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Abstract 
Particle induced X-ray emission (PIXE) technique has been employed to perform 

elemental analysis of (Al, Br, Ca, Cu, Fe, K, Mg, Mn, P, Rb, S, Sr, and Zn). The results of 

analysis showed that Ca and K are the major elements in the samples. It is clear from the results 

that the content of Mn in tea samples (white tea and green tea) is 10 times higher than its 

content in chamomile samples. And the content of Fe and Zn in all samples ranged between 253 

ppm and 1731 ppm and between 33 ppm and 138 ppm respectively, where the lowest content of 

both Fe and Zn found in tea samples. Cu has almost the same content in all samples. The 

contribution of some elements in these plants to the dietary recommended intake (DRI) has 

been evaluated.   
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Introduction 
Herbs have become a very popular way for people to treat their aches and 

pains. People have used since ancient times and continue to use plants as a treatment 

for many medical diseases, where they are safe, a cheap alternative to chemical 

drugs. 

Most studies focused on the organic side of these plants, while concentrations of 

inorganic elements in it are not of interest.[1] Some  elements play an important role 

when they are present in the human body, even in small quantities, In this purpose 

different modern analytical technique, such as neutron activation analysis, [2] 

inductively coupled plasma mass spectrometry  (ICP-MS), [3] particles induced X-ray 

emission (PIXE), and X-ray fluorescence (XRF), [4,5] were applied to determine the 

elemental composition of plants. The use of PIXE technique in the analysis of plant 

materials has been quite few in the past [6] due to its expensive operation. Ion beam 

analysis techniques (IBA), [7,8] has grown recently since they combine the advantage of 

being non-destructive and multielemental analytical techniques and   the spread of ion 

beam accelerators around the world  and the recent development of IBA techniques. [9]  

In the present study particles induced X-ray emission (PIXE) was applied for 

determining the elemental composition of two Syrian medicinal plants (two kinds of 
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each plant), The plants chosen are tea plant (Camellia sinensis) (green tea and  white 

tea) and chamomile plant (Matricaria recutita, Anthemis nobilis) (plant and the blossom 

of the plant). Plant material are well studied by PIXE analysis owing to its great 

advantages. [4, 10-12] it is very easy to prepare the plant samples for analysis (i.e. it is 

sufficient to dry the sample and mount it in the target chamber), and  in one single run , 

during short time, many elements can be determined in large number of samples. 

These work goals are the determination of elements in Syrian medicinal plants and to 

find the difference between the elemental content of the parts in these plants with their 

traditional remedial usage and to evaluate the contribution of the elements in these 

plants to the dietary recommended intakes (DRI). 

While green and black tea are very healthy, white tea has the highest 

antioxidant levels. Like black and green tea, white tea is also derived from Camellia 

sinensis. Thus, white tea shares many of the same chemical properties and health 

effects of tea. The particular amount and ratio of the polyphenol compounds found in 

tea varies widely from one type of white tea to another, frequently overlapping with 

chemical compositions found in green tea. This is due both to the variation between 

strain of Camellia sinensis, as well as the preparation process itself.[13] These 

compounds have been shown to protect against certain types of cancer. [14]  Catechins, 

a group of polyphenol antioxidants found in white tea, have been found to reduce 

cholesterol, decrease blood pressure, and improve the function of blood vessels, 

thereby decreasing the risk of cardiovascular disease.[15]  A study at Kingston 

University in 2009 showed that white tea has high anti-inflammatory, antioxidant, anti-

collagenase, and anti-elastase properties which could potentially reduce the risks of 

developing rheumatoid arthritis, some cancers, heart disease and slow the enzymatic 

break-down of elastin and collagen, traits which accompany aging.[16]  Chamomile is 

one of the most widely used and well-documented medicinal plants in the world.[17] It is 

included in the pharmacopoeia of 26 countries. [18] The use of chamomile as a 

medicinal plant dates back to ancient Greece and Rome. The name "chamomile" 

comes from two Greek words meaning “ground apple” for its apple-like smell. [19] 

Chamomile is used both internally and externally to treat an extensive list of conditions. 

It is used internally to treat anxiety, hysteria, nightmares, insomnia and other sleep 

problems, convulsions, and even delirium tremens. [20] One of chamomile’s main roles 

is as a multipurpose digestive aid to treat gastrointestinal disturbances including 

flatulence, indigestion, diarrhea, anorexia, motion sickness, nausea, and vomiting. 

Chamomile is thought to heal ulcers and act as an herbal bitter to stimulate the liver. 
[21] In children it is used to treat colic, croup, and fevers. In women’s health, it is used 

as an emmenagogue and a uterine tonic 
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Experimental 
Materials and Methods 

Tea is the most popular beverage in the world and contains several essential 

nutrients, which are beneficial for human health. [22] Studies have found that people 

who drank tea regularly had greater bone density and strength than non-drinkers. All 

tea comes from the Camellia sinensis plant. What makes each tea different is the way 

it has been processed. White tea is the least processed tea.  The leaves are picked 

early in the year while the tiny white hairs are still visible on the leaves and the bud is 

still closed. Only the top leaf and a bud are picked from the plant. The leaves are then 

allowed to dry in the sun; they are not steamed or pan fired like green tea. This 

produces a light cup usually a very pale yellow with a lightly sweet taste.  

Sample Preparation  

Dry samples of green tea and white tea, and dry samples of chamomile plant 

without blossom and blossom of  chamomile plant were taken from local herbs hops in 

Damascus, Syria. . The samples were first well washed with distilled water to remove 

any dust from the surface and subsequently dried in an oven at  a temperature of 50 

ºC for 72 h. Dried samples were milled into fine powder and sifted using a sieve of 200 

mesh width. The size of the small grains, collected after grinding, was far smaller than 

the beam spot size (about 2 mm of diameter).  200 mg of powdered plant samples 

were pressed into pellets with a hydraulic press in diameter of 14 mm and 2.5 mm 

thickness.  Each sample was encircled with boric acid powder as a binder, and then 

pelletized using 50 KN press. To insure conductivity and to prevent charge build-up, 

pellets were coated by a very thin ultra-pure carbon layer. International Atomic Energy 

Agency, IAEA- Peach leaves [24] reference material was prepared in the same way to 

carry out both verification and quantification studies. Samples were kept again under 

drying condition for 24 h before mounting them in the vacuum chamber. 

Instrumentation and Analytical Methods 

2 MeV proton beam irradiation was carried out using the 3MV HVEE (High 

Voltage Engineering Europe)  tandem accelerator,[23] at the atomic energy commission 

of Syria (AECS). The beam hits the samples normally with a current of 15 nA. The 

proton beam was collimated to about 2 mm diameter using two sets of slits located at 

the beam line. Charge was measured directly from the sample holder which is 

connected to a charge integrator. Secondary electron suppression was achieved by 

applying both +60 V on the target holder and  -60 V on a hollow copper plate placed in 

front of the sample holder. 

Data were collected using Si(Li) detector with Be window of 25 µm thickness, 30 

mm2 active area, and 165 eV resolution at 5.9 KeV. It is placed at 45° to the beam axis 

and at a distance of 15 cm between the detector window and the sample.  
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A 250 µm Al funny filter, [24] with a circular hole of about 1 mm diameter, was 

placed in front of the detector window to lower the absorption of low-energy 

bremsstrahlung background. The funny filter (a filter with a tiny hole drilled at its 

center) is an X-ray absorber foil which has only a small effect on the less intense 

higher energy X-ray, but it stops most or all the intense low energy X-ray except for 

those that through the pinhole. [25] This procedure allowed both the lighter (10<Z<27) 

and heavier elements (Z>26) to be analyzed simultaneously. The data were recorded 

using MCDWIN software. Statistical errors were reduced to less than 5% by acquiring 

data for long time. Data were analyzed using GUPIXWIN, the Windows_ interface to 

GUPIX  software,[26]  that can simply, automatically and quickly fit the PIXE spectra to 

obtain the elemental concentrations. Main composition was assumed to be as the 

cellulose matrix (C6H10O5) since a filter is used in this study and hence K is the lightest 

element measured. The results were verified by comparing with those obtained from 

the Peach Leaves reference materials. Elemental concentration calculation of each 

element Cz is based on the following equation.[27] 

Cz = Y \ YtQeTH 

where Yt is the X-ray theoretical intensity (i.e. the yield per micro-Coulomb of charge 

per unit concentration per steradian), Y is the X-ray experimental intensity or yield, Q is 

the measured proton beam charge, e is the efficiency of the detector and T is the 

transmission through any filters or absorbers between the target and the detector. H is 

an instrumental constant equivalent to the product of the geometric solid angle of the 

X-ray detector and any systematic normalization factor present in the charge 

integration system. H values as a function of X-ray energies can be measured 

experimentally using wide range of pure single-element standards emitting both K and 

L X-rays in the energy region 3–26 keV. 

Results and Discussion 
A typical PIXE spectrum of the green tea plant is shown in figure 1, where both 

Kα and Kβ X-ray peaks of the elements determined are shown. 
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Figure 1: PIXE spectrum of the green tea plant using Si(Li) detector with funny filter. 

 

Table 1 presents the elemental concentration in Peach Leaves reference 

material. Results presented in this table are the mean value of three measurements 

with standard deviation.  

Table 1: Elemental concentrations (in ppm) of Peach leaves reference material (SRM-

1547). 

Peach Leaves (SRM-1547) 

Element 
Recommended 

values 

Measured 

values 

Mg 4320 4210 ± 70 

Al 249 242 ± 6 

P 1370 1330 ± 50 

S 2000 1950 ± 70 

K 24300 23400 ± 2500 

Ca 15600 15200 ± 900 

Mn 98 100 ± 2 

Fe 218 212 ± 3 

Cu 3.7 3.6 ± 0.1 

Zn 17.9 17.3 ± 0.7 

Br 11.0 10.7 ± 0.4 

Rb 19.7 19.0 ± 2.1 

Sr 53.0 51.5 ± 3.1 
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The errors, between the measured values and the recommended one, are 

mostly within ± 5-10%. The elemental concentration values (triplicate measurements) 

of each medicinal plant material studied are summarized in table 2. It is evident from 

Table 2 that magnesium, phosphor, sulfur, potassium, and calcium are the most 

abundant elements. For biological purposes, minerals, metals and elements are often 

grouped in two categories: those that are required in our diets in amounts greater than 

100 milligrams per day and those that are required in amounts less than 100 

milligrams daily. The major nutritional elements (Ca, Cl, Mg, P, K, Na, S) are required 

in our diets in amounts greater than 100 milligrams per day. While our body requires 

less than 100 milligrams per day of the elements (Cr, Cu, Fe, Mn, Se, Zn), they are 

necessary for good health. We will discuss the role of some elements determined in 

this study together with the dietary recommended intake (DRIs) 
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Table 2: Elemental concentration (in ppm) of the studied plant materials 

 

Calcium (Ca): Calcium, the most abundant mineral in the body, is found in some 

foods, added to others, available as a dietary supplement, and present in some 

medicines (such as antacids). Calcium is required for vascular contraction and 

vasodilatation, muscle function, nerve transmission, intracellular signaling and 

hormonal secretion, though less than 1% of total body calcium is needed to support 

these critical metabolic functions.28 Serum calcium is very tightly regulated and does 

not fluctuate with changes in dietary intakes; the body uses bone tissue as a reservoir 

for, and source of calcium, to maintain constant concentrations of calcium in blood, 

muscle, and intercellular fluids.28 Females are less likely than males to get 

recommended intakes of calcium from food.29 The DRI of calcium is about 1300 

mg/day according to 30.   We can notice that, in our study, the higher concentration of 

calcium (20655 ppm) is found  in chamomile plant without blossom. This highest 

concentration is 20% more than the highest concentration value  found in 15 Indian 

medicinal herbs analyzed by Garg et al.1  and four times higher the highest value of Ca 

concentration determined in the three species of the medicinal plant Casearia using 

INAA.2     

Potassium (K):  Potassium is a very important mineral for the proper function of 

all cells, tissues, and organs in the human body. It has an important part in regulation 

of water balance of the body. 7 It is also an electrolyte, a substance that conducts 

electricity in the body, along with sodium, chloride, calcium, and magnesium. 

Potassium is crucial to heart function, 31 and plays a key role in skeletal and smooth 

muscle contraction, making it important for normal digestive and muscular function, 

too. The DRI of K is 1875-2625 mg./day  . The potassium content is very good in the 

Element 
Chamomile 

blossoms 
Chamomile plant Green tea White tea 

Mg 2993 ± 81 2840 ± 91 3335 ± 86 1534 ± 41 

Al 179 ± 9 389 ± 9 272 ± 6 200 ± 5 

P 4185 ± 108 3057 ± 85 2868 ± 74 2621 ± 68 

S 4727 ± 113 5120 ± 122 4947 ± 113 4353 ± 104 

K 41168 ± 1317 39312 ± 864 19491 ± 467 19098 ± 420 

Ca 16593 ± 382 20654 ± 392 6411 ± 134 3562 ± 74 

Mn 92 ± 5 144 ± 6 1255 ± 54 1031 ± 52 

Fe 932 ± 40 1731 ± 55 584 ± 20 253 ± 8.1 

Cu 15.9 ± 0.9 19.1 ± 1.0 17.5 ± 0.9 16.9 ± 0.9 

Zn 120 ± 5 138 ± 5 33 ± 1 36 ± 1 

Br 25.1 ± 1.3 49.3 ± 2.5 4.6 ± 0.2 10.4 ± 0.5 

Rb 69 ± 3.0 14.1 ± 0.8 208 ± 10 230 ± 9.0 

Sr 60.1 ± 3.0 33.7 ± 1.6 11.7 ± 0.6 11.4 ± 0.5 
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studied plants (varying from 19000 ppm in white tea to 41000 ppm in Chamomile 

blossoms) compared with the content of it in our previous study of some Syrian 

medicinal plant.4 We can notice that the lowest concentration of K in our study is 

higher than the highest concentration of K determined in 15 Indian medicinal herbs1 

and  in the three species of the medicinal plant Casearia,2while the highest K 

concentration in our study is two times lower than the highest K concentration 

determined in some medicinal plant in South-western Nigeria using PIXE.10 

Magnesium (Mg): magnesium is the fourth most abundant mineral in the body 

and is essential to good health. Dietary Reference Intakes for Magnesium is about 400 

mg. Approximately 50% of total body magnesium is found in bone. Only 1% of 

magnesium is found in blood, but the body works very hard to keep blood levels of 

magnesium constant. It helps maintain normal muscle and nerve function, keeps heart 

rhythm steady, supports a healthy immune system, and keeps bones strong. 

Magnesium also helps regulate blood sugar levels, promotes normal blood pressure, 

and is known to be involved in energy metabolism and protein synthesis.32 Dietary 

magnesium is absorbed in the small intestines. In the studied plants the content of 

magnesium varies from 1500 ppm in white tea  to 3300 ppm in green tea. The highest 

concentration of Mg in this study is five times less than the highest concentration of Mg 

in found in Chenopodium ambrosioides plant in Nigeria.10  

Sulfur (S): sulfur Required for the formation of certain amino acids, used to 

make hair and nails, and isimportant in activating many enzymes. Important in 

metabolism. 

 The DRI of S is undetermined. The results of analysis showed that the mean 

level of S varying from 4353 ppm in white tea  to 5120 ppm in chamomile plant. 

Iron (Fe): iron plays a vital role in human health since it is an essential 

component of hemoglobin of the blood and active in maintaining healthy immune 

system.33 The average  DRI of Fe is 15 mg/day according to Dietary Reference Intakes 

values 30, but the DRI for iron varies based on age and sex, 7 mg/day (children ages 1-

3 ) to 27 mg/day (pregnant women ages 14-50). An iron supplement for pregnant 

women is usually recommended since a deficiency can cause low birth weight or pre-

term babies. Iron concentration in our study varies from 250 ppm to 1700 ppml, while 

the concentration of Fe in the three species of medicinal plants Casearia genus ( 

Casearia sylvstris, Casearia decandra and Casearia oblique) studied by Yamasita, et 

al.2 varies from 60 to 90 ppb, which is very low compared with iron concentration 

founded in our studied plants.   

Zinc (Zn): zinc is Needed for a healthy immune system. Maintains taste and 

smell. Protects liver from chemical damage. The DRI is 15 mg for men and 12 mg for 

women. The mean concentration of Zn  is 35 ppm in green and white tea and 130 ppm 

in chamomile (plant and blossoms) in our study. The mean concentration of Zn in 
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chamomile is two times higher than the highest concentration of Zn found in the fifteen 

Indian medicinal herbs analyzed by INAA.1   

Manganese (Mn): Manganese promotes growth, development, and cell function. 

Helps many body enzymes generate energy. Needed for bone growth. Needed for 

protein and fat metabolism, healthy nerves, healthy blood sugar regulation, and a 

healthy immune system. The DRI for Mn is 2-5 mg./day.  According to the literature 

data, Mn is the only element with a significant dietary amount in tea, especially in black 

tea.34-36  level of Mn in plants  in this study  was observed within the range of  90 ppm 

(Chamomile blossoms)  to 1250 ppm (green tea), which is very good compared with 

the level of Mn observed in Indian, Brazilian and Nigerian plants.1,2,10  

Copper (Cu): copper is involved in respiratory and red blood cell function. 

Needed for healthy nerves, taste sensitivity, and healthy bone development. The DRI 

for Cu 2-3 mg./day. The values of Cu concentration in this study varies from 16 to 20 

ppm while Garg et al. found that the concentration of Cu varied from 3 to 40 ppm in the 

fifteen Indian medicinal herbs analyzed by INAA.1 

Normally most of these plant are ingested via their infusions or decoctions. To 

prepare a water infusion cup (150 ml) of one of these plant we need about 3g weight of 

the plant, then one can broadly estimate the contribution of each element in a cup to 

the RDI. For example with simple calculation we can show that the contribution of K, 

Ca , Mn, Cu, Zn, and Mg  to the RDI in a cup of white tea is about 1% , 1%, 62%, 6%, 

1% and 1% respectively. While we find that the contribution of the same elements to 

the DRI in a cup of chamomile is about 3% , 5%, 9%, 6%, 1% and 2%  respectively. 

We have to remember that this contribution to the DRI is based on the whole weight of 

the plant (about 3g). A special samples preparation are required, for PIXE 

measurements for liquid samples,[36,37] to study the elemental concentration in the 

water infusion and decoction of these medicinal plants. 

Conclusion 
The concentration of the elements Mg, Al, P, S, K, Ca, Mn, Fe, Cu, Zn, Br, Rb 

and Sr have been estimated using PIXE technique, in  two local medicinal plants, 

these plants are traditionally extracted and drunk. This study has shown that for some 

elements there is a big  concentration difference in each plant, for examples the 

average concentration of Ca is 5000 and 19000 ppm  in tea and Chamomile 

respectively, while the average concentration of Mn is 1150 and 120 ppm  in tea and 

Chamomile respectively. This study also has shown that most of these plants have 

well amounts of Fe, Zn, Ca, Mg, and Mn clarifying their ability to keep the body in 

healthy immune system.  

Acknowledgements  
The authors gratefully acknowledge Prof. I. Othman, Director General of AECS, 

and Prof. T. Yassin head of the chemistry department for their supporting of this work. 



112 

 

References 
[1] Garg, A.N.; Kumar, A.; Nair, A.G.C.; Reddy, A.V.R., J. Radioanal. Nucl. Chem., 2007, 

271, 611-919. 
[2] Yamashita, C.I.; Saiki, M.; Sertie, J.A.A., J. Radioanal. Nucl. Chem., 2006, 270, 181–186. 
[3] Queralt,  I.; Ovejero M.; Carvalho M.L.; Marques, A.F.; Llabres, J.M., X-ray Spectrom., 

2005, 34,  213– 217. 
[4] Rihawy, M.S.; Bakraji, E.H.; Aref , S.; Shaban, R., Nuclear Instruments and Methods in 

Physics Research B., 2010, 268, 2790–2793. 
[5] Obiajunwa,  E.I.;  Adebajo ,A.C.; Omobuwajo, O.R., J. Radioanal. Nucl. Chem., 2002, 

252, 473–476. 
[6] Johansson, S.A.E.; Campbell, J.L.; PIXE – a novel technique for elemental analysis, 

John Wiley & Sons, New York, 1988. 
[7] Anderson, J.; Young,  L.; Long, E., Potassium and Health, in: Food and Nutrition Series, 

Colorado State University, Colorado, 2008. 
[8] Maenhaut, W., Nucl. Instr. and Meth. B, 1988, 35, 388–403. 
[9] Šmit,  Zˇ ., Nucl. Instr. and Meth. B, 2005, 240, 258–264. 
[10] Olabanji, S.O.; Omobuwajo, O.R.; Ceccato, D.; Buoso,M.C.; Poli, M.D. ; Moschini, G., J. 

Radioanal. Nucl. Chem., 2006, 270, 515–521. 
[11] Stih,  C.; Popescu, I.V.; Busuioc, G.; Badica, T.; Olariu, A. ; Dima, G.,  J. Radioanal. Nucl. 

Chem., 2000, 246, 445–447. 
[12] Devi, K.N.; Sarma, H.N.; Kumar, S., Nucl. Instr. and Meth. B, 2008, 266, 1605-1610. 
[13] Ansari, F.; Norbaksh, R. & Daneshmandirani, K., Iranian Journal of Environmental Health 

Science and Engineering, 2007,  4(4) 243−248. 
[14] Kennelly, E. J. ; Unachukwu,  U. J. ; Ahmed,  S.; Kavalier, A.; Lyles, J. T.,  Journal of 

Food Science., 2010,  75, C541-C548. 
[15] Serio, K. J.; Mao, J. T. ; Nie, W. X.; Tsu, I. H.; Jin, Y. S. ; Rao, J. Y.; Lu, , Q. Y. ; Zhang, 

Z. F.; Zhang, V. L.; Cancer Prevention Research, 2010, 3, 1132-1140. 
[16] Huff, M. W.; Mulvihill, E. E.; Canadian Journal of Cardiology, 2010, 26, 17A-21A. 
[17] Thring, S. A.; Tamsyn, H.; Pauline, P.; Declan, "Naughton BMC Complementary and 

Alternative Medicine", 2009. 
[18] Salamon, I.; Chamomile, A., Medicinal Plant. The Herb, Spice, and Medicinal Plant 

Digest 1992, 10, 1-4. 
[19] Salamon, I.,  Journal of Herbs, Spices, & Medicinal Plants, 1992,  1, 37-45. 
[20] Foster, S.; Chamomile, Botanical Series, No. 307. Austin, Texas, American Botanical 

Council, 1991. 
[21] Martens, D., The Journal of theChiropractic Academy of Homeopathy, 1995,  6, 15-18. 
[22] Mann, C.; Staba,E.; The chemistry, pharmacology, and commercial formuations of 

chamomile. Herbs, spices and medicinal plants 1986, 1, 235-280. 
[23] Mous, D.J.W. ; Gottdang, A.; van den Broek, R.; Haitsma,R.G.; Nucl. Instr. and Meth. B, 

1995,  99,  697–700. 
[24] Gama, S.; Volfinger, M.; Ramboz, C.; Rouer, O., Nucl. Instr. and Meth. B., 2001, 181, 

150–156. 
[25] Harrison, J.F.; Eldred, R.A. ; Adv. X-ray Anal., 1973, 17, 560. 
[26] Maxwell, J.A.; Teesdale, W.J.; Campbell, J.L.; Nucl. Instr. and Meth. B, 1995, 95, 407–

421. 
[27] Campbell, J. L.; Higuchi, D. ; Maxwell, J.A.; Teesdale, W.J., Nucl. Instr. and Meth. B, 

1993,  77, 95–109. 
[28] Ervin, R. B.; Wang,C-Y.; Wright,J. D.; Kennedy-Stephenson,  J.; Dietary intake of 

selected minerals for the United States population: 1999-2000. Advance Data from Vital 
and Health Statistics, number 341. Hyattsville, MD: National Center for Health Statistics, 
2004. 

[29] Dietary Reference Intakes (DRIs): Recommended Intakes for Individuals, in: Food and 
Nutrition Board, Institute of Medicine, National Academies, Washington DC, 2004. 

[30] Potassium in heart failure, British Med. J., 1977,  1, 469–470. 
[31] John, E.; Oxford University Press, Oxford, UK, 2001, pp. 249–253. 



113 

 

[32] Broome,  C.V., Marks,J.S. ; Recommendations to prevent and control iron deficiency in 
the United States, in: B.R. Holloway, A.G. Dean (Eds.), Morbidity and Mortality Weekly 
Report, US Department of Health and Human Services, Atlanta, Georgia, 1998. 

[33] Heydorn, K., In Mckenzie, H. A. Smythe, L.E (Eds.), Quantitative trace analysis of 
biological materials, Amsterdam: Elsevier. 1988, pp. 471−485.  

[34] Powell, J. J.; Burden,T. J.; Thompson, R. P. H. ; The Analyst, 1998  123, 1721−1724. 
[35] Street,  R.; Száková,J.; Drábek, O.; Mládkova, L.; Czech Journal of Food Sciences, 2006, 

24(2), 62−71 
[36] Kral, J.; Voltr, J.; Nejedly´ , Z.; Nucl. Instr. And Meth. B, 1996, 167,109–110  
[37] Liendo,  J.A.; Gonzalez,A.C.; Fletche,N.R.; Gomez, J.; Caussyn, D.D., Myers, S.H.; 

Castelli, C.L.; Sajo-Bohus, Nucl. Instr.and Meth. A.,1999, 438, 65–69. 


