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Chapter 11
Seasonings What is salt?

Chemical definition: An ionic compound formed by a reaction of an acid and base.

HCl + NaOH -> NaCl + H2O
Acid    Base       Salt    Water

Salts are ionic compounds which, when dissolved in water separate completely into ions.  
They always contain a metal cation or an ammonium polyatomic derived cation (NH4

+)

Common positive charged ions (cations): Na+, K+, Mg2+, Fe2+, Fe3+, NH4
+…

Common negative charged ions (anions): Cl-, F-, CO2
2-, HPO4

2-, SO4
2-…

Single atomic anions X-,  polyatomic anions XY-

Salt: Health and cooking

Health - Dietary Salt (NaCl) is an 
essential component of a diet.  
Na+ is used to maintain ion 
gradients across cell 
membranes for nerve function, 
is important for muscle function 
and many other cellular needs. 
- BUT:  more than 2.300 mg a 
day can be difficult for the 
kidneys to eliminate and your 
blood will be too high in salt.  
The result is an increase in 
volume of water (osmosis) with 
a concurrent increase in blood 
pressure leading to heart 
disease, stroke, kidney disease 
and congestive heart failure 

Cooking – salt free is nearly impossible.  Low 
salt foods have less than 5 mg of NaCl per 
serving, low sodium foods contain 140 mg of 
sodium or less.   ANY thing with sodium (Na+) 
will contribute.  Look at the nutritional label 
closely. 

Salt is critical for full flavor. Na+ synergizes the 
signaling of taste receptors and can repress 
some of a bitter flavor.  

We have two types of sodium receptors.  High 
affinity receptors signals a positive effect at low 
concentrations  and low affinity receptors are 
wired to an adverse reaction to high 
concentrations of salt.  

Salt Ions interact with proteins and other food 
molecules when making foods.

More on salt and cooking

Ions from salt help to keep proteins in solution as they denature and bind proteins 
together before forming a curd

When baking bread, the salt ions disrupt the like charges of gluten proteins allowing 
the proteins to come closer together forming a better cross-linked network.  

• Salt is said to ”toughen gluten”.  By allowing the proteins to form networks 
even a weaker flour (low gluten flour or a dilute bread mixture) can still form 
better dough.
•High amounts of salt in the dough will limit the yeast fermentation resulting in 
less gas and a more dense bread.

Salt in water can increase the boiling point of water and decrease the melting point of 
ice.  These are examples of colligative properties

Salt ions allow volatile compounds to escape from the liquid phase while cooking into 
the gas phase where these compounds can be smelled and tasted.

Types of salt

Making Salt:  Seawater is mostly water (~96.5%) and the dissolved solids are mixture of 
compounds, mostly Sodium and Chloride ions.

Sea salt is the act of evaporating
water leaving all of the remaining solids

Wiki common

Table salt.  Purified NaCl with iodine and 
glucose adder to reduce thyroid disease 
(goiter) and added anti-clumping agents 
for better flow.  

Kosher salt is table salt without additives and 
typically larger, less refined crystals.  Sometimes 
used as the larger crystals dissolve slower.

All three are NaCl.  Each with different 
”contaminants”  the major component is 
sodium and chloride ions.   

Gourmet Salt: NaCl.  
The rest – contaminants!

Different salts milled from various sources can include 
a variety of contaminants – metals, other compounds 
and even dead organisms.  The flavor and impact on 
cooking of the contaminants is minimal.  There are NO 
health benefits as most of these salts are still…  

NaCl.  Same rules apply!

Fleur de sel (flower of salt) made by dried salt water beds in west-central France. 
Often contains dried algea in addition to trace metals and other salts.

Himalayan pink salt – mined from Pakistan Himalayan mountains.  Dried seabed 
salt.  95-98% NaCl Colors come from magnesium and calcium.  These plus 
calcium give a slightly different taste.  

Alaea Hawaiian Sea Salt includes bits of lava and coral particles making the red, 
brown or pink color.
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Herbs and Spices

Herbs vs Spices
• Herps and plants (and salt) 

are seasoning
• Herbs and Spices are 

products of plants
• Herbs are the leafy material 

of a plant
• Spices are made from the 

other parts of the plant 
(root, stem, bark…) Much of the flavor and aroma are due to small 

organic “volatile” compounds 
Compounds with a high vapor pressure

Or
These molecules easily escape from the food or drink

Volatiles of Cilantro 
and Parsley 

Small organic and mostly non-polar or 
ionic compounds are often volatile

Crush a cilantro or parsley and the odors 
are the decanals (cilantro) and benzene 
derived menthatriene/limonene 
(parsley)

Poorly water soluble too, more easily 
dissolved in oils. 

Understanding the nature of herbs and 
spices helps you to better cook with 
them.

Seasoning and pairing
Herbs and spices best cook in an oil based food and will not flavor 
water based foods as well.   Because they are volatile, adding later 
in cooking for water-based foods will give a better result.

Cooking with Herbs and Spices:
• Crush leaves and grind spices immediately before adding to dish
• Slow release?  Use whole spices or herbs
• Add ground slices no more than 5-15 min before end of cooking
• Dried herbs and spices work well with oil
• Many of the compounds in spices and herbs will react (oxidize) with 

oxygen and don’t age well.

Common Molecular Structures
Terpenes

• Base unit of terpenes is isoprene
• Many enzymatic pathways use isoprene to make 

terpenes.
• Products include cholesterol, and steroids
• Pine tree secrete these – blue haze of the smoky 

mountains and the pine smell on a hot day 
• Smaller terpenes are more volatile
• The nonpolar nature of most explain their presence 

and use in oils 

Terpenes:  large class of molecules that are highly 
volatile and aromatic.  These are the types of compounds 
found in both herbs and spices

More terpenes
Common Molecular Structures

Phenol

• Groupings of phenols are polyphenols
• Found in bark, stem and leaves of plants
• Lignin is a polyphenol that serves as a 

structural material for plants and algae.  
These are converted to a class of lignin 
polyphenols called tannins – many 
examples some include: cumin vanilla, 
cinnamon

• Bioactive properties include antioxidant, 
antimicrobial and other medicinal benefits 
– many of which are not well tested

Phenol:  benzene ring (6 carbon 
ring with alternating double bonds) 
and an alcohol.  Base for thousands 
of herbs and spices.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4227268/
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Common Molecular Structures
Esters

Many odorants are generated as esters by the loss (dehydration) of water 
from a carboxylic acid in a reaction that combines the reactant with 
another compound
- Pine, cinnamon and jasmine are examples.  
- Many of the alcohols from distillates will contain ester compound 

providing fruity aroma and flavor as a result of carboxylic containing 
tannins and alcohols.

Pungent 

Pungent: A family defined by the sensation after eating rather than the structure.  
Peppers, mustards, black peppers…
- A feeling of heat, hotness, or unpleasantness
- Formal term is chemesthesis.  Activation of senses for pain, touch, heat or cold.  
Horseradish, cabbage, wasabi and mustard all contain organic derivatives of thiocyanates 
(R-SCN)
- Allyl isothiocyanate is produced by enzymes after the root of mustard, horseradish and 

wasabi is crushed.  The enzyme responsible is found in the cell wall and only released 
after the cell is disrupted.  Thus aged preparations are more pungent.  
- Mustards are less pungent as they are dried in preparation denaturing the enzyme.  

Rehydration of the powder recovers some of the activity but not if the food is acidic.  

- Allyl isothiocyanates are not heat stable – add late if you wish a more pungent dish.

Wasabi plants are limited and ”true Japanese wasabi” is expensive.  Most wasabi is 
horseradish with green food coloring.

Allyl isothiocyanate

Pungent 
Alkaloids are a second class of pungent herbs and spices and are 

natural products that contain one or more basic nitrogen atoms (think 

pH).     They often are derived from phenols.  Examples include black 

peppers (chavicine and piperine) hot pepper (capsaicin)   

Piperine and Chavicine are both found in Piper nigrum (black pepper plant) 

- both compounds bind to pain receptor TRV1 found in most cells.  

- Piperine is more stable than chavicine along with other terpines and why we find a 

difference in “bite” between fresh cracked pepper and aged crushed pepper.

- White pepper is made from the same berry as black pepper, but the cover of the fruit 

is removed by bacterial decomposition in water.   This is where most of the aromatic 

terpenes are located but the piperine and chavicine remain in the heart of the berry.  

White pepper has the heat but less of the aroma of black pepper.

Hot peppers produce capsaicin (more later) also bind to the pain receptor.

Vanilla

Vanilla is extracted from the small black seeds of a 
pod developed from a pollinated vanilla flower from 
the vanilla orchid

• hand pollination is still required as this is done naturally by a specific 
species of bee only found in south and central America

• Vanillin is the flavorant, isolated by extraction of beads in ethanol. 

• Regional cultivation has generated some differences in phenols and 
terpenes providing why there is some difference.  Madagascar and 
Reunion (formerly known as Bourbon) are some of the larger 
producers  Tahetian vanilla is not as heat stable.

• Drying the pod results in browning reactions adding other flavorants

Vanilla

Vanillin is not particularly water soluble and will volatilize and 
decompose in heat.

Pure vanilla extract is the result of alchol extraction from beans and 
contains vanillin as well as other phenols, tannins and terpenes.

Artificial vanilla extract is the synthesis of vanillin from polyphenols (is 
vanillin a phenol?) often from wood products.  

These artificial products are primarily vanillin but will not contain 
many of the other flavorants of Vanilla.

Cilantro and Coriander

41 distinct terpenes and phenols are 

found in extract of cilantro and coriander 

plants.  The key set of compounds 

responsible for much of their flavors and 

odors are shown here

Cilantro are long carbon chains  called 

decanals.  Also responsible for green 

grass!

Coriander has terpenes including pinene 

and linalool.  

Tastes like soap!  Some people ~10%) dislike 

cilantro as the decanals taste like some of the 

defensive compounds made by bugs AND 

soap.

- A single base change exists between people 

who like and dislike cilantro in a receptor 

OR6A2 gene found in our olfactory system.

- A single change of DNA (nucleotide) is called 

a polymorphism or (SNP).  Many SNPs exists 

between various groups of people, some result 

in genetic/protein level changes giving a 

difference in how proteins work

- The genetic change makes the aldehyde 

decanal bind to the receptor for soap and 

stinkbugs 
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Cinnamon
Cinnamon is found in the bark (thus a spice) from the inner layer of 
evergreen trees and shrubs of Cinnammum genus (>250 in the 
family) – there are many differences in the types of volatile 
compounds between tree/shrubs, but the common compound 
responsible for the bulk of cinnamon flavor is Cinnamaldehyde.

”True cinnamon” comes from Cinnamonum verum now grown in 
India, Sri Lanka and Madagascar.  Often called Sri Lankan or Ceylon 
Cinnamon.

Cinnamomum cassia trees are also used to produce cinnamon most 
commonly called cassia cinnamon.  Grown in Vietnam, India and 
Indonesia.

Cinnamomum Brumannii trees are used for burmanniior
Indonesian/korinthi cinnamon and is grown in Indonesia

The stripped bark is dried and allowed to curl.
- Sri Lankan/Ceylon paper-thin forms tight single curl, often with 

many thin rolled layers.
- Cassiaand burmannii are thick and form a double curl.

Both contain cinnamaldehyde, ceylon has more linalool, eugenol 
(cloves and honey) while cassia has less and more tannins and 
vanillin with stronger off flavors.

Hot Pepper

Chili is often used to describe the pepper 
(which contains capsaicin) while others 
consider chili to be the dish chili con carne 
with beans, tomatoes and peppers.

Chile (focus on the “e”) is also used to 
describe the plants.  Historically correct is 
chili with an “I” based on the Spanish 
botanist Fransisco Hernandez description in 
1615.

Chili plants are part of a larger family called 
Solanaceae (nightshade) flowering plant 
that includes tomato, potato and petunia.   
- Chili plants are of the capsicum genus.  
Capsicum annuum, Chinese and frutescens
are variants of this species.

Pepper Colors

The compound 
responsible for many of 
the colors in plants and 
vegetables. 

Metabolism of this 
compound generates 
many different colors in 
vegetables and fruits

Does color indicate heat?
Nope…

Hot Pepper – the real deal
•Vanilloid Family compounds – phenol head group 
in common
•“Heat” comes from a molecule called Capsaicin
•Related to vanilla flavor molecule – but each binds 
to two different receptors!

Some like it hot!
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What isCapsaicin?

Small molecule made in various 
chilies which bind directly to 
nerves
• There are nociceptors for pain, heat 

and toxic chemicals
• Stimulation of nociceptors brings 

about a withdrawal response by 
animal sensing receptor stimulation

• Longer term nociceptor stimulation 
brings inflammation of effected 
tissue

This is the biochemical cue to tell body the cells are damaged – capsaicin 

signaling is a fluke – no harm just sensation of damage

Capsaicin then binds to receptor on nerve 

(NOT TASTE BUD) cell –called TRPV-1.

Menthol (peppermint sensation) binds to the 
cold receptor!

It is about the dose

The heat mostly comes from the 
concentration of Capsaicin.   Think 

one vs 1000 flashlights!

Chemical Warfare!

IF plant derived caspaicin 
doesn�t damage cells, but tricks 
the brain into thinking it does…   
WHY?

DON�T EAT ME!
or

DON�T �BUG� ME!!! 

Lets put this together…

There are a couple of different lines of reasoning for 
the natural role of capsaicin– no one really knows for 
certain, that is why it is science and not fact…

Chemical Deterrent –
- fruits with seeds are mostly protected by shells or 

not harmed as they pass through the gut.

Don�t eat me!

Plants spread via seeds – must be moved by wind or 
other mechanism – eating is one such way.
•Mammals have molars, birds don�t…
•Mammals have TRPV-1 receptors, birds don�t

Don�t Bug Me

Capsaicin- found in the placenta 
(ribs) of the fruit.  
•Different chilies have more or 
less capsaicin in the placenta
•Larger fruit has less capsaicin
•High temp and drought 
increases capsaicin content
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Don�t Bug Me

Fungus (fusarium) invades, uses the fruit to 
grow causing damage to chili peppers.

• Fungus gains entry after bugs damage skin
• Capsaicin doesn�t alter the number of �bug 

bites� but did limit the fungal infection by half
• The more capsaicin the less fungal growth and 

more the seeds were spread

Medical Uses of Capsaicin

Capsaicin and derivatives –
bind and cause cancer 
cells to �kill themselves�

• A process called 
apoptosis

• Prostate cancer cells

Mori A et al. Cancer Res 2006;66:3222-3229

Hot Sauce is �swell�

Long term exposure of capsaicin to nociceptor 
leads to loss of chemical signal and ability of 
nerve to respond to pain signal

• Topical (salve rub) exposure or injection of 
capsaicin leads to �desensitization� of pain

• This blocks sensation of pain and inflammation and 
swelling that comes with some chronic injuries.

• Being used as a patch for arthritis and other pain 
causing disorders 

Does size matter?

• Capsaicin increases right before 
maturation.

• Colors of peppers change at the 
same time.

No strong relationship between size of the 
pepper or color of the pepper…  BUT…

• So the overall color from Green 
to Red is less important than 
the color of a specific pepper.

• The smaller peppers are 
typically (but not totally) the 
hottest

How do YOU measure hot?
Scoville Scale –Parke Davis pharmaceutical chemist, Dr. Wilber Scoville.

• Organoleptic test (see the original paper on the class web page) defines the heat units.  
• Mixed sugar with a �grain� of fruit extract
• The amount of sugar needed to neutralize the pungency of the pepper set the scoville heat unit 

(SHU).
• Something of 2,000 units has to be diluted 2,000 times in sugar solution before it can�t be detected

Pure Capsaicin ~15 million

Habanero Bhut jolokia (Ghost)

Jalapeno
Anaheim

Ancho (Pasilla)
500-2,000 1,000-2,000 3,500-8,000

1,000,000 1,500,000
Trinidad Moruga

200,000-350,000 2,200,000
Carolina Reaper

Original Tabasco has a rating of 2,500 to 5,000 Scoville units. The 
hottest readily available peppers, Scotch Bonnet and habaneros, 
share a rating of 100,000–350,000. India's Bhut Jolkia pepper is 
hottest with 1,000,000 SHU.  Pepper spray is around 5,300,000
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How do I remove this stuff? Cool off!

Capsaicin is fat soluble
• Will not dissolve in water
• Pain nerves bind tight to most varieties of the 
molecule – so the answer is to remove caspaicin
from the scene.
– Water and cold drinks – bad choice

• Water just spreads the molecule – oil on water.  This 
helps spread right to new nerves!

• Cold – different nerve – so the signal of pain/heat will 
still be sent even with cold nerve activation

So what do you do?

Drink something that will 
absorb the fat-soluble 
capsaicin…
-Milk, vegetable oil, greasy 
food…
-Something cold can mask 
but not remove
-Alcohol will also dissolve

- High alcohol content drink
-Acidic food/drink enhances

- Pop is acidic and won�t 
help

Hot Sauce Recipes

Main ingredients:
•Acid – Vinegar or Citric acids

• Wine vinegar will have some alcohol (not enough to do anything…)
• Helps break down cells and bring some of the capsaicin into solution

•Salt – enhance other flavors
•Onion and garlic – UMAMI!!!

Tabasco vs Louisiana Hot Sauce (Cayenne and Tabasco peppers, 
vinegar, salt)

- Tabasco – aged in white oak barrels for 3 years
- Louisiana Hot Sauce also aged but less spicy
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Louisiana-Style Hot Sauce

Ingredients
5 Red Cayenne or 8 Serrano peppers

4 Jalapeno peppers

1 cup distilled white wine vinegar

½ medium tomato (optional)

1 tsp salt

1 tsp sugar

Directions
Blanch peppers (boil 1 cup distilled white vinegar and drop peppers for 2-3 min).  

Add peppers, salt and sugar with ½ cup of vinegar to blender.  Blend until smooth.

Add rest of vinegar and blend until smooth.

Devil’s Trinity Hot Sauce!

Ingredients
½ Tsp Dried Cayenne (or homemade flaked peppers!)
2-4 Tbsp fermented Carolina reaper or morguia scorpion paste
6-12 Fresh hot peppers (Chocolate Ghosts, 7 Pot or others, use jalapeno if you are wimpy)
2 cup Malt vinegar (can mix with white vinegar) 
3-4 Roma tomatoes ¼ Tsp Cumin 1 Juiced lemon½  Chopped Onion 1 tsp curry
Small Can - Tomato paste to taste 1 Red garden pepper
½ tsp Paprika 1-2 clove garlic1 tsp Salt 1 tsp Sugar
1/8th tsp Potassium sorbate (optional – also trace metabisulfate)
1/8th tsp Xanthan gum

Directions
Blanch deseaded peppers (boil 1 cup vinegar and drop peppers for 2-3 min).  
Add peppers, salt and sugar with ½ cup of Tequila to blender.  Blend until smooth.
Add rest of vinegar and blend until smooth.
Fine strain filter and pulp – return some if needed

Mango Pineapple Hot Sauce

Ingredients
2 cups peeled chopped Mangoes
1 cup pineapple crushed and drained
6 Habernero Peppers – Blanched in vinegar (remove seeds)
4 Jalapeno peppers – blanched and de-seeded.
1 Tsp Sugar
1 Tbsp Molasses
¼  cup lemon juice
1 tsp ginger or table spoon of fresh minced
½ tsp black cumin
1 tsp salt
Directions
Strain peppers and discard seeds
Blend all remaining ingredients until smooth.  Adjust with lemon juice.

Hot Sauce


