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Introduction: Cooking Treatments on 
Vegetable Pigments
This lab explored how different cooking treatments, such as the length of cooking time, 

method of cooking, and the addition of an acid or base, influenced pigments and sensory 

characteristics of chosen vegetables (broccoli, red cabbage, and cauliflower).

Objectives – The purpose of this lab is to:

• Explain the conversion of chlorophyll pigments to pheophytins as a function of time 

and pH.

• Discuss the effect of various cooking methods (e.g., use of lid, pressure cooker, 

microwave) on vegetable pigments.

• Determine the effect of the use of a lid and various types of water on the pH of the 

cooking medium.



Introduction: Cooking Treatments on 
Vegetable Pigments (Continued)
• Food Science Principles –

o Different cooking methods used to cook fruits and vegetables affect the taste, texture, flavor, 

appearance, and overall preference of these food items:

▪ An acidic medium delays turgidity losses (softening) but causes color changes in the cooked product.1

▪ An alkaline medium preserves color in some cases, though color change can occur depending on the 

cooked fruit or vegetable1; an alkaline environment also accelerates turgidity losses.1

▪ Cooking fruits and vegetables in a liquid enhances the solubility of pectic substances present 1; this 

leads to a more tender final product.1

o Pigments are affected by heating, acidity, and alkalinity differently:

▪ Chlorophyll is water-soluble and can affect the color of the cooking liquid1; extended heating and acidity 

accelerate its conversion to pheophytin (fruit or vegetable appears an olive-drab color)1; chlorophyllin is 

formed under alkaline conditions (fruit or vegetable appears bright green).1



Introduction: Cooking Treatments on 
Vegetable Pigments (Continued)
• Food Science Principles (Continued) –

o Pigments are affected by heating, acidicity, and alkalinity differently:

• Anthocyanins appear red under acidic conditions, purple under neutral conditions, and blue under 

alkaline conditions1; extended heating can cause pigments to appear red or brown in color.1

▪ Anthoxanthins contribute flavor to some vegetables, such as cauliflower1; an acidic pH bleaches any 

present anthoxanthins, while an alkaline pH leads these pigments to appear light yellow 1; alkaline 

conditions contribute to color change in the water (turns yellow due to water-soluble anthoxanthins).1



Methods/Procedures

• Samples:

o Broccoli

o Red Cabbage

o Cauliflower

• Procedures:

o Wash produce well.

o Chop into uniform pieces.

o Use 50 g random pieces for each preparation.

▪ Cook the vegetable according to the variation assigned.

▪ After cooking, remove the vegetable from the cooking liquid with a slotted spoon and place on a white plate.

▪ Evaluate the vegetable in terms of Color, Flavor, Texture, Odor.

▪ Pour the cooking liquid into a glass beaker.

▪ When cooking liquid has cooled to room temperature, test pH.

▪ Evaluate color and clarity of liquid.

▪ Record all Data in Table.



Methods/Procedures (Continued)

• Variations:

o Waterless: In a covered, 1 qt saucepan, place 25 mL and 50g vegetable. Boil until tender. Note total time 

forcooking until tender.

o Lid on, 5 min: In a covered, 1 qt saucepan, bring 250 mL water to boil; add 50g vegetable. Boil 5 min.

o Lid on, 15 min: In a covered, 1 qt saucepan, bring 250 mL water to boil; add 50g vegetable. Boil 15 min.

o Lid off, 5 min: In an uncovered, 1 qt saucepan, bring 250 mL water to boil; add 50g vegetable. Boil 5 min.

o Lid off, 15 min: In an uncovered, 1 qt saucepan, bring 250 mL water to boil; add 50g vegetable. Boil 15 min.

o Cold water start, lid off: In an uncovered, 1 qt saucepan, place 250 mL cold tap water and 50g vegetable. Heat 

uncovered to a boil and continue to boil actively for 5 minutes. Note total time for heating and boiling.

o Distilled water, lid off: In an uncovered, 1 qt saucepan, heat 250 mL distilled water to a boil. Add 50g vegetable. 

Boil for 5 minutes, uncovered.

o Pressure cooker, 2 min: Place 250 mL water and 50 g vegetable in pressure cooker. Follow directions to achieve 

15 pounds pressure. Maintain pressure for 2 min. Cool according to directions before opening pressure cooker. 

Pressure cooker, 10 min: Place 250 mL water and 50 g vegetable in pressure cooker. Follow directions to achieve 

15 pounds pressure. Maintain pressure for 10 min. Cool according to directions before opening pressure cooker.

o Microwave, uncovered: Place 50 g vegetable in a small microwave-safe dish. Add 15 mL water. Cook for 1 min 30 

sec, uncovered.



Methods/Procedures (Continued)

• Variations (Continued):

o Microwave, covered: Place 50 g vegetable in a small microwave-safe dish. Add 15 mL water. Cook for 1 min 30 

sec, covered.

o Steamer: Place 50 g vegetable in a covered steamer containing enough water to boil throughout steaming period, 

but without touching vegetable. Note total time for cooking until tender.

o 0.3 g Baking Soda, 3 min: In a covered 1 qt saucepan, bring 250 mL water to boil; add 0.3 g Baking Soda and 50 g 

vegetable. Quickly return to boiling and boil 3 min.

o 0.3 g Baking Soda, 20 min: In a covered 1 qt saucepan, bring 250 mL water to boil; add 0.3 g Baking Soda and 50 

g vegetable. Quickly return to boiling and boil 20 min.

o 19 mL Vinegar, 3 min: In a covered 1 qt saucepan, bring 250 mL water to boil; add 19 mL Vinegar and 50 g 

vegetable. Quickly return to boiling and boil 3 min.

o 19 mL Vinegar, 20 min: In a covered 1 qt saucepan, bring 250 mL water to boil; add 19 mL Vinegar and 50 g 

vegetable. Quickly return to boiling and boil 20 min.

o Milk, 3 min: In a covered 1 qt saucepan, bring 250 mL milk to boil; add 50 g vegetable. Quickly return to boiling 

and boil 3 min.

o Milk, 20 min: In a covered 1 qt saucepan, bring 250 mL milk to boil; add 50 g vegetable. Quickly return to boiling 

and boil 20 min.





Results – Broccoli (Continued)



Results – Broccoli 
(Continued)









Results – Cauliflower (Continued)



Results – Cauliflower (Continued)
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Discussion – Analysis of Results
• Conclusions From and Interpretations of the Results:

o Generally speaking, texture became softer over time for most vegetables tested. Acid slowed this softening to 

some extent, but after a certain point, softening will happen regardless of the presence of an acidic medium.

o pH was relatively stable over time across all three vegetables, with outliers generally resulting from the addition of 

an acid or base rather than occurring due to extended cooking time. Small changes in pH occurred due to the 

release of organic acids from vegetables; the magnitude of this effect changed depending upon whether a lid 

was used during the cooking process.

o Odor was generally perceived as less pleasant over time for broccoli (not including variations that added an acid 

or base to the cooking liquid); cauliflower exhibited a similar trend, but only some variations were noted to have 

an odor at all.

o Flavor perception depended more on the cooking method and liquid than the amount of time the vegetable 

was cooked; however, it was generally perceived as less pleasant over time for broccoli, not exceeding a "2" 

after 5 minutes of cooking. The flavor of cauliflower generally appeared to be perceived as more pleasant over 

time, up to a certain point – flavor perception also likely depends on the vegetable and the person tasting it!

o Overall rating depended on the cooking method and liquid but generally decreased once 20 minutes of cooking 

time had passed. Cauliflower may be an exception; ratings were highest (and more stable between 3 and 19 

minutes of cooking time) but were lower from 1.5 to 2 minutes as well as at 20 minutes.



Discussion – Analysis of Results (Continued)

• Conclusions From and Interpretations of the Results (Continued):

o Chlorophyll, pH, and time: Broccoli became a duller green over time, and the presence of acid 

accelerated this. A higher (more alkaline) pH made the broccoli appear bright green, but only 

up to a certain point. Cooking anything for too long, regardless of the presence of a base, will 

lead to color deterioration.

o Cooking methods and vegetable pigments: Most vegetable samples examined in this 

experiment exhibited expected changes in color –

▪ The chlorophyll in broccoli was converted to pheophytin and appeared more olive-like in acidic mediums 

and over longer cooking times. It appeared brighter green (as chlorophyllin) in basic mediums.

▪ Anthocyanins appeared blue/green/teal when red cabbage was cooked under basic conditions, purple 

when conditions were neutral, and red/pink when conditions were acidic.

▪ Anthoxanthins appeared bright white under acidic conditions and yellow under basic conditions.



Discussion – Analysis of Results (Continued)

• Why Did We Get These Results?

o Effects on texture – Turgidity is lost with longer cooking times1; addition of a base accelerates softening, while addition of 
an acid slows it.1

o Effects on color – Pigments react differently under various pHs and cooking conditions.

o Effects on odor – Odor molecules may be trapped when vegetables are cooked with a covering on the cooking vessel; 
addition of an acid or base (or ingredient other than water, such as milk) will make for more complex aromas; more odor 
molecules may escape with steam and be lost as cooking time lengthens.

o Effects on flavor – Flavor molecules may be leached out into the cooking liquid, leading to a less flavorful product when: 
(A) plenty of liquid is present, (B) the cooking vessel is uncovered, so compounds can escape with steam, and (C) the 
vegetable is cooked over a longer period of time, maximizing losses into the surrounding area.

o The role of pH – pH of the cooking liquid is affected by the addition of an acid or base to the medium, as well as whether 
a lid is covering the cooking vessel. This is because organic acids leach out from the cooked vegetable into the 
surrounding liquid, lowering the pH.1 Whether these acids escape into the air or condense with the water vapor and 
reenter the cooking medium depends on the presence or absence of a lid/covering. Water can become more acidic with 
longer boiling times, but the changes are slight.2 The magnitude of this change may explain why pH appeared relatively 
stable over time.

• Explanation of Differences/Limitations:

o Subjective interpretation of the results by the reporters; misinterpretations made by the experimenters; differences in 
adherence to the procedures across vegetable experiments; certain vegetables and fruits may behave differently 
depending on ripeness, compounds present, etc.



Discussion – Summary of What We Learned

• We learned that:

o Texture is impacted by acidic or basic cooking conditions, as well as cooking time.

o Flavor depends upon the cooking method and liquid but can be decreased over longer 

cooking times as phytonutrients and other flavor compounds leach into the surrounding 

environment.

o Odor molecules can be trapped when a cooking vessel is covered, exhibiting a stronger scent 

once the lid is removed. Odor molecules may be lost over longer cooking times, weakening 

any perceived aroma.

o pH changes occur due to the addition of an acid or base to the cooking medium but can 

also take place when a lid traps organic acids from vegetables in the cooking vessel. Time can 

affect the pH of boiling water, but only slightly.

o Color changes occur in relation to pH changes and over longer cooking times.



Discussion – How We Met the Objectives

• Explain the conversion of chlorophyll pigments to pheophytins as a function of time 

and pH.

o We met this by explaining the observations noted in the Broccoli lab and highlighting these 

relationships in our discussion.

• Discuss the effect of various cooking methods (e.g., use of lid, pressure cooker, 

microwave) on vegetable pigments.

o We met this by explaining how the use of a lid impacts pH, and, therefore, the color of the final 

cooked vegetable (and cooking liquid).

• Determine the effect of the use of a lid and various types of water on the pH of the 

cooking medium.

o We met this by explaining how the addition of an acid or base, as well as the use of a lid, affect 

the pH of the cooking medium.



Discussion – Conclusion: Take-Home Message

Pigments in fruits and vegetables may appear differently depending on the length of time 

the product is cooked, the cooking method employed, and the pH of the cooking 

medium, among other factors.
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