen, and the combination of several physical-chemical 
factors acts on the structure of the dyes generating instabilities of 
orders, causing damage to the quality of the dye.

Justifying the restriction of works related to the stability of natural 
dyes when using ionizing radiation, this study aimed to evaluate the 
resistance of betalain from red beet submitted to the source of gamma 
radiation by Cobalt-60.

Material and methods
The red beetroot was purchased from local businesses in the city of 

Piracicaba in the state of São Paulo. After being acquired, the samples 
were taken to the Radiobiology and Environment laboratory of the 
Center for Nuclear Energy in Agriculture (CENA / USP), where they 
were cleaned and prepared to receive the treatments.

After making the trays, the irradiation treatments were carried out 
at the Center for Nuclear Energy in Agriculture (CENA / USP) also 
located in the city of Piracicaba. The prepared red beetroot samples 
were irradiated in a Cobalt-60 radiator, type Gammabeam650, with 
doses of 0 (control); 0; 5; 10 and 15 kGy in chronic rates, under a 
rate of dose of 0.259 kGy.hour−1, and each treatment consisted of 4 
repetitions and stored at 2ºC to 6oC and 80% RH.

Dosimetry was performed using 5 mm diameter alanine dosimeters 
(Bruker Instruments, Rheinstetten, Germany) and the free radical 
signal was mensured with Bruker EMS 104EPR Analyzer. The 
actual dose was within 0.02 of the target dose. Samples was turned 
360continuously during the irradiation process to achieve uniform 
target doses and the non irradiated control was placed outside the 
irradiation chamber to have the same environmental temperature 
effect with the irradiating sample.

After the irradiation, it was evaluated the physico-chemical 
analyses.

Physico-chemical analysis

Color

The colorimeter Minolta CR-200 b was used, previously calibrated 
in White according to pre-determined standards, according to.13

Three values of chroma were evaluated: a*, b* and L. The value 
a* characterizes thecolor from the red (+a*) to the green (-a*); the 
value b* indicates the color from the yellow (+b*) to the blue (-b*). 
The value L determines the light ranging from white (L=100) to black 
(L=0). The chroma is the ratio between a* and b*, where the real color 
can be obtained. Hue-Angle is the angle between a* and b*, indicating 
the color saturation of the analyzed object.14,15

To estimate chroma value, the following formula was adopted (1) 
and to estimate the Hue-Angle, formula (2).16

                                           C=√(a2+b2)                                            (1)

                                            Hº=arcpg b*/a*                                         (2)

Betalain analysis

The extraction with solvent method (distilled water) was used 
to extract the pigments from the reed beetroot, being 0.087 g of red 
beetroot previously crushed and mixed with 30ml of distilled water 
in a beaker and placed in a water bath with agitation at 70° C for five 
minutes. Soon after, they are centrifuged at 12,000 rpm (revolutions 
per minute) for fifteen minutes.

The pigment absorbance was determined at a wavelength of 538 
nm in a spectrophotometer. The betacyanin content was calculated 
according to Lim et al.17 and adapted from Bovi et al.18 following the 
formula below (3):

Beta cyanin content (mg / 100 g fresh weight) = 𝐴538 (𝑀𝑊) 𝑉 
(𝐷𝐹) ɛ 𝐿𝑊 × 100 (3)

In which:

A538 = absorbance at 538 nm (E max); L (bucket thickness) = 1.0 
cm; DF = dilution factor; V = volume of extract (ml), W = fresh weight 
of red beetroot in the extract (g). For betalain the molar absorptivity ɛ 
= 6.5 × 104 L / mol cm in H2O; and MW (molecular weight) = 550.

Statistical analysis

The experimental design was complete randomized with three 
replications. The results were analyzed according to(ANOVA) using 
the F test, and mean comparisons were tested based on Tukey´s test 
(p<0,05) using SAS.19

Results
From the results obtained, Table 1 shows the mean values obtained 

in the color analyzes for L, a * and b * of the outer part (peel) of the 
red beetroot and Table 2 shows the mean values obtained from the 
color analysis of the inner part of the red beetroot (Table 1 & Table 2).

Table 3 shows the mean values obtained in the color analyzes of 
the Chroma and Hue Angle.

The betalain values obtained from the pigment absorbance in a 
spectrophotometer at a wavelength of 538 nm are shown in Table 4.
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Table 1 Mean values and standard deviation of the color analysis of the external part of the red beet root

Treatments Doses (kGy) L a* b*

T0 (Control) 0.0 43.03±1.45*a** 5.38±0.22a 14.79±1.03a

T1 5.0 33.32±1.09a 5.13±0.15a 8.80±1.00b

T2 10.0 33.14±0.99a 5.94±0.27a 8.93±0.88b

T3 15.0 36.90±1.25a 10.32±1.09b 10.46±1.21b

*Media ± standard deviation

**Equal letter values in column do not differ statistically by Tukey’s test at 5% significance level

Table 2 Mean values and standard deviation of the color analysis of the inner part of the red beetroot

Treatments Doses (kGy) L a* b*

T0 (Control) 0.0 29.57±1.06*a** 36.90±1.09a 18.15±1.65a

T1 5.0 22.02±1.12a 26.83±0.99b 15.86±1.03b

T2 10.0 22.10±1.10a 25.50±0.87b 13.65±0.99c

T3 15.0 18.43±0.87a 23.98±0.78b 9.55±0.79d

*Media ± standard deviation

**Equal letter values in column do not differ statistically by Tukey’s test at 5% significance level

Table 3 Mean values and standard deviation of the of the color parameters 
Chroma and Hue-Angle of red beetroot

Treatments Doses (kGy) Chroma Hue-Angle

T0 (Control) 0.0 41.12±1,20*a** 0.45±0.01a

T1 5.0 37.26±1.17b 0.76±0.21a

T2 10.0 28.92±1.20c 0.49±0.32a

T3 15.0 25.81±1.35d 0.37±0.11a

*Media ± standard deviation

**Equal letter values in column do not differ

Table 4 Mean values and standard deviation of the of the betalain quantity 
of red beetroot

Treatments Doses (kGy) Betalain (mg/100g beetroot)

T0 (Control) 0.0 31.58±0.66*a*

T1 5.0 22.77±1.32b

T2 10.0 21.48±3.30b

T3 15.0 20.09±3,96b

*Media ± standard deviation

**Equal letter values in column do not differ statistically by Tukey’s test at 5% 
significance level

Discussion
From the data presented in Tables 1 and 2, it can be seen that 

there was no significant change in parameter L. However, there were 
significant changes for parameters a* and b*, as the radiation dose 
increased. For parameter a* and b*, the changes were significant from 
the application of 5.0kGy.

The data obtained agree with the results of Chung et al.20 with 
which they state that gamma irradiation at 5.0 kGy reduced the main 
dyes of red beetroot by 94%. However, they disagree with the authors 
when they state that the reddish color disappeared completely with 
doses above 10.0 kGy.

For Chung et al.20 the explanation for the color removal is probably 
due to the effects of ethanol gamma radiolysis. For the authors, the 
details of the mechanism of destruction of the chromophore by 
gamma rays have not been fully explained, but the results of their 
study suggest that the free radicals produced are capable to destroy 
the chromophore group in all (iso) bethanines, which resulted in 
bleaching the substrate solution.

Hernandes et al.21 who used gamma radiation in minimally 
processed red beetroots to prolong shelf life, observed that doses 
1.5 kGy do not sensorially alter the appearance of the product for 
evaluators in up to 20 days of storage by sensory analysis, what 
corroborates with this work the possibility of storing the product, 
since doses above the dose used by the authors were used.

The data obtained in this work also agree with the data obtained 
by Nunes et al.22 since he found no statistically significant difference 
between samples of red beetroot irradiated with up to 4.0 kGy, finding 
difference only on parameter b* in the treatment with 4.0 kGy.

It is noted that the doses affected the external/internal color of the 
red beetroot, making it darker, since the parameter L at doses 5.0, 10.0 
and 15.0 kGy decreased in relation to the control sample (T0).

For Table 3, Prieto-Santiago et al.23 described that the two chromatic 
parameters a* and chromaare proposed as the best descriptors for the 
betalain concentrations.

For Kim et al.24 in Hunter’s color value, lightness (L), redness 
(a*) and yellowness (b*) occurred a decreased with increment of 
irradiation dose, agreeing the results presented in Tables 1–3.

On Table 4 it is possible to see that there was a significant 
decrease in the absorbance in the sample irradiated proportional the 
increase of gamma radiation doses when compared with the control 
sample. Regarding the control sample was had major mean values in 
absorbance. This represents a whitening of the pigment in the gamma 
radiation doses.

The results are agreed to Kim et al.24 who showed that there was no 
differencein the amount of betalain extracted by irradiation. However, 
the values obtained is disagree with the authors, who claim that their 
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results exhibit high values of optical density at an irradiation dose of 
5.0 kGy.

The medium values obtained on the amount of betalain in this 
study is in agree with the values obtained by Bovi et al. (2019) who 
presented a value of 31.42mg/100g of fresh red beetroots and Vitti et 
al.25 who presented a value of 35mg/100g of red beetroots.

Although, considering natural colorant and textural quality like in 
this work, for Kim et al.24 the gamma irradiation above 10.0 kGy was 
an undesirable technique for red beetroots, but how can see in this 
work was the radiation dose of 5.0 kGy for red beet roots, but it is 
possible to see that the quantity betalain activity in these doses was 
more less 65%.

Another point observed was the resistance of this pigment to 
high doses of radiation, what returns interest to beet dyes since most 
pigments are fragile to thermal treatments or with ionizing radiation. 
Therefore, it is worth noting that red beetroot as a pigmenting agent 
and color supplier maintains some resistance to the use of gamma 
radiation.

Conclusion
By the results it can be observed that according with the increase 

of radiation doses, the colorparameters were affected in until 50% in 
relation the control. And the quantity betalain activity in the sample 
irradiated with doses of gamma radiation was more less 65%in 
relation the control.
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