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L E AR N ING  G O AL S  O F  CO NST I T U ENT  ST U D Y  

Gain an understanding Lipids and Amino Acids and their chemical 
framework. 

Discover what plants contain this phytochemical family. 

Understand the pharmacological effects. 

Gain an understanding of the solubility in relation to pharmacy and 
application / route of administration of herbal medicine extracts. 



PR IMARY METABOL ITES  
• Carbohydrates
• Lipids
• Amino acids
_________________

SECONDARY METABOL ITES  
• Polyphenols
• Terpenoids and Steroids
• Alkaloids



L IP IDS 
The second of three of the primary constituents families which 
are considered the building blocks of all living things. 

Lipids are considered essential for life. 

Apart from their nutritional value, lipids have a great therapeutic 
value associated with cardiovascular, autoimmune and numerous 
other chronic illnesses. 

The definition of a lipid is a fatty or oils substance, usually 
insoluble in water. 



Subcatego r ies  i nc l ude :  
Fatty Acids 

Essential Fatty Acids (EFA) 
Saturated Fatty Acids (SFA) 
Unsaturated Fatty Acids (UFA): 

Monounsaturated (MUFA) 
Polyunsaturated (PUFA) 

Trans Fatty Acids (TFA)
Triglycerides (Oils)
Alkamides / Isobutylamides



Lipids are composed of fatty acids, hydrocarbon chains and a methyl 
group at one end and a carboxyl group at the other end. 
The hydrocarbon chains may be up to 24 carbon atoms long. 

Fatty acids are classified according to their number of double bonds 
and which end of the carbon chain the double bonds are nearest to. 

1. Saturated fatty acids: no double bonds 
2. Monounsaturated fatty acids: one double bond 
3. Polyunsaturated fatty acids: two or more double bonds



The more double bonds a lipid contains the greater the fluidity. 

Sa t u r a ted , with no double bond, tends to be solid. 

Plants and animals from cold regions contain higher levels of 
polyunsaturated acids. (Fish Oil)

Those from tropical regions contain more saturated fatty acids. 
(Coconut and Palm oil). 



L IP IDS FACTS

• Low-polarity molecules = not soluble in water
• Large class of molecules with many different functions
• Includes ‘fixed oils’ but not ‘essential oils’ 
• Provide energy reserves in plants (seeds tend to be 

high in lipid content). 



Fa t t y  Ac i d  Te rm i no l ogy :  
EFA - essential fatty acids
SFA - Saturated Fatty Acids 
UFA- unsaturated fatty acids
PUFA - polyunsaturated fatty acids
MUFA - Monounsaturated 
TFA – Trans Fatty Acids 

To discover the various approaches on naming Fatty Acids 
please refer to: https://courses.lumenlearning.com/pierce-
nutritionmaster/chapter/fatty-acid-naming-food-sources/



Essen t i a l  Fa t t y  Ac i d s

Linoleic Acid (LA) & Alpha-linolenic Acid (ALA) derived from 
Omega 3, omega 6, omega 9. 

Humans lack the enzymes to make these nor can they be 
stored; they must come from the diet daily. 

Nourish all synovial fluid, food for the brain, keep eyesight 
strong, improve cardiovascular health. 



Sa tu r a ted  v s .  Unsa tu r a ted

Saturated: the carbon atoms are saturated with hydrogen atoms; no 
carbon-to carbon double bonds

Unsaturated: has double bonds, fewer hydrogens



Sa tu r a ted  Fa t t y  Ac i d s

Stearic acid: Cocoa butter; animal fats 

Myristic acid: Coconut oil, Palm kernel oil, many animal fats 

Lauric acid: Coconut oil, Palm kernel oil  

Palmitic acid: Coconut oil, Cottonseed oil, Olive oil, animal fats  

Arachidic acid: Peanut, Soybean oils



Unsa tu r a ted  Fa t t y  Ac i d s

Monounsaturated:

Oleic: Olive, Canola, Avocado, Sunflower, Peanut, Almond & other nut oils, 
animal fats 

Palmitoleic (Omega 7): Sea Buckthorn berry oil; small amounts in Coconut, 
Olive, Palm kernel oils, Macadamia nuts, and krill/fish

Polyunsaturated:

• Linoleic (LA – an EFA)

• Alpha-linolenic (ALA – an EFA)

• Gamma-linolenic (GLA)

• DHA (docosahexaenoic acid)

• EPA (eicosapentaenoic acid)



Omega  3  f a t t y  ac i d s

Alpha-linolenic acid (ALA): Flax seed oil

Omega 3 DHA – docosahexaenoic acid, from cold-water fish oils

Omega 3 EPA - eicosapentaenoic acid, from fish oils: Omega 3

Provide cold water insulation for the fish and/or bacteria, a reason 
for why they might produce them



T rans - &  C i s - f a t t y  Ac i d s

Trans = ‘across from,’ cis = ‘next to’ 

Nature makes mostly cis-fatty acids

Oxidation (rancidity), processing, & partial hydrogenation make trans-
fatty acids



Triglycerides: Neutral Fats

Tri = 3

3 fatty acids are bonded to one molecule of glycerol rending this fat a bit 
more water soluble. 

Edible oils are > 95% triglycerides

Major energy storage for seeds, animals

Main way the body stores fat, the glycerol molecule makes the fat a bit 
more absorbable. 

High levels of triglycerides in the blood is concerning. 

Triglyceride levels above half of the over cholesterol level indicates 
elevated triglycerides. 



A lkam ides

• Oil & alcohol-soluble compounds: amphiphilic
• Composed of unsaturated fatty acids bonded with amines; contain 

nitrogen
• Alkamides include isobutylamides in Echinacea; often sialagogues  
• Others in Arctium, Zanthoxylum, Piper, & Spilanthes



Isobutylamides

Isobutylamides are a type of alkamide

• Spilanthes contains high levels of isobutylamides including spilanthol
Concentrated in flower heads & leaves 

• Local anesthetic 
• Immuno-stimulant
• Anti-inflammatory
• Antiseptic
• Sialagogue



SOLUBILITY OF LIPIDS 

Lipids are oily substances. They are often soluble in other oily substances 
and sometimes in hydroethanolic solutions. Lipids in general are soluble in 
other lipids and not water. 

Determining solubility requires evaluating your herb constituents but also 
your solvent. 

Abbreviations: 

ETOH Ethanol Alcohol 



• Fatty Acids: soluble in dietary oils 

• Triglycerides: only very modestly soluble in ETOH, not in 
water. 

• Alkamides: soluble in hydroethanolic solvents of 40 – 60 % 
ETOH



PLANT  CONST ITUENT  STUDY :  

AM INO AC IDS  &  THE IR  DER IVAT IVES  

The third of the primary constituents that all other components are built 
from. 

Am ino  Ac i d  &  The i r  De r i v a t i ves  

a) Amino Acids 
b) Glucosinolates
c) Cyanogenic glycosides 



Am ino  Ac i d s

300 kinds known; proteins are made from 22 ‘standard’ amino acids.

Amine refers to the presence of an amine group, nitrogen bonded to two 
hydrogen atoms. 

Nitrogen is an important component of Amino Acids as well as each 
amino acid will contain a carboxyl group (the acid component). 



Atmosphe r i c  n i t r ogen  (N2 )  is a strong bond molecule and 
needs to be broken apart and rearranged into something like an 
amino acid.

Nitrogen fixing bacteria that live on legume family plants fix the 
nitrogen into a bioavailable nitrogen form (N3). 

This would be why we see more amino acids in these plants. 

Other ‘fixers’ including lightening and decomposition. 







AM INO AC IDS  &  DER IVAT IVES  

Many classes of plant molecules are derived from amino 
acids: 
alkaloids, some phenolic compounds, glucosinolates, cyanogenic 
glycosides, peptides, enzymes.

I n  an ima l s :  
neurotransmitters, proteins, muscle and connective tissue, 
hemoglobin, & some vitamins such as niacin (B3) are all derived 
from Amino Acids. 



Examples: 
Amino Acid Ty ros i ne converts to Thyroid Hormone (T4 and T3) in the 
presence of Iodine. 

T r yp tophan is an amino acid that converts to 5-HTP which in turn 
converts to Serotonin (a lot of this conversion happens in the gut).

H i s t am i ne
• Derived from the amino acid histidine
• Neurotransmitter; mediates hypersensitivity, inflammatory processes
• Found in Nettles stings (along w/serotonin, acetylcholine & organic acids.



GLUCOS INOLATES
Derived from various amino acids including sulfur containing cysteine 
and methionine. 

These occur in the plant as a form of glycosides (hence the prefix of 
gluco). 

The glucosinolates occur in the plant as insecticides and anti-microbial 
agents. 





Qu a l i t y  a nd  P r o p e r t i e s  o f  G l u co s i n o l a t e s :  
• Pungent compounds produce sinus opening, tear-inducing, mucolytic, 

antimicrobial actions. 

• Glucosinolates are found in Mustards, Watercress, Horseradish, Wasabi, Broccoli, 
Brussels Sprouts, Cabbage, also Nasturtium. (Brassicaceae) 

• Glucosinolates derivatives (Goitrogens) are known to inhibit utilization of iodine in 
the thyroid 

• They are known to induce phase II Liver detoxication enzymes. 

• Metabolized (when crushed) to I-3-C (indole-3-carbinol) by the plant enzyme 
myrosinase

• DIM (diindolylmethane) formed in stomach from two units of I-3-C

• Modulate the immune response (cancer, inflammation)

• Chemoprotective: antimutagenic, anticarcinogenic, induce apoptosis (organized 
cell death) in cancer cells



S U L F U R  C O M P O U N D S  I N  A L L I U M S  

An amino acid, cysteine, is the parent of the sulfur compounds 
known as cysteine sulfoxides in those plants in the allium family 
such as shallots, garlic, onion etc. 

Helpful for glutathione production and liver clearance, antimicrobial 
action, pungent aspects etc. 



GARLIC 

Alliin (major cysteine sulfoxide in garlic) + Alliinase (an enzyme in fresh, 
whole garlic) 

= A l l i c i n , the active antimicrobial compound, sulfides, ajoene, dithiins, 
etc.

Crush  and  l e t  i t  s i t  t o  ac t i v a te .  

Cooked = platelet aggregation and cardiovascular support 

Raw = antimicrobial activity 



AMINO ACID DERIVATIVES: CYANOGENIC GLYCOSIDES

Contain precursors to cyanide and will convert to cyanide. 

When taken at a normal amount and with a healthy liver function, humans 
have co-evolved with theses plant components to be able to digest them 
without concern. 

With a compromised liver function and in larger amounts toxic thresholds 
can be met. 

Glycoside means the molecule is attached to a sugar molecule making it 
more water soluble. 

Limiting how you use herbs containing these components and how you 
process them will be important. 



FACTS

• Many herbs contain trace amounts: Wild Cherry, Elder. 
• Prunasin is found in the seeds of fruits like Apples, Cherries, Apricots, 

and Plums, and in Bitter Almonds (Prunus & Malus spp.)
• Amygdalin occurs in Bitter Almonds, Apricot pits
• Generate HCN (cyanide) in the body
• Toxic in massive doses
• Humans have enzymes to detoxify cyanide rapidly
• Almond smell in crushed Wild Cherry bark / leaves. 
• Sambunigrin accumulates in seeds, leaves & bark of Elder
• Potentially toxic amounts in unripe berries of purple varieties
• Red Elderberries potentially toxic at all stages



SOLUBILITY OF AMINO ACID DERIVATIVES 

There are many different kinds of compounds made from amino acids 
including amines, methylxanthines (caffeine), cyanogenic glycosides, and 
sulfur compounds. 

Determining solubility requires evaluating your herb constituents but also 
your solvent. 

Abbreviations: 

ETOH Ethanol Alcohol 



• Most pungent sulfur containing amino acids derivatives are oil soluble 

• Cyanogenic glycosides:  water soluble, more so in hot water, less soluble 
in ETOH, more so in hot ETOH 

• Amines: more soluble in acidic aqueous solutions, amine salts are highly 
water-soluble 

• Peptides: generally water soluble. 

• Proteins: generally somewhat water soluble (pH dependant) 

• Larger tannins can bind and precipitate some kinds of proteins.



Cons t i t uen t s :  Ma jo r  Ca tego r i e s

P r ima r y  Me tabo l i t e s  
• Carbohydrates
• Lipids
• Amino acids
_________________

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids


