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ABSTRACT 
 

The current work intends to promote the development of the methods for 
establishing the degree of sterilization with ionizing radiations of the herbs in 
order to use them for obtaining food supplements, but also to obtaining 
medicines and cosmetic products. Obtaining the raw material, Sea 
Buckthorn (Hippophae rhamnoides) leaves, at a high level of sterilization 
without influencing the quality of active principles, is a desideratum of the 
economic agents in the area. 
The employed colorimetric methods have practically no impact on the 
studied herbs and, in the same time, they provide complex information on the 
effect of the ionizing radiations. The colorimetric methods allow to develop 
some models to be used both in the indirect evaluation of the microbial 
charge, before and after the treatment with ionizing radiations and for 
establishing the optimal necessary dose. The trials were made on Sea 
Buckthorn (Hippophae rhamnoides) leaves powder supplied by S.C. 
HOFIGAL EXPORT-IMPORT S.A. from Bucharest. The validation of the 
obtained colorimetric model was made through some spectrometric setups 
from the UV-Vis area, on the contents in: polyphenolcarboxylic acids, 
flavones derivates, redox enzymes of superoxide dismutase type, and in the 
antioxidant activity. 

Keywords: ionizing radiations/ spectrocolorimetry/ colorimetric models/ 
Hippophae rhamnoides. 

INTRODUCTION 

     A colorimetric model by tying the surface of sample with the dose of radiation used for 
irradiating the Sea Buckthorn leaves powder was elaborated in this paper. 
 
     The color, the texture, the geometry, the glitter are the main attributes describing the 
interaction of the electromagnetic radiations with the surface of a sample and that are used for 
describing the sample aspect. The color is related to the properties of the diffuse spectral 
reflections of a surface. The glitter is a function of the properties of the diffuse spectral 
(specular reflection). There are know from the literature a series of simple colorimetric 
models describing the color, such as: RGB model, used in video and computer graphics, 
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Munsell model, XYZ, L*, a*, b*, L*, C*, h*, L, a, b. These models were studied by an 
important chapter of physics, named colorimetry(1-6)

. 
 These colorimetric models describe and 

control easily the color as they based on the psychophysics of the color perception. The 
simple colorimetric models CIELAB’76 are used for the calculation complex colorimetric 
models, figured by the total color difference between the sample and a witness ΔE*, ΔECMC, 
ΔE*DIN 99, ΔE*CIE2000

(7-12). 
 
     The colorimetric models are used for irradiated the vegetal materials for establishing the 
changes produces by the radiations to the food products or supplements: chicken(13), pork(14), 
beef(15), eggs(16), spices(17-19). 

METHODS 

1. SAMPLES IRRADIATION 

     The material used for irradiation with accelerated electron beam were powder obtain from 
Sea Buckthorn leaves, supplied by S.C. HOFIGAL EXPORT-IMPORT S.A. from Bucharest. 
The samples before irradiation were packed in polyethylene bags of high density, transparent, 
with sizes of 60 x 60 mm, that were prior sterilized at 3 kGy (figure 1).  For the 
spectrocolorimetric measurements by the reflection, were used the solid samples form Sea 
Buckthorn leaves powder. 
 

     The samples irradiation was done with the 
accelerated electron beam generated by a linear 
electron accelerator, at room temperature and 
atmospheric pressure.  
      
     The accelerator generates electron pulses with 4 µs 
duration with an average energy of 6 MeV and maxim 
intensity of 75 mA, at a frequency of 50 – 100 Hz. 

The Sea Buckthorn leaves samples were irradiated with the different doses: 0.25; 0.5; 1; 1.5; 2 
and 5 kGy.  

 
Fig. 1 Leaves powder of Sea 

Buckthorn, packed in polyethylene 

 
     The parameters of the irradiation equipment were determinated by standard chemical 
dosimetry in aqueous system of copper sulphate – iron sulphate (Fe2+); irradiation were 
effectuated in horizontal plan; the scanning angle is at 90º; beam current 2 µA, the distance 
between scavenging head and the samples area d = 500 mm; medium flow dose Daverage  = 
2.29 kGy/min. 

2. COLORIMETRIC METHOD 

     The samples colorimetric characteristic were measured with a spectrocolorimeter 
MiniScan XE Plus (HunterLab, USA) and were expressed in CIELAB and CIELCH, 
L*(luminance), a*(red-green coordinate for the color was expressed in percentages), 
b*(yellow-blue coordinate of the color was expressed in percentages), C*(chromaticity), 
h*(hue). 
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     The data were obtained by mediating the five measures performed for each sample and 
they were performed with the Easy Match QC, HunterLab. 

3. UV-VIS SPECTROMETRIC METHOD BY TRANSMISSION 

     The initial physical and chemical characteristics before and after irradiation were 
determined by UV-Vis spectroscopy by S.C. Hofigal Export-Import S.A., Bucharest, 
Romania. The spectrometer used was Jasco UV-VIS V 530 with double beam, spectral range 
190-1100 nm, high–speed scanning about 8000 nm/min, spectral band 1.5 nm and the 
„Spectra Manager TM” program(1,2). 

Polyphenols has been quantified by their characteristic color reaction with sodium 
wolframate reading the extinction at 660 nm. The total content of polyphenols has been 
expressed in terms of its caffeic acid equivalent(1,2). 
Total content of flavonic derivates has been performed using the aluminium chloride and 
expressed in terms of rutin equivalent. 
Total content in the redox enzymes – The vegetal enzymes that have an activity equivalent 
with the superoxide dismutase similarly from animal kingdom and form superoxide radical 
ions. SOD is an enzyme witch catalysis dismounting superoxide anion ( -

2O⋅ ) at hydrogen 
peroxide. To determine activity „like-SOD” is necessarily a reaction system with produce 
superoxide ions and an indicator substance by which to measure their concentration. 
Production system for superoxidic ions is the methylene blue (MB) and tetramethylendiamine 
(TEMED), and the indicator substance is the nitroblutetrazoliu (NBT). In the presence of the 
(

-
2O⋅ ) ion, NBT is reduced to formazane, a colored compound with the specific exctinction at 

λ = 560 nm. Also, the adequate substance, the intensity of color, is in direct ratio with the ions 
concentration of ( -

2O⋅ ) from the mass of reaction. In this system SOD or other substances 
with antioxidant activity „like-SOD”, cause ions ( -

2O⋅ ) consumption and thus prevents the 
formation of the formazane. All the samples is reading at λ = 560 nm, after preliminarily 
extraction with 2 ml chloroform. One unit of SOD is the quantity of enzymes to reduce 50% 
of the quantity of formazane formatted in the reaction of witness. SOD activity is expressed in 
units/ml samples and is calculated depending by the samples dilution(1, 2). 
Antioxidant activity has been determined by following inhibitory effect of lipids 
peroxidation reaction from the guinea pig brain, by Sea Buckthorn leaves powder, irradiated 
and non-irradiated. The peroxidation reaction of lipids from the brain was conducted in the 
presence of ascorbic acid. The product of reaction, malonaldehyde was determined by 
measuring extinction at λ = 530 nm, characteristic for the color complex formed in 
reaction with the tiobarbituric acid. Antioxidant activity was expressed in the percentage of 
inhibition for the lipids peroxidation reaction, in inverse ratio with the malonaldehyde 
content(1,2). 

4. COLORIMETRIC MODELS 

     In the current work, an original colorimetric model is drafted. It describes the evolution of 
the total color differences (expressed in three-chromatic color unit’s ΔECIE2000) depending on 
the variation of the absorbed irradiation dose into the vegetal material (expressed in kGy). 
For model drafting, the following hypotheses were considered: 
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• The temperature influence on the color parameters for the irradiated areas and for the 
witness is negligible in time; 

• Both samples and not irradiated witness do not alter sensibly their properties in time; 
In the following pages, we briefly describe the algorithm that allows drafting the model: 

• The spectral data obtained by measuring the irradiated and not irradiated samples were 
analyzed with the Easy Match QC program, HunterLab, performing their turning into 
spectral functions. By working with the spectral data, the colorimetric parameters L*, 
a*, b*; C*, h*, H* were obtained; 

• Out of the colorimetric data the colorimetric model ΔECIE2000 was calculated according 
to the equation (1), between each irradiated sample and the not irradiated sample; 

• The primary experimental data, ΔECIE2000, the irradiation dosage were submitted to 
statistic operations of „smoothening” with the help of some polynomial interpolar 
functions. 
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Where: 
ΔECIE2000 – the total difference of color between the irradiated sample and the not irradiated 
sample, expressed in three-chromatic color units; 

*
2000LΔ , *

2000CΔ , *
2000HΔ - partial differences in luminance, chromacity and nuance, calculated 

between the irradiated sample and the not irradiated sample; 
LK , CK , HK  - constants depending on luminance, chromacity and nuance, the ration 

LK : CK : HK  is 1:1:1 for varnishes and paints, 1,3:1:1 for plastic materials and 2:1:1 for 
textiles; 

LS , CS , HS  - specific functions for the luminance, chromacity and nuance. 

• Through a statistic correlation performed between the total color difference and the 
dosage for each irradiated sample, we obtained a model formed of polynomial and 
exponential functions. This model describes the total color difference variation 
depending on the irradiation dosage for both vegetal materials according to the 
equation (2): 

x0.5x
CIE2000 eedxcebxaΔE −++++=                                                                            (2) 

 
Where: 
a, b, c, d, e – model constants varying according to the nature and composition for each 

vegetal material. In table 1, there are the numeric values for the constants; 
       x – dose of radiation expressed in kGy; 

 
         Table 1 Colorimetric models used for sterilizing Sea Buckthorn leaves powder with ionizing radiation 

 
Coefficients  Nr. Name of materials 

a b c d e 

1 Sea buckthorn  
(Hippophae rhamnoides) 

23.56942 5.792445 -0.0024 -22.861 -16.528 
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• We obtained the type 1 derivate of the function by deriving the ΔECIE2000 function in 

relation with the radiation dosage; 
• The obtained derivate annulled with 0 for obtaining the minimal variations of the total 

color differences (ΔECIE2000), that is a minimal modification of the number of 
chemical/ bio-chemical species and of their concentration depending on the dosage 
(equation 3): 

0
dD

)Ed(ΔΔE' CIE2000
CIE2000 ==                                                                                          (3) 

Where: 
ΔECIE2000 – type I derivate of the obtained model. 

5. SPECTRAL MODELS BY TRANSMISSION 

     Determination of the concentration for some active principles from Sea Buckthorn leaves 
powder was performed with the transmission spectrometry. From obtained spectral data have 
been developed specific spectral models which allowed for the some simulating data on 
variation of natural compounds.  

     In these models the function is: the concentration for polyphenolic derivates, (CPD-
expressed in total percentage of chlorogenic/caffeic acid), the concentration for flavonic 
derivates (CFD-expressed in total percentage of rutin), total content of vegetal enzymes 
(CVE-expressed in SOD units/ml sample) and antioxidant activity (AA-expressed in percents 
of inhibition of the lipids peroxidation reaction). As arguments of the function, a dose of 
radiation has been chosen for every model, and it accumulated in the samples between 0-5 
kGy.  

      The functions chosen are ratio between changes in the concentrations of natural 
compounds for the irradiated samples and the samples non-irradiated (RCPD, RCFD, RCVE, 
RAA). 

6. RESULTS AND DISCUSSIONS 

6.1 Colorimetric models 

     In order to establish the accumulated radiation dose of the irradiated samples, with the 
minimal variations of active substances, respectively for decreasing the microbial population, 
a colorimetric model has been developed to describe the evolution of the total color difference 
depending on the radiation dose.  

     This model is an algebric combination of the polynomial and exponential functions. 
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     In the figure 3 is presented graphically 
the results of the simulation with the model 
issued for Sea Buckthorn leaves powder. 
The model obtained by deriving and 
canceling the derivate leads to obtaining the 
optimal values for the accumulated dose, in 
the terms of imposing the criterion of 
minimal transformation of the samples 
(active principles very little modified, 
respectively with the reduction of the 
microbial population).  
     The model presents two minimum and a 
maximum for the total color difference. 
Similarly models were obtained for other 
two types of the medicinal plants, such as 
Gallium verum and Withania somnifera(3). 

As the total color difference presents an insignificant variation, we can choose the following 
variants for irradiation: the dose 0.55 kGy if the samples are not microbial contaminated, at 
the dose 1.9 kGy to not affecting significantly the total content in the active principles, or at 
the dose 3.10 kGy to destroy practically all the dangerous microorganisms such as Salmonella 
enteritidis, Listeria monocytogenes, Campylobacter jejuni and Escherichia coli O157:H. In 
the table 2 are presented the doses applied for the Sea Buckthorn leaves by comparison with 
the samples indicate from literature (Gallium verum and Withania somnifera). 
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Fig. 3 The correlation of the total color 

difference  DE2000 with the radiation dose 
applied to Sea Buckthorn leaves 

Table 2 The maximum radiation accumulated of the Sea Buckthorn leaves, Hippophae 
rhamnoides, by comparison with the samples indicate from literature without significant changes 

in active principles. 
 

Min. Max. Nr. 
Dose [kGy] DECIE 2000 Dose [kGy] DECIE 2000

Samples 

1. 0.55 0.26 3.10 0.48 Hippophae rhamnoides 
2. 0.8 1.49 3 1.45 Withania somnifera 
3. 0.3 0.55 3.45 0.43 Gallium verum 

 
If the conditions imposed by the international norms on the microbial charge do not 

fulfill, can be chosen as optimal dose the maximum values, 3 kGy, respectively 3.5 kGy, at 
these values microbial charge practically is reduce to zero. 
 
7. UV-Vis spectral models 
 
      In figure 4 is observable as the ratio of polyphenolic derivates concentration – RCPD 
slowly decreases until 1.5 kGy then remains constant until at the dose 4.5 kGy, after this 
value decreasing about 2.5 times at the maximum accumulated dose; the concentration of 
flavonic derivates - RCFD decreases between 0-2 kGy and then remains constant throughout 
the interval of the accumulated dose; the concentration of the vegetal enzymes - RCVE 
decreases very little and increase slowly until at the dose 0.75 kGy after having a pronounced 
decline until at the dose 4 kGy; the maximum decrease is at the dose 4 kGy; ratio of the 
antioxidant activity – RAA presents a continue declining in the interval 0-4 kGy. 
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Analyzing this variation is proposed as 
optimal dose of irradiation for the powder 
obtained from Sea Buckthorn leaves the dose 
3 kGy. At this dose the active compounds 
from the samples are not affected 
significantly. 
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Fig. 4 Models by spectral transmission 

depending to the radiation dose – simulated 
dates according to the model from equation 2 

 

 

 

 

 

 

8. CONCLUSIONS 

     A technology of irradiation for the Sea Buckthorn (Hippophae rhamnoides) leaves 
developed with the accelerated electron beams. For drafting the colorimetric model, a modern 
spectrocolorimetric methods and a portable spectrocolorimetric system Miniscan XE Plus 
HunterLab were used. The spectral data acquired by spectroscopy remission were turned into 
colorimetric data L*, a*, b*, c*, h* in partially differences of color ΔL*, ΔC*, Δh* and in 
total color differences ΔECIE2000. A colorimetric model was drafted – total difference of color, 
ΔECIE2000/absorbed dosage. By derivation the obtained function and cancellation with zero 
results two minims and a maximum for the total color differences. For 
microbiological purpose an optimal irradiation dose 3 kGy is proposed, to ensure a 
significantly decrease for the microbial population.  
 
      The drafted new models allow for obtaining the minimal irradiation dose and the minimal 
irradiation time, so that the vegetal materials submit minimal transformation with the regard 
to the active principles. 
 
      The optimal operating parameters for linear accelerator, that were set up are: irradiation in 
the horizontal plan, the angle between the electron beam and the sample area 90º, the distance 
between the scavenging head and the sample area 500 mm, beam intensity 2 μA, the absorbed 
dose of material 3 kGy. 
 
      At this dose, insignificant changes occur with regard to the number of 
chemical/biochemical species and their concentration ΔECIE = 0.48 against changes which 
occur when applied other treatments of sterilization. 
 
      The experimental data obtained are confirmed by literature: at relatively small doses (0-5 
kGy), the macronutrients – carbohydrates, protein and lipids and a good part of micronutrients 
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– vitamins do not suffer significant changes. From vitamins, vitamin C and E suffer some 
changes. 
       
     The dangerous microbial population for food or food supplements, type Salmonella 
enteritidis, Listeria monocytogenes, Campylobacter jejuni and Escherichia coli O157:H7 
may be reduced or eliminated, without affecting in a negative way the sensory properties or 
nutritional quality of foods. 
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