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S. Cabo Verde1, M. J. Trigo2, M. B. Sousa2, A. Ferreira2, A. C. Ramos2, I. Nunes1,
C. Junqueira1, R. Melo1, P. M. P. Santos1, M. L. Botelho1
1

Instituto Tecnológico e Nuclear, Instituto Superior Técnico, Universidade Técnica de Lisboa,
Sacavém, Portugal
2
INRB- L-INIA, UITA, Quinta do Marquês, Oeiras, Portugal
There is an ever-increasing global demand from consumers for high-quality foods with
major emphasis placed on quality and safety attributes. One of the main demands that consumers display is for minimally processed, high-nutrition/low-energy natural foods with no
or minimal chemical preservatives. The nutritional value of raspberry fruit is widely recognized. In particular, red raspberries are known to demonstrate a strong antioxidant capacity
that might prove beneficial to human health by preventing free radical-induced oxidative
stress. However, food products that are consumed raw, are increasingly being recognized
as important vehicles for transmission of human pathogens. Food irradiation is one of the
few technologies that address both food quality and safety by virtue of its ability to control
spoilage and foodborne pathogenic microorganisms without significantly affecting sensory or
other organoleptic attributes of the food. Food irradiation is well established as a physical,
nonthermal treatment (cold pasteurization) that processes foods at or nearly at ambient temperature in the final packaging, reducing the possibility of cross contamination until the food
is actually used by the consumer. The aim of this study was to evaluate effects of gamma
radiation on raspberries in order to assess consequences of irradiation. Freshly packed raspberries (Rubus idaeus L.) were irradiated in a 60 Co source at several doses (0.5, 1, or 1.5 kGy).
Bioburden, total phenolic content, antioxidant activity, physicochemical properties such as
texture, color, pH, soluble solids content, and acidity, and sensorial parameters were assessed
before and after irradiation and during storage time up to 14 d at 4◦ C. Characterization
of raspberries microbiota showed an average bioburden value of 104 colony-forming units
(CFU)/g and a diverse microbial population predominantly composed of two morphological types (gram-negative, oxidase-negative rods, 35%, and filamentous fungi, 41%). The
inactivation studies on the raspberries mesophilic population indicated a one log reduction of microbial load (95% inactivation efficiency for 1.5 kGy), in the surviving population
mainly constituted by filamentous fungi (79–98%). The total phenolic content of raspberries indicated an increase with radiation doses and a decrease with storage time. The same
trend was found for raspberries’ antioxidant capacity with storage time. Regarding raspberries physicochemical properties, irradiation induced a significant decrease in firmness
compared with nonirradiated fruit. However, nonirradiated and irradiated fruit presented similar physicochemical and sensory properties during storage time. Further studies are needed
to elucidate the benefits of irradiation as a raspberries treatment process.

facing governments globally, driven by the need
to feed an increasing world population and

Ensuring the security of current and future
food supplies is one of the main challenges
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consumer demand for freshness and variety.
However, there is also a need to address
issues associated with the supply of safe and
healthy food. Fresh fruit and vegetables are
important components of a healthy and balanced diet; their consumption is encouraged
in many countries by health agencies to protect against a range of diseases. The nutritional
value of raspberry fruit is widely recognized and
demanded by consumers, especially for protection against cardiovascular disorders, cancer, and other diseases, as well as for general health benefits (Milivojević et al., 2011).
Red raspberries (Rubus idaeus L.), in particular,
are known to demonstrate strong antioxidant
capacity, mainly as a result of their high levels of
anthocyanins and other phenolic compounds
(Kähkönen et al., 2001; Kafkas et al., 2008;
Çekiç and Özgen, 2010). Raspberries are highly
perishable fruit with a storage life limited by rots
(Botrytis cinerea), loss of firmness, and darkening of the attractive red color (Haffner et al.,
2002). Most of the raspberries produced worldwide are processed as frozen and sold within
different frozen fractions (Milivojević et al.,
2011); however, there has been an increasing demand for fresh raspberries out of season
(Milutinović et al., 2008).
Food products that are consumed raw
are increasingly being recognized as important
vehicles for transmission of human pathogens
that were traditionally associated with foods
of animal origin (Berger et al., 2010; EFSA
and ECDC, 2012). Moreover, during growth,
harvest, transport, and further processing and
handling, these products may be contaminated with pathogens from human or animal
sources (Lynch et al., 2009). Small fruits, such
as raspberries, have been associated with several outbreaks of Cyclospora cayetanensis and
norovirus (Herwaldt & Ackers, 1997; Herwaldt
and Beach, 1999; Cotterelle et al., 2005;
Falkenhorst et al., 2005; Hjertqvist et al.,
2006; Maunula et al., 2009). However, despite
the associated risk of foodborne diseases, the
small fruits are not washed before marketing because of the negative effect on their
quality and shelf life (Bialka and Demirci,
2007b).
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Better methods of preventing contamination on the farm, or during packing or processing, or use of a terminal control such as
irradiation might reduce the burden of disease transmission from fresh produce (Lynch
et al., 2009). Irradiation may constitute an
alternative technology for fresh food treatment
(Trigo et al., 2006, 2009). Nonthermal technologies, like irradiation, have the ability to
inactivate microorganisms at ambient or nearambient temperatures, therefore avoiding the
deleterious effects that heat has on flavor, color,
and nutrient value of food. Irradiation has the
advantage that products are processed in the
final packaging stage, reducing the possibility of cross contamination until actual use by
the consumer. The safety and wholesomeness
of irradiated foods have been well established
and revised from time to time (Diehl, 2002).
The joint FAO/IAEA/WHO Experts Committee
also confirmed that irradiation at 10 kGy and
above does not produce any apparent toxicological hazards or nutritional or microbiological
problems in food (FAO/IAEA/WHO, 1999).
Reports are available showing that irradiation
of food commodities, in the form of gamma
rays or electron beams, is effective in overcoming quarantine barriers in international trade,
as a mode of decontamination, disinfestation,
and improvement of nutritional attributes and
shelf life (Lacroix and Ouattara, 2000; Teets
et al., 2008). However, to our knowledge the
application of ionizing radiation to small fruits
preservation has not been fully investigated.
The aim of this study was to evaluate effects
of gamma radiation on raspberries in order
to assess the potential use of irradiation as a
treatment process.

MATERIAL AND METHODS
Sampling and Packing
Raspberries (Rubus idaeus L., cv. Amira)
were obtained from INRB experimental fields
and collected for uniform degree of maturity in
order to have a similar sample. Fruits (125 g)
were packed in polystyrene boxes (Nutrip-PS)
with a lid and holes for air circulation.
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Irradiation
Irradiation was carried out using 60 Co
experimental equipment (Precisa 22, Graviner,
Lda, UK) in the Ionizing Radiation Unit located
in the campus of Nuclear and Technological
Institute, Sacavém, Portugal. Dosimetric studies
were performed using an ionization chamber
(FC65-P) to establish the irradiation geometry
and estimate the dose rate (2.2 kGy/h). The
obtained dose uniformity was 1.23. Thirty-six
packages of raspberries (125 g each) were irradiated at several doses (0.5, 1, or 1.5 kGy)
in three irradiation batches (4 packages/dose).
After irradiation the raspberries were stored at
4◦ C until analysis.
Microbiological Inactivation Studies
Microbiological analyses were performed
on 25 g of fruit. Samples were blended
on 100 ml physiological solution with 0.1%
Tween 80 and homogenized (Stomacher 3500;
Seaward, UK). Serial decimal dilutions were
performed before plating. Aerobic mesophilic
counts were carried out in triplicate on tryptic soy agar (Merk, Germany) at 30◦ C for 7 d.
Microbiological counts were expressed as mean
log colony-forming units (CFU) per gram.
All colonies (microbial population from
nonirradiated and irradiated raspberries) were
macroscopically (e.g., pigmentation, texture,
shape), microscopically, and biochemically
typed by gram staining, catalase activity,
and oxidase production. The isolates were
organized into typing groups according with
Bergey’s Manual of Determinative Bacteriology
(Holt et al., 1994). The frequency of each
phenotype was calculated based on the number of isolates and their characterization.
Evaluation of Total Phenolic Content
Total phenolic compound content of was
determined based on the Folin–Ciocalteau
method (Singleton et al., 1999) using gallic acid
as standard for the calibration curve. Twentyfive-gram fruit samples were homogenized in
100 ml of ultrapure water. One milliliter of
homogenate (n = 3) was added to 65 ml of
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water and 5 ml of Folin–Ciocalteau reagent
(FC). After shaking and incubating 5 min at
room temperature, 15 ml sodium carbonate
solution and water were added to 50 ml and
content mixed. After an incubation period of
2 h at room temperature, the absorbance of the
reaction mixture was measured at 765 nm using
a Shimadzu ultraviolet (UV) 1800 spectrophotometer. The results were expressed as mg gallic
acid equivalent (GAE) per g raspberries fresh
weight (fw).

Evaluation of Antioxidant Activity—Ferric
Reducing/Antioxidant Power (FRAP
Assay)
The assay was carried out according to the
method described by Benzie and Strain (1996),
which is based on the reduction of Fe3+ -TPTZ
to a blue colored Fe2+ -TPTZ. FRAP reagent
was freshly prepared by mixing 300 mM
acetate buffer (pH 3.6), 10 mM TPTZ, and
20 mM FeCl3 ·6H2 O in a ratio of 10:1:1 at
37◦ C. Twenty-five-gram fruit samples were
homogenized in 100 ml ultrapure water. One
hundred microliters of homogenate (n = 3) was
diluted 10-fold in ultrapure water and added
to FRAP reagent (3 ml) in a test tube. After
15 min of incubation at 37◦ C, the absorbance
was measured at 593 nm. The antioxidant
potential of the sample was determined from
a standard curve using FeSO4 ·7H2 O at a
concentration range between 0 and 1 mM.
Results were expressed as milligrams of ferrous
sulfate equivalent (FSE) per gram raspberries
fresh weight (fw).

Evaluation of Physicochemical
Parameters
Textural attributes of raspberries before and
after irradiation were analyzed using a texturometer TA-Hdi (Stable Micro System, UK)
interfaced with “texture expert” analyzer. Six
puncture tests per sample were performed
with a penetrometer of 4 mm (load cell of
25 kg, velocity of 3.33 mm/s), and the maximum force (N) was estimated based on the
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Sensory Analysis
A test panel made up of seven trained
panelists was performed to assess the sensory
quality of samples. The color, texture, aroma,
and flavor were evaluated using a hedonic scale
from 1 to 5 (1 = dislike extremely and 5 = like
extremely).
Assessment of Shelf-Life Extension
In order to evaluate shelf-life of fruit,
physicochemical and sensory parameters were
assessed after irradiation (0 d of storage;
T0) and after 2 (T2) and 5 (T5) days of storage
(4◦ C) as described previously. Microbiological
analysis (total counts), total phenolic content,
and antioxidant activity were performed after
irradiation (0 d of storage; T0) and after 7
(T7) and 14 (T14) days of storage (4◦ C).

RESULTS
The microbiological results indicated that
raspberries presented an average bioburden
of 6 × 104 CFU/g. This mesophilic microbial population showed linear gamma radiation inactivation kinetics, with a maximum
inactivation efficiency of 95% for 1.5 kGy. The
performed microbial studies demonstrated a
1 log cycle reduction in total counts for 1.5 kGy
that remained constant during the storage time
as observed in Figure 1.
In order to evaluate the dynamics of raspberries’ microbial community and its pattern
with radiation doses, the microbiota from
nonirradiated and irradiated raspberries were
phenotypically characterized (Table 1). The initial microbial population was divided in 7 out
of 11 defined morphological types indicating
a considerable diversity. The most frequent
morphological types were the gram-negative,
oxidase-negative rods (35%) and filamentous
fungi (41%). With an increase in radiation
dose, fewer morphological types (3/11) were
observed, suggesting a decrease of diversity with irradiation. During storage an alteration (type and number) of the contamination pattern was noted for nonirradiated raspberries, becoming less diverse with duration.
The appearance of some morphological types
for the higher irradiation doses not initially
detected in the lower doses (e.g., phenotype
VI–T7; 1.0 kGy and 1.5 kGy) may be explained

6.00
5.00

Log CFU/g

force–deformation curve. The titratable acidity (three measures/sample) was determined
by titration and expressed in grams citric
acid per 100 g raspberries fresh weight (fw).
The pH was measured with a potentiometer Crison-micro pH 2002 (Crison Instruments
SA, Barcelona, Spain) using a glass electrode
(three measures/sample). Soluble solids content was performed with a hand-held refractometer ATAGO (Atago Co, Ltd, Tokyo, Japan)
on extracted juice (three measures/sample)
at 20◦ C. The superficial color was evaluated using a Minolta Chroma Meter CR 200b
(Minolta Corp., Tokyo, Japan) using a measurement diameter of 8 mm and diffuse
illumination/0◦ viewing angle (d/0) geometry.
Data of L∗ , a∗ , and b∗ values, Hue angle (H◦ =
arctan b/a), and Chroma [C∗ = (a∗2 +b∗2 )1/2 ]
were determined (six measures/sample).

4.00
3.00
2.00
1.00

Data Analysis
Descriptive statistics (mean and standard
error) were used to analyze the obtained data.
Confidence intervals for means values were
estimated considering a significance level of
p < .05 and the number of replicates for each
assay.

0.00

0

7

14

Time (days)
0 kGy

0.5 kGy

1.0 kGy

1.5 kGy

FIGURE 1. Average total mesophilic counts for non-irradiated
and irradiated raspberries during storage time. Error bars correspond to 95% confidence intervals about mean values (n = 18;
α = 0.05) (color figure available online).
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Type I—gram-positive, catalase-positive cocci
Type II—gram-positive, catalase-negative cocci
Type III—gram-negative, catalase-positive
cocci
Type IV—gram-negative, catalase-negative
cocci
Type V—gram-positive, endospore-forming
bacilli
Type VI—gram-positive,
non-endospore-forming, catalase-positive
bacilli
Type VII—gram-positive,
non-endospore-forming, catalase-negative
bacilli
Type VIII—gram-negative, oxidase-positive
bacilli
Type IX—gram-negative, oxidase-negative
bacilli
Type X—yeasts
Type XI—filamentous fungi

Phenotype
1
0
0
0
0
14

0

0
0
0
85

0
0
5

0

2
35
5
41

0.5 kGy

9
0
3

0 kGy

T0

Relative frequency (%)

0
98

1

0

0

1

0

0

0
0
0

1.0 kGy

17
79

0

0

0

4

0

0

0
0
0

1.5 kGy

33
67

0

0

0

0

0

0

0
0
0

0 kGy

T7

6
94

0

0

0

0

0

0

0
0
0

0.5 kGy

10
70

0

5

0

15

0

0

0
0
0

1.0 kGy

3
78

0

0

0

19

0

0

0
0
0

1.5 kGy

0
0

0

0

0

100

0

0

0
0
0

0 kGy

T14

TABLE 1. Frequency of the Morphological Phenotypes of the Isolates (n = 1800) From Nonirradiated and Irradiated Raspberries With Storage Time

0
75

25

0

0

0

0

0

0
0
0

0.5 kGy

2
95

0

0

0

3

0

0

0
0
0

1.0 kGy

9
78

0

0

0

0

0

0

13
0
0

1.5 kGy
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2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

time. The same trend was noted for raspberries antioxidant capacity with storage time.
The measured reducing power of raspberries
ranged between 0.5 and 0.7 mg FSE/g fresh
weight basis for nonirradiated fruit, and from
0.5 to 0.7 mg FSE/g fresh weight basis for irradiated fruit. This decreasing effect of storage was
more noticeable in irradiated fruit.
The energy of irradiation affected the fruit
firmness, being directly related with radiation
dose (Figure 3). The results indicated a fall in
raspberries texture for radiation doses of 1 and
1.5 kGy after irradiation (T0). Further, during
the conservation period a negative effect on
raspberries texture was also detected. However,
with storage time the firmness of treated fruits
with higher radiation doses (1 and 1.5 kGy) was
not as extensively impaired (Figure 3).
1.2

Firmness N/g

1.0

0 kGy

7
Storage time (days)
0.5 kGy

1.0 kGy

14
1.5 kGy

0.6
0.4

0.0

0

2
Storage time (days)
0 kGy

0.5 kGy

1.0 kGy

5
1.5 kGy

FIGURE 3. Effect of gamma radiation and storage time on raspberries firmness (N). Error bars correspond to 95% confidence
intervals about mean values (n = 6; α = 0.05) (color figure
available online).

(b)

0

0.8

0.2

FSE mg/gfw

GAE mg/gfw

considering the inactivation of population with
the increasing dose and experimental procedure. For nonirradiated and 0.5-kGy-irradiated
samples, dilutions were performed to obtain a
countable number of colonies, and thus, only
the microorganisms in highest number were
detected. For the higher doses, no dilutions
were performed, assuming the inactivation of
some microorganisms, and it was presumed the
microorganisms in lower numbers are able to
be detected.
The surviving microbiota of irradiated
raspberries displayed homogeny with storage
time with prevalence of filamentous fungi.
Among the fungal population the most frequent genus morphologically identified was
Cladosporium (75%), in mycobiota of both
nonirradiated and irradiated raspberries, correlated with storage time. Regarding gammaradiation-surviving fungi, the genera Penicillium
(22%; T0, 0.5 kGy), Alternaria (<1 %; T0,
1.0 kGy, and T7, 1.0 kGy), Fusarium (< 1%; T0,
1.0 kGy), and Rhizopus (<1%; T14, 1.0 kGy)
were detected. The differences in total phenolics content and antioxidant activity of raspberries with irradiation and storage time are
presented in Figure 2.
The total phenolic content of raspberries
ranged between 1.24 and 1.34 mg GAE/g fresh
weight basis for nonirradiated fruit, and from
1.04 to 1.69 mg GAE/g fresh weight basis for
irradiated fruit. The results of total phenolic
content of raspberries indicated a rise with radiation doses (T0) and decrease with the storage

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0
0 kGy

7
Storage time (days)
0.5 kGy

1.0 kGy

14
1.5 kGy

FIGURE 2. Effect of gamma radiation and storage time on total phenolic content (a) and antioxidant capacity (b) of raspberries. Error bars
correspond to 95% confidence intervals about mean values (n = 3; α = 0.05) (color figure available online).
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(a)

(b)
Citric Acid (g/100g of fw)

3.5
3.0

pH

2.5
2.0
1.5
1.0
0.5
0.0

0

2
Storage time (days)
0 kGy

0.5 kGy

1.0 kGy

5

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

0

2
Storage time (days)
0 kGy

1.5 kGy

0.5 kGy

1.0 kGy

5
1.5 kGy

FIGURE 4. Effect of gamma radiation and storage time on pH (a) and titratable acidity (b) of raspberries. Error bars correspond to 95%
confidence intervals about mean values (n = 3; α = 0.05) (color figure available online).

high a∗ indicates toward red direction, during
conservation the fruit appearance turn to a
blue-based lighter red colour. L∗ values represent lightness and stored raspberries had higher
L∗ values.
The sensory analysis indicated an effect of
gamma irradiation and storage time on raspberries’ firmness similar to the effect on texture.
However, irradiated and nonirradiated fruit
showed similar sensory characteristics during
storage (Figure 5).

The obtained results showed an elevation
of pH and reduction in titratable acidity with
storage period for non-irradiated and irradiated raspberries (Figure 4). Regarding total soluble content, the obtained ◦ Brix values were
not markedly different between irradiated and
nonirradiated raspberries during storage (data
not shown).
In terms of fruit color, the irradiation at
the applied doses seemed not to exert a pronounced effect. However, a decrease in color
parameters was observed during storage for
irradiated and non-irradiated fruit (Table 2).
The variation in b∗ was higher than those of L∗
and a∗ . In the chromaticity coordinates, where
high b∗ indicates toward yellow direction and

DISCUSSION
According to the U.S. Food and Drug
Administration (U.S. FDA, 2009), washing

TABLE 2. Effect of Gamma Radiation and Storage Time on Raspberry Color Parameters
Storage
time (days)

L∗

a∗

b∗

Chroma

Hue angle

0
2
5
0
2
5

30.1 ± 0.5
32.6 ± 0.5
30.3 ± 0.7
30.4 ± 0.3
32.8 ± 0.3
31.6 ± 0.7

21.9 ± 1.6
16.1 ± 0.6
15.1 ± 0.8
20.2 ± 1.0
16.1 ± 0.6
15.2 ± 0.7

7.4 ± 0.8
2.8 ± 0.3
2.8 ± 0.3
6.3 ± 0.4
3.0 ± 0.3
3.0 ± 0.3

23.2 ± 1.8
16.3 ± 0.6
15.1 ± 0.8
21.2 ± 1.0
16.3 ± 0.6
15.5 ± 0.7

18.2 ± 0.6
9.5 ± 0.8
10.4 ± 0.8
17.3 ± 0.7
10.4 ± 0.8
10.8 ± 1.0

1.0 kGy

0
2
5

31.2 ± 0.5
33.1 ± 0.3
30.8 ± 0.6

20.4 ± 1.0
16.5 ± 0.7
16.3 ± 1.1

6.7 ± 0.5
3.2 ± 0.4
3.2 ± 0.6

21.5 ± 1.1
16.8 ± 0.8
16.6 ± 1.2

17.9 ± 1.0
10.7 ± 0.8
10.3 ± 1.3

1.5 kGy

0
2
5

30.7 ± 0.4
32.1 ± 0.4
31.2 ± 0.9

20.2 ± 1.2
15.8 ± 1.3
16.6 ± 0.8

5.5 ± 0.6
3.3 ± 0.3
3.6 ± 0.4

21.0 ± 1.3
16.2 ± 1.3
17.1 ± 0.8

14.8 ± 0.8
14.5 ± 3.2
11.8 ± 1.0

Dose
0 kGy

0.5 kGy

Note. Data are the means of 12 replications ± standard error.
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FIGURE 5. Sensory evaluation for irradiated and non-irradiated raspberries during storage time. Panel members (6 trained panellists)
were asked to evaluate the colour (e.g. red colour; brightness, colour uniformity), texture (e.g. firmness, juiciness), flavor and aroma (e.g.
sweet; acid, raspberry taste, off flavor, off aroma) on a scale from 1 = bad to 5 = excellent (color figure available online).

fresh food by the consumer with water or
conventional disinfectants has a limited efficacy
in the elimination of foodborne microorganisms. Yu et al. (2001) studied the effects of 5 disinfectants in reduction of E. coli O157:H7 on
surface of strawberries, and reported that the
most efficient chemical treatment was hydrogen peroxide with a reduction of 2.2 log CFU/g
of bacterial population. Since washing alone is
not a viable option, the use of alternative technologies needs to be investigated. There are
some studies indicating that gaseous chlorine
dioxide (ClO2 ) shows promise as a sanitizer for
small fruits (Han et al., 2004; Sy et al., 2005).
Sy et al. (2005) found that treatment with 4.1 to
8.0 mg/L ClO2 produced reduction in populations of yeast and moulds on blueberries, strawberries, and raspberries of 1.4 to 2.5, 1.4 to 4.2,
and 2.6 to 3 log CFU/g, respectively. However
this treatment may leave residues of ClO2
and chlorite on fruits. Other studies demonstrated usefulness of ozone as a decontaminant
for small fruits, indicating maximum pathogen
reductions on raspberries of 4.5 log CFU/g for
Salmonella and 5.6 log CFU/g for Escherichia
coli O157:H7 (Bialka and Demirci, 2007a,
2007b). Bialka and Demirci (2008) also using
pulsed UV light on raspberries reported maximal decrease of 3.9 and 3.4 log for Escherichia
coli O157:H7 and Salmonella, respectively.

The previously cited studies only reported
the achieved reduction of artificially inoculated
fruit with pathogenic bacteria. In the present
study, the efficacy of gamma radiation doses on
the inactivation of natural microbiota of raspberries was estimated. A reduction of 1 log of
raspberries microbial population was obtained
after irradiation at 1.5 kGy preserved until 14 d
of storage. This apparent numerical reduction
may be related to the low radiation doses
applied and to the types of microorganisms
that compose the raspberries microbiota. The
effectiveness of irradiation treatment depends
on several factors, including composition of
food, number and type of microorganisms,
and applied dose (Diehl and Josephson, 1994).
In fact, it was noted that filamentous fungi
were the predominant morphotype found on
raspberries microbiota. In general, fungi are
considered more resistant to radiation than the
vegetative forms of bacteria. The sensitivity of
fungi to gamma irradiation was determined by
several investigators (Diehl, 1995; Refai et al.,
1996; Aziz et al., 1997; Aziz and Moussa,
2002; Mahrous et al., 2003), who reported
that the dose required for complete inhibition
of fungi in different food and feed products
ranged from 4 to 6 kGy.
Considering the performed morphological
identification, the genus Cladosporium was the
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most frequent isolated in nonirradiated and
irradiated fruit, but fungi belonging to the
genera Penicillium, Fusarium, and Alternaria
were also detected. Tournas and Katsoudas
(2005) demonstrated that the most common fungi found in commercial raspberries were Botrytis cinerea, and the genera Fusarium, Cladosporium, Penicillium, and
Rhizopus. It should be noted that in the present
study the analyzed raspberries were from a new
variety (Amira) and directly collected from an
experimental field, factors that may influence
the mycoflora.
Regarding the resistance to irradiation,
previous studies also showed a higher resistance of dematiaceous fungi (Alternaria alternata, Cladosporium cladosporioides, Curvularia
lunata, etc.) to gamma radiation (Saleh et al.,
1988). Ferreira-Castro et al. (2007) studied
the effects of gamma radiation on corn samples artificially contaminated with Fusarium
spp. and observed fungal growth in 80% of
the samples irradiated to 5 kGy and a complete decontamination at 10 kGy. Aquino et al.
(2007), in guarana samples, indicated that the
fungal contamination was reduced by 85% to
the acceptable limit using a dose of 5 kGy, but
20% of the genera Cladosporium and Rhizopus
and 10% of Penicillium was recovered from
samples irradiated with the dose of 5 kGy.
In previous studies on blueberries irradiation with a gamma radiation dose ranging from
0.5 to 3 kGy, a decrease in blueberries texture
from 1.5 kGy was found (Trigo et al., 2006).
These findings led us to select in this raspberries irradiation trial gamma radiation doses
lower than 1.5 kGy, in order to determine a
good compromise for fruit quality parameters.
Although a decrease of fruit texture with the
gamma radiation doses and conservation time
was observed, the firmness of the treated raspberries with the higher doses of radiation (1 and
1.5 kGy), was not as severely affected during
the storage period. This may be related to the
known irradiation effect on the delay of fruit
ripening (Pinto et al., 2006). The softening of
irradiated fruits was attributed to solubilization
of pectic substances, particularly protopectin
(Somogyi and Romani, 1964). Similar to the
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obtained results, other investigators showed a
decrease of firmness of fresh raspberries during
storage (Zhang and Quantick, 1998; Han et al.,
2004). The pH increased and titratable acidity
decreased over storage time for nonirradiated
and irradiated raspberries. These results are
consistent with those reported by Haffner et al.
(2002) and Han et al. (2004) indicating that a
fall in acidity during storage was indicative of
fruit senescence.
The irradiation at the applied doses seemed
not to exert a marked effect on raspberries color. Bialka and Demirci (2007a, 2007b)
detected no significant changes in color coordinates (L∗ , a∗ , b∗ ) in the decontamination of
raspberries using aqueous and gaseous ozone,
but the effect during storage was not examined.
During storage (d 2) a change in raspberries
color was found that remained constant until
the end of shelf life (d 5). Related results were
reported in raspberries storability experiments,
denoting that after storage the berry color was
darker (lower L∗ ), less intense in red (lower a∗ )
and less yellow (lower b∗ ), and had a more red,
bluish hue (lower Hue◦ ) than the starting material (Haffner et al., 2002; Han et al., 2004).
According to Han et al. (2004) the hue angle
decreased during storage due to the synthesis
of anthocyanins, a pigment contributing to the
red color in strawberries and raspberries.
Modern consumers are increasingly interested in their personal health and expect foods
purchased to be tasty, attractive, and safe and
health promoting. Phenolic compounds are
one of the most diverse groups of secondary
metabolites in raspberries (Badjakov et al.,
2008). An increase in total phenolics in irradiated fruits and vegetables was also reported
(Benoit et al., 2000; Breitfellner et al., 2002;
Fan, 2005; Lee et al., 2009; Hussain et al.,
2010). Harrison and Were (2007) suggested this
increase in total phenolics may be due to the
release of phenolic compounds from glycosidic
components and degradation of larger phenolic
compounds into smaller ones by gamma irradiation. A declining trend of total phenolics
after storage was also observed by Benoit et al.
(2000) and Hussain et al. (2010) in control
produce samples and in irradiated ones.
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A wide variation was observed on total
phenolic contents in raspberries, namely,
1.15 to 4.66 mg gallic acid equivalents/g fresh
weight basis (Tosun et al., 2009; Milivojević
et al., 2011). Our total phenolic results of control fruit are comparable with those in the
literature, and to our knowledge there are no
data available with reference to total phenolic
contents in irradiated raspberries. Although it
is worthwhile noting that genotype-dependent
phenolic contents were determined in raspberries (Tosun et al., 2009), and the obtained
results are dependent on solvents used for
extraction (Alothman et al., 2012).
An irradiation-induced rise in antioxidant
activity by ferric reducing/antioxidant power
(FRAP) was observed in raspberries fruits.
Similar increase in antioxidant activity by
FRAP assay as a result of irradiation was
reported in foodstuffs (Hussain et al., 2010;
Fan, 2005). This radiation-induced elevation
in total antioxidant activity may be the result
of high total phenolic accumulation following
radiation treatment. Toward the end of storage,
FRAP values also showed a decreasing trend
as previously reported following peach irradiation (Hussain et al., 2010). Data suggested that
antioxidant activity of raspberries expressed a
similar trend to those of total phenolic compounds. Phenolic compounds act as antioxidants by scavenging free radicals and chelating
metals in foods (Zhang et al., 2006; Behgar
et al., 2011). Connor et al. (2005a, 2005b) previously reported correlation among measures
of total phenolic content, anthocyanin levels,
and antioxidant capacity of Rubus species. The
obtained values of antioxidant capacity could
not be compared with the literature since data
were expressed in milligrams of ferrous sulfate
equivalent per gram of raspberries fresh weight.
There are no stated values for antioxidant
capacity for irradiated raspberries and the available values are results from application of other
methods or standard curves.
Raspberries are highly perishable fruit with
a storage life limited by loss of firmness
and darkening of the attractive red color
(Haffner et al., 2002); therefore, alternative
treatments need to be explored for extending
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the marketable life. Gamma irradiation has
emerged as a potential alternate method of
food preservation, diminishing the use of chemical preservatives. The application of this treatment has yielded satisfactory results in different
aspects of food technology, such as disinfestation, sterilization, inhibition of sprouting, and
extension of storage life of fresh fruits and
vegetables.
In summary, data indicate that an irradiation dose of 1.5 kGy did not result in a
major impact on raspberries sensory and quality
attributes with the a beneficial effect of reducing microbiota by 1 log (95% inactivation),
and enhancement of phenolic compounds and
antioxidant activity for 7 d of refrigerated storage. However, the study needs to be continued further to investigate the effects of higher
irradiation doses on fruit, in an attempt to augment the reduction of the microbial population
of raspberries. Due to health benefits of rich
antioxidant fruits the applicability of irradiation technology as food safety measure may
serve as a forward step to increase the variety, availability and acceptability of foods for
immunocompromised patients and other target
groups with special dietary needs.
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