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Abstract

Cooking is indispensable in daily diets, but it can significantly alter the chemical composition and nutri-
tional value of vegetables. This paper reviews experimental evidence on how various cooking methods
(boiling, steaming, microwaving, pressure cooking, blanching, and frying) affect retention of vitamin C,
carotenoids, phenolics, minerals, antioxidant activity, and bioavailability in vegetables. Key findings
from global and India-relevant studies are synthesized. In many cases, microwaving and steaming offer
superior retention of sensitive nutrients, while boiling and prolonged exposure to water cause leaching
and degradation. A nuanced view is presented, considering trade-offs in antinutrient reduction and di-
gestibility improvements. Finally, recommendations for household practices and future research direc-
tions are provided.
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1. Introduction

Vegetables are rich sources of vitamins, minerals, fiber, and phytochemicals, which support health and
prevent chronic diseases. In Indian diets, vegetables are typically cooked using boiling, pressure cook-
ing, steaming, frying, or microwaving. However, thermal and aqueous processing can degrade labile nu-
trients or induce chemical changes (e.g. oxidation, isomerization, leaching). Understanding how cooking
methods influence nutrient retention is critical for nutrition guidelines and public health messaging.
While many studies exist for non-Indian vegetables, some India-specific and regionally relevant research
is also available. This paper collates such data, identifies general patterns, and suggests directions for
future work.

2. Mechanisms of Nutrient Loss or Change During Cooking

e Thermal degradation: Heat-sensitive vitamins (vitamin C, B-complex) degrade under high
temperatures.
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o Leaching: Water-soluble compounds (vitamins, phenolics, minerals) diffuse into cooking water,
especially during boiling.

o Oxidation and isomerization: Oxygen exposure can degrade antioxidants; carotenoids may
isomerize (from trans to cis) changing their bioactivity.

e Matrix breakdown and improved bioavailability: Cooking softens cell walls, releasing bound
compounds and enhancing digestibility; some antinutrients (e.g. phytate, trypsin inhibitors) re-
duce with heat. (e.g. reference on pressure cooking reducing antinutrients)

Thus, a trade-off exists between nutrient preservation and bioavailability improvement or antinutri-
ent reduction.

3. Evidence from Experimental Studies
3.1 Vitamin C Retention

In a meta-study by Turkmen et al. the retention of vitamin C across vegetables under different cooking
methods was assessed. Boiling often resulted in very large losses (sometimes > 70 %), whereas micro-
waving and steaming showed better retention. In a study of leafy vegetables in India, it is found that vit-
amin C in raw and cooked spinach, fenugreek, amaranth, etc. Reductions of 40-50 % in boiled samples,
while microwave treatments sometimes gave 50—75 % reduction, depending on time and power settings.

3.2 Phenolic Content and Antioxidant Activity

Turkmen et al further assessed total phenolics and antioxidant activity in multiple vegetables (pepper,
squash, green beans, peas, leek, broccoli, spinach) after microwave and conventional cooking. They
found significant changes: in many cases, microwave preserving or even increasing measured antioxi-
dant activity relative to conventional cooking.

In a more recent work, Ahmed et al. (2024) assessed cauliflower under boiling, steaming, sous-vide, and
microwave. They reported that microwave cooking retained phenolic compounds better than boiling or
steaming, though all methods caused some reduction.

3.3 Carotenoid Retention

In “Effects of different cooking methods on health-promoting compounds” , cooking of broccoli was
studied. The authors found that boiling and stir-frying/boiling reduced total carotenoids by ~13 % and 28
% respectively; microwaving, steaming, and stir-frying alone did not cause significant loss compared to
raw broccoli.

3.4 Minerals, Bioavailability and Protein Digestibility

Household cooking’s effect on mineral composition has been studied. Grilling, steaming, and microwav-
ing were compared, and results showed that different methods altered mineral concentrations (due to
moisture loss or leaching).
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In “Effect of household cooking methods on nutritional and anti-nutritional factors”, pressure cooking
for 3 minutes or boiling for 15 minutes was shown to reduce antinutrients (trypsin inhibitors, tannins)
and increase in vitro protein digestibility, especially for legumes or pods.

3.5 Antioxidant Retention in Wild Leafy Vegetables

A study on Urtica dioica (stinging nettle) leaves showed that steam cooking yielded only about 3.5 %
loss in antioxidant activity over 40 minutes, whereas boiling caused ~18 % loss over 10 minutes. After
simulated gastrointestinal digestion, antioxidant indices improved more in steam-cooked samples.

4. Comparative Summary

Cooking Method Typical Losses / Changes Strengths Weaknesses
- High losses of vitamin C, phenolics,||Simple, widely||Nutrient-rich  water
Boiling . . . .
minerals via leaching used often discarded
o More intense heat
. Moderate losses; better for antinutrient . :
Pressure Cooking . e Fast cooking, safe |[may degrade labile
reduction and protein digestibility.
compounds
. Good retention of vitamin C and|[Preserves  water-||Slower for dense
Steaming . - . .
phenolics, minimal leaching soluble nutrients  ||vegetables
, : Often among best methods for||Fast, minimal I
Microwaving . S . Uneven heating risks
retention of vitamin C and phenolics  |jwater
: . Variable—can preserve fat-soluble||Better absorption|| . I
Stir-frying / : P N : P ... ||Risk of oxidation,
. nutrients but degrade vitamin C; may|lof lipophilic
shallow frying . . . . heat damage
increase bioavailability of carotenoids |lcompounds
Sous-vide / low- . : .
Emerging data—tend to reduce|Gentle thermal||Requires special
temperature ) . : 1
methods degradation when well controlled profile, retention |lequipment

Key observations from the literature:

e Water-soluble vitamins (especially vitamin C) are the most vulnerable to cooking losses and

leaching.

e Phenolic compounds and antioxidant capacity sometimes show paradoxical increases after mild
cooking, likely because bound phenolics become more extractable.
« Carotenoids tend to be more stable; some cooking increases their bioaccessibility but can de-
grade sensitive isomers.
e Reduction of antinutrients and softening of cell walls can improve mineral and protein bioavaila-
bility despite some nutrient loss.
e Microwave and steaming are repeatedly indicated as among the better methods for retaining
overall nutrient quality.
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5. Practical Implications and Recommendations

e Minimize cooking time and water use: Use small amounts of water, short durations.

o Prefer steaming or microwaving for greens and delicate vegetables to preserve water-soluble
vitamins.

o Use cooking liquids (soups, gravies) so leached nutrients are consumed, not discarded.

e Combine mild heat with fat for fat-soluble nutrients (e.g. stir-fry briefly in healthy oil to en-
hance carotenoid absorption).

e Avoid repeated high-temperature frying, which degrades antioxidants and produces harmful
compounds.

« Balance between nutrient retention and antinutrient removal: In some cases (e.g. legumes,
crucifers), certain heating is needed to deactivate unwanted compounds.

6. Future Directions or Work

1. India-specific studies: Many current studies are conducted on non-Indian vegetables or in other
climates. Comparative experiments on Indian local vegetables (spinach, fenugreek, bitter gourd,
drumstick leaves) under Indian household conditions are needed.

2. Kinetic modeling of losses: Determine rate constants for degradation of vitamin C, phenolics,
carotenoids across cooking methods, to guide optimal time-temperature profiles.

3. Bioavailability assessments: Beyond measuring residual concentration, use in vitro digestion
and cellular uptake models to evaluate how cooking affects bioaccessibility and absorption.

4. Combined methods and hybrid cooking: Investigate strategies like microwave + steaming, or
steam-fry hybrids, to maximize retention and palatability.

5. Consumer behavior and translation: Study how households in India actually cook, barriers to
adopting gentler methods, and develop culturally acceptable guidelines.

6. Innovative technologies: Explore infrared cooking, sous-vide methods, or pressure-steam sys-
tems adapted for Indian kitchens to enhance nutrient retention.

Conclusion

The impact of cooking on nutrient retention is substantial and method-dependent. The reviewed evi-
dence shows that boiling and prolonged exposure to water cause the greatest losses in vitamins, phenol-
ics, and minerals; microwaving and steaming consistently offer better retention, especially for heat- and
water-sensitive compounds. However, trade-offs exist: some cooking enhances bioavailability and inac-
tivates antinutrients. For common Indian vegetables, adopting short-duration, low-water, moderate-heat
methods—especially steaming or microwave-assisted cooking—can help preserve nutritional quality.
Future research should focus on under-studied Indian vegetables, model the kinetics of nutrient loss, and
connect chemical retention to actual bioavailability. Ultimately, translating laboratory insights into cook-
ing guidelines that are practical, accepted, and beneficial for Indian households is the critical next step.

IJLRP25101802 Volume 6, Issue 10 (October 2025) 4



https://www.ijlrp.com/

@ International Journal of Leading Research Publication (IJLRP)
IJLRP

E-ISSN: 2582-8010 e Website: www.ijlrp.com e Email: editor@ijlrp.com

References

1. Turkmen, Nihal; Sari, Ferda; Velioglu, Y. Sedat., “The effect of cooking methods on total phe-
nolics and antioxidant activity of selected green vegetables”. Food Chemistry, 2005, 93(4), 713—
718.

2. Prasanna, K. D. P. Gunathilake; Somathilaka Ranaweera, K. K. D.; Vasantha Rupasinghe, H. P.,
“Effect of Different Cooking Methods on Polyphenols, Carotenoids and Antioxidant Activities of
Selected Edible Leaves”. Antioxidants (Basel), 2018, 7(9):117.

3. Ahmed, I. A. M.; Al-Juhaimi, F. Y.; Ozcan, M. M.; Uslu, N.; Karrar, E., “The Effects of Differ-
ent Cooking Systems on Changes in the Bioactive Compounds, Polyphenol Profiles, Biogenic
Elements and Protein Contents of Cauliflower Florets” Processes, 2024, 12(10), article 2114.

4. Hwang, E. S.; Park, J. W.; Lee, K. H.; Kim, S. C.; Lee, S. K., “Effect of Cooking Method on An-
tioxidant Compounds and Activities in Cauliflower”. Prev Nutr Food Sci., 2019, 24(2):210-216

5. Abdur Razzak, Tasnima Mahjabin, Rashedul Munim Khan, Murad Hossain, Ummay Sadia, and
Wahidu Zzaman. “Effect of cooking methods on the nutritional quality of selected vegetables.”,
Heliyon, 2023, 9(2):e21709

6. Jiménez-Monreal, A. M.; Garcia-Diz, L.; Martinez-Tomé, M.; Mariscal, M.; Murcia, M. A., “In-
fluence of cooking methods on antioxidant activity of vegetables”. Journal of Food Science,
2009, 74(2), H97-H103.

IJLRP25101802 Volume 6, Issue 10 (October 2025) 5



https://www.ijlrp.com/

