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ABSTRACT

Among the various cooking methods, steam cooking and microwave heating are widely utilized. It is crucial to
evaluate these methods in terms of their impact on the nutritional and vitamin content of foods, as well as on
their sensory attributes. This study aimed to assess the effects of steam and microwave cooking on the vitamin
content and physical attributes, such as color and texture, of vegetables. Specifically, carrots were selected for their
B-carotene content, a fat-soluble vitamin, while asparagus was chosen for its folate content, a watersoluble vitamin.
The objective was to determine the loss of these vitamins and the corresponding changes in color and texture.
Vitamin loss was quantified using high-performance liquid chromatography coupled with a UV detector (HPLC-
UV). Texture changes were measured with a texturometer, reporting shear force in Newtons (N), and color changes
were analyzed using a Computer Vision System (CVS) with subsequent analysis of the color parameters L*, a*, b*,
AE, hab, and C*. The results showed that microwave cooking of carrots retained an average of 73% of B-carotene,
whereas steam cooking retained 64%. For asparagus, steaming preserved 58% of folate compared to 41% retained
after microwave cooking. Shear strength in carrots decreased by approximately 10% under both cooking methods.
However, in asparagus, shear strength reductions were more pronounced, decreasing by 25% with steaming and
38% with microwave cooking. Significant differences (p<0.05) in color parameters were observed over time for both
vegetables. Statistical analysis indicated a strong correlation between vitamin loss and changes in color (AE, hab, C*)
and texture. The evidence suggests that steam cooking better preserved folate, texture, and color, while microwave
cooking resulted in lower carotenoid loss in carrots. These findings can inform optimal food preparation practices

in both commercial and domestic settings.
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INTRODUCTION

Food qualityis often linked to its external and visible characteristics
[1]. However, preserving the nutritional composition of food is
crucial for maintaining consumer health [2,3]. Despite significant
public health efforts addressing overnutrition, micronutrient
deficiencies remain a hidden issue, particularly among children
and adults. Understanding food transformation processes and
developing guidelines to minimize nutrient loss during thermal

processing is essential [4-6].

Our study investigated the hypothesis: "Controlled steam

cooking results in lower loss of B-carotene in carrots and folates

in asparagus, as well as minimal changes in color and texture

compared to microwave cooking."

Carotenoids are known to be sensitive to oxygen, light, and heat.
It is estimated that these pigments begin to degrade between
50°C and 60°C, with deterioration dependent on heat treatment
duration, plant species, and medium pH [7]. Lipophilic
carotenoids, including P-carotene, are particularly affected by
thermal processing, impacting visual and organoleptic quality,
especially in yellow, orange, and red foods. Carotenoids may
also undergo coupled oxidation when lipids are present. Heating
B-carotene to 50°C or 100°C for 30 minutes generally shows
minimal losses, whereas higher temperatures, such as 150°C,
result in significant degradation, particularly of o-carotene.
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Studies on blanching indicate that it preserves 35% of B-carotene
in carrot juice or pulp compared to 18% retention in unblanched
products [8]. Shorter cooking times, lower temperatures, and
reduced water contact have been associated with higher carotenoid
retention. However, B-carotene undergoes isomerization during
cooking, reducing its biological availability. Carotenoids with all-
trans configurations, which are more biologically active, partially
convert to cis forms during thermal treatments, diminishing their
vitamin potency. Conversely, cooking can enhance B-carotene
bio-accessibility by breaking down cell walls and membranes,
facilitating nutrient release and absorption [9-11]. Folate, while
relatively heatstable, is sensitive to light, and its degradation can
occur due to photodegradation. Despite limited specific studies
on folates, they are generally studied in conjunction with other
vitamins like vitamin C and B complex, due to their similar
properties and association with chlorophyll in green vegetables
[12]. This study aims to evaluate the impact of steam and
microwave cooking on the concentration of B-carotene in carrots
and folates in asparagus, alongside changes in their color and
texture.

Methodology
Asparagus was purchased from a local supermarket in Santiago in

Table 1: Method of cooking in carrots and asparagus
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500-gram packages. After cleaning, washing to remove inedible
parts, and disinfecting with 50 ppm chlorine for 5 minutes, the
asparagus was rinsed and dried to eliminate chlorine residues,
following standard protocols to prevent chloramine formation, a

carcinogenic compound.

Samples for HPLC analysis were ground and frozen at -18°C until
needed. Carrots were also purchased from the local supermarket
in I-kilogram bags, cleaned, washed, and disinfected using the
same protocol as for asparagus. The carrots were then cut into
uniform sticks (4 cm x 1 cm) for cooking processes, texture
measurement, and color analysis using the Computer Vision
System (CVS), as illustrated. All experiments were conducted
in the kitchen of the Cordon Bleu Culinary School, Faculty of

Engineering, Universidad Finis Terrae.

Determination of microwave and steam thermal treatments:
Table 1 presents the time-temperature conditions for the steam
and microwave cooking processes. These conditions were
established based on various cooking trials, aiming to minimize

undesirable changes in color and texture.

Method of cooking carrots Steaming/Power Time (minutes)
Microwave LG® 100% power 700 volts 02,55
Steam oven Rational® 100% steam 02, 5-5
Method of cooking asparagus Steaming/Power Time (minutes)
Microwave LG® 100% power 700 volts 0-4-6
Rational® 100% steam 0-8-10

Determination of cooking times

Steam cooking: Preliminary laboratory trials identified the
optimal steam cooking time for asparagus as ranging from
8 minutes to 10 minutes. At 8 minutes, the asparagus was
considered "al dente,” while 10 minutes resulted in a cooked
product with desirable color and texture (Table 1). Microwave
Cooking: Similar findings were observed for microwave cooking.
Asparagus achieved an "al dente" texture after 4 minutes of
cooking, whereas 6 minutes provided a product with preserved
color and texture (Table 1). For carrots, the procedure mirrored
that used for asparagus. Carrots were considered "al dente" at
2.5 minutes of both steam and microwave cooking, and optimal
color and texture were maintained at 5 minutes (Table 1). The
variation in cooking times between asparagus and carrots is likely
attributed to differences in dietary fiber content. Asparagus
contains an average of 46.9 grams of fiber per 100 grams, while
carrots have 19.8 grams per 100 grams of raw product (INTA,
2019). This difference, along with internal water content, may

have influenced the cooking times for the two vegetables.

Determination of vitamins by HPLC: High Performance Liquid
Chromatography (HPLC) was employed to quantify B-carotene

and folate levels in carrot and asparagus samples, respectively.
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Texture and color changes were also assessed using a texture

analyzer and colorimeter.

B-carotene analysis: The HPLC method followed the protocol
described by Hernandez and Aldana (2011) [13]:

e 20 grams of carrot sample were weighed into a flat-bottom
flask, combined with 70 mL of ethanol, and mixed with a

magnetic stirrer under reflux conditions until boiling.

¢ 20 mL of 50% KOH solution were added for saponification,
which was maintained for 30 minutes with moderate

agitation.

¢ The mixture was then rinsed with 50 mL of water in three

portions, cooled, and filtered under vacuum.

e The filtered solution was transferred to a 250 mL separating
funnel, and 50 mL of hexane were added for extraction. The
organic phase was collected after stirring and combined with

0.5 g of ascorbic acid in a round-bottom flask.

e This extraction was repeated nine times. The combined

extracts were evaporated to dryness, reconstituted with

HPLC-grade methanol, and diluted to 10 mL.

¢ The final solution was filtered through a 0.2 um filter
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and analyzed using a DIONEX HPLC chromatograph
(ULTIMATE 3000 THERMO). The B-carotene standard
solution (Sigma) was used to create a calibration curve with
six concentrations ranging from 1.0 pg/mL to 10 pg/mL,
achieving an R? value of 0.998. The chromatogram of the
[-carotene standard solution at 100 pg/mL, with a wavelength

of 453 nm and a retention time of 5.370 minutes.

Folate analysis: Folate content was determined using a DIONEX
HPLC system (ULTIMATE 3000 THERMO):

e 20 grams of asparagus were homogenized, then mixed with
20 mL of 0.1 M K2ZHPO4*3H20, and subjected to rotary
evaporation and ultrasonic treatment for 1 hour, followed by

centrifugation at 3000 rpm for 25 minutes at 4°C.

e The supernatant was collected, and extraction was repeated.
The combined extracts were purified using Solid Phase
Extraction (SPE). Folate levels were expressed as pg of Dietary
Folate Equivalents (DFE), with calibration performed using
folate standards (Sigma 97%) at concentrations ranging
from 0.800 to 100 ppm, achieving an R2 of 0.9784. The
chromatogram for folate standards at 100 pg/mL, with a
wavelength of 290 nm.

RESULTS

The study revealed significant losses of B-carotene in carrots and

folate in asparagus during cooking. Additionally, substantial
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changes in texture and color were observed compared to the raw

vegetables, indicating an impact on sensory quality.
Statistical analysis

Data analysis will be conducted using Statgraphics Centurion
software. ANOVA (Analysis of Variance) will be performed
to compare P-carotene and folate contents among samples.
The effects of experimental parameters (time and process)
on vitamin content, color, and texture will be assessed using
ANOVA, followed by the LSD (Least Significant Difference)
procedure of the Fisher test. Differences will be considered
statistically significant at p<0.05. Simple regression analysis will
be conducted to explore the relationship between texture and
vitamin content across different cooking times, with R as the

measure of correlation.
Effect of steam cooking on B-carotene content

Table 2 presents the variation in B-carotene concentration during
steam cooking of carrots compared to microwave cooking.
Significant decreases (p<0.05) in P-carotene content were
observed after 2.5 minutes and 5 minutes of steam cooking,
with retention rates of 68% and 60%, respectively. These results
highlight the impact of cooking method and duration on vitamin
retention. Previous research indicates that thermal processing
can both degrade and enhance the bioavailability of carotenoids,

depending on the conditions [14-16].

Table 2: B-Carotene content in steam and microwave cooking of carrots

Carrots

Microwave

Steaming

Time cooking minutes

B-carotene EAR/100 g

B-carotene EAR/100 g

0 2594, 194 & O 2] 2594, 14 & O 2]
2, 5 18[7B’ sz + ObB, 3bB ZILID’ O(ID + OdD' 31L|D
5 16:(3’ SCC + OC(:’ 19CC l7eE’ SeE + OeE’ 23eE

Effect of microwave cooking on B-carotene content

Table 2 compares the B-carotene content of carrots cooked in a
microwave versus steam cooking. The microwave process showed a
less significant decrease (p<0.05) in B-carotene content compared
to steam cooking. This suggests that microwave cooking is more
favorable for short durations. However, prolonged microwave
cooking results in higher degradation rates of carotenoids,
approaching those observed with steam cooking. Microwave
cooking is advantageous for short durations; however, extended

cooking times result in greater degradation of carotenoids due to

Table 3: Folate compounds in asparagus (DFE/100 g)

the higher energy of electromagnetic radiation, leading to effects

similar to those observed with steam heat.

Means+SD of P-carotene content. Different lowercase letters
indicate significant differences between processes (Table 2).
Different uppercase letters indicate significant differences within
the same process. (p<0.05) Fisher's LSD test with 95% confidence

level.
Effect of steam drying on folate content in asparagus

Table 3 shows the folate compounds found in asparagus,

expressed as Dietary Folate Equivalents (DFE).

Samples THF

5-MTHF

5-FTHF DFE

Asparagus control U

150,2+£2,0 U

150,2+2,0

Folates in foods exist in various forms. Total folates are

assessed based on the sum of monoglutamate forms such as

J Nutr Food Sci, Vol. 14 Iss. 05 No: 100042

Tetrahydrofolate (THF), 5-methyltetrahydrofolate (5-MTHF), and
5-formyltetrahydrofolate (5-FTHF). In the case of asparagus, the
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extraction method specifically targets 5-MTHF, which is the most
stable and predominant folate form in vegetables, with other
forms present in much smaller amounts. This finding aligns with
literature that identifies 5MTHF and tetrahydrofolate as the

primary monoglutamate forms in vegetables [17].

Comparing the two cooking methods, it was observed that steam
cooking resulted in less folate loss than microwave cooking,
despite the longer cooking time required for steaming [18,19].
This difference can be attributed to the impact of electromagnetic
waves in microwave cooking, which agitate water molecules and
hydrophilic molecules like folates. In contrast, steam cooking
appears to better preserve these nutrients. Previous research
has noted that frying maintains high stability of water-soluble
vitamins; however, it introduces risks related to the formation

of toxic compounds such as acrylamide, furans, and harmful
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glycosylated substances [20]. Furthermore, many studies
emphasize optimizing cooking conditions to minimize nutrient
loss while preserving sensory attributes such as color and texture
[1,21]. Steam cooking is generally regarded as a superior method
for preserving nutritional quality compared to direct boiling.
Moncada and Gualdron de Hernandez (2006) reported greater
vitamin loss with boiling than with steaming [8]. However, it
is also evident that extended cooking times, regardless of the

method, inevitably lead to some loss of watersoluble vitamins

[22].

(Table 4) Means+/-SD of folate content. Lowercase letters indicate
significant differences between processes. Different uppercase
letters (A, B, C) indicate significant differences within the same
process. (p<0.05) Fisher's LSD test, 95% confidence level.

Table 4: Displays the folate values in asparagus cooked using both methods

Asparagus Steaming

Asparagus Microwave

Time cooking (min)

Folate como EFD/100 g.

Tiempo coccion (min)

Folate como EFD/100 g.

0 1504, 204 £ 294, O 0 1504, 204 £ 294, O
8 llobB, 4bB + IbB' 4bB 4 SOJD’ 8L|D + IJD’ 4L|D
10 77CC’ SCC + 1CC’ lcC 6 SSCE, 30E + 3cE’ 30E

Effect of microwave cooking on folate content in asparagus

In the case of asparagus, overcooking in the microwave led to
a significant loss (p<0.05) of folate over time, with retention
varying between 69% and 46% of the initial folate content
(EFD). The degradation of folates during microwave cooking was
more pronounced compared to the loss of B-carotene observed
in carrots. This disparity could be attributed to the prolonged
exposure of asparagus to microwave-generated heat and the
higher hydrophilicity of folates, making them more susceptible to
degradation through interaction with overheated water molecules.
Similarly, prolonged steam cooking also reduced the retention of
5-MTHE. Notably, only trace amounts of other folate forms were
detected in both raw and cooked asparagus samples. Literature
suggests that certain cooking processes can favor folate retention
depending on the time and method used [23]. Generally, steam
cooking is considered more effective than microwave cooking or
immersion in hot water for preserving water-soluble vitamins likes
5-MTHEF [24-26). For instance, Moncada (2006) found that steam
cooking retained up to 88% of nutrients when carefully timed
[8]. In this study, folate retention ranged between 68% and 60%,
with losses directly proportional to cooking time. Microwaving,
which heats food by moving water molecules and causing internal
cooking, affects watersoluble nutrients like 5-MTHF more
than fatsoluble nutrients such as B-carotene. Similar findings
were reported by Basulto (2012) for water-soluble vitamins like
Vitamin C in broccoli, and folates in celery, asparagus, and
other vegetables [22]. While B-carotene decreased by 16% at

2.5 minutes of cooking, the loss increased to about 30% at 5
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minutes. King and De Pablo (1987) noted that thermal processes
tend to favor the retention of fat-soluble vitamins, particularly
[lcarotene [27,28]. The optimal cooking method may depend
on the volume of preparation, as microwaves may not be ideal
for large quantities. The water content of the food, influencing
nutrient loss, must also be considered. Kumar and Aalbersberg
(2006) found microwaving and steaming to be the least aggressive
methods for preserving both sensory and nutritional properties
of food [29]. Achon, et al. (2018) emphasized the importance
of harmonizing cooking methods for both culinary and health

benefits [24].
Texture analysis for carrots

Texture, alongside color, plays a critical role in consumer
preference and selection [1]. Texture analysis was performed
using a TA-XT2 Texture Analyzer (Stable Micro Systems, UK)
with results processed through Texture Expert 1.2 software and
evaluated in Excel. The cutting test utilized an HDP/BS probe.
Carrots were cut into 1 cm x 6 cm sticks, and texture was analyzed
for raw carrots, as well as those cooked for 2.5 minutes and 5
minutes by steam and microwave. Carrot sticks were cooled to
20°C before measurement. The analysis involved a pre-test speed

of 0.1 mm/s and a probe speed of 1.0 mm/s after measurement

(30,31].

Carrots exhibit a distinct morphology compared to asparagus,
with a pronounced and defined core (xylem) that accumulates
carotenoid pigments [32]. The xylem, being harder and more

fiberrich than the phloem, contributes to the irregular resistance
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to cutting force in raw carrots. No significant difference was
observed in maximum cutting force between xylem and phloem
in carrots cooked by either method. However, microwave cooking
led to softer tissue and lower resistance to cutting force (p<0.05)
compared to steam cooking. For asparagus, cuts were made
maintaining the cylindrical shape, measuring 6 cm in length, and
analyzed post-cooking. Cutting force and specific cutting force
were calculated based on the maximum cutting force relative to
the diameter of the cut. The same test methodology was applied
to both matrices, ensuring consistent calculations for cutting
force. The metal blade moved perpendicularly with a 3 mm thick

edge on a 75 mm diameter plate.
Texture analysis of asparagus

Displays the cutting forces for asparagus under steam and

microwave cooking conditions. Raw asparagus required
approximately 47 Newtons of force for cutting. Significant
differences in cutting force (p<0.05) were observed across
cooking times and methods, with differences being more
pronounced than in carrots. Increased cooking time resulted in
reduced cutting force required for asparagus, a trend observed
more markedly in microwave-cooked samples. The thermal effect
of electromagnetic waves likely damages fiber tissues and cell
membranes, weakening the food's microstructure. This effect is

less pronounced in steam cooking.
Color analysis by computer vision system

Color analysis using computer vision systems helps assess
product quality based on visual appearance, which is crucial for
consumer acceptability. The analysis was performed using a D65
halogen light lamp with a 45-degree observation angle. The CIE
defined several standardized lighting sources and observation
conditions, illuminating the sample at a 45° angle and observing
perpendicularly from 45.7 cm away with a 2° viewing angle. The
computer vision system utilized Photoshop for color space analysis
(RGB, CMYK, CIELab L* a*, b*), with CIELab used for food
research [33-35]. The analysis involves capturing and processing
the image, improving quality, applying filters, and quantifying
characteristics. The system follows a five-stage process: Image
acquisition, processing, segmentation, attribute measurement,
and interpretation. Samples were analyzed on a table with a
retractable desk lamp holder, using a glass-pressed fluorescent
lamp with a parabolic aluminum reflector (PAR38), General
Electric brand, 120 V, 60 Hz, 20 W, with a color temperature of
Tc=6500°K (D65 daylight simulator).

Color analysis by computer vision system

The Computer Vision System (CVS) analysis plays a crucial role
in evaluating the quality of food based on its visual characteristics,
which are vital for consumer acceptance. The CVS setup involved
using a Xerox digital paper (150 g/m?), characterized by its smooth
texture, high whiteness, and matte finish, positioned 15 cm from

the light source. A dark background was employed to enhance the
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apparent colorfulness of the samples [36]. The camera, a Canon
A30, was mounted on a support, and the lighting/observation

geometry was set at 45°/0°.

The CVS is an essential tool for color quality control across
various food categories, including fruits, vegetables, meats,
and canned goods. The color analysis was conducted using the
CIELab color space, which provides detailed color coordinates

and calculates the total color difference (AE*) using the formula:

AE" = (AL Y +(Ad’)? +(Ab')}

where AL*, Aa*, and Ab* represent the differences between the
measured values and the reference values for each parameter. AE*
quantifies the magnitude of the total color difference but does

not indicate the correctness of the color.

Carrots should ideally display an orange color, characteristic
of carotenoids, which may diminish due to oxidation during
cooking. Asparagus, on the other hand, should show a green color
due to chlorophyll, which can turn dark green through oxidation
during thermal processing [37]. To assess the color differences,
the L*, a*, and b* values of the samples were recorded at the
beginning and end of each thermal process. The color difference
was quantified by comparing the samples to a standard reference
using the CVS system. The absolute color coordinate differences,
as well as the AL*, Aa*, Ab*, and total color difference (AE), were
calculated using the CIE 2000 color difference formula. Table 5
illustrate the variations in L*, a*, b* parameters, and composite
modules AE, hab*, and C* for carrots cooked by steam and
microwave at different times. For raw carrots, significant color
variations were observed, mainly due to a decrease in brightness
(L* parameter) over cooking time. Additionally, the a* parameter,
which indicates red color intensity, showed a decrease, reflecting
a shift towards yellow. These changes were consistent across both
steam and microwave cooking methods. The AE values revealed
significant color changes (p<0.05) between different treatments
and cooking times. A AE value greater than 5 denotes a color
change perceptible to the human eye, with steam-cooked carrots
showing more noticeable color changes at 2.5 minutes. However,
at longer cooking times, microwave-cooked carrots exhibited
more significant color shifts. The hue angle (hab*) for steam-
cooked carrots demonstrated notable variations between red and
yellow at 2.5 minutes (0<hab*<90), aligning with the AE findings.
Conversely, the chroma value (C*), which reflects color purity,
sharply declined at 2.5 minutes and 5 minutes, particularly for
steam-cooked carrots. This decrease indicates a reduction in the
natural hue of the product, which was more pronounced with
steam cooking. This finding suggests that the extended exposure
of the product's surface to heat in steam cooking results in a
more significant loss of carotenoids, leading to more noticeable

changes in the vegetable's hue compared to microwave cooking.

Mean * SD (n=27). Different letters (a, b, c¢) indicate significant
differences in parameters over time (p<0.05). Different uppercase

letters (X, Y, Z) indicate significant differences within the same

5
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process Table 5.

Table 5: Carrots cooked by steam and microwave at different times
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Time (min)

Cooking

Coordenades

0

2,5

5

L

433X’13X + 4aX’ 5aX

36bY’ 7le + ’7bY’ 2le

32:2’ 9CZ + ZCZ’ 6:Z

o4}
*

243X’ 83X + 3aX’ 83X

lng 41\Y + llnY 4bY

17CZ, 3cZ + SCZ’ 3CZ

28aX’ laX + 6aX’ 4aX

19bY’ ObY + 7bY’ 8bY

17CZ’ OCZ + ch’ 4cZ

oS

43:1)(, 111X + 4:1X, SaX

39bY’ 9bY + SbY) 7bY

35(Z, OcZ + SCZ’ 4CZ

j+5)
®

24 8 & 3aX, 8

23bY ObY + IbY 9bY

ZOCZ, 2cZ + 31:2y 3CZ

o | O | O | O | O | O

b

280X,10X + 6:.XY 4nX

21bY, 9bY + 6bY, 1bY

19(,‘2) 302 + ch’ 8cZ

Present the variation of the L*, a*, b* parameters and the
composite modules AE, hab*, and C*, respectively, which were
obtained through color analysis by SVC of asparagus samples
cooked by steam and microwave at different times. In general,
in asparagus, the differences in the color parameters, L*, a*, and

b*, were significant with cooking time. Additionally, significant

differences were observed between cooking methods. The
brightness of asparagus represented by the L* parameter tended
to decrease over time, similarly, the green color given by a* shifted
to a lower tone but remained within the green range. The values
of b*, between a color close to yellow and blue, were less intense

as shown in Table 6.

Table 6: Changes in color parameters of asparagus according to cooking

0 minutes

4 minutes

6 minutes

144, 394 £ 14, 504

13bA’ 3bA + ZbA’ 4bA

9CA’ 8cA + 3CA’ 1CA

_25;\/\’ 6;1A + 4;1A’ IaA

28bB QbB 4 g4bB ()bB

_340]3’ 6CB + 6CB’ 3CB

1931\’ 4'1A + 4:1./\’ OaA

bC QHC 4 PHC 3bC
12°€, 85 + 2°¢, 3M

9CC’ SCC + 6:(3’ 9CC

0 minutes

8 minutes

10 minutes

140/\’ 33A +/_13A’ SnA

12bB 1bB +/_4bB JbB

SCB’ 3CB +/_2¢B’ 6CB

254, 6 +/ 40, 1A

’3113(:’ 4bC +/‘11bC’ OZbC

’415C’ ZCC +/’6CC’ 9CC

Cooking Coordinates
T
Microwave a
b

Cooking Coordinates
E
Steam a’
b

19;1A’ 4;\A +/_4;\A’ OaA

13bD 6bD +/_5bD ZbD

lch’ 9CD +/_ICD’ ICD

Table 6. Average+SD (n=27). Different letters (a, b, c) indicate
significant differences in parameters over time (p<0.05).
Capital letters (A, B, C) indicate significant differences between

treatments.
Color analysis by computer vision system

The evaluation of AE* indicated significant color hue differences
(p<0.05) across cooking methods. Both microwave and steam
cooking exhibited a noticeable decrease in color intensity, with
the effect being more pronounced in microwave-treated samples
at shorter cooking times (4 minutes and 6 minutes) and in steam-
treated samples at longer durations (8 minutes and 10 minutes).
This trend corresponds with the observed loss of texture and
folates. Color changes are likely linked to pigment degradation,
such as chlorophyll, and the disruption of plant tissues [38].
Previous studies also highlight that extended cooking times result

in more significant color loss [8,39].

In terms of hue angle (hab*), microwave-cooked asparagus
displayed relatively constant values between green and yellow
[40-45]. In contrast, steam-cooked asparagus showed a more
significant shift towards yellow and red (hab*<90), indicating

a greater loss of green color and increased browning due to

J Nutr Food Sci, Vol. 14 Iss. 05 No: 100042

chlorophyll degradation. Additionally, color purity, as measured
by C*, was notably reduced in steam-cooked samples compared to

microwave-cooked samples.
Relationship between texture loss and vitamin loss

The relationship between texture loss and P-carotene retention
in carrots revealed a significant correlation (r=0.8138) with
considerable variability in texture loss, as depicted. Similarly,
for asparagus cooked by steaming, there was a strong correlation
between texture loss and folate loss (r=0.9335). Although
there was greater variability, the high r value indicates a robust
correlation, influenced by compensation between groups of
lower values [46-50]. Statistical analysis showed a correlation
between texture loss and vitamin loss for both cooking methods
and their respective cooking times. The correlation was stronger
in asparagus compared to carrots, with a narrower dispersion
in asparagus data. Both matrices demonstrated that as vitamin
content decreased, texture deterioration also increased, with
losses proportional to cooking time [51-61]. The carrot and
asparagus cooking processes both revealed significant differences
in vitamin content between raw and cooked products across

various cooking times. As cooking time increased, vitamin
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content decreased proportionally.
CONCLUSION

Microwave cooking better preserves P-carotene, a liposoluble
nutrient, compared to steam cooking. However, steam cooking
is more effective in preserving folate (5-MTHF), a hydrophilic
nutrient present in asparagus. When selecting a cooking method,
factors such as the hydrophilic or liposoluble nature of the
nutrients, cooking time, water content, and fiber content should
be considered. In terms of texture preservation, steam cooking
was less damaging than microwave cooking. Both methods led to
significant changes in food color, though steam cooking resulted
in less color degradation compared to microwave cooking. A
positive correlation was found between texture loss and vitamin
loss in the studied foods. As cooking time increased, both texture
and vitamin content deteriorated. These findings partially
support the hypothesis that nutrient loss due to steam cooking is
generally lower than that from microwave cooking, although some
evaluations did not show significant differences. Nevertheless,
steam cooking, when carefully controlled, generally results in less
loss of P-carotene in carrots and folates in asparagus, as well as

less impact on color and texture compared to microwave cooking.
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