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The microbiological contamination of raw plant materials is common and may be adequately reduced
by radiation processing. This study evaluated the effects of y- and e-beam ionizing radiations (25
kGy) on three plants used as food or as medicinal products (Thymus vulgaris L., Eucalyptus radiata
D.C., and Lavandula angustifolia Mill.) as well as their effects on extracted or commercial essential
oils and pure standard samples. Comparison between irradiated and nonirradiated samples was
performed by GC/FID and GC/MS. At the studied doses, y and e-beam ionizing radiation did not
induce any detectable qualitative or quantitative significant changes in the contents and yields of
essential oils immediately after ionizing radiation of plants or commercial essential oils and standards.
As the maximum dose tested (25 kGy) is a sterilizing dose (much higher than doses used for
decontamination of vegetable drugs), it is likely that even decontamination with lower doses will not
modify yields or composition of essential oils of these three plants.
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INTRODUCTION changes in essential oils content when samples are exposed to

One of the major problems associated with storage and export?~ O €-beam ionizing radiation at higher doses (25 kGy) than
of dry samples of plants is their susceptibility to heavy microbial the dose used for decontamination and to compare the influence
contamination and insect infestation, resulting in inferior quality ©f the different environment on the stability of the various
of the product with lower market acceptability)( Under the ~ constituents. Thus, we report here the effect of these types of
prevailing production and handling conditions, herbs and other i0Nizing radiation on aromatic plant§fymuswulgaris and
vegetables contain a large number of microorganisms capableEucalyptus radiatair-dried leaves antiavandula angustifolia
of causing spoilage and often human diseages). Radiation air-dried flowers), their essential oils, and some pure compo-
exposure offers an effective alternative means of reducing N€nts. o o ,
microbiological contamination and insect infestatign. or ~ The decision tree for sterilization choices for nonaqueous
e-beam radiation processing is an attractive alternative methodliquid, semisolid, or dry powder products (European Agency
for sterilization and decontamination. Its main advantages for the Evaluation of Medicinal Products (EMEA)) gives an
include high penetrating power for X- angrays and high order of prefgrence to sterilization methods. Among these,
intensity for electron beam, low measurable residues, smallthermal sterilization is referred to as the best choice, and
temperature rise, and fewer variables to control (dose, temper_radlatlon sterlllza_tlc_)n is cited right afterward and_ precedes all
ature, dryness, ...). It can be applied on the final packaged Other methods: it is the recommended alternative method to
product and is applicable to heat-sensitive compouidd bere thermal sterilization. Ragﬂapqn ster!l|z§tlon is based on the
are many articles concerning the effecteibnizing radiations ~ €xposure of the drug to ionizing radiatiory-rays or electron
on vegetable products or on the volatile oil constituents of P€ams. In solid state, the drugs are radioresistant until 25 kGy,
several spices5-9), whereas the effects of e-beam ionizing @nd numerous products of degradation appear in trek8s (
radiation have been less studied, How_ever, aqueous solutions are completely degraded after doses

Because of the increasing use of ionizing radiation for fanging from 0.5 to 1.5 kGy.

microbial decontamination, we thought it of interest to study
EXPERIMENTAL SECTION
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E-mail: marie-france.herent@cham.ucl.ac.be. Samples.Pure essential oil standards were obtained from Fluka
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Figure 1.  Composition of major constituents identified in the essential oils obtained from control, y-irradiated and e-beam irradiated T. vulgaris air-dried
leaves. Identification of compounds was made by both GC-FID and GC-MS; quantification of compounds was made by GC-FID. No significant differences
were noticed (P > 0.05) between the groups before and after treatment.

Table 1. Percent Yields of Essential Oil Obtained by GC-FID from Table 2. Retention Time (Ry) and Percent Content of Standards
Nonirradiated and Irradiated Samples? Obtained by GC-FID after - and e-Beam lonizing Radiation (25
kGy)ab
y-irradiated e-beam irradiated
plant control 25 kGy control 25 kGy area percent?
E. radiata 084+007 085+003 083+003 084+005 standards  retentiontime (Ry)  control  y-irradiated e-beam irradiated
L. angustifolia 044004  044+0.03 045+0.02 0.44+0.02 o-pinene 4.02 950+21 95723 96.3+1.3
T. vulgaris 111+006 112+008 112+£0.06 1.12+0.05 phellandrene 5.11 985+13 99.2+16 99.8+1.1
p-cymene 543 96.5+15 976+23 939+25
2 No significant differences were noticed (P > 0.05) between the groups before eucalyptol 5.45 90.7+21 9%62+24 96.3+13
and after treatment limonene 5.48 98.3+43 101551 99.6+3.3
' linalool 6.47 97.8+27 1028+4.1 99.8£35
) ) o . lavandulol 7.37 99.3+38 99.8+28 99014
drene, and methyl palmitate. Commercial essential oils ffonulgaris terpin-4-ol 781 97.9+39 100.1+2.6 1026 +2.2
thymoliferumL., E. radiata L., and L. angustifoliaP. Miller were linaly! acetate 8.52 98.2+27 101.0+34 98.3+2.3
obtained from Aromalys (Rixensart, Belgium). The dried plant samples
(T. wulgaris L., E. radiataD.C., andL. angustifoliaMill.) came from 2Data are the mean of three replicates + standard deviation. ® No significant

Tilman (Baillonville, Belgium, batches no. 01L.17/8345, 01L06/B307, ifferences were noticed (P > 0.05) between standards before and after treatments.
05K22, respectively).
Isolation Of Essential Oils From Plants. Triplicate 30 g portions
of air-dried leavesT. vulgaris thymoliferumandE. radiatg) or flowers GC-FID Analysis. The analyses were performed on a Focus GC
(L. angustifolig from control and irradiated samples were hydrodistilled (ThemoFinnigan, Italy) equipped with a FID detector. Chromatographic
for 2 h in aClevenger-type apparatus as described in the European separations were performed on a capillary column (DB-XLB; column
Pharmacopoeial(l) to produce the essential oils, which were stored length 15 mx 0.25 mm with a 25«m film thickness) from J&W
at +4 °C until analysis. Scientific (Agilent Technologies, U.S.A.). Helium was used as a carrier
lonizing Radiation Treatment. Standards and commercial essential gas at a flow rate of 1 mL/min. Samples were injected in the split
oil samples in sealed glass vials protected from light and air-dried plants mode (split ratio 1/69). The injector temperature was set at 250
in plastic package were irradiated in independent experiments. For theand the column oven programmed from 50 to 280(6 °C/min) and
air-dried plants, a third of the quantity was submittegt@r e-beam held at final temperature for 5 min. The detector temperature was set
ionizing radiation. The remaining quantity was kept as a nonirradiated at 250°C.
control sample. All batches were analyzed for volatile oils within 1 The relative proportions of essential oil constituents were obtained

week of storage at 4C. by electronic integration of the FID peak area without the use of
Differenty-rays or e-beam facilities were used for ionizing radiation. response factor correction (normalization method). For pure compounds,
They-ray facility used was a panoranfiCo chamber (UCL, Louvain- calibration curves were realized by injecting in the same conditions

La-Neuve, Belgium). The dose rate was 300 GY, fand to reach the samples containing 20, 40, 60, 80, 100, and 2@0nL of each standard
exposed dose, several days are required. The e-beam facility used waseparately and 50g/mL methyl palmitate as the internal standard. The

a double-beam linear electron accelerator (LINAC) “(iMyxcke, solvent wagert-butyl methyl ether.

Waremme, Belgium). The beam power of each electron generator was Standards and essential oil samples were dilutéertrbutyl methy!
about 20 kW. The accelerated electrons were delivered in pulses of ether (1% v/v) before the chromatographic injection.

474 and 478 Hz, respectively. The dose of 25 kGy was given inafew  GC-MS Analysis. The system used was a Trace GC 2000 series
seconds; the dose rate of the double LINAC was in an order of (ThermoQuest, Italy) equipped with spiplitless injector and AS 2000
magnitude of 6.3x 10* kGy/h. An internal standard, a polymethyl-  autosampler (ThermoQuest) and coupled to a Trace MS mass spec-
methacrylate (PMMA) film, was used to control the delivered dose trometer (ThermoQuest) operating in the electron-impact mode (70 eV).
when irradiating the sample. Its absorbency was measured afterward.Chromatographic separations were performed as described above (GC-
The dosimetry was determined by certified radiation centers. FID analysis).
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Figure 2. Composition of major constituents identified in the essential oils obtained from control, y-irradiated, and e-beam irradiated E. radiata air-dried
leaves. Identification of compounds was made by both GC-FID and GC-MS; quantification of compounds was made by GC-FID. No significant differences
were noticed (P > 0.05) between the groups before and after treatment.
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Figure 3. Composition of major constituents identified in the essential oils obtained from control, y-irradiated, and e-beam irradiated L. angustifolia
air-dried flowers. Identification of compounds was made by both GC-FID and GC-MS; quantification of compounds was made by GC-FID. No significant
differences were noticed (P > 0.05) between the groups before and after treatment.

Qualitative GC-MS analyses were made by identifying the individual orange oil. The percent yields of volatile oil obtained from
constituents by comparison of their retention times and/or mass spectranonirradiatedy-irradiated, and e-beam irradiated samples are
with analytical standards and by computer searching, matching massgiven in Table 1. As shown in this table, no differences were

spectral data with those held in the NIST (National Institute of Standards :
and Technology, 1998, v 1.6) library. The data were submitted to observed for the 3 plant§able 2 gives the percent content of

statistical analysis (ANOVA) using th@raphPad Prisn(v 4.00, 2003, irradiated and nonirradiated pure sta_ndarq_s, wheFegures .

GraphPad Prism Software incorporated, web:  http./iwww.graphpad- 1+ 2, @nd3 show the percentages of identified compounds in

.com) program on a personal computer to determine significant sourcesthe essential oils of nonirradiated and irradiated samplés of

of variation. Differences between means were analyzed using the vulgaris, E. globulus andL. angustifolia

Student's t-test and considered significanPat 0.05. Chromatographic analysis of the different essential oils from

whole plants irradiated at 25 kGy indicated that there were no

RESULTS AND DISCUSSION substantial changes in the constituents after ionizing radiation,
We decided to study plants and plant essential oils with the and the same results were obtained for irradiated commercial

new analytical sensitivity of hyphenated chromatography using Standards and essential oils (data not shown). These results are

a large dose (the dose for sterility) in order to be able to detect not in good agreement with the literature data which indicate

some chemical changes. Usual doses used for different applicathat linalool showed a great sensitivity to-radiation @),

tions are well-known; 25 kGy is the reference dose for drug whereas in our case, no significant qualitative or quantitative

sterilization (3). differences could be observed in the GLC profile of linalool.
The hydrodistillation of the aerial parts bf angustifoliaand Previous investigations have suggested that treatment of spices

E. globulusgave pale yellow oils, whereab. vulgaris gave with y-radiation doses higher than 6 kGy produces a dose-
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