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Abstract The extracts from the leaves of Ginkgo biloba are
widely used in medicines and food supplements in order to
overcome different health problems. To provide decontami-
nation, irradiation is a safe and effective technique, particular-
ly suitable to be integrated in quality control of the postharvest
samples. In this study, different analytical methods were ap-
plied to assess the effects of gamma irradiation (1 and 10 kGy)
in G. biloba color, chemical composition and antioxidant
properties. Irradiation preserved macronutrients, fatty acids,
γ- and δ-tocopherols, fructose, trehalose, quinic and shikimic
acids. In particular, 1 kGy protected α-tocopherol, oxalic and
malic acids contents, while 10 kGy decreased α-tocopherol,
glucose, sucrose, oxalic and malic acids level. Nevertheless,
this dose was the most effective for antioxidant activity. Over-
all, 1 kGy would be the recommended dose to maintain
nutritional profile of G. biloba, protect specific molecules
and also increase antioxidant activity of infusion and metha-
nolic extracts prepared from its leaves.

Keywords Gamma irradiation .Ginkgo biloba . Analytical
methods . Chemical characterization . Antioxidant activity

Introduction

Ginkgo (Ginkgo biloba L.) is a very old tree widely
used in traditional medicine, with its leaf extracts con-
sidered one of the most widely sold natural products
(Kato-Noguchi et al. 2013). Ginkgo leaf extracts have
been extensively studied in humans and animal models.
In medicinal applications, ginkgo leaf infusions are used
for treatment of asthma, bronchitis, memory, cognitive
speed, edema, inflammation, and free-radical toxicity
associated with traumatic brain injury (Smith et al.
1996; Diamond et al. 2000). EGb 761 is a standardized
extract of G. biloba leaves, that contains approximately
24 % flavone glycosides (primari ly quercetin,
kaempferol and isorhamnetin) and 6 % terpene lactones
(2.8–3.4 % ginkgolides A, B and C, and 2.6–3.2 %
bilobalide), and these have been used experimentally
as natural therapeutic agents in the treatment of
Alzheimer's disease (Smith et al. 1996; Diamond et al.
2000;Annaházi et al. 2010). In fact, this plant is widely
used the by pharmaceutical industry, which incorporates
the leaf extracts in supplements and medicines (Pereira
et al. 2013).

Nevertheless, the drying of plants outdoors exposes them
to a high level of natural contamination, which may lead to the
presence of microorganisms of great relevance to public
health, such as Salmonella spp., Escherichia coli, Clostridium
perfringens, Bacillus cereus and molds (Sádecká 2007).

In the pharmaceutical industry, the use of materials of good
microbiological quality is one of the essential requirements,
since the microorganisms can contaminate the final product,
and could lead to diseases and deteriorate medications (Rosa
et al. 1995). This is also important in the food industry,
where microbiological decontamination provides a prod-
uct with higher shelf life, while maintaining its quality
(Kamat et al. 2003).
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Irradiation is a promising method for microbial safety
(Sádecká 2007; Yordanov et al. 2009); because it is a safe
and effective method, it is particularly suitable to be integrated
in a comprehensive approach in the quality control of biolog-
ical materials. It is a physical process in which the high-energy
ionizing radiation passes through the target product improving
their safety by inactivating microorganisms and without leav-
ing chemical residues (Katusin-Razem et al. 2001; Shim et al.
2009; Khattak and Simpson 2010). One of the advantages of
this treatment is its versatility in controlling a variety of
microorganisms and insects, as well as the fact that the dietary
macronutrients (carbohydrates, proteins and lipids) and
micronutrients (e.g., vitamins) are not significantly affected
using adequate doses of irradiation (Sádecká 2007; Khattak
and Simpson 2010). Nevertheless, the technique should be
tested for each particular plant, and only limited studies for
gamma irradiation effects in G. biloba were performed
(Soriani et al. 2005).

Therefore, the aim of this study was to use different ana-
lytical methods to evaluate the effects of gamma irradiation in
G. biloba color, chemical composition and antioxidant prop-
erties, since these are related to its use in Alzheimer's disease,
as previously noted.

Materials and Methods

Samples and Samples Irradiation

G. biloba L. samples were provided by Américo Duarte
Paixão Lda., in Alcanede (Portugal), imported from
China, as dry leaves material for infusion preparation
(the taxonomical identification of the plant species men-
tioned in the label was confirmed). The samples were
divided into three groups: control (non-irradiated,
0 kGy), group 1 and group 2, where 1 and 10 kGy
were, respectively, the predicted doses.

The irradiation was performed in a Co-60 experimental
chamber (Precisa 22; Graviner Manufacturing Company
Ltd., UK) with a total activity of 177 TBq (4.78 kCi), in
September 2013, and the estimated dose rate for the irradiation
position was obtained with a Fricke dosimeter. During irradi-
ation process, the dose was estimated using Amber Perspex
routine dosimeters (batch V, from Harwell Company, Oxford-
shire, UK), following the procedure previously described by
Fernandes et al. (2013). The estimated doses, dose rates and
dose uniformity ratios (Dmax/Dmin) were, respectively: 1.20±
0.07 kGy, 2.57±0.15 kGy h–1, 1.20 for sample 1 and 8.93±
0.14 kGy, 1.91±0.03 kGy h–1, 1.02 for sample 2. For simplic-
ity, in the text and tables, we considered the values 0, 1 and
10 kGy, for the doses of non-irradiated and irradiated groups 1
and 2, respectively.

After irradiation, the samples were reduced to powder
and mixed to obtain homogenized samples for subse-
quent analysis.

Standards and Reagents

Irradiation

To estimate the dose and dose rate of irradiation it was used a
chemical solution sensitive to ionizing radiation, Fricke do-
simeter, prepared in the lab following the standards (ASTM
American Society for Testing and Materials 1992) and Amber
Perspex dosimeters (batch V; Harwell Company). To prepare
the acid aqueous Fricke dosimeter solution the following
reagents were used: ferrous ammonium sulfate(II) hexahy-
drate, sodium chloride and sulfuric acid, all purchased from
Panreac S.A. (Barcelona, Spain) with purity PA (proanalysis),
and water treated in a Milli-Q water purification system (mod-
el A10; Millipore, Billerica, MA, USA).

Chemical Analyses

Acetonitrile 99.9 %, n-hexane 95 % and ethyl acetate 99.8 %
were of HPLC grade from Fisher Scientific (Lisbon, Portu-
gal). Fatty acids methyl ester (FAME) reference standard
mixture 37 (standard 47885-U) was purchased from Sigma
(St. Louis, MO, USA), as also were other individual fatty acid
isomers, L-ascorbic acid, tocopherol, sugar and organic acid
standards. Racemic tocol (50 mg/ml) was purchased from
Matreya (Pleasant Gap, PA, USA).

Antioxidant Activity Evaluation

2,2-Diphenyl-1-picrylhydrazyl (DPPH) was obtained from
Alfa Aesar (Ward Hill, MA, USA). Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) was obtained
from Sigma.

Color Measurement

A colorimeter (model CR-400; Konica Minolta Sensing, Inc.,
Japan), with an adapter for granular materials (model CR-
A50) was used to measure the color of the samples. Using
the illuminant C and diaphragm aperture of 8 mm, the CIE L*,
a*, b* color space values were registered using a data software
“Spectra Magic Nx” (version CM-S100W 2.03.0006), from
Konica Minolta Company (Japan). Before starting the mea-
surements the instrument was calibrated against a standard
white tile (Fernandes et al. 2012).

The color of three samples from each batch was measured
in three different points, for each dose and at each time point,
being considered the average value. The color difference or
total color change for each sample was determined
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using the three-dimensional color space coordinates:
ΔE=(ΔL2+Δa2+Δb2)0.5.

Chemical Composition

Nutritional Value

Protein, fat, carbohydrates and ash were determined following
the AOAC procedures (AOAC 1995). The samples crude
protein content (N×6.25) was estimated by the macro-
Kjeldahl method; the crude fat was determined using a
Soxhlet apparatus by extracting a known weight of sample
with petroleum ether; the ash content was determined by
incineration at 600±15 °C. Total carbohydrates were calculat-
ed by difference and total energy was calculated according to
the following equation: Energy (kcal)=4×(g protein+g car-
bohydrates)+9×(g fat).

Lipophilic Compounds

Fatty Acids

Fatty acids were determined after a transesterification
procedure as described previously by the authors
(Barros et al. 2013a), using a gas chromatographer
(DANI 1000; Contone, Switzerland) equipped with a
split/splitless injector and a flame ionization detector
(GC-FID). Fatty acid identification was made by com-
paring the relative retention times of FAME peaks from
samples with standards. The results were recorded and
processed using CSW 1.7 software (DataApex 1.7,
Prague, Czech Republic). The results were expressed
in relative percentage of each fatty acid.

Tocopherols

Tocopherols were determined following a procedure
previously optimized and described by the authors
(Barros et al. 2013a). Analysis was performed by
high-performance liquid chromatography (HPLC) sys-
tem consisted of an integrated system with a pump
(Knauer, Smartline system 1000; Berlin, Germany),
degasser system (Smartline manager 5000) and auto-
sampler (AS-2057; Jasco, Easton, MD, USA), coupled
to a fluorescence detector (FP-2020; Jasco) pro-
grammed for excitation at 290 nm and emission at
330 nm. The compounds were identified by chromato-
graphic comparisons with authentic standards. Quanti-
fication was based on the fluorescence signal response
of each standard, using the IS (tocol) method and by
using calibration curves obtained from commercial
standards of each compound. The results were
expressed in mg per 100 g of dry weight.

Hydrophilic Compounds

Sugars

Free sugars were determined following a procedure previous-
ly optimized and described by the authors (Barros et al.
2013a). Analysis was performed by HPLC (equipment de-
scribed above) coupled to a refraction index detector (RI
detector Knauer Smartline 2300; Berlin, Germany). Sugars
identification was made by comparing the relative retention
times of sample peaks with standards. Data were analyzed
using Clarity 2.4 Software (DataApex). Quantification was
based on the RI signal response of each standard, using
the internal standard (IS, raffinose) method and by using
calibration curves obtained from commercial standards
of each compound. The results were expressed in g per
100 g of dry weight.

Organic Acids

Organic acids were determined following a procedure
previously optimized and described by the authors
(Barros et al. 2013b). Analysis was performed by ultra
fast liquid chromatograph (UFLC) coupled to photodi-
ode array detector (PDA), using a Shimadzu 20A series
UFLC (Shimadzu Corporation, Kyoto, Japan). Detection
was carried out in a PDA, using 215 nm and 245 as
preferred wavelengths. The organic acids were quanti-
fied by comparison of the area of their peaks recorded
at 215 nm with calibration curves obtained from com-
mercial standards of each compound. The results were
expressed in g per 100 g of dry weight.

Evaluation of Antioxidant Activity

Preparation of the Extracts

Infusions Each sample (2 g) was added to 0.2 l of boiling
distilled water, left to stand at room temperature for 5 min, and
filtered through Whatman No. 4 paper.

Methanolic Extracts Each sample (1 g) were stirred with
methanol (30 ml) at 25 °C at 150 rpm for 1 h and
filtered through Whatman No. 4 paper. The residue was
then extracted with an additional portion of methanol.
The combined methanolic extracts were evaporated un-
der reduced pressure (rotary evaporator Büchi R-210;
Flawil, Switzerland).

The infusion and methanolic extract were redissolved
in water and methanol, respectively (final concentration
10 mg/ml). The final solutions were further diluted to
different concentrations to be submitted to antioxidant
activity evaluation and the results were expressed in
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EC50 values (sample concentration providing 50 % of
antioxidant activity or 0.5 of absorbance in the reducing
power assay). Trolox was used as positive control.

Antioxidant Activity In Vitro Assays DPPH radical-
scavenging activity was evaluated by using an ELX800 mi-
croplate reader (Bio-Tek Instruments, Inc., Winooski, VT,
USA), and calculated as a percentage of DPPH discoloration
using the formula: [(ADPPH−AS)/ADPPH]×100, where AS is the
absorbance of the solution containing the sample at 515 nm
and ADPPH is the absorbance of the DPPH solution. Reducing
power was evaluated by the capacity to convert Fe3+ into Fe2+,
measuring the absorbance at 690 nm in the microplate reader
mentioned above. Inhibition of β-carotene bleaching was
evaluated though the β-carotene/linoleate assay; the neutrali-
zation of linoleate free radicals avoids β-carotene bleaching,
which is measured by the formula: β-carotene absorbance
after 2 h of assay/initial absorbance) × 100. Lipid peroxidation
inhibition in porcine (Sus scrofa) brain homogenates was
evaluated by the decreasing in thiobarbituric acid reactive
substances (TBARS); the color intensi ty of the
malondialdehyde–thiobarbituric acid (MDA–TBA) was mea-
sured by its absorbance at 532 nm; the inhibition ratio (%) was
calculated using the following formula: [(A−B)/A]×100 %,

where A and B are the absorbance of the control and the
sample solution, respectively (Fernandes et al. 2013).

Statistical Analysis

Three samples from each group were analysed and all
the assays were carried out in triplicate. The results are

Table 1 CIE color L* (lightness), a* (redness) and b* (yellowness) of
non-irradiated and irradiated G. biloba samples

0 kGy 1 kGy 10 kGy

L* 46.43±1.42a 46.15±2.71a 42.94±1.58b

b* 22.58±2.17a 22.18±1.64a 20.52±2.03a

ΔE 51.90±1.55a 51.37±2.75a 49.14±1.92b

The results are presented as mean ± SD. In each row, different letters
mean significant differences, p<0.05

The value of ΔE, total color, was determined using the expression:

ΔE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L"ð Þ2 þ a"ð Þ2 þ b"ð Þ2

q

Table 2 Macronutrients and energetic value of non-irradiated and irra-
diated G. biloba samples (mean ± SD)

0 kGy 1 kGy 10 kGy

Ash (g/100 g dw) 12.91±0.20a 12.74±0.65a 12.34±1.59a

Proteins (g/100 g dw) 15.32±0.16a 15.19±0.59a 12.79±0.15b

Fat (g/100 g dw) 4.42±0.13a 4.32±0.24a 4.56±0.42a

Carbohydrates
(g/100 g dw)

67.36±0.28b 67.75±0.74b 70.31±0.88a

Energy (kcal/100 g dw) 370.44±0.09a 370.64±2.69a 373.44±5.98a

In each row, different letters mean significant differences (p<0.05)

dw dry weight

Table 3 Lipophilic compounds (fatty acids and tocopherols) of non-
irradiated and irradiated G. biloba samples (mean ± SD) Caproic acid
(C6:0); caprylic acid (C8:0); capric acid (C10:0); undecanoic acid
(C12:0); tridecanoic acid (C13:0); myristic acid (C14:0); myristoleic acid
(C14:1); pentadecanoic acid (C15:0); cis-10-pentadecenoic acid (C15:1);
palmitic acid (C16:0); palmitoleic acid (C16:1); heptadecanoic acid
(C17:0); stearic acid (C18:0); oleic acid (C18:1n9); linoleic acid
(C18:2n6); α-linolenic acid (C18:3n3); stearic acid (20:0); eicosenoic
acid (C20:1); cis-11,14,17-eicosatrienoic acid and heneicosanoic acid
(C20:3n3+C21:0); behenic acid (C22:0); tricosanoic acid (C23:0);
lignoceric acid (C24:0). In each row, different letters mean significant
differences (p<0.05)

0 kGy 1 kGy 10 kGy

C6:0 0.11±0.01 0.17±0.01 0.14±0.03

C8:0 0.14±0.02 0.32±0.01 0.19±0.04

C10:0 0.15±0.03 0.13±0.02 0.18±0.02

C12:0 0.95±0.06 0.88±0.06 1.09±0.14

C13:0 0.21±0.01 0.25±0.01 0.25±0.03

C14:0 9.58±0.08 9.10±0.48 10.19±1.00

C14:1 3.34±0.21 3.17±0.21 3.41±0.19

C15:0 0.52±0.05 0.67±0.03 1.01±0.10

C15:1 0.09±0.00 0.07±0.00 0.10±0.00

C16:0 24.84±0.51 23.50±0.66 25.15±0.57

C16:1 0.90±0.05 1.00±0.03 0.92±0.09

C17:0 0.85±0.03 0.85±0.02 0.90±0.03

C18:0 2.66±0.06 2.41±0.05 2.45±0.04

C18:1n9 7.03±0.06 6.74±0.06 6.66±0.23

C18:2n6 7.94±0.54 8.21±0.47 7.73±0.21

C18:3n3 28.64±2.12 31.63±0.87 28.85±2.31

C20:0 3.63±0.07 2.56±0.04 2.65±0.12

C20:1 0.19±0.02 0.17±0.01 0.27±0.03

C20:3n3+C21:0 1.21±0.01 1.48±0.06 1.29±0.23

C22:0 2.25±0.26 2.34±0.03 2.22±0.11

C23:0 0.87±0.01 0.82±0.06 0.71±0.02

C24:0 3.90±0.20 3.54±0.13 3.65±0.01

Total SFA (relative %) 50.65±2.83ª 47.54±1.13ª 50.79±2.24ª

Total MUFA (relative %) 11.56±0.16ª 11.16±0.15ª 11.35±0.51ª

Total PUFA (relative %) 37.79±2.67ª 41.31±1.29ª 37.86±2.74ª

α-Tocopherol 58.77±0.74b 61.18±0.15a 52.64±0.92c

β-Tocopherol 28.96±0.74b 29.59±0.62ab 30.30±0.59a

γ-Tocopherol 0.92±0.02ª 0.98±0.13ª 0.95±0.01ª

δ-Tocopherol 0.60±0.04a 0.54±0.03a 0.54±0.04a

Total tocopherols
(mg/100 g)

89.25±1.53b 92.29±0.86a 84.43±1.56c
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expressed as mean values and standard deviation (SD).
The results were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s HSD test with
α=0.05. This treatment was carried out using SPSS v.
22.0 program (IBM Corp.).

Results and Discussion

Color

The results of CIE color L* (lightness), a* (redness) and b*
(yellowness) of non-irradiated and irradiated G. biloba

samples are presented in Table 1. It seems that for the highest
dose, 10 kGy, there was a tendency for the samples to loose
lightness, the L* value diminishes, when compared to non-
irradiated (0 kGy) and irradiated samples (1 kGy). For b*
value, which represents the yellowness–blueness tendency,
no significant difference was observed with irradiation dose.
Data values for a* parameter are close to zero (data not
shown). Color is a parameter of great importance not only
for plants but also for other foods. For example, the cosmetics
industry has a very stringent selection of the plants color level;
the dark color of some natural matrices such as green tea or
persimmon leaf makes very difficult their application in
food or cosmetic products, and the process to remove
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Fig. 1 Individual profile of
0 kGy (dotted line), 1 kGy (solid
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color is a difficult, time-consuming, and costly proce-
dure (Jo et al. 2003a,b).

Nutritional Profile

The nutritional profile of non-irradiated and irradiated
G. biloba samples is shown in Table 2. The control
sample showed values very similar to the ones obtained
previously by the authors in a sample from different
commercial origin (Pereira et al. 2013). Gamma irradi-
ation did not alter significantly the nutritional profile of
the samples, regarding ash, fat and energy since similar
values were obtained in the control and in samples
irradiated with 1 or 10 kGy, being in agreement with
previous studies in other foods, such as hazelnuts, wal-
nuts, almonds, and pistachios (Gecgel et al. 2011). Nev-
ertheless, 10 kGy led to a decrease in proteins content
(the same was observed in the study of Fernandes et al.
2013 on wild mushrooms) and, consequently, an in-
crease in carbohydrates level (which were determined
by difference). Protein values have been previously re-
ported as having no significant changes after irradiation
treatments (Fernandes et al. 2012; Kasera et al. 2012;
Fernandes et al. 2014). The decrease of protein levels at
10 kGy could be explained by a possible degradation
due to the high intensity applied. Proteins are known to
be the most reliable irradiation indicators, especially due
to degradation reactions such as scission of the C–N
bonds in the backbone of the polypeptide chain or
splitting of the disulfide bonds, and physical changes
like unfolding and aggregation (Molins 2001). Never-
theless, the fact that irradiation induces alterations in the
protein content, does not mean a significant problem in
the nutritional point of view, since protected amino
acids within the structure of the protein complex gener-
ally resists to this method (Kausar et al. 2013).

Composition in Lipophilic Compounds

Regarding fatty acids, 22 different molecules were iden-
tified (Table 3), which is in accordance with a previous
study of the authors (Pereira et al. 2013). Irradiated and
control samples revealed the same fatty acids profile,
with α-linolenic acid as the major compound, followed
by palmitic acid. Some studies showed that the lack of
α-linolenic acid in the diet compromises the brain and
heart function (Taha et al. 2006; Nguemeni et al. 2013),
and therefore, it is important to preserve this and other
compounds in irradiated samples. In all the samples,
saturated fatty acids appeared in higher concentrations,
followed by polyunsaturated and lastly monounsaturated
fatty acids. No significant differences were observed
between the control and the irradiated samples at two

different doses (Table 3; Fig. 1a). Similar results were
reported for cashew nuts (Mexis and Kontominas 2009)
and lamb meat (Alfaia et al. 2007), where no significant
differences were observed in the concentration of SFA,
MUFA and PUFA.

Data concerning tocopherols (also lipophilic com-
pounds) concentration are given in Table 3. The four
vitamers were found in all the analyzed samples of
G. biloba, with α-tocopherol as predominant form, as
also stated by the authors in a sample from different
commercial origin previously studied (Pereira et al.
2013), despite significant differences observed in the
concentrations reported. In fact, tocopherols are very
sensitive molecules that suffer rapid variation due to
oxidation processes (Birringer et al. 2001; Luo et al.
2011). α-Tocopherol was the most susceptible isoform
to irradiation process, decreasing with 10 kGy
(Fig. 1b). Nevertheless, it should be pointed out that
1 kGy of irradiation dose protected degradation of this
vitamer (Fig. 1b) (the same happened with the same
irradiation dose, in a study with Carya illinoensis
(Taipina et al. 2009)), which is very important as α-
tocopherol holds several beneficial functions for
humans, including antioxidant, anti-inflammatory, anti-
carcinogenic and antiatherogenic properties (Manosso
et al. 2013). In other studies performed in plants (sage,
thyme, and oregano) irradiated with 10 kGy, there were
no significant differences in the content of α- and γ-

Table 4 Hydrophilic compounds (sugars and organic acids) of non-
irradiated and irradiated G. biloba samples (mean ± SD) In each row,
different letters mean significant differences (p<0.05)

Free sugars (g/100 g dw) 0 kGy 1 kGy 10 kGy

Fructose 1.86±0.12a 1.87±0.17a 1.81±0.01a

Glucose 0.98±0.07a 0.73±0.03b 0.79±0.04b

Sucrose 3.78±0.09a 3.83±0.11a 3.60±0.07b

Threalose 0.38±0.04a 0.41±0.00a 0.40±0.02a

Unknown 0.55±0.03a 0.51±0.04a 0.50±0.05a

Total 7.55±0.07a 7.35±0.34ab 7.10±0.04b

Organic acids (g/100 g) 0 kGy 1 kGy 10 kGy

Oxalic 0.82±0.00b 0.89±0.00a 0.80±0.00c

Quinic 1.37±0.09a 1.31±0.01a 1.33±0.01a

Malic 1.09±0.00b 1.21±0.02a 1.05±0.01c

Shikimic 1.49±0.09a 1.43±0.00a 1.42±0.01a

Total 4.78±0.17ab 4.83±0.01a 4.60±0.03b

dw dry weight

�Fig. 2 Individual profile of 0 kGy (dotted line), 1 kGy (solid line) and
10 kGy (broken line) samples in a sugars: 1 fructose, 2 glucose, 3
unknown, 4 sucrose, 5 trehalose, 6 melezitose (IS). b Organic acids: 1
oxalic acid, 2 quinic acid, 3malic acid, 4 shikimic acid.MPmobile phase
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tocophero l in con t ro l and i r rad ia ted samples
(Brandstetter et al. 2009).

Composition in Hydrophilic Compounds

The composition in hydrophilic compounds was also
assessed and the results are shown in Table 4. Fructose,
glucose, sucrose and trehalose were identified and quan-
tified in the samples, but with a slight different profile
in relation to the one described for other samples of
G. biloba, in which trehalose was not found (Pereira
et al. 2013). In fact, sugar concentration depends on the
maturity stage of the sample leaves and other environ-
mental factors that influence the use of these primary
metabolites for energy production (Apone et al. 2010).
There was an observed decrease in glucose in both
irradiated samples, while no significant differences were
observed in regard to fructose and trehalose levels, and
sucrose (the most abundant sugar) decreased only with
10 kGy of gamma radiation dose (Fig. 2a). Another
study attributed the observed increase in sugar levels
to a degradation of polysaccharides with the application
of gamma irradiation (Kausar et al. 2013); in the pres-
ent study, this did not occur.

Regarding organic acids (Table 4), oxalic, quinic,
malic and shiquimic acids were identified and
quantified in all the analyzed samples, which is in
agreement with results reported by Pereira et al.
(2013). Quinic and shikimic acids concentration was
similar in all samples, which shows that gamma irradi-
ation does not affect significantly these compounds. On
the other hand, irradiation at 1 kGy protected oxalic and
malic acids (higher values), while 10 kGy decreased
their concentration (Fig. 2b). The decrease could be
explain by a degradation process when 10 kGy is ap-
plied, being this doses much higher than 1 kGy, that
showed a protective effect, maintaining the content
found. According to a study performed by Wen et al.
(2006) in irradiated lycium fruit, the concentration of
malic and oxalic acids did not change significantly.

Antioxidant Properties

The results of antioxidant properties of infusions and metha-
nolic extracts prepared form non-irradiated and irradiated
samples, measured by four in vitro assays, are presented in
Table 5. In general, methanolic extracts gave higher
antioxidante activity (lower EC50 values) than the correspond-
ing infusions (EC50 values ranging from 0.24 and 4.48 mg/ml
when compared to the infusion 0.13–9.04 mg/ml), which is in
agreement with results reported by Pereira et al. (2013). These
results are also consistent with a previous study, where the
alcoholic extracts showed better results than the correspond-
ing infusions prepared from irradiated Korean medicinal
plants (Byun et al. 1999).

For both infusion and methanolic extract, gamma irradia-
tion at both doses increased DPPH scavenging activity, reduc-
ing power, β-carotene bleaching and lipid peroxidation inhi-
bition of Ginkgo samples. In general, gamma irradiation at
10 kGy promotes more the antioxidant potential of G. biloba
infusion and methanolic extract. This is in agreement with the
results reported by the research group in a previous study with
Castanea sativa fruits and skins (Antonio et al. 2011). Khattak
et al. (2008) also reported an increase in DPPH scavenging
properties of Nigella sativa seeds irradiated at 16 kGy).

The analytical methods used proved that irradiation can be
a good alternative for G. biloba preservation since it main-
tained macronutrients, fatty acids, γ- and δ-tocpherols, fruc-
tose, trehalose, quinic and shikimic acids. Furthermore, 1 kGy
protectedα-tocopherol, oxalic and malic acids contents, while
10 kGy decreased α-tocopherol, glucose, sucrose, oxalic and
malic acids level. Therefore, 1 kGy would be the recom-
mended dose since it maintained the nutritional profile
of G. biloba, protected specific molecules and increased
antioxidant activity of infusion and methanolic extracts
prepared from its leaves.
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Table 5 Antioxidant activity (EC50 values, mg/ml) of infusions and methanolic extracts obtained from non-irradiated and irradiated G. biloba samples
(mean ± SD)

Antioxidant activity Infusion Methanolic extract

0 kGy 1 kGy 10 kGy 0 kGy 1 kGy 10 kGy

DPPH scavenging activity 5.80±0.24a 4.09±0.07b 2.88±0.23c 1.64±0.02a 1.54±0.05ab 1.49±0.16b

Reducing power 4.58±0.06a 3.41±0.01b 2.37±0.02c 0.65±0.00a 0.63±0.00b 0.49±0.00c

β-Carotene bleaching inhibition 11.09±0.54a 9.04±0.35b 8.79±0.23b 10.39±0.66a 5.26±0.18b 4.48±0.17c

TBARS inhibition 0.15±0.01a 0.13±0.01b 0.10±0.01c 0.24±0.01a 0.16±0.03b 0.08±0.00c

Food Anal. Methods



Conflict of Interest Eliana Pereira declares that she has no conflict of
interest. Lillian Barros declares that she has no conflict of interest.
Amilcar L. Antonio declares that he has no conflict of interest. Albino
Bento declares that he has no conflict of interest. Isabel C.F.R. Ferreira
declares that she has no conflict of interest. This article does not contain
any studies with human or animal subjects.

References

Alfaia CMM, Ribeiro PJLC, Trigo MJP, Alfaia AJI, Castro MLF, Fontes
CMGA, Bessa RJB, Prates JAM (2007) Irradiation effect on fatty
acid composition and conjugated linoleic acid isomers in frozen
lamb meat. Meat Sci 77:689–695

Annaházi A, Mracskó E, Süle Z, Karg E, Penke B, Bari F, Farkas E
(2010) Pre-treatment and post-treatment with α-tocopherol attenu-
ates hippocampal neuronal damage in experimental cerebral hypo-
perfusion. Eur J Pharmacol 571:120–128

Antonio AL, Fernandes Â, Barreira JCM, Bento A, BotelhoML, Ferreira
ICFR (2011) Influence of gamma irradiation in the antioxidant
potential of chestnuts (Castanea sativa Mill.) fruits and skins.
Food Chem Toxicol 49:1918–1923

AOAC (1995) Official methods of analysis, 16th edn. Association of
Official Analytical Chemists, Arlington

Apone F, Tito A, Carola A, Arciello S, Tortora A, Filippini L, Monolid I,
Cucchiara M, Gibertoni S, Chrispeels MJ, Colucci G (2010) A
mixture of peptides and sugars derived from plant cell walls in-
creases plant defense responses to stress and attenuates ageing-
associated molecular changes in cultured skin cells. J Biotechnol
145:367–376

ASTM American Society for Testing and Materials (1992)
Practice for using the Fricke reference standard dosimetry
system, ASTM E1026. Annual Book of ASTM Standards,
12.02, Philadelphia, PA

Barros L, Pereira E, Calhelha RC, Dueñas M, Carvalho AM, Santos-
Buelga C, Ferreira ICFR (2013a) Bioactivity and chemical charac-
terization in hydrophilic and lipophilic compounds ofChenopodium
ambrosioides L. J Funct Foods 5:1732–1740

Barros L, Pereira C, Ferreira ICFR (2013b) Optimized analysis of organic
acids in edible mushrooms from Portugal by ultra fast liquid chro-
matography and photodiode array detection. Food Anal Methods 6:
309–316

Birringer M, Drogan D, Brigelius-flohe R (2001) Tocopherols are me-
tabolized in HepG2 cells by side chainω-oxidation and consecutive
β-oxidation. Free Radic Biol Med 31:226–232

Brandstetter S, Berthold C, Isnardy B, Solar S, Elmadfa I (2009) Impact
of gamma-irradiation on the antioxidative properties of sage, thyme,
and oregano. Food Chem Toxicol 47:2230–2235

Byun MW, Yook HS, Kim KS, Chung CK (1999) Effects of gamma
irradiation on physiological effectiveness of Korean medicinal
herbs. Radiat Phys Chem 54:291–300

Diamond BJ, Shiflett SC, Feiwel N, Matheis RJ, Noskin O,
Richards JA, Schoenberger NE (2000) Ginkgo biloba extract:
mechanisms and clinical indications. Arch Phys Med Rehabil
81:668–678

Fernandes Â, Antonio AL, Barreira JCM, Oliveira MBPP, Martins A,
Ferreira ICFR (2012) Effects of gamma irradiation on physical
parameters of Lactarius deliciosus wild edible mushrooms.
Postharvest Biol Technol 74:79–84

Fernandes Â, Barreira JCM, Antonio AL, Santos PMP, Martins A,
Oliveira MBPP, Ferreira ICFR (2013) Study of chemical changes
and antioxidant activity variation induced by gamma-irradiation on
wild mushrooms: comparative study through principal component
analysis. Food Res Int 54:18–25

Fernandes Â, Barreira JCM, Antonio AL, Oliveira MBPP, Martins A,
Ferreira ICFR (2014) Effects of gamma irradiation on chemical
composition and antioxidant potential of processed samples of the
wild mushroom Macrolepiota procera. Food Chem 149:91–98

Gecgel U, Gumus T, Tasan M, Daglioglu O, Arici M (2011)
Determination of fatty acid composition of γ-irradiated hazelnuts,
walnuts, almonds, and pistachios. Radiat Phys Chem 80:578–581

Jo C, Son JH, Lee HJ, ByunM-W (2003a) Irradiation application of color
removal and purification of green tea leave extract. Radiat Phys
Chem 66:179–184

Jo C, Son JH, Shin MG, Byun M-W (2003b) Irradiation effect on color
and functional properties of persimmon (Dyospyros kaki L. folium)
leaf extract and licorice (Glycyrrhiza uralensis Fischer) root extract
during storage. Radiat Phys Chem 67:143–148

Kamat A, Pingulkar K, Bhushan B, GholapA, Thomas P (2003) Potential
application of low dose gamma irradiation to improve the microbi-
ological safety of fresh coriander leaves. Food Control 14:529–537

Kasera R, Singh AB, Kumar R, Lavasa S, Prasad KN, Arora N (2012)
Effect of thermal processing and c-irradiation on allergenicity of
legume proteins. Food Chem Toxicol 50:3456–3461

Kato-Noguchi H, Takeshita S, Kimura F, Ohno O, Suenaga K (2013) A
novel substance with allelopathic activity in Ginkgo biloba. J Plant
Physiol 170:1595–1599

Katusin-Razem B, Novak B, Razem D (2001) Microbiological decon-
tamination of botanical raw materials and corresponding pharma-
ceutical products by irradiation. Radiat Phys Chem 62:261–275

Kausar T, AkramK, Kwon J-H (2013) Comparative effects of irradiation,
fumigation, and storage on the free amino acids and sugar contents
of green, black and oolong teas. Radiat Phys Chem 86:96–101

Khattak KF, Simpson TJ (2010) Effect of gamma irradiation on the
antimicrobial and free radical scavenging activities of Glycyrrhiza
glabra root. Radiat Phys Chem 79:507–512

Khattak KF, Simpson TJ, Ihasnullah (2008) Effect of gamma irradiation
on the extraction yield, total phenolic content and free radical-
scavenging activity ofNigella staiva seed. FoodChem 110:967–972

Luo Y, Zhang B, Whent M, Yu L, Wang Q (2011) Preparation and
characterization of zein/chitosan complex for encapsulation of α-
tocopherol, and its in vitro controlled release study. Colloids Surf B
Biointerfaces 85:145–152

Manosso LM, Neis VB, Moretti M, Daufenbach JF, Freitas AE, Colla
AR, Rodrigues ALS (2013) Antidepressant-like effect of α-
tocopherol in a mouse model of depressive-like behavior induced
by TNF-α. Prog Neuro-Psychopharmacol Biol Psychiatry 46:48–57

Mexis SF, Kontominas MG (2009) Effect of γ-irradiation on the physi-
cochemical and sensory properties of cashew nuts (Anacardium
occidentale L.). Food Sci Technol 42:1501–1507

Molins R (2001) Food irradiation. Principles and applications. John
Wiley & Sons, USA

Nguemeni C, Gouix E, Bourourou M, Heurteaux C, Blondeau N (2013)
Alpha-linolenic acid: a promising nutraceutical for the prevention of
stroke. PharmaNutrition 1:1–8

Pereira E, Barros L, Ferreira ICFR (2013) Chemical characterization of
Ginkgo blobaL. and antioxidant properties of its extracts and dietary
supplements. Ind Crops Prod 51:244–248

Rosa MC, Medina MR, Vivar C (1995) Microbiological quality of
pharmaceutical raw materials. Pharm Acta Helv 70:227–232

Sádecká J (2007) Irradiation of spices – a review. Czech J Food Sci 25:
231–242

Shim S-L, Hwang I-M, Ryu K-Y, JungM-S, Seo H-Y, Kim H-Y, Song H-
P, Kim J-H, Lee J-W, ByunM-W,Kwon J-H, KimK-S (2009) Effect
of γ-irradiation on the volatile compounds of medicinal herb,
Paeoniae Radix. Radiat Phys Chem 78:665–669

Smith PF, Maclennan K, Darlington CL (1996) The neuroprotective
properties of the Ginkgo biloba leaf: a review of the possible
relationship to platelet-activating factor (PAF). J Ethnopharmacol
50:131–139

Food Anal. Methods



Soriani RR, Satomi LC, Pinto TJA (2005) Effects of ionizing radiation in
ginkgo and guarana. Radiat Phys Chem 73:239–242

Taha AY, Baghiu BM, Lui R, Nylen K, Ma DWL, BurnhamWM (2006)
Lack of benefit of linoleic and α-linolenic polyunsaturated fatty
acids on seizure latency, duration, severity or incidence in rats.
Epilepsy Res 71:40–46

Taipina MS, Lamardo LCA, Rodas MAB, del Mastro NL (2009)
The effects of gamma irradiation on the vitamin E content

and sensory qualities of pecan nuts (Carya illinoensis).
Radiat Phys Chem 78:611–613

Wen H-W, Chung H-P, Choub F-I, Linc I-H, Hsieh P-C (2006) Effect of
gamma irradiation on microbial decontamination, and chemical and
sensory characteristic of lycium fruit. Radiat Phys Chem 75:596–603

Yordanov ND, Lagunov O, Dimov K (2009) EPR spectra induced by
gamma-irradiation of some dry medical herbs. Radiat Phys Chem
78:277–280

Food Anal. Methods


