CULINARY PHYSICS PRINCIPLES

THe ScieNce oF DeLicious: ExXPLORING CULINARY PHYSICS PRINCIPLES

CULINARY PHYSICS PRINCIPLES ARE THE OFTEN-UNSEEN FORCES THAT TRANSFORM RAW INGREDIENTS INTO DELIGHTFUL MEALS.
HAVE YOU EVER WONDERED WHY A STEAK SEARS PERFECTLY, WHY BREAD RISES, OR WHY CERTAIN SAUCES EMULSIFY SO
BEAUTIFULLY? THE ANSWER LIES IN A FASCINATING INTERSECTION OF CHEMISTRY AND PHYSICS, GOVERNING EVERYTHING FROM
HEAT TRANSFER AND FLUID DYNAMICS TO THERMODYNAMICS AND MOLECULAR INTERACTIONS. UNDERSTANDING THESE
FUNDAMENTAL SCIENTIFIC CONCEPTS ELEVATES COOKING FROM A MERE ACTIVITY TO AN ART FORM, ALLOWING US TO
MANIPULATE INGREDIENTS WITH INTENTION AND ACHIEVE PREDICTABLE, EXCEPTIONAL RESULTS. THIS EXPLORATION WILL DELVE
INTO THE CORE PRINCIPLES OF CULINARY PHYSICS, EXAMINING HOW THEY IMPACT COOKING TECHNIQUES, INGREDIENT BEHAVIOR,
AND ULTIMATELY, THE SENSORY EXPERIENCE OF FOOD. WE'LL UNCOVER THE “WHY" BEHIND YOUR FAVORITE DISHES,
EMPOWERING YOU TO BECOME A MORE KNOWLEDGEABLE AND ADEPT HOME CHEF.
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UNDERSTANDING HEAT TRANSFER IN COOKING

HEAT TRANSFER IS ARGUABLY THE MOST FUNDAMENTAL PRINCIPLE AT PLAY IN THE KITCHEN. |T DICTATES HOW HEAT ENERGY
MOVES FROM A HEAT SOURCE TO OUR FOOD, AND HOW IT DISTRIBUTES WITHIN THAT FOOD. W ITHOUT EFFECTIVE HEAT
TRANSFER, COOKING SIMPLY WOULDN'T HAPPEN. THERE ARE THREE PRIMARY MECHANISMS THROUGH WHICH HEAT MOVES:
CONDUCTION, CONVECTION, AND RADIATION. EACH PLAYS A DISTINCT AND VITAL ROLE IN HOW WE COOK AND THE TEXTURES
\WE ACHIEVE.

ConpbucTioN: THe DIrecT ToucH

CONDUCTION IS THE TRANSFER OF HEAT THROUGH DIRECT CONTACT. THINK ABOUT WHEN YOU PLACE A PIECE OF MEAT
DIRECTLY ONTO A HOT SKILLET, OR WHEN YOU STIR A POT OF SOUP WITH A METAL SPOON. THE HEAT ENERGY MOVES FROM THE
HOTTER OBJECT TO THE COOLER OBJECT MOLECULE BY MOLECULE. IN COOKING, THE MATERIAL OF YOUR COOK\W ARE
SIGNIFICANTLY IMPACTS CONDUCTION. METALS LIKE COPPER AND ALUMINUM ARE EXCELLENT CONDUCTORS, ALLOWING HEAT TO
SPREAD QUICKLY AND EVENLY ACROSS THE PAN'S SURFACE, PREVENTING HOT SPOTS AND ENSURING CONSISTENT COOKING.
CONVERSELYI MATERIALS LIKE GLASS OR CERAMIC ARE POORER CONDUCTORS, MEANING HEAT TRAVELS THROUGH THEM MORE
SLOWLY. THIS IS WHY A THICK-BOTTOMED POT MADE OF A GOOD CONDUCTING MATERIAL IS ESSENTIAL FOR MANY COOKING
APPLICATIONS, ENSURING THAT HEAT REACHES THE FOOD EFFICIENTLY AND UNIFORMLY, LEADING TO A MORE CONTROLLED AND
DESIRABLE OUTCOME.

CoNvVECTION: THE FLow oF HEAT

CONVECTION INVOLVES HEAT TRANSFER THROUGH THE MOVEMENT OF FLUIDS, WHICH CAN BE LIQUIDS OR GASES. IN YOUR OVEN
HOT AIR CIRCULATES AROUND THE FOOD, TRANSFERRING HEAT. IN A POT OF BOILING WATER, THE WATER MOLECULES
THEMSELVES MOVE, CARRYING HEAT FROM THE BOTTOM OF THE POT UP\W ARDS. THIS CIRCULAR MOTION, DRIVEN BY DENSITY
DIFFERENCES (HOTTER FLUIDS ARE LESS DENSE AND RISE), IS KNOWN AS CONVECTION CURRENTS. |T’S A HIGHLY EFFICIENT WAY
TO DISTRIBUTE HEAT THROUGHOUT A VOLUME OF FOOD OR COOKING MEDIUM. BAKING, ROASTING, AND BOILING ALL RELY
HEAVILY ON CONVECTION TO COOK FOOD EVENLY AND THOROUGHLY. THE WAY AIR OR LIQUID MOVES CAN DRASTICALLY
AFFECT COOKING TIMES AND TEXTURES. FOR INSTANCE, A FAN IN A CONVECTION OVEN FORCES AIR CIRCULATION, SPEEDING UP
COOKING AND PROMOTING CRISPIER SURFACES.

/



RADIATION: THE INVISIBLE W AVES

RADIATION IS THE TRANSFER OF HEAT THROUGH ELECTROMAGNETIC WAVES, WITHOUT THE NEED FOR A MEDIUM. THE MOST
OBVIOUS EXAMPLE IS THE HEAT YOU FEEL FROM A CAMPFIRE OR A HEATING ELEMENT ON A STOVE, EVEN WITHOUT TOUCHING IT.
IN COOKING, GRILLING AND BROILING UTILIZE RADIATION EXTENSIVELY. THE INTENSE HEAT RADIATING FROM THE COILS OR COALS
DIRECTLY HEATS THE SURFACE OF THE FOOD, CREATING CHAR MARKS AND A DELICIOUS SMOKY FLAVOR. MICROWAVES ALSO
OPERATE ON THE PRINCIPLE OF RADIATION, BUT IN A DIFFERENT WAY, EXCITING WATER MOLECULES WITHIN FOOD TO GENERATE
HEAT. UNDERSTANDING HOW RADIATION COOKS CAN HELP US ACHIEVE SPECIFIC RESULTS, LIKE THE INTENSE SEARING ON A STEAK
COOKED OVER OPEN FLAMES, A RESULT PRIMARILY DRIVEN BY RADIANT HEAT.

THe PHYSICS OF BROWNING AND MAILLARD REACTIONS

THE IRRESISTIBLE AROMA AND APPEALING BROWN CRUST ON ROASTED MEATS, BAKED BREAD, AND FRIED FOODS ARE LARGELY
THANKS TO THE MAILLARD REACTION, A COMPLEX SERIES OF CHEMICAL TRANSFORMATIONS THAT ARE DEEPLY INTERTWINED WITH
PHYSICS. THIS NON-ENZYMATIC BROWNING OCCURS BETWEEN AMINO ACIDS AND REDUCING SUGARS WHEN HEATED, BUT IT’S THE
PHYSICS OF HEAT APPLICATION THAT DICTATES ITS SPEED AND INTENSITY.

SURFACE TEMPERATURE AND MoISTURE CONTENT

THE MAILLARD REACTION THRIVES ON HIGH SURFACE TEMPERATURES, TYPICALLY ABOVE 285°F (140°C). THIS IS WHY PAN-
FRYING, SEARING, AND ROASTING ARE SO EFFECTIVE AT DEVELOPING FLAVOR. CRUCIALLY, THE REACTION ALSO REQUIRES THE
SURFACE OF THE FOOD TO BE RELATIVELY DRY. |[F FOOD IS TOO WET, THE WATER WILL ABSORB HEAT AND PREVENT THE
SURFACE FROM REACHING THE NECESSARY TEMPERATURE, INSTEAD LEADING TO STEAMING. THIS IS WHY PATTING FOOD DRY
BEFORE SEARING IS A CRITICAL STEP. THE PHYSICS OF EVAPORATION PLAYS A KEY ROLE HERE; AS WATER EVAPORATES FROM
THE FOOD'S SURFACE, THE TEMPERATURE CAN RISE SIGNIFICANTLY, ACCELERATING THE MAILLARD REACTION AND LEADING TO
THAT SOUGHT-AFTER CARAMELIZATION AND COMPLEX FLAVOR DEVELOPMENT. THE INTERPLAY BETWEEN HEAT AND THE REMOVAL
OF MOISTURE IS PARAMOUNT TO ACHIEVING THIS DELICIOUS TRANSFORMATION.

THe RoLe oF PH AND TIME

\W/HILE PRIMARILY A CHEMICAL PHENOMENON, THE RATE AT WHICH THE MAILLARD REACTION OCCURS CAN BE INFLUENCED BY
CERTAIN PHYSICAL AND CHEMICAL CONDITIONS. FOR INSTANCE, ALKALINE ENVIRONMENTS, ACHIEVED THROUGH INGREDIENTS LIKE
BAKING SODA, CAN ACCELERATE THE MAILLARD REACTION. THIS IS WHY A PINCH OF BAKING SODA IS SOMETIMES ADDED TO
COOKIES TO PROMOTE BROWNING. CONVERSELY, ACIDIC CONDITIONS TEND TO INHIBIT THE REACTION. TIME ALSO PLAYS A ROLE;
THE LONGER FOOD IS EXPOSED TO APPROPRIATE TEMPERATURES, THE MORE TIME THE MAILLARD REACTION HAS TO PROGRESS,
LEADING TO DEEPER BROWNING AND MORE COMPLEX FLAVOR PROFILES. THE PHYSICS OF HEAT FLOW AND DIFFUSION WITHIN THE
FOOD, COUPLED WITH THE CHEMICAL KINETICS OF THE REACTION, DETERMINES THE FINAL OUTCOME OF BROWNING.

FLuiD DYNAMICS AND EMULSIONS IN SAUCES AND DRESSINGS

MANY OF THE MOST BELOVED CULINARY CREATIONS INVOLVE LIQUIDS, AND UNDERSTANDING HOW THEY MOVE AND INTERACT IS
KEY TO SUCCESS. FLUID DYNAMICS, THE STUDY OF FLUIDS IN MOTION, GOVERNS EVERYTHING FROM HOW GRAVY COATS A PIECE
OF POULTRY TO HOW VINAIGRETTE CLINGS TO SALAD GREENS. EMULSIFICATION, A SPECIFIC ASPECT OF FLUID BEHAVIOR, IS
PARTICULARLY VITAL FOR CREATING STABLE, CREAMY TEXTURES.

EMuULsIFICATION: THE ART oF MIXING THE UNMIXABLE

AN EMULSION IS A MIXTURE OF TWO OR MORE LIQUIDS THAT ARE NORMALLY IMMISCIBLE, MEANING THEY DON'T NATURALLY MIX,
LIKE OIL AND WATER. THINK ABOUT MAKING MAYONNAISE OR A CLASSIC VINAIGRETTE. THE OIL AND WATER COMPONENTS WANT
TO SEPARATE, BUT THROUGH MECHANICAL ACTION (LIKE WHISKING OR BLENDING) AND OFTEN WITH THE HELP OF AN EMULSIFYING
AGENT (LIKE EGG YOLK OR MUSTARD), WE CAN CREATE A STABLE DISPERSION. THE EMULSIFIER HAS A MOLECULE THAT HAS BOTH



A WATER-ATTRACTING (HYDROPHILIC) END AND AN OIL-ATTRACTING (HYDROPHOBIC) END. W/HEN VIGOROUSLY AGITATED, THE
OIL IS BROKEN DOWN INTO TINY DROPLETS, AND THE EMULSIFIER MOLECULES SURROUND THESE DROPLETS, PREVENTING THEM
FROM REJOINING. THE PHYSICS OF SURFACE TENSION AND VISCOSITY ARE CRITICAL HERE; REDUCING THE INTERFACIAL TENSION
BETWEEN THE OIL AND WATER ALLOWS FOR SMALLER DROPLET FORMATION, AND THE VISCOSITY OF THE MIXTURE HELPS TO
STABILIZE THESE DROPLETS AGAINST SEPARATION OVER TIME. A WELL-MADE EMULSION IS A TESTAMENT TO APPLIED FLUID
PHYSICS.

VISCOSITY AND FLOW IN SAUCES

VISCOSITY REFERS TO A FLUID'S RESISTANCE TO FLOW. A HIGH-VISCOSITY FLUID, LIKE HONEY, FLOWS SLOWLY, WHILE A
LOW-VISCOSITY FLUID, LIKE WATER, FLOWS EASILY. IN COOKING, CONTROLLING VISCOSITY IS CRUCIAL FOR ACHIEVING THE
DESIRED TEXTURE AND MOUTHFEEL. T HICKENING SAUCES WITH STARCHES LIKE CORNSTARCH OR FLOUR WORKS BY DISRUPTING
THE NORMAL FLOW OF LIQUID. THESE STARCHES ABSORB WATER AND SWELL, INCREASING THE OVERALL VISCOSITY AND
CREATING A MORE LUXURIOUS COATING. THE WAY HEAT AFFECTS VISCOSITY IS ALSO IMPORTANT, MANY THICKENERS BECOME
MORE EFFECTIVE AT HIGHER TEMPERATURES. UNDERSTANDING THESE PRINCIPLES ALLOWS CHEFS TO CREATE SAUCES THAT CLING
PERFECTLY TO FOOD, RATHER THAN RUNNING OFF, THEREBY ENHANCING BOTH FLAVOR AND PRESENTATION THROUGH THE CAREFUL
MANIPULATION OF FLUID PROPERTIES.

THERMODYNAMICS AND PHASE TRANSITIONS IN FOOD PREPARATION

THERMODYNAMICS, THE STUDY OF HEAT AND ITS RELATIONSHIP TO ENERGY AND WORK, IS FUNDAMENTAL TO COOKING. IT
EXPLAINS WHY CERTAIN FOODS CHANGE STATE AS THEY ARE HEATED OR COOLED, AND HOW ENERGY IS TRANSFERRED AND
TRANSFORMED DURING THE COOKING PROCESS. THESE PRINCIPLES ARE RESPONSIBLE FOR EVERY THING FROM MELTING BUTTER TO
FREEZING ICE CREAM.

PHASE TrRANSITIONS: FROM SoLip To LiQuib AND BEYOND

PHASE TRANSITIONS ARE CHANGES IN THE PHYSICAL STATE OF MATTER, SUCH AS MELTING, FREEZING, BOILING, AND
CONDENSATION. W/HEN YOU BAKE A CAKE, WATER WITHIN THE BATTER EVAPORATES (BOILS), FATS MELT, AND PROTEINS
DENATURE AND COAGULATE. EACH OF THESE IS A PHASE TRANSITION DRIVEN BY THE INPUT OF HEAT ENERGY. CONVERSELY, WHEN
YOU CHILL A BROTH, IT SOLIDIFIES AS FATS SEPARATE AND FREEZE. UNDERSTANDING THESE TRANSITIONS ALLOWS US TO
CONTROL TEXTURES AND ENSURE PROPER COOKING. FOR EXAMPLE, KNOWING THE BOILING POINT OF WATER (2 12°F or 100°C
AT SEA LEVEL) HELPS US UNDERSTAND WHY HIGH-TEMPERATURE COOKING METHODS LIKE STEAMING AND BOILING ARE EFFECTIVE.
SIMILARLY, THE FREEZING POINT OF WATER DICTATES HOW WE APPROACH CHILLING AND PRESERVING FOOD.

ENerGY AND TeEMPERATURE CONTROL

THERMODYNAMICS ALSO GOVERNS THE AMOUNT OF ENERGY REQUIRED TO ACHIEVE THESE PHASE TRANSITIONS AND TO RAISE THE
TEMPERATURE OF FOOD. DIFFERENT INGREDIENTS HAVE DIFFERENT SPECIFIC HEAT CAPACITIES, MEANING THEY REQUIRE VARYING
AMOUNTS OF ENERGY TO INCREASE THEIR TEMPERATURE. FOR INSTANCE, WATER HAS A HIGH SPECIFIC HEAT CAPACITY, WHICH IS
WHY IT TAKES A WHILE FOR A POT OF WATER TO BOIL. FATS, ON THE OTHER HAND, HAVE LOWER SPECIFIC HEAT CAPACITIES
AND MELT MORE READILY. PRECISE TEMPERATURE CONTROL IS OFTEN THE KEY TO SUCCESSFUL COOKING, AND THERMODYNAMICS
PROVIDES THE FRAMEWORK FOR UNDERSTANDING WHY THIS IS THE CASE. | T EXPLAINS WHY GENTLE SIMMERING YIELDS TENDER
RESULTS, WHILE RAPID BOILING CAN TOUGHEN CERTAIN PROTEINS, ALL DUE TO THE WAY ENERGY IS APPLIED AND ABSORBED BY
THE FOOD.

THE RoLE oF PRessURE AND VACUUM IN COOKING

W/HILE WE OFTEN FOCUS ON HEAT, PRESSURE AND VACUUM ALSO PLAY SIGNIFICANT ROLES IN CULINARY APPLICATIONS,
INFLUENCING HOW INGREDIENTS COOK AND THE RESULTING TEXTURES.



PRresSURE COOKING: ACCELERATING THE HEAT

PRESSURE COOKERS WORK ON A STRAIGHTFORW ARD THERMODYNAMIC PRINCIPLE: INCREASING THE PRESSURE ABOVE A LIQUID
RAISES ITS BOILING POINT. BY SEALING THE POT, STEAM BUILDS UP, INCREASING THE INTERNAL PRESSURE. T HIS HIGHER PRESSURE
ALLOWS WATER TO REACH TEMPERATURES WELL ABOVE 2 12°F (100°C). THIS SUPERHEATED STEAM COOKS FOOD MUCH
FASTER AND CAN TENDERIZE TOUGHER CUTS OF MEAT WITH REMARKABLE EFFICIENCY. THE PHYSICS INVOLVED IS ABOUT ALTERING
THE EQUILIBRIUM POINT AT WHICH WATER TRANSITIONS FROM LIQUID TO GAS, ALLOWING FOR MORE RAPID HEAT TRANSFER AND
CHEMICAL REACTIONS TO OCCUR, LEADING TO SHORTER COOKING TIMES AND OFTEN MORE INTENSELY FLAVORED RESULTS.

V AcuuM CookiNg (Sous VIDE): PRECISION AND PRESERVATION

Sous VIDE COOKING, WHICH INVOLVES VACUUM-SEALING FOOD IN A BAG AND IMMERSING IT IN A PRECISELY TEMPERATURE-
CONTROLLED WATER BATH, LEVERAGES BOTH VACUUM AND TEMPERATURE CONTROL. THE VACUUM SEALING REMOVES AR,
PREVENTING OXIDATION AND ENSURING EFFICIENT HEAT TRANSFER FROM THE WATER TO THE FOOD. BECAUSE THE WATER IS HELD
AT A VERY SPECIFIC, OFTEN LOWER TEMPERATURE THAN TRADITIONAL COOKING METHODS, IT ALLOWS FOR INCREDIBLY PRECISE
CONTROL OVER THE FINAL TEXTURE OF THE FOOD. PROTEINS ARE COOKED TO THEIR EXACT DESIRED DONENESS WITHOUT THE
RISK OF OVERCOOKING, AS THE FOOD CANNOT EXCEED THE TEMPERATURE OF THE WATER BATH. THIS METHOD HIGHLIGHTS THE
POWER OF CONTROLLED THERMODYNAMICS AND THE BENEFITS OF ELIMINATING AIR FOR OPTIMIZED HEAT TRANSFER, LEADING TO
CONSISTENTLY PERFECT RESULTS.

MOLECULAR INTERACTIONS AND TEXTURAL CHANGES

BEYOND HEAT AND MASS, THE BEHAVIOR OF MOLECULES WITHIN FOOD DICTATES ITS TEXTURE, MOUTHFEEL, AND OVERALL
SENSORY EXPERIENCE. UNDERSTANDING THESE MOLECULAR INTERACTIONS IS LIKE PEEKING BEHIND THE CURTAIN TO SEE HOW
INGREDIENTS TRANSFORM.

PROTEIN DENATURATION AND COAGULATION

PROTEINS ARE THE BUILDING BLOCKS OF MANY FOODS, FROM MEAT AND EGGS TO DAIRY. W/ HEN EXPOSED TO HEAT, ACID, OR
AGITATION, PROTEINS UNDERGO DENATURATION. THIS IS WHERE THEIR COMPLEX, FOLDED STRUCTURES BEGIN TO UNRAVEL. As
HEATING CONTINUES, THESE DENATURED PROTEINS CAN THEN COAGULATE, OR BOND WITH EACH OTHER, FORMING A MORE SOLID,
RIGID NETWORK. THIS IS WHY AN EGG WHITE TURNS FROM CLEAR AND LIQUID TO OPAQUE AND FIRM WHEN COOKED.
UNDERSTANDING THIS PROCESS HELPS EXPLAIN WHY OVERCOOKING CAN LEAD TO TOUGH, DRY TEXTURES, AS THE PROTEIN
FIBERS SHRINK AND EXPEL WATER. THE PRECISE CONTROL OF HEAT AND TIME ALLOWS US TO MANIPULATE PROTEIN STRUCTURES
FOR DESIRED OUTCOMES, FROM THE TENDER FLAKINESS OF FISH TO THE FIRM STRUCTURE OF A COOKED STEAK.

CARBOHYDRATE GELATINIZATION AND STARCH BEHAVIOR

CARBOHYDRATES, PARTICULARLY STARCHES, ARE RESPONSIBLE FOR THICKENING MANY DISHES. \X/HEN HEATED IN THE PRESENCE OF
LIQUID, STARCH GRANULES ABSORB WATER AND SWELL, A PROCESS CALLED GELATINIZATION. THIS SWELLING INCREASES THE
VISCOSITY OF THE LIQUID, CREATING SAUCES, GRAVIES, AND PUDDINGS. THE PRECISE TEMPERATURE AT WHICH GELATINIZATION
OCCURS DEPENDS ON THE TYPE OF STARCH. FOR EXAMPLE, CORNSTARCH GELATINIZES AT A LOWER TEMPERATURE THAN FLOUR.
FURTHEEMORE/ THE PHYSICAL STRUCTURE OF STARCH MOLECULES MEANS THAT ONCE GELATINIZED, THEY CAN TRAP WATER AND
CREATE A GEL-LIKE CONSISTENCY. THIS PHENOMENON IS FUNDAMENTAL TO BAKING, WHERE THE STARCH IN FLOUR UNDERGOES
COMPLEX TRANSFORMATIONS TO CREATE THE STRUCTURE OF BREAD AND CAKES, ALL INFLUENCED BY THE PHYSICS OF
HYDRATION AND HEAT.

THE JOURNEY THROUGH CULINARY PHYSICS PRINCIPLES REVEALS THAT COOKING IS AN INTRICATE DANCE OF SCIENTIFIC FORCES.
FROM THE FUNDAMENTAL TRANSFER OF HEAT TO THE COMPLEX MOLECULAR INTERACTIONS THAT DEFINE TEXTURE, EACH STEP IN
PREPARING FOOD IS GOVERNED BY PREDICTABLE LAWS. BY UNDERSTANDING THESE PRINCIPLES, WE MOVE BEYOND SIMPLY
FOLLOWING RECIPES TO TRULY MASTERING THE ART OF COOKING. |T'S ABOUT KNOWING WHY SOMETHING HAPPENS, ALLOWING
FOR GREATER CREATIVITY, TROUBLESHOOTING, AND ULTIMATELY, MORE DELICIOUS RESULTS. THE KITCHEN IS A LABORATORY OF
SORTS, AND THESE PRINCIPLES ARE YOUR MOST VALUABLE TOOLS FOR UNLOCKING CULINARY SUCCESS AND A DEEPER



APPRECIATION FOR THE FOOD YOU CREATE.

FAQ

Q: WHAT IS THE MOST IMPORTANT CULINARY PHYSICS PRINCIPLE TO UNDERSTAND FOR
BEGINNERS?

A: For BEGINNERS, UNDERSTANDING HEAT TRANSFER IS PARAMOUNT. KNOWING HOW CONDUCTION, CONVECTION, AND RADIATION
WORK WILL HELP YOU CHOOSE THE RIGHT COOKING METHOD AND EQUIPMENT, ENSURING YOUR FOOD COOKS EVENLY AND
ACHIEVES THE DESIRED TEXTURE AND DONENESS.

Q: How DOES HUMIDITY AFFECT COOKING, AND WHAT PHYSICS PRINCIPLES ARE
INVOLVED?

A: HUMIDITY AFFECTS COOKING PRIMARILY THROUGH ITS INFLUENCE ON EVAPORATION AND HEAT TRANSFER. HIGH HUMIDITY
SLOWS DOWN EVAPORATION, WHICH CAN HINDER BROWNING REACTIONS (LIKE THE MAILLARD REACTION) BECAUSE WATER
ABSORBS HEAT AND PREVENTS SURFACES FROM REACHING THE NECESSARY HIGH TEMPERATURES. CONVERSELY, LOW HUMIDITY
CAN LEAD TO FASTER DRYING OUT OF FOOD. THE PHYSICS INVOLVED RELATE TO VAPOR PRESSURE AND THE RATE OF HEAT
EXCHANGE BETWEEN THE FOOD AND ITS ENVIRONMENT.

Q: WHY DOES SALT MAKE WATER BOIL FASTER?

A: SALT DOESN'T ACTUALLY MAKE WATER BOIL FASTER, IT RAISES THE BOILING POINT. THIS IS A COLLIGATIVE PROPERTY,
MEANING IT DEPENDS ON THE NUMBER OF SOLUTE PARTICLES (SALT IONS) DISSOLVED IN THE SOLVENT (\X/ATER). THE DISSOLVED
SALT PARTICLES INTERFERE WITH THE WATER MOLECULES’ ABILITY TO ESCAPE INTO THE GASEOUS PHASE, REQUIRING MORE
ENERGY (A HIGHER TEMPERATURE) TO BOIL. THIS MEANS SALTED WATER WILL BOIL AT A SLIGHTLY HIGHER TEMPERATURE THAN
PLAIN WATER, BUT IT WILL STILL TAKE ROUGHLY THE SAME AMOUNT OF TIME TO REACH THAT ELEVATED BOILING POINT.

QZ WHAT IS THE SCIENCE BEHIND WHY CERTAIN FOODS GET TOUGH WHEN OVERCOOKED?

A: THE TOUGHNESS IN OVERCOOKED FOODS IS PRIMARILY DUE TO THE OVER-DENATURATION AND COAGULATION OF PROTEINS.
AS PROTEINS COOK, THEIR COMPLEX STRUCTURES UNRAVEL AND THEN BIND TOGETHER, FORMING A MORE RIGID NET W ORK. \W/HEN
OVERCOOKED, THESE PROTEIN STRANDS CONTRACT EXCESSIVELY, SQUEEZING OUT MOISTURE AND MAKING THE FOOD TOUGH AND
DRY. THIS IS PARTICULARLY NOTICEABLE IN LEAN MEATS AND SEAFOOD.

Q: CAN YOU EXPLAIN THE PHYSICS BEHIND FRYING FOOD AND ACHIEVING A CRISPY
EXTERIOR?

A: FRYING RELIES ON RAPID HEAT TRANSFER THROUGH A HOT MEDIUM, USUALLY OIL. THE HIGH TEMPERATURE OF THE OIL CAUSES
THE WATER ON THE SURFACE OF THE FOOD TO EVAPORATE QUICKLY. THIS RAPID EVAPORATION CREATES STEAM, WHICH
PUSHES OUTWARDS AND CAN HELP CREATE AIR POCKETS. SIMULTANEOUSLY, THE HIGH HEAT DRIVES THE MAILLARD REACTION
AND CARAMELIZATION ON THE FOOD'S SURFACE, FORMING A DRY, BROWNED, AND CRISPY CRUST. THE PHYSICS OF CONVECTION
(MOVEMENT OF HOT OIL) AND THE PHASE TRANSITION OF WATER TO STEAM ARE KEY.

Q: WHAT IS THE ROLE OF FAT IN COOKING FROM A PHYSICS PERSPECTIVE?

A: FAT PLAYS MULTIPLE ROLES IN COOKING, INFLUENCED BY PHYSICS. FATS HAVE A LOWER SPECIFIC HEAT CAPACITY THAN

W ATER, MEANING THEY HEAT UP FASTER. THEY ALSO HAVE A HIGHER BOILING POINT AND DON'T READILY MIX WITH WATER (THEY
ARE HYDROPHOBIC). IN FRYING, FAT TRANSFERS HEAT EFFICIENTLY TO FOOD. IN BAKING, FAT COATS FLOUR PARTICLES, INHIBITING
GLUTEN DEVELOPMENT AND CONTRIBUTING TO TENDERNESS. FATS ALSO CONTRIBUTE TO MOUTHFEEL AND FLAVOR BY
DISSOLVING FAT-SOLUBLE COMPOUNDS.



Q: How DOES THE SIZE AND SHAPE OF COOKWARE IMPACT COOKING RESULTS DUE TO
PHYSICS?

A: THE SIZE AND SHAPE OF COOKW ARE SIGNIFICANTLY AFFECT HEAT TRANSFER. A WIDER, FLATTER PAN ALLOWS FOR BETTER
SURFACE CONTACT AND MORE EVEN HEATING THROUGH CONDUCTION, IDEAL FOR SEARING. A DEEPER POT PROMOTES BETTER
CONVECTION CURRENTS, ENSURING EVEN HEATING THROUGHOUT LIQUIDS. THE MATERIAL OF THE COOKW ARE ALSO MATTERS,
METALS LIKE COPPER AND ALUMINUM CONDUCT HEAT BETTER THAN GLASS OR CERAMIC, INFLUENCING HOW QUICKLY AND EVENLY
HEAT IS DISTRIBUTED TO THE FOOD.
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