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Abstract: Vegetable consumption is associated with increased health benefits, and vegetables are
consumed both in cooked form and raw form in salads. All cooking techniques cause changes in a
vegetable’s the nutrient content. Consumers are increasingly health-conscious and have less time
to prepare meals, and they do not know which cooking times and cooking methods are best suited
to preserve the nutrients. This study aimed to determine the best method of cooking vegetables to
maintain minerals (potassium and sodium) and carotenoids. The studied vegetables were broccoli
(Brassica oleracea, var. Italica), carrots (Daucus carota), and zucchini (Cucurbita moschata). The cooking
methods were: boiling, steaming, combined oven, microwave steaming, and microwave cooking.
Samples of organic and conventionally grown vegetables were prepared in triplicate. Samples were
analyzed to determine the availability of target minerals and carotenoids in the raw food and in
each recommended cooking situation according to technical standards. Only the carrot showed a
higher concentration in organic cultivation for carotenoids in raw vegetables, with both zucchini
and broccoli having higher concentrations when grown by conventional cultivation. The zucchini
from organic cultivation presented a reduction of potassium and sodium, almost consistently, in all
cooking techniques. Regarding the conventionally cultivated zucchini, potassium remained stable
in boiling. Broccoli from organic and conventional cultivation showed similar potassium levels for
boiling and traditional steam cooking. Organic carrots showed easier sodium extraction compared
with conventional cultivation. Heat treatment, in general, improves the accessibility of carotenoids.

Keywords: vegetables; organic; cooking method; sodium; potassium; carotenoids

1. Introduction

Adequate vegetable consumption is associated with a healthy diet and reduced risks of
noncommunicable diseases [1-4]. The availability of nutrients in food depends on, among
other factors, the cultivation type, pre-processing conditions, and cooking methods [5-7].

To better guide individuals regarding vegetable consumption, several studies were
performed to analyze the effect of using different cooking methods (i.e., boiling, pressure-
cooking, microwave cooking, baking, gridding, frying, and steaming) on the vegetables’
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nutrients [1,2,5,7-12]. Global differences in nutrient retention between cooking methods
can be used to determine which cooking method best favors nutrient retention [12]. Never-
theless, the nutritional value of foods depends on many environmental factors, cultural
practices in their preparation, and on the nutritional quality of foods grown by organic
farming compared with conventional farming. This is a current topic that has attracted
public interest and has generated much discussion. Many consumers choose organic food
because they believe it has better health effects. Additionally, consumers believe organic
food is safer, more hygienic, and sustainable and that it is without chemical residues and
artificial ingredients [13-15].

Despite increased health awareness, consumers have less time to prepare meals, and
many do not know which cooking times and methods are best suited to preserving the
nutrients of the vegetables they consume [10]. Therefore, the question we wanted to answer
with this study was whether cooking methods and techniques used in preparing vegetables
would induce changes in the availability of water-soluble and fat-soluble nutrients (sodium,
potassium, and carotenoids).

2. Materials and Methods

This research presents an experimental study with a2 x 5 x 3 design (2 cultivation
methods—conventional and organic); 5 cooking methods (boiling, steam, microwave,
steam microwave, and combined oven); with triplicate for each cooking method. The
analyzed vegetables were broccoli (Brassica oleracea, var. Italica), carrot (Daucus carota),
and Brazilian zucchini (Cucurbita moschata) because they are among the most consumed
vegetables in Brazil, according to the latest Family Budget Survey [16].

The vegetables were purchased at a local supermarket (Federal District, Brazil) and
were stored under refrigeration until they were prepared and cooked. Then, the preparation,
including washing and cutting, was carried out according to the procedures described by
Miglio et al. [17].

2.1. Cooking Methods

The cooking conditions were determined by preliminary experiments [18] conducted
for each vegetable. The best cooking times for each method were chosen in a previous
study regarding sensorial characteristics [18], and the protocols used followed Pellegrini
et al. [19]. Therefore, the cooking methods used were boiling, steam cooking, combined
oven, microwave, and steam microwave. Classification tests determined each vegetable’s
ideal cooking time and each cooking method by preference, as judged by untrained tasters
in a previous study [18]. The methods were classified from the most preferred (1) to the
least preferred (4) according to texture, based on a previous study [18]. A section of the
ordering method was performed for each vegetable in each cooking method [18].

2.2. Sample Analysis

For each cooking time previously determined [18], the samples were prepared in
triplicate, adopting the same procedure for the raw vegetables that served as controls. The
samples were homogenized and kept frozen in a standard freezer to analyze minerals
until their completion and in a freezer at —80 °C to analyze carotenoids until they were
lyophilized.

2.2.1. Sodium and Potassium Analysis

The samples were analyzed in triplicate to determine the sodium and potassium
availability in the raw vegetable and in each of the recommended cooking situations,
according to technical standards of the Adolfo Lutz Institute [20].

Therefore, 5 g of each sample was weighed in a porcelain capsule. The samples were
carbonized in an electric plate and subsequently incinerated in a muffle furnace at 550 °C.
After cooling, 30 mL of hot distilled water was added, and the contents were stirred with
a glass stick. The solution was transferred to a 100 mL volumetric flask with the aid of a
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funnel. The capsule, the glass stick, and the funnel were washed with two more portions
of 30 mL of hot water, and then all the liquid was filtered and transferred to another
volumetric flask. After being completely cold, the flasks were completed with the necessary
amount of distilled water to reach 100 mL and were agitated before directly reading at the
flame photometer. In cases where a higher concentration of the mineral was found than
the equipment’s original reading capacity, the solution was diluted in a proportion of 1:5.

The photometer was calibrated with the standard solutions for each of the minerals,
following the concentrations established for the equipment. The readings were carried out
one at a time by inserting the photometer catheter directly into the balloon or transferring
part of its contents to a beaker when necessary. Based on the reading result, a calculation
was performed to find the concentration in mg/100 g of each raw or cooked fresh vegetable.

2.2.2. Carotenoids Analysis

The extraction of carotenoids was carried out according to Rodriguez-Amaya [21], with
adaptations, and all stages were developed in an environment with controlled temperature
and low light. Lyophilized samples (0.5 g or 1 g) were macerated in a mortar, using
20 mL of refrigerated acetone (10 °C), and homogenized for one minute. Each weighed
sample depended on the concentration of carotenoids in the vegetable according to food
composition tables. The extract was vacuum filtered through a Biichner funnel with filter
paper, collecting the filtrate in a 250 mL conical vacuum flask. The extraction was repeated
until the residue was white. In the end, the mortar, residue, and funnel were washed
with acetone, collecting everything in the conical vacuum flask. Acetone was used for the
initial extraction of carotenoids from the samples. In a 250 mL separating funnel, 20 mL of
petroleum ether was placed. The extract was carefully transferred to the funnel, washing
the conical vacuum flask with acetone and transferring the extract to the funnel. An amount
of 300 mL of distilled water was carefully added through the funnel walls to avoid the
formation of an emulsion.

For the total removal of acetone and transfer of carotenoids to petroleum ether, wash-
ings were carried out with distilled water. After separating the phases, the lower aqueous
phase was discarded, washing three more times with 150 mL of distilled water to remove
all acetone. The lower phase was discarded entirely in the last wash, so as not to lose
part of the upper phase. The funnel outlet was dried with paper towels to prevent small
amounts of water from mixing with the ethereal phase. The ethereal phase was collected
in a 25 mL volumetric flask covered with aluminum foil, passing the solution through
a glass funnel containing 7.55 g of anhydrous sodium sulfate to remove residual water,
using glass wool in the funnel to hold the sodium sulfate. The funnel was washed with the
petroleum ether collected in the volumetric flask. The volume of the volumetric flask was
completed with petroleum ether. The absorbance was read on a spectrophotometer at a
wavelength ranging from 380 to 680 nm. The following equation was used to calculate the
carotenoid content.

Total carotenoid concentration (Ct):

A x V x104
El%lcm X M

Ct(ug/g) = 1

A = absorbance at absorption peak
V = final sample volume (mL)
m = sample mass (g)

E!”1m = extinction coefficient — B-carotene = 2592 in petroleum ether [22] or 2500
when the reading is not in that range of the spectrum [23].

2.3. Data Analysis

The raw food data were used as a control sample to compare changes that occurred
during processing. The analysis aimed to perform the quantitative measurement of the
changes that occurred; the percentages of alteration of nutrients in processed foods were
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analyzed on the raw sample of the same food. The verification followed the same premise
regarding carotenoids—comparing the percentage variation in content in raw and cooked
samples based on the different cooking methods.

The results for sodium, potassium, and carotenoids were submitted to analysis of
variance (ANOVA), and means were compared by Fisher’s test (p < 0.05) using XLstat
software, version 2017.6 (Addinsoft, France, 2017).

3. Results

Carotenoids

Table 1 shows the changes in each vegetable’s carotenoid content in each cooking
method for each cultivation experiment, considering the raw vegetable as the unit against
which all changes were evaluated.

Table 1. Changes in the content of carotenoids in organic and conventional cultivation vegetables
according to the cooking method.

Cooking Method Organic Cultivation Conventional Cultivation
Carotenoid Carotenoid
Content ug/g Cooked/Raw Content ug/g Cooked/Raw
Zucchini
Raw 229+214 1.0 37.6 +£4.0P 1.0
Boiling (10 min) 3214+19°¢ 14 496 +4.72 1.3
Steaming (12 min) 40.0 £ 4.2° 1.7 38.1+4.7P 1.0
Microwave steaming (12 min) 29.7+20°¢ 1.3 546 +4442 1.5
Microwave (16 min) 476 +2.6° 2.1 48.6 +2.32 1.3
Combined oven (13 min) 373+28P 1.6 484 +5.0° 1.3
Broccoli
Raw 545 +3.74 1.0 774 + 5.8 b 1.0
Boiling (8 min) 1385+ 12.2b 2.5 85.0+0.72 1.1
Steaming (10 min) 2002 +21.12 3.7 81.5+10.72 1.1
Microwave steaming (10 min) 1854 +292 34 77.8 +1.82b 1.0
Microwave (8 min) 883+ 1.0°¢ 1.6 62.8 £ 6.6° 0.8
Combined oven (15 min) 151.5+11.1b 2.8 909 +16.32 1.2
Carrot

Raw 5549 + 4462 1.0 4723 +295P 1.0
Boiling (10 min) 350.4 £20.6€¢ 0.6 412.8 +345P 0.9
Steaming (10 min) 3202 + 31.8¢<d 0.6 4019 +12.2°P 0.9
Microwave steaming (10 min) ~ 320.7 & 9.2 <4 0.6 4559 4+ 43.1P 1.0
Microwave (10 min) 443.0 +13.0" 0.8 316.7 £61.1°¢ 0.7
Combined oven (11 min) 298.7 +19.24 0.5 627.6 £51.32 1.3

2-d For each vegetable and attribute, in columns, the values followed by the same letters do not differ by the
Fischer test (p > 0.05). Carotenoid content is expressed based on the vegetable’s fresh weight.

For zucchini, in addition to steaming in the conventional cultivation experiment, all
other cooking methods presented more carotenoids than the raw sample. For broccoli,
the same was observed for the organic cultivation experiment with more carotenoids for
all the vegetables in the different cooking methods. This tendency was not observed for
broccoli from the conventional cultivation process. Carrots presented a different pattern
from zucchini and broccoli. All cooking methods presented fewer carotenoids in carrots
than the raw vegetable for the organic experiment. For conventional cultivation, only
cooking in a combined oven presented higher levels of carotenoids from carrots.

Table 2 shows the potassium and sodium content changes in each vegetable in each
cooking method for each cultivation experiment, considering the raw vegetable as the unit
against which all changes were evaluated.
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Table 2. Changes in potassium and sodium content in vegetables from organic and conventional cultivation, according to

cooking method.

Cooking Method Organic Cultivation Conventional Cultivation
Potassium Sodium Potassium Sodium
mg/100 g Cooked/Raw mg/100 g Cooked/Raw mg/100 g Cooked/Raw mg/100 g Cooked/Raw
Zucchini
Raw 1.513.3 £ 71.32 1.0 15+012 1.0 150.4 + 4.5 ¢ 1.0 63+ 0.6 1.0
Boiling (10 min) 1.217.4 +32.1° 0.8 1.24+0.1° 0.8 152.4 £+ 3.0 b¢ 1.0 474044 0.8
Steaming (12 min) 1.090.9 4 56.7 € 0.7 08+00¢ 0.5 162.5 + 11.53 1.1 54 +05¢ 0.9
Microwave steaming (12 min) 1.090.0 £23.0¢ 0.7 12401° 0.8 1489 £3.1°¢ 1.1 9.7+052 1.5
Microwave (16 min) 1.069.1 £ 22.7 0.7 1.14+01° 0.7 172.2 +10.02 1.2 884052 1.4
Combined oven (13 min) 1.0355+£89°¢ 0.7 12403P 0.9 86.9 +3.04 0.6 73+1.1Pb 0.8
Broccoli
Raw 814 +3.0° 1.0 78+03P 1.0 159.4 4 4.2 be 1.00 94405°b 1.0
Boiling (8 min) 55.6 + 4.7 0.7 79+0.1° 1.0 107.6 £4.1°¢ 0.7 63+05¢ 0.7
Steaming (10 min) 79.7 £2.6° 1.0 59+00° 0.8 1543 +14.9°¢ 1.0 9.6+1.0P 1.0
Microwave steaming (10 min) 77.8 +4.0° 1.0 58+0.3¢ 0.7 184.0 £ 9.4° 1.2 9.1404Pb 1.0
Microwave (8 min) 1329 +£ 622 1.6 984072 1.2 176.0 + 14.6 2 1.1 70+£00¢ 0.7
Combined oven (15 min) 614+49°¢ 0.7 82+0.1P 1.0 133.41.24 0.8 1164012 1.2
Carrot

Raw 1.155.9 =+ 46.7 de 1.0 364014 1.0 169.7 +£59° 1.0 744+05¢ 1.0
Boiling (10 min) 1.108.4 & 90.7 © 1.0 47404° 1.3 167.5 + 4.7 1.0 65+064 0.9
Steaming (10 min) 1.352.6 + 37.3 3 1.1 44+03"bc 1.2 1814+ 76" 1.1 7.2+ 0.3¢ 1.0
Microwave steaming (10 min) 1.324.1 4 30.5 b¢ 1.1 524022 14 129.0 £ 11.8°¢ 0.8 7.6 4 0.4 be 1.0
Microwave (10 min) 1.434.4 +24.6° 1.2 42402° 1.1 173.6 + 165" 1.0 8.4 +0.6% 1.1
Combined oven (11 min) 1.247.7 4+ 56.5 <d 0.54 53+02° 15 205.8 +1.4° 1.2 924052 12

a=d For each vegetable and attribute, in columns, the same letter values do not differ by the Fischer test (p > 0.05). Potassium and sodium
contents are expressed based on the vegetable “s fresh weight.

In Table 2, it is possible to observe that all cooking methods present less potassium

and sodium for organic zucchini. For the conventional cultivation experiment, microwave
cooking presented higher potassium and sodium levels, as did microwave steaming for
sodium. For organic broccoli, microwave cooking presented higher levels of potassium
and sodium. However, potassium was in higher levels for the conventional broccoli when
cooking in microwave steaming, as was sodium when cooking in the combined oven. For
carrots, the results were different for zucchini and broccoli. For organic carrots, sodium
was higher in all of the cooking methods when compared with the raw vegetable. Whereas
for potassium, steaming, microwave, and microwave steaming presented the highest levels.
For conventional carrots, potassium as well as sodium were higher in combined oven
cooking. Microwave cooking carrots also presented higher sodium levels.

4. Discussion
4.1. Carotenoids
4.1.1. Zucchini and Broccoli

Zucchini and broccoli have carotenoids stored in chloroplasts, which are quite sensitive
to abiotic events [24]. Therefore, there may have been a difference in the release of their
products (carotenoids) in different types of cultivation, considering that they were not
cultivated in the same period [25]. However, it is also possible that there was an influence
of the cultivation system, considering the characteristics of nutrition and moisture inherent
to the specificity of organic cultivation [26], to which the chloroplast is especially sensitive.

In the case of zucchini, as it is a green (immature) vegetable, it still has carotenoids
stored in chloroplasts. Some fruits with green mesocarps, such as kiwi (Actinidia spp.
Delicious), keep their green color and typical chloroplasts, similar to leaves, until maturity
and complete harvest. Zucchini also has a lower concentration of carotenoids, increasing
as the fruit/vegetable ripens, and the chloroplasts are transformed into chromoplasts [27].
Since high levels of total carotenoids are directly related to a higher density of chloro-
plasts, and therefore to dark green foods, it was not expected to find large concentrations
of carotenoids in zucchini [27]. Carotenoid content was similar between organic and
conventional cultivation.

In the organic cultivation of zucchini, the most significant extraction was obtained
with vegetables cooked in dry heat (microwave), which seems to be a natural consequence
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of the concentration of water loss and which did not positively impact the tissues facili-
tating the process. However, the same did not happen with the zucchini of conventional
cultivation. Despite the apparent difference between the quantities extracted in the differ-
ent cooking methods, there was no statistically significant difference. For organic broccoli,
the carotenoid concentration was higher for steam and microwave steam cooking. There is
a difference in the amount of fibers and proteins found in this vegetable. According to the
Brazilian food composition table [28], broccoli has about 91% water, while zucchini about
96%; broccoli has 2.9 g of fiber in 100 g of raw vegetables, while zucchini has 1.2 g/100 g;
concerning protein, zucchini has 0.6 g/100 g compared with 3.6 g/100 g in broccoli. For
broccoli, the results suggest that the degradation of protein complexes and the softening
of fibers were more critical to the increase in the extraction of carotenoids than the con-
centration obtained with water reduction in the dry heat process—due to the different
composition between the two vegetables.

Ryan et al. [29], evaluating in vitro bioaccessibility of conventional cultivation veg-
etables, found that the zucchini, when submitted to dry heat cooking in the microwave,
grilled, boiled, or steamed, had reduced bioaccessibility for carotenoids compared with the
raw vegetable. Results were different from our findings, which showed more significant
amounts for boiling, microwaving, and microwave steaming. However, all tested cooking
processes (boiling, steam, microwave, and grill) improved the micellization capacity of
carotenoids when subjected to the in vitro digestion process, highlighting the importance
of heat treatment for improving the absorption of these nutrients [29].

In other studies, the broccoli obtained from conventional agriculture [30] and or-
ganic [31] cooked-in-water (boiling), steamed, and steam microwaved and at maximum
power presented values different from ours, with easier extraction of carotenoids in vegeta-
bles of conventional cultivation than in the organic ones. However, the boiling cooking
time was shorter: just 5 min. The steam cooking was carried out for 20 min but with
the vegetables already placed before the steam production, which occurred after 8 min.
Therefore, data are difficult to compare because of different cooking times, latitudes, and
longitudes, aspects that directly influence the production of carotenoids.

The study used as a model for this research [19] presented results quite different
for conventionally grown broccoli. For comparison, we calculated their cooked/raw
ratio. It was 0.7 for boiling, 0.6 for microwave, 1.0 for traditional steam, and 1.2 for the
combined oven. Thus, only the combined oven showed a similar value compared with
the conventionally grown broccoli in our research. However, it is important to consider
that we do not know the time of cultivation, but we do know that latitude and longitude
directly influence carotenoid production.

In a study measuring (3-carotene and lutein [32] in broccoli, the authors found that the
extraction of both increased after steaming and boiling. The cooking water was collected
and analyzed, but no carotenoids were found in this water, showing no carotenoid loss
in the cooking process. Any difference between raw and treated samples is due to the
tissues’ structure changes, which become difficult for extraction. A similar result (lutein and
3-carotene) was found in a study performed with boil-cooking, steaming in the microwave,
and traditional steaming [33]. The authors showed that the longer the cooking time, the
greater the amount of carotenoids extracted. Steam and microwaves had better results than
boiling, and they concluded that easier extraction could translate into greater bioavailability
of the nutrient when ingested [33]. Steaming and microwave steaming were also the best
cooking methods for organic broccoli in our study, as presented in Table 1.

Miglio et al. [17] analyzed the total carotenoids in zucchini (Cucurbita pepo), broccoli
(Brassica oleracea), and carrots (Daucus Carota) from conventional cultivation submitted to
boiling and combined oven. For zucchini, there was a reduction of carotenoids in the two
cooking methods. For broccoli, there was an increase in the carotenoids extraction for the
two cooking methods. Unfortunately, cooking times were not reported, but as part of a
larger study group, it is assumed that they were the same as those used in the study of
Pellegrini et al. [19]: 8 min for boiling and 13 min for microwave steam for broccoli. For
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broccoli, the results were very similar to those found in our study. However, concerning
zucchini, the values were much lower, probably due to the different cultivar, which may
impact tissue type with a different fiber composition. Therefore, the behavior of carotenoids
in these tissues is consistently changing.

For broccoli, in both types of cultivation, the lowest extraction occurred when using
the microwave. It suggests that this organic vegetable had less water (greater dry matter),
as having less water in a vegetable tends to occur with this type of cultivation. Therefore,
broccoli benefited from cooking—hydrating its fibers and facilitating the extraction of
carotenoids. Even though microwave cooking presented lesser extraction than other
cooking methods, cooking presented better carotenoids’ extraction than raw broccoli,
showing the importance of the procedure. For zucchini, cooking was also important for
higher levels of carotenoid extraction.

4.1.2. Carrot

When comparing raw carrots and carrots cooked in different methods, raw organic
carrots presented higher levels; however, cooking in a combined oven brought higher
carotenoid extraction for conventional carrots. All other cooking methods were equal to
the raw carrot. This pattern was different from zucchini and broccoli.

For Rodriguez-Amaya et al. [34], some factors make the analysis of carotenoids in food
very difficult. These factors are the variation in the amount of carotenoids among samples,
the nature of the food matrices, the existence of many carotenoids, and the non-uniform
distribution of carotenoids between samples.

Carrot showed worse accessibility when cooked in a combined oven (50% compared
with raw carrots) and better in a microwave oven (80% compared with the control), possibly
due to the natural concentration of moisture loss. For carrots of conventional cultivation,
the extraction of carotenoids, in general, was superior to that found in organic cultivation.
However, except for the combined oven (30% increase) and microwave dry heat (loss of
30%), there were no differences between them, and the values were similar to those of raw
vegetables.

Based on the results of a study with carrots boil-cooked with added salt [35], the ratio
between the values found for the raw and cooked carrots was 0.9, indicating a reduction in
the accessibility of the total carotenoids in this cooking process. With the addition of curry
or coconut shavings, accessibility had not changed significantly [35]. The addition of these
components points to the fact that variations in conventional preparations can modify the
availability of carotenoids.

Nunn et al. [36], analyzing broccoli and carrots in steamed cooking and steamed cook-
ing in the microwave, found higher values for carrots and slightly lower for conventionally
grown broccoli, with similar results for both methods. Mazzeo et al. [37] analyzed bleached
and frozen carrots and then thawed them in a combined oven (20 min) and by boiling
(12 min). The relationship between the values found in their work for raw and cooked
carrots was 0.9 for both boiling and combined oven. Thus, results were quite different from
ours, where the combined oven presented the best extraction. However, it is important to
consider that we do not know the time of cultivation or whether the latitude and longitude
of cultivation are different.

A study [38] showed the accessibility of 0.8 of 3-carotene (the only carotenoid eval-
uated) for carrots boiled for 10 min. This result was similar to ours for conventional
cultivation. Pressure cooking was also evaluated, and for both cooking techniques, spices
(Curcuma longa, tamarind, and powdered onion) and citric acid were added [38]. The
retention was slightly changed and differed by cooking methods and based on the added
spices. The addition of citric acid and onion reduced the availability of 3-carotene in boiling
and increased it in pressure cooking, which points to other factors that may enhance the
accessibility of carotenoids.

Miglio et al. [17] found that the amount of carotenoids extracted was reduced when
the carrot was cooked in a combined oven (0.9), and in the case of boil-cooking, there was
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a slight increase in accessibility (1.1)—different results from ours in which the combined
oven showed the best conditions for increasing the accessibility of carotenoids (1.3) in
carrots of conventional cultivation. It is essential to mention that the fiber content of the
carrot is much higher than that of the other analyzed vegetables in this study: 3.2 g/100 g,
and therefore, there is expected to be greater difficulty in extracting nutrients from carrots,
considering its extra dose of protection.

An analysis of the cellular structure of the carrot using electron microscopy [39]
showed that it has cells with cell walls with fibrous cellulose microfibrils embedded
in a matrix of polysaccharides, hemicellulose, and pectin. The cells are small in size,
paired, with thick and denser walls with pectin content that can reduce the porosity of
the cell wall. A study [40] on carrot and potato using confocal microscopy to evaluate the
spatial arrangement of cells and their geometric parameters (such as the size, shape, and
orientation of cells within the tissue) concluded that the fracture of tissues composed of
larger cells requires less work (a lower concentration of cell walls, in the tissue, leads to
increased failure). Thus, it seems clear that for the release of the carotenoid content of
the carrot tissues, there must be a significant increase in temperature for a more extended
period to supply the energy necessary for the rupture large quantities of the dense cell
walls, in addition to the energy necessary for the dissolution of pectin.

Carotene crystals appear to be the primary storage substructure in the chromoplast of
carrots and are among the most difficult to solubilize during digestion. A study showed
that in carrots, there is a medium difficulty in extracting carotenoids [41]. The authors
worked with homogenized and raw carrots, where the raw carrot had a significantly
higher extraction of carotenoids concerning the treatments used [41] and not differing from
our results.

Lemmens et al. [42], in the analysis of carrots cut into pieces of about 1 cm® cooked by
boiling for 3 and 25 min and also raw and fractionated in 12 different particle sizes (<40 um,
41-80 um, 81-125 um, 126-160 pum, 161-250 pm, 251-500 pm, 501-800 pm, 801-1000 um,
1001-1400 pm, 1401-2000 um, 2001-4000 um, and 4001-6300 um), found that the release
of 3-carotene from the carrot tissue depends on the particle size, even indicating that less
intense heat treatment—3 min—in particles smaller than 125 um, showed a pronounced
increase in the extraction of carotenoids compared with the raw samples and those cooked
longer (25 min). This study is important, pointing out that it is not only the cooking method
and time that influence carotenoids extraction.

4.2. Sodium and Potassium

For zucchini cultivated conventionally, the two processes that least involved water
(microwave dry heat and microwave steam) were the ones that presented higher amounts of
sodium and potassium, as presented in Table 2. However, in organic cultivation, all cooking
methods showed very similar values, which were lower than those of the raw zucchini.
For broccoli, the behavior of sodium and potassium was similar in the organic cultivation
method. Potassium increased in cooking by microwave and also in traditional steaming.
For sodium, there was only an increase in microwave cooking. In conventional cultivation,
potassium levels were similar to raw only in traditional steam cooking, and microwave
steaming broccoli presented higher levels than raw broccoli. As for sodium, only combined
oven cooking presented higher levels than the raw sample. For carrots, sodium was
increased in all cooking methods for organic cultivation, while for conventional cultivation,
only the boiling method showed a reduction. There was also an increase in potassium
concentration, which was lower only for the combined oven in organic cultivation and for
microwave steaming for conventional cultivation.

Considering that sodium is an eminently extracellular ion, it is expected that it will
be more easily leached in any submitted treatment that involves water. Therefore, it
might present values lower than those of raw vegetables. However, with the loosening
of the cell walls, the quantities of sodium existing in the intracellular environment would
also be released, resulting in expectations that the sodium values would subsequently



Foods 2021, 10, 1782

9of 12

increase [43,44]. For dry heat processes, regardless of the amount of moisture in the
vegetable, there should be an increase in this nutrient’s concentration. Regarding the
differentiation by type of cultivation, considering that potassium and sodium sometimes
act together or in counter-regulation, potassium is expected to be higher in conventionally
grown vegetables grown using NPK as a fertilizer. Consequently, sodium would follow
potassium [45].

Potassium is an eminently intracellular ion found in smaller amounts in the extracel-
lular medium. It naturally depends on the loosening of the cell wall to be released to the
external environment. Thus, it would be expected that the dosed values would always be a
little higher when the food was subjected to thermal treatments, especially in processes
that involve less water, as this would favor its leaching since it is water-soluble [43,44]. An
increase in potassium and sodium is expected when vegetables are subjected to cooking
processes that do not involve their leaching into the cooking water.

In a study [46] intending to reduce potassium in broccoli, carrots, and potatoes, the
traditional boiling technique and microwave reduced potassium (compared with raw)
for both carrots and broccoli, resulting in greater potassium loss by microwave boiling
compared with traditional boiling. However, broccoli had a more significant potassium
loss when cooked in a pressure cooker [46].

A study [47] in which potassium and sodium content in organic and conventional
carrot juice were evaluated found that although some differences in potassium content
were detected, they were not statistically significant. A review [48] compared 32 or-
ganic/conventional equivalent pairs and concluded that the potassium level in samples
of conventional plants was higher in 58% of the pairs, which would be expected by the
type of fertilizer used. The cultivation method did not influence the sodium content in
the carrot. However, the author reports that older studies (before the year 2000) showed
lower sodium levels and higher potassium concentrations in organic vegetables, similar to
our results.

A meticulous and interesting study with the use of microwave cooking in humid heat
was carried out using three different powers (1000, 750, and 500 W) with two cooking
times each (2.5 and 5 min) and with the addition of different amounts of water (100 and
150 mL) for 150 g of broccoli from conventional cultivation. Nutrients were measured in
the samples and the cooking water [49]. Regarding potassium, there was minimal variation
between cooking times and between cooked and raw vegetables, regardless of the power
and amount of water. However, the quantity of the mineral retained in the food found in
the cooking water was greater than that found in the raw vegetable. In some cases, there
was no mineral loss in the cooking water (longer cooking times), suggesting that part of the
intracellular potassium was extracted. For sodium, the results were already a little different.
Despite the similarity of the results between the times, potency, and quantities extracted
and leached in the cooking water, it is interesting to note that in all of them, the sum of the
two portions (food and cooking water) was lower than that the amount found in raw food,
suggesting an ion exchange (Na +/K +) between the intracellular and extracellular media
when the cell wall is damaged.

This study presents some limitations regarding the different cultivation periods of
organic and conventional samples. Although the three vegetables were cultivated in
the same city, the regions within the city were different for both types of cultivation.
Additionally, the ripening stage of each vegetable was not evaluated.

5. Conclusions

Carrot showed a higher concentration of carotenoids in organic cultivation, with both
zucchini and broccoli having higher concentrations in conventional cultivation. Zucchini
and carrots showed higher potassium concentrations in organic cultivation, while the
opposite was found with broccoli. All vegetables of conventional cultivation had a higher
sodium content than organic cultivation. The zucchini of organic cultivation presented a
reduction of potassium and sodium, almost consistently, in all cooking techniques. For
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conventionally cultivated zucchini, potassium did not change in boiling and had a 40%
loss in the combined oven. On the other hand, there was a 10% increase in the potassium
extraction for traditional steaming and microwave steaming, and a 20% increase in the
microwave dry heat due to the water loss in this cooking method. The reduction in sodium
content was 20% for boiling and combined oven, 10% for traditional steaming, and an
increase of 40% and 50% for microwave in dry heat and steam, respectively.

Broccoli from organic and conventional cultivation showed similar results to potas-
sium for boiling and traditional steam. There was no change in potassium levels for
organically cultivated broccoli that was cooked in microwave steam, and there was an
increase of 20% in conventionally cultivated broccoli. In the combined oven, it was quite
similar, with a 30% loss for conventional broccoli cultivation and a 20% loss for organic
cultivation. In comparison, there was a 60% increase in organic cultivation in microwave
dry heat and a 20% loss in conventional cultivation. For potassium from carrots, the organic
and conventional cultivation behavior was quite similar, being the same for boiling and
traditional steam. Organic carrots showed easier sodium extraction than conventional
cultivation. The greatest extraction was obtained by microwave steaming—50%. Heat
treatment, in general, improves the accessibility of carotenoids and improves carotenoid
accessibility to a greater extent in organic vegetables than in conventionally grown vegeta-
bles, except for carrots, where accessibility has been significantly reduced in vegetables
grown by organic cultivation. In conventional cultivation, there were slight carotenoid
reductions or maintenance of carotenoid levels, without statistical significance.
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