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ABSTRACT

The carrot is a vegetable of great economic value due to its versatility in the food industry and can be used as
raw or minimally processed vegetable or aggregating value to the product, transforming the fresh carrots in baby
carrots. It is well known that the application of gamma radiation in food may help in maintaining the quality of
food. The aim of this study was to analyze the effects of the low doses of ionizing radiation on texture of
minimally processed baby carrot after the processing in a Multipurpose 60Co irradiator. It can be concluded that
the treatment with low doses of gamma radiation keep the quality of fresh-cut baby carrot.

1. INTRODUCTION

The versatility for culinary meals and salads together with the benefits of compounds that
benefit health as minerals, phytonutrients and dietary fibers make the carrot (Daucus carota)
one of the most important constituents of salads worldwide [1,2]. A considerable number of
papers have been directed for understanding the degradation of texture due the processes of
conservation [1-20].

The combination of irradiation with minimum processing could improve the safety and qualit
y of minimally processed vegetables and extend the self-life on the product [21]. It has been
reported that gamma irradiation causes changes and injuries within the structure of plant
tissues that can result in an increase of the dehydratation rates as observed in carrots, potatoes
and apples. The microstructures indicated that the irradiated samples become less densely
packed separated cells. The effect of gamma irradiation on the texture of plants was
investigated and can occur as undesirable texture effects changes, like damage inside the
tissue, loss of turgor pressure, being associated with the softening of vegetable tissues
because of the degradation of polymers, as cellulose and pectin. It can occur loss of moisture
conferring (leading hardness to plant tissue) during the storage too [7,11,22-35] .The aim of
this research was to determine the effect gamma radiation in textural properties.

2. MATERIAL AND METHODS

2.1. Fresh raw material and storage conditions
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Commercially prepared baby carrots were purchased in local market of S&o Paulo city. The
carrots were stored at 5 °C + 1.

2.2. Gamma radiation treatment

Samples of baby carrot were irradiated using a Multipurpose *°Co Irradiator at Instituto de
Pesquisas Energéticas e Nucleares-IPEN/CNEN (S&o Paulo, Brasil). The applied doses were
0, 3.0, 5.0 kGy with a mean dose rate of 4.5 kGy h™*. Harwell Gammachrome YR Bath 64-
530 nm dosimeters were used for the measurement of radiation dose. The irradiated and
control samples (triplicate) were stored at 5 °C + 1.

2.3. Texture measurement

The texture analyses were performed using entire samples with the samples horizontally
positioned in a heavy duty place and readings were made in the middle of the sample. It was
used a texturometer T.A.XT. Plus (Stable Micro System) with a load cell of 50 kg and speed
was 1.5 mm s™. The puncture test was performed using the stainless steel probe (p/2) with 2
mm of diameter. Texture was the maximum force calculated (N) Resistance to the measuring
penetration (mm fixed depth) imposed to the metal probe [36]. The reading was done in
triplicate for each treatment with 30 readings per treatment.

2.4. Statistical analysis
The results were analyzed by analysis of variance (ANOVA) and mean comparison by Tukey
test at 5 % significance in the statistical program GraphPad Prism 5.

3. RESULTS AND DISCUSSION

The effect of different irradiation doses about the mechanics properties of baby carrots
are show in Figure 1
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Figure 1. Variation of hardness with irradiation doses for carrot.

The hardness (maximum peak force during compression cycle (first expended to the first
bite) and can be change by the term firmness) can be defined the mechanical property that is
related to the energy expended on the bite. The statistical analysis showed that the irradiated
samples showed significant differences (p < 0.05) compared to the control sample. The baby
carrots showed reduction in hardness values with increasing doses of radiation, being in
agreement with the results obtained by Hajare (2006), carrot samples irradiated with 2.0 kGy
and noted that there was no significant difference in firmness after irradiation and also during
storage in the central region; however in the peripheral region was significant difference after
radiation. Some authours [11,12,14] reported that with increasing irradiation doses (up to 12
kGy) there was a decrease in texture (such as hardness, cohesiveness, springiness, gumminess
and chewiness) demonstrating that the microstructures clearly intact and well defined cell
wall of the control sample became less dense and separated by the application of the dose of
9.0 kGy, causing the softening of tissue. Analyzing the variation of the samples can be
observed that the samples irradiated with 5.0 kGy required less work to rupture (Table 1).

Table 1. Texture values and percentage of loss of texture of baby carrots.

Samples Texture measurement (N) Loss of texture (%)
Control 16.85 + 1.44°
3.0 kGy 12.88 +1.13° 24
5.0 kGy 11.09 + 1.26° 34

The force applied to measure the hardness of the samples obtained average values of 16.85,
12.88, 11.09 N for the control samples, 3.0 kGy and 5.0 kGy, respectively. There were
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significant differences between samples. The sample of 3.0 kGy was reduced by 3.97 N,
representing a 24 % reduction in texture over control sample. The sample of 5.0 kGy
achieved a decrease of 5.76 N (34 % reduction) than the control sample. Among the samples
irradiated with 3.0 kGy and 5.0 kGy it was a decreased of 1.79 from the sample of 3.0 kGy to
5.0 kGy (10 % of reduction). These values are in agreement with results reported by Rastogi
(2006) which used the combined effect of gamma radiation and obtained 25 % of reduction in
texture compared with the control sample of carrots. Rastogi (2005) found values close to the
results obtained with a percentage reduction in texture of 24.36, 47.18, 63.33, 69.23 % for
carrots samples of 3.0, 6.0, 9.0 and 12 kGy, respectively. The sample of 3.0 kGy achieved
24.36 % in the texture of the result being close to the 3.0 kGy sample obtained in the present.
Nayak (2007) achieved a reduction of 34 % over the sample.

The exposure to gamma radiation results in the breakdown of cell structure intact in control
samples that have defined cell walls, and after treatment turns into less densely packed cells
with large cell space can be attributed to increasing doses of a softening of the samples [14].
In despite of the texture loss observed in this paper, previous data of sensory evaluation of
baby carrots at 1kGy showed good acceptance by panelist.

3. CONCLUSIONS

It can be concluded that the treatment with low doses of gamma radiation keep the quality of
fresh-cut baby carrot.
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