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Textural Changes in Carrot during Cooking
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Abstract

The aim of the study was to evaluate textural changes in carrots during cooking and to find optimal cooking time of
carrots. Using a TA.XT Plus Texture Analyser, texture profile analysis (TPA) of carrot hardness, springiness,
cohesiveness, gumminess and chewiness after 5, 10, 15 and 20 minutes of cooking was performed. The highest value
for hardness was observed in raw carrot (10167.5 g). The lowest value for hardness (1378.92 g) was observed after
20 minutes of thermal processing. Using the Analysis of Covariance (ANCOVA), it was found out how carrot
hardness during cooking varies with the other textural parameters from TPA analysis. The coefficient of
determination was 0.9955 and it explained 99.55% of total variability for the TPA analysis results. The highest
differences in hardness were observed in the first 5 minutes of cooking. The significance of the model was
determined by The Fisher’s F test. The probability corresponding to the F value was lower than 0.0001, it would be
taking a lower than 0.01% risk in assuming that there was no effect of the explanatory variables. The results implied
that the optimal cooking time of carrots lies in range of 10 and 15 minutes.
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1. Introduction contains approximately 86-89% water, 0.7-0.9%

protein, 0.2-0.5% fat, 6-10.6% carbohydrates,
Carrots in Slovak Republic are among most 1.2-3.6% dietary fiber and 1.2% ash. After
popular root vegetables. It is the most important harvest, carrot quality is gradually lowered by
crop of Apiaceae family. Members of this family reducing their sweetness, content of the
have small, mostly white, 5-parted flowers carotenoids and also by forming a bitter taste and
arranged in umbrella-like inflorescence called unpleasant smell due to oxidation processes.

umbel [1]. During storage, carrot also loses firmness, changes
Carrots contain nutrients that are needed by the its colour and covers with a white coating. The
body, especially vitamins and minerals [2]. result of these changes is lower acceptability of
It is an important source of dietary fiber, the product by the consumers [3].

carotenoids, vitamin K and magnesium, as well as The carrots that have been harvested still need
many other important nutrients. Carrot root further treatment before it reaches the consumer.
Post-harvest management is including activities
such as cleaning, washing, sorting, grading,
* Corresponding author: Cubomir Belej, +421 37 641 packing, storage, transportation and marketing.
4603, lubomir.belej@uniag.sk Like other vegetable commodities, carrot is easily
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damaged because of after harvested, this plan still
doing respiration. The damage occurred during
post-harvest is unavoidable. Therefore, the
possibly efforts can be made by giving them the
proper packaging [2].

Texture is one of the important quality attributes
of raw [4] or thermally processed fruit and
vegetables [5]. It is defined as “the sensory
manifestation of food structure and its way of
reacting to a force used” [6]. Texture can be
defined as ‘the group of physical characteristics
that arise from the structural elements of the food,
sensed by the feeling of touch, related to the
deformation, disintegration and flow of the food
under a force and measured objectively by
functions of mass, time and distance’ [5].

Changes in the composition of cell wall polymers
may result from the action of hydrolytic enzymes,
mostly pectinases, and the activities of these
enzymes often increase during ripening of fruits.
In carrots, research has been focused on
pectinmethylesterase (PME) in relation to its
influence on texture. Endogenous
polygalacturonase (PG), which depolymerizes
PME demethylated pectin molecules, occurs in
low amounts in carrots. It, therefore, has a minor
influence on the texture of carrots [7].

Textural changes during processing of fruits and
vegetables are often intensive during processing
[5].

In vegetables and fruits, thermal processing causes
a pronounced degradation of the pectic
polysaccharides resulting in reduced intercellular
adhesion and consequently in increased softening
[8].

Understanding the effect of processing on the
chemistry of cell wall polymers, in relation to
texture of the final product, is important issue.
Cooking-induced softening of carrots is due to an
initial loss of turgor followed by an increase in the
ease of cell separation [9].

To reduce the losses caused by some of these
cooking methods, mainly due to degradation at
high temperatures and leaching into cooking
water, different cooking techniques have been
tried. An example is sous-vide cooking, which
differs from traditional cooking mainly in that the
product is vacuum-packed and cooked in a sealed
plastic bag at lower temperatures. Unlike other
products, such as meat, for which the temperature
can be reduced to 65-70 °C, sous-vide cooking of
vegetables must be performed at temperatures
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closer to 100 °C. The cell walls of vegetables
remain almost intact during sous-vide cooking, but
they are softened by dissolution of the structural
material that holds the cells together [7].

2. Materials and methods

Nine discs of carrot with an approximate height of
10 mm were taken; three from the upper part of
the carrot root, three from the middle part, and
three from the lower part. Height of each carrot
disc was measured using a Vernier scale. The
discs were put in a sufficiently large volume
(about 1.5 L for 9 discs) of boiling water (100 °C)
for 5, 10, 15, and 20 min. After heat treatment,
they were immediately submersed in cold tap
water for a few minutes, after which discs were
put on the paper towel to soak up the water
according to [11].

TPA was performed to measure cooked carrot
hardness, springiness, cohesiveness, gumminess
and chewiness, at the same time. Carrot disc was
placed on the heavy-duty platform (HDP/90) and
compressed twice with a 35 mm diameter stainless
steel cylinder, using a 50 kg load cell.
Instrumental settings taken from the sample
project (TPA.PRJ) of the software package
(Texture Exponent Software TEE32, version
6.0.6.0, Stable Micro Systems, England, UK) were
modified so that the cylinder compressed the discs
to 30% of their height (strain 30%) [9]. Therefore,
the probe height had been calibrated to 15 mm
before this test was performed.

Texture analysis of carrot was conducted using a
TAXT Plus Texture Analyser (Stable Micro
Systems, England, UK). Measurements were
performed on three carrots from each sample,
using a 50 kg load cell.

All statistical analyses were performed using
XLSTAT (Addinsoft, 2016) software.

3. Results and discussion

The results from TPA analysis are displayed in
table 1. The highest value for hardness was
observed in raw carrot (10167.5 g). The lowest
value for hardness was observed after 20 minutes
thermal processing (1378.92 g). There were no
coefficients of variation lower than 5%, while
there were other measurements for which
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coefficients of variation were higher than 30%,
such as coefficients of variation for hardness in all
cooking procedure. The value of gumminess
degreased from 7192.51 (0 min) to 697.85 (20
min). The value of chewiness degreased from
5425.69 (0 min) to 502.00 (20 min). Figure 1
shows the mean chart of parameter hardness
during 20 minutes of cooking. Belovi¢ et al., [11]
found, that chewiness determined by TPA test is

cooked carrot texture because of very high CVs
and low discrimination between different cooking
times. Penetration test, which differentiated 10"
and 15" min of cooking of carrot is the most
suitable for determining the texture of fresh
carrots [12]. However, penetration tests should be
performed in the same measuring point in order to
decrease the variation between the measurements
[11, 13].

the least suitable parameter for determining
Table 1. Results from TPA analysis
Hardness (g) Springiness (mm)  Cohesiveness (-) Gumminess Chewiness

Status  Mean SD CV Mean SD CV Mean SD CV  Mean SD CV_ Mean SD CcVv
Omin 10167.5 4192.99 4124 0.74 0.06 843 0.71 0.04 6.03 7192.51 2879.95 40.04 5425.69 2387.59 44.01
5min 424234 213534 50.33 0.69 0.04 6.45 0.62 0.06 10.44 2525.69 1096.98 43.43 1722.88 696.43 40.42
10 min 2804.65 1356.24 48.36 0.72 0.06 857 0.6 0.12 19.56 1653.28 760.04 4597 1185.95 498.37 42.02
15min 17974 87859 4888 0.73 0.07 931 054 0.13 23.81 976.99 507.39 5193 74513 326.96 43.88
20 min 1378.92 687.26 49.84 0.71 0.07 10.04 0.51 0.14 26.63 697.85 353.53 50.66 502 253.72 50.54

SD- standard derivation, CV- Coefficient of variation

Using the Analysis of Covariance (ANCOVA), it
was found out how carrot hardness during cooking
varies with the other textural parameters from
TPA  analysis  (springiness,  cohesiveness,
gumminess, chewiness). The table 2 displays the
goodness of fit coefficients of the model. The R?
(coefficient of determination) indicates the % of
variability of the dependent variable (hardness)
which is explained by the explanatory variables
(springiness, cohesiveness, gumminess,
chewiness). The coefficient of determination was
0.9955 and it explained 99.55% of total variability
for the TPA analysis results. The highest
differences in hardness were observed in the first
5 minutes of cooking. For comparison, Belie et al.
[14] found out that hardness decreases
exponentially during first 15 minutes of cooking.
Besides, hardness and crispness were positively
and very strongly correlated (r? 0.980).
Moreover, PCA analysis of the data implied that
cooking up to first 5 minutes is crucial for a range
of structural changes that occur during heat
treatment of the carrot. In the paper published by
Belovi¢ et al. [11], all texture parameters showed
significant change between 5™ and 10" minutes of
cooking. However, none of them changed
significantly between 15" and 20" minutes,
indicating that optimal cooking time of carrots lies
between 10 and 15 minutes. The results
correspond with those obtained in present study.
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Figure 1. Mean chart of hardness during cooking

Table 2. Goodness of fit statistic

Observations 106
Sum of weights 106
DF 98
R 0.9955
Adjusted R? 0.9952
MSE 75478.57
RMSE 274.73
DW 2.14
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Table 3. Results of ANOVA analysis

Source DF Sum of squares

Mean squares F Pr>F

Model 7
98
105

1652176465.561
7396900.3334
1659573365.8945

Error

Corrected Total

236025209.3659 3127.0491
75478.5748

< 0.0001

The table 3 displays the results of the analysis of
variance which determine whether the explanatory
variables bring significant information for the
model. The Fisher's F test was used. The
probability corresponding to the F value was
lower than 0.0001, it would be taking a lower than
0.01% risk in assuming that there was no effect of
the explanatory variables. The variables of TPA
analysis do bring a significant amount of
information for the model. The critical F value
was 3127.05.

In the Table 4 are placed the parameters of the
model. The p-value for the Status-05 in parameter
is 0.59 and the confidence range for the Status- 20
min is 0. There is weak impact of the TPA
analysis data after 5 minutes of cooking and the
status of the TPA analysis data after 20 minutes of
cooking. The strongest impact for the model had
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Figure 2. Observed values versus the predicted values for
parameter hardness

Table 4. Model parameters for TPA analysis results

Source Value Standard error t Pr> |t Lovzgg(%und Up[zgrS(I)%))und
Intercept 1609.5676 148.7095 10.36 <0.0001 1314.4584 1904.6769
Cohesiveness -2655.5901 262.8372 -10.1036 < 0.0001 -3177.1819 -2133.9983
Gumminess 2.03 0.1088 25.2707 < 0.0001 2.43 2.63
Chewiness -1.5835 0.1369 -11.5667 < 0.0001 -1.8552 -1.3119
Status-0 min -742.2848 157.1756 -4.7226 <0.0001 -1054.1946 -430.375
Status-05 min 53.7581 101.382 0.5303 0.5971 -147.4311 254.9474
Status-10 min 117.9266 90.5793 1.19 0.196 -61.8251 297.6783
Status-15 min 122.1407 85.3467 111 0.1556 -47.227 291.5084
Status-20 min 0 0

explanatory textural variables and the raw textural
data (Status-0 min). The figure 2 shows the
predicted values versus the observed values for
parameter hardness with the 95% confidence
interval.
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4, Conclusions

Texture profile analysis is a suitable instrumental
method for determining the textural characteristics
of cooked carrots. Textural changes during
cooking can help to find the optimal cooking time.
Experiments should be conducted on larger
number of carrot varieties to draw general
conclusions. Results should be correlated with
texture profile evaluated by a trained panel.
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