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CONSTITUENTS: MAJOR CATEGORIES 
 
Primary Metabolites  
• Carbohydrates 
• Lipids 
• Amino acids 
_________________ 
 
Secondary Metabolites  
• Polyphenols 
• Terpenoids and Steroids 
• Alkaloids 
 
 
PART ONE: CARBOHYDRATES  
 
INTRODUCTION  
 
What is a Carbohydrate?  
 
Carbohydrates are the most widely distributed biological substance found in nature. Commonly called 
sugars, carbohydrates are formed during photosynthesis. Simple carbohydrates don’t play much of a role 
medicinal effects however the more complex forms of carbohydrates hold a very prominent place in 
herbal medicine.  
 
Facts:  

• Carbohydrates are key compounds in the biochemistry of green plants  
• All other compounds can be derived from them.  
• Involved in the storage and utilization of energy required for the processes of growth, ion 

transport, water uptake.  
• Contribute to the structural strength and binding of the cell in plants.  

 

The basic structure of a carbohydrate is a aldehyde, ketone, hydroxyl, carboxyl functional group 
containing carbon, hydrogen and oxygen in which the hydrogen and oxygen are generally in the same 
ratio as water. This is the chemical starting point from which, by subsequent organic reaction, that plants 
synthesize a great number of other constituents. Carbohydrates can be split into simple sugars and 
polysaccharides. The simple sugars are called monosaccharides (glucose), more complex are called 
oligosaccharides (sucrose) and even more complex are polysaccharides.  
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THE MAJOR SUBCATEGORIES OF CARBOHYDRATES INCLUDE:  

1. Monosaccharides  
2. Disaccharides  
3. Oligosaccharides  
4. Polysaccharides  

§ Homopolysaccharides  
§ Heteropolysaccharides  

Ø Gums, mucilages, pectins  
Ø Immunomodulating polysaccharides  

5. Organic Acids  

 
1. Monosaccharides  
 
Called simple sugars, their names end in the suffix of – ose. Monosaccharides are classified by the 
number of carbons they contains: if four carbon atoms are present the monosaccharides is called tetrose. 
Five carbon atoms is called pentose and six carbon atoms is called hexose. These simple sugars are 
crystalline, soluble in water and taste sweet.  
 
Glucose: The most abundant monosaccharide in nature. Produced by photosynthesis, glucose is rapidly 
transformed into starch or sucrose. Plants also convert glucose into ascorbate acid (Vitamin C), the 
primary antioxidant for the plant, protecting it from free radicals associated with photosynthesis.  
 
Fructose: The second most abundant monosaccharide in nature, known as fruit sugar. Fructose makes 
up half of the disaccharide sucrose, paired with glucose.  
 
Most of the other monosaccharides in plants are found either as subunits of heteropolysaccharide such as 
gums, pectins, mucilages or immune influencing polysaccharides. Various glycosides contain some of the 
less common monosaccharides as well.  
 
Glycoside definition:  
Simply, any compound that contains a carbohydrate molecule. These can be converted into a sugar and a 
non-sugar component (an aglycone), and are named specifically for the sugar contained, as in glucoside 
(named for glucose), pentoside (pentose), and fructoside (fructose). 
Glycosides are non-carbohydrate molecules bound to sugar molecules, rendering higher solubility in water. 
A Glycoside consists of a carbohydrate portion (one or more sugars or sugar acids) that is combined with 
a hydroxy compound. This hydroxy compound, typically an aglycone, is often how the glycoside is 
classified. The aglycone portion of the molecule is usually the active component with some therapeutic 
effect.  
 
The following are Glycoside molecules:  
Alcohol                  Saponin  
Cyanogenic         Aldehyde    
Flavonoid               Cardiac  
Isothiocyanate        Anthraquinone  
Iridoid                 Lactone  
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2.  Dissaccharides  
 
Dissaccharides are composed of two monosaccharides joined together with a glyosidic bond, a type of 
ether linkage formed enzymatically from two hydroxyl groups.  
 
Sucrose: Consist of one unit of glucose bonded to one until of fructose and is easily broken down to 
release equal concentrations of this molecule. Found in cane sugar / beet sugar and maple syrup is its 
found in the sap of all green plants where is serves to transport energy around the plant’s body in a water 
soluble form.  
 
Lactose: Not a plant molecule but found in mother’s milk and dairy products made of one unit of 
galactose bonded to one unit of glucose.  
 
3. Oligosaccharides  
 
Oligosaccharides are short polymers of monosaccharide subunits. A polymer is defined as a larger 
molecule consisting of a number of identical or similar monomers (subunits) bonded together. Some 
oligosaccharides are boned to cell-surface proteins or lipids where they perform communications and act 
as a docking site for various molecules and microbes.  
 
Oligo = short chains 
 
Saccharides = made from sugars  
 
The Inulins: Free oligosaccharides made by plants consist of small polymers of fructose units (called 
fructans). The shorter inulins are known as fructooligosaccharides (FOS) and contain up to 15 monomers 
(subunits).  
 
Functionally they serve as soluble fiber and are prebiotics, dissolve in hot water but have little solubility in 
a hydroethanolic extract. In the plant they serve as storage compounds in lieu of starch.  
 
Plant Sources: Onions, Leeks, Garlic, Asparagus, Artichoke, roots of Dandelion, Burdock, Chicory, 
Elecampane.  
 
Humans lack enzymes to break down oligosaccharides, lacking the enzyme to break down the beta-
glyosidic bond. They are fermented by colon bacteria to produce methane, carbon dioxide and hydrogen.  
 
Inulins have numerous health benefits including:  

v Prebiotics: Provide a substrate (“food”) for the beneficial microflora increase the production of lactate 
and butyrate in the colon. Compounds that have further benefit to colon health  

v Stabilize blood sugar levels.  
v Lower elevated triglyceride levels by improving triglyceride synthesis in the liver via short chain fatty 

acid production (SCFA) / butyrate.  
v Benefit the gut – associated lymphoid tissue system (GALT) resulting in enhancing secretion of 

immunoglobulin and stimulating local phagocyte activity.  
v Improve absorption of calcium and magnesium  
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v Anti-inflammatory effect and may have influence on inflammatory bowel conditions including ulcerative 
colitis and irritable bowel disease / syndrome.  

v May be beneficial as a bowel anti-cancer agent.  

 
4. Polysaccharides  
 
Polysaccharides are long polymers made up of numerous monosaccharide or sugar derivative units.  
 
They can be broken into two classes homopolysaccharides and heteropolysaccharides.  

§ Homopolysaccharides  
§ Heteropolysaccharides  

Ø Gums, mucilages, pectins  
Ø Immunomodulating polysaccharides  

 
Homopolysaccharides are composed of only one kind of monomer.  
The two most familiar are starch and cellulose.  
 
Both are made of glucose units with the difference in the bonding. With starch humans have the enzymes 
to break down the glucose bond, with cellulose we don’t. However cellulose does serve as an insoluble 
fiber contributing to colon health as a bulking agent.  
 
Most plants contain numerous fibers of cellulose.  
 
Heteropolysaccharides incorporate two or more varieties of monomers and are often referred to as 
heteroglycans. There are many different types found in edible and medicinal plants. They are generally 
named by the abundant monomers that they contain by connecting these words with an “o”.  
 
Examples:  
Glucomannans: Glucose and Mannose monomers  
 
Arabinogalactotoxlyans: Arabinose, Galactose and Xylose monomers.  
 
Heteropolysaccharides can be further categorized into gums, pectins, mucilages, and                   
immune modulating / influencing polysaccharides. (However, all can be immune influencing).  
 
GUMS  
Composed of branched heteropolysaccharides which may contain uronic acids and/or several different 
monosaccharides. They are produced by various algae and plants usually as a response to trauma, insect 
attack or infection. Many plants, especially those growing in semi-arid conditions, produce gummy 
exudates with the bark is damaged which serve to health the wound.  
 
Gums are very polar, attracting an abundance of water molecules and become highly hydrated to form 
viscous gels known as hydrocolloids. Phenolic resins and latexes are often mistaken as gums, to which 
they are not.  
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Benefits of gums are similar benefits to soluble fiber having the ability to lower serum cholesterol, LDL 
levels and lower the risk of colon cancer, coronary artery disease and diabetes.  
Sources of Gums:  
Gum Arabic from the Acacia spp.  
Tragacanth is a natural gum obtained from the dried sap of several species of Middle Eastern legumes of 
the genus Astragalus, including A. adscendens, A. gummifer, A. brachycalyx, and A. tragacantha. 
Prunus gums as well as certain seed gums common in the legume family (locust bean gum, tamarind 
gum)  
There are also seaweed gums, found in the leaves of several groups of algae: agar agar from red algae, 
Kelp – brown algae, Irish Moss and so on.  
 
 
PECTINS  
 
Pectins are heteropolysaccharides which form three-dimensional, water trapping networks, in solution to 
form gels. Similar to gums these compounds are not formed by injury but are found in the primary walls of 
most plant cells and in the intercellular matrix material.  
Pectins are also a type of dietary fiber and are mostly found in fruit tissue of the plant. Pectins, like gums 
also have a benefit to cardiovascular and colon health.  
Some pectins are immune influencing / modulating.  
 
Plant sources of Pectins: Apples, Pears, Plums, Elderberry, Rosehips, Grapes.  
 
MUCILAGES  
 
Mucilages are large polymers composed of acidic and /or neutral monomers and are produced as part of 
normal metabolic processes of secretion by the plant.  
However, mucilage is a term that is also used to describe a plant that forms gels or viscous solutions with 
water regardless of the acid / neutral monomers being present. It has become a catch all term for a 
slippery mixture.  
 
Characteristically the mucilages extract are soothing, healing emollients for the skin and internal mucous 
membranes.  
Some are antitussive, calming the coughing response via a reflex response on the vagus nerve.  
Mucilages can also be immune influencing / modulating.  
 
Plants sources of mucilages:  

• Althea officinalis 
• Plantago major  
• Plantago ovate 
• Ulmus fulvus  
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IMMUNE MODULATING POLYSACCHARIDES 
 
Immune modulating / stimulatory polysaccharides are large, insoluble, extensively branched molecules 
often occurring in triple helix formation. Many polysaccharide, especially Beta-Glucans, have been known 
to have immunomodulatory effects by cytokine-stimulating activities and enhanced macrophage, T-Cell 
and natural killer cell activity, increased interleukin – 1 production and activation of the alternate 
complement pathway.  
 
Immune modulating is a functional word rather than a biochemical classification. This category also 
includes molecules that can be more specifically categorized as pectins, mucilages, gums and so on.  
 
Many of the immunoactive and adaptogenic herbs and medicinal mushrooms contain complex mixture of 
water soluble heteropolysaccharides or polysaccharide / protein complexes which have significant immune 
system influence.  
 
Polysaccharides are generally not digestible to humans. Their movement through the digestive system / 
colon appears to trigger certain physiological reactions in humans, possibly through an immune reaction 
via the Peyer’s patches.  
 
Some evidence indicates that simple contact with immunoactive tissue (GALT or the tonsils) may be 
involved. Beneficial effects may also occur via the colon microflora, which metabolize many of the 
immune modulation polysaccharides.  
 
Plant sources of known immune modulating polysaccharides:  

• Reishi, Maitake, Shitake, Turkey Tail and many other medicinal mushrooms.  
• Most known adaptogens: Asian Ginseng, Eleuthero, Codnopsis  
• Dan Shen  
• Chai Hu  
• Echinacea 
• Aloe  
• Calendula  

 
5. Organic Acids  
 
Small organic acids are biosynthetically derived from monosaccharides. Phenolic acids are covered later in 
the program when we learn about polyphenols. Plants convert glucose into ascorbate acid (Vitamin C), the 
primary antioxidant for the plant, protecting it from free radicals associated with photosynthesis.  
 
Fruit Acids: All plants contain small amounts of citric acid. Malic acid, a fruit acid is also found in apples, 
grapes, cherries and plums. Tartaric acids is found in grapes and in the fluid of nettle stingers along with 
malic acids. Very little research done on these acids in terms of their medicinal benefits however they act 
as antioxidants and have tart flavors.  
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Oxalic Acid: Potent organic acid that usually occurs in plants in the form of insoluble calcium salts and /or 
water soluble sodium or potassium salts. It has two features: Can bind mineral ions and reduce their 
bioavailability and is involved in the formation of calcium oxalate kidney stones.  
 
Sources: Yellowdock leaves, Lamb’s quarters, Skunk Cabbage, Pigweed.  
Other acids formed biosynthetically derived by monosaccharides include: Formic, acetic and malic acids.  
 
 
SOLUBILITY OF CARBOHYDRATES  
Generally:  
Quite polar, therefore quite water soluble. Will precipitate out of higher ethanol solutions and are not 
soluble in oil.  
 
GUIDELINES FOR MEDICINE MAKING  

• Monosaccharides: Glucose, Fructose et al.  
Highly water soluble.  
 

• Disaccharides: Sucrose, Maltose 
Highly water soluble. 
 

• Oligosaccharides: Inulin / FOS.  
Water soluble, especially in hot water.  
 

• Homopolysaccharides  
Starch: hot water soluble  
Cellulose: largely insoluble  
 

• Heteropolysaccharides: Mucilages / Gums  
Water soluble, especially cold water.  
 

• Organic Acids: Citric Acid, Formic Acid, Acetic Acid  
Water soluble but more soluble in neutral to basic solutions* 
 

• Carbohydrates usually stay dissolved in low percentage ethanol (20 – 30%) and glycerites but 
precipitate out at higher ethanol to water ratios.  
 

• Tannins can bind to and precipitate complex carbohydrates / polysaccharides.  

 

* A solution with a pH of 7 is classified as neutral.  

When pH is higher than 7, the solution is basic. These numbers describe the concentration of hydrogen 
ions in the solution and increase on a negative logarithmic scale 
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