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Abstract: Thermal processing significantly influences the chemical composition and nutritional quality of vegetables. This review
systematically evaluates the effects of domestic thermal processing methods on nutrient retention in selected vegetables including potato,
tomato, cauliflower, cabbage, and spinach. Peer reviewed experimental studies were analyzed using standardized comparative criteria
focusing on vitamin C, folates, carotenoids, glucosinolates, minerals, and oxalates. Boiling was consistently associated with major losses
of water-soluble nutrients due to leaching and oxidation, while steaming and microwaving demonstrated higher retention efficiencies.
Moderate heating improved carotenoid bioavailability in tomato, whereas glucosinolate degradation in cruciferous vegetables was
strongly dependent on water exposure and thermal intensity. Boiling significantly reduced spinach oxalates, potentially enhancing
mineral bioavailability. The synthesis highlights the importance of optimized cooking strategies to balance nutrient preservation with

food safety.
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1. Introduction

Vegetables represent an important dietary source of
micronutrients and phytochemicals essential for human
health. Epidemiological studies have associated vegetable
consumption with a reduced risk of cardiovascular diseases,
certain cancers, and metabolic disorders [1], [2]. These
protective effects are attributed to vitamins, minerals, dietary
fibre, and bioactive compounds including carotenoids,
folates, and glucosinolates [3].

Despite their nutritional value, vegetables are commonly
subjected to heat treatment before consumption. Thermal
processing improves palatability, enhances digestibility, and
ensures microbial safety. However, heating also induces
chemical transformations that may reduce nutrient
concentration or alter bioavailability [4]. Water-soluble
vitamins such as vitamin C and folates are particularly
susceptible to degradation during cooking through oxidation,
hydrolysis, and leaching into cooking water [5].

In contrast, lipid-soluble carotenoids may become more
bioaccessible following the disruption of plant cell walls
during heating [6]. Cruciferous vegetables such as
cauliflower and cabbage contain glucosinolates, sulfur-
containing phytochemicals associated with anticancer
activity. These compounds are sensitive to thermal treatment
and may degrade depending on cooking conditions [7].
Spinach contains oxalates, which may be reduced through
boiling due to their water solubility [8].

This review provides a comparative evaluation of chemical
transformations and nutrient retention in potato, tomato,
cauliflower, cabbage, and spinach subjected to common
domestic cooking methods.

2. Materials and Methods

2.1 Literature Search Strategy

This study was conducted using a structured narrative review
approach focusing on peer-reviewed studies evaluating the
impact of thermal processing on nutrient composition in
commonly consumed vegetables including potato, tomato,
cauliflower, cabbage, and spinach. Scientific databases
consulted included: Scopus, Web of Science, PubMed,
ScienceDirect, and Google Scholar. Keywords used
individually and in combination included: thermal
processing, boiling, steaming, microwaving, frying, roasting,
vitamin C degradation, folate retention, carotenoid
bioavailability, glucosinolate stability, mineral retention,
oxalate reduction, and vegetable nutrient analysis. Only
articles published in peer-reviewed journals were included.
Preference was given to experimental studies employing
validated analytical techniques and clearly defined cooking
conditions including temperature, time, water volume, and
vegetable-to-water ratio. Review articles were used to
support mechanistic explanations but were not the primary
source of comparative data. Studies lacking sufficient
methodological details were excluded to ensure reliability.

2.2 Sample Preparation and Cooking Conditions

Across the selected literature, vegetables were generally
washed, peeled when applicable (e.g., potatoes), and cut into
standardized sizes to ensure uniform heat transfer. Cooking
treatments typically included:

e Boiling: Vegetables immersed in water at 95-100 °C for
5-20 minutes depending on vegetable type.

e Steaming: Exposure to steam at approximately 100 °C
without direct water contact for 5—15 minutes.

e Microwaving: Cooking at 600—1000 W for 2—10 minutes
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with minimal added water.

o Frying: Heating in vegetable oil at 150-190 °C for 3—-10
minutes.

o Roasting or baking: Dry heat treatment at 160-220 °C for
15—45 minutes.

Raw samples served as control samples in most studies.
Following cooking, samples were rapidly cooled, often in ice
baths, to prevent further thermal degradation.
Homogenization was conducted under chilled conditions to
minimize oxidation prior to the chemical analysis.

2.3 Determination of Vitamin C

Vitamin C (ascorbic acid and dehydroascorbic acid) was
commonly quantified using High-Performance Liquid
Chromatography (HPLC) with ultraviolet or diode-array
detection following extraction in metaphosphoric or oxalic
acid solutions to stabilize ascorbate. [5]

Reverse-phase C18 columns were commonly used with
acidified aqueous mobile phases. Detection wavelengths
generally ranged from 245-265 nm. Some studies
incorporated reduction steps to convert dehydroascorbic acid
into ascorbic acid, enabling determination of total vitamin C
content. Calibration curves were generated using certified
standards, and results were expressed as mg per 100 g fresh
weight.

2.4 Determination of Folates

Folate determination was conducted using microbiological
assays or chromatographic methods. The microbiological
method employed Lactobacillus rhamnosus as the test
organism because of its folate-dependent growth response
[9]. Alternatively, HPLC with fluorescence detection was
applied following tri-enzyme extraction procedures to
improve folate release from the food matrix. Results were
typically expressed as pg per 100 g fresh weight.

2.5 Carotenoid Analysis

Carotenoids including lycopene and [-carotene were
extracted using organic solvent mixtures such as hexane,
acetone, and ethanol under reduced light conditions to
minimize photooxidation [6]. Quantification was performed
using HPLC with UV-visible detection. Detection
wavelengths were typically 450 nm for B-carotene and 470
nm for lycopene. Results were reported as mg per kg fresh
weight or dry weight depending on the study design.

2.6 Glucosinolate Determination

Glucosinolates in cruciferous vegetables were analyzed
following desulfation procedures [7]. Extraction was
performed in boiling methanol to inactivate endogenous
myrosinase enzymes. The extracts were purified using ion-
exchange columns and subsequently treated with sulfatase.
Quantification was performed using HPLC with UV
detection at approximately 229 nm. Results were expressed
as umol per g fresh weight.

2.7 Mineral Analysis

Mineral content including potassium, calcium, iron,
magnesium, and zinc was determined after acid digestion
using nitric acid or microwave digestion systems [10].
Quantification was conducted using Atomic Absorption
Spectroscopy or Inductively Coupled Plasma—Optical
Emission Spectroscopy. Results were expressed as mg per
100 g fresh or dry weight.

2.8 Oxalate Determination

Oxalates in spinach were quantified following acid
extraction using hydrochloric or sulfuric acid [8]. Total
oxalate content was determined by titration with
standardized potassium permanganate solution or by HPLC.
Results were expressed as mg per 100 g fresh weight.

2.9 Data Synthesis

Nutrient retention values reported in the selected studies
were standardized relative to raw controls wherever possible.
Retention percentages were calculated using:

Retention (%) = (Nutrient content after cooking / Nutrient
content in raw sample) x 100

Comparative evaluation grouped results according to
vegetable type and cooking method including boiling,
steaming, microwaving, frying, and roasting. Mechanistic
explanations such as oxidation, thermal degradation,
diffusion into cooking water, and cell wall disruption were
considered when interpreting nutrient changes.

3. Results and Discussion

3.1 Vitamin C Degradation

Vitamin C is highly susceptible to thermal degradation.
Boiling results in significant losses ranging from 30-60 %
due to oxidation and leaching into cooking water [11].

Steaming and microwaving demonstrate higher retention
because water contact is minimized. Frying produces
moderate losses depending on temperature and cooking
duration. Spinach and cabbage often exhibit higher losses
due to their porous tissue structures, which facilitate nutrient
diffusion.

3.2 Folate Stability

Folate retention varies with cooking method. Boiling may
reduce folate concentrations by approximately 40-70 %,
while steaming and microwaving better preserve these
compounds [9]. Extended heating periods accelerate
oxidative degradation.

3.3 Carotenoid Enhancement in Tomato and Spinach

Thermal processing disrupts plant cell matrices, increasing
carotenoid  extractability. In  tomatoes,  lycopene
bioavailability increases following moderate heating despite
small reductions in total carotenoid content [6]. Frying with
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oil may enhance lipid-soluble carotenoid absorption,
although excessive temperatures may promote oxidative
degradation.

3.4 Glucosinolate Degradation in Cauliflower and
Cabbage

Boiling significantly reduces glucosinolate content primarily
through leaching into cooking water [7]. Steaming generally
preserves higher concentrations of these compounds. High
temperatures may also inactivate myrosinase enzymes
responsible for isothiocyanate formation.

3.5 Mineral Retention and Oxalate Reduction in Spinach

Minerals remain relatively stable during heating but may
leach into cooking water during boiling [10]. Potassium loss
is particularly evident in potatoes and spinach. Boiling can
reduce soluble oxalates in spinach, which may improve
calcium bioavailability [8].

3.6 Comparative Evaluation of Cooking Methods

Comparative evidence from the reviewed studies indicates
that steaming and microwaving provide approximately
equivalent nutrient retention and generally outperform
roasting and frying, while boiling consistently produces the
greatest losses of water-soluble nutrients.

Tablel: Comparative impact of common cooking methods on nutrient retention and bioavailability in vegetables

Nutrient Boiling Steaming Microwaving Frying Roasting
Vitamin C High loss Low loss Low loss Moderate loss Moderate loss
Folates High loss Low loss Low loss Moderate loss Moderate loss
. . Increased Increased Variable depending Increased
Carotenoids Slight decrease bioaccessibility bioaccessibility on temperature bioaccessibility
Glucosinolates High loss Low loss Low loss Moderate loss Moderate loss
Minerals Loss due to leaching Minimal change Minimal change Minimal change Minimal change
Oxalates Significant rqductlon Moderate reduction | Moderate reduction Minimal change Minimal change
(beneficial)

4. Conclusion

Thermal processing significantly influences nutrient stability
in vegetables, with the extent of change largely determined
by the cooking technique applied. Comparative analysis of
the reviewed studies shows that water-based cooking
methods, particularly boiling, produce the greatest losses of
heat-sensitive and water-soluble micronutrients such as
vitamin C and folates due to leaching and thermal
degradation [5], [11].

In contrast, cooking techniques involving limited water
contact and shorter heating periods- especially steaming and
microwaving- demonstrate higher retention of vitamins and
bioactive compounds across most vegetable matrices.
Moderate thermal treatment can also enhance the
bioavailability of certain phytochemicals; for example, heat-
induced structural disruption in tomatoes improves the
accessibility of carotenoids such as lycopene [6].

Thermal processing may additionally reduce naturally
occurring antinutritional compounds. Controlled boiling of
spinach has been shown to decrease soluble oxalate levels,
potentially improving mineral bioavailability, although some
vitamin loss may occur simultaneously [8].

Overall, these findings highlight the importance of selecting
appropriate domestic cooking methods to balance nutrient
preservation with food safety and sensory quality. They also
demonstrate the need for standardized household processing
guidelines and further quantitative investigations, including
systematic reviews and meta-analyses, to refine strategies for
optimizing nutrient retention in vegetables.
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