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Abstract 

Gamma-irradiation has been widely used as a first choice sterilization method of raw medicinal plants to be used in the phytotherapic industry worldwide. A 
comparative evaluation of HPLC profiles of both irradiated and non-irradiated plants is useful to comply on the reliability of this methodology. In this work, a 
widely used medicinal plant, artichoke, was investigated before and after being gamma-irradiated on several doses, and HPLC profile of all samples was 
obtained. Also, chlorogenic acid content was measured and the antibacterial activity of extracts irradiated was tested by disc diffusion test. Results showed 
good stability of artichoke active constituents over gamma-irradiation, but the HPLC profile showed absence of some minor compounds after irradiation as 
well as different results on antibacterial assays, suggesting need of further studies in order to assure safety and pharmacological effects in gamma irradiated 
phytotherapics. 

Keywords: Artichoke; Chlorogenic acid; Antibacterial activity; gamma Irradiation. 
Resumen 

 La radiación gamma ha sido ampliamente utilizada como el método de elección para la esterilización de las plantas medicinales para su uso en la industria 
fitoterápica en todo el mundo. Una evaluación comparativa de los perfiles por HPLC de plantas irradiadas y no irradiadas, es útil para demostrar la seguridad 
de este método de esterilización. En este trabajo, una planta medicinal muy utilizada industrialmente, la alcachofa, fue investigada antes y después de ser 
irradiada con diferentes dosis de radiación gamma y se obtuvieron los perfiles por HPLC de todas las muestras. Se ha medido el contenido de ácido 
clorogénico y también la actividad antibacteriana de los extractos irradiados. Los resultados mostraron una buena estabilidad de los componentes activos de la 
alcachofa, después del tratamiento con radiación gamma, pero el perfil del HPLC demostró la ausencia de algunos compuestos de menor importancia después 
de la irradiación así como diversos resultados en análisis bactericidas, sugiriendo la necesidad de otros estudios para garantizar la seguridad y efectos 
farmacológicos en fitoterápicos irradiados con irradiación gamma. 

Palabras Clave: alcachofa; acido clorogenico; actividad antibacteriana; irradiación gamma. 
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INTRODUCTION 

The scientific use of phytotherapeutic medicines 
is increasing as well as the consumer attention 
towards the safety of plant based products. Microbial 
contamination in raw plant materials is a very 
common problem to be addressed, and the gamma 
irradiation process is nowadays the most used 
technique for microorganisms reduction (Koseki et 
al. 2002). However, some doubts have been 
considered on the safety of this methodology. A 
recent investigation to elucidate the genotoxic 
potential of 2-dodecylcyclobutanone (2dDCB) 
generated by gamma irradiation of plants and food 
containing from palmitic acid showed that 2dDCB 
was clearly toxic to healthy human colon epithelial 
cells and in cells presenting preneoplastic colon 
adenoma (Knoll et al., 2006). On the other hand, the 
literature there is no evidence that 2-
alkylcyclobutanone occurs in non-irradiated 
foodstuffs (Delincée et al., 2002; Horvatovich et al., 
2002). 

Therefore, the investigation of the quali-
quantitative contents of active compounds in herbal 
materials used as medicinal products, by means of 
analytical techniques, is of increasing interest to 
guarantee safety, efficacy, and quality of 
phytotherapeutic medicines (Mulinacci et al., 2004). 
These analytical techniques, besides providing 
chemical evidence on the safety of the radio-
sterilized products would also provide methods for 
their quality control and sanitary inspection. HPLC 
has been widely used as a rapid, efficient and 
accurate method able to completely characterize and 
quantify complex matrices such as plant raw 
materials. 

Cynara scolymus L. (artichoke) is an ancient 
herbaceous plant, originating from the Mediterranean 
area, widely cultivated all over the world and its head 
constitutes a much appreciated exotic food. Artichoke 
leaf extracts are also widely used to prepare herbal 
medicinal products and teas. The chemical 
components of artichoke leaves and heads are usually 
polyphenolic compounds, with caffeoylquinic acids 
and flavonoids as the major chemical components 
(Mulinacci et al., 2004; Wang et al., 2003), being 
documented as the active principles of this plant. 
Several clinical investigations showed the efficacy 
and safety of artichoke extracts in the treatment of 
hepato-biliary dysfunction and digestive complaints, 
such as loss of appetite, nausea, and abdominal pain 
(Wegener and Fintelmann, 1999). Antioxidant and 

antimicrobial activities of artichoke extracts and 
isolated phenol constituents have also been reported 
(Zhu et al., 2004). Using antimicrobial disc assay, 
Zhu and co-workers showed that the n-butanol 
fraction exhibited a very significant antimicrobial 
activity against seven bacteria species, four yeasts, 
and four molds. Eight phenolic compounds, 
chlorogenic acid, cynarin, 3,5-di-O-caffeoylquinic 
acid, and 4,5-di-O-caffeoylquinic acid, luteolin-7-
rutinoside, cynaroside, apigenin-7-rutinoside, and 
apigenin-7-O-β-D-glucopyranoside were isolated and 
also showed antimicrobial activities (Zhu et al., 
2004). On a systematic antioxidant activity-directed 
fractionation of the artichoke heads, chlorogenic acid, 
cynarin and other five active polyphenol compounds 
were isolated (Wang et al., 2003). 

In 2004, to face international market demands, 
the Brazilian Sanitary Surveillance Agency 
(ANVISA) established new procedures for 
phytotherapic drugs registration, where inclusion of a 
complete description of sterilization method and the 
eventual alterations of active compounds is necessary 
(RDC nº 48, 2004). In the case of artichoke, a 
minimum concentration of total caffeoylquinic acid 
expressed as chlorogenic acid has been established.  
The gamma irradiation method is a sterilization form 
allowed in Brazil and in more than 37 other countries 
of the world, which has been frequently used for 
herbs sterilization (RDC nº 21, 2001). In the present 
work, the safety of gamma-irradiation on artichoke 
was studied by a using a simplified HPLC method 
and, indirectly, by comparative measurement of the 
antibacterial activity of irradiated and non-irradiated 
artichoke extracts. 

MATERIAL AND METHODS 

Plant Material 
C. scolymus L. (Artichoke) powdered leaves not 

sterilized by gamma-irradiation were kindly supplied 
by Mr. Wantuir A. Gontijo (Melcorpo, Betim, MG, 
Brazil).  

Chemicals and General Procedures 
A HPLC system Shimadzu Class-VP with an LC 

workstation system controller (Class-LC10) coupled 
to a 7725-type manual injector through a 5 μm Shim-
pack (Shimadzu, Kyoto, Japan; 250 mm x 4.6 mm 
i.d.) ODS column was used. Detector was a 
multichannel photodiode-array detector (SPD-
M10AVP) operating at 200 to 500 nm.  The solvents 
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used were of HPLC grade (Sigma-Aldrich Chemical 
Co.); chlorogenic acid was of USP grade (Sigma 
Chemical Co) and other solvents and chemicals were 
of analytical grade (Synth, Brazil).  

Irradiation 
Six aliquots of the plant material (50 g each) 

were irradiated in polyethylene vials on a 60Co 
gammacell, installed at the Centro de 
Desenvolvimento da Tecnologia Nuclear (CDTN, 
Belo Horizonte, Brazil). The radiation doses applied 
to each sample were 5, 10, 15 and 30 kGy at room 
temperature. A non irradiated sample was stored to 
be used as a control.  

Extraction procedure 
Upon irradiation, artichoke samples (1 g) were 

extracted with 20 mL of an ethanol/water solution 
(1:1) under magnetic stirring, at room temperature, 
for 30 min, filtered and the solvent was removed at 
40 ⁰C. The extracts obtained were weighted and the 
corresponding yields were calculated. 

HPLC / DAD analysis  
The extracts were dissolved in 2 mL of a 

methanol/water solution (1:1) and filtered in Sepack 
filters (0.45 μm); 20 μL of this solution were injected 
in the high pressure liquid chromatograph. 
Separations were carried out on a 250 mm x 4.6 mm 
reversed-phase column Shim-pack (5 µm) using a 
mobile phase of water-phosphoric acid 0.01% 
(solvent A) and acetonitrile (solvent B) at a constant 
solvent flow rate of 1 mL/min. A general elution 
method was developed using the following gradient: 
0 min A 95%; 10 min A 80; 20 min A 70%; 40 min 
A 60%.; 50 min A 10%. The chromatograms were 
monitored on-line at 200 to 500 nm. 

HPLC / DAD quantitative procedure 
The external standard method was applied to 

quantify the content of chlorogenic acid and its 
derivatives in artichoke leaves. Quantification of 
chlorogenic acid was performed using a six-point 
regression curve, developed through the use of 
authentic standard, operating in the range of 2.34-
75.00 μg/mL. Total caffeoylquinic acids were 
expressed as chlorogenic acid on the basis of their 
regression curve and in the sum of the peaks areas, 
identified by comparison of their UV spectra with 
those obtained for chlorogenic acid. Measurements 

were performed at 326 nm. The r2 value obtained for 
chlorogenic acid was 0.9994 in the range of 
concentrations from 2.34 to 75.0 mg/L. The HPLC-
DAD quantitative data were expressed as milligram 
per kilogram of dried extract. 

Antimicrobial activity test 
Antibacterial activity was detected by the disc 

diffusion method (Bauer et al. 1966) for Gram-
positive bacteria Staphylococcus aureus (ATTC 
29213) and Lysteria monocytogenes (ATCC 15313) 
and Gram-negative Shigella sommei (ATCC 25931) 
and Proteus mirabilis (ATCC 25933). 
Chloramphenicol (30 µg) and distilled water were 
used as positive and negative controls, respectively 
(Takahashi et al., 2006). Experiments were run in 
triplicate and the results represent mean values of the 
three measurements.  

RESULTS  

Samples of artichoke leaves (1 g each, dry 
weight) were irradiated at doses of 5, 10, 15 and 30 
kGy. Organoleptic analysis of irradiated samples did 
not show any alteration on the color, flavor or 
physical aspect. The extracts obtained were weighted 
and the corresponding yields were calculated to be 
18.8% for the non-irradiated sample and 18.6, 18.6, 
19.2, 20.6%, for the samples irradiated with 5, 10, 15, 
and 30 kGy, respectively. A slight raise on the yield 
was observed for the higher irradiation doses that 
may have been caused by the breakage of labile 
bounds as result of the radiation.  Some polar 
molecules, barely soluble in organic solvents, can 
break into smaller molecules, raising the extractable 
content. Due to this increase on the extracts yield, 
access to stability of active compounds was 
accomplished by performing a HPLC analysis. 
Table 1. Chlorogenic acid and total caffeoylquinic acids 
concentrations on hydroalcoholic extracts prepared from 
irradiated artichoke leaves.  

 

Dosis 
(kGy) 

Extraction 
yield (%) 

Chlorogenic 
acid (%) 

Total caffeoylquinic 
acid derivatives 

(mg/kg ) 

0 18.8 246 1099 

5 18.6 288 1229 

10 18.6 197 1141 

15 19.2 244 1265 

30 20.6 230 1111 
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Several HPLC methodologies for quali and 
quantitative analyses of polyphenol compounds in 
artichoke leaves and heads were described so far (see, 
for example, Mulinacci et al., 2004; Wang et al., 
2003), but it seems that none of them has been used 
to compare irradiated and non-irradiated artichoke. In 
this work, the retention time for the active component 
of the extract (Schütz et al., 2006), chlorogenic acid 
(standard sample), was observed in approximately 
21.20 min (Figure 1, peak 1).  
 

Figure 1. HPLC profile of hydroalcoholic extract from irradiated 
(30 kGy) and non irradiated (0 kGy) artichoke leaves. 

 

   
 

Chlorogenic acid 1; caffeoylquinic acid derivatives: 2 and 3. In 
the region of 28 min there were observed peaks present only in 
the HPLC profile of non-irradiated (0kGy) artichoke.  

 
 

The remaining caffeoylquinic acid derivatives 
peaks (Figure 1, peaks 2 and 3) were identified on the 
basis of comparison of their UV spectra with that one 
obtained for chlorogenic acid (Figure 2). 
 

Figure 2. UV spectra of authentic chlorogenic acid (a) and 
of caffeoylquinic acid derivative (peak 2 of artichoke 
hydroalcoholic extract chromatogram) (b). 
 

 
 
HPLC chromatograms of artichoke from both 

irradiated and non-irradiated samples were very 
similar concerning the major compounds profile. 
However, modifications on the minor compounds, as 
exemplified on Figure 1 (peaks at 28 minutes), were 
observed. Quantification of chlorogenic acid was 
performed using a six-point regression curve (Figure 
3), developed through the use of authentic standard.  
Calibration curve of HPLC peak areas was 
constructed against the marker concentrations. Linear 
regression analysis was used to calculate the slope, 
intercept and the correlation coefficient (r2) of 
calibration line.  

Total caffeoylquinic acids contents were 
determined (Table 1). The chlorogenic acid 
concentration in non irradiated artichoke samples was 
determined as 246 mg/kg of dried extract, and total 
caffeoylquinic acids were calculated as 1099 mg/kg 
(Figure 1). Chlorogenic acid concentrations of 
irradiated samples were determined in the range of 
197-288 mg/kg. A good agreement in the content of 
chlorogenic acid and derivatives among non-
irradiated and irradiated samples was found, inferring 
that these compounds were stable and were not 
decomposed by the irradiation. However, differences 
in minor compounds and in the quantity of major 
compounds observed in the HPLC profiles were 
noticed (Figure 1). 

Since plant matrices are very complex, it seemed 
interesting to compare the biological response of 
irradiated and non-irradiated artichoke samples, as 
small changes like those observed in the HPLC 
profiles at the chromatographic conditions used in 

a b 
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these experiments, can be enough to interfere on the 
extract bioactivity (Byun et al., 1999). 

Antibacterial assay was chosen as it is a rapid 
and reliable assay and artichoke has been showed to 
be active in this test (Zhu et al., 2004). Extracts of 
irradiated artichoke were tested in vitro against four 
bacteria, and compared to a non-irradiated sample 
extract. Bacteria were chosen in order to cover a 
broad spectra of activity, being two Gram-positive 
and two Gram-negative. Antibacterial activity was 
noticed only against Listeria monocytogenes, a 
Gram-positive bacterium. Non-irradiated artichoke 
and artichoke irradiated up to a doses of 15 kGy 
showed the same inhibitory activity (9 ± 0 mm 
inhibition zone in all three measurements), but 
samples irradiated with 30 kGy repeatedly showed no 
activity towards L. monocytogenes. This is worth 
noticing, since it was expected that all samples would 
present the same activity against the tested bacteria. 
In this way, biological tests may be a strong 
argument in favour of the need of deeper studies not 
only for artichoke but in order to guarantee the safety 
and quality of raw plant material when gamma-
irradiation is used as the sterilization procedure. 

DISCUSSION 

Since plant matrices are very complex mixtures 
of compounds, it seemed interesting to compare the 
biological response of irradiated and non-irradiated 
artichoke samples, besides the HPLC profile, since 
small changes such as those observed at the 
chromatographic conditions used in these 
experiments can be enough to interfere on the extract 
bioactivity.  

Extracts of irradiated artichoke were tested in 
vitro against four bacteria, in comparison to a non-
irradiated sample extract. None of them presented 
antibacterial effect against S. aureus, S. sommei and 
P. mirabilis. Antibacterial activity was noticed only 
against L. monocytogenes, a Gram-positive 
bacterium. Non-irradiated artichoke and artichoke 
irradiated up to a doses of 15 kGy showed the same 
inhibitory activity (9 mm inhibition zone), but 
samples irradiated with 30 kGy repeatedly showed no 
activity towards L. monocytogenes. This was an 
interesting finding since it was expected that all 
samples would present the same activity against the 
tested bacteria (Byun et al., 1999). In this way, 
biological tests results may be a strong argument in 
favor on the need of wider studies including other 
medicinal plants in order to guarantee safety and 

quality of raw plant material when gamma-irradiation 
is used as the sterilization procedure.  

CONCLUSIONS 

HPLC analyses of chlorogenic acid and its 
derivatives contents on artichoke leaves both gamma 
irradiated and non-irradiated showed the same profile 
in terms of major compounds. However, some 
discrepancies were noticed concerning to the absence 
of peaks corresponding to some minor compounds 
and also when biological activity of such samples 
was investigated. In this way, it seems that 
complimentary techniques for the evaluation on the 
gamma irradiation effects of raw plant material 
should be developed in order to assure the users that 
this is a consumer-friendly technique, guaranteeing 
both safety and pharmacological effects of 
phytotherapics prepared by using gamma-irradiated 
plants.  
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