
Study Guide with Test Questions 

Herbal Constituents: Foundations of Phytochemistry  
by Lisa Ganora  

*These notes are almost exclusively taken from class notes provided by Lisa 
Ganora. Do not use this resource as a reference - it is not written with 
references and there is a mixture of direct quotes and paraphrases. 

CLASS: G480-C: Part Three: Chapters 5 - 7 

Chapter Five 

As a group, the carbohydrates tend to be water-soluble and are mostly found in whole herb 
powders and water-based extracts such as teas, infusions, and decoctions. Some carbohydrates 
may be preserved in hydroethanolic fluid extracts if the ethanol percentage is around 30% or less. 

1. Monosaccharides generally form ring structures in aqueous solution; with five- 
membered rings are called furanoses; those with six-membered rings are pyranoses. 

A. Salts 
B. Sugars 
C. Proteins 

2. A very common polymer of  -D-glucose units is called starch (amylose and 
amylopectin), while the most abundant polymer of beta-D-glucose units is known as cellulose 
(insoluble dietary fiber, sometimes called roughage). 

A. Alpha 
B. Beta 
C. Delta 

3. Another notable thing that plants do with glucose is to covert it very rapidly into ________ 
(vitamin C). This molecule is an organic acid which functions as a primary antioxidant for the 
plant, helping to protect it from free radicals generated during the process of photosynthesis 
(the highest concentration of ascorbate in a plant cell occurs in the chloroplasts). 

A. Oxalate 
B. Sulfate 
C. Ascorbate 

4. A glycoside that specifically contains only glucose units is called a  . In addition, 
glucose is found as part of the structure of several disaccharides (e.g., sucrose, lactose, and 
maltose). 

A. Glycoside 
B. Glucoside 
C. Aglycone 
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Glycoside = a molecule/compound with any sugar unit(s) 
Glucoside = a molecule that has sugar units but only glucose sugar units 
Aglycone = a molecule/compound that does not have a sugar unit 

5. Fructose, the second most common monosaccharide in Nature, is also known as fruit sugar 
or levulose. Besides occurring in fruits, it is also found in ________ (about 38%), Agave 
‘nectar’ (~ 50–90%), and, infamously, in high-fructose corn syrup. 

A. Maple Syrup 
B. Honey 
C. Stevia 

6. Hepatic metabolism of fructose favors ________, rather than the formation of glycogen; with 
high consumption, this may contribute to the development of non-alcoholic fatty liver disease 
(NAFL) and resulting cirrhosis or liver failure. [These effects, and others, are not ascribed to 
the naturally low levels of fructose found in fruits and vegetables] 

A. Glycogenesis 
B. Lipogenesis 
C. The Book of Genesis 

7. Mannose also occurs in the Cranberry, along with phenolic compounds called 
proanthocyanidins, which do exhibit a significant ________ effect. Perhaps, in this context, 
the mannose could have synergistic activity. 

A. Anti-adherence 
B. Curative 
C. Pain-reducing 

8. Glucuronic acid (ionized form: glucuronate) is important in human physiology. One of the 
phase II conjugation enzyme systems [in the liver] binds glucuronate to certain toxins, drugs, 
and waste metabolites. This process, called glucuronidation, changes the toxins into 
________ glucuronides and facilitates their excretion from the body. 

A. Toxic 
B. Harmless 
C. Water-Soluble 

9. The sugar alcohols include naturally-occurring linear monosaccharide derivatives such as 
glycerol, sorbitol, and mannitol. Glycerol is a component of all triglycerides. Triglycerides 
are lipids composed of three fatty acids bonded to one molecule of glycerol. When 
concentrated and purified, it is used as a ________ solvent for extracting certain botanicals 
or as a preservative in alcohol-free glycerites. 

A. Sugar-free 
B. Polar 
C. Chemical 
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Note: As nouns, the difference between glycerite and glyceride is that glycerite is a medicinal 
preparation made by mixing or dissolving a substance in glycerine. Glyceride is a fatty acid ester 
of glycerol. 

10. Sorbitol is found in Mountain Ash (Sorbus spp.) berries and in other Rosaceae fruits such as 
Rose hips and Hawthorn berries. It also occurs in the leaves of Plantain, where it contributes 
soothing and ________ properties to the skin-healing activity of the herb. 

A. Cooling 
B. Warming 
C. Moistening 

11. Sorbitol is also used pharmaceutically as a non-stimulant laxative because it draws ________ 
into the colon. Excess sorbitol can cause gastrointestinal discomfort and can aggravate 
inflammatory bowel conditions. 

A. Water 
B. Mucilage 
C. Feces 

12. Mannitol is found in Kelp (Laminaria spp.) and occurs naturally as the main constituent of 
‘manna,’ an edible ________ from some species of Ash (Fraxinus). It is sometimes used in 
phytotherapy to treat constipation and to stimulate the gallbladder. 

A. Bread 
B. Exudate 
C. Fruit 

13. Amino sugars (amine - contains nitrogen) are named after their parent sugars, they include 
glucosamine, galactosamine, and mannosamine.  Although not a plant product, ________ 
is familiar to practitioners in the form of glucosamine sulfate. 

A. N-acetyl cysteine 
B. Glucosamine 
C. Sulfur 

Disaccharides: Sucrose, the main constituent of cane sugar and beet sugar, also occurs in Maple 
syrup (~ 89% sucrose). It is found in the sap of all green plants where it serves to transport energy 
around the plant’s body in a water-soluble form. 

Sucrose is made up of one unit of glucose bonded to one unit of 
fructose, and is easily broken down in the body. Lactose (not a plant 
sugar), found in Mother’s milk and dairy products, is made from one unit 
of galactose bonded to one unit of glucose. 
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14. Free oligosaccharides made by plants include the ________, which are small polymers of 
fructose units (these are also called fructans). The shorter inulins are known as FOS 
(fructooligosaccharides) and contain up to about 15 monomers. Functionally, they serve as 
soluble dietary fiber and are prebiotics. Inulins will dissolve in hot water, making them 
available in gentle infusions; little is present in a hydroethanolic extract, however. 
A. Phytochemicals 
B. Enzymes 
C. Inulins 

 
Note: Inulins: Rich sources include Onions, Leeks, Garlic, Asparagus, 
Artichoke, ‘Jerusalem Artichoke,’ and the roots of Dandelion, Burdock, 
Salsify, and Chicory. Dried Chicory roots can contain up to 80% inulin. 
Inulin was named after Elecampane (Inula helenium). Elecampane root is 
40-50% inulin. The inulin in Burdock roots are resistant to extraction, a 
gentle decoction is best. Burdock root is mild but powerful and may be 
consumed on a regular basis. 

• Inulins, and the herbs containing them, can help stabilize blood sugar swings (in part by 
decreasing glucose absorption). Traditionally, Dandelion root is used in formulas for 
hypoglycemia or hyperglycemia. 

• Ingestion of inulins can also lower elevated plasma triglycerides significantly. As the colon 
bacteria metabolize the inulins, they release short-chain fatty acids (SCFA) including 
butyrate, which reduces triglyceride synthesis in the liver. 

• Inulins benefit the GALT (gut-associated lymphoid tissue) system, enhancing production of 
secretory immunoglobulin, and stimulating the activity of local phagocytes. Inulins have a 
beneficial effect on inflammatory bowel conditions including ulcerative colitis and IBS by 
promoting the integrity of the intestinal mucosa and producing an anti-inflammatory effect. 

• Inulins promote absorption of calcium and magnesium in animals and probably in humans, 
contributing to bone health and the prevention of osteoporosis. 

• In animal studies and experiments with human cell cultures, inulins and their metabolic 
products exhibit anticancer activities, including inhibition of colon cancer cell growth, 
enhanced cell differentiation, and reduction of metastatic processes. 

• FOS (fructooligosaccharides) are “slightly” processed inulins found in supplements. 

15. Humans cannot digest inulins, we lack the enzyme necessary to break the beta-glycosidic 
bonds between fructose units…Inulins are ________, providing a substrate for beneficial 
intestinal microflora, thus increasing their production of lactate and butyrate in the colon. This 
helps to nourish the colonocytes and to maintain a healthy pH which discourages the 
growth of bacterial and fungal pathogens. 

A. Probiotics 
B. Fiber 
C. Prebiotics 
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16. Gums are water-soluble exudates produced by various ________ and plants, usually as a 
response to trauma, insect attack, or infection. Because they are so polar, gums attract an 
abundance of water molecules and become highly hydrated to form viscous gels known as 
hydrocolloids. 

A. Seaweed 
B. Kelp 
C. Algae 

17. Gum Arabic (a true gum) is obtained from Acacia senegal and related species. Traditionally, 
Acacia gum has been used as a demulcent for soothing irritated mucous membranes, in skin 
healing preparations, and as an antitussive in cough formulas…Gums, in general, are 
considered to be a type of soluble dietary fiber. In the Southwest, a similar medicinal gum can 
be obtained from species of the desert ________ tree (Prosopis). 

A. Mesquite 
B. Juniper 
C. Palm 

18. Pectins are heteropolysaccharides which form three-dimensional, water-trapping networks in 
solution, thereby creating a gel. Fruit tissue generally contains the highest concentration of 
pectins in a plant. Citrus ________ (the white material inside the rind of the fruit) can consist 
of up to 40% pectins (dry weight), while Apple pomace can have up to 20% pectins. Pectins 
are also a type of soluble dietary fiber which can bind to bile acids, with beneficial 
effects on cardiovascular and colon health. 

A. Alfredo 
B. Albedo 
C. Rind 

 

Note: The albedo or mesocarp is the white spongy material located 
between the citrus fruit segments and the outer leathery peel or flavedo. A 
common name for albedo is pith and it contains many flavonoids, vitamin 
C, pectin and fiber. Eat a piece of the whole orange peel and you will also 
have a generous dose of the essential oils with your fruit. 

19.It is very common to refer to plant heteropolysaccharides in general as ‘mucilages’ as long 
as they form gels or viscous solutions with ________. For example, Plantago leaf mucilage 
contains several different neutral and acidic heteropolysaccharides which can also be 
classified as gums, pectins, arabinogalactans, arabinoxylans, and/or glucomannans – in 
other words, in practical usage and among herbalists, mucilage is a sort of catch-all term for 
any slippery heteropolysaccharide mixture. 

A. Milk 
B. Water 
C. Coffee 
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Mucilages are very polar, so polar that many are soluble in cold water and low-EtOH solutions. 
Mucilages in the heteropolysaccharide category are often immunomodulating, stimulate the 
immune system (non-specific immunity). Non-specific immunity is our innate system and includes 
the first responders like neutrophils and macrophages that recognize particles are foreign to the 
body. 

Extracts from demulcent, mucilaginous plants like Marshmallow, Comfrey, Chia 
seed, Flaxseed, etc., are soothing, healing emollients for the skin and 
mucous membranes, whether in the respiratory, reproductive, or digestive 
tracts. Mucilaginous herbs are used in antitussive formulas where they are 
thought to calm the coughing reflex. Fenugreek seeds are rich in soluble, 
neutral mucilage (galactomannans) which helps stabilize blood sugar and 
lower serum triglycerides. The seeds are also used in a poultice to reduce 
inflammation. 

20. Many of the immunoactive and ________ herbs and medicinal mushrooms contain complex 
mixtures of water-soluble heteropolysaccharides or polysaccharide/protein complexes which 
have a significant influence on the immune system (immunomodulating polysaccharides - 
IPs). 

A. Adaptogenic 
B. Mucilagenic 
C. Nervine 

 
Reishi (Ganoderma lucidum) mushroom cell walls contain chitin which 
makes them very tough and the triterpenes (low water solubility) form a 
hard layer on the outside (looks like varnish). Traditionally, Reishi 
mushrooms are ground or broken into small pieces and gently boiled/
simmered for up to 6 hours. The immunomodulating polysaccharides 
are water-soluble. 

21. Aloe vera gel, is rich in a substance called acemannan, a type of IP. Acemannan is an 
abbreviation for acetylated mannans; in other words, the molecule is composed mostly of 
________ units, some bearing acetyl groups. In a similar fashion, glucans means chains of 
glucose units, fructans means chains of fructose units, and galactans means chains of 
galactose units. 

A. Sugar 
B. Dextrose 
C. Mannose 

Note: Various heteropolysaccharides called arabinogalactans have been found in numerous 
medicinal plants including Plantago, Calendula, Echinacea, Baptisia, Larix, and Arnica. Often, they 
occur as part of certain glycoproteins (AGPs – arabinogalactan proteins). These have significant 
immunostimulant and anti-inflammatory properties. 
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22.Several studies indicate that polysaccharide-containing Echinacea extracts influence the 
production of various immune- and inflammation-related cytokines… Arabinogalactans 
extracted from ________ (Larix occidentalism) have very similar activities to those obtained 
from Echinacea species. 

A. Birch 
B. Larch 
C. Oak 

Note: If you want to specifically target the immunomodulating polysaccharides 
in Echinacea use a gentle decoction (don’t boil!). The alkamides in Echinacea 
are better extracted with moderate to high EtOH (I would use 60%). If you want 
to extract both (you will have less of each but still effective) use 40-60% EtOH 
which means you will also have 40-60% water. You could also create two 
separate extracts, one with 25% EtOH and one with 60% EtOH, and then 
combine the two for a “fuller" extraction of each constituent - shake well before 
using! 

23. (True or False?) High-molecular-weight beta (1 -> 3) (1 -> 6) glucans, a type of 
polysaccharide found in hot-water extractions from many of the tonic mushrooms (Shiitake, 
Maitake, and Reishi) and in brewer’s yeast, exhibit potent immunomodulatory effects and are 
preventative against oncogenesis, tumor growth, and metastasis. 

A. True 
B. False 

Note: Adaptogenic herbs are traditionally understood to help maintain health and vitality by 
increasing resistance to infection and stress, while discouraging the development of chronic 
disease. Some of this activity can be ascribed to the antioxidant, immunomodulatory, and 
anti-inflammatory properties of their polysaccharide constituents. Many IPs (pectins, 
mucilages, arabinogalactans, etc.) have a general activity against pathogens - they stimulate the 
functions of the plasma proteins and antibodies which are part of both the innate and adaptive 
immune systems. 

24. Animal studies indicate that polysaccharides in the tonic berries from Lycium barbarum 
(Wolfberry or Gogi berry) have anti-lipid-peroxidation and anti-aging properties; the berries 
increased production of SOD (superoxide dismutase), an endogenous (naturally synthesized 
within the organism) antioxidant ________. 

A. Flavonoid 
B. Amino Acid 
C. Enzyme 
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25. Polysaccharides from both Asian and American ________ are immunomodulatory, activating 
phagocytosis and enhancing resistance to infection. Additionally, these IPs modulate the 
secretion of the cytokine TNF-a by macrophages, resulting in antimicrobial effects and 
enhancing the apoptosis of cancer cells. 

A. Ginger 
B. St. Johnswort 
C. Ginseng 

26. (True or False?) Eleuthero (formerly called Siberian Ginseng) - A clinical trial comparing the 
efficacy of a formula containing Eleuthero and Licorice to a conventional antiviral 
pharmaceutical found that the herbal formula shortened the duration of influenza infections 
and greatly reduced the incidence of complications. 

A. True 
B. False 

27. In animals, ascorbate acts as an enzyme co-factor for collagen synthesis and supports 
capillary integrity… As part of the endogenous antioxidant system, ascorbate acts as a redox 
partner for ________. 

A. Glutathione 
B. Antihistamines 
C. Antioxidants 

 

Green leaves (e.g., Kale, Collards, Nettles, and Violets), and fresh fruits and 
vegetables all contain useful levels of ascorbate. The richest known edible 
plant sources include the Australian Kakadu plum (Terminalia iatipes), the fruit of 
the Amazonian Camu camu tree (Myrciaria dubia), Rose hips, Acerola 
(Malpighia emarginata) berries, and the Indian Gooseberry (Amla - Emblica 
officinalis). 

Fruit Acids: 
• Citric acid. All plants contain small amounts of citric acid; it accumulates in the Citrus fruits, 

as well as in other fruits including Gooseberries, Strawberries, and Black Currants. Citric acid 
is most concentrated in lemons and limes, where it can comprise as much as 8 percent of the 
dry weight of the fruit. 

• Malic acid concentrates in fruits such as Apples (Malus spp., from which the name is taken), 
Grapes, Cherries, and Plums. Malic acid is sour and acidic - increases salvia for those with 
dry mouth and it is involved in the Krebs cycle. 

• Tartaric acid accumulates especially in Grapes and wine, as is also found in the fluid of 
Nettles stingers along with malic acid. These small organic acids act as antioxidants and 
have tart flavors. They are all used as food additives. So far, there is very little research on 
their specific therapeutic actions. 
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28.  Oxalic acid is a potent organic acid that usually occurs in plants in the form of insoluble 
calcium salts and/or water-________ sodium or potassium salts. The proportion of soluble to 
insoluble oxalate varies widely by species. Oxalic acid is an important molecule because of 
two features: first, it can bind mineral ions (especially calcium, magnesium, and iron), 
reducing their bioavailability in foods. Secondly, it is involved in the formation of calcium 
oxalate kidney stones. High amounts of soluble oxalic acid are toxic. 

A. Insoluble 
B. Absorbable 
C. Soluble 

29. The ability of oxalates to bind to calcium has an important consequence. If a plant contains a 
low oxalate-to-calcium ratio, it will not be a very significant source of bioavailable 
oxalate…. However, because Chenopodium contains a high concentration of calcium, the 
average oxalate:calcium ratio in Chenopodium was only 3.3, while the average ratio in Rumex 
was 32.0! Note that the low-oxalate ________, and not the leaves, is the part of Yellow 
Dock employed in traditional medicine. 

A. Root 
B. Leaves 
C. Seeds 

30. The ability to absorb oxalates varies widely from person to person, and insoluble oxalate is 
poorly absorbed. In persons with conditions that result in fat ________, oxalate absorption 
can increase significantly due to the fact that fatty acids will form ‘soaps’ with available 
calcium ions, which subsequently will not be able to bind the oxalates. 

A. Accumulation 
B. Dispersion 
C. Malabsorption 

31. (True or False?) The medicinal plant Nettles (Urtica dioica and related species) is covered 
with stinging hairs which contain a fascinating mixture of several organic acids and 
neurotransmitters/inflammatory modulators including histamine, serotonin, and acetylcholine. 

A. True 
B. False 

Chapter Six 

Essential oil constituents are not considered to be lipids, but rather are classified with the 
terpenoids because of their structures and biosynthetic origins. However, most of them will 
readily dissolve within plant oils, as will other oil-soluble compounds including larger terpenes, 
carotenoids, steroids, fat-soluble vitamins, etc. Most lipids are readily extracted from plant material 
with fixed oils (Like dissolves Like!) or supercritical carbon dioxide. Nitrogenous lipid derivatives 
(e.g., the alkamides in herbs like Echinacea) are somewhat polar and can be extracted with 
hydroethanolic solvents having a moderate-to-high ethanol content. 
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32. Fatty acids are composed of ________ tails with a single carboxyl group on one end, called 
the delta (Δ) end of the molecule. A methyl group is found at the opposite (omega or ω) end. 
For the most part, they occur in plants either free or bonded to glycerol in the form of non-
polar triacylglycerols (triglycerides). Sometimes they are esterified (ester-bonded) to other 
molecules. Fatty acids may be either saturated (SFAs) or unsaturated (UFAs). 

A. Cat 
B. Hydrophilic 
C. Hydrocarbon 

33. Another way to describe a fatty acid is to use the omega classification, which tells us the 
location of the first double bond when counting from the methyl end of the tail, rather than the 
carboxyl end. Our example, linoleic acid, is an ________ molecule because the first 
double bond is between the 6th and 7th carbons when you start counting from the 
methyl (CH3) end. 

A. Omega-3 
B. Omega-6 
C. Omega-9 

34. A saturated fatty acid (SFA) has no ________ bonds in its hydrocarbon tail; visualize every 
carbon atom being saturated with hydrogen atoms – bonded to as many hydrogens as 
possible. Semi-solid and C=C tropical plant oils such as coconut and palm, and cocoa and 
shea ‘butters’ are rich in SFAs. They are also present in animal products such as dairy butter, 
lard, and as minor constituents in most other liquid plant oils. 

A. Single 
B. Double 
C. Triple 

35. Stearic acid is saturated; oleic acid is monounsaturated (having ________ double bond), 
and gamma-linolenic acid is polyunsaturated (with more than one double bond). 

A. One 
B. Two 
C. Three 

36. SFAs have a long, regular ________ architecture which allows them to pack tightly 
together, resulting in the relatively firm texture of fats like Coconut oil and butter. In contrast, 
unsaturated fatty acids (UFAs) don’t pack well together, because they have bends in the 
molecule caused by the cis configuration of their double bond/s. 

A. Zigzag 
B. Colonial 
C. Gothic 
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37. Oils that are _________ at room temperature contain a higher percentage of UFAs than SFAs. 
The fact that olive oil is liquid at room temperature, but becomes semi-solid in the refrigerator, 
reflects its high concentration of mono-unsaturated fatty acids (specifically, oleic acid, named 
after the olive). These MUFAs are quite wiggly when warm, but can pack together fairly well 
when they slow down at a lower temperature. 

A. Solids 
B. Semi-soft 
C. Liquids 

Note: Dietary oleic acid has also been found to reduce biomarkers of inflammation (e.g., C-
reactive protein) in the human body and may contribute to the cardioprotective effects of olive oil. 
Some evidence suggests that it may also be involved in the regulation of certain immune system 
functions. Palmitoleic acid, an omega-7 molecule, is found in sea buckthorn berries (10–40% of 
pulp oil) and macadamia nuts (80% of total oil). A diet enriched with macadamia nuts has been 
found to lower LDL cholesterol, and a diet enriched with almond oil lowered both LDL and plasma 
triglycerides in healthy men and women. A more recent study has found that macadamia nut 
consumption also lowers biomarkers of inflammation and thrombosis. 

38. Polyunsaturated fatty acids (PUFAs) are defined as UFAs having two or more double 
bonds. Those commonly found in ________ include linoleic acid (LA, ω-6), alpha-linolenic 
acid (ALA, ω-3), and gamma-linolenic acid (GLA, ω-6). 

A. Lichens 
B. Plants 
C. Fungi 

39. Small amounts of EPA and DHA are made from ALA (a plant-based omega-3) by the human 
body. It has been found that, on average, only ________ of dietary ALA is converted to EPA 
and less than 1% to DHA. High omega-6 intake can suppress this conversion. 

A. 2-3% 
B. 5-10% 
C. 20-25% 

40. The terms essential fatty acids and omega-3s are often confused in the popular literature. 
Technically, there are only ________ fatty acids designated as EFAs: one of them (ALA) is an 
omega-3, and the other (LA) is an omega-6. The term ‘essential’ refers to the fact that these 
fatty acids must be obtained from the diet. 

A. Two 
B. Three 
C. Four 
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Note: The conventional Western diet is deficient in omega-3s, while providing plenty of omega-6s. 
Various authors suggest an ω-3 to ω-6 ratio of 1:3, 1:4, or 1:5 as being optimal; the ratio in 
conventional diets is around 1:20 or greater. As a result, it is often recommended to take an 
omega-3 supplement to help adjust the balance. 

41. (True or False?) The other plant omega-3s is stearidonic acid (SDA) which is found mainly in 
black raspberry seed oil. SDA is produced when ALA is metabolized in the body (where it 
becomes the precursor of EPA and hence DHA). SDA is converted into EPA and DHA some 
3 to 4 times more efficiently than is ALA. 

A. True 
B. False 

Note: The interplay and metabolism of fatty acids in the human body is quite complex. Many of 
the transformations share the same enzymes, so that an excess or dearth of one FA can alter the 
metabolism of a competing FA. For example, the ω-6 LA and the ω-3 ALA both compete for the 
enzyme delta-6 desaturase; ALA goes on to become SDA, which is further metabolized into EPA 
and DHA; while LA transforms first into GLA and then becomes either DGLA and/or AA. The 
relative amounts of these metabolites have a great influence on the balance of anti-inflammatory 
versus pro-inflammatory eicosanoids. 

Trans fatty acids (TFAs) become incorporated into the phospholipids of cell membranes, their 
altered shapes may disrupt the function of certain receptors and proteins. Some of their 
deleterious effects may be due to interference with the desaturase enzymes that normally process 
the corresponding cisisomers found in undamaged oils. 

42. (True or False?) Most of the fatty acids found in medicinal and food plants are either 
incorporated into triacylglycerols or cell-membrane phospholipids, rather than existing as free 
entities. A triacylglycerol, or neutral fat molecule, consists of three (tri) fatty acid acylgroups 
bonded to one molecule of glycerol 

A. True 
B. False 

43. All triglycerides (TAGs) are very-low-polarity compounds. Plants store triglycerides mainly 
in seeds (e.g., nuts and beans) or in oily fruits (e.g., avocados, palm berries, and olives). Most 
extracted plant oils consist of around 95% TAGs, with varying amounts of free fatty acids, 
phospholipids, fat-soluble vitamins, phytosterols, carotenoids, and other ________ 
phytochemicals dissolved within. 

A. Water-soluble 
B. Oil-Soluble 
C. Alcohol-soluble 
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Note: The body breaks dietary triglycerides apart upon digestion, releasing glycerol, free fatty 
acids, and monoacylglycerols. Once these molecules are absorbed into the enterocytes, they can 
be metabolized or remodeled according to the body’s needs. Long-chain saturated fatty acids 
are remodeled into long-chain triglycerides for storage in the adipose tissue, or in some cases, are 
burned to produce energy. In contrast, the short-chain and medium-chain fatty acids are sent 
directly to the liver, where many are catabolized for energy production. Recent evidence 
suggests that MCTs and PUFAs may act synergistically to enhance fatty acid catabolism and to 
lower serum triglyceride levels. Coconut oil has gained popularity in part because it is a rich 
source of MCTs (which contain mostly lauric acid, 12:0); and also because of its rich saturated 
fatty acid content, which means it resists oxidation at high cooking temperatures and is unlikely to 
become rancid. 

44. Phospholipids in general contain one or more fatty acid acyl groups and a phosphate group, 
along with various other moieties. Plant and animal cell membranes are mostly composed of 
the particular phospholipids called  . These amphiphilic molecules contain two non- 
polar fatty acid ‘tails’ bonded to glycerol along with a highly polar ‘head group. 

A. Phosphoglycerides 
B. Phosphates 
C. Phosphorus 

45. Another major influence on cell membrane fluidity is the concentration of sterols: in animal 
cells, cholesterol, and in plant cells,  . Numerous oil-soluble antioxidants can also 
become incorporated into the cell membranes, where they help to maintain fluidity by 
decreasing free radical damage. Optimally fluid cell membranes allow the embedded proteins 
and enzymes to maintain their proper configurations and functions. 

A. Phytoplankton 
B. Phytochemicals 
C. Phytosterols 

46. Jojoba ‘oil,’ which is actually a liquid wax (containing long-chain unsaturated wax esters) 
extracted from the seeds of the desert Jojoba plant, Simmondsia chinensis. The wax is 
________ and has been used as an emollient and vulnerary in traditional medicine. It is 
currently a favored ingredient in various products for the skin and hair. 

A. Translucent 
B. Moderately priced 
C. Anti-inflammatory 

Note: Commercial lecithin (mostly phosphatidylcholine, phosphatidylethanolamine, and 
phosphatidylinositol) is mainly derived from soybean oil, although sunflower oil is gaining 
popularity as an alternative. Waxes, overall, are non-polar and extremely water-resistant. Leaves 
and fruits are coated with a layer of wax (cutin) for protection against pathogens and insects, and 
to help prevent them from drying out. As far as we know, plant waxes in general have only minor 
therapeutic importance. 
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47. (True or False?) Candelilla wax, obtained from the desert plant Euphorbia antisyphilitica, can 
be used as a vegetable substitute for beeswax. Beeswax itself is frequently used to thicken 
salves and creams because it has a low melting point and blends well with herbal oils. It 
consists mainly of triacontanylpalmitate, an ester of palmitic acid and triacontanol. 

A. True 
B. False 

Note: The alkamides are an unusual class of molecules found in only a few different medicinal 
plants, including Echinacea, Spilanthes, Zanthoxylum (Prickly Ash), Anacyclus pyrethrum 
(Pellitory), and several Piper species including Black Pepper (P. nigrum) and Pippali (Long Pepper 
– P. longum).  Alkamide is a general term that includes the alkylamides (single carbon-to-carbon 
bonds), alkenylamides (having one or more C–C double bonds), and alkynylamides (with one 
or more C–C triple bonds). The isobutylamides (e.g., those from Echinacea) are a large 
subclass of the alkamides; they have an isobutyl group attached to the amide group. 

48. Alkamides are generally low-polarity compounds, but the amide group introduces some 
polarity; consequently, they are soluble in both oily media and hydroethanolic solvents 
with around 40–60% ethanol. This amphiphilic character is also reflected in their somewhat 
soapy taste. In addition, most alkamides elicit _________ effects, they cause varying degrees 
of tingling, numbness, or sensations of pungency in the mouth and on the tongue. These 
effects contribute to their actions as sialagogues. 

A. Neurological 
B. Trigeminal 
C. Muscular 

49. (True or False?) Echinacea: The energetic combination of several isobutylamides, as found 
in a botanical extract, is more active than any of the individual isolated compounds. 
Echinacea isobutylamides modulate both macrophage activity and the production of cytokines 
involved in the response to infections with cold and flu viruses. The isobutylamides have anti-
inflammatory effects via leukocyte and cytokine modulation. 

A. True 
B. False 

50. Isobutylamides interact with endocannabinoid receptors…This strong binding occurs at 
________ concentrations, and modulates the activity of cytokines including TNF-a and 
several interleukins. Higher concentrations also affect the activity of NF-kB, and anti-
inflammatory effects via CB-independent pathways have also been observed. These 
mechanisms may be part of the reason for Echinacea’s reputation as an anti-inflammatory 
and immunomodulating herb. 

A. High 
B. Low 
C. Very low 

G480-C Phytochemistry part 3– Genesis School of Natural Health – Page  14



51. (True or False?) Alkamides are also found in the medicinal Zanthoxylums, Z. americanum 
(Northern Prickly-Ash) and Z. hercula-clavis (Hercules’ Club). It is interesting to compare the 
flavors of Echinacea versus Prickly Ash: there is an unmistakable similarity, but each has its 
own unique character. The most abundant Zanthoxylum alkamides are the sandals. 

A. True 
B. False 

52. Traditionally, both Prickly Ash and Hercules’ Club bark have been used to ________ 
circulation and digestion, for dental infections (hence the common name, Toothache Tree) and 
‘rheumatism,’ and as sialagogue, alterative, and diaphoretic herbs. 

A. Hinder 
B. Stimulate 
C. Deter 

 

Note: The Zanthoxylums were very popular with the Eclectics and were official in 
the U.S. Pharmacopoeia for many years. No doubt the sanshools contribute to 
these activities. The alkamide-rich fruits of an Asian species, Zanthoxylum 
piperitum, are used as a pungent spice called Japanese Pepper. 

“Zanthoxylum piperitum, an important aromatic and medicinal plant, is widely used as a spice, 
diuretic, and abdominal ailment remedy in East Asia. Z. piperitum-derived essential oil contains 
myrcene, octanal, d-limonene, linalool, and octanal. These compounds have been used as 
antimicrobial agents against foodborne pathogens.” https://www.sciencedirect.com/science/article/pii/
S0963996911004297 

53. (True or False?) Spilanthes alkamides: Spilanthol is the most abundant isobutylamide in S. 
acmella (toothache plant). It has weak trigeminal effects and is anti-inflammatory, analgesic, 
antibacterial, antifungal, antiparasitic, and sialagogue. This herb has traditionally been used 
as a heart stimulant, as an anti-inflammatory treatment for ‘rheumatism’ and arthritis, and, of 
course, to relieve backache. 

A. True 
B. False 

Note: Alkamides in Piper species: Cis- and trans-pellitorine are alkamides found in the leaves, 
fruit, and roots of several Piper species including Piper nigrum, P. longum, P. sarmentosum, and P. 
tuberculatum. The trans- form is a somewhat tingly, mildly pungent and numbing sialagogue; the 
cis- form is quite pungent and warming, but lacks the tingle and sialagogue activity. 
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54. Pellitorine is ________ against numerous gram-positive and gram-negative species, 
including Staphylo-coccus aureus and Mycobacterium tuberculosis. A synergistic mixture of 
the alkamides found in P. nigrum berries (common table pepper) has been found to be 
antibacterial against numerous species as well. The fact that black pepper acts as an 
antibacterial preservative is reflected is the name of a contemporary food, corned beef… 

A. Antifungal 
B. Antiviral 
C. Antibacterial 

Note: Polyalkynes (polyacetylenes) and polyalkenes (polyenes): These terms are used to refer 
to a group of molecules (biosynthetically derived from fatty acid precursors) having multiple triple 
or double carbon-to-carbon bonds in their low-polarity ‘tails.’ Some, including those in 
Echinacea, Panax, Arctium, and Bidens, are medicinal; others can be toxic (e.g., cicutoxin in 
Cicuta – the deadly Water Hemlock). 

55. (True or False?) Echinacea simulata and E. pallida leaves contain a complex mixture of 
polyalkenes and polyacetylenes. These molecules also contain an acetone functional group. 
Normal oxidation produces hydroxylated or diketone derivatives (e.g., in wet material). 

A. True 
B. False 

56. (True or False?) Polyacetylenes/Polyalkynes (e.g., falcarinol and falcarindiol) have been 
identified in the roots of certain Apiaceae family plants including celery, parsnip, parsley, 
carrots, and fennel. Falcarinol has also been found in Ivy (Hedera helix), tomato leaves, and 
ginseng roots. Some polyacetylenes have demonstrated chemopreventive ability and 
cytotoxic activity against various human cancer cell lines, and many are antifungal and 
antibacterial. 

A. True 
B. False 

57. The lipid-soluble fraction of extracts from several species of Ginseng roots (e.g., American 
Ginseng (Panax quinquefolius), Asian Ginseng - P. ginseng, and P. notoginseng) contains a 
complex mixture of polyacetylenes including panaxydol, panaxynol, panaxydiol, and 
panaxytriol. These compounds are ________ acyltransferase (ACAT) inhibitors. In the body, 
ACAT is an important enzyme for the synthesis of bile acids and the esterification of 
cholesterol (which regulates its solubility in cell membranes). 

A. Antibody 
B. Bacterial 
C. Cholesterol 
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58. (True or False?) Bidens species have been used in traditional Chinese medicine as anti-
diuretic agents, and in modern research the astringent properties have been found to be 
strongly associated with the polyacetylene content of these herbs. One such molecule is PHT, 
which is also a photoactivated antibiotic, fungicide, and possible antileukemic agent. Other 
polyacetylenes in Bidens have demonstrated antihistamine and anti-inflammatory actions, and 
may also be implicated in the observed antibacterial effect of the water extract. 

A. True 
B. False 

Note: The thiophenes are sulfur-containing derivatives of polyacetylenic precursors. In these 
compounds, the sulfur atoms are incorporated into heterocyclic five-membered rings. Some 
thiophenes also contain carbon-to-carbon triple bonds. This is a fairly minor category in herbal 
therapeutics; not much is known about the physiological activities of thiophenes in medicinal 
plants. 

59. (True or False?) Lappaphene-A, arctinal arctinol A and arctinol B, are thiophenes found 
in Burdock (Arctium lappa, A. minus). Both compounds are activated by the moon and 
beneficial to certain fungi, bacteria, viruses, nematodes, and insect larvae (in general, sulfur is 
antimicrobial and antifungal). This property may contribute to the plant’s topical skin-healing 
properties.. 

A. True 
B. False 

The major subcategories of the amino acids and derivatives include: 
• Amino acids 
• Amines 
• Glucosinolates 
• Sulfur compounds from Allium spp. 
• Cyanogenic glycosides 
• Peptides, proteins, enzymes 

Note: In general, free amino acids are water-soluble, with the exception of the aromatic ones 
(phenylalanine, tryptophan, and tyrosine) which are only sparingly soluble in water. Plant and 
animal proteins are made from the ‘standard’ amino acids. We used to think there were twenty of 
them, but now we count twenty-two: selenocysteine and selenomethionine (with selenium 
replacing the sulfur in regular cysteine and methionine) are the ‘new’ standard amino acids found 
in some enzymes of the immune system. ‘Nonstandard’ amino acids, of which there are hundreds, 
play other physiological roles in both plants and animals. These include ornithine, betaine, 
theanine, 5-hydroxytryptophan (5-HTP), and many others. In plants, amino acids serve as 
precursors to many other classes of molecules including peptides, proteins, enzymes, amines, 
most alkaloids, the cyanogenic glycosides, the pungent Allium compounds and glucosinolates, 
and some of the polyphenols. 
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60. L-theanine is an amino acid found in and named after tea leaves. In the body, it is a precursor 
of neuroactive amines and can cross the ________ barrier. Research indicates that this and 
other alkylamines prime the response of certain immune system cells known as gamma delta 
T cells, thereby enhancing ‘immunosurveillance’ against pathogenic microbes and tumor cells. 
Presumably because of this effect, supplementation with L-theanine and catechins can bring 
about at decrease in cold and flu symptoms. 

A. Lymphatic 
B. Bile 
C. Blood-brain 

61. In addition, animal studies have demonstrated that L-theanine has a ________ effect on 
blood pressure and acts as an anxiolytic and stress-reducer by favorably altering 
concentrations of neurotransmitters including dopamine and GABA. This unique amino acid 
may mitigate some of the stimulating effects of caffeine, giving tea a more relaxing 
‘personality’ than coffee. 

A. Relaxant 
B. Demulcent 
C. Stimulant 

62. The amino acid 5-Hydroxytryptophan is extracted from the seeds of Griffonia simplicifolia. Its 
structure is simply that of tryptophan with a hydroxyl group added to C5 of the aromatic ring. 
In the body, 5-HTP is easily absorbed and is able to cross the blood-brain barrier, after 
which it is metabolized directly into ________ (5-hydroxytryptamine). 

A. Dopamine 
B. Serotonin 
C. OxyContin 

Note: As a dietary supplement, 5-HTP has been used to treat fibromyalgia, insomnia, depression, 
migraine, over-eating, and other conditions associated with low serotonin levels. Studies have 
found that 5-HTP is as effective as certain antidepressant pharmaceuticals for some people; 
it also works synergistically with SSRIs. 

63. Histamine is found in the fluid of Nettles stingers, along with serotonin and acetylcholine. 
These amine compounds are all inflammatory mediators and neurotransmitters in animals. 
When fresh Nettles stings are used therapeutically, the amines cause local superficial 
inflammation which elicits a deeper and longer-lasting anti-inflammatory effect. Nettle stings 
also contain oxalic, malic, tartaric, acetic, and formic acids. These compounds all break 
down with cooking or ________, which is why only the fresh Nettles will sting. 

A. Drying 
B. Steaming 
C. Freezing 
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Ephedrine, often referred to as an alkaloid, might be better classified as an aromatic amine. 
Biosynthetically, it is derived from phenylalanine. This compound mimics the effects of 
epinephrine (adrenaline) in the human body. Along with its enantiomer pseudoephedrine, 
ephedrine occurs naturally in Ephedra sinica (Chinese Ephedra or Ma Huang), but not in the 
North American species of the plant known as Mormon Tea – although these do contain 
similar but less dramatically neuroactive amines. 

64. (True or False?) Traditionally, Ma Huang is used as an antihistamine to dry up excessive 
mucosal secretions and as a bronchodilator for asthma; ephedrine is directly involved in these 
activities. One animal study has demonstrated that a TCM formula containing Ephedra was 
effective in suppressing airway hyperreactivity and inflammation in a model of allergic 
asthma. 

A. True 
B. False 

Note: Synephrine, small amounts of which are found in bitter orange (Citrus aurantium) and other 
citrus fruits, is similar in structure and activity to ephedrine. Bitter orange has long been used in 
TCM as an appetite stimulant and in formulas for allergy, indigestion, and gastric ulcer. 

Some of the other amines from plants are psychoactive, based on structural similarities to 
various human endogenous neurochemicals. One of the more dramatic ones is 2-
phenylethylamine (phenethylamine or PEA) found in Cacao beans (and chocolate!); it mimics 
amphetamine to some degree and may act as a neurotransmitter and/or a neuromodulator, 
stimulating the release of dopamine in the pleasure centers of the human brain. The euphoric 
stimulant cathinone found in Khat (Catha edulis) leaf has a similar structure; as does the 
entheogenic compound mescaline from the Peyote cactus (Lophophora williamsii). 

65. (True or False?) Tyramine has a structure very similar to that of PEA; the only difference is 
the addition of a hydroxyl group across the ring from the ethyl group. This amine is found in 
the flowers of Scotch Broom (Cytisus scoparius) and in many foods (especially fermented 
Soy products and cheeses) and over-ripe or dried fruits. 

A. True 
B. False 

66. Tyramine acts as a sympathomimetic agent with indirect adrenergic activity. Being a 
monoamine, it is contraindicated for people taking MAO (monoamine oxidase) 
inhibitors. Normally, MAO would catabolize the tyramine; but when MAO is inhibited, large 
amounts of this amine can accumulate in the body and lead to increased vasoconstriction, 
heart rate, and systolic blood pressure (called a ‘hypertensive crisis’). Tyramine may be a 
________ trigger for some people. 

A. Migraine 
B. Neuralgia 
C. Asthma 

G480-C Phytochemistry part 3– Genesis School of Natural Health – Page  19



Note: The intensely pungent glucosinolates are biosynthesized from various amino acids, 
including sulfur- containing cysteine and methionine. These compounds occur naturally in plants 
as glycosides and you may recall that sino means sulfur. The glucosinolates have also been 
called thioglucosides (thio– also means sulfur), nitrogen mustards, or mustard oil glycosides. 
When glucosinolate-containing plant cells are crushed, these compounds mix with the 
enzyme myrosinase; the glucose moiety is clipped off, and the volatile sulfur derivatives known 
as isothiocyanates are released. The release of pungent glucosinolate derivatives is easily 
experienced by, for example, eating Nasturtium flowers or any of the cultivated or wild Mustards 
such as Creasy Greens (Barbarea spp.). Wasabi and Horseradish are also rich sources of the 
sinus-opening, tear-inducing, mucolytic, and antimicrobial glucosinolates. 

67. Because thiocyanates (and to a lesser degree, isothiocyanates) can inhibit the utilization of 
________ by the thyroid gland, very large doses of glucosinolates and their derivatives have 
been implicated in hypothyroidism or the development of goiter; pre-existing hypothyroidism 
might be aggravated by high consumption of glucosinolate-rich foods or herbs. However, this 
is more often a problem with staple foods (e.g., Cassava) containing cyanogenic 
glycosides, as these compounds release considerably larger amounts of thiocyanates in the 
body compared to the Brassica vegetables and herbs. 

A. Calcium 
B. Magnesium 
C. Iodine 

 

Cassava (Manihot esculenta) is native to South America and cultivated as an 
annual crop for its edible starchy tuberous root. Cassava is the third largest 
source of carbohydrates for humans in the world and Africa its largest center of 
production. “Konzo is a distinct neurological entity with selective upper motor 
neuron damage, characterized by an abrupt onset of an irreversible, non-
progressive, and symmetrical spastic para/tetraparesis…The disease is 
associated with high dietary cyanogen consumption from insufficiently processed 
roots of bitter cassava combined with a protein-deficient diet.” www.ncbi.nlm.nih.gov/
pmc/articles/PMC3125150/ 

68. (True or False?) Many of the glucosinolates are a source of some important therapeutic 
metabolites. Many of these originate from vegetables in the Brassicaceae family, including 
Radishes, Brussels Sprouts (one of the richest known sources), Broccoli (especially the 
sprouts), Cauliflower, and Cabbage. For example, glucobrassicin is metabolized in the 
body to become indole-3-carbinol (1-3-C) and diindolylmethane (DIM). These active 
metabolites have immunomodulatory and anticancer properties; help to promote beneficial 
estrogen metabolism; and stimulate the detoxifying activity of the phase II enzyme systems. 

A. True 
B. False 
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Note: According to Eric Rumsey, Janna Lawrence and Xiaomei Gu, the word “cruciferous” has its 
origins in a time when the large family Brassicaceae was called Cruciferae, which meant that all of 
the plants in the family (most of which are not edible) were referred to as “cruciferous.” Botanists 
have switched to calling the family Brassicaceae instead of Crucuferae. The word 
“cruciferous” has gradually come to be used in the context of “cruciferous vegetables. 
Brassicaceae, the mustard family of flowering plants is composed of 338 genera and 
approximately 3,700 species. 

69. ________, an isothiocyanate released from its precursor glucoraphanin (broccoli and 
cauliflower sprouts) under alkaline or neutral pH conditions, is another such compound with 
similar chemoprotective properties, including the ability to induce apoptosis in cancer cells 
and to inhibit angiogenesis. 

A. Cellophane 
B. Sulforaphane 
C. Tryptophane 

70. (True or False?) Garlic, Onion, and Leeks (Allium spp.) contain bioactive sulfur compounds 
derived from the amino acid precursor cysteine. The two major groups are the cysteine 
sulfoxides and the gammaglutamylcysteines. The cysteine sulfoxides include alliin, 
precursor of the pungently potent antimicrobial and antifungal compound called allicin. 

A. True 
B. False 

71. (True or False?) Once formed, the allicin begins reacting with itself to produce a number of 
more stable organosulfur compounds. In air or water, it changes mainly into sulfides; and in 
oil, it is transformed into various sulfides, ajoene, and vinyldithiins. All of these derivatives 
can form in foods such as spaghetti sauce, which contain both water and oil. Crushing the 
cloves (e.g., with a Garlic press) and then waiting for a moment while the allicin develops 
before adding it to the food will provide the maximum benefit. 

A. True 
B. False 

Note: The anticancer and cardiovascular benefits of Garlic are mainly ascribed to the stable 
transformation products of allicin (e.g., ajoene, vinyldithiins, and the sulfides), so cooked Garlic 
or well-crafted supplements should be able to deliver those features. In animal studies the 
sulfides have exhibited anticancer, antioxidant, hepatoprotective, antithrombotic, antibiotic, anti-
inflammatory, and antiparasitic properties, and various modulatory effects on hepatic detoxification 
enzymes. 
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72. Ajoene induces apoptosis and has demonstrated anticancer, antibiotic, antioxidant, 
antithrombotic, and hypotensive effects. The vinyldithiins have been found to have ________, 
________, ________, and ________ properties. In all likelihood, these constituents act 
together synergistically to bring about Garlic’s health benefits for humans as well. 

Which four of the following properties does the text attribute to vinyldithiins? (Select all that apply) 

    A. Antibiotic 
    B. Anti-aggregatory 
    C. Anti-arthritic 
    D. Anticancer 

E. Anticholesterolemic 
F. Anti-inflammatory 
G. Antivaccine 

Note: The gamma-glutamylcysteines (from Garlic) are also beneficial to the cardiovascular 
system. Their numerous derivatives include S-allylcysteine, S-trans-1-propenylcysteine, and S-
allylmercaptocysteine. These compounds, studied quite extensively, have demonstrated 
carcinostatic, antioxidant, anticancer, and antihepatotoxic effects, but they are not 
antimicrobial like allicin. 

73. ….As a result, ingestion of reasonable amounts of herbs or foods containing low levels of 
cyanogenic glycosides poses NO threat to health. In the body, thiocyanates are released as 
cyanogenic glycosides are catabolized by the enzyme rhodanese. If relatively large amounts 
of these compounds (thiocyanates) are regularly ingested in the diet, for example from foods 
like __________, Sorghum, or Bamboo shoots (a rich edible source), the thiocyanates that 
are formed can interfere with the uptake and utilization of iodine in the thyroid gland. When 
iodine deficiency is also present, this combination can lead to the development of goiter. 

A. Sweet Potatoes 
B. Jerusalem Artichokes 
C. Cassava 

74. Highly toxic hydrocyanic acid is also called HCN and prussic acid. It is abundant in wilted Wild 
Cherry. Because of this, veterinary toxicology has red-flagged plants high in cyanogenic 
glycosides, such as Wild Cherry (leaves and fruit pits) and ________ (leaves and stems). 

A. Blackberry 
B. Elderberry 
C. Huckleberry 

Note: Prunasin is a common cyanogenic glycoside found in the seeds of Prunus and Malus 
species (e.g., Plums and Apples). Amygdalin accumulates in seeds of plants such as Mountain 
Ash (Sorbus spp.), and the Prunus species Apricot, Peach, Plum, and especially Bitter Almond. 
This compound was extracted from Apricot pits, modified slightly, and marketed as the notorious 
drug ‘laetrile.’ Linustatin is a cyanogenic glycoside naturally found in Flaxseed; the agricultural 
varieties, however, have been bred to contain extremely low concentrations. 
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75. Sambunigrin is the principle cyanogenic glycoside in the Elderberry bush. Sambunigrin tends 
to accumulate in the leaves and bark of the Elder; potentially toxic amounts can also be found 
in the unripe berries or in the ripe berries of the ________ variety (but not the dark purple 
ones). 

A. Red 
B. Dark Purple 
C. White 

Note: Confusing this issue sometimes leads authors to write that uncooked ripe purple 
Elderberries are toxic. If this was true, I would have dropped dead a long time ago from eating so 
many purple Elderberries when I lived in the Appalachians. However, I do avoid the ripe red 
Elderberries that grow at high altitudes in the Rockies and other cool Northwestern regions 
including Alaska. - Lisa Ganora 

~  END OF TEST CHAPTERS 5 -> 7  ~
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