
Food Science Made Simple

Why Recipes Work: The Chemistry Behind

Browning, Baking, Emulsions, and Flavor

By Chef Maria Santos & Dr. James Park, Food Scientist

Published by MidRecipes.com  |  2026

Free download: midrecipes.com/guides

Disclaimer: This guide is for educational purposes only. Always follow food safety guidelines. Individual dietary needs vary - consult a

nutritionist for personalized advice.

Source: MidRecipes.com  |  Chef Maria Santos & Dr. James Park, Food Scientist

Page 1/14  |  Free download at midrecipes.com/guides



Food Science Made Simple: Why Recipes Work  |  MidRecipes.com

Table of Contents

1. The Maillard Reaction (Browning)

2. Caramelization

3. Gluten: Friend and Foe

4. Emulsions

5. Osmosis and Salt

6. How Heat Transfers in Cooking

7. Acid-Base Reactions in Cooking

8. Starch Gelatinization

9. Protein Denaturation

10. The Science of Flavor

11. Common Kitchen Chemistry

12. References

Source: MidRecipes.com  |  Chef Maria Santos & Dr. James Park, Food Scientist

Page 2/14  |  Free download at midrecipes.com/guides



Food Science Made Simple: Why Recipes Work  |  MidRecipes.com

1. The Maillard Reaction (Browning)

The Maillard reaction is the single most important chemical reaction in cooking. Named after French chemist

Louis-Camille Maillard (1912), it occurs when amino acids (from proteins) react with reducing sugars at temperatures

above 280F (140C).

This reaction produces hundreds of new flavor compounds, creating the complex flavors we associate with seared

steak, toasted bread, roasted coffee, and baked cookies.

280F+ minimum temperature for Maillard reaction to occur

Requirements: 1) Dry surface (water prevents browning). 2) High heat. 3) Amino acids + sugars present.

PRO TIP:
Pat meat dry before searing. Surface moisture must evaporate before browning can begin.

Maillard, L.C. (1912). The action of amino acids on sugar. Comptes rendus de l'Academie des Sciences, 154, 66-68.

Source: MidRecipes.com  |  Chef Maria Santos & Dr. James Park, Food Scientist

Page 3/14  |  Free download at midrecipes.com/guides



Food Science Made Simple: Why Recipes Work  |  MidRecipes.com

2. Caramelization

Different from Maillard: caramelization involves ONLY sugars (no proteins needed). Occurs at 320-356F depending on

the sugar type. White sugar caramelizes at 340F. Produces nutty, buttery, toasty flavors and brown color.

Applications: creme brulee, caramel sauce, caramelized onions (which use both Maillard AND caramelization - the

onions have natural sugars AND amino acids).

45 min for properly caramelized onions. Low heat, patience. No shortcuts.
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3. Gluten: Friend and Foe

Gluten forms when two wheat proteins (glutenin and gliadin) combine with water. Kneading develops gluten into an

elastic network that traps CO2 from yeast, creating bread rise.

- Want MORE gluten (bread, pizza): Use bread flour (high protein). Knead longer. Add salt (strengthens gluten).

- Want LESS gluten (cakes, pastries, biscuits): Use cake flour (low protein). Mix minimally. Use fat (coats flour,

prevents gluten formation). Keep ingredients cold.

PRO TIP:
The difference between tender cake and tough cake is entirely about gluten development.
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4. Emulsions

An emulsion is a stable mixture of two liquids that normally do not mix (oil and water). Vinaigrettes, mayonnaise,

hollandaise, and pan sauces are all emulsions.

- Emulsifier: A molecule with one end attracted to oil and one to water (egg yolk lecithin, mustard)

- Mayonnaise: Egg yolk + oil + acid. The lecithin in egg yolk holds oil and lemon juice together.

- Vinaigrette: Mustard acts as the emulsifier. Ratio: 3 parts oil to 1 part vinegar.

Why emulsions break: Temperature shock, adding oil too fast, wrong proportions. To fix: Start fresh with new yolk,

slowly whisk in the broken sauce.
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5. Osmosis and Salt

Osmosis: water moves from areas of low salt concentration to high salt concentration. This is why salt draws moisture

out of vegetables (making them wilt for salads) and why brining meat works (salt solution moves INTO the meat,

seasoning it throughout).

Dry Brining vs. Wet Brining

Dry brine: Salt the meat, let it sit uncovered in the fridge (1 hour per pound). Salt draws out moisture, dissolves, then

gets reabsorbed. Result: seasoned throughout + drier surface for better browning.

Wet brine: Submerge in salt-sugar water solution (1/4 cup salt per quart of water). Adds moisture. Better for lean cuts

that dry out easily (chicken breast, pork chops, turkey).

15% more moisture retained in brined vs. unbrined chicken breast
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6. How Heat Transfers in Cooking

Conduction

Direct contact heat transfer: pan to food, grill grate to meat. Metal pans conduct well; thick pans distribute heat more

evenly. This is why heavy-bottomed pans cook better.

Convection

Heat transfer through moving air or liquid. Ovens use convection. Convection ovens have fans that move hot air faster,

cooking 25% faster than conventional ovens. Reduce temperature by 25F when using convection.

Radiation

Heat transfer through electromagnetic waves. Broiling and grilling use radiant heat. Does not require contact or air

movement - works through empty space.
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7. Acid-Base Reactions

Baking soda (base) + acid (buttermilk, lemon, vinegar) = CO2 gas = rise in baked goods.

Baking powder = baking soda + built-in acid (cream of tartar). Just needs liquid to activate.

Acid tenderizes meat (marinades), denatures proteins (ceviche), prevents browning (lemon on cut apples), and

preserves color (acidulated water keeps artichokes white).
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8. Starch Gelatinization

When starch granules absorb water and heat, they swell and burst, thickening liquids. This is how flour thickens gravy,

cornstarch thickens sauces, and roux thickens gumbo.

- Cornstarch: Thickens at lower temp, gives glossy finish. Best for: Asian sauces, fruit fillings.

- Flour: Thickens gradually, gives opaque finish. Best for: gravies, roux-based sauces.

- Always mix starch with cold liquid first (slurry) to prevent lumps.
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9. Protein Denaturation

Heat, acid, and salt all denature proteins (unfold their structure). This is why: eggs solidify when cooked, ceviche 'cooks'

fish with lime juice, and cheese melts. Overcooked protein = too much denaturation = tough, dry meat.

165F collagen begins converting to gelatin (why braised meat becomes tender)
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10. The Science of Flavor

Flavor = taste (tongue) + aroma (nose) + texture + temperature + visual appearance.

There are 5 basic tastes: sweet, salty, sour, bitter, umami. Balancing all 5 is the key to great cooking.

Umami: The Fifth Taste

Discovered by Japanese chemist Kikunae Ikeda in 1908. Umami = 'delicious taste' in Japanese. Found in: Parmesan

cheese, soy sauce, fish sauce, mushrooms, tomatoes, miso, anchovies. Adding umami makes everything taste 'better'

without being identifiable.

PRO TIP:
If a dish tastes good but not great, it probably needs acid or umami, not more salt.
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11. Common Kitchen Chemistry

- Why onions make you cry: Cutting releases syn-propanethial-S-oxide gas. Solution: chill onions, use sharp knife,

cut near ventilation.

- Why pasta water should be salted: Adds flavor that cannot be added later (seasoning from inside).

- Why you rest meat: During cooking, juices are pushed to the center. Resting allows redistribution. Cut too early =

juices pour out onto the board.

- Why cold butter makes flaky pastry: Butter pieces create steam pockets during baking, creating layers.

Learn more food science at midrecipes.com
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