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Chapter 1. The Science of 
Food and Cooking: 

Macromolecules 

To best understand the 
nature of food and 
cooking one needs to 
understand the building 
blocks –of the food!  Por)ons	
  of	
  Annotated	
  PPT	
  

Why Cooking?  Why Science? 

Food is basic principle driving most of our 
human needs. 
Great way to learn science and understand 
the nature of the world around us 

•  Foods are complex mixtures of chemicals 
Being a better scientist will make you a 
better cook 

 - and… science is cool 
 

Cooking as a science 

Some of the oldest 
experiments involved 
food  
•  trying different  foods for 

nutrients (fermented milk 
– cheese, spoiled fruit – 
wine) 

•  heated foods for safety, 
nutrient availability and 
taste (leg of catch of the 
day fallen into a cave 
fire) 

Camembert	
  Cheese	
  

Fish	
  fillets	
  ready	
  for	
  cooking	
  

Cooking from a Recipe 

Kind of like putting a model together – unless 
you know what the parts are, it is a mystery 
until it is done 

•  Half the fun is creating something new or a twist 
•  The other half is just getting it done right 

• Learn what the function of each component 
•  Acid, base, protein, carbohydrate or fat 
•  Is there something special about what you are 

doing? – why do we let meat rest?... 

Scientific Method 

Scientific approach to ice cream 
 - initial questions – how can we make fat 

free ice cream 
•  Hypothesis is generated to drive the experiment 

o  Solves the problem or question and designs 
experiments to support or falsify (not prove) the 
hypothesis 

•  Hypothesis might be that the addition of a non-
digestible fat will make the ice cream tasty 

o Then design an experiment to test the 
hypothesis… 

 

The Scientific Method 

Science is a 
“hypothesis driven” 
procedure.   
From an observation 
of a phenomenon a 
question is created 
to generate a 
testable hypothesis 
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The Scientific Method 

A strong hypothesis 
is a statement rather 
than a question 
A testable 
hypothesis is not 
“proven” it is 
falsifiable based on 
experimentation 

How does science impact 
food? 

Food	
  
Science	
  

Biology – Understand edible 
tissues and organization on the 
cellular level – important for how 
to prepare and safely eat.  
Microbiology is critical in 
preparation (fermentation, 
souring) and safety! 

Physics– The study of matter and 
energy.  Thermodynamics 
influence changes in composition 
and quality.  Cooking is all physics! 

Engineering– Traditionally the 
study of momentum and energy 
transfer – applied physics.  
Involved in processing food for 
industry. 

Chemistry– Study of reactions. 
Understanding the molecular 
structures and their reactions are 
critical for good food!  Oxidized 
fats = rancid butter 

Atoms – The Building  
Blocks of Food 

Atomic Model: 
•  An atom consists of 

three main subatomic 
particles 
-  Protons (pos charge) 
-  Neutrons (uncharged) 
-  Electrons (neg charge) 

Bohr Atomic Model 

Described by Niels Bohr the atom is a tiny 
particle with a dense positively charged nucleus 
containing protons and neutrons where 
electrons occupy orbits around the nucleus 

Kitchen Elements 

The periodic table is an 
arrangement of atoms based 
on atomic number. 
•  Atomic number = # of 

protons in nucleus 
•  Atomic Mass = protons 

and neutrons 
•  Isotopes = are atoms 

(same number of protons) 
with different number of 
neutrons 

•  Isotopes will have 
different mass numbers 

Each atom is arraigned based on the number of proton 
(elemental number) increasing from left to right and top 
to bottom.  	
  

!

Biochemical Periodic Table 

Elements in red are present 
in bulk form in living things 
and are essential for life.  
•  Since food is made of 

material from living 
things, those elements 
are the most important 
to the science of food 
and cooking.  

•  Those elements in 
yellow are trace 
elements that are very 
likely essential for life.  

•  Those elements in blue 
are present in some 
organisms and may be 
essential for life.  
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Ionic Compounds 

Ionic bonds form 
from the loss or 
gain of electrons. 
 - Gaining an electron 
results in a negative 
charged ion (anion) 
- Losing an electron 
results in a positive 
charged ion (cation) 

Ionic Compounds 

Ionic Compounds (solid – not dissolved) consist of a balance of 
cations and anions held together by ionic (electrostatic) bonds in a 
lattice.  
 - The formula is always the same as the empirical formula 
- The sum of the charges of the cation and anion in each formula unit must 
equal zero 

Dissolving Ions 
Water – a dipolar solvent, can break 
the ionic interactions between ions in a 
lattice.   
•  The partial charge of water reduces 

the attraction between ions 

Covalent Bonds 
When at least two atoms are joined 
together by bonds, a molecule is 
formed. A compound is formed from the 
bonding of atoms from at least two 
different elements  
•  A covalent bond is formed by the 

sharing of TWO electrons. 

Covalent Compounds 
Covalent bonds are made from non-metal atoms to fill 
the outer shell of electrons 
•  Valence electrons are the electrons that participate in bonding 
•  Simple model is for each atom to share enough electrons to 

have 8 electrons (except H which needs 2 e-) 
•  Electrons in valence shell are shown in the periodic table by its 

group number 
 
 

1A	
   1	
  

2A	
   2	
  

3A	
   3	
  

4A	
   4	
  

5A	
   5	
  

6A	
   6	
  

7A	
   7	
  

Group	
   #	
  of	
  valence	
  e-­‐	
  

Making Eight (except H) 

In this configuration bonds 
are between the common 
or shared pairs of 
electrons 
•  Electrons not involved 

in bonds are “lone 
pairs” 

•  Each pair of shared 
electrons is a bond 

•  Single, double or triple 
bonds exist 

Why	
  should	
  two	
  atoms	
  share	
  electrons?	
  

F	
   F	
  +	
  

7e-­‐	
   7e-­‐	
  

F	
   F	
  

8e-­‐	
   8e-­‐	
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Glycine Not All Sharing is Equal 

Electrons density will 
be higher at the more 
electronegative atom 
•  Unequal sharing 

of electrons 
leaves atoms 
partially negative 
or positive  

•  Creates a “polar” 
covalent bond. 

Increasing	
  Electronega)vity	
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Drawing Chemical Structures 

Structure of Vanillin.  On the Left: Structural formula of vanillin: 
Each atom is drawn and each bond is clearly marked – notice the 
single and doubled bonds and carbon atoms bonded to H, O and 
other C atoms. On the Right:  Skeletal formula of vanillin: Note the 
implied carbons at the intersection and end of each line.  Groups 
of atoms are explicitly drawn.  Double and single bonds are drawn 
the same as shown in a structural formula 

Functional Group: 
Sulfhydryl (Thiol) 

- SH 
•  Most commonly found in the 

amino acid cysteine 
•  Oxidized (disulfide bonds) 

help hold proteins together 
•  R-S-S-R bonds are broken 

by heat or reducing agents 
denaturing (unfolding 
proteins) 

•  Metabolism of these atoms 
play a role in onion and 
garlic odor 
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Thiol Functional Groups.  (A) The basic convention for 
a reduced sulfhydryl with R as an undetermined carbon 
group.  (B) The change in oxidation state of a sulfhydryl 
group from reduced (R-SH ) to oxidized (R-S-S-R).	
  
	
  	
  

Soft Tortillas 

Protein flour gluten can cross-
link to other gluten strands 
•  The more disulfide 

crosslinks the more 
elastic and chewy the 
food 

•  Fumaric acid helps 
maintained reduced 
sulfides limiting the 
crosslinks and increasing 
soft, less chewy tortilla 

The impact of fumaric acid on disulfide formation 
in gluten found in tortillas.  The addition of the 
acid keeps the disulfide bonds in the reduced 
state limiting the cross-linking of gluten for a 
softer chewier food.	
  
	
  	
  

Intermolecular Forces– 
Hydrogen Bonding 

The forces that hold 
atoms together in a 
molecule is a bond. 
 
The forces between 
molecules are 
intermolecular forces 
 
These are MUCH weaker 
forces than 
intramolecular (bond) 
forces 
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  +	
  Na+	
  

Dipole	
  Interac)on	
  	
  
(par)al	
  or	
  full	
  charge)	
  

Ion	
  –	
  Dipole	
  Interac)on	
  

-­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  Na+	
  

Ion	
  –	
  Induced	
  Dipole	
  Interac)on	
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Hydrogen Bonds 

Electronegative covalent bonded 
atoms will have a partially negative 
(polar) bond when bonded to a less 
electronegative atom 
 
The result is a slightly negative and 
slightly positive side (pole) to the 
bond between two atoms. 
 
A special case takes place when O, 
N or S are bonded to H 
 
This is a special type of dipole-
dipole bond. 
 
This allows the partially positive 
charged H to bond to a partially 
negative acceptor atom (primarily O 
and N atoms in food) 
 

Increasing	
  Electronega)vity	
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Hydrogen Bonds 

In the case of oxygen versus hydrogen, the oxygen has “more” of the shared 
electrons giving it a slightly negative charge, and hydrogen has “less” of the shared 
electrons making it slightly positive.  
•  The atoms joined by a polar bond are NOT ions. To be an ion, the atom must 

have one or more full negative or positive charges.   
•  The partial charges on the atoms of water molecules allows them to form weak 

attractions between molecules.  
•  These weak, non-covalent attractions between the slightly positive hydrogen 

and the slightly negative oxygen are called hydrogen bonds  

Hydrophobic Interaction 

Water molecules can 
not H bond to non-
polar molecules (non 
charged) and the 
water molecules are 
forced to H bond with 
each other forming an 
ordered shell around 
the molecule 

Entropy	
  –	
  is	
  the	
  state	
  order	
  of	
  a	
  system	
  
• The	
  second	
  law	
  of	
  thermodynamics	
  is	
  
that	
  for	
  a	
  process	
  to	
  proceed	
  entropy	
  
must	
  increase	
  

• This	
  means	
  the	
  more	
  disorder	
  the	
  more	
  
favorable	
  a	
  process	
  	
  

Simple Acid and Base 
Chemistry 

Acids are any compound that produces a hydrogen ion (H+) 
Bases can be thought of as a compound that removes H+ or adds 
OH- 
 
Acids and bases react to neutralize each other as they form water 

H+ + OH- -> H2O 
 
The pH scale is a measure of the balance of both protons and 
hydroxide ions; it ranges from the most acidic (pH=0; 101 H+ and 
10-14 OH- moles/liter concentration) to the most basic (pH=14; 
10-14 H+ and 101 OH- moles/liter concentration).  

H+ = sour 

The Latin term for 
vinegar, acetum is 
related to the acidus, and 
has been around since 
antiquity to describe our 
food and drink.   
•  Muscle acid – Lactic 

acid 
•  Vinegar – acetic acid 
•  Fruit acid – citric acid 
•  Candy acid – Oxalic 

acid 
The	
  term	
  acid	
  is	
  La)n	
  for	
  acidus	
  meaning	
  “sour	
  
or	
  tart.”	
  	
  

Acids found in typical foods 

Some	
  acids	
  have	
  
more	
  than	
  one	
  
carboxyl	
  group	
  –	
  
more	
  than	
  one	
  
dissociable	
  proton.	
  	
  
The	
  group	
  with	
  the	
  
lower	
  pKa	
  will	
  loose	
  
its	
  proton	
  first	
  
making	
  it	
  more	
  
acidic.	
  

The	
  dissocia9on	
  of	
  malic	
  acid	
  into	
  ions.	
  	
  Hydrogens(a)	
  and	
  (d)	
  are	
  lost	
  
as	
  protons.	
  	
  De-­‐protona9on	
  does	
  not	
  occur	
  for	
  hydrogens	
  (b)	
  and	
  (c).	
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Use of acids in food and 
cooking 

Under the right conditions 
some strains of bacteria will 
produce lactic acid or acetic 
acid making food sour and 
curdle 
 
Ceviche is a raw or partially 
cooked shrimp and seafood 
acidified by citric acids in 
lemon and limes – the lower 
pH reduces many harmful 
bacterial growth and 
denatures/tenderizes the 
seafood 

Using Weak Acids to Make Ceviche. 
Raw shrimp is made tender and tangy by 
weak acids in citrus juices.	
  

Bitter Foods OH- 

Basic (alkali) solutions 
have more OH- than H+ 
-  Feel slippery likely due 

to fat/lipid dissolving 
from skin 

-  Coffee, unsweetened 
cocoa and beer hops 
are all basic 

-  Many plant toxins are 
products of plant cell 
walls and are bitter 

Cocoa	
  beans	
  and	
  coffee	
  are	
  alkaline	
  foods	
  

Bases 

One definition of a base is 
a compound that accepts a 
proton.  Water is a good 
proton donor. 
 
Taking a proton from water 
results in generation of a 
hydroxide anion. 
 
Some bases react to 
remove a proton, changing 
the H+ concentration 
making the solution more 
alkaline 

Ammonia is a common 
household example of a base 

Protein Structure 

Proteins generally fold with 
the hydrophobic R groups 
inward facing away from 
water with the charged R 
groups exposed to water 
 
•  Cysteine side groups will 

form disulfides holding the 
folded protein structure 

•  Ionic interactions between 
oppositely charged side 
groups OR of the same 
charge with a ion bridge 
(often a metal) also 
maintain protein structure 

Forces Maintaining Protein Structure.  The 
backbone of a protein (shown as a black line) is 
folded in its native state by the chemical 
interactions of the side chains.	
  

Protein Denaturation 

Native Protein – a 
properly folded protein will 
maintain its function 
 
Denatured Protein – 
Heat, acid, base, oxidizing 
and other agents will 
defeat the intermolecular 
forces maintaining a 
protein in its native state – 
inactivating and unfolding 
the protein 

Denaturing Protein.  Extreme conditions can 
lead to protein unfolding causing a mesh 
network of insoluble protein.  Cheese curds 
(from acid) and egg whites (from heat) are two 
classic examples of denaturing proteins and 
food.	
  

Many Proteins of Eggs 

What is the difference between a 
soft boiled egg, over easy and 
sunny side up egg? 
 - ANS=The proteins denatured.  
Heat denatures proteins, causing 
the protein to curdle and form a 
solid network. 
-  Different proteins have various 

amino acids with distinctly 
different levels of heat needed 
to denature the protein 

-  Ovalbumin 80oC 
-  Conalbumin 63oC 
-  Ovomucin >120oC  

heat	
  

Opaque,	
  white,	
  
cooked	
  egg	
  white	
  is	
  

made	
  of	
  heat	
  
denatured,	
  

coagulated	
  and	
  
solidi8ied	
  protein	
  

Clear,	
  transparent,	
  
raw	
  egg	
  white	
  is	
  full	
  
of	
  happy,	
  folded	
  
proteins	
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Protein Function 

Proteins play many roles in cells  
•  Transport compounds in and out of the cell 
•  Structural components  
•  Catalysts (enzymes)  

ü  Lipases digest fats in aged cheese 
ü  Proteases breakdown proteins creating 

umami flavor and tenderizing meat 

Carbohydrates 
Hydrated Carbons 

Carbon chains with 
multiple C-OH bonds 
and C=O (carbonyl) 
groups 
•  Simplest sugars 

are 
monosaccharides 

•  Linear or ring 
structures 

With	
  permission	
  from	
  Voet	
  and	
  Voet	
  (Wiley)	
  

Monosaccharides 

Glucose – key blood sugar for brain, found in some fruits 
and sports drinks.  Monomer of plant and animal starches 
Fructose – Sweet tasting sugar found in cane sugar, sugar 
beats honey and corn. 
Galactose – Involved in neural membrane development – 
papaya, tomato and watermelon contains this sugar 

Disaccharides 

Dehydration / condensation of two 
monosaccharides yields a disaccharide 
•  Bonded by special C-O-C bond called a 

glycosidic bond 

Common Disaccharides 

–  sucrose = table sugar - glucose and fructose (alpha 
linkage) 

–  lactose = milk sugar - galactose and glucose (beta 
linkage) 

 
Lactose intolerance: lack of enzyme to  
break  the ß glycosidic linkage - leads to 
 bloating cramps and diarrhea 

Two Orientations of 
Glycosidic Bond 

α or β – where is the 
link from the lead 
sugar?   
α-glycosidic bond – OH 
fall below the plane  
 
β-glycosidic bond– the 
OH from the sugar is 
above the plane  
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Starch 

Unreactive sugar polymer important in cooking 
•  Bonds to many water molecules at a time 
•  Forms shells of water 
•  Binds and interacts with other molecules 
•  Acts as a thickener due to the long polymer shape – 

think of tangles of hair 
•  With minimal water – forms solid gel 

Found in tubers (roots) and rice, seeds (corn) 
•  Makes things sticky (rice, noodles) and can act to 

separate proteins from binding to each other! 

Polysaccharides are 
Complex Carbohydrates 

Long chains 
(branched or 
unbranched) of 
monosaccharides 
 
•  Dietary– starches 
•  Nutritionally 

Unavailable – fiber, 
gums, pectins… 

Starches	
  like	
  those	
  found	
  in	
  baked	
  breads	
  
include	
  pec9n	
  and	
  amylopec9n	
  

With	
  permission	
  from	
  Voet	
  and	
  Voet	
  (Wiley)	
  

Non-Digestible Starch 
Cellulose  

Another plant starch is 
cellulose 
-  Containing β glycosidic 

bonds, mammals lack 
the enzymes to break 
this bond into 
monomers and 
remains undigested 

-  The orientation of H-
bonds in long strands 
of cellulose cross-link 
forming strong 
structural support for 
plants 

Cellulose	
  is	
  an	
  extended	
  ribbon	
  
conforma)on	
  (parallel),	
  and	
  sheets	
  of	
  
cellulose	
  are	
  connected	
  by	
  intersheet	
  
hydrogen	
  bonds	
  

With	
  permission	
  from	
  Voet	
  and	
  Voet	
  (Wiley)	
  

Pectin in Jams and Jellies 

Pectin is modified as a plant ages – 
new plants have un-modified pectin 
giving the fruit a hard dense 
consistency 
-  During aging – enzymes modify 

pectin reducing its interaction 
with other pectin moleules 
softening the body of the fruit 

-  Jams and Jellies use calcium 
and acidic conditions to bind 
strands of pectin forming a water 
holding “gel” 

ü  Adding acid (citric) helps solidify 
jellies if the fruit is low in pectin 
concentration 

ü  Some aged fruits contain low 
levels of pectin or highly modified, 
aged pectin. Adding additional 
pectin supports forming a gel 

A cartoon of pectin, a polymer 
of galcturonic acid.  The 
positive charged calcium 
helps bind strands of pectin to 
form a gel.	
  

Gums 

Many types of gums including 
gum arabic, alginate, agar, 
carrageenan and xanthan gum 
•  Hydrocolloids can form gels 

or solid depending on water 
content 

•  Used to improve mouthfeel 
and as thickeners 

•  Often used in food industry 
to limit water loss after 
freezing or to replace 
starches as thickeners 

Red Carrageenan.  Red seaweed is dried 
and the cell wall carbohydrates are used as 
additives (gums) in foods. By StinaTano via 
Wikimedia Commons	
  

Fatty Acids 

Fatty acids are long carbon 
chains with a carboxyl 
group on one end. 
•  Can range from 4-35 

carbons most are 14-20 
in foods 

•  Saturated fatty acids 
have the maximum 
hydrogens bonded to 
each carbon 

•  Unsaturated fatty acids 
have double bonds and 
one less H atom on two 
or more carbons 

•  Most natural 
unsaturations are “cis” 
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Fats 

Fats are complex molecules with a glycerol backbone and up 
to three fatty acids  
•  Acyl is a fatty acid chain with undefined length 
•  Fatty acids are bonded to the backbone by an ester bond 

Solubility 

Lipid definition is a non-polar 
compound that is insoluble in 
water… hydrophobic. 
 
Fatty acids and 
triacylglycerols (fats) are 
water insoluble and form a 
second immiscible phase 
when mixed with water 
 
Fats are good solvents for 
non-polar compounds that are 
insoluble in water – spices 
and some vitamins 

Polar vs Non-Polar Bonds.  The polarity of a 
molecule is determined by the separation of charge 
between its atoms. In polar molecules, most atoms 
are connected polar bonds.  In non-polar molecules, 
non-polar bonds connect most atoms.	
  

Fats and Fatty Acids  
Melting point 

Hydrophobic interaction between fatty acid chains depends on 
shape and “stacking” 
- The more ordered and well stacked the more the van der Walls 
forces - hydrophobic contacts  

Most	
  animal	
  fats	
  have	
  a	
  high	
  propor)on	
  of	
  
saturated	
  fa]y	
  acids,	
  plant	
  oils	
  are	
  higher	
  in	
  
unsaturated/polyunsaturated	
  

Size and 
Shape 
Matter! 

Saturation and 
chain length 
impact melting 
point 
•  Longer chains 

will be solid at 
room temp 

•  Unsaturation 
leads to less 
efficient 
packing and 
lower melting 
points! 

 

Oil. Unsaturated and polyunsaturated fatty 
acids are liquid at room temperature. 	
  

Emulsifiers 

Emulsions are 
homogenous dispersions 
of two immiscible 
components.   
 
Emulsifiers are additives 
that create emulsions 
from two incompatible 
phases 
•  Amphiphilic 

compounds are good 
emulsifiers. 

Two	
  immiscible	
  phases	
  
–	
  oil	
  (hydrophobic)	
  and	
  
vinegar	
  	
  and	
  water	
  
(hydrophilic)	
  

Different	
  salad	
  dressing	
  emulsions	
  under	
  the	
  
microscope.	
  The	
  circular	
  droplets	
  of	
  fat	
  are	
  dispersed	
  
in	
  the	
  water	
  phase.	
  The	
  smaller	
  the	
  fat	
  droplets,	
  the	
  
more	
  stable	
  the	
  emulsion	
  	
  

Ciênc.	
  Tecnol.	
  Aliment.,	
  Campinas,	
  30(2):	
  477-­‐482,	
  abr.-­‐jun.	
  2010	
  	
  

Cooking with Emulsions 

Generate an emulsion by 
creating very small 
droplets of oil in water or 
water in oil then adding 
an amphipathic 
compound to stabilize the 
droplets. 
-  shaking, blending, 

whisking or industrial 
sonnicators (high 
energy sound waves) 

-  Phospholipids 
(phosphocholine) and 
proteins are 
commonly used in 
cooking 

Oil	
  Drop	
  

Oil	
  Drop	
  


