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RUBRA DC.) EXTRACT BEHAVIOR UNDER HIGH DOSE GAMMA IRRADIATION 3 

 4 
 5 

ABSTRACT 6 
Aqueous solutions of different pH from red cabbage (Brassica oleracea L. var. capitata f. rubra DC.) 7 
extracts were prepared. Effects of different doses/dose rates of gamma irradiation on the red cabbage 8 
aqueous solutions were investigated. Solutions were exposed to 1- 10 kGy of gamma irradiation doses at 9 
different rates ranged between 0.317 to 38.883 kGy/h. The absorption change due to gamma irradiation 10 
exposures was determined by a spectrophotometry. Results demonstrate that under gamma irradiation 11 
exposure variations (doses and dose rates), the best linearity (R2>0.97) of red cabbage solution extract was 12 
at a pH=3.3. Results could be of great importance and clearly indicated the efficacy of a natural red cabbage 13 
dye as dosimetric indicators. 14 
 15 
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1. Introduction  18 
Ionizing radiation is an important technology that has a wide arrays of beneficial applications in different trailed 19 
such as agriculture (preservation of food), medicine (sterilization of medical and pharmaceuticals products), 20 
environment, and industrial improvement. Application of ionizing radiation is an essential method for food 21 
irradiation especially in developing countries and recently for food decontamination from environmental 22 
pollutants such as polycyclic aromatic hydrocarbons (PAHs) without changing in food proprieties, and 23 
moreover increase the storage period of food and make food more inoffensive [1, 2]. It is well known, that 24 
ionizing radiation can alter physical, chemical, and biological properties of materials depending on absorbed 25 
doses; these processes could be an important indicator related to many radiation dosimetry applications. 26 
Consequently, the dosimetry is considered a confidence key parameter of a quality assurance for radiation 27 
processes and irradiated product controls. Dosimetry is devoted for many applications in numerous areas 28 
including environmental protection, nuclear safety, food sterilization and aliments security, medicine and health 29 
care [3]. 30 
 31 
Nowadays, world current trend gives important ethics to natural sources particularly in food and medical 32 
applications [4], including natural coloured compounds namely ‘dyes’ such as anthocyanins, carotenoids, and 33 
betalains [5, 6], these dyes are not only used in food applications, but also for reducing some important diseases 34 
such as diabetes, obesity and cancer [7, 8]. 35 
 36 
Several natural dyes are used also in dosimetry measurement since natural dyes are biodegradables, health 37 
preserving and have no clearance problem for the environment. Contrary to synthetic dyes, which may be 38 
carcinogenic, and non-biodegradables, in addition, the potential side effect influences of the chemicals used in 39 
food synthesis colorants and the existence of environmental pollutants [9]. Therefore, world attention to natural 40 



 

 

dyes as visual or dosimetric indicators increased [10]. Red cabbage contains the most sensitive pigment, which 41 
we can meet in food, called as anthocyanin (Fig. 1), this pigment changes colour dependent on aqueous solution 42 
pH of the red cabbage extract. Thus, red cabbage is used to monitor the level of hydrogen ions in the solution 43 
[11]. 44 
 45 

 46 
Fig. 1. Structure of cyanidin, type of anthocyanin in red cabbage [12] 47 

 48 
The present study investigates the impact of dose and dose rate effects of ionizing radiation on the aqueous 49 
solution extract of a natural red cabbage. In addition, radiation effects on different ranges of pH on the 50 
dosimetric responses were also reported. 51 
 52 
2. Materials and methods 53 
2.1. Sample preparation 54 
The red cabbage extract was prepared in aqueous solution with different pH. The red cabbage samples were 55 
ground into small pieces and about 15g of ground red cabbages was add to the solution and left for 24h at room 56 
temperature before filtration (B1, B2, N, A1, A2), while the two samples A1-H, B2-H were obtained by heating the 57 
red cabbage pieces in the solution for one hour at 60 oC. The different pH solutions were prepared using glacial 58 
acetic acid and sodium hydroxide (CARLO ERBA, France). Different pH values used in this study are listed in 59 
Table (1). 60 

Table 1. Extracted colours description 61 

 B1 B2-H B2 N A1 A1-H A2 

pH 12.1 12.1 13 6.9 3.3 3.3 3.6 

Color yellow yellow yellow red red red red 

λmax 325 325 318 528 531 531 530 

 62 
2.2. pH measurement  63 
pH values of the solutions were determined using an HI 8521pH meter (Hanna Instruments, Woonsocket, RI, 64 
USA). The pH meter was calibrated using a solution of known pH (4, 7 and 9). 65 
 66 
2.3. Irradiation treatment 67 
The gamma irradiation processes were performed under general conditions, (air atmosphere and ambient 68 
temperature) and by using two different ways of gamma irradiation. The first, was by means of a gamma cell 69 



 

 

(dose rate 0.425130kGy/h, trans. dose 2.05 Gy) and the second, was in a 60Co Gamma irradiator (Russian Type: 70 
ROBO) (200 kCi). Samples were exposed to 1, 2, 5, 10 kGy doses with a different dose rates (2.2470, 9.2585, 71 
20.9714, 31.5389, 38.8829kGy/h) of gamma irradiation. The two gamma facilities were calibrated by Fricke 72 
using the standard (ISO/ASTM 51026, 2005. Standard Practice for Using the Fricke reference Standard 73 
Dosimetry System) [13].  74 
 75 
3. Results and discussion 76 
3.1. Absorption spectra 77 
Absorption spectra of unirradiated and irradiated solutions of red cabbage extracts were measured using a UV-78 
VIS spectrophotometer at wavelength range from 400-700 nm (resolution: 1 nm, reference: solution of same pH 79 
without red cabbage). It is known that, red cabbage contains dyes that can react with the gamma irradiation and 80 
produce some change in the intensity of the colour similar to artificial dyes [14-16].  81 
 82 
The result of red cabbage in alkaline solution did not give a good correlation between absorption and gamma 83 
irradiation doses, and only red cabbage in acidic solution that has a maximum of absorption at 531 nm 84 
corresponding to the red colour of the anthocyanin that gave good correlation. This result was in agreement with 85 
result reported by Shahid et al. [11]. 86 
 87 
The result of irradiation in alkaline solution (basic conditions) shows that no changes were found and turbidity 88 
in the formed solution has been seen very clearly. As shown in Fig. 1, the anthocyanin type structure presented 89 
in red cabbage has five acidity hydrogens (pKa= 3.8). The interpretation for that behaviour under basic 90 
conditions is due the formation of anions, which are stabilized by resonance and having negative charge on 91 
highly electromotive atoms. Therefore the formed salt after the addition of sodium hydroxide is very stable, 92 
whereas. the formed five RO- groups are stabilizing the formed complex as the result of irradiation under basic 93 
conditions which is sort of acid-base equilibrium. 94 
 95 
Fig. 2 shows the changes in the intensity of absorption peak at 531 nm due to the irradiation process. The 96 
intensity of absorption peak at 531 nm decreased gradually with the increase of the dose of Gamma radiation 97 
without changing the position of the peak of absorption. The increase of gamma irradiation doses is probably 98 
due to the red cabbage degradation dye by the effect of irradiation. Moreover, this decrease was also affected by 99 
the dose rate; the decrease was higher (same absorbed dose) at high dose rate, while the absorption was lower at 100 
low dose rate. 101 
 102 
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 103 
Fig. 2. Variation of absorption spectrums of red cabbage solution (pH=3.3) with respect to gamma radiation 104 

dose (from 1 to 10 kGy) at different dose rate: 10kGy/h (left), 38 kGy/h (right) 105 
 106 
3.2. Evaluation the relation between the absorption at 531 nm and the irradiation dose rate 107 
The behaviour of this solution under different irradiation dose rate, which varies between 0.43 and 38.88 kGy/h, 108 
was found to go through a linear tendency of photo- degradation (absorption decrease) [14], as in the Eq. (1) 109 
 110 

଴ܣ െ .ௗ.௥ܣ ൌ .ߠ ௥ܦ ൅  111 (1)                   ߴ
 112 

Where: ܣ଴: Absorption of un-irradiated sample  113 
 ௗ.௥.: Absorption of irradiated sample at specific dose rate. 114ܣ
 ௥: Gamma irradiation dose rate 115ܦ
 constants 116 :ߴ,ߠ

Fig. 3 demonstrates that, the same trend was also observed at different absorbed doses (1, 5, 10 kGy). Table (2) 117 
displays the value of the slope of linear fitting and the crossing point. The correlation coefficient (R2) of the 118 
linear regression model has a value > 0.99. The negative values of slope indicate that the absorption decreased 119 
with the increase of applied dose rates. 120 
 121 
Table (2) displays the value of the slope of linear fitting and the crossing point. The correlation coefficient (R2) 122 
of the linear regression model has a value > 0.99. The negative values of slope indicate that the absorption 123 
decreased with the increase of applied dose rate. 124 
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 125 
Fig. 3. Variation of absorption of red cabbage extract in acidic solution A2 with irradiation dose rate, Dose rate 126 

0.43, 2, 10, 20, 38 kGy/hat irradiation dose 1, 5, 10 kGy 127 
 128 

Table 2. Values of the constant of the linear fitting 129 

Dose (kGy) ߴ ߠ R2 

1 -0.0035 0.161 0.994 

5 -0.0046 0.437 0.998 

10 -0.0027 0.470 0.994 

 130 
 131 

3.3. Evaluation the relation between absorption at 531 nm and irradiation dose at different dose 132 
rate 133 
Sample solution exposed to different dose rates was found to be discoloured with the increase of the absorbed 134 
dose. Fig. 4 shows the relation between the absorbed dose and the variation of the absorption at 531 nm. The 135 
relation between the absorbed dose and the absorbance follows an exponential model that can be expressed in 136 
the following Eq.(2): 137 
 138 

ܣ ൌ .଴ߛ ஶವ.ೝ. ାܣ ݁
ିோబ .  ஽                            (2) 139 

 140 
Where: D: absorbed dose, 141 
.ஶವ.ೝܣ

 ଴, R0 : apparent constants 142ߛ
 143 



 

 

This model was found to be appropriate for all studied dose rates (Fig. 4). The correlation coefficient (R2) shows 144 
a strong relation with a range between (94.4- 99.7). 145 
 146 
Constant value of the model was listed in the Table (3). The value of the constant of ߛ଴ had a constant value for 147 
all dose rates of 0,456. While the constants of ܴ଴ were correlated and had a linear relation by the dose rate 148 
effects. The coefficient of correlation had a value of 0.954, which shows a good relation between these 149 
constants. Moreover, Fig. 5 clearly shows that R0 was not a real constant, but it is correlated to both the 150 
irradiation dose rates. 151 
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Fig. 4. Variation of absorption of red cabbage in acidic solution A2 with irradiation dose at different dose rate 155 
2.2470, 9.2585, 20.9714, 31.5389, 38.8829 kGy/h 156 

 157 

 158 

Table 3. Values of the constant of the fitting 159 

Dose rate (kGy/h) ܣஶವ.ೝ.
 ଴ R0ߛ 

38.88289 0.082±0.051 0.464±0.048 0.174±0.050 
31.53895 0.120±0.032 0.427±0.036 0.276±0.074 
20.9714 0.102±0.010 0.442±0.015 0.318±0.027 
9.25847 0.071±0.007 0.467±0.016 0.379±0.030 
2.24695 0.063±0.005 0.483±0.024 0.461±0.051 
0.42513 0.053±0.018 0.454±0.059 0.442±0.103 
average  0.456  

 160 
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 161 
Fig. 5. Linear relation between the constant R0 for the exponential model and irradiation dose at different dose 162 

rate 163 
 164 
In addition, the constants ܣஶವ.ೝ.

of the model at different dose rate were also correlated via linear model as 165 
demonstrated in the Fig. 6.  166 
The abovementioned correlations allow modifying the proposed exponential model, correlated the red cabbage 167 
absorbance with the absorbed dose, and rewrite the equation as follow in the Eq. (3) and Eq. (4):  168 
 169 



 

 

ܣ ൌ ሺܽஶ.஽ೝ  ൅ ߚஶ.஽ೝ. ௥ሻܦ ൅ 0.456 ൈ ݁ିሺ଴.ସହ଺ାఉವೝ.஽ೝሻ .  ஽           (3) 170 
Where: 171 

ܽஶ.஽ೝ= 0.0567(24) 172 
 ஶ.஽ೝ= 0.0020(2) 173ߚ
 ஽ೝ= 0.0068(7) 174ߚ

Then  175 
ܣ ൌ ሺ0.0567  ൅  0.0020. ௥ሻܦ ൅ 0.456 ൈ ݁ିሺ଴.ସହ଺ା଴.଴଴଺଼.஽ೝሻ .  ஽       (4) 176 

 177 
The relative equation above shows that the absorbance of red cabbage solution is simultaneously subjects to the 178 
variation in absorbed dose and dose rate of gamma irradiation.  179 
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Fig. 6. Linear relation between the constantsA0of the exponential model between absorption and irradiation dose 181 

at different dose rate 182 
 183 
Moreover, the dose rate and the absorbed dose have a relation depending on the time of the radiation process as 184 
follow in Eq. (5): 185 
 186 

ሿݕܩሾ݇ܦ ൌ ௥ሾܦ 
௞ீ௬

௛௢௨௥
ሿ ∗

௧ ሾ௦ሿ

ଷ଺଴଴
              (5) 187 

 188 
By consequence, the absorption of red cabbage extract measurements gives a direct indicator about the 189 
irradiation dose during a specified time as shown in the following equation Eq. (6):  190 

ܣ ൌ ሺ0.0567  ൅  0.0020. ௥ሻܦ ൅ 0.456 ൈ ݁ି
೟ 

యలబబ
. ஽ೝ.  ሺ଴.ସହ଺ା଴.଴଴଺଼ . ஽ೝሻ(6) 191 



 

 

 192 

 193 

 194 

3.4. Effect of irradiation on pH of the acidic solution of red cabbage 195 

The value of pH of irradiated and un-irradiated acidic solution of red cabbage was determined at different doses 196 
and different dose rate. Table (4) shows a slight variation, which indicate that, no effect of gamma irradiation on 197 
acidic property of the solution and the acidity rest stable during the whole process of irradiation. 198 

 199 

Table 4. Variation of pH vs. irradiation dose and irradiation dose rate 200 

Dose kGy 0 1 5 10 

Dose rate kGy/h - 2.2 9.3 21.0 31.5 38.9 2.2 9.3 21.0 31.5 38.9 2.2 9.3 21.0 31.5 38.9 

A1 3.3 3.3 3.3 3.2 3.3 3.4 3.2 3.3 3.2 3.2 3.2 3.1 3.1 3.1 3.4 3.3 

A2 3.6 3.6 3.7 3.6 3.7 3.7 3.7 3.6 3.7 3.6 3.6 3.7 3.6 3.7 3.7 3.7 

A1-H 3.3 3.3 3.3 3.0 3.3 3.5 3.2 3.3 3.2 3.1 3.1 3.2 3.5 3.2 3.3 3.2 

 201 
 202 
4. Conclusions 203 
In this study, pH of different red cabbage (Brassica oleracea L. var. capitata f. rubra DC.) extract aqueous 204 
solutions were prepared. Acidic solution with pH= 3.3 showed good relations between absorbance and absorbed 205 
dose or dose rate during the irradiation process by gamma rays. An equation was concluded that correlates 206 
absorption and irradiation dose in the dose range from 1 to 10 kGy and dose rates from 0.317 to 38.883 kGy/h.  207 
The equation shows a possible application of red cabbage extract as a dosimetry indicator. Further studies are 208 
required on the extract stability of red cabbage solutions with the time and temperature variations, before a firm 209 
conclusion could be drawn for red cabbage solution possible application as a natural dosimeter indicator. 210 
 211 
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