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The feasibility of extending shelf life of fresh pasta using gamma radiation was evaluated. Microbiological
quality and technological and sensorial properties were determined. Commercial gnocchi without chemical
preservative was irradiated at doses of 5, 10 and 13 kGy and stored at 7, 15 and 25 °C during 90 days. The
13 kGy dose was effective in reducing the microbial count below the detection limit during storage at 25 °C. The
growth of surviving psychrotrophic and mesophilic bacteria and molds and yeasts in pasta irradiated at 5 and
10 kGy was fitted to modified Gompertz and logistic models and kinetic parameters were determined. The

gamma radiation did not change the cooking loss but reduced significantly the water absorption. There was no
significant difference in the overall impression between control and irradiated samples. Gamma irradiation
technology has a great potential to preserve fresh pasta at room temperature for more than 90 days without
compromising sensory properties.

1. Introduction

Fresh pasta is a product not submitted to a drying process, with a
high moisture content and water activity of approximately 0.96, which
favors the growth of many spoilage and pathogenic microorganisms.
Preservation of this product requires refrigerated storage and in some
cases it is necessary the addition of chemical preservatives and vacuum
packaging or modified atmosphere (Del Torre et al., 2004; Resta and
Oliveira, 2013; Sanguinetti et al., 2016; Sousa et al., 2016). Besides
microbiological quality and safety, long shelf life and sensory char-
acteristics (appearance, color, aroma and flavor) are of most im-
portance to pasta consumers. Therefore, pasta quality attributes in-
cluding cooking loss, water absorption and firmness must also be
considered (Ozyurt et al., 2015; Sanguinetti et al., 2015).

Food irradiation has been used to increase the shelf life and safety of
several products, reducing losses and occurrence of foodborne diseases
(FDA, 2016). Radiation causes DNA and/or protein damage and the
generation of free radicals due to radiolysis of the water, which are
toxic to cells, leading to bacterial death (Daly, 2009; Trudeau et al.,
2012). Free radical can also interact with macronutrients (proteins, li-
pids and carbohydrates) and with minerals, modifying physical-

chemical and sensory characteristics of the food (Bashir and Aggarwal,
2016; Ben Mustapha et al., 2014; Damodaran et al., 2008; Najafabadi
et al., 2017; Ocloo et al., 2014; Shi et al., 2015).

Dry products such as spices and pasta are irradiated without sig-
nificant damage, however, foods with a high moisture content can
suffer significant losses in organoleptic properties (development of off-
flavors, discoloration and losses of firmness), making it impossible to
use gamma radiation to increase the shelf life (Silvestre et al., 2017).

This work aimed to evaluate the use of gamma radiation in order to
improve microbiological quality of fresh pasta (gnocchi) during storage
at refrigerated and room temperature and the effect on physical, che-
mical and sensory characteristics.

2. Material and methods
2.1. Fresh pasta

Fresh vacuum-packed gnocchi were purchased in a local market
(Sao Paulo, Brazil) and stored at 7 °C until use. The pasta was produced

with the following ingredients: wheat flour enriched with iron and folic
acid, potato, egg, vegetable fat, salt and monosodium glutamate. The
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gnocchi label composition per 100 g was: 30 g of total carbohydrate,
4.1 g of protein, 2.7 g of total fat and 150 mg of sodium.

2.2. Irradiation process

The day before the irradiation, the original gnocchi package (with
no more than one week of shelf life) was opened, and 30 g (6 units)
were repacked in polyethylene bags in the presence of oxygen and re-
frigerated at 7 °C. Control samples (non-irradiated) were similarly re-
packed. The Multipurpose Gamma Irradiation Facility equipped with
cobalt-60 radiation sources (Radiation Technology Center, IPEN, Brazil)
was used to perform the gamma irradiation on samples in Styrofoam
boxes at 7 °C, by two-faces stationary irradiation method (Santos and
Vasquez, 2015). The irradiation doses 5 (5.2 + 0.2), 10 (9.8 = 0.6)
and 13 (13.3 =+ 0.3) kGy were obtained at a dose rate of
5 + 1 kGy h™! and measured with Amber Perspex 3042 dosimeters
(Harwell Dosimeters, UK).

Both, the control and the irradiated samples were stored at
7 £ 1°C,15 = 1°Cand 25 = 1 °C during 90 days for the micro-
biological and physicochemical analysis. The irradiation process was
repeated in four independent trials (n = 4).

2.3. Microbiological analysis

Total aerobic mesophilic and psychrotrophic bacteria, and molds
and yeasts were determined.

Samples of 10 g were diluted with 90 mL of sterilized saline solution
(0.85%) and homogenized for 60 s at 230 rpm on Stomacher 400
(Seward, England). Serial decimal dilutions were performed with the
same diluent.

For molds and yeasts enumeration, 0.1 mL of diluted samples was
spread-plate in duplicate on Potato Dextrose Agar medium (PDA
CMO0139, Oxoid LTD, UK) acidified with L (+) tartaric acid PA (ACS,
LabSynth, Brazil) to pH 3.5 and incubated at 25 = 1 °C for 5 days
(APHA, 2001). Similarly, for enumeration of mesophilic and psychro-
trophic bacteria, 1 mL of diluted samples was pour-plate in duplicate on
Plate Count Agar (PCA CM0325, Oxoid LTD, England) and incubated at
36 + 1°Cfor48 = 2handat?7 =+ 1 °C for 10 days, respectively
(APHA, 2001).

Analyzes were performed immediately after irradiation and on days
3, 10, 17, 24, 31, 38, 45, 59, 73 and 87 of storage.

2.4. Cooking procedure

The gnocchi cooking procedure was adapted from Alessandrini et al.
(2010). A sample of 30 g of pasta was placed in 90 mL of boiling water
(1:3) for 5 min, drained for 4 min and cooled at room temperature
(~25 °C) for 20 min before analyzing water absorption, color and
texture.

This procedure was performed in triplicate for each sample on days
4, 18, 30, 60 and 90 of storage.

2.5. Physicochemical analysis

2.5.1. Proximate composition

Three samples of non-irradiated gnocchi were analyzed for moisture
(AOAC 926.07) and ash (AOAC 925.11A) according to the Official
Methods of Analysis of AOAC (AOAC, 2011). The content of protein
(AACC 46-13) and fat (AACC 30-25) were determined following the
American Association of Cereal Chemists (AACC) (AACC, 1995). Total
carbohydrate was calculated by difference (Yokoyama et al., 1997). For
each sample, analyzes were carried out in triplicate for moisture and
ash, and repeated five times for protein and fat.

2.5.2. Water activity and pH
Water activity (Aw) of raw gnocchi (non-irradiated) and irradiated
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samples during storage were determined using the Decagon AquaLab
3TE equipment (Decagon Devices, Inc., Pullman, Washington, USA). The
pH was determined only for the non-irradiated gnocchi (AOAC 940.23)
using a pH meter (mPA210, MS Tecnopon Instrumentacéo, Piracicaba,
BR) (AOAC, 2011). The analyzes were performed in triplicate.

2.5.3. Cooking quality

Equations (1) and (2) (Koksel et al., 1996; Ozyurt et al., 2015;
Tudorica et al., 2002) were used to determine the water absorption and
cooking loss. The analyzes were performed in triplicate only on the
fourth day of storage.

Weightcooked gnocchi (g) - Weigh[raw gnocchi (g)

Water absorption(%) = - X100
Wagh[raw gnocchi (g)
(€)]
weight i
Cooking loss(%) = .gdry—rME(g)xlOO
Waghtraw gnocchi (g) (2)

2.5.4. Texture analysis

A texture analyzer (TA.XT2i Upgrade, Stable Micro Systems Ltd.,
Surrey, UK), equipped with a 30 kg load cell, was used to evaluate the
firmness (kN) of the gnocchi, irradiated or not, after cooking.

In addition, an aluminum probe (diameter 90 mm x thickness 5 mm)
at a work platform model HDP/90 was used. The distance between the
probe and the platform was set at 20 mm, test speed was 2.0 mm s~ ?,
post-test speed was 10.0 mm s~ ' and the sample was compressed at
80% as recommended by the equipment manufacturer. This method is
in accordance with some studies that evaluated the texture in gnocchi
and potato cubes (Alessandrini et al., 2010; Garcia-Segovia et al., 2008;
Sanguinetti et al., 2015).

Three cooked gnocchi units were placed on the platform, and the
compression test was carried out in triplicate for each sample, im-
mediately after irradiation and on days 4, 18, 30, 60 and 90 of storage.

2.5.5. Color measurement

A ColorQuest XE colorimeter (Hunter Lab Inc., Reston, VA, USA)
and EasyMatchQC software version 4.77 were used to evaluate the
color of cooked and uncooked gnocchi, irradiated or non-irradiated.

The gnocchi color was determined using the CIELab system,
Mluminant D65, angle 10°, where the parameters L*, a* and b* were
obtained (Bashir and Aggarwal, 2016; Najafabadi et al., 2017).

The total color difference was calculated using Equation (3) and the
non-irradiated sample at the first day of storage at 7 °C was the re-
ference color.

AE* = 3/AL? + Aa? + Ab? 3

The tests were performed in quadruplicate, immediately after irra-
diation and on days 7, 15, 30, 60 and 90 of storage for raw gnocchi and
4, 18, 30, 60 and 90 of storage for cooked gnocchi.

2.6. Mathematical model and data analysis

Experimental microbiological data were assigned in the USDA
Integrated Pathogen Modeling Program (IPMP) 2013 (Huang, 2013).
The data were fitted using a logistic model (Equation (4)) (Fang et al.,
2013, 2012), suitable for growth curve without lag phase; and the
modified Gompertz model (Equation (5)) (Zwietering et al., 1990).

YO = Yo + Yax — In{exp() + [eXPOpar) — XD 0p)]€XD (=M )}
4)

Y(®) =¥y + Opax — Jo) €XP {—exp[M(/l -0+ 1”

‘max 0

(5)

Where t is the storage time [h]; y,, and y(t) is the natural logarithm

Ymax
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of the cell concentration [In CFU g_l] over time: initial, maximum and
t, respectively; p,,,. is the specific growth rate [h™']; A is the duration
of lag phase [h] and e is the Euler's number.

The fitting and the accuracy of the predict models were evaluated
using the statistical indices: Mean Square Error (RMSE) (Equation (6)),
coefficient of determination (R?) (Equation (7)), accuracy factor (Ay)
(Equation (8)) and bias factor (Bf) (Equation (9)) (Barnston, 1992;
Huang, 2016; Lee et al., 2015; Longhi et al., 2018; Ross et al., 2000).

i, =9

RMSE = \/
n-p (6)
o Dm0
i 0 -9 @)
[ )]
Ap =10 n ®
[z ()]
By =10 n )

Where y; is the observed values in the experiment at time i; J; is the
predicted values by the model at time i; ¥ is the average value of the
observations in the experiment; n is the number of experimental data
and p is the number of parameters of the model.

2.7. Sensory evaluation

Non-irradiated and irradiated (10 and 13 kGy) fresh gnocchi were
subjected to the acceptance test with monadic presentation (one sample
served at a time, and all attributes rated for that sample) using a nine-
point hedonic scale ranging from 9 (extremely like) to 1 (extremely
dislike) for each sensory characteristic. The samples, stored under re-
frigeration, were evaluated 5 days after the irradiation treatment.

Gnocchi was prepared according to Silva et al. (2016). The samples
were cooked as described previously and served warm with tomato
sauce, as they are commonly eaten and presented in a monadic form.
The samples were presented randomly.

One hundred and twenty-six (126) untrained consumers (52%
women; age: 18-51 years) evaluated color (sample presented without
tomato sauce), aroma, texture, flavor and overall impression in a sen-
sory analysis laboratory with individual booths (Azzeh and Amr, 2009;
Li et al., 2011; Ozyurt et al., 2015; Sanguinetti et al., 2016; Tomac
et al., 2017).

2.8. Experimental design and statistical analysis

The experiments were repeated in four independent trials (the ir-
radiation process was repeated four times) and the results were ex-
pressed as mean =+ standard deviation. The data were analyzed by
ANOVA (General Linear Model) and means were compared using
Tukey's multiple range tests. t-Student test was used to compare the lag
phase parameter. Sensorial data were analyzed using ANOVA (two-way
analysis of variance) and Duncan's test. Statistical analysis was per-
formed using Minitab® 16.1.1 Statistical Software (Minitab Inc., State
College, PA, US) at a significance level of 5%.

3. Results and discussion
3.1. Pasta characterization

The result of the proximate composition of the commercial gnocchi
was similar to that of the packaged label. Moisture, ash, protein, fat and
carbohydrate contents were: 57.4 * 1.8%, 1.27 = 0.08%,
4.65 = 0.14%, 0.97 = 0.08% and 35.7 *= 1.7%, respectively. The
water activity was 0.975 = 0.001 and the pH value was 5.1 + 0.3.
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3.2. Microbiological assessment

Fresh gnocchi showed a high count of mesophilic and psychro-
trophic bacteria and molds and yeasts before the irradiation, 8.5 *+ 0.3
log CFU g7, 8.4 + 0.3 log CFU g~! and 4.4 = 0.2 log CFU g%,
respectively. Irradiation at 5 kGy significantly (p < 0.05) decreased
mesophilic and psychrotrophic counts by 6.7 log CFU g~ and 6.6 log
CFU g~ %, respectively, while the reduction in molds and yeasts was 2.0
log CFU g~ . The higher doses, 10 and 13 kGy reduced counts below
the detection limit (1.0 log CFU g~ for mesophilic and psychrotrophic
bacteria and 2.0 log CFU g~ for molds and yeasts).

Similarly, initial reductions of 2.95 log CFU g~ ! in the number of
molds and yeasts in fresh cannelloni stuffed with ricotta irradiated at
4 kGy were obtained by Narvaiz et al. (2003). Ben Mustapha et al.
(2014), also observed a decrease in more than 4.9 log CFU g_1 and 2.4
log CFU g~ ! on mesophilic bacteria and molds and yeasts, respectilely,
in Tunisian millet flour irradiated at 5 kGy.

During storage, no growth was observed on irradiated samples at
13 kGy stored at 7, 15 and 25 °C and at 10 kGy, refrigerated at 7 °C, for
87 days. However, samples irradiated at 5 kGy and the control (non-
irradiated), maintained at 15 and 25 °C, showed visible deterioration at
the 10th day. When those samples were stored at 7 °C, visible spoilage
by molds was observed at 24th day. Although the initial populations of
mesophilic and psychrotrophic bacteria in gnocchi irradiated at 10 kGy
were less than 1 log CFU g7, they increased to 6.1 + 0.7 log CFU g™ !
and 6.4 = 0.4 log CFU g™, respectively, after 10 days at 25 °C. Molds
and yeasts also increased to 5.2 = 0.6 log CFU g~ ! in the same period
and temperature (Fig. 1).

The higher the radiation dose, the deeper the DNA and/or protein
damage to microorganism cells; and the closer to the optimum growth
temperature the product is stored, the faster the cells can repairs the
damage (Marques and Da Costa, 2013; Trudeau et al., 2012). When the
gnocchi irradiated at 10 kGy was stored at 25 °C (favorable temperature
for growth of microorganisms), there was a faster recovery of meso-
philic and molds and yeast when compared to those stored at 15 °C.
Moreover, psychrotrophic bacteria could not growth in gnocchi irra-
diated at 10 kGy stored at 7 and 15 °C (Fig. 1).

The modified Gompertz model or Logistic model was fitted to ex-
perimental sets of data of samples that showed growth of microorgan-
isms during storage (Fig. 1). The estimated parameters and statistical
indices are shown in Table 1. The values of ), ¥,,, and y(t) obtained
through the IPMP 2013 program were converted to log;o CFU g~ %

In general, models showed a reasonably good fit to the data. The
coefficient of determination (R?) ranged from 0.723 to 0.991 and the
Mean Square Error (RMSE) from 0.324 to 2.502. Ideally predictive
models would have A¢ and B¢ equal to 1 (Ross, 1999). It can be seen in
Table 1 that all values of accuracy and bias factors are very close to 1,
indicating good models. Bias factor is a measure that indicates whether
a model is underestimating or overestimating the growth rates. By > 1
indicates that the model is dangerous because it provides longer gen-
eration times than observed, potentially leading to underestimated
predictions. On the other hand, Bf < 1 indicates that a model is gen-
erally safe and conservative, indicating an overestimated model (Ross,
1999; Ross et al., 2000).

The lag phase was observed only in samples irradiated at 10 kGy
and varied between 77 to 82 h (approximately 3 days) for mesophilic
bacteria with no significant (p > 0.05) difference between storage
temperature. For molds and yeasts the lag phase increased significantly
(p < 0.05) from 81 to 138 h when temperature was reduced to 15 °C.
On the other hand, the dose of 13 kGy caused damage so deep that cells
were unable to recover their DNA and multiply again. The dose of 5 kGy
caused little damage to the DNA structure, allowing cells to repair the
damage more easily, and no lag phase was observed. Non-irradiated
microorganisms also did not show a lag phase. The presence of lag
phase at higher irradiation dose was also observed by Tomac et al.
(2013) for psychrotrophic bacteria in squid rings. Samples irradiated at
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Fig. 1. Counts of (a) aerobic mesophilic bacteria, (b)
aerobic psychrotrophic bacteria and (c) molds and

O
>
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9 O yeasts in fresh gnocchi subjected to the following
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Table 1
Values of the estimated parameters y, [log;o CFU g~ 1, Ymax [10810 CFU g~ 1, A [h] and Homax [h~1] and the statistical indexes RMSE, By, Arand R? of the models that
best fit each growth curve to the experimental data.

Microorganism Treatment Fitted model Estimated parameters Statistical indexes
Yo Ymax A Himax RMSE By Ay R
Mesophilic 0 kGy-7 °C LM* 8.7% = 0.1 8.9 + 0.1 - 0.014® + 0.012 0.324 1.004 1.009 0.723
5 kGy-7 °C LM 1.9 + 0.8 3.5 + 0.6 - 0.010® + 0.001 1.376 0.987 1.191 0.812
10 kGy-15 °C MG" 095 + 01 5.8% + 0.9 82% + 16 0.049"® + 0.016 2.502 0.971 1.154 0.854
10 kGy-25 °C MG 0.9% + 0.1 7.1% + 0.2 77% £ 13 0.073* + 0.032 1.336 0.997 1.095 0.975
Psychrotrophic 0 kGy-7 °C LM 8.4% + 0.3 9.2 + 0.3 - 0.006® + 0.003 0.487 0.997 1.017 0.842
5 kGy-7 °C LM 1.9% + 0.9 755 + 0.3 - 0.042° + 0.011 1.629 1.034 1.186 0.948
10 kGy-25 °C MG 1.0 + 0.0 6.25 + 0.1 72 £ 9 0.140* + 0.036 0.970 1.006 1.060 0.974
Molds and yeasts 0 kGy-7 °C LM 448 + 0.1 6.6" + 0.4 - 0.030" + 0.004 0.657 1.004 1.031 0.956
5 kGy-7 °C LM 2.4% + 0.2 7.3% + 0.0 - 0.036" + 0.008 1.050 1.009 1.072 0.991
10 kGy-15 °C MG 2.0¢ + 0.1 7.1% = 0.3 138* + 49 0.033* + 0.008 1.166 1.035 1.054 0.938
10 kGy-25 °C MG 1.9+ 0.1 7.0 + 0.8 81% + 27 0.051* + 0.024 1.432 1.002 1.080 0.946

- Parameter nonexistent in Logistic model. A - B, means in a column for the same group of microorganisms that do not share uppercase letters, differ significantly
(p < 0.05).

2 Logistic model (no lag phase).

> Modified Gompertz model.
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higher doses have a lower microbial population and these cells are
seriously injured and require more time to repair damage before start to
growth.

The increase in temperature storage from 15 to 25 °C in the irra-
diated samples with 10 kGy increased y,,,, values by 1.3 log CFU g~ !
for mesophilic bacteria, however the difference was not significant
(p > 0.05). The predicted y,,, for mesophilic and psychrotrophic
bacteria were smaller in irradiated samples, regardless of storage tem-
perature. On the other hand, y,,,, for molds and yeasts, in samples ir-
radiated at 5 kGy and 10 kGy, did not differ significantly (p > 0.05)
from the control sample. For samples irradiated at 10 kGy, the max-
imum specific growth rate (u,,,.) increased with higher storage tem-
perature for mesophilic bacteria and mold and yeast, although differ-
ences were not significant (p > 0.05).

3.3. Water activity, water absorption, cooking loss, firmness and color
measure

Besides microbiological quality, technological parameters are very
important for evaluation of gnocchi self-life. The water activity of the
control and irradiated samples remained constant (0.975 * 0.03) re-
gardless of temperature and storage time (data not shown), being in
agreement with other authors (Alessandrini et al., 2010; Del Torre
et al., 2004; Sanguinetti et al., 2016).

Irradiation significantly decreased (p < 0.05) the fresh gnocchi
ability to retain water during cooking (Fig. 2). This could be attributed
to the destruction of crystalline ordering granules in potato and wheat
starch by irradiation, which change the gelatinization process and de-
crease the susceptibility to water absorption (Bhat and Karim, 2009).
According to Azzeh and Amr (2009) doses above 5 kGy cause partial
damage to the structure of the gluten network that loses its ability to
retain water. In addition, some studies have shown that the higher the
dose of radiation applied to carbohydrates, the greater the depoly-
merization (Bao and Corke, 2002; Bashir and Aggarwal, 2016; De Kerf
et al., 2001). For some samples a negative water absorption was ob-
served, which means no water absorption and a loss of solid content
during cooking. A reduction of water absorption was also observed by
Oliveira et al. (2014) in pasta (talharim) irradiated with 20 kGy.

The percentage of cooking loss during the 5 min of cooking of the
fresh gnocchi with 4 days of storage ranged from 1.5% for the control
sample stored at 7 °C to 2.1% for samples irradiated at 13 kGy and

00 kGy B85kGy B10kGy m13 kGy
08
©

07 4 <

Aa

Water absorption (%)

02 4

Storage temperature

Fig. 2. Water absorption of the gnocchi (control and irradiated) stored at 7, 15
and 25 °C, with 4 storage days. A - B, means that do not share uppercase letters,
for different radiation doses at the same temperature storage, differ sig-
nificantly (p < 0.05); a - ¢, means that do not share lowercase letters, for
different storage temperature at the same radiation dose, differ significantly
(p < 0.05). Data are mean (n = 4) *+ standard deviation.
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25 - O0kGy E5kGy @10kGy M13kGy o <
<

©
<

Cooking loss (%)

7°C 15°C 25°C
Storage temperature

Fig. 3. Cooking loss during gnocchi cooking at three storage temperatures and
all radiation doses with 4 storage days. A; a: means that share lower or up-
percase letters, for the same storage temperature and radiation dose, does not
differ significantly (p > 0.05). Data are mean (n = 4) * standard deviation.
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Fig. 4. Firmness of gnocchi (control and irradiated), stored at 7 (a) 15 (b) and
25 °C (c). A - B, means that do not share uppercase letters, for the same time and
temperature storage, differ significantly (p < 0.05); a - b, means that do not
share lowercase letters, for the same storage temperature and radiation dose,
differ significantly (p < 0.05). Data are mean (n = 4) * standard deviation.
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Fig. 5. AE* values of the raw (left) and cooked (right) gnocchi samples stored at 7 (a), 15 (b) and 25 °C (c), during 90 days. A - B, means that do not share uppercase
letters, for the same time and temperature storage, differ significantly (p < 0.05); a, means that share lowercase letters, for the same storage temperature and
radiation dose, does not differ significantly (p > 0.05). Data are mean (n = 4) + standard deviation.

stored at 25 °C. However, the differences were not significant
(p > 0.05) (Fig. 3). These values are similar to those found by
Alessandrini et al. (2010) which obtained a cooking loss for irradiated
gnocchi between 0.2% and 1.7%. On the other hand, Azzeh and Amr
(2009) reported an increase in cooking loss in lasagna irradiated at
doses between 2.5 and 10 kGy. This could be explained by starch de-
gradation to dextrins, maltose and glucose, which are soluble in water
and more difficult to entrap in gluten network resulting in an increase
in water soluble residues.

After cooking, there was a significant difference in firmness between
the control and the irradiated sample at 13 kGy only on the 4th day of

storage at 15 °C; and between the control and irradiated samples at 10
and 13 kGy on the 18th day of storage at 7 °C (Fig. 4). The increase in
firmness may be related to the decrease in water absorption of irra-
diated samples. When considering the texture of the cooked samples
over the storage time, a significant reduction of the firmness of the
10 kGy irradiated samples were observed after 30 days when stored at
7 °C and of samples irradiated at 13 kGy after 60 days when stored at
7 °*Cand 15 °C (p < 0.05).

Regarding to raw gnocchi color, irradiation significantly
(p < 0.05) increased AE* in relation to non-irradiated gnocchi in
approximately 3 units. AE* values above 2.3 units indicate visual
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Table 2
Means of the scores attributed by the 126 testers for each evaluated attribute.
The analysis was carried out 5 days after the irradiation treatment.

Attribute Radiation dose

Control 10 kGy 13 kGy
Color 7.6 7.3° 7.3°
Aroma 7.3% 7.2% 7.2%
Texture 7.12 7.12 6.8%
Flavor 7.3% 7.12 6.9%
Overall impression 7.4% 7.2% 7.1%

a - b, means that do not share lowercase letters, 0;0.05). Data are mean
(n = 126).

difference from the control sample (Becherini et al., 2017; Inam et al.,
2017; Mahy et al., 1994). After cooking the gnocchi, the control sample
showed lower AE* values, especially when stored at 7 °C, however this
difference was not significant (p > 0.05) (Fig. 5).

3.4. Sensory evaluation

Sensory analysis was performed with gnocchi irradiated at 10 kGy
and 13 kGy and with non-irradiated samples (Table 2).

High doses of radiation are expected to affect the gnocchi's sensory
quality, making them different from the standard. For this reason, the
test was carried out by individually, evaluating the degree of accep-
tance of each sample and not the difference between them. It is worth
mentioning that the results do not indicate qualitative differences be-
tween samples, but the degree of acceptance by the final consumer.

The color was the only attribute that showed a significant difference
(p < 0.05) between the control and the irradiated samples at 10 and
13 kGy. Although the other attributes did not differ significantly
(p > 0.05), it was possible to verify a slight reduction of the mean
score with the increase in irradiation dose. It was expected a significant
reduction in acceptability of irradiated samples as observed by others
studies that irradiated lasagna (Azzeh and Amr, 2009) and chiffon cakes
(Sirisoontaralak et al., 2017) at a dose of 10 kGy. However, even using
higher doses of radiation (13 kGy), in our study, the acceptance of ir-
radiated gnocchi was similar to control gnocchi. Some consumers at-
tributed higher scores for the irradiated samples and justified their
scores by stating that the gnocchi did not taste like flour.

4. Conclusion

Despite the high water content of fresh pasta (gnocchi), the use of
gamma radiation at 13 kGy was effective to maintain shelf stability of
gnocchi (without chemical preservative and modified atmosphere) at
room temperature (25 °C) for 90 days with no loss of sensorial quality
(overall impression) and cooking quality (color and texture of cooked
gnocchi), guaranteeing a good microbiological quality. When re-
frigeration was combined as an additional method of preservation, the
dose of 10 kGy was enough to obtain the same result.

CRediT authorship contribution statement

Marcella Cassares: Conceptualization, Methodology, Validation,
Formal analysis, Investigation, Data curation, Writing - original draft.
Natalia L. Sakotani: Investigation, Validation. Leo Kunigk:
Conceptualization, Writing - review & editing, Funding acquisition.
Pablo A.S. Vasquez: Resources, Writing - review & editing. Cynthia
Jurkiewicz: Conceptualization, Methodology, Validation, Formal ana-
lysis, Writing - review & editing, Supervision, Project administration.

Radiation Physics and Chemistry 174 (2020) 108940
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

The authors acknowledge the financial support of the Maua Institute
of Technology (IMT) and the Coordination for the Improvement of
Higher Education Personnel (CAPES).

References

AACC, 1995. AACC Approved Methods of Analysis, ninth ed. American Association of
Cereal Chemists, St. Paul, MN, U.S.A.

Alessandrini, L., Balestra, F., Romani, S., Rocculi, P., Rosa, M.D., 2010. Physicochemical
and sensory properties of fresh potato-based pasta (gnocchi). J. Food Sci. 75,
542-547. https://doi.org/10.1111/j.1750-3841.2010.01842.x.

Aoac, 2011. Official Methods of Analysis of AOAC International, eighteenth ed. AOAC
International, Gaithersburg, MD, USA.

APHA, 2001. Compendium of Methods Microbiological Examination of Foods. American
Public Health Association, Whashington, D. C.

Azzeh, F.S., Amr, A.S., 2009. Effect of gamma irradiation on physical characteristics of
Jordanian durum wheat and quality of semolina and lasagna products. Radiat. Phys.
Chem. 78, 818-822. https://doi.org/10.1016/j.radphyschem.2009.04.003.

Bao, J., Corke, H., 2002. Pasting properties of y-irradiated rice starches as affected by pH.
J. Agric. Food Chem. 50, 336-341. https://doi.org/10.1021/jf010230c.

Barnston, A.G., 1992. Correspondence among the correlation, RMSE, and heidke forecast
verification measures; refinement of the heidke score. Weather Forecast. 7, 699-709.
https://doi.org/10.1175/1520-0434(1992)007 < 0699:CATCRA > 2.0.CO;2.

Bashir, K., Aggarwal, M., 2016. Effects of gamma irradiation on the physicochemical,
thermal and functional properties of chickpea flour. LWT - Food Sci. Technol. 69,
614-622. https://doi.org/10.1016/j.lwt.2016.02.022.

Becherini, F., Pastorelli, G., Valotto, G., Gambirasi, A., Bianchin, S., Favaro, M., 2017.
Effects of protective treatments on particle deposition and colour variation in stone
surfaces exposed to an urban environment. Prog. Org. Coating 112, 75-85. https://
doi.org/10.1016/j.porgcoat.2017.06.029.

Ben Mustapha, M., Bousselmi, M., Jerbi, T., Ben Bettaieb, N., Fattouch, S., 2014. Gamma
radiation effects on microbiological, physico-chemical and antioxidant properties of
Tunisian millet (Pennisetum Glaucum L.R.Br.). Food Chem. 154, 230-237. https://
doi.org/10.1016/j.foodchem.2014.01.015.

Bhat, R., Karim, A.A., 2009. Impact of radiation processing on starch. Compr. Rev. Food
Sci. Food Saf. 8, 44-58. https://doi.org/10.1111/§.1541-4337.2008.00066.x.

Daly, M.J., 2009. A new perspective on radiation resistance based on Deinococcus
radiodurans. Nat. Rev. Microbiol. 7, 237-245. https://doi.org/10.1038/
nrmicro2073.

Damodaran, S., Parkin, K.L., Fennema, O.R., 2008. Fennemas's food chemistry. In:
Damodaran, S., Parkin, K.L., Fennema, O.R. (Eds.), Fennema's Food Chemistry. CRC
Press Taylor & Francis Group, pp. 179-262.

De Kerf, M., Mondelaers, W., Lahorte, P., Vervaet, C., Remon, J.P., 2001. Characterisation
and disintegration properties of irradiated starch. Int. J. Pharm. https://doi.org/10.
1016/50378-5173(01)00655-X.

Del Torre, M., Stecchini, M.L., Braconnier, A., Peck, M.W., 2004. Prevalence of
Clostridium species and behaviour of Clostridium botulinum in gnocchi, a REPFED of
Italian origin. Int. J. Food Microbiol. 96, 115-131. https://doi.org/10.1016/j.
ijfoodmicro.2004.01.004.

Fang, T., Gurtler, J.B., Huang, L., 2012. Growth kinetics and model comparison of cro-
nobacter sakazakii in reconstituted powdered infant formula. J. Food Sci. 77,
E247-E255. https://doi.org/10.1111/j.1750-3841.2012.02873.x.

Fang, T., Liu, Y., Huang, L., 2013. Growth kinetics of Listeria monocytogenes and spoilage
microorganisms in fresh-cut cantaloupe. Food Microbiol. 34, 174-181. https://doi.
org/10.1016/j.fm.2012.12.005.

FDA (Food and Drug Administration), 2016. Food Irradiation. Food Facts 1-2.

Garcia-Segovia, P., Andrés-Bello, A., Martinez-Monzd, J., 2008. Textural properties of
potatoes (Solanum tuberosum L., cv. Monalisa) as affected by different cooking
processes. J. Food Eng. 88, 28-35. https://doi.org/10.1016/j.jfoodeng.2007.12.001.

Huang, L., 2016. Mathematical modeling and validation of growth of Salmonella
Enteritidis and background microorganisms in potato salad — one-step kinetic ana-
lysis and model development. Food Contr. 68, 69-76. https://doi.org/10.1016/j.
foodcont.2016.03.039.

Huang, L., 2013. USDA integrated pathogen modeling program. USDA Agric. Res. Serv.
East. Reg. Res. Cent.

Inam, A.S., Ahmmed, R., Haque, M., 2017. A comparative study on different physico-
chemical properties of fresh and frozen lamb meat. J. Bangladesh Agric. Univ. 15,
281. https://doi.org/10.3329/jbau.v15i2.35077.

Koksel, H., Celik, S., Tuncer, T., 1996. Effects of gamma irradiation on durum wheats and
spaghetti quality. Cereal Chem. 73, 506-509.

Lee, Y.J., Jung, B.S., Kim, K.T., Paik, H.D., 2015. Predictive model for the growth kinetics
of Staphylococcus aureus in raw pork developed using Integrated Pathogen Modeling
Program (IPMP) 2013. Meat Sci. 107, 20-25. https://doi.org/10.1016/j.meatsci.


http://refhub.elsevier.com/S0969-806X(19)31520-8/sref1
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref1
https://doi.org/10.1111/j.1750-3841.2010.01842.x
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref3
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref3
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref4
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref4
https://doi.org/10.1016/j.radphyschem.2009.04.003
https://doi.org/10.1021/jf010230c
https://doi.org/10.1175/1520-0434(1992)007<0699:CATCRA>2.0.CO;2
https://doi.org/10.1016/j.lwt.2016.02.022
https://doi.org/10.1016/j.porgcoat.2017.06.029
https://doi.org/10.1016/j.porgcoat.2017.06.029
https://doi.org/10.1016/j.foodchem.2014.01.015
https://doi.org/10.1016/j.foodchem.2014.01.015
https://doi.org/10.1111/j.1541-4337.2008.00066.x
https://doi.org/10.1038/nrmicro2073
https://doi.org/10.1038/nrmicro2073
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref13
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref13
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref13
https://doi.org/10.1016/S0378-5173(01)00655-X
https://doi.org/10.1016/S0378-5173(01)00655-X
https://doi.org/10.1016/j.ijfoodmicro.2004.01.004
https://doi.org/10.1016/j.ijfoodmicro.2004.01.004
https://doi.org/10.1111/j.1750-3841.2012.02873.x
https://doi.org/10.1016/j.fm.2012.12.005
https://doi.org/10.1016/j.fm.2012.12.005
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref18
https://doi.org/10.1016/j.jfoodeng.2007.12.001
https://doi.org/10.1016/j.foodcont.2016.03.039
https://doi.org/10.1016/j.foodcont.2016.03.039
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref21
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref21
https://doi.org/10.3329/jbau.v15i2.35077
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref23
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref23
https://doi.org/10.1016/j.meatsci.2015.04.006

M. Cassares, et al.

2015.04.006.

Li, M., Zhu, K., Guo, X., Peng, W., Zhou, H., 2011. Effect of water activity (aw) and
irradiation on the shelf-life of fresh noodles. Innovat. Food Sci. Emerg. Technol. 12,
526-530. https://doi.org/10.1016/j.ifset.2011.06.005.

Longhi, D.A., da Silva, N.B., Martins, W.F., Carciofi, B.A.M., de Aragao, G.M.F., Laurindo,
J.B., 2018. Optimal experimental design to model spoilage bacteria growth in va-
cuum-packaged ham. J. Food Eng. 216. https://doi.org/10.1016/j.jfoodeng.2017.07.
031.

Mahy, M., Van Eycken, L., Oosterlinck, A., 1994. Evaluation of uniform color spaces
developed after the adoption of CIELAB and CIELUV. Color Res. Appl. 19, 105-121.
https://doi.org/10.1111/j.1520-6378.1994.tb00070.x.

Marques, E.C., Da Costa, S.R., 2013. Use of gamma radiation as innovative technology for
product engineering in food industry. Acta Tecnoldgica 8, 57-67.

Najafabadi, N.S., Sahari, M.A., Barzegar, M., Esfahani, Z.H., 2017. Effect of gamma ir-
radiation on some physicochemical properties and bioactive compounds of jujube (
Ziziphus jujuba var vulgaris ) fruit. Radiat. Phys. Chem. 130, 62-68. https://doi.org/
10.1016/j.radphyschem.2016.07.002.

Narvaiz, P., Giménez, P., Horak, C., Pietranera, M.A., Kairiyama, E., Gronostajski, D.,
Ribetto, A.M., IAEA, 2003. Feasibility of obtaining safe, shelf-stable, nutritive and
more varied whole rations for immunosuppressed patients by gamma irradiation. In:
Radiation Processing for Safe, Shelf-Stable and Ready-To-Eat Food. IAEA, Vienna, pp.
62-83.

Ocloo, F.C.K., Okyere, A.A., Asare, L.K., 2014. Physicochemical, functional and pasting
properties of flour produced from gamma irradiated tiger nut (Cyperus esculentus L.).
Radiat. Phys. Chem. 103, 9-15. https://doi.org/10.1016/j.radphyschem.2014.05.
010.

Oliveira, M.L.de, Arthur, V., Polesi, L.F., Silva, L.C.A.S., Oliveira, A.L. de, 2014.
Evaluation of production and gamma radiation effects in pasta enriched with brown
flaxseed bagasse ( Linumusitatissimum L .). Eur. Int. J. Food Sci. Technol. 3, 232-238.

Ozyurt, G., Usly, L., Yuvka, L., Gokdogan, S., Atci, G., Ak, B., Isik, O., 2015. Evaluation of
the cooking quality characteristics of pasta enriched with spirulina platensis. J. Food
Qual. 38, 268-272. https://doi.org/10.1111/jfq.12142.

Resta, M.S.A., Oliveira, T.C.R.M. de, 2013. Evaluation of the coagulase-positive staphy-
lococci standard required by Brazilian regulations for pasta. Braz. J. Food Technol.
16, 319-325. https://doi.org/10.1590/51981-67232013005000038.

Ross, T., 1999. Predictive Food Microbiology Models in the Meat Industry. Meat and
Livestock Australia, Sidney.

Ross, T., Dalgaard, P., Tienungoon, S., 2000. Predictive modelling of the growth and
survival of Listeria in fishery products. Int. J. Food Microbiol. 62, 231-245. https://
doi.org/10.1016/50168-1605(00)00340-8.

Sanguinetti, A.M., Del Caro, A., Scanu, A., Fadda, C., Milella, G., Catzeddu, P., Piga, A.,
2016. Extending the shelf life of gluten-free fresh filled pasta by modified atmosphere
packaging. LWT - Food Sci. Technol. 71, 96-101. https://doi.org/10.1016/j.lwt.

Radiation Physics and Chemistry 174 (2020) 108940

2016.03.010.

Sanguinetti, A.M., Secchi, N., Del Caro, A., Fadda, C., Fenu, P.A.M., Catzeddu, P., Piga, A.,
2015. Gluten-free fresh filled pasta: the effects of xanthan and guar gum on changes
in quality parameters after pasteurisation and during storage. LWT - Food Sci.
Technol. 64, 678-684. https://doi.org/10.1016/j.1wt.2015.06.046.

Santos, P.S., Vasquez, P.A.S., 2015. Two-faces stationary irradiation method and dosi-
metric considerations for radiation processing at the Multipurpose gamma irradiation
facility/IPEN-CNEN. Int. Nucl. Atl. Conf. - Ina.

Shi, Y., Li, R., Tu, Z., Ma, D., Wang, H., Huang, X., He, N., 2015. Effect of y-irradiation on
the physicochemical properties and structure of fish myofibrillar proteins. Radiat.
Phys. Chem. 109, 70-72. https://doi.org/10.1016/j.radphyschem.2014.12.016.

Silva, E.M.M. da, Rossini, A.F., Carvalho, J.L.V. de, 2016. Quality evaluation of gnocchi
pasta prepared with orange-fleshed sweet potato. Biosci. J. 32, 81-88. https://doi.
org/10.14393/BJ-v32n1a2016-29598.

Silvestre, C., Cimmino, S., Stoleru, E., Vasile, C., 2017. Application of radiation tech-
nology to food packaging. Applications of Ionizing Radiation in Materials Processing.
pp. 461-484.

Sirisoontaralak, P., Suthirak, P., Papaka, K., Vongsawasdi, P., 2017. Development of shelf
stable chiffon cake using gamma irradiation. LWT 75, 78-84. https://doi.org/10.
1016/j.1wt.2016.08.034.

Sousa, G.M., Yamashita, F., Soares Jtnior, M.S., 2016. Application of biodegradable films
made from rice flour, poly(butylene adipate-co-terphthalate), glycerol and potassium
sorbate in the preservation of fresh food pastas. LWT - Food Sci. Technol. 65, 39-45.
https://doi.org/10.1016/j.1wt.2015.07.054.

Tomac, A., Cova, M.C., Narvaiz, P., Yeannes, M.I., 2017. Sensory acceptability of squid
rings gamma irradiated for shelf-life extension. Radiat. Phys. Chem. 130, 359-361.
https://doi.org/10.1016/j.radphyschem.2016.09.016.

Tomac, A., Mascheroni, R.H., Yeannes, M.I., 2013. Modelling the effect of gamma irra-
diation on the inactivation and growth kinetics of psychrotrophic bacteria in squid
rings during refrigerated storage. Shelf-life predictions. J. Food Eng. 117 (2),
211-216. https://doi.org/10.1016/j.jfoodeng.2013.02.021.

Trudeau, K., Dang Vu, K., Shareck, F., Lacroix, M., 2012. Effect of gamma irradiation on
the expressed proteins in the foodborne pathogen Staphylococcus aureus. Radiat.
Phys. Chem. 81, 1181-1184. https://doi.org/10.1016/j.radphyschem.2012.02.034.

Tudorica, C.M., Kuri, V., Brennan, C.S., 2002. Nutritional and physicochemical char-
acteristics of dietary fiber. J. Agric. Food Chem. 50, 347-356. https://doi.org/10.
1021/JF0106953.

Yokoyama, W.H., Hudson, C.A., Knuckles, B.E., Chiu, M.-C.M., Sayre, R.N., Turnlund,
J.R., Schneeman, B.O., 1997. Effect of barley p-glucan in durum wheat pasta on
human glycemic response. Cereal Chem. J. 74, 293-296. https://doi.org/10.1094/
CCHEM.1997.74.3.293.

Zwietering, M.H., Jongenburger, 1., Rombouts, F.M., van 't Riet, K., 1990. Modeling of the
bacterial growth curve. Appl. Environ. Microbiol. 56, 1875-1881.


https://doi.org/10.1016/j.meatsci.2015.04.006
https://doi.org/10.1016/j.ifset.2011.06.005
https://doi.org/10.1016/j.jfoodeng.2017.07.031
https://doi.org/10.1016/j.jfoodeng.2017.07.031
https://doi.org/10.1111/j.1520-6378.1994.tb00070.x
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref28
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref28
https://doi.org/10.1016/j.radphyschem.2016.07.002
https://doi.org/10.1016/j.radphyschem.2016.07.002
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref30
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref30
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref30
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref30
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref30
https://doi.org/10.1016/j.radphyschem.2014.05.010
https://doi.org/10.1016/j.radphyschem.2014.05.010
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref32
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref32
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref32
https://doi.org/10.1111/jfq.12142
https://doi.org/10.1590/S1981-67232013005000038
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref35
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref35
https://doi.org/10.1016/S0168-1605(00)00340-8
https://doi.org/10.1016/S0168-1605(00)00340-8
https://doi.org/10.1016/j.lwt.2016.03.010
https://doi.org/10.1016/j.lwt.2016.03.010
https://doi.org/10.1016/j.lwt.2015.06.046
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref39
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref39
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref39
https://doi.org/10.1016/j.radphyschem.2014.12.016
https://doi.org/10.14393/BJ-v32n1a2016-29598
https://doi.org/10.14393/BJ-v32n1a2016-29598
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref42
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref42
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref42
https://doi.org/10.1016/j.lwt.2016.08.034
https://doi.org/10.1016/j.lwt.2016.08.034
https://doi.org/10.1016/j.lwt.2015.07.054
https://doi.org/10.1016/j.radphyschem.2016.09.016
https://doi.org/10.1016/j.jfoodeng.2013.02.021
https://doi.org/10.1016/j.radphyschem.2012.02.034
https://doi.org/10.1021/JF0106953
https://doi.org/10.1021/JF0106953
https://doi.org/10.1094/CCHEM.1997.74.3.293
https://doi.org/10.1094/CCHEM.1997.74.3.293
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref49
http://refhub.elsevier.com/S0969-806X(19)31520-8/sref49

	Effect of gamma irradiation on shelf life extension of fresh pasta
	Introduction
	Material and methods
	Fresh pasta
	Irradiation process
	Microbiological analysis
	Cooking procedure
	Physicochemical analysis
	Proximate composition
	Water activity and pH
	Cooking quality
	Texture analysis
	Color measurement

	Mathematical model and data analysis
	Sensory evaluation
	Experimental design and statistical analysis

	Results and discussion
	Pasta characterization
	Microbiological assessment
	Water activity, water absorption, cooking loss, firmness and color measure
	Sensory evaluation

	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References




