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ABSTRACT 

     Spectrocolorimetric and GC-MS methods were developed for the 
quantitative and quality analyze of the fatty acid methyl esters (FAME) and 
of some natural compounds extracted from the Sea Buckthorn (Hippophae 
rhamnoides) leaves sterilized by treating them with accelerated electron 
beams, generated by a linear accelerator. The spectrocolorimetric models 
describe and easy controls the color as it relies on the psychophysics of the 
color perception and on the simple colorimetric models. HunterLab, 
CIELAB, CIELCH simple colorimetric models are used in developing 
complex colorimetric models and for the calculation of simple colorimetric 
models expressed as the total color difference between a sample and a 
witness, ΔE*, ΔECMC, ΔE*DIN99, ΔE*CIE2000. They provide qualitative data on 
the deterioration of the active compounds by irradiation. If they are 
validated by GC-MS methods, they can also provide quantitative data on the 
radioinduced changes caused to the Sea Buckthorn leaves. The developed 
GC-MS methods allow the validation of the spectrocolorimetric methods for 
the quantitative and qualitative evaluation of the radioinduced changes in the 
Sea Buckthorn leaves, reducing both the analyze times and the analyze cost, 
respectively the random errors of the procedures for extraction and 
derivation applied to samples preparation. 
 
 
Key Words: Ionizing Radiations/ Spectrocolorimetry/ GC-MS/ Hippophae 
 rhamnoides. 

INTRODUCTION 

     In this work was been developed spectral, spectrocolorimetric and gas-chromatographic 
models what allowing a rapid assessment for the radioinduced changes in Sea Buckthorn 
leaves exposed to the decontamination and sterilization operations. To obtain a valuable food 
supplements with the antistress properties was used a series of medicinal plants form 
Romania, such as Tutsan (Hypericum perforatum), Valerian (Valeriana officinalis), Stinging 
Nettle (Urtica dioica), Sea Buckthorn (Hippophae rhamnoides), Bitter Melon (Momordica 
charantia) grows in tropical areas and was acclimatize in Romania. 
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     By mixing in defined proportions and application the modern technologies of microbial 
decontamination and sterilization for this plants, such as treatment with accelerated electron 
beams results products used as food supplements to effectively eliminating stress (1,2). One of 
the basic components of these products is Sea Buckthorn (Hippophae rhamnoides)(3). The Sea 
Buckthorn leaves may be contaminated with dangerous microorganisms affecting the quality 
of nutritional supplements obtained from this material (4). 
 
      The research program after 1990 has proposed to develop speedier methods, non-
destructive, relatively cheap to detect radio-induced changes in foods or food supplements in 
terms of modifying the content of vitamin, sterols, unsaturated fatty acids, saturated fatty 
acids (5-11). 

METHODS AND MODELS 

1 Samples irradiation 

     The material exposed to irradiation with the accelerated electron beams was powder obtain 
from Sea Buckthorn leaves, supplied by S.C. HOFIGAL SA. 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. For the spectrocolorimetric measurements by the reflection, 
were used the solid samples form Sea Buckthorn leaves. 
      
      The samples irradiation was getting 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. The parameters of the 
irradiation equipment were determinate by standard chemical dosimetry in system aqueous of 
copper sulphate – iron sulphate (Fe2+); irradiation were effectuated in horizontal plan; the 
scanning angle is at 90º; the beam intensity 2 µA, the distance between scavenging head and 
the samples area d = 500 mm; medium flow dose Daverage  = 2.29 kGy/min. 

2 Vis Spectrometry by reflection 

     Vis Spectrometry by reflection was used for the spectral characterization before and after 
irradiation of polyethylene bags and a powder obtain from the Sea Buckthorn leaves. With 
this method we have obtained spectral databases necessary to draft spectral models. These 
measurements were made by visible reflection spectroscopy. The spectrocolorimeter used is 
the portable system HunterLab (MiniScan XE Plus) with the next technical features: 
wavelength field (400-700 nm), geometry measurement 45°/0°, port measure type LAV with 
diameter d = 31.8 mm, beam diameter 25.4 mm, xenon lamp with > 500 000 flashes, D65 
illuminant. For each samples (polyethylene bags, vegetal material) were made five 
measurements who were mediating. Before packaging the material was made twenty 
measurements and they are mediating to. 

3 Spectrophotometric method 
     The spectrophotometric method used for characterization of powder obtained from the Sea 
Buckthorn leaves before and after irradiation with accelerated electron beams is actually a 
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combination method what is based on the visible reflection spectroscopy and on 
spectrophotocolorimetry, a very importing chapter of physics what is dealing with color 
management. This method was used for purchase spectral data of samples with a portable 
sensor MiniScan XE Plus (HunterLab, USA). The spectral data were processed in 
CIELAB’76 and CIELCH’76 coordinates: L*(lightness), a*(red-green color coordinate 
expressed in percentage), b*(yellow-blue color coordinate expressed in percentage), 
C*(chroma value), h*(hue).  

4 Gas chromatography method coupled with mass spectrometry (GC-MS)  
     The quantitative analyze of E vitamin, sterols, fatty acids were determined by GC-MS 
method. Was used Trace GC gas chromatograph coupled with Trace DSQ TermoFinnigan 
mass spectrometer, equipped with HP-5 glass capillary column a 30 m, with a stationary 
phase consists of 5% biphenyl and 95% bimetal-poly-syloxane, inside diameter by 320 µm 
and a thickness of stationary phase film about 0.25 µm. To separate the compounds was used 
following program temperature: 70ºC (1 min.) - 100ºC, with speed 20ºC/min; and then 
30ºC/min at 310ºC, the injector temperature 250ºC, the detector temperature 300ºC, helium 
flow rate 1 ml/min. 
 
     Operating parameters of mass spectrometer were: electron beam energy 70 eV, electron 
beam current 300 µA, source temperature 200ºC, injector temperature 250ºC and interface 
temperature 280ºC. Procedure for extraction and derivation consisted in following algorithm: 
the biological sample very well grinded and homogenized was extracted in chloroform: 
methanol (1:1) for two minutes in a bath with ultrasound; the extract brings to sec (by 
lyophilization) to remove water; ten micrograms of C11:1 is added (SI), acetyl chloride: 
methanol (1:9), is warm at 80ºC for 30 min in a vial with lid; we vaporize the sample in order 
to remove the reagent from the reaction environment and adjust the pH at neutral value after 
vaporization, by adding acetyl chloride or ethyl benzene. 3 µl of sample is injected in the 
chromatographic column. 

5 Models 
5.1 Spectral models “remission - wavelength” 

     These models were used for the spectral characterization of the opaque and translucide 
samples.  The model is presented in equation 1: 

                            (1) 100)(I/IR 0)( ⋅=∞

Where: 
)(R ∞ - remission of sample, %; I-intensity of reflected beam diffuse by the sample at each 

wavelength in the field 400-700 nm; I0-incident beam intensity at each wavelength in the field 
400-700 nm; 

2.5.2 Spectral models with N-fluxes 

     It bases on the Kubelka-Munk law and is in conformity with the equation 2: 
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)F(R λ,∞ - Function of the remission sample at any wavelength and perfect opacity; 
K- the coefficient of absorption electromagnetic radiation absorbed by opaque film, at infinite 
thickness; λ - wavelength; ∞ - the perfect opacity of sample;  - the sample reflectance at 
infinite thickness film for a radiation, expressed in a simple fraction; 

∞λ,R
∝ - mathematic symbol 

“in ratio with”; cs- the concentration  for the chemical/biochemical species what absorbs at 
specific wavelength, mol/l; 
 
      With the sample remission was calculating the remission function in conformity with the 
equation 2. Was obtained a polynomial model with Fourier transformed of type 10x2, for each 
sample irradiated and the non irradiated witness enabling the simulating of the samples 
spectrum (witness), as remission function in ratio with the radiation dose (equation 3): 
F(Rλ,∞) = a+b·cos(#)+c·sin(#)+d·cos(2#)+e·sin(2#)+f·cos(3#)+g·sin(3#)+h·cos(4#)+i·sin(4#)+ 
j·cos(5#)+k·sin(5#)+l·cos(6#)+m·sin(6#)+n·cos(7#)+o·sin(7#)+p·cos(8#)+q·sin(8#)+r·cos(9#)+s·sin(
9#)+t·cos(10#)+u·sin(10#)            (3) 

      To obtain more information on specific spectral absorption, the model was derived twice. 
The cancellation of first and second derivatives has been obtained specific spectral 
absorption. 

5.3 Colorimetric models 

     To compare a samples irradiated with the non irradiated witness was used the colorimetric 
models expressed by absolute color coordinates L*, a*, b*, C*, h* and relative coordinates 
ΔL*, Δa*, Δb*, Δc*, Δh*, ΔH*, ΔE*, ΔECMC, ΔEDIN’99, ΔECIE2000. One of these models 
ΔECMC, ΔECIE2000 is the best approach in the visual and instrumental evaluation. In essence, 
ΔECMC calculated mathematically defined an ellipsoid around a point corresponding to 
standard, in the tridimensional space L*C*h*. This ellipsoid presents a volume of 
tolerance they fall accepted samples (12-16). 

5.4 GC-MS models 

     With the GC-MS were determined depending of radiation dose, the variation concentration 
of E vitamin (CEV), sterols concentration (SC) and ratio of variation between unsaturated 
fatty acids and saturated fatty acids (RUFA/SFA). For assessment of active principles 
degradation from foods supplements depends of used radiation dose, was drafted a model 
based on variation of sample ratio concentration and variation of witness concentration from 
the active principle (equations 4, 5). 

M

P

C
CRC =            (4) 

Where: 
RC is the concentration ratio of active principles (RCEV – E vitamin, RCS – sterols, 
RRCUFA/SFA- unsaturated report fatty acids/saturated fatty acids); - the concentration of 
active principle of irradiated samples; - the concentration of active principle of non 
irradiated witness. 

PC
MC

x0.5x eedxcebxaRDC(D) −++++=         (5) 

Where: 
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RDC(D)  - the ratio concentration of active principle at a dose of radiation; a, b, c, d, e-the 
algebraic constants of model; x – the accumulated dose of radiation (expressed in kGy). From 
the experimental data and through statistical processing were determined algebraic 
coefficients for all the models developed in this paper. The models obtained present a good 
correlation between function and argument because average deviation was varied        
0.920÷0.9999, and the deviation percentage points between -12.2%÷11.4 %. 

RESULTS AND DISCUSSIONS 

1 Spectral models with N-fluxes 

     To assess the qualitative and quantitative changes caused by irradiation with the 
accelerated electron beam of the active principles from the Sea Buckthorn leaves, we can use 
spectral models with N-fluxes and models of type Fourier transform 10x2 (equation 2) and the 
colorimetric models (paragraph 3.2). The two categories can be called colorimetric models. 
      
     Figure 1 is presents the spectrum of irradiated samples and for the samples non irradiated  
(witness) expressed as remission function obtained from experimental simulate data in line 
with the models presents in equations 1 and 2 at the lengths of the wavelength of visible 
spectrum, 400-700 nm. The specters submit specific absorption for the active principles from 
Sea Buckthorn leaves at 410 nm, 415 nm, 430 nm, 460 nm, 490 nm, 540 nm, 610 nm, 670 nm 
and 680 nm. The specters for the dried powder from Sea Buckthorn present specific 
absorption less pronounced over spectral information obtained from green plants. The main 
compounds of natural powder from Sea Buckthorn leaves are: flavonoids (17), carotenoids, 
free and estherised sterols, triterpenols and isoprenols (18). 
      
      The absorption maximum at 460 nm may be assigned with probability for “yellow - 
orange pigment” from Sea Buckthorn which in aqueous solutions submits maximum 
absorption at 213, 315, 445 and 450 nm(19). This pigment is soluble in water, alcohol, acetone 
and petroleum fractions. This pigment contains flavones, carotenes and E vitamin(20).  

 
The absorbtion maximum at 415 nm it's due probably to some chlorofile degradation 

products, at the 430 nm absorption may be assigned to the carotenoids and at 680 nm to the 
chlorophyll (21,22). It is observable as the witness not showing maximum absorption at 415 nm 
and 460 nm, while the irradiated samples showing a maximum absorption more pronounced 
probably due to degradation of chlorophyll compounds. The induced changes by beam 
radiation are is something bigger for the compounds what absorb between 400 and, 500 nm, 
while for the compounds what absorb between 500 and 700 nm, are insignificant. 
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     To correct the main disadvantage of 
remission spectrometry, that to have 
maximum absorption less pronounced was 
used the spectrometry derivative method. In 
figures 2 and 3 are presented graphically first 
derivative and second derivative, by 
cancellation of the first derivative is enabled 
identification of additional absorption 
maximum at 415, 600 and 699 nm. By 
cancellation of the second derivative is 
enabled identification of additional 
absorption maximum at 420, 440, 500, 531, 
599, 680 and 694 nm. At this wavelengths 
may be calculated the remission functions 
from the model described by the equation 2. 
All this function is in ratio with the 

concentration of active principles from the Sea Buckthorn leaves. 
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Fig. 1 Function of remission for different 

wavelength, simulated data using  
equation 2 and 3 

2 Colorimetric models 
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     Figure 4 presents a series of colorimetric models, with means the variation of color 
parameters L*, a*, b*, C*, h* and a yellow degree YI E313, expressed in absolute values in 
terms of dose absorbed. Is observable that changes not occurring too big regarding with hue 
(h*) and red-green coordinate variation. At higher doses than 3 kGy changes appear in 
yellow-blue coordinate and chroma (C*) variation. The lightness (L*) varies relatively 
little with the radiation dose and presents light decreases at doses higher than 2 kGy. The 
yellow degree presents higher variation and an increase over dose of 2.5 kGy. It is concluded 
as the dose of 3 kGy, dose necessary for destroying microbial load, may be produced 
degradation relatively small of active principles. 
      
      The colorimetric models of partial color difference ΔL*, Δa*, Δb*, ΔC*, ΔH* and for the 
yellow degree, ΔYI E313, calculated as differences between the parameters of irradiated 
samples and the witness are presented in figure 5. 
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Fig. 2  First derivative for remission 
function (simulated data) 

Fig. 3 Second derivative of remission 
function (simulated data) 
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Fig. 4 Colorimetric graphical models. The 
variation color coordinates in absolute values 

and for yellow degree  YI E313, D65 
illuminant, angle of observation 10º, 

depending by absorbed dose 

Fig. 5 Colorimetric graphical models. The 
variation of partial differences for relative 
color coordinates, D65 illuminant, angle of 
observation 10º, depending by absorbed dose 

     In figure 6 is presented the graphically colorimetric model, expressed in relative values as 
variations of total color differences, calculated between the irradiated samples  and the 
witness non irradiated, ΔE*, ΔECMC, ΔEDIN’99, ΔECIE2000. 
 

 
 
 
 
Fig. 6 Graphically colorimetric models. The 
variation of total color differences in r
values, D65 illuminant, angle of observati
10º, depending by absorbed dose 
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    From the figure 6 are relatively small variations notes for these parameters. In generally is 

    By comparing the results, it is concluded as the absorbed dose of 3 kGy are minimal 
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considered to color differences ΔE*CMC and ΔE*2000 the subunit values show minimal changes 
regarding the variation in concentration of active principles presents in foods supplements 
irradiated. 
 
  
degradation for active principles, behind shown to minimize microbial load that may 
contaminate foods supplements and pharmaceutical products. 
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Fig. 7 Models GC-MS depending on dose of 

   In figure 7 is presented variations of the 

    Analyzing this variation is proposed as optimal dose of irradiation for the powder 

CONCLUSIONS 

     A technology of irradiation for the Sea Buckthorn leaves (Hippophae rhamnoides) with 

he drafted new models allow for obtaining the minimal irradiation dose and the minimal 

he optimal operating parameters for linear accelerator, that were set up are: irradiation in 
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model from equation 4 and 5. 
 
 
 
 
 RCS RRCUFA/SFA RCEV

  
simulated data for GC-MS models. Ratio of stero
kGy, and increase slowly until 4 kGy, and finally decrease by approximately 1.4 times. Ratio 
of fatty unsaturated acids/fatty saturated acids decrease slowly until 0.5 kGy and remains 
constant until 4 kGy, finally increase.  This behavior may be explicated by the side of 
dehydrogenation that occurs in allylic positions of unsaturated acids, what formed 
supplementary double bond and eventually increase the degree of conjugation. The maximum 
decrease is of 1.2 times. 
 

ls concentrations – RCS decrease until 1 

  
obtained from Sea Buckthorn leaves the dose 3 kGy. At this dose the active compounds from 
the samples are not affected significantly.  The GC-MS model confirms results obtained 
through the application of the spectrocolorimetric models. 
 

the accelerated electron beams has been developed. 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. For microbiological purpose is proposed as optimal 
irradiation dose 3 kGy, to ensure a significantly decrease for the microbial population. For 
this dose correspond a minimal time for irradiation about 85 seconds. The spectrocolorimetric 
models were validated by GC-MS models. 
      
      T
irradiation time, so that the vegetal materials submit minimal transformation with the regard 
to the active principles. 
      
      T
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, the intensity of electron beam 2 
μA, the irradiation time 85 seconds and the absorbed dose of material 3 kGy. 
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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. Experimental data obtained are confirmed by literature: at 
relatively low doses (0-5 kGy), macronutrients – carbohydrates, proteins and lipids and 
micronutrients - vitamins not suffer significant changes. By vitamins, E and C vitamin suffer 
some changes. Microbial population very dangerous for foods supplements, such as 
Salmonella enteritidis, Listeria monocytogenes, Campylobacter jejuni and Escherichia coli 
O157:H7 can be may be several orders size or practically eliminated, without cause any harm 
sensory properties or nutritional qualities of food. 
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