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Abstract The effect of various pre-drying treatments
on the quality of dried carrots was evaluated by assessing
the values of moisture, ash, protein, fibre, sugars and colour. The pre-drying treatments under investigation were
dipping, either in ascorbic acid or sodium metabisulphite
at different concentrations and pre-treatment times, as
well as blanching. The experimental data was analysed
using neural networks, so that relevant patterns in the data
were found and conclusions drawn about each variable.
The results showed that the type of pre-drying treatment
(chemical or physical) had variable impact on the nutritional composition of the dried carrots but not on the colour
parameters, which were found to be mostly unaffected by
the pre-treatment procedure. Pre-treatment with chemical
agents such as ascorbic acid or metabisulphite seem to have
the least impact on the parameters studied. The results of
the analysis by artificial neural networks confirmed these
findings.
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Introduction
Carrot (Daucus carota L.) is a very popular vegetable and
one of the most commonly used all over the world, due to
its pleasant flavour, nutritive value, and abundant health
benefits related to its antioxidant, anticancer, healing, and
sedative properties. Carrots are an excellent source of
β-carotene, reported to prevent cancer, as well as having
the highest carotenoids content among food products [1].
Carrots also possess vitamin A and potassium, and contain
cholesterol-lowering pectin, vitamin C, vitamin B6, thiamine, folic acid, and magnesium [2]. Thus, carrots provide
health benefits including strong antiseptic qualities, which
can be used as a laxative, poultice and for the treatment of
liver conditions [3].
Although carrots are widely consumed as fresh vegetables, due to their perishable nature, they are also subjected
to different processes such as freezing, canning or dehydration to extend their shelf-life for distribution and storage.
Drying is one of the oldest methods for the preservation
of foods, but some loss of quality may occur [4–8]. Deterioration of the chemical and physical properties of dehydrated carrots causes changes in their quality that depend
not only on drying conditions but also on the other operations carried out before and after drying [9]. Prior to these
processes, some chemical or physical treatments were done
to the raw material aimed to inactivate enzymes such as
polyphenol oxidases (PPO) and to inhibit some undesirable
chemical reactions that cause many adverse changes on the
quality of the dried product.
Dried, in juice or in powder forms, carrots have been
used widely for commercial purposes, such as in dehydrated soups and in the form of powder in pastries and
sauces. Several studies have suggested the pre-drying treatment of solid food products, either by physical methods or
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chemical treatments, as a way of improving product quality and alter the product internal structure to increase the
mass transfer coefficients. One of the main goals of pretreatments is generally to inactivate enzymes such as PPO,
peroxidase and phenolase, as well as to inhibit some undesirable chemical reactions, which is the case of the Maillard
and caramelization reactions. These reactions cause many
adverse modifications in the product, such as the appearance of a brown colouration in many fruits and vegetables
during ripening, handling, storing and processing [10].
Among the most common pre-treatments stand blanching,
osmotic dewatering, sulphiting and immersing in different solutions such as calcium chloride, ascorbic acid, citric
acid, and gelatinised starch [11]. In addition, other methodologies such as high-intensity ultrasound have emerged as
alternatives to pre-treatment.
Inorganic compounds are frequently used to change the
properties of plant materials subjected to drying. Negi and
Roy [9] reported that sulphite treatment delayed carotenoid
breakdown, inhibited lipid oxidation and decreased discouloration of dehydrated carrots. Bernás et al. [12] identified sodium metabisulphite as a typical preliminary step
for processing mushrooms because it slows down browning
reactions and prevents colour degradation during drying
and storage. Ascobic acid is another inorganic compound
frequently used for control of browning in food products
and it has been more effective than its isomer isoascorbic
acid. This vitamin acts as an antioxidant because it reduces
the o-quinones produced by the catalysis of phenolic compounds by PPO, thus limiting secondary reactions that lead
to browning and also contribute to decreasing the pH. Since
optimum pH range to PPO activity is 5–7.5, lower values
inhibit enzymatic activity [13, 14].
The most popular physical-thermal treatment preceding
drying is blanching. With this pre-treatment the vegetables soften when heated in part due to loss of turgor, but
also due to complex changes in the cell wall matrix polysaccharides. The moisture transport of the products is also
affected during drying. As example, Arévalo-Pinedo and
Murr [15] refer that the effective diffusivity of moisture
transport during vacuum drying increased with the pretreatments of blanching and freezing.
There are several methods to establish a relationship
between physical, chemical and nutritional properties of
dried foods, moisture content, drying methods and drying
conditions. One promising approach is neural networks,
which outstand among modern data mining techniques for
small datasets such as those obtained by laboratory experiments. Artificial neural networks have been used for modelling many processes in the food engineering. However,
only a few studies are related with the drying of carrots and
they focus particularly on the prediction of drying kinetics
by different methods and drying conditions, as well as on
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the analysis of the shrinkage and rehydration of dried carrots [3, 16–18].
Chen and Ramaswamy [19] used a neuro-computing
approach for modelling time distributions functions of carrot cubes in starch solutions in a vertical scraped surface
heat exchanger (SSHE) of a pilot scale aseptic processing
system. Eim et al. [20] also used an artificial neural network to optimize the amount of carrot dietary fibre in a dry
fermented sausage.
The present study was undertaken to investigate the
influence of the chemical pre-treatment (with ascorbic
acid and sodium metabisulphite) at different concentration/
time combinations and thermal pre-drying treatment on the
chemical composition and colour of dried carrots. Furthermore, an artificial neural network was used to estimate the
chemical parameters and the colour of dried carrots submitted to different chemical and physical pre-drying treatment.

Materials and methods
Sampling
The carrots used in this study were purchased in a local
market, and were hand peeled and cut into slices with
thickness of 1 cm and diameter of 3 cm.
Pre‑treatments before dehydration process
Before drying, the carrots were pre-treated by the following pre-treatment methods: (i) no pre-treatment (UN); (ii)
soaking in aqueous solution of 0.25% ascorbic acid for 60
and 90 min and 1% of ascorbic acid for the same times, at
room temperature (AA); (iii) dipped in a water solution of
0.25% of sodium metabisulphite for 60 and 90 min and 1%
of sodium metabisulphite for the same times, at room temperature (MS); (iv) dipped in an equal mass of plain water
for 60 and 90 min at room temperature (CT); (v) blanching
in water at 95 °C during 4 min (BL). After each pre-treatment, the excess of water on the sample surface was superficially removed with a paper towel. Also some prior essays
were made with tea (green and white) as pre-treatments due
to their reported anti-browning properties.
Drying experiments
Drying experiments of untreated and treated carrots were
carried out in a convection chamber at two temperatures:
40 and 60 °C, with an air speed of 0.2 m/s, in order to
reduce the average moisture of carrots to about 15% (w/w).
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Analysis of chemical properties

Table 1  Number of samples of the datasets used to study each characteristic (output variable)

The chemical properties evaluated on the fresh and dried
samples were moisture content, fibre, ashes, and sugars
(reducing, total, and non-reducing sugars), using the Official Methods of Analysis of Association of Official Analytical Chemists (AOAC) [21]. Except for the moisture content, which was expressed in fresh weight, all other results
were expressed in terms of dry matter, in order to allow a
direct comparison of values for the different dried samples.

Output variable

Dataset #

M (moisture)
A (ash)
P (protein)
F (fibre)
TS (total sugars)
RS (reducing sugars)
NRS (non-reducing sugars)
TCD (total color difference)

87
87
87
87
87
87
87
577

Evaluation of colour
The colour of all samples was measured using a handheld
tristimulus colourimeter (Chroma Meter—CR-400, Konica
Minolta). The parameters measured were the brightness L*
and the coordinates of opposed colour: a* and b*. L* varies
between 0 (corresponding to black) and 100 (corresponding to white). The coordinates a* and b* vary from −60 to
+60, where a* assumes negative values for green and positive values for red, while b* assumes negative values for
blue and positive for yellow. The total colour difference
(TCD), was the parameter considered for the overall colour
difference evaluation, between a sample and the reference
(fresh vegetable) [5], and a larger total colour difference
denotes greater colour change from the reference material.
A typical scale for evaluation of the colour difference is as
follows: TCD in the range (0.0–2.0) corresponds to unrecognizable differences, in the range (2.0–3.5) corresponds
to differences possible to recognize by an experienced
observer and over 3.5 corresponds to clear differences of
colour [22].
Artificial neural network modelling
Artificial Neural Network (ANN) models were first used
in Artificial Intelligence, as bio-inspired tools for function
approximation and machine learning [23]. ANNs are an
interconnected association of artificial neurons, acting as
simple processing elements, and aiming at simulating the
functioning of a human neuron. The input for each neuron can be one or more variables with their corresponding
weights, and the output is a linear or non-linear function
of the weighted inputs. Neurons learn by adjusting the
weights of the input variables, in such a way that the error
between the neuron’s expected output and the measured
output value is minimized.
The weight learnt by the neural network during training,
for each input variable, is an indication of the relevance of
that variable for the whole system. As such, this technique
has been explored in modern data mining as an effective
way to inductively discover relations between variables
[24]. If the neural network can be configured and trained

in a way that it will correctly learn and predict the output
variable as function of the input variables, that means the
model learnt is valid, and the analysis of the weights learnt
to each of the inputs gives a wealth of useful information
about the contribution of each input to the final output.
In the present work, experimental data were modelled
using artificial neural networks, trained and simulated in
Matlab™,1 and the models learnt were analysed in order
to discover important information about the variables of
interest.
Data encoding and modelling
The ANN used was a feed-forward model, created using
Matlab fitnet function. The ANN used Levenberg–Marquartd method for training and the Mean Squared Error
(MSE) method for performance assessment, as in fitnet
function default values.
Table 1 lists the output variables, and the number of
samples available to predict each of them. Since neural
networks use inductive reasoning, in general more samples
produce better models and more confidence in the result.
For all but TCD there were 87 valid laboratory results. For
TCD there were 577 valid results which were used for neural network analysis.
Table 2 summarises the input variables, which were split
into a total of 15 variables for better neural network fitting
and analysis. All the inputs were encoded in Boolean values, 0 meaning absence of that treatment, 1 meaning that
the sample was subject to the corresponding treatment. For
example, input #1 corresponded to variable D40, which
was 1 for samples dried at 40 °C, 0 otherwise. All the subsequent variables are Booleans, assigned 0 or 1 in function
of corresponding treatment as described in the table.

1

Matlab is a registered trademark of Mathworks. http://www.mathworks.com.

13

1818

M. J. Barroca et al.

Table 2  Encoding of the input variables
Input #

Input variable

Description

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

D40
D60
L1
L2
A1
A2
A3
A4
M1
M2
M3
M4
B
I1
I2

Dried at 40 °C
Dried at 60 °C
Leaching 60 min
Leaching 90 min
Ascorbic acid 0.25%, 60 min
Ascorbic acid 0.25%, 90 min
Ascorbic acid 1%, 60 min
Ascorbic acid 1%, 90 min
Sodium metabisulphite 0.25%, 60 min
Sodium metabisulphite 0.25%, 90 min
Sodium metabisulphite 1%, 60 min
Sodium metabisulphite 1%, 90 min
Blanching in water at 95 °C, 4 min
Blanching in green tea at 95 °C, 2 min
Blanching in white tea at 95 °C, 2 min

Matlab script randomly selected approximately 70% of the
samples for the train subset, 15% for the validation subset
and the remainder samples were used for the test subset.

Results and discussion
Convective drying of carrots was carried out at 40 and
60 °C to compare the influence of chemical pre-treatments
with sodium metabisulphite (MS) and ascorbic acid (AA)
for two concentration/time combinations as well as the
physical pre-treatment (blanching) on the chemical composition of the dried carrots. Also trials were made with tea,
as a preliminary approach.
Moisture content
Figure 1 shows the mean values and the corresponding
standard deviations for the moisture content of the dried

Fig. 1  Moisture content of
dried carrots subjected to
different pre-treatments. UN
untreated, CT control, AA
Ascorbic acid, MS metabisulphite, BL blanching

To facilitate the process of training the neural networks
and analysis of the results, each output variable was processed separately. The whole process was separated into
eight steps, so that in each step there were only 15 input
weights to analyse, one for each input variable, and one
output.
Each network had just one hidden layer with one input
neuron and one output neuron. Experimental results
showed that fitness of the model was only marginally
improved if more neurons were used in the hidden layer,
so all the results shown were obtained with networks containing just on neuron in the hidden layer. For each run, the
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carrots submitted to different pre-drying treatments. The
moisture content of fresh carrots was 87.02% (wet basis)
[25], and hence it is in the range 80–90% as highlighted in
Prakash et al. [26]. Martins et al. [27] reported similar values for carrots acquired in Portuguese markets.
The moisture content of the carrots subjected to treatments prior to drying at 40 or 60 °C revealed that, in
general, the chemical process had some influence in the
moisture of the dried samples, this influence being different depending on the temperature. At 40 °C the moisture
content was smaller in almost all cases if compared to the
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Fig. 2  Ash content of dried
carrots subjected to different
pre-treatments. UN untreated,
CT control, AA Ascorbic acid,
MS metabisulphite, BL blanching

control samples (variations up to 72%). This was particularly important for the treatments with MS at 1% (reductions of 72 and 64%, respectively for 60 and 90 min of
treatment). On the other hand, at 60 °C an opposite trend
was observed, so that the moisture content was higher as
compared to the control samples (variations between 21
and 109%). The highest variations was observed for MS
1% 90 min (109%), followed by MS 1% 90 min and AA
0.25% 60 min, both with 80% increase.
Blanching with hot water has also resulted in an
increase on the effective water diffusivity of carrots during air-drying, since the moisture of the treated samples
was for both temperatures lower as compared with the
untreated samples (−18 and −15% variation for 40 and
60 °C, respectively). This decrease in moisture content
could be due to the softening and partial cooking of the
tissues, rendering the cell membranes more permeable to
moisture transfer. Lapati and Barrett [28] also observed
that the loss of cellular fluids during the blanching pretreatment may have resulted in greater moisture loss in
sun-dried tomatoes. Furthermore, it was observed that
the carrot soaked in water at room temperature (control)
or at 95 °C dried faster than the non-treated and chemical
pre-treated carrot. For the carrots treated with tea, a similar trend was observed as for blanching and in general the
moisture content was also lower in the treated samples in
relation to the untreated samples (−18 and −15% variation for 40 and 60 °C, respectively).

Ash content
Figure 2 shows the effect of pre-drying treatment on the
ashes of the dried carrots with different pre-treatments. The
ash content of the fresh carrot was 6.87/100 g dry matter
[25], corresponding to 0.89/100 g wet basis. This value is
similar to those shown by Sra et al. [29] for the same carrot
cultivar.
Figure 2 reveals that the leaching of the samples during 60 and 90 min at room temperature (control) allowed a
decrease of the ash content in the dried carrots of approximately 30% when the drying temperature was 60 °C or
24% when at 40 °C, if compared to the untreated sample.
In the same way, the loss of soluble material such as minerals during blanching at the temperature of 95 °C allowed a
decrease of ash varying from 15 to 30%, depending on the
drying temperature to which the sample was subsequently
submitted. In fact, the leaching phenomena caused by thermal damages produced on the vegetable tissue favours the
loss of water and/or solutes from the vegetable matrix,
which reduces the material referred as ash on the vegetable matrix. The pre-treatments with tea extracts produced
an effect similar to blanching, indicating that also in this
case the retention of minerals was affected, and hence after
drying lower ash contents were found (varying from −30 to
−50%), when compared to the untreated samples.
However, the use of the chemical pre-treatments showed
a contrary tendency, so that all the samples showed, after
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Fig. 3  Protein content of dried
carrots subjected to different
pre-treatments. UN untreated,
CT control, AA Ascorbic acid,
MS metabisulphite, BL blanching

drying, higher ash contents when compared to the control
samples. These variations ranged between 13 and 61% for
the drying temperature of 40 °C or were just slightly higher
for 60 °C (between 13 and 69%) (Fig. 2). The results further
showed that the concentration, either of MS or AA, had a
higher influence on the ash content than the treatment time.
Indeed, to preserve the ash content of the samples it would
be preferable to use the concentration of 0.25% independently of the chemical treatment, because at 1% the preservation of ashes was not so good.

effect of temperature was boosted, as increasing temperature decreased the protein content.
Blanching proved to have the least influence on the protein content of the dried samples, when compared to the
untreated samples, regardless of the drying temperature
used, thus originating a better preservation of the proteins.
The effect of tea was similar to that of the pre-treatment
with AA at 1%.

Protein content

Figure 4 shows that pre-treatments involving the leaching
of the carrot slices (control and blanching) lead to a higher
content of crude fibre in the final products when compared
with the untreated samples. It might be possible that the
loss of soluble material, intensified by thermal treatment on
pre-blanching samples, allowed the quantification of higher
fibre content in the vegetable matrix. The chemical pretreatments did not reveal a very pronounced effect on the
fibre content of the dried carrots, though it was possible to
verify that the amount of fibres quantified was systematically smaller in the chemically treated samples when compared to the control.

Figure 3 shows the protein content of the carrot dried samples submitted to the different pre-treatments. The value of
protein for the fresh carrot was 8.12/100 g (dry basis) [25]
corresponding a 1.05/100 g (wet basis), which was in the
range from 0.44/100 to 1.33/100 g (wet basis) described
in the literature [30]. The results of the present study indicate that all the pre-treatments used in the carrots allowed a
reduction of the protein content after the drying process, as
compared to the fresh product.
On the other hand, leaching of the samples at room temperature (control) and pre-treatment with ascorbic acid at
1% allowed a decrease of approximately 40% on the protein of the dried carrots as compared to the untreated sample, and particularly at the higher temperature. The other
chemical pre-treatments allowed a smaller reduction of
the protein when compared to the untreated samples, but
in all cases the preservation of the proteins was much better when compared to the control sample, i.e., without the
chemical agents (more 61–97% protein for the drying at
40 °C and more 19–43% when at 60 °C). In this case the
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Fibre content

Sugar content
The total sugars of the fresh carrots were 85.01/100 g (dry
basis) [25]. Figure 5 highlights the mean values obtained
for total sugar contents for air dried carrots after different
pre-treatments, expressed in a dry basis. The results show
that different pre-treatments produced different effects
on the sugar content of the dried carrots. Still, it is worth
mentioning that in relative percentage, the differences
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Fig. 4  Crude fiber content
of dried carrots subjected to
different pre-treatments. UN
untreated, CT control, AA
Ascorbic acid, MS metabisulphite, BL blanching

Fig. 5  Total sugars content
of dried carrots subjected to
different pre-treatments. UN
untreated, CT control, AA
Ascorbic acid, MS metabisulphite, BL blanching

encountered for sugar contents were comparatively small
when compared to other components as discussed earlier.
For the temperature of 40 °C total sugars almost did not
vary in comparison to the fresh product, and it was further observed that the chemical treatments (AA and MS)
reduced total sugars by 1–5% in relation to the control sample. This reduction was however greater (up to 30%) when
the drying temperature increased to 60 °C. Santos et al.
[31] reported a reduction in total soluble solids in pear peel
and pulp from some different origins when the drying temperature increased from 40 to 60 °C. On the other hand,
blanching and application of tea extracts as pre-treatments
preserved more the sugars as compared to the untreated
sample or even to the fresh product (2–17% better than the
chemical pre-treatments).
The reducing sugars content for the fresh carrots was
18.58/100 g dry matter [25], which represents 2.4%
(wet basis). In the literature it was also found a value for

reducing sugars of 1.98%, expressed in wet basis [29]. The
trend observed for reducing sugars in the different dried
samples was similar to that of the total sugars (Fig. 6).
However, the reduction in relation to the fresh sample was
higher (up to 50% at 40 °C and up to 63% at 60 °C). This
decrease of reducing sugars in dried carrot might be due to
the enzymatic and non-enzimatic browning [32, 33]. Yet,
as the decrease of sugars during dying was mainly due to
reducing sugars, this can indicate that the Maillard reaction
is the key process involved in the browning of the dried
carrots.
As to the effect of the different treatments studied it was
observed that all chemical treatments had a similar effect
on the decrease in reducing sugars contents, and this was
also constant for both drying temperatures. However, the
blanching and tea extracts treatments showed a different
pattern when the temperature was higher, allowing a better preservation of the reducing sugars as compared to the
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Fig. 6  Reducing sugars content
of dried carrots subjected to
different pre-treatments. UN
untreated, CT control, AA
Ascorbic acid, MS metabisulphite, BL blanching

Fig. 7  Total colour difference
of untreated and pre-drying
treated carrots. UN untreated,
CT control, AA Ascorbic acid,
MS metabisulphite, BL blanching

untreated sample. This indicates that for a higher temperature these pre-treatments exerted a protective effect.
Total colour difference
During the carrot dehydration process the carrots are submitted to high temperatures that favour enzymatic and
non-enzymatic browning, which darken the product. One
of the best parameters for describing the colour variation
is the total colour difference (TCD) since it is a combination of parameters L*, a*, and b*, and it is defined against
a reference colour. Figure 7 shows the variation of the
TCD for the dried carrots submitted to different pre-drying
treatment, taking the colour of the fresh carrot as reference. Food discolouration is the consequence of various
reactions including pigment degradation, which involves
browning, especially carotenoids and chlorophyll such as
Maillard reaction, condensation of both hexoses, and amino
components and oxidation of ascorbic acid [34]. The TCD
(Fig. 7) of untreated dried carrots was 10, and this value
can be attributed to the degradation of the carotenoid
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pigments during drying, such as the β-carotene. According
to Suvarnakuta et al. [35], the β-carotene content in fresh
carrot on a dry solid basis was 51.11 mg/100 g solid and
the β-carotene retention ratio is only 62% in the case of hot
air drying at 60 °C. Carotene degradation during drying has
been attributed to its high sensitivity to oxidation due to the
oxygen-free environment drying chamber. Zhao et al. [36]
observed a total colour change of 7.44 to the hot-air drying of carrot slices at the same temperature as used in this
study.
The TCD increased to around 15 for the samples submitted to the chemical treatments with AA and MS. This
means that the chemical pre-treatments used were not
able to positively influence the colour of carrots during
hot air drying. Values over 3.5 correspond to clear differences beteen the samle and the reference [22]. In fact, the
carrots soaked in SS and MS became less bright and less
red than the untreated samples. Still, among the chemical treatments tested, it appears that the most appropriate
condition of treatment would be AA at 1% or MS also at
1%. Yen et al. [37] studied the effect of pre-treatments on
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Table 3  Normalized weights of the input variables for each output variable predicted
Treatment

Input

M

A

P

F

TS

RS

NRS

TCD

Leaching 60 min
Leaching 90 min
Ascorbic acid 0.25%, 60 min
Ascorbic acid 0.25%, 90 min
Ascorbic acid 1%, 60 min
Ascorbic acid 1%, 90 min
Sodium metabisulphite 0.25%, 60 min
Sodium metabisulphite 0.25%, 90 min
Sodium metabisulphite 1%, 60 min
Sodium metabisulphite 1%, 90 min
Blanching in water at 95 °C, 4 min
Blanching in green tea at 95 °C, 2 min
Blanching in white tea at 95 °C, 2 min
Dried at 40 °C
Dried at 60 °C
Correlation coefficient measured

L1
L2
A1
A2
A3
A4
M1
M2
M3
M4
B
I1
I2
D40
D60

0.03
0.02
0.06
−0.07
−0.04
0.02
0.00
0.05
−0.96
−0.80
−0.17
−0.12
−1.00
−0.79
−0.94
0.97

0.58
0.66
−0.03
0.14
0.48
0.15
−0.19
−0.55
0.14
−0.11
0.25
0.85
1.00
0.00
0.41
0.85

−0.42
−0.42
−0.07
−0.08
−0.17
−0.26
−0.07
−0.06
−0.07
−0.07
1.00
−0.32
−0.31
0.10
−0.12
0.91

−0.14
−0.13
0.14
−0.05
0.14
0.04
−0.02
0.05
0.02
0.14
−1.00
−0.20
−0.30
−0.56
−0.60
0.78

−0.12
−0.12
−0.03
−0.04
−0.07
−0.04
1.00
0.02
−0.04
−0.03
−0.03
−0.11
−0.51
−0.08
−0.14
0.92

0.10
0.05
−0.01
0.00
0.04
0.08
−0.14
0.02
−0.03
−0.04
0.04
0.03
0.02
−0.89
−1.00
0.90

0.07
0.07
−0.06
−0.01
−0.02
−0.06
−0.02
−0.11
0.01
−0.06
−0.09
0.08
0.52
0.92
1.00
0.85

0.04
0.03
0.14
0.11
0.11
0.08
0.09
0.10
0.07
0.08
0.02
0.05
0.04
1.00
0.93
0.74

the freeze-drying and hot-air-drying of carrots. They pretreated the carrots with ascorbic acid (0.1%) in a glucose
(1.0%) solution prior to drying to investigate the effects
on their antioxidant content after 30 days of storage. The
results showed that the pre-treated carrots exhibited a
higher antioxidant capacity than those not immersed, this
being related to the amounts of ascorbic acid, phenolics,
flavonoids, and carotenoids present, the latter contributing
decisively for the colour of the carrots. On the other hand,
Lapati and Barrett [28] reported significant differences in
colour between metabisulphite concentrations, so that the
increase in the concentration of sodium metabisulphite produced a redder and more desirable colour in tomatoes. The
concentration of the dipping solution of sodium metabisulphite had a significant effect on sulphur dioxide content
and as dipping time and sodium metabisulphite concentration increased, sulphur dioxide absorption also increased.
In addition, it is generally accepted that sulphur dioxide
prevents colour degradation during drying. Thus, the dried
carrots that had been dipped in 1% sodium metabisulphite
solution had probably a higher sulphur dioxide content, and
thus a lower total colour difference.
ANN modelling
As described in “Artificial neural network modelling”,
neural networks were trained to learn the output variables
as functions of the input variables. Careful analysis of the
input weights learnt by each neuron after the train process
is stopped provides a wealth of information about relationships between the inputs and output, and sometimes even
between inputs themselves. The neural networks used learn

by adjusting weights and bias of connections, so those
weights and bias reflect the contribution of the inputs to
predict the output. The bias, being constants, are not relevant to the present analysis.
Experimental results
Many different experiments were performed for each output variable. The result of the learning process depends on
some random values, such as the initial weights of each
neural connection and the samples selected for the test and
validation sets. Therefore, the final results obtained can be
very different from experiment to experiment. The best
neural network models will produce the best correlations
between values predicted by the neural network and the
experimental values measured in the laboratory.
Table 3 summarizes some of the results obtained after
training of the networks, for each output variable. The
results shown in the table are the weights measured for
each input variable. The bottom row shows the correlations calculated between the values predicted by the neural
network and the measured values for all the dataset. The
weights shown are also normalized in the interval [−1, 1]
to facilitate the analysis.
As the table shows, confidence in the results is different
for each variable. For example, the model learnt for Moisture shows a correlation of 0.97 between predicted values
and the experimental values. Therefore, it is a very good
model, since it can predict the value of M very accurately
for almost all the dataset. It is also important to note that
there may be some noise in the experimental results. The
model learnt shows that all of the most significant weights
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Fig. 8  Illustration of the
weights of each input variable
for four different models for ash,
where R > 0.84

Fig. 9  Illustration of the
weights of each input variable
for four different models for
protein, where R > 0.91

were negative. The sign of the weights per se does not give
any important information to the present analysis, only the
absolute value is important. The fact that all the weights
show the same sign means there are no cancelling effects
between variables, so the weights with larger absolute values will have the most important contributions to predict
the output, and the variables with lower absolute value will
be almost irrelevant to the output.
On the other hand, the fiber content and total colour difference were more difficult to model, since the best values
for R are much lower. Nonetheless, they still show characteristics which may allow to draw important conclusions
about the data.
Analysis of the input neurons’ weights
As Table 3 shows, moisture is strongly affected by five different treatments: blanching in white tea (I2), dehydration
(specially at 60 °C) and sodium metabisulphite 1% (M3 and
M4). Interestingly, the model clearly shows that sodium
metabisulphite at lower concentrations has little influence
on the results.
Ash is much more difficult to analyze, because different
inputs can contribute in similar ways, effectively cancelling each other in some models. Moreover, the best models
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predict ash with R in the range 0.84–0.85, which still leaves
a large margin for uncertainty. Figure 8 shows a chart of
the input weights extracted from four different models
(named A1–A4). As the figure shows, the results are consistent over all the experiments, and even more so for the
variables carrying the larger weights. M2 seems to be the
treatment which causes a stronger influence on the ash content. Metabisulphite seems to have an effect contrary to the
other predictors, preserving ash while the other treatments
effectively reduce it.
As for the amount of protein, it is mostly sensitive to
blanching in water, since B is the predictor given the largest
weight. L1, L2, as well as I1, I2 and D60 also received in
general significant weights, of sign opposed to B. Figure 9
illustrates weights learnt for different experiments, where
the models always showed R > 0.91. It is possible to infer
that blanching preserves less protein in food dehydrated at
60 °C, since weights for B and D60 carry different signs
and both treatments may be applied to the same samples.
As for fiber (F), the models learnt the output with R up
to 0.78. The more important predictors all carry the same
sign, which shows that F is mostly affected by B, D60,
D40, I2 and I1.
Total sugars (TS) was learnt with great accuracy
(R = 0.92). It can be mostly predicted by M1 and I2, though
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with different signs. M1 greatly reduces sugar contents,
while I2 seems to increase the amount of sugars. On the
other hand, reducing sugars (RS) seem to depend mostly
on the temperature. D40 and D60 are by far the best predictors, while the other input variables carry only marginal
values compared to those of D40 and D60.
For non-reducing sugars (NRS), there is some more
variability. NRS was also more difficult to learn, since it
was not possible to get R above 0.85 for the dataset available. Nonetheless, it is possible to infer that NRS is also
sensitive to drying. However, this variable also responds to
blanching in white tea.
As for total colour difference (TCD), that is clearly the
most difficult variable. Nonetheless, it is evident that it is
mostly affected by D40 and D60, showing that drying of
the samples without pre-treatment is decisive to determine
TCD, and hence the pre-treatments globally influence
colour.
In general, still from the analysis of the weights, it is
also possible to affirm that drying without pre-treatment
(control) affects most of the properties studied, since
D40 and D60 receive the highest weights, followed by B
(blanching). Pre-treatments with ascorbic acid received the
lowest weights, meaning that most of the output variables
are almost indifferent to A1–A4.

Conclusions
The results of the present work allowed verifying that moisture content was less affected by blanching or tea extract
pre-treatments as compared to the chemical treatments.
However, among these ascorbic acid seems quite appropriate although the metabisulphite is the best but only when
used in the lower concentration. On the contrary, regarding ash content, the blanching or tea extracts was the least
recommended treatments, but among the chemical treatments those with ascorbic acid or matabisulphite at 0.25%
were preferable. ANN allowed distinguishing between the
two types of chemical agents, showing that matabisulphite
allowed better preservation of the ashes. The results for
protein content revealed a similar trend as that observed
for ash, i.e., protein was more affected by blanching and
tea extracts and better preserved with the chemical treatments. Fiber was not much affected by the chemical pretreatments studied, but still these induced a reduction in the
dried samples when compared to the control. Total sugars
were not extensively affected by the chemical pre-treatments used, and in the case of blanching or tea extracts the
sugars were better preserved. The latter treatments are recommended, this being confirmed by ANN modeling. As to
reducing sugars, they were found to be highly influenced by
the treatments, decreasing very drastically in all cases, and
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mainly for the dehydrated samples. Non-reducing sugars
seem to also depend on drying and blanching in white tea.
These results were confirmed by ANN, and also indicated
that total colour difference is highly influenced by some of
the pre-treatments used.
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